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AbstractAbstract
Purpose  :  Purpose : To evaluate the efficacy of selective laser trabeculoplasty

when used as an initial or adjunctive treatment in primary open angle
glaucoma (POAG).

Methods  :Methods : The study included 74 eyes in 37 patients with POAG.
They were grouped into 3 groups. Group I newly diagnosed eyes with
POAG (Primary treatment group). Group II patients diagnosed with
POAG currently on medical treatment, either intolerant of medical treat-
ment or not well controlled to the target level (secondary treatment
group). Group III control subjects: Patients with POAG with controlled
IOP on prostaglandins analogues eye drops. SLT with 360o treatment
was done in Group I  and Group II.

Results :Results : In group I, the mean IOP was decreased from 25.5 ± 1.24
mmHg before treatment to 17.95 ± 1.23 mmHg in the last follow up vis-
it. The average absolute reduction of IOP was 7.41 ± 0.839 mmHg. The
average percent reduction of IOP was 29.8%. In group II ,the mean IOP
was decreased from 21.32 ± 2.23 mmHg before treatment to 17.38 ±

1.56 mmHg in the last follow up visit.The average absolute reduction of
IOP was 3.94 ± 0.7 mmHg.The average percent reduction of IOP in this
group was 18.01%.

Conclusion :Conclusion : SLT is nearly as effective as prostaglandins analogues,
and proved a greater efficacy in IOP lowering when used as initial thera-
py for newly diagnosed eyes with POAG than when used as adjunctive
therapy for eyes taking antiglaucoma medications with low baseline
IOP.
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IntroductionIntroduction
Laser trabeculoplasty (LTP) has

been used as initial, adjunct, or

replacement therapy to lower in-

traocular pressure (IOP) in pa-

tients with open angle glaucoma

for 35 years ago.1 The original

procedure was described using ar-

gon laser. However, argon laser

trabeculoplasty (ALT) was found to

produce significant tissue disrup-

tion and coagulative damage to

the trabecular meshwork.2 Fur-

thermore, a membrane formed by

the migrating endothelial cells was

noted on the meshwork between

the laser spots was hypothesized

to be responsible for the late IOP

rise after ALT.3,4

In the recent years, selective la-

ser trabeculoplasty (SLT) using Q-

switched 532 nm frequency dou-

bled Nd-YAG laser has been

shown as a safe & effective thera-

py in reducing IOP in open angle

glaucoma.5

SLT is a non thermal proce-

dure, with short pulse and low en-

ergy. It stimulates many trabecu-

lar cells through selective light

absorption and selective photo-

thermolysis of pigmented trabecu-

lar cells, without causing any col-

lateral structural damage to the

trabecular meshwork.6,7 Ultra-

structural analysis after SLT

showed  that it spares adjacent

tissues from thermal damage,

with   no   coaugulative  damage

or  alteration  of  the collagen

structure of the trabecular mesh-

work.8

Patients and MethodsPatients and Methods
This prospective study was car-

ried out on 74 eyes in 37 patients

with  primary open angle glauco-

ma attended to the outpatient

clinic of Mansoura Ophthalmology

center. They were grouped into 3

groups.

• Group  I:  Group I: newly diagnosed

eyes with POAG (Primary treat-

ment group). 

• Group  II:  Group II: patients diag-

nosed with POAG currently on

medical treatment, either intoler-

ant of medical treatment or not

well controlled to the target level

(secondary treatment group).

• Group  III:  Group III: control subjects:

Patients with POAG with con-

trolled IOP on prostaglandins ana-

logues eye drops.
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SLT with 360o treatment was

done in Group I  and Group II.

Exclusion criteria:Exclusion criteria:

1. Younger age than 18 years.

2. Any mental impairment

that prevent the patient from

understanding the protocol.

3. Patients with corneal dis-

ease where applanation

would be inaccurate or the

TM would not be adequately

visible with gonioscopy.

4. Severe advanced field de-

fect.

5. Other glaucoma than

POAG.

6. Previous glaucoma opera-

tion.

7. Patients with ocular condi-

tions which impair visualiza-

tion of the trabecular mesh-

work.

8. Pregnant females.

All patients underwent a de-

tailed examination before laser

treatment. This include a record of

the best corrected visual acuity,

slit lamp biomicroscopy of the an-

terior segment of the eye, IOP

measurement by Goldmann appla-

nation tonometer, gonioscopy with

Goldmann three mirror contact

lens. The fundus was examined by

direct ophthalmoscopy and with

Goldman 3- mirror contact lens to

assess optic disc changes in glau-

coma and to exclude other retinal

lesions that may produce visual

field defects.

The IOP was measured by ap-

planation tonometer 3 times in 3

different visits 1 week apart before

SLT, and the average was used as

baseline IOP.

Technique of SLT:Technique of SLT:

Preoperative medications:Preoperative medications:

A drop of topical anaesthetic

(Benoxinate 0.2%) was given be-

fore application of the goniolens.

Visualization of the angle:Visualization of the angle:

It was done with Latina SLT

one-mirror lens, coupled with

methylcellulose 1%(Thilotears gel).

Laser parameters:Laser parameters:

Spot size:Spot size: 400µm.

Duration: Duration: 3 nano sec.

Power:Power:  start with 0.5 mj.

SLT technique:SLT technique:

• The aiming beam was fo-

cused on the pigmented trabecu-

lar meshwork.
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• The laser power was adjust-

ed usually at 0.5 mj, then

increased or decreased by

0.1 mj  until  the small

champagne bubbles are just

seen.

• Average of 100 shots was

done over 360o of the angle

(adjacent non-overlapping

shots) in all cases.

Post-SLT care:Post-SLT care:

• Topical α-agonist (Brimoni-

dine 0.5%) was used imme-

diately post-SLT to avoid

transient post laser IOP

spikes.

• Topical steroids (dexametha-

zone 0.1%) was used for 3

days.

• The patients continued on

antiglaucoma treatment for

10 days post SLT.

Follow up:Follow up:

• Slit lamp examination and

applanation tonometry was

done at 2 days, 1week, 2

weeks, 1 month, and 6

months after SLT

• In the first follow up special

attention was given for any

sign of anterior chamber re-

action or IOP spikes.

ResultsResults
This study was done on 37 pa-

tients with open angle glaucoma

(23 males, and 14 females) .They

were classified into 3 groups:

Group I.  Group I. Newly diagnosed eyes

with POAG (Primary treatment

group) included 20 eyes in 10 pa-

tients (7 males, and 3 females)

aged from 42 to 55 with median

age 50.40 ± 4.77 years. 

Group  II.Group II. Patients diagnosed

with POAG currently on medical

treatment, either intolerant of

medical treatment or not well con-

trolled to the target level (secon-

dary treatment group) included 34

eyes in 17 patients (10 males, and

7 females) aged from 42 to 55

years with median age of 49.76 ±

4.44 years. 

Group III.Group III. Control subjects: Pa-

tients with POAG with controlled

IOP on prostaglandins analogues

eye drops. They include 20 eyes in

10 patients (6 males, 4 females)

aged from 42 to 58 years with me-

dian age of 49.2 ± 6.4 years. 

• In group I, as shown in (ta-

ble-1) the mean IOP was de-

creased from 25.5 ± 1.24

mmHg before treatment to
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17.95 ± 1.23 mmHg in the

last follow up visit. The aver-

age absolute reduction of

IOP was 7.41 ± 0.839

mmHg. The average percent

reduction of IOP was 29.8%.

• In group II , as shown in (ta-

ble-2) the mean IOP was de-

creased from 21.32 ± 2.23

mmHg before treatment to

17.38 ± 1.56 mmHg in the

last follow up visit. The aver-

age absolute reduction of

IOP was 3.94 ± 0.7 mmHg.

The average percent reduc-

tion of IOP in this group was

18.01%.

• In group III, the mean IOP

was decreased from 24.85

±  0.75mmHg before medical

treatment to 17.10 ±  0.79

mmHg in the last follow up

visit.The average absolute

reduction of IOP was 3.94 ±

0.7 mmHg. The average per-

cent reduction of IOP in this

group was 29.31%.

6 eyes in 3 patients (30%) in

the primary  treatment group and

12 eyes  in  6 patients  (35%)  in

the secondary treatment group

showed increase in IOP around

the 3rd month, with the need of

one topical glaucoma medication

to control the IOP.  

No specific complications oc-

curred  in  the  cases,  and  none

of  the  patients developed any

change in the visual field or goni-

oscopy during follow up period af-

ter SLT.

• Conjunctival  redness  and

injection  was  encountered

in  26  eyes   and  resolved

in  all  of  them  within 4

days.

• Ocular pain in the first day

after SLT was encountered

in 10 eyes.

• Mild   anterior  chamber

flare was encountered in 20

eyes and resolved within 2

days.
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DiscussionDiscussion
In  the  recent  years,  SLT has

been  shown  as  a safe  &  effec-

tive   therapy   in   reducing  IOP

in open angle glaucoma.9 Al-

though SLT seems to be equiva-

lent to ALT in terms of IOP reduc-

tion, it has the advantage of less

damage of the trabecular mesh-

work.10

Table  1  :  Table 1 :  Shows comparison between IOP Pre and post-SLT in

the primary treatment group.

Table  2  :  Table 2 :  Shows comparison between IOP pre and post SLT in

the secondary  treatment group.
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In this study SLT was per-

formed in 2 groups of patients

with POAG, the first group includ-

ed patients with newly diagnosed

POAG (primary treatment group),

and the second group included

patients diagnosed with POAG

currently on medical treatment,

either intolerant of medical treat-

ment or not well controlled to the

target level (secondary treatment

group). After SLT, patients were

followed up for at least 6 months

for reduction of IOP, and the need

of adjuvant medical treatment.

The  first  group  The first group (The primary

treatment group): The IOP was de-

creased from 25.5 ± 1.24 mmHg

before treatment to 17.95 ± 1.23

mmHg in the last follow up visit.

The reduction of IOP was greatest

24 hours after SLT. There was no

significant difference compared

with the control group, in which

the IOP was decreased from 24.85

± 0.75 mmHg before treatment to

17.10 ± 0.79 mmHg in the last fol-

low up (P=0.297). The average ab-

solute reduction of IOP was 7.41 ±

0.839 mmHg, with no significant

difference compared to 7.3 ±

1.218mmHg in the control group

(P=0.745). The average percent re-

duction of IOP was 29.8%, with no

significant difference compared

with 29.3% in the control group

(P=0.699), showing that SLT was

nearly as effective as prostaglan-

dins analogues in reduction of

IOP. This percent of IOP reduction

was nearly similar to Melamed, et

al. 2003 (11) who reported 30%

drop of IOP (7.7mmHg) after SLT.

McIlraith, et al. 2006  (12) report-

ed that mean absolute reduction

of IOP after SLT was 8.3mmHg,

with average percentage of  reduc-

tion 31% in the primary treatment

group, compared to 7.7 mmHg

mean absolute reduction of IOP in

the the latanoprost group, with

average percent of IOP reduction

30.6%. 

In   the   current   study,  in

this  primary  treatment group, 6

eyes in 3  patients   (30%)  showed

increase in IOP around the 3rd

month, with the need of one topi-

cal glaucoma medication (Beta-

blocker) to control the IOP.

The  second  groupThe second group (The secon-

dary treatment group)The IOP was

decreased from 21.32 ± 2.23

mmHg before treatment to 17.38

± 1.56 mmHg in the last follow up



1616

Ahmed M. Soltan, et al...

visit. The reduction of IOP was

greatest 24 hours after SLT. The

average absolute reduction of IOP

was 3.94 ± 0.7 mmHg. This result

was nearly similar to that reported

by Zaninetti M, et al. (2008) (13)

who reported absolute reduction

of IOP of 3.3mmHg in patients

with POAG uncontrolled to target

IOP with medical treatment. How-

ever, McIlraith, et al. (2006) (12)

reported 6.1 mmHg absolute re-

duction of IOP after SLT in pa-

tients intolerant of medical treat-

ment. This difference is mostly

because in their study SLT was

done after 4 weeks wash-out peri-

od from glaucoma medications.

The average percent reduction of

IOP in this group was 18.01%

compared to 29.8% in the primary

treatment group and 29.3% in the

control group. This significant dif-

ference (P=0.001) may be attribut-

ed to low baseline IOP before SLT

in the secondary treatment group

due to the effect of glaucoma med-

ications, also this may be related

to the severity of glaucoma in eyes

resistant to medical treatment.

Song, et al. (2006)  (14) reported

that prostaglandins and other

glaucoma medications may blunt

the response to SLT, with increas-

ing resistance rates to SLT in eyes

on prostaglandin analogues. This

may also explain the decrease in

percentage of IOP in the secon-

dary treatment group.

From this secondary treatment

group 12 eyes in 6 patients (35%)

showed increase in IOP around

the 3rd month, with the need of

one topical glaucoma medication

to control the IOP. The mean

number of medications was re-

duced in the secondary treatment

group from 1.4 ± 0.7 to 0.35 ± 0.1.

This reduction in glaucoma medi-

cations is in agreement with Babi-

ghian, et al. 2010,  (8) who report-

ed reduction of the mean number

of glaucoma medications from 2.2

± 0.7 to 0.87 ± 0.8.

In both treatment groups, there

was no serious immediate compli-

cations  occurred after SLT, and

any mild complications encoun-

tered was resolved within 4 days

under cover of topical steroids. 

From these results in the 2

treatment groups it was found

that: SLT is nearly as effective as

prostaglandins analogues. The av-

erage percent reduction of IOP
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was lower in the secondary treat-

ment group than the primary

treatment group, either due to the

effect of glaucoma medications in

the secondary treatment group, or

increased glaucoma severity in the

cases resistant to medical treat-

ment. SLT helped in either reduc-

tion of IOP to the target level, or

reduction of the number of glauco-

ma medications, thus improving

compliance.

ConclusionConclusion
Selective laser trabeculoplasty

is a safe, effective outpatient pro-

cedure for selective photothermol-

ysis of the trabecular meshwork

and lowering of IOP in open angle

glaucoma. It is easy to perform

with no serious side effect. SLT

help in either reduction of IOP to

the target level, or reduction of the

number of  glaucoma medications,

thus  improving compliance, de-

creasing side effects from long-

term adherence to medications,

and  with  less  economic  burden.
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AbstractAbstract
Purpose: Purpose: To evaluate endothelial cell loss after cataract surgery per-

formed using the divide-and-conquer versus phaco-chop nuclear frac-
turing techniques.

Settings:  Settings: Mansoura Ophthalmic Center, Mansoura University,
Egypt.

Methods:Methods: This prospective study included 30 eyes of 30 patients.
Eyes were randomly selected and divided into two groups: group 1 (15
eyes) undergone divide-and-conquer phacoemulsification technique and
group 2 (15 eyes) undergone phaco-chop technique. During surgery,
phaco time, phaco power, and grade of nuclear firmness were recorded.
The endothelial cell density and central corneal thickness (CCT) was re-
corded preoperatively and postoperatively at one day, one week, one
month and 3 months. 

Results:Results: less phaco energy (absolute phaco time) was significantly
used during phaco-chop technique than during divide-and-conquer
technique. The mean absolute phaco time (APT) was 32.6 + 13.1 S.D in
divide and conquer group compared to 15.2 + 11.8 S.D in the phaco
chop group. Postoperatively, both groups had a significant but equal de-
crease in cell density. There were no statistically significant changes in
variation in endothelial cell density, or CCT. Visual acuity increased sig-
nificantly and equally in both groups. Higher endothelial cell loss had
no significant correlation with age, sex, axial length (AL), APT and nu-
clear grade.



2020

Mohammed A. Al-Ansi, et al...

IntroductionIntroduction
Phacoemulsification nowadays

is the procedure of choice for cata-

ract extraction for most ophthal-

mologists. In its beginning, pha-

coemulsification was performed in

the anterior chamber leading to

30% endothelial cell loss during

surgery. Recently, damage to cor-

neal endothelial cells during cata-

ract extraction has been mini-

mized, 4% to 15%, as a result of

better instrumentation and im-

proved surgical techniques.1 

Divide-and-conquer technique,

described by Gimbel, was the first

nucleofractis cracking technique

developed.2,3  It provides safer

surgery with less endothelial cell

loss.4 In 1993, the phaco-chop

technique for cracking the nucle-

us was described by Nagahara.

The main purpose of this tech-

nique was to mechanically break

the nucleus into smaller frag-

ments. This decreases the use of

ultrasound power and limits endo-

thelial damage.5 Controversy of

endothelial cell damage after pha-

co-chop and divide-and-conquer

phacoemulsification have been re-

ported.1,6  The aim of this study

is to evaluate endothelial cell loss

(ECL) and postoperative results af-

ter cataract surgery performed us-

ing the divide-and-conquer versus

phaco-chop nuclear fracturing

techniques. 

Patients and MethodPatients and Method
This clinical prospective study

included  30 eyes  of  30 patients

attending Mansoura Ophthalmic

center, Mansoura University-

Egypt, for cataract surgery during

the period from January 2009 to

July 2010. Patients over 50 years

having senile cataract were in-

cluded in the study. Exclusion cri-

teria were pseudoexfoliation, cor-

neal diseases, glaucoma, uveaitis,

history of ocular trauma, previous

intraocular surgery, proliferative

diabetic retinopathy and preopera-

tive endothelial cell density less

than 1500 cells/mm2. 

Patients were randomly as-

signed  (by  coin  flip)  to  one  of

the 2 groups, 15 patients for each.

The first group had phacoemulsifi-

Conclusions:  Conclusions: No significant difference in endothelial cell loss was
observed between the two groups in spite of lower APT (phaco energy) in
the phaco-chop group.
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cation using the divide-and-

conquer technique, and the other

one had phacoemulsification us-

ing the phaco-chop technique.

All patients underwent detailed

examination including slit lamp

and fundus examinations, best

corrected visual acuity (BCVA)

and intraocular pressure (IOP)

measurements. Axial length (AL)

measurement and IOL calculation

in addition to anterior segment

photography using digital camera

(Sony-DFC-F85, 4.1 megapixels

attached to the slit-lamp micro-

scope). The firmness of the nucle-

us was graded using the Lens

Opacities Classification System III

(LOCS III). Endothelial cell density

(cells/mm2) and central corneal

thickness (CCT) were analyzed us-

ing a noncontact specular micro-

scope (Tomy EM-3000). Patients

were examined preoperatively and

postoperatively at one day, one

week, one month and three

months. 

Surgical Technique: All patients

were operated on by the same sur-

geon using the Oertli CataRhex

machine with a phaco tip 30 de-

gree. The surgical technique was

similar in all cases except for the

method of nucleus fracturing.

Group1 had divide-and-conquer

technique while group 2 had pha-

co-chop technique using Nagaha-

ra chopper. Pupils were dilated

with Tropicamide 1%, cyclopento-

late 1% and Phenylephrine 2.5%

an hour before surgery. Anesthe-

sia  was  achieved  locally  by ret-

robulbar injection of 2-3ml mix-

ture  of  lidocaine hydrochloride

2% and Bupivacaine 0.5% (1:1).

Local anesthesia was enhanced by

Facial akinesia (modified Van

Lint).   Self-sealing 3.25 mm su-

perior or superior-temporal clear

corneal incision and two side

ports  were created, followed by

injection  of  ophthalmic viscosur-

gical device (OVD) (Viscoat), cap-

sulorhexis, hydrodissection with a

27-gauge  flat  cannula  and nu-

clear fracturing (divide-and-

conquer or phaco-chop tech-

nique). Then cortical cleanup, im-

plantation  of  a foldable hydro-

philic acrylic intraocular lens

(IOL), and aspiration of  the OVD.

The corneal wound and side ports

are hydrated by balanced salt so-

lution followed by subconjunctival

injection of dexamethasone and

gentamicin. 
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In the divide-and-conquer

group two memory programs were

used, a memory 1 was used for

sculpting (maximum 60% ultra-

sound [US] power; vacuum 20 mm

Hg; flow rate 20 cc/min and bottle

height 75 cm). Memory 2 was

used for quadrant removal (maxi-

mum 50% pulsed mode US power;

maximum vacuum 300 mm Hg;

flow rate 25 cc/min and  bottle

height 110 cm). The divide-and-

conquer technique was done ac-

cording to Shepherd.3 

In the phaco-chop group, mem-

ory 1 program was bypassed and

only the pulse-mode program,

memory 2, was used. After the su-

perficial cortex and epinucleus

were aspirated, the phaco tip was

buried in the center of the endo-

nucleus at a high vacuum setting

(100 to 120 mm Hg). Then the

Nagahara phaco chopper was

brought through the side-port in-

cision and the equator of endonu-

cleus was engaged by the chopper

under the lower edge of the capsu-

lorhexis. The chopper was moved

toward the phaco probe to initiate

nuclear cracking. Both instru-

ments were moved in opposite di-

rections, dividing the nucleus into

halves. The nucleus was then ro-

tated through 90 degrees, the

phaco tip impaled in the inferior

hemisection of the nucleus, and

the chopper used to break this

half into 2 smaller fragments,

which were then emulsified. The

procedure was repeated on the su-

perior nucleus. During surgery,

total phaco time (seconds) and

mean phaco power (%) were meas-

ured. The total phaco energy (the

absolute phaco time, APT) was

calculated by multiplying the pha-

co time (seconds) by the mean

phaco power (%). Any operative

complication as posterior capsule

rupture or iris trauma was report-

ed. Postoperatively all patients re-

ceived topical steroid-antibiotic

(TobraDex®) drops 4 times daily

for a week and then tapered over

the next 3 weeks.

Statistical analysis: Results

were tabulated and analyzed us-

ing the SPSS program, version 15.

Differences between groups were

evaluated using Mann-Whitney

test for continuous variables (age,

AL, cell density and CCT) and chi-

square test for categorical vari-

ables (nuclear grading), Wilcoxin

test for comparison within groups.
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The relation between endothelial

cell  loss  (ECL)  and  age,  sex,

nuclear  grade,  AL,  and absolute

phaco  time  were  tested using

the  regression analysis test.

Rates were calculated by the fol-

lowing equation [Rate % = (The

difference between preoperative

and postoperative values) X 100/

preoperative value]. Visual acui-

ties were presented as Snellen

decimal fractions. P values of 0.05

or less were considered statistical-

ly significant.

RESULTSRESULTS
Table 1 shows the baseline pre-

operative patient demographics

and clinical data. There were no

statistically significant differences

between the 2 groups in age, AL,

nuclear firmness, CCT and cell

density. The mean total phaco en-

ergy was 32.6 ±13.1SD in the di-

vide-and-conquer group and 15.2

± 11.8 SD in phaco-chop group.

The difference was statistically

significant (P = 0.001) as shown in

Table 2.

 Both groups had a significant

decrease in endothelial cell densi-

ty at one week, one month and 3

months postoperatively (Table 3).

The mean cell loss was compared

postoperatively between both

groups at one week, one month

and 3 months, respectively. The

difference between the 2 groups

was non-significant at all follow-

up intervals (Table 4).

Mean CCT and rate of in-

creased CCT were compared post

operatively at one day, one week,

one month and 3 months. There

was no significant difference in

postoperative increased CCT be-

tween both groups throughout the

4 visits (Table 5).

 Table 6 shows means of post-

operative BCVA in both groups at

the 4 postoperative visits. There

was a statistically significant dif-

ference (P= 0.012) between both

groups in the first postoperative

day, where patient having phaco

chop technique achieved better

mean BCVA (0.44) compared to di-

vide-and-conquer group (0.29). 

The age, sex, nuclear grade, AL

and APT had no significant associ-

ation with higher endothelial cell

loss as shown by regression analy-

sis (P=.893, .590, .495, .950 and

.533 respectively).
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Table (1) : Table (1) : Baseline preoperative clinical data.

Table  2  :  Table 2 :  Comparison between the absolute phaco times (APT)

in the 2 groups.

*SD = Standard Deviation

Table (3) : Table (3) : Comparison between endothelial cell density preoperative-

ly and postoperatively during the follow up period in both

groups 

Group 1= Divide- and-conquer technique, Group 2= Phaco-chop technique
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DISCUSSIONDISCUSSION
Comparing the preoperative pa-

rameters regarding age, nuclear

grade, CCT and cell density re-

vealed that there was no biased

patient selection. The present

study  showed  shorter  phaco

time in phaco-chop technique

Table (4) : Table (4) : Comparison between postoperative rates of ECL in both

groups during the follow up period .

Table 5 :   Table 5 :  Comparison   between   postoperative   CCT   in  both

groups during the follow up period.

Table (6) : Table (6) : Comparison  between  means  of  postoperative  BCVA in

both groups.
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than divide-and-conquer but with

equal endothelial cell loss. DeBry

et al.7 and Ram et al.8  showed

that ultrasound energy use was

significantly less in phaco-chop

technique than that of divide-and-

conquer  technique, but endothe-

lial cell damage was not evaluated

in these studies.

Pirazzoli et al.6 and Dick et al.9

revealed that phaco-chop tech-

nique involved shorter phaco time

leading to less endothelial cell

loss. They postulated that less to-

tal energy leads to less endothelial

cell damage. This hypothesis was

confirmed by some10,11 while oth-

ers, including the present study

showed  that  there  is   no posi-

tive correlation  between  the  total

energy and endothelial cell

loss.5,12,13  Factors other than

APT may play important roles in

endothelial cell loss. Hayashi et

al.12 suggested that mechanical

contact with nuclear fragments

could be the principal cause of en-

dothelial injury. 

The lack of significant differ-

ence in cell loss between the two

techniques in the current study

could be explained by technical

improvements in the phaco tips,

machines  and  OVDs.  Zetter-

stro¨m  and  Laurell,1 and Haya-

shi  et al.12  suggested that the di-

vide-and-conquer technique is

currently as safe as the more re-

cently  developed phaco-chop

technique. 

In  the  present study, the

mean  endothelial  cell  loss after

3 months of divide-and-conquer

phacoemulsification, when cell

loss  and  reorganization  have

stabilized,14 was 11.7% which is

comparable to that reported by

some6,8, and much higher than

that reported by others.13 The

mean endothelial cell loss after

phaco-chop group in this study

was 9.7%. Storr-Paulsen et al.13

and Vajpayee et al.15 reported

higher  rates, while Can et al.16

reported much less lower rates.

These differences in results may

be  attributed  to  the  difference

in surgeon  experiences  and  the

phaco machines used. 

Some studies revealed a posi-

tive correlation between endothe-

lial cell loss and AL or nuclear

grade.8,12,13   The present study

did not find such correlation. This
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may be attributed to the difference

in the sample size or the patient

factors.

Earlier visual recovery among

the  phaco-chop  group  was

shown  in  the  current  study in-

dicated  by  the  significant  differ-

ence  in  the  BCVA  at  the first

postoperative day (P=.012). The

rate  of  increased CCT  in the first

postoperative day was 6.4% in the

divide-and-conquer group versus

5.7% in the phaco-chop group. Al-

though this difference did not

reach statistical significance,  it

may  explain  the  better BCVA

among phaco-chop group. 

In conclusion, no significant

difference in endothelial cell loss

was observed between the two

groups in spite of lower APT (pha-

co energy) in the phaco-chop

group.
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AbstractAbstract
Background  :Background : This prospective, randomized study was designed to

evaluate the efficacy and the effect of acute normovolemic hemodilution
(ANH) on cerebral hemodynamics, metabolism and oxygenation profile
during brain tumours resection.

Methods :Methods : This  study  was  carried out on 40 patients of either sex
with  an age ranging from 20 to 60 years. Patients were  admitted  at
department  of  neurosurgery  in  Mansoura  University  Hospital  and
subjected to elective  resection  of  brain  tumors. Patients were  classi-
fied into 2 equal  groups; hemodilution (H group)and non hemodilution
or control (C group)group. Anesthesia was induced in all patients using
thiopental sodium (5-7 mg/kg). Tracheal intubation with appropriate
sized  cuffed  endotracheal tube is facilitated by the use of 0.5 mg/kg
atracurium.  Anesthesia  was  maintained  using isofluorane 1%. O2:
air =1 :1 and atracurium for muscle relaxation. In (H) group two units
of autologous blood was withdrawn from anticubital vein into blood col-
lection bags. Hemodynamics and O2 parameters were monitored imme-
diately before start of hemodilution then every 10 min up to the end of
hemodilution , thereafter every 30 min up to the end surgery.  Cerebral
metabolic rate for oxygen (CMRO2), Cerebral oxygen extraction (CEO2),
Cerebral blood flow equivalent (CBFe) and Arterio-Jugular lactate differ-
ence (AJDL) were recorded  at basal,40 min., end of surgery and before
extubation. 
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IntroductionIntroduction
Brain tumors constitute a ma-

jor medical challenge due to the

complex set of effects either on the

brain itself or on different body

systems. These effects are pro-

duced by alteration of cerebral

blood flow either directly through

compression on the adjacent

blood vessels or indirectly via in-

creased intracranial pressure and

new vascularizations that lack all

cerebrovascular properties as bar-

rier function, carbon dioxide re-

sponsiveness and autoregulatory

capacities (1). 

Allogeneic blood transfusion is

crucial in major surgery with con-

siderable blood loss, however the

potential for adverse effects, high

costs and intermittent shortage

mandates a wise use of allogenic

blood transfusion especially in

less extreme situations(2). In-

creased  awareness of risks relat-

ed to homologous blood transfu-

sion such as immunological

reactions(3), Transmission of in-

fections(4) and immunosuppre-

sion(5) has necessitated search for

alternative techniques to deal with

the need of intraoperative blood

transfusion. Acute normovolemic

hemodilution (ANH) is one of these

techniques. Others include, preop-

erative autologous blood donation,

preoperative use of erythropoietin,

intraoperative cell  salvage  and

retransfusion and the prophylactic

Results :Results : This clinical trial has demonstrated that ANH  resulted in
systemic hemodynamic (HR & MAP) stability with comparable central
blood volume to the control group. ANH was associated with compara-
ble hematologic parameters (Hb & Hct) with no significant increase in
blood loss. There was no change in seum electrolytes (Na+ & K+), plas-
ma osmolarity or brain relaxation score. Furthermore,  ANH resulted in
significant increase in  cerebral blood flow, no effect on cerebral metab-
olism as indicated by comparable effects on  cerebral oxygen extraction,
jugular  venous oxygen saturation and arterio-jugular oxygen content
difference 

Conclusion :Conclusion : ANH can be safely and effectively adopted in cranioto-
my for brain tumors resection, with comparable sequences to allogenic
blood transfusion .

Key words :Key words :  Hemodilution, Cerebral Haemodynamics, Brain Tumor.
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use of aprotinin, ?-amino caproic

acid or tranexamic acid. 

ANH is a blood conservation

technique which involves intraop-

erative removal and storage (at

room temperature) of whole blood

prior to surgical blood loss with si-

multaneous replacement with an

appropriate volume of crystalloid

and/or colloid solution(6). Aug-

mented ANH is a new concept in

which we use preoperatively eryth-

ropoietin or artificial hemoglobin

in addition to ANH. Though ANH

is commonly employed in many

surgical procedures, there is a

hesitation to apply this blood sav-

ing technique in patients undergo-

ing intracranial surgery, two main

concerns discourage its use in

neurosurgical patient: (i) the pos-

sibility of enhancing brain edema

resulting from hemodilution and

(ii) increased risk of bleeding due

to dilution of clotting factors (7). 

Serum osmolality and plasma

oncotic pressure changes are ma-

jor determinants of brain edema

formation in patients with intra-

cranial lesions(8). The risk of exag-

gerating brain edema will be elimi-

nated durig ANH, if osmolar and

oncotic changes due to the proce-

dure are minimized. Hydroxy-

Ethyl Starch (HES) is a plasma

volume substitute with a wide

range of macromolecules with mo-

lecular weights ranging from

30.000-2.400.000 Daltons. HES

6% in balanced electrolyte solu-

tion  has  an  osmolality of 308

mosm/kg, Kiran and his col-

leagues  have  been concluded

that  ANH  using  HES  6% does

not  cause  hemodynamic or os-

molar  changes  which are likely

to enhance the risk of brain ede-

ma(7). 

ANH reduces the red cell mass

lost during surgery by reducing

the hematocrit (Hct) level in the

lost blood(9). Benefits of ANH are

avoidance of potential hazards of

homologous blood transfusion, re-

duce the total transfusion cost

and overcome blood donation

shortage in some situations. ANH

provides the only chance to trans-

fuse patients with fresh whole

blood containing viable platelets,

and  high  level  of  clotting fac-

tors. Also ANH improves tissue

perfusion through reduction of

blood viscosity which is specially

required  in  microvascular and
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plastic surgeries (10). 

Acute normovolemic hemodilu-

tion (ANH) proved to improve tis-

sue perfusion through reduction

of blood viscosity and this benefi-

cial rheological property may en-

hance the microcirculation includ-

ing cerebral vasculature affecting

the cerebral metabolism and oxy-

genation. So, the aim of this study

is to evaluate the efficacy and the

effect of ANH on cerebral hemody-

namics, metabolism and oxygena-

tion profile. All possible and avail-

able safety guards against any

trivial hazards related to ANH will

be taken into consideration. 

Patients and MethodsPatients and Methods
This prospective, randomized

study was carried out after ap-

proval by the local ethical  and

scientific committee of Depart-

ment of Anesthesia and Surgical

Intensive Care, Faculty of Medi-

cine, Mansoura  University. This

study was carried out on 40 pa-

tients of either sex with an age

ranging from 20 to 60 years.

These patients were admitted to

the department of Neurosurgery

for  elective resection of brain tu-

mors. According to closed enve-

lope randomisation they were

classified into 2 equal  groups; he-

modilution (H group) and non he-

modilution or control (C group)

group. 

Exclusion criteria  includes age

under 20 years old or above 60

years, ASA physical status class

IV, haemoglobin (Hb) level less

than 12 gm/dl  and presence of

contraindication to hemodilution

such as patients with uncon-

trolled systemic hypertension, is-

chaemic heart disease, heart fail-

ure, valvular heart disease, ECG

rhythm other than regular sinus

rhythm, uncontrolled diabetes

mellitus, significant respiratory

disease (PaO2 <8KPa on room air),

acute infection, coagulopathies:

platelets count <100x103/cc, INR

>1.2, chronic renal impairment;

serum creatinine >1.5 mg/dl, and

hepatic dysfunction (serum biliru-

bin >1.5 mg/dl  and aspartate

aminotransferases level more than

2 fold upper normal level). 

Also we excluded patients with

known allergy to HES, obese pa-

tient (BMI >30), pregnant or post

partum woman, surgery in sitting

or prone position and patients
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with  altered level of conscious-

ness. 

Patient preparation:Patient preparation:

a- The day before surgery:a- The day before surgery:

After having informed and writ-

ten consent, all patients were eval-

uated for, full medical history,

clinical examination, ECG and in-

vestigated for complete blood pic-

ture, complete liver functions, ser-

um creatinine, random blood

glucose, prothrombin time, activi-

ty and INR. 

b- The day of surgery:b- The day of surgery:

On arrival to the recovery room,

a wide bore i.v. cannula (18 G)

was secured into a suitable pe-

ripheral veins (usually an anticu-

bital vein). Patients were premedi-

cated with intravenous midazolam

0.05 mg/kg plus 1.5 µg/kg fenta-

nyl 10 min before induction. 

Preanesthetic monitoring for

basal reading included, ECG and

HR, pulse oximetry and non inva-

sive blood pressure. 

Induction of anesthesia: Induction of anesthesia: 

Preoxygenation with 100% O2
for 3-5 min, sleep inducing dose of

thiopental sodium (5-7 mg/kg)

then tracheal intubation with ap-

propriate sized cuffed endotra-

cheal tube is facilitated by the use

of 0.5 mg/kg atracurium. 

Maintenance was done by iso-

flurane at a concentration of 1%,

O2 : Air (1:1) and   Fentanyl in re-

peated doses (20 µg) when needed.

Lungs were mechanically venti-

lated to maintain PETCO2 around

30 mmHg and SpO2 more than

95%.  Mannitol (20%) 1 gm/kg

just before opening the dura via

central line. Atracurium in  incre-

mental  doses 0.1 mg/kg every 20

minutes.  Crystalloids (normal sa-

line solution) in  addition to the

blood to keep CVP ≈ 0-5 mmHg. 

Cannulation:Cannulation: Immediately af-

ter induction of anesthesia using

seldinger technique the      follow-

ing catheters were secured.

- Arterial  cannula  :  Arterial cannula :  Under

complete aseptic conditions

20 G cannula was inserted

into the radial artery of

non-dominant hand after

performing Modified Allen's

test and local infiltration of

0.5ml xylocaine 2%. 

- Central  venous catheter:  Central venous catheter: A
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suitable intravenous cathe-

ter was secured into Rt. sub-

clavian vein under complete

aseptic technique,its correct

position was confirmed by

chest X-Ray. 

- Jugular  bulb  catheteriza-Jugular bulb catheteriza-

tion  :  tion : Under strict sterile

technique the right  internal

jugular vein was cannulated

in a retrograde technique

with confirmation of the

catheter tip position using

X-Ray (C-arm). 

Jagular  Bulb  Catheter  Place-Jagular Bulb Catheter Place-

ment: ment: 

The technique for retrograde

cannulation of the internal jugular

vein is relatively simple. The pa-

tient is positioned supine with the

head in a neutral position.  The

right internal jugular vein was

cannulated in the cephalad direc-

tion,  at the level of the cricoid

ring. The Seldinger technique was

used. The catheter is then ad-

vanced through the introducer to

the jugular bulb, approximately at

the level of the mastoid  process.

Once the catheter was inserted,

it is critical that the correct posi-

tion be attained in order to limit

the contamination from extra ce-

rebral blood. The catheter should

sit as close to the roof of the jugu-

lar bulb as possible. Even a 2-cm

difference can lead to as much as

10% contamination. This rises ex-

ponentially as the tip is withdrawn

further. The position of the cathe-

ter tip can be confirmed by either

a lateral or an antero-posterior

(AP) neck radiograph (11). On  the

lateral film, the catheter tip must

be above the disc of C1/C2 and as

close to the skull base as possible.

On AP view, a correctly placed tip

should lie cranial to a line extend-

ing from the atlanto-occipital joint

space and caudal to the lower

margin of the orbit. The catheter

tip should also lie cranial to a line

connecting the tips of the mastoid

processes.

Estimated  allowable  bloodEstimated allowable blood

loss:loss:

The maximum volume of blood

that could be collected was de-

rived from the following formula: 

                  Ho-Hf
V= EBV  x       ----------      (12)

                    Hav
Where V  is  the maximum vol-

ume of blood to be removed. 

EBV is the estimated blood vol-
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ume of the patient (B.W x 75 ml

for male  or  B.W x 70ml for fe-

male).

Ho is the initial   hemoglobin . 

Hf is the  desired  hemoglobin . 

Hav is the average hemoglobin

(average of Ho and Hf).

Hemodilution technique: Hemodilution technique: 

In hemodilution group,after ap-

plication of all monitoring devices

and zeroing of transducers, hemo-

dilution was started after induc-

tion of anesthesia with stable he-

modynamic parameters and before

the start of surgery. ANH was car-

ried out in accordance with the

published guidelines for ANH(6).

Two  units  of  autologous blood

was withdrawn from anticubital

vein(veins)  into  blood  collection

bags containing  citrate-

phosphate-glucose with adenine.

At the same time HES 6% (Volu-

ven-130/0.4) was infused into a

central line in a rate equal to the

rate of blood collection (1:1 vol-

ume). The harvested blood was

continously shaked to ensure

proper mixing of blood with the

anticoagulant then was labelled in

a serial manner and stored in

sterile condition at operating room

temperature. The reinfusion was

in the reverse order of collection;

the second collected unit was rein-

fused first. Irrespective of Hct and

Hb levels all the harvested autolo-

gous blood was reinfused and no

unit was wasted.

Time of blood transfusion: Time of blood transfusion: 

Hemodilution group:Hemodilution group:

Autologous blood was reinfused

on reaching maximum allowable

blood loss (the calculated volume)

or with starting surgical haemos-

tasis. Allogenic blood was infused

if negative balance between har-

vested blood and blood loss ex-

ceeding 500 ml.

 

Control group:Control group:

In the control group allogenic

blood  was  transfused  when

blood  loss  exceeded  more  than

500 ml. 

Monitoring and sampling: Monitoring and sampling: 

1-  Hemodynamic  and  O1- Hemodynamic and O2  pa- pa-

rameters: rameters: 

HR, NIBP, SpO2 (pulse oxime-

try), PETCO2  and CVP.

Immediately before start of he-

modilution then every 10 min up

to the end of hemodilution (about

45 min), thereafter every 30 min

up to the end surgery. 
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2- Brain edema score (subjec-2- Brain edema score (subjec-

tive surgeon score):tive surgeon score):

Brain relaxation was noticed

by the surgeon and recorded at

the time of dural opening on a

grade of 1-to-3 (grade 1 denoting

brain bulging above the level of

craniotomy, grade 2 at the level of

craniotomy and grade 3 means

brain surface well below cranioto-

my level) . 

3-  Blood sampling  for  labora-3- Blood sampling for labora-

tory assessment: tory assessment: 

-   Site:-  Site:  Simultaneous radial

artery and jugular bulb

blood samples. 

-  For:  - For: Arterial and jugular

blood gases (AVL, Compact3,

Rouch), Hb level and Hct

(Sysmex KX-21, Rouch), S.

lactate (Integra 800, Rouch),

S. osmolality (Azmomat 030,

Rouch)and Na+ & K+ (jugu-

lar).

- Time: - Time: 

1. After induction of anesthe-

sia with stable hemodynam-

ic parameters and immedi-

ately before hemodilution

(sample 1). 

2. After completion of ANH

technique or 45 min from

start of surgery in the con-

trol group (sample 2). 

3. After finishing surgical ma-

nipulation of the brain and

just before closure of the

dura (sample 3). 

4. Before reversal of residual

neuromuscular blocking

(sample 4) . 

4- Calculated parameters:4- Calculated parameters:

a-  Estimated  cerebral  meta-a- Estimated cerebral meta-

bolic  rate  for  O2:  (eCM-bolic rate for O2: (eCM-

RO2) as follow:RO2) as follow:

CaO2 = (SaO2 x Hb x 1.39) +

0.003 x PaO2.

CJVO2 = (SJVo2 x Hb x 1.39)

+ 0.00 x PJVO2.

Ca-jO2 = CaO2 - CJVO2.

                      PaCO2 

And eCMRO2 = Ca-jO2 x ---(13)

                        100

Where  CajO2 is arterio-jugular

O2 content difference.

PaCO2  is  arterial  CO2 ten-

sion.

b- Cerebral Extraction Rate ofb- Cerebral Extraction Rate of

O2 (CRO (CRO2):):

Calculated as the difference be-

tween  arterial  and  jugular  bulb

O2 saturations, CEO2  = SaO2 -

SjO2  (14).
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c- Cerebral Blood Flow equiv-c- Cerebral Blood Flow equiv-

alent (CBFeq.): alent (CBFeq.): 

Which  is  an  index  of  flow

metabolism  relationship,  was

calculated  as  a reciprocal  of  ar-

terio-jugular  O2 content differ-

ence (15)

CBF eq. = 

5- Other parameters to be re-5- Other parameters to be re-

corded: corded: 

Body weight, maximum allowa-

ble blood loss, withdrawn blood

volume, blood loss volume, dura-

tion of surgery and total blood

transfusion. 

Postoperative period: Postoperative period: 

All patients were transferred to

surgical intensive care unit for at

least 24 hs for full monitoring and

follow up and any intraoperative

or postoperative complications

were reported. 

Data Analysis :  Data Analysis :  

Data entry and analyses were

performed using SPSS statistical

package version 10 (SPSS, Inc.,

Chicago, IL, USA). Qualitative

data were presented as number

and ratio while, quantitative data

were presented as mean and stan-

dard deviation. The chi-square

test (x2) was used to test the asso-

ciation between raw and column

variables of qualitative data. Stu-

dent t-test (unpaired) was con-

ducted to compare the mean of

continuous variable for the hemo-

dilution and control groups at

each point of time while, paired t-

test  was conducted to evaluate

the impact of time on the mean of

continuous variable in each

group. The t-test was used in data

proved to be normally distributed

(Kolmogrove - Smirnov test), while

Man-Whitney-U test was used for

data away from normal distribu-

tion. The P value of < 0.05 and

<0.001 indicate significant and

highly significant results respec-

tively. 

ResultsResults
This study was conducted on

40 patients of either sex, with an

age ranging from 20 to 60 years.

Patients were randomly allocated

into 2 equal groups; control (C

group, n=20) and hemodilution (H

group, n=20). Patients of either

group showed no significant

changes concerning age, sex and

duration  of  surgery  as  well (ta-

ble 1).
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Intraoperative HR did not differ

significantly during the whole

study period when comparing the

two studied groups. While, the HR

showed no  intragroup signifi-

cance in the hemodilution group,

in the control group HR was sig-

nificantly lower at 60 min from

start of surgery when compared to

control value (immediately after

induction of anesthesia) as

p.value was 0.02 (table 2).

 Mean arterial blood pressure

(MAP) showed no significant differ-

ence between the two studied

groups throughout the whole

study period.In the control group

MAP was significantly lower at 20

min, 30 min, 40 min after anes-

thesia, start of surgery and up to

120 min after start of surgery

compared  to  that  immediately

after induction of anesthesia

(p.value, 0.013-0.049) (table 2). In

the hemodilution group, there was

significant decrease in MAP at 20

min, 30 min and 40 min after in-

duction of anesthesia (p.value,

0.002, 0.018 and 0.009 respec-

tively) as well as  MAP at start of

surgery, 30 min and 120 min after

start of surgery (p.value, 0.002,

0.006 and 0.049 respectively)

compared  to  MAP immediately

after induction of anesthesia (ta-

ble 2).

Although, central venous pres-

sure (CVP) did not show any sig-

nificant difference on comparing

the two studied groups, there was

significant changes within each

group at different study intervals.

In the control group CVP was sig-

nificantly lower at 20min after in-

duction of anesthesia and

throughout the study period up to

120 min after start of surgery

compared to the control value (im-

mediately after induction of anes-

thesia)  (p.value, <0.001-0.004). In

the hemodilution group CVP was

significantly lower 10 min after

start of ANH and the subsequent

readings up to 120 min after start

of surgery compared to CVP at

start of ANH (p.value, <0.001-

0.008) (table 3).

Both  Hb  and  Hct  were  sig-

nificantly lower in the hemodilu-

tion  group  at  the end of hemodi-

lution  compared  to  40 min after

induction of anesthesia in the

control group (p.value, 0.014 for

Hb  and  0.032 for Hct). In the

control group Hb and Hct  were
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significantly lower at 40 min after

induction of anesthesia,end of

surgery and before endotracheal

extubation compared to the con-

trol value (p.value, <0.001-0.002).

Also, in the hemodilution group

Hb and Hct were significantly low-

er at the end of hemodilution, the

end of surgery and before endotra-

cheal extubation compared to the

start of hemodilution (p.value,

<0.001-0.009) (table 4).

Hemodilution  parameters,Hemodilution parameters,

Surgical  blood  loss  and   brainSurgical blood loss and  brain

relaxation score:relaxation score:

Preoperative Hb and Hct

showed no significant difference

between the two studied groups.

Estimated blood volume (EBV),

surgical blood loss and maximal

allowable blood loss (MABL)

showed no significant difference

between the two groups of the

study. Regarding the subjective

surgeon score (SSS) of brain relax-

ation, there was no significant dif-

ference between both studied

groups (table 5).

Serum Na+ and K+ showed no

significant difference between both

studied  groups.  While,  the con-

trol group showed no intragroup

significant change in serum K+, in

the hemodilution group serum K+

was significantly higher at the end

of surgery and  just before endo-

tracheal extubation compared to

start of hemodilution (p.value,

0.024 and 0.004 respectively) (ta-

ble 6).

Redarding plasma osmolarity,

there was no significant difference

between both studied groups.

While, the control group showed

no significant change in plasma

osmolarity throughout the study

period, the hemodilution group

showed significant difference at

some study intervals. In the he-

modilution group, plasma osmo-

larity was significantly higher at

the end of hemodilution, end of

surgery and before endotracheal

extubation compared to the start

of hemodilution (p.value, 0.018,

0.015 and 0.004 respectively) (ta-

ble 7).

Arterial oxygen saturation

(SaO2) showed no significant

change between both studied

groups. In the control group,

SaO2 was significantly lower

40min after induction and at the

end of surgery compared to that
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after induction of anesthesia

(p.value, 0.005 and 0.041 respec-

tively) (table 8). There was no sig-

nificant change in jugular venous

oxygen saturation on comparing

both studied groups (table 8).

Arterial carbon dioxide tension

(PaCO2) showed no significant dif-

ference on comparing both stud-

ied groups. While, the hemodilu-

tion group showed no intragroup

significant difference at all study

intervals,In the control group

PaCO2 was significantly lower at

the end of surgery and before en-

dotracheal extubation compared

to that immediately after induc-

tion of anesthesia (p.value, 0.002

and 0.009) (table 8).

Calculated  cerebral  parame-Calculated cerebral parame-

ters  and  Jugulo-arterial  lactateters and Jugulo-arterial lactate

difference:difference:

Jugulo-arterial oxygen content

difference (Cj-aO2) did not change

significantly between both studied

groups. In the control group Cj-

aO2  was  significantly lower at

the end of surgery and before en-

dotracheal extubation compared

to that immediately after induc-

tion of anesthesia (p.value, 0.003

and 0.002 respectively). In hemo-

dilution group, Cj-aO2 was signifi-

cantly lower after hemodilution

than at the start of hemodilution

(p.value, 0.032) (table 9).

Cerebral extraction of oxygen

(CEO2) did not change significant-

ly on comparing both studied

groups at all study intervals.

while, there was no significant dif-

ference in the control group

throughout the whole study peri-

od, In the hemodilution group,

there was lower CEO2 after hemo-

dilution compared to the start of

hemodilution (p.value, 0.023) (ta-

ble 9). 

Regarding the estimated cere-

bral metabolic rate for oxygen

(eCMRO2) there was no significant

difference between the two studied

groups throughout the whole

study period. In the control group,

eCMRO2 was lower 40 min after

induction of anesthesia, the end of

surgery and before endotracheal

extubation compared to the basal

value (p.value, < 0.001-0.021). In

the hemodilution group, eCMRO2
was significantly lower at the end

of hemodilution, and the end of

surgery compared to that at the

start of hemodilution (p.value,
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0.005 nd 0.034 respectively) (table

10).

Cerebral blood flow equivalent

(CBFe) showed no significant dif-

ference between both studied

groups throughout the whole

study period. In the control group,

CBFe was significantly higher at

the end of surgery and before en-

dotracheal extubation compared

to that immediately after induc-

tion of anesthesia (p.value,0.005

and 0.022 respectively).In the he-

modilution group, CBFe was sig-

nificantly higher after hemodilu-

tion than at start of hemodilution

(p.value,0.042) (table 10).

Jugulo-Arterial lactate concen-

tration  difference (J-A Lactate)

did not show any significant

change either, on comparing both

studied groups or at different

sampling times within each group

(table 7).
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DiscussionDiscussion
The major goals in neuroanes-

thesia are; smooth and hemody-

namically stable induction of an-

esthesia and operative course,

acceptable operative field and rap-

id emergence that allow early neu-

rologic assessment(16). One of the

most important goals is intraoper-

ative fluid and volume manage-

ment. Acute normovolemic hemo-

dilution (ANH) is widely practiced

in different surgical procedure(17),

however, it is underutilized in

craniotomy for brain tumors re-

section.

Because of the adverse effects

of allogenic blood transfusion,

there is a need for safe and effec-

tive  alternative.  ANH  is  simple,

inexpensive  and  potentially effec-

tive  alternative  to  allogenic

blood transfusion(18). It repre-

sents an effective blood conserva-

tion technique together with opti-

mization of oxygen delivery to the

vital organs espcially in major sur-

geries(19). 

This prospective, controlled,

randomised and opened study

was designed to evaluate different

effects (systemic and cerebral) of

ANH technique, when used in

brain tumors resection, in com-

parison  with the routinely used

allogenic blood transfusion for

blood loss compensation (transfu-

sion or conservation). ANH was in-

vestigated  regarding intraopera-

tive systemic and cerebral

hemodynamic profile, cerebral me-

tabolism and cerebral oxygena-

tion. This clinical trial has demon-

strated that ANH  resulted in,

stable systemic hemodynamics

(HR & MAP) with comparable cen-

tral blood volume to the control

group. ANH was associated with

comparable hematologic parame-

ters (Hb & Hct) with no significant

increase  in  blood loss. There

were no significant changes in

seum electrolytes (Na+ & K+), plas-

ma  osmolarity  or  brain relaxa-

tion score. Furthermore,  ANH re-

sulted in significant increase in

cerebral blood flow, no effect on

cerebral metabolism and compar-

able effects on  cerebral oxygen

extraction,  jugular  venous oxy-

gen saturation and arterio-jugular

oxygen content difference. Chang-

es in jugulo-arterial lactate con-

centration  difference were not sig-

nificantly different from the

control group. 
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Systemic  Hemodynamic  pa-Systemic Hemodynamic pa-

rameters (HR, MAP and CVP):rameters (HR, MAP and CVP):-

During anesthesia, the effects

of drugs, surgical stimulation,

changes in position, temperature

and blood volume, all could influ-

ence the autonomic  functions

with subsequent effects on sys-

temic hemodynamics(20). In this

study, heart rate (HR) did not dif-

fer significantly in the hemodilu-

tion group when compared to the

control group at all study inter-

vals. In the hemodilution group

HR did not significantly change

throughout the whole study period

compared to the basal value . This

stability in HR reflects adequate

analgesia and proper intraopera-

tive fluid management in either

studied  group  with minimal ef-

fect of ANH on autonomic nervous

system in this study. This finding

is  in  agreement  with the previ-

ous  results that ANH up to 15%

of  estimated  blood  volume had

no effect on HR in urologic surger-

ies (21,22).

Mean arterial blood pressure

(MAP) did not differ significantly in

the hemodilution group when

compared to the control group

throughout the whole study peri-

od. Both groups showed signifi-

cant decrease in MAP starting 20

min after induction of anesthesia

or starting hemodilution. This de-

crease in MAP continued all-

through the study period. This

could be explained by the effect of

isoflurane anesthesia. This result

was supported by the previous re-

ports that isoflurane administered

to human volunteers produced

dose-dependent decrease in MAP

(approximately 25% at 1 MAC iso-

flurane)(23,24) due to decreased

systemic vascular resistance. Also

this may be due to minimal myo-

cardial-depressant effect of isoflu-

rane(25). In previous studies, ANH

was accompanied with an increase

in stroke volume and cardiac in-

dex(26,27). This increase in cardi-

ac performance may be expected

to  increase  MAP,  in contrast  to

the  results  of the current study.

This increase in cardiac perfor-

mance may be overcome by direct

vasodilating effect of isoflurane as

well as its minimal negative ino-

tropic effect, explaining our re-

sults.  The  finding  of  the current

study  is  confirmed by the results

of other two studies, where   anes-

thesia  significantly reduced the

cardiac output response associat-
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ed with ANH(28,29). Despite this

decrease in MAP, all the decreased

reading values remained within

the physiologic range. 

Central venous pressure (CVP)

did not differ significantly in the

hemodilution group when com-

pared to the control group

throughout the whole study peri-

od. This might be due to proper

(volume and rate) voluven infusion

while blood was collected during

hemodilution technique and prop-

er fluid volume management after

that. In either group, CVP showed

significant reduction in different

intervals when compared to the

basal value in the same group.

This reduction could be explained

by induced and ongoing diuresis

in addition to fluid restriction poli-

cy aiming at having clear surgical

field and relaxed brain. All the

changes recorded in CVP are still

within the predetermined protocol

of the study. Another study sup-

porting our results, had been

demonstrated no hemodynamic

compromise with ANH in healthy

adult volunteers,(30). 

 All the hemodynamic parame-

ters, measured in this study

showed good stability and the he-

modilution technique was accom-

panied with hemodynamic chang-

es comparable with those recorded

in the routinely used allogenic

blood transfusion technique.

Hematologic  parameters  (HbHematologic parameters (Hb

& Hct):& Hct):

Both hemoglobin (Hb) and

Hematocrit (Hct) were significantly

lower in the hemodilution group

after completion of hemodilution

compared to 40 min after induc-

tion of anesthesia in the control

group. This finding is self ex-

plained as hemodilution reduces

Hb and Hct. Blood withdrawal re-

duces Hb content and colloid infu-

sion reduces the Hct.

In the control group, Hb and

Hct were significantly lower at 40

min after induction of anesthesia,

end of surgery and before endotra-

cheal extubation compared to the

basal value. This could be ex-

plained by the surgical blood loss

and crystalloid infusion, diluting

the Hb content. In the hemodilu-

tion group, both Hb and Hct were

significantly lower after ANH, end

of surgery and before endotra-

cheal extubation compared to that
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at the start of ANH (basal value).

This reduction in Hb and Hct is in

accordance  with the previous

findings that, in surgical patients

low Hb & Hct are usually encoun-

tered after advanced surgical

blood  loss  and  asanguinous

fluid infusion therapy to maintain

normovolemia as a result of dilu-

tion effects of crystalloids or col-

loids (31,32).  

It is worth noting that the

mean value of Hb and Hct in the

hemodilution group was more

than 11.3 and 33.6 respectively.

These values are accepted for ade-

quate  oxygen  delivery  for  differ-

ent organ tissues including the

brain (33).

Hemodilution  parameters,Hemodilution parameters,

surgical blood loss and brain re-surgical blood loss and brain re-

laxation score:laxation score:

Preoperative  (Basal) Hb and

Hct were comparable in the two

studied groups (13.03±0.9 Vs

13.47+1.2 for Hb & 38.86+2.5 Vs

39.86+3.8 for Hct). This reflect

proper randomization of the

study. Both estimated blood vol-

ume (EBV) and maximal allowable

blood loss (MABL) showed no sig-

nificant difference between the

two groups of this study. Surgical

blood  loss was comparable in

both studied groups with no sig-

nificant difference but with more

amount in the hemodilution group

(1210+307mL in H group Vs

1100+500mL in C group). This in-

significant increase in blood loss

in the hemodilution group could

be explained by the dilution of

platelets and clotting factors or

the effect of the diluent (Voluven)

itself on platelets functions. With

retransfusion of collected blood

this potential side effect may be

partially corrected as retransfused

blood contains fresh viable plate-

lets and clotting factors.

Insignificant coagulopathy and

blood loss related to ANH is sup-

ported by the previous reports

that  coagulation remained un-

changed despite significant plas-

ma dilution during ANH(34,35).

Also, a number of studies of ANH

failed to demonstrate association

between moderate reduction of

hematocrit (Hct + 30%) and surgi-

cal blood loss(36,37). While, no pa-

tients in the hemodilution group

received allogenic packed RBCs,

40% of patients (8 from total 20

patients)  in  the  control  group
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received allogenic blood. This re-

sult is supported by the previous

studies which concluded that ANH

reduced the likehold of allogenic

blood exposure and the total units

of allogenic blood tansfused in

major surgical procedure(38,39). A

meta-analysis studied twenty-four

randomised prospective studies

confirmed the last finding (40).

Subjective surgeon score for

brain relaxation was comparable

in both studied groups. Brain oe-

dema results mainly from in-

creased brain water due to de-

crease in either plasma oncotic

pressure or plasma osmolarity.  In

this study,  hemodilution with vo-

luven did not result in any signifi-

cant  difference in plasma osmo-

larity compared to the control

group (299.9 ± 9.01 In H group Vs

299.4 ± 9.9 in C group). Further-

more, ANH  resulted in statistical-

ly significant increase in plasma

osmolarity compared to that be-

fore ANH (299.9 ± 9.01 Vs 295.6 ±

9.6). This finding is supported by

the previous report of Kiran and

his colleagues (2000) where they

demonstrated no significant differ-

ence in brain relaxation as a re-

sult of hemodilution.

Serum  electrolytes  (Na+  andSerum electrolytes (Na+ and

K+) and plasma osmolarity:K+) and plasma osmolarity:

Changes in serum electrolytes

(Na+ & K+)  in  neuroanesthesia

for brain tumors resection are

complex due to the preoperative

and intraperative administration

of mannitol, corticosteroids and

furosemide  in  addition  to  fluid

restriction  protocol  for  brain de-

hydration. Transfusion of stored

blood  may increase serum K+.

The increase in  serum K+ is sup-

ported by some studies  reported

that hyperkalemia is well-

recognized complication of blood

transfusion and can lead to cardi-

ac arrest(41,42). This is because

the K+ concentration in stored

blood steadily increases with time

and serum K+ in stored blood may

be as high as 19-30 meq/L for 21

days storage. Also, the transfusion

rate exceeding 100ml/min of

banked blood (regardless of its

age) can cause significant hyper-

kalemia to occur clinically (43).

In this study, serum Na+ and

K+ showed no significant differ-

ence in the hemodilution group

compared to the control group at

all study intervals. While, there

was no significant change either
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in serum Na+  or K+ in the control

group throughout the whole study

period, in hemodilution group,

Serum K+ showed  significant in-

crease at the end of surgery and

before endotracheal extubation.

This significant increase  was only

of statistical value, but not of clin-

ical one; since all the recorded K+

levels were within the physiologi-

cal range.  Keeping serum K+ &

Na+ within the physiological range

could be attributed to transfusing

fresh blood in the hemodilution

group, and the use of limited vol-

ume of allogenic blood in the con-

trol group. Good fluid replacement

therapy (volume and type) shared

in stabilizing the patient electro-

lytes level.

Plasma osmolarity did not differ

significantly in the hemodilution

group compared to the control

group throughout the whole study

period. This finding is in accor-

dance with the previous reports

that ANH did not significantly af-

fect plasma osmolality during

craniotomy for brain tumors re-

section(7). While, in the control

group there was no significant

change in plasma osmolarity at all

study intervals, in the hemodilu-

tion group, plasma osmolarity was

significantly higher at the end of

hemodilution, end of surgery and

before endotracheal extubation

compared to the basal value. This

may be explained  by  the use of

voluven  rather  than crystalloids

as a replacement fluid for hemodi-

lution. Voluven has an osmolality

of 308 mosm/kg and remains in

the circulation for longer times

than crystalloids. This finding is

supported by the previous results,

where they expermintally demon-

strated that ANH using normal sa-

line (twice the volume of shed

blood) was associated with higher

brain water content than replace-

ment with 6% hexaethyl starch,

both in the normal and injured

brain(8). Decrease in plasma os-

molarity will lead to increased

brain water.

The increase of osmolarity in

the hemodilution group, was of

statistical and not clinical signifi-

cance, since it was of very small

magnitude (295-302 m.osmo/L).

This minimal increase can  ex-

plain  good operative field, no

brain oedema and slightly higher

SSS, but not significant in this

group.
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Blood  Gases  (SaOBlood Gases (SaO2,  SjvO, SjvO2
and PaCoand PaCo2):):

In this study, arterial oxygen

saturation (SaO2) showed no sig-

nificant difference between both

studied groups and was within the

physiological ranges throughout

the whole study period. This indi-

cates good ventilation and oxygen-

ation  of all patients enrolled in

the study. While, there  was no

significant  change in arterial oxy-

gen saturation in the hemodilu-

tion group, in the control group,

SaO2 was significantly lower  at

40min after induction of anesthe-

sia and at the end of surgery com-

pared to the basal value (99.2 ±

0.9 and 99.3 ± 0.7 Vs 99.6 ± 0.5).

Despite this statistically signifi-

cant decrease the arterial oxygen

saturation still within the accept-

ed physiologic range (statistical

bias).

Jugular venous oxygen satura-

tion SjvO2 has been proposed as a

simple, inexpensive and reliable

method of assessing the adequacy

of cerebral blood flow (CBF) for

cerebal metabolism. SjvO2 mirrors

global cerebral perfusion and cere-

bral oxygen supply-demand bal-

ance. Jugular desaturation (SjvO2
<50%) suggest that CBF is insuffi-

cient for the metabolic require-

ments of the brain (44). SjvO2  did

not show any significant difference

on comparing both studied groups

at all study intervals, this means

that ANH did not affect cerebral

blood flow in way that cerebral ex-

traction of oxygen did not change

resulting in no significant change

in SjvO2.  So, cerebral oxygen bal-

ance was preserved with this tech-

nique

Arterial carbon dioxide tension

(PaCo2) did not show significant

change in hemodilution group

compared to the control group at

all study intervals. This reflects

proper controlled mechanical ven-

tilation. While, the hemodilution

group showed no intragroup sig-

nificant change in PaCo2  at differ-

ent study intervals, in the control

group, PaCo2 was lower at the end

of surgery and before endotra-

cheal extubation compared to the

basal value. These changes de-

serve no explanation since it is

still within the predetermined

range achieved by mechanical

ventilation. 
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Calculated  cerebral  parame-Calculated cerebral parame-

ters  and  jugulo-arterial  lactateters and jugulo-arterial lactate

difference:difference:

Arterio- Jugular oxygen content

difference (Ca-jo2)  has an inverse

relationship with cerebral blood

flow and direct relationship with

CMR in absence of ischemia, but

in presence of ischemia this rela-

tion is unpredictable. When cere-

bral blood flow decrease, the brain

extract more oxygen and Ca-jo2
increase. However, when oxygen

extraction is maximal,  more de-

crease in CBF result in cerebral

oxygen uptake becomes supply

dependent and the relation be-

tween  Ca-jo2  and CBF is unpre-

dictable(45). Ca-jo2  did not differ

significantly in the hemodilution

group compared to the control

group throughout the whole study

period. This finding means that

ANH did not interfere with the ox-

ygen delivery-demand balance, at

least through CBF variation. This

finding is in accordance with the

previous reports that ANH, despite

decrease in red blood cell mass,

maintain  cerebral oxygen deliv-

ery-demand balance(46,47).

In both groups, control and he-

modilution, Ca-jo2  showed a de-

crease, significant in some events

and insignificant in others, when

compared to the basal value in the

same group. As mentioned before,

this decrease might be attributed

to increased CBF or increased me-

tabolism. In this study, it is

shown that cerebral metabolism

(CMRO2) was not increased, it was

even decreased in most of the

events. Meanwhile, CBF (CBFe)

showed significant increase on the

same events, of Ca-jo2 decreases.

So, the decrease of  Ca-jo2 could

be attributed to the increase in

CBF. This CBF increase, in the

two groups could be caused by

the cerebral vasodilating effect of

isoflurane anesthesia (23,24). An-

other explaination is the decrease

in blood viscosity caused by blood

withdrawal, in hemodilution

group,  and  blood  loss  in  con-

trol group(31,32)  and asangui-

nous fluid replacement.

Cerebral oxygen extraction

(CEO2) together with jugular ve-

nous oxygen saturation (SjO2) re-

flect the adequacy of cerebral

blood flow to  meet the metabolic

requirements of the brain. CEO2
did not show any significant differ-

ence either on comparing both
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studied groups or within each

group throughout the whole study

period. This finding means that

ANH maintain the cerebral oxygen

supply-demand balance. This

finding was supported experimin-

tally, where they  reported that

ANH from Hb of 11 to 8 gm/dL in-

crease CBF to maintain sufficient

CMRO2  in anesthetised hypocap-

nic dogs(48). In the present study,

patients had higher hemoglobin

levels than that in the previous ex-

periment as a safeguard against

any possibility for the occurence

of cerebral ischemia.

Changes in cerebral metabo-

lism  are  associated  with  paral-

lel changes in CBF (Flow-

Metabolism coupling). This

coupling is the metabolic explana-

tion of cerebral autoregulation,

which maintain a constant  CBF

over a wide range of cerebral per-

fusion pressure(49). This coupling

exists between the CBF and

CMRO2 under normal circum-

stances or even under some  al-

tered  physiological  conditions

like fever and seizures while,  it  is

disturbed under other pharmaco-

logical and pathological influences

like brain tumors(50).

In the current  study, there was

no significant difference in

CMRO2  in  the hemodilution

group compared to the control

group  at  all  study  intervals. In

the control group, CMRO2 was

lower  at  40 min  after  induction

of anesthesia, at the end of sur-

gery  and  before  endotracheal ex-

tubation compared to the basal

value (1.89 + 0.27, 1.82 ± 0.29,

1.84 + 0.26 Vs 2.06 ± 0.24 respec-

tively). Also, In the hemodilution

group, CMRO2  was lower after

hemodilution and at the end of

surgery  compared to the basal

value (1.76 ± 0.20 and 1.80 ± 0.23

Vs 1.96 ± 0.29). This decrease in

CMRO2  in   both  groups could

be explained by the effect of gener-

al anesthesia (especially isoflu-

rane) and good analgesic level.

This finding  is  in  accordance

with the  previous  finding  that

general anesthesia  decreases

CMRO2 to 1.5-2 ml / 100gm /

min in healthy anesthetised

adults compared to 3.4 - 3.5 ml/

100gm/min in young healthy

awake adults (51,52). 

Cerebral blood flow equivalent

(CBFe) did not show any signifi-

cant difference in the hemodilu-
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tion group compared to the con-

trol group throughout the whole

study period. An increase in

CBFe  was recorded in the two

groups when compared with the

basal value in the same group, in

most of the events. This increase

was earlier in hemodilution group.

This increase might be explained

by cerebral vasodilating effect of

isoflurane(23,24), decreased blood

viscosity by blood loss or with-

drawal and asanguinous fluid re-

placement(31,32)  or it may be due

to cranial decompresion. These re-

sults are supported by the previ-

ous findings  that hemodilution

resulted in maintenance of ade-

quate tissue oxygenation due to

the underlying improvement of

blood fluidity(53,54,55). Another

clinical study  reported that ANH

using HES 6% increased middle

cerebral artery blood flow velocity

without any significant change in

cerebrospinal fluid pressure(56).

Earlier increase in hemodilution

group, support the effect of low-

ered viscosity more.

High level of lactate generally

indicates anerobic metabolism.

Lactic acid is formed as a result of

anerobic glycolysis that takes

place secondary to tissue ischemia

either absolute or relative. Adding

lactate determination to oxygen

transport or utilization parameters

monitoring provide a more com-

plete and reliable assessment of

tissue oxygen balance. Because

lactate level in whole blood and

plasma are equivalent, both meas-

urements are called blood lactate.

The normal blood lactate concen-

tration is less than 2 mmol/L (0.5

- 2 mmol /L or 4.5 - 20 mg/dl).

But the threshold for significant

elevated  blood  lactate  is 4

mmol/L(57,58). The use of lactate

as an indicator of cerebral  oxy-

genation imbalance is in agree-

ment with a previous study, stat-

ed that moderate cerebral

ischemia associated with lactate

production may be used as a relia-

ble indicator of cerebral ischemia

in acute brain injury(59,60).

Brain has the enzymes re-

quired for both the anerobic pro-

duction  of  lactate and aerobic

utilization of lactate(61). Hyperlac-

temia has proven to be protective

in states of hypoglycemia(62). Lac-

tate croses blood brain barrier

(BBB) by both simple diffusion

and a carrier mechanism making
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simple blood lactate interpretation

difficult(63).

In  the  beginning  of  this

work  and through a pilot study,

we  found  a very  high  jugular

venous  lactate concentration,

that  might  be due to a lag time

between blood sampling and

analysis  so, it is considered that

Jugulo -Arterial lactate difference

(J-ALD) may overcome time-

induced changes in lactate level.

Hemodilution did not show any

significant difference in J-ALD

compared to the control group  at

all study intervals.  This finding is

supported by the previous reports

that,  at  the  micro circulatory

level  ANH  increase  red blood cell

velocity  in capillaries and en-

hance flow motion, this allow for

better  spatial  and  temporal dis-

tribution of red blood cell within

the capillary network leading to

more homogenous delivey of oxy-

gen to the tissues(64,65). Also,

ANH is reported to maintain cere-

bral oxygen supply-demand bal-

ance(46,47). The last finding could

be confirmed, in the current

study, by the stable or even slight-

ly lower lactate level in the hemo-

dilution group. 
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AbstractAbstract
Introduction:Introduction: Fast track cardiac anesthesia improves patient out-

come. Magnesium is (NMDA) receptor antagonist used as an adjuvant
for postoperative analgesia. There are several studies comparing the effi-
cacy of the different routes of administration of magnesium, such as
I.V., Intrathecal (IT), or epidural, in improvement of anesthetic and an-
algesic quality.

Aim of the work (Objective): Aim of the work (Objective): We aimed to study the effects of both IT
fentanyl and IT fentanyl -magnesium on peri-operative analgesic re-
quirements, stress response and the extubation time after elective pedi-
atric cardiac surgery.  

Patients  &  Methods:  Patients & Methods: Eighty pediatric patients undergoing elective
open cardiac surgery were  randomly  allocated  into  four  groups (20
patients each) : Intrathecal placebo (control) group (A), intrathecal fen-
tanyl group (B) (received IT 1 µg/kg of fentanyl citrate), intrathecal fen-
tanyl and magnesium (0.5mg) group (C) (received IT 1 µg/kg  of fentanyl
citrate  and 0.5mg/kg  magnesium sulphate) and intrathecal fentanyl
magnesium (1mg) group (D) (received IT 1 µg/kg  of fentanyl citrate + 1
mg/kg  magnesium sulphate). The perioperative anesthetic manage-
ment was standardized. Peri-operative analgesic requirements, weaning
from CPB, extubation time and stress response [represented by serum
cortisol, and blood glucose levels] were recorded. 

Results:  Results: The results of this study demonstrated that the analgesic
profile tended to be better with ITF, ITF-Mg 0.05mg/kg and ITF-Mg
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IntroductionIntroduction
The trend of early extubation is

often used in the perioperative

management of adult patients un-

dergoing cardiac surgery.  Nowa-

days, several retrospective studies

concerning the feasibility of an

early extubation approach in pedi-

atric cardiac patients were pub-

lished, including patients at high

risk for a complicated periopera-

tive course(1,2). The advantages of

this approach may be primarily

related to the avoidance of adverse

effects of prolonged mechanical

ventilation and lower hospitaliza-

tion costs related to lower ICU and

hospital stay(2).

Intrathecal (IT) morphine al-

lows intense postoperative analge-

sia  but has delayed onset of ac-

tion and may cause delayed

extubation after cardiac surgery

because of prolonged ventilatory

depression(3). On the contrary,

lipid-soluble opioids such as fen-

tanyl and sufentanil have a rapid

onset but shorter duration of ac-

tion (4).

Magnesium is the fourth most

plentiful cation in the body. It has

antinociceptive effects in animal

and human models(5). These ef-

fects are primarily based on the

regulation of calcium influx into

1mg/kg groups than the I.V. (control) group. As these groups were asso-
ciated with less total intraoperative I.V. fentanyl used, less postopera-
tive analgesic requirements (Postoperative fentanyl consumption µg /
24 h) and prolonged time to 1st analgesic requirement when compared
with control group. HR and MAP were maintained in group D intraoper-
atively and early postoperatively ,and time to 1st analgesic requirement
is prolonged and time to extubation is shorter in ITF-Mg 1mg/kg group
(D) as compared with ITF and control groups.

Conclusion:Conclusion: In conclusion, the use of intrathecal fentanyl-
magnesium (1mg/kg) in pediatric patients undergoing open cardiac sur-
gery provided superior hemodynamic stability, reduce intra and postop-
erative analgesic consumption, prolong the time to first analgesic re-
quirement and allows early tracheal extubation when compared with
intravenous fentanyl, intrathecal fentanyl or intrathecal fentanyl-
magnesium (0.5mg/kg).

Keywords: Keywords: Intrathecal, fentanyl, magnesium, pediatric. 
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the   cell,   which  is  natural

physiological   calcium  antago-

nism, and antagonism of N-

methyl-D-aspartate (NMDA) recep-

tor(6). These effects have prompted

the investigation of magnesium as

an adjuvant for postoperative

analgesia. There are several stud-

ies comparing the efficacy of the

different routes of administration

of magnesium, such as I.V., IT, or

epidural and its reflection on an-

esthetic and analgesic quality(7).

I.V.  Magnesium, even high doses,

is associated with  limited passage

across the blood-brain barrier(8). 

Studies  in  humans in which

intrathecal magnesium was given

to  various  different  groups  of

patients  found  that none had

symptoms suggestive of neurotox-

icity,(9-13) nor did they exhibit

signs of systemic toxicity such as

hypotension, arrhythmias, somno-

lence or weakness, and even on

long term follow up.

Buvanendran et al in 2002.

found that intrathecal 50 mg mag-

nesium prolongs spinal fentanyl

analgesia during labour and sug-

gested that the availability of an

intrathecal NMDA antagonist

could be of clinical importance for

pain management(9). Also, Bilir et

al, in 2007 found that  co-

administration of epidural magne-

sium for postoperative epidural

analgesia provided a pronounced

reduction in patient-controlled ep-

idural fentanyl consumption with-

out recorded side-effects(7).

 

This study hypothesized that

preoperative administration of IT

fentanyl, and magnesium in differ-

ent doses in pediatrics undergoing

open heart surgery for congenital

heart diseases may facilitate the

weaning from CPB, improve the

quality of postoperative analgesia,

decrease stress response and

shorten the extubation time.   The

aim of this study is to compare

the effects of both IT fentanyl and

IT fentanyl -magnesium in two dif-

ferent concentration on peri-

operative analgesic requirements,

weaning from cardiopulmonary

bypass, stress response and the

extubation time in elective pediat-

ric cardiac surgery.

Materials & MethodsMaterials & Methods
After approval of the local ethi-

cal committee of Anesthesia And

Surgical Intensive Care Depart-
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ment, Mansoura University, this

prospective double blinded con-

trolled randomized study(using

closed envelop method) was con-

ducted on 80 patients of either

sex, aged 3 - 14 years were sub-

mitted for elective cardiac surgery

(VSD, ASD, Subaortic membrane)

using CPB at Cardiac Surgery

Unit in Children Hospital, Man-

soura University. All parents of

the patients were given written in-

formed consent prior to enroll-

ment after explanation.

Exclusion criteria include: Exclusion criteria include: co-

agulopathy, platelet count

<100,000 mm3 and the recent use

of anticoagulant drugs. Also the

administration of preoperative va-

soactive medications as inotropic

drugs or preoperative intra-aortic

balloon pump, preoperative me-

chanical ventilation, re-do, heart

block, preoperative impaired left

ventricular ejection fraction <40%,

current clinical diagnosis of either

systolic or diastolic congestive

heart failure were excluded. Signs

of interstitial or alveolar edema on

chest x-ray, body mass index > 35

kg·m-2, preoperative serum creati-

nine > 1.5 mg/dl, were excluded

from the study.  Known or antici-

pated difficult airway, current use

of clonidine or steroids (for their

possible confounding effects on

postoperative analgesia), and any

known contraindication to spinal

anesthetic administration were

not included.

The intraoperative exclusion

criteria were: need of application

of deep hypothermic circulatory

arrest, CPB times exceeding 90

min. The postoperative exclusion

conditions were prolonged (>24 h)

mechanical ventilation, hemody-

namic instability, and need for

large-dose opioids or sedatives,

and none happened.

All patients were subjected to

preoperative clinical examination

for assessment of cardiovascular

function. Laboratory investiga-

tions includes CBC, electrolytes

analysis, ABG, urine analysis, co-

agulation survey including pro-

thrombin time, partial thrombo-

plastin time, and bleeding time,

clotting time, activated clotting

time (ACT), blood glucose level, liv-

er and renal function tests. Radio-

logical work, ECG and echocardio-

graphic investigations were

fulfilled. Patients were randomly
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classified into 4 groups: [A-Control

group]: (n=20) Anesthesia was

maintained with isoflurane with

intrathecal 0.15 ml/Kg  preserva-

tive free sterile water as a whole

volume.  [B-ITF (fentanyl) group]:

(n=20) Anesthesia was maintained

with isoflurane  with intrathecal

fentanyl 1 µg/Kg. [C-IT fentanyl-

0.5 mg/kg magnesium group]:

(n=20) Anesthesia was maintained

with isoflurane with intrathecal

fentanyl 1µg/Kg with magnesium

sulfate 0.5 mg/Kg. [D-IT fentanyl-

1.0mg/kg magnesium group]:

(n=20). Anesthesia was main-

tained with isoflurane  with intra-

thecal fentanyl 1µg/Kg with mag-

nesium sulfate 1 mg/Kg. All

injectate were given 0.15 ml/Kg

as whole volume  in preservative

free sterile water with maximum

volume 4 ml.

All children were fasted accord-

ing to fasting protocol with age for

at least 4 hours before the sur-

gery.  Intake clear fluids were al-

lowed up to 3 hours before the in-

duction of anesthesia.

All patients were pre-medicated

in the pre-operative area with I.M.

0.05 mg/Kg  midazolam and

0.015 mg/Kg atropine sulfates 15

minutes before induction of gener-

al anesthesia. five leads ECG, pe-

ripheral oxygen saturation [SpO2]

and non - invasive blood pressure

[NIBP] were monitored. Supple-

mental oxygen were provided via a

face mask. Peripheral intravenous

indwelling cannula was inserted

one hour after application of

EMLA cream.

In all groups Anesthesia was

induced by slow I.V. administra-

tion of fentanyl 10 µg/Kg, propofol

1-2 mg/Kg and 0.1 mg/Kg vecuro-

nium to provide neuromuscular

blockade and facilitate tracheal in-

tubation. With loss of conscious-

ness, positive pressure ventilation

was started via face mask at a

rate of 20-28 breathes per minute.

Patients were intubated orally

with an appropriately sized endo-

tracheal tube such that no audible

air leak was present below 35

cmH2O peak inspiratory pres-

sures.

Patients were mechanically

ventilated with 100% O2 and the

end-tidal CO2 was monitored by

main-stream capnograph and

maintained between 30-35 mmHg.
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Anesthesia was maintained

with isoflurane, incremental 0.02

mg/Kg doses of vecuronium to

maintain muscle relaxation and

additional I.V. boluses of fentanyl

(1 µg/kg) were given if blood pres-

sure and heart rate increased

(>20% above baseline) and it was

assumed that the increases were

due to insufficient depth of anes-

thesia.

 

A radial artery catheter (22 - 24

G) was inserted, after performance

of a modified Allen’s test in the

non dominant hand, to monitor

the arterial blood pressure and

blood gases sampling during the

entire procedure. A urinary cathe-

ter was placed to monitor urine

output and rectal and nasopha-

ryngeal temperatures were contin-

uously monitored, an appropriate

size central venous catheter was

inserted under complete aseptic

condition for central venous pres-

sure monitoring [insertion done

after intrathecal injection to allow

maximum time (more than 45 to

60min) between intrathecal and

heparin injection].

The patient was placed in the

right lateral decubitus position.

The skin over the injection area

was cleaned with a chlorohexidine

0.5% containing solution, which

was allowed to dry. Then, using

sterile technique a 2-inch, 25-

gauge Quincke spinal needle was

inserted at L3-4 or L4-5. Success-

ful dural puncture was confirmed

by observation of a free flow of ce-

rebrospinal fluid, and the injection

was performed with the bevel of

the needle oriented in the cephalic

direction and the table turned

with head up position for 5 mins

[hypobaric solution(specific gravity

measured for different injectant

solution using combitest strips

and was about 1000 for placebo

(water),about 1000-1005 for fenta-

nyl in water and about 1005 for

both fentanyl-0.5mg magnesium

and fentanyl- 1mg magnesium)] to

get high level. 

 

The heart was approached

through a standard median ster-

notomy in all patients. The as-

cending  aorta,  SVC  and  IVC

were cannulated for cardiopulmo-

nary bypass (CPB) using a mem-

brane oxygenator and a roller

pump with an arterial line filter af-

ter elevation of the ACT above 480

second using heparin (300-400
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i.u./kg). Perfusion was a non-

pulsatile pump flow with average

rate around 2-2.4 L/min/m2. An

α-stat carbon dioxide manage-

ment strategy (blood gas measure-

ments corrected to body tempera-

ture) were employed. Moderate

hemodilution and moderate sys-

temic hypothermia (32oC) were

used. Once the target core temper-

ature was achieved, 10 mg/kg of

sodium thiopental was added to

the CPB circuit because of its cer-

ebroprotective benefits. After aor-

tic cross clamping, all patients

were received cold crystalloid car-

dioplegia, that was delivered (20

ml/kg for the first dose and 10

ml/kg for subsequent doses every

25-30 min) in anterograde manner

in the aortic root. Surface cooling

was used by packed iced saline.

Cardioplegia was repeated every

25 minutes. Hematocrit was main-

tained between 20-25% during

CPB. 

H.R, MAP, CVP, EtCO2, SpO2,

nasopharyngeal and rectal tem-

peratures, arterial blood gases

and electrolytes (Na and K), were

recorded at the following time in-

tervals:   Before induction of gen-

eral anesthesia [baseline], after in-

duction, after skin incision , after

sternotomy, each 15 minutes until

CPB, and then each 15 minutes

after discontinuation of  cardio-

pulmonary bypass. Hypertension

and hypotension were considered

clinically significant when systolic

arterial pressure differed by more

than 30% compared with baseline

values for more than 1 minute.

Bradycardia was considered clini-

cally significant when heart rate

decreased by more than 30% com-

pared with baseline values for

more than 1 minute. Requirement

for additional bolus doses of fenta-

nyl (1µg/kg) was determined by

the increases in blood pressure

and heart rate by more than 20%

of baseline values where other fac-

tors were excluded, and it was be-

lieved that the increases were

caused  by  insufficient  depth of

anesthesia. ACC (minutes), CPB

(minutes), spontaneous recovery

of the heart, need for DC shocks

and the inotropic and / or vaso-

pressor support to wean the heart

from CPB were recorded in all pa-

tients.

After surgery, patients were

transferred to the ICU, where they

were monitored by other team who
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were blinded to the anesthetic

protocol that had been used. In

the ICU. H.R, MAP, CVP were re-

corded at one hour intervals after

admission to ICU, for 12 hours.

Post - extubation hourly pain

score was assessed using objective

pain discomfort score (10 points

scale 0= no pain &10 = maximum

pain) in children for 12 hours (14).

Blood pressure:Blood pressure:

2  > 20 % pre - operative.

1  (11 - 20 %) above pre - op-

erative.

0  ≤10 % pre - operative.

Crying:Crying:

2  crying not responding to

TLC [Tender, Loving, Care].

              

1  crying but responds to TLC.

0  not crying.

Moving:Moving:

 2  Thrashing.

 1  Restless.

 0  None.

Agitation:Agitation:

2  Hysterical.

1  Mild.

0  patients asleep or calm.

Verbal:Verbal:

2  Moderate  pain  [localized

verbally or by pointing].

1   mild pain [can't localize].

0   Asleep or no pain.

Bromage score, was assessed

after extubation and graded as: I -

Free movement of legs and feet

[Nil (0%)], II - Just able to flex

knees with free movement of feet

[Partial (33%)], III - Unable to flex

knees, but with free movement of

feet, [Almost complete (66%)], IV -

Unable to move legs or feet [Com-

plete (100%)].

Extubation time, the need for

re - intubation (Tracheal extuba-

tion  was accomplished when

standard extubation criteria were

fulfilled. Criteria  for extubation

included  a responsive and coop-

erative patient, negative inspirato-

ry force of > 20 cm H2O, vital ca-

pacity > 10 mL/kg, PaO2 > 80

mmHg with fraction of inspired

oxygen < 0.5, pH > 7.3, core tem-

perature > 36.5 Co, hemodynamic

stability,  limited  chest  tube

drainage and no uncontrolled

dysrrhythmia,). First request for

analgesic requirement and the to-

tal dose of analgesic consumption
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[i.v. fentanyl  µg/Kg], the length of

ICU and hospital stays were re-

corded. Neurological evaluation

were done on daily basis to ex-

clude any signs of neurological ab-

normality.

 

In this study the Stress re-

sponse to surgery and CPB was

determined by changes in serum

cortisol, and blood glucose con-

centrations. Venous blood sam-

ples were collected at four times:

preoperatively, 5 min after ster-

notomy, 1 and 24 hours after

CPB. These times were based on

likely  physiological responses

over time and local economic limi-

tations. The blood samples were

centrifuged and serum were

drawn off and were stored at 4 Co

until assayed within 2 weeks of

collection. Serum cortisol levels

were  determined  using a radio-

immunoassay technique (Strep-

tavidin Coated microparticles).

The sensitivity (Lower detection

limit) is 0.018 µg/dL (0.5 nmol/

dL) and the coefficient of variation

9%.

Serum magnesium level was

measured preoperative and post-

operative to exclude any systemic

effect of intrathecally given mag-

nesium.

Statistical Analysis:Statistical Analysis:

The statistical analysis of data

done by using excels program and

SPSS (SPSS, Inc, Chicago, IL).

program statistical package for so-

cial science version 10. To test the

normality of data distribution K-S

(Kolmogorov-Smirnov) test was

done only significant data revealed

to be nonparametric. The analysis

of the data was done to test statis-

tical significant difference between

groups.  ONE WAY ANOVA test to

compare more than two groups,

followed by Post Hoc test LSD

(least significant difference) for in-

ter groups comparisons. For

quantitative data student t-test

was used to compare between two

groups.  Paired sample t-test to

compare one group at different

time. Chi square test was used for

qualitative data.  P value was con-

sidered significant if <0.05 at con-

fidence interval 95%.

Results Results 
Table 1 shows the patients

demographics of the four studied

groups, control group (I.V.), ITF

group, ITFMg (0.5mg) group, and
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ITFMg (1mg) group, there were no

significant differences between the

four groups as regards age,body

mass index (BMI), male to female

ratio and the type of surgical pro-

cedure.

 

In this study intraoperative pa-

rameters, (ACC (min), CPB (min),

lowest temperature on CPB (Co),

and  operative time (min)] showed

no significant differences between

the four groups  but the total dose

of intraoperative I.V. fentanyl used

was significantly lower  in ITF

group, ITFMg (0.5mg) group, and

ITFMg (1mg) group when com-

pared with the control group. (Ta-

ble 2).

 

In this study, no significant dif-

ferences between the four groups

as regard to criteria of weaning

from CPB (Table 3).

In the present study, most of

the patients in the four groups

were extubated early (within 6

hours). However, the number of

patients who were extubated in

the operating room was signifi-

cantly higher in the ITFMg (1mg)

group (6 patients)  when  com-

pared  with  the  other  groups

(Table 4).  The  time  to extubation

was significantly lower in the

ITFMg (1mg) group when com-

pared with the control and ITF

groups (Table 4). Postoperative

fentanyl consumption was signifi-

cantly lower in ITF group, ITFMg

(0.5mg) group, and ITFMg (1mg)

group when compared with the

control group (Table 4). The time

to 1st analgesic request was sig-

nificantly longer in ITF group,

ITFMg (0.5mg) group, and ITFMg

(1mg) group when compared with

the control group and also signifi-

cantly longer in ITFMg (1mg)

group when compared with the

ITF group and ITFMg (0.5mg)

group (Table 4). There were no sig-

nificant differences between the

four groups as regard ICU and

hospital length of stay. There were

no significant differences between

the four groups as regard postop-

erative Bromage score and adverse

effects as nausea and vomiting,

pruritus, and neurologic deficit

(Table 4).

Table 5 showed laboratory eval-

uation of the stress response (ser-

um cortisol and blood glucose)

and serum magnesium.  There

were  no  significant  differences
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between the four groups in serum

cortisol and blood glucose at dif-

ferent stages of evaluation, but

there were significantly high ser-

um  cortisol  and  blood  glucose

at 1 hour after termination of CPB

when compared with their basal

values in the four groups (Table

5).  There were no significant dif-

ferences between preoperative and

postoperative serum magnesium

(Table 5).

In this study, postoperative

modified objective pain score was

significantly lower in the ITFMg

(1mg) group in the early postoper-

ative period when compared with

the other groups (Table 6).

In the current study, the mean

arterial blood pressure (Table 7)

and heart rate (Table 8) was sig-

nificantly lower in the ITFMg

(1mg) group introperatively and

early postoperatively when com-

pared with the other groups.  Also,

there were no significant differenc-

es between the four groups as re-

gard the perioperative central ve-

nous pressure, SaO2, PaO2 and

PaCO2.
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Discussion Discussion 
The results of this study dem-

onstrated that the use of intrathe-

cal fentanyl/magnesium (1mg/kg)

in pediatric patients undergoing

open cardiac surgery provided su-

perior hemodynamic stability, re-

duce intra and postoperative anal-

gesic consumption, prolong the

time to first analgesic request and

allows early tracheal extubation

when compared with intravenous

fentanyl, intrathecal fentanyl or

intrathecal fentanyl/magnesium

(0.5mg/kg) but did not affect the

stress response to CPB.

In this study, the analgesic pro-

file tended to be better with ITF,

ITF-Mg 0.05mg/kg and ITF-Mg

1mg/kg groups than the control

group in pediatric patients under-

going cardiac surgery. As this

groups were associated with less

total intraoperative i.v. fentanyl

used, less postoperative analgesic

requirements (Postoperative fenta-

nyl consumption µg / 24hr) and

prolonged time to 1st analgesic re-

quirement when compared with

the control group. Also time to 1st

analgesic requirement is pro-

longed in ITF-Mg 1mg/kg group

compared with ITF and ITF-Mg

0.05mg/kg groups.  This is in ac-

cordance with earlier clinical hu-

man investigations reported an in-

crease in duration of analgesia

with intrathecal magnesium in

various obstetric and non-

obstetric populations(9-13). O¨ Za-

levi et al.(13) concluded that ; in

patients undergoing lower extrem-

ity surgery, IT MgSO4 (50 mg),

when added to spinal anaesthesia

induced  by bupivacaine and fen-

tanyl, delayed the onset of both

sensory and motor blockade and

prolonged the duration of anaes-

thesia, without increasing the in-

cidence of side-effects. However

other study found that the addi-

tion of MgSO4 to spinal anaesthe-

sia prolonged the time to first an-

algesic requirement, but did not

reduce total analgesic consump-

tion in the first 24 h(10). 

In another study, Pirat et al.(15)

compared cardiovascular and neu-

rohumoral responses associated

with I.T. fentanyl (2 µg/kg), or I.V.

(10 µg/kg followed by an i.v. infu-

sion of 10 µg / kg/ hr) fentanyl in

pediatric patients undergoing car-

diac surgery. They found that pa-

tients receiving combination of

both I.V. and IT fentanyl had less
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hemodynamic response to sternot-

omy than those in either of the

other groups, in his study the

three groups required similar

amounts of additional fentanyl

during the operation (Group I.V.,

2.5 ±4.0 µg/kg; Group IT, 2.2 ±3.6

µg/kg; and Group IT +  I.V. 2.4 ±

3.5 µg/kg), also  there were no sig-

nificant differences among the

groups with respect to postopera-

tive analgesic requirement. 

In the current study, all pa-

tients in the four groups extubat-

ed early (less than 6 hours), how-

ever, the number of patients who

were extubated in the operating

room was significantly higher in

ITF-Mg 1mg/kg group than other

groups, and the time to extuba-

tion was shorter in ITF, ITF-Mg

0.05mg/kg and ITF-Mg 1mg/kg

groups than the I.V. control group

and this may be explained may by

the decrease in the total intraoper-

ative intravenous fentanyl used in

these groups (18.06 ± 2.43 µg/kg

in the control group, 15.60±2.84

µg/kg in ITF group, 14.40±2.02

µg/kg in ITF-Mg 0.05mg/kg group

and 12.26±1.38 µg/kg in ITF-Mg 1

mg/kg group) as explained by oth-

er studies(16).

In contrast, Pirat et al.(15) can-

not explain the significantly short-

er extubation times in pediatric

cardiac surgery that were record-

ed for Group IT + I.V., although

using high dose of intravenous

fentanyl (49.7 ± 6.1µg/kg).  Davis

et al.(17) defined intraoperative

variables predictive of early extu-

bation, CPB time, aortic cross

clamp time and circulatory arrest

time.

The present study showed that

no significant differences as re-

gard ICU and hospital length of

stay. We found no significant he-

modynamic effect (hypotension)

following the addition of magne-

sium to our spinal solution and

addition of intrathecal magnesium

to fentanyl provides hemodynamic

stability. This may be attributed to

the absence of systemic vasodila-

tor effects of spinal magnesium in

this dose and this was shown in

normal Mg+2 serum level in the

postoperative values.

As regard the stress response

to cardiac surgery in this study,

we used serum cortisol and whole-

blood glucose as hormonal and

metabolic indicators of the stress
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response. The four groups showed

significantly higher serum cortisol

and blood glucose levels at one

hour after CPB when compared

with basal values. These findings

concur with the results of other

study(15) and are believed to be re-

lated to several factors as, system-

ic inflammatory response, hypo-

tension, and hypothermia

associated with CPB, independent

of the opioid dose used.  The re-

sults indicate that the above 4

mentioned anesthetic regimen

were not enough to blunt stress

response.

 

Considering respiratory depres-

sion,  pruritus, nausea and vomit-

ing all of which are well recognized

adverse effects of spinal opioid us-

age. These side effects were nearly

absent and there were no signifi-

cant differences between studied

groups. The decreased incidence

of respiratory depression (as the

postoperative arterial blood gases

indicated no significant difference

between the 4 groups), nausea

and vomiting may be explained by

the pharmacokinetics of fentanyl,

which is lipid-soluble opioid,

binds fairly rapidly with the opioid

receptors in the dorsal horn of the

spinal cord leaving only small

amounts of substance for cepha-

lad migration to the fourth ventri-

cle, and chemoreceptor trigger

zone, in contrast with the less lip-

id-soluble morphine, being hydro-

philic drug, which spread rostrally

in the CSF more rapidly and to a

greater extent than do hydropho-

bic opioid(18).

 

This in accordance with the re-

sult of Pirate et al.(15) who found

no problems with this adverse ef-

fects on similar group of patients

although using larger doses of fen-

tanyl both intrathecal and intrave-

nous.

 

 Varassi et al.(19) reported that

the subarachnoid administration

of 25 µg of fentanyl during spinal

anaesthesia in non-pre-medicated

men did not cause early respirato-

ry depression in elderly patients.

An increased risk of respiratory

depression in labouring parturient

has been reported with systemic

MgSO4 therapy(20), and an in-

creased incidence of respiratory

depression may be expected when

these two drugs are combined;

however, we did not observe this

in this study, and this in accor-
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dance  with  other  studies  that

investigate  neuroaxial magne-

sium(9,10,13), all of this studies

proved that absence of respiratory

depressant effect of neuroaxial

magnesium.

Urinary retention is another

side effects of intrathecal opioids,

we recorded no cases of urinary

retention because all patients had

urinary catheter in place inserted

before surgery an remained in

place in the ICU.

In this study, there were no

neurological deficit, or signs sug-

gestive epidural haematoma,

nerve  compression  or  neurotox-

icity even on long term follow up

(up to 2 months), the absence of

epidural haematoma may be due

to  use  of  a  25-gauge  spinal

needle inserted at L3-4 or L4-5

approximately  one hour before

administration  of  heparin  and

this  coincides  with  other  stud-

ies(15,17,21).

The current study showed no

significant differences between the

studied groups in the criteria of

weaning off CPB as regard the

spontaneous recovery of the heart,

the need for DC shocks for defib-

rillation and the need for ino-

tropes or vasodilators. This is ex-

plained by other study that

reported that myocardial injury in

pediatric cardiac surgery in in-

fants and children was dependent

on age and ischemic time and type

of surgical procedure(22).  Also

previous ventricular function de-

termine the need for inotropic

support during weaning off CPB

(23).  Since that the age, type of

surgical procedure and aortic

cross clamp time were nearly the

same in the four studied groups,

there were no significant differenc-

es in the weaning parameters be-

tween the studied groups. Thus,

this study indicates that weaning

off CPB was not affected by intra-

thecal fentanyl or intrathecal fen-

tanyl-magnesium.

  

The present study showed that,

heart rate and mean arterial blood

pressure both intra and post oper-

atively were significantly lower in

intrathecal fentanyl-magnesium

1mg/kg group than the control

group. The explanation for this is

that spinal opioids may attenuate

increased sympathetic nerve activ-

ity elicited by myocardial ischemia
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and spinal opioids may only par-

tially attenuate the stress re-

sponse in patients undergoing

cardiac surgery(24) and addition of

magnesium had synergistic effects

to spinal opioid in this dosage. 

 

The current study indicates

that preoperative administration

of intrathecal fentanyl-magnesium

1mg/kg  in  pediatrics  submitted

to  open  heart  surgery  for con-

genital  heart repair provided low-

er pain scores in the early postop-

erative period with subsequent

lower dosages of fentanyl con-

sumed postoperatively when com-

pared with the control group. Be-

cause no published study has

assessed the effectiveness of intra-

thecally injected MgSO4 in pre-

venting post-operative pain in pe-

diatric cardiac surgery, no

reported data are available for

comparison. 

In conclusion, the use of intra-

thecal fentanyl-magnesium (1mg/

kg) in paediatric patients undergo-

ing open cardiac surgery provided

superior hemodynamic stability,

reduce intra and postoperative an-

algesic consumption, prolong the

time to first analgesic request and

allows early tracheal extubation

when compared with intravenous

fentanyl, intrathecal fentanyl or

intrathecal fentanyl-magnesium

(0.5mg/kg).

Recommendation  :-  Recommendation :- Further

studies are recommended to confi-

ram this results and also using

different doses of magnesium,

large number of patients, and long

term follow up for subsequent

years.
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AbstractAbstract
Background and aim of  the  work:  Background and aim of the work: Pathological diagnosis is essen-

tial for optimal treatment of thyroid tumors. Diagnostic difficulties are
caused by morphological similarities of biologically diverse lesions, such
as papillary hyperplasia versus encapsulated papillary carcinoma. Also
there may be difficulties in differentiation between follicular adenoma
and minimally invasive follicular carcinoma or differentiating follicular
variant of papillary thyroid carcinoma (FVPTC) from follicular adenoma.
The purpose of this study was to evaluate the diagnostic value of CD56
immunohistochemical staining in distinguishing papillary thyroid carci-
noma (PTC) from other thyroid malignancies and benign lesions. 

Materials and Methods:Materials and Methods: Immunohistochemistry using the chain pol-
ymer conjugated method was performed for antibody against CD56 in
129 cases of both benign and malignant thyroid lesions. Membranous
staining only was considered as positive. The data were submitted for
statistical analysis.  

Results:  esults: Statistical analysis showed significantly different expres-
sions of CD56 in PTC versus other lesions of the thyroid gland except
anaplastic carcinoma (AC). The sensitivity and specificity of CD56 for di-
agnosing PTC vs other thyroid lesions were 100% and 92% respectively.
It also showed a specificity of 100% and a sensitivity of 22% for follicu-
lar adenoma (FA) vs follicular carcinoma (FC).

Conclusion: Conclusion: CD56 is a negative diagnostic marker for PTC including
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IntroductionIntroduction
Thyroid cancer represents the

most common malignancy of the

endocrine system and the seventh

most frequent human malignancy;

with Papillary carcinoma is the

commonest thyroid cancer1. It

represents 1.5% of all cancers in

Egypt2. In the recent decades, an

obvious increase in the incidence

of papillary thyroid carcinoma has

occurred, which is due to advanc-

es in medical surveillance of im-

palpable nodules. The pathological

diagnosis of this cancer is usually

easy in the majority of cases. How-

ever, there may be misinterpreta-

tion of the follicular variant of

papillary carcinoma as follicular

adenoma3,4. Also there may be

difficulties in differentiation be-

tween follicular adenoma and

minimally invasive follicular carci-

noma5.  Distinction of hyperplas-

tic epithelial pseudopapillae from

true papillary neoplasia can repre-

sent a significant diagnostic prob-

lem6.

Recently, immunohistochemis-

try  has  been  investigated  for its

ability  to  differentiate  benign

from malignant thyroid lesions

such  as antibodies against

HBME-1, galectin-1, galectin- 3,

Rb-1, S100 protein, CD56, cerulo-

plasmin, lactoferrin and secretory

components3,6,7.8.9.

D56 is a homophilic binding

glycoprotein of the Ig-super family

in which its antibody targets an

isoform of the neural cell adhesion

molecule (NCAM) and is expressed

normally in NK cells, activated T

cells, large granular lymphocytes,

specific endocrine, and brain tis-

sue10,11. It has been reported

that reduced expression of NCAM

affects the formation of metastasis

its follicular variant and can significantly differentiate PTC from other
malignant and benign lesions of the thyroid gland. It is also a highly
specific marker for benign lesions and is able to differentiate them from
malignant lesions. On the other hand, it is of low sensitivity, but with
higher specificity for follicular adenoma vs follicular carcinoma. So, we
recommend the use of CD56 immunohistochemistry with other marker
such as galectin-3, which is of value in differentiating follicular adeno-
ma from follicular carcinoma.

Key  Words:Key Words: CD56, papillary thyroid carcinoma, immunohistochem-
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with poor prognostic outcome in

some malignancies by stimulating

lymphangiogenesis through the

increased production of VEGF-C

and VEGF-D by tumor cells12,13.

MATERIALS AND METHODSMATERIALS AND METHODS
A total of 129 cases that under-

went total or subtotal thyroidecto-

my between January 2004 and

July 2010 (both retrospective and

prospective) were retrieved from

the archives of the pathology de-

partment, and oncology center, fa-

culty of medicine, Mansoura Uni-

versity. All the clinical charts and

histopathology reports were re-

viewed for data regarding the pa-

tient age & sex, tumor size, the

presence or absence of extrathyr-

oid extension, distant metastasis

and the presence or absence of

lymph node involvement. 

The study included 36 cases of

papillary thyroid carcinoma, 14

cases of follicular carcinoma,7

cases of medullary carcinoma, 7

cases of anaplastic carcinoma,

one mixed medullary papillary

carcinoma, one insular carcino-

ma, 18 cases of follicular adeno-

ma, 7 cases of Hurthlre adenoma,

7 cases of hashimoto thyroiditis,

19 cases of colloid nodular goiter,

5 cases of Grave's disease, one

dyshormonogenetic goiter and 2

cases of lymphocytic thyroiditis.

Cases of papillary carcinoma were

divided into 2 groups: (i) overt

papillary carcinoma more than

1cm in size, and (ii) papillary mi-

cro carcinoma less than or equal

1cm in size. All neoplastic and

non neoplastic cases and carcino-

mas metastasized to lymph nodes

were immunostained for CD56. 

Immunohistochemical  stainsImmunohistochemical stains

and interpretationand interpretation

The selected paraffin blocks (in-

cluded both the representative

sections of the analysed tumor

and the rims of morphologically

normal thyroid tissue around

them, which served as an internal

control) were sectioned at 4-5µm

and stained by haematoxyline and

eosin (H&E) to revaluate and sub-

classify tumors according to the

World Health Organization (WHO)

classification, (2004)14. Immuno-

histochemistry using the chain

polymer conjugated method for

CD56 antibody was used. 

Sections were deparaffinized,

rehydrated in graded alcohols,
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and subjected to an antigen re-

trieval procedure. Antigen retrieval

was performed by placing the

slides in boiling EDTA solution at

PH 9.0 for 15 minutes using a mi-

crowave. The antibody used was

CD56 IgG1/k (clone 123C3.D5)

mouse monoclonal antibody; Cell

Marque corporation product Cat.

#156M-88 (7.0ml) ready-to-use.

Positive external control used was

neuroblastoma and positive inter-

nal control was normal thyroid fol-

licular cells. 

Evaluation of immunohisto-

chemical staining was performed

in a semi-quantitative fashion ac-

cording to the estimated percent-

age of positive tumor cells: 0,

stained in less than 10% of the tu-

mor cells; 1, stained in 10-25% of

the tumor cells; 2, stained in 26-

50% of the tumor cells; 3 stained

in more than 50% of the tumor

cells. A score of 0 was considered

as negative, and scores of 1 to 3

were considered as positive. Mem-

branous expression only was con-

sidered positive.

Statistical analysis :Statistical analysis :

Data entry and analyses were

performed using SPSS statistical

package version 10 (SPSS, Inc.,

Chicago, IL, USA). Quantitative

data were presented as mean and

standard deviation and the Stu-

dent t-test was used to compare

means of two groups. Qualitative

data were presented as number

and percentage and chi-square

(χ2) was used to test the associa-

tion between raw and column var-

iables.  The sensitivity, specificity

and accuracy of CD56 in differen-

tiation of the different thyroid le-

sions were performed. P value of <

0.05 and of < 0.001 indicate a sig-

nificant result and a high signifi-

cant result respectively while P

value of >0.05 indicates non sig-

nificant result.

ResultsResults
Most of the patients were wom-

en (67%), with a mean age of 42.5

years. The peak incidence of be-

nign cases was less than 40 years

of life, while in the malignant cas-

es it was between 40 and 60

years. It was found that there is a

significant association between

malignancy and the age category

more than 60 years (P= 0.032).

When the neoplastic lesions were

divided into tumors less than and

those more than 4 cm 51.4% of
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malignant lesions were more than

4 cm, while 80% of follicular aden-

omas were less than 4 cm. It was

found that, there is a statistical

significant association between

the size group more than 4 cm

and malignancy (p= 0.029).

From table (1), CD56 expres-

sion was higher in benign than

malignant lesions with 96.61%

and 31.4% respectively. The meta-

static deposits of PTC within

lymph nodes showed also absent

CD56 expression, as seen in their

thyroid primaries. In the mixed

medullary papillary carcinoma,

the medullary component was

positive, while the papillary com-

ponent was negative for CD56. 

Table (2) showed that, CD56

was able to differentiate PTC in-

cluding  the  follicular  variant

from  FC,  MC,  FA  and  benign

non  neoplastic  lesions  to a sta-

tistically  significant  degree.  It

was  also able to differentiate be-

nign lesions from malignant le-

sions. Regarding follicular adeno-

ma,  CD56  showed  no  statistical

significance  in  differentiating

this lesion from follicular carcino-

ma, and Hurthle carcinoma. There

was also no statistically signifi-

cant difference between overt pap-

illary carcinoma and papillary mi-

cro carcinoma.  

As seen in table (3), CD 56 was

100% sensitive and 85% specific

in differentiating PTC from other

thyroid lesions. The specificity,

positive predictive values and ac-

curacy increased to 92%, 84% and

94% respectively  when AC cases

were excluded, which showed sim-

ilar expression patterns. It was

also noticed that, it had 100%

sensitivity for FVPTC when it was

compared for both follicular aden-

oma and carcinomas. Regarding

its specificity for FVPTC vs follicu-

lar adenoma and carcinomas, it

was 100% and 78% respectively.

Table (3) also showed that, this

marker is of limited value in differ-

entiating follicular adenoma from

follicular carcinoma, with 22%

sensitivity, but of 100% specifici-

ty. It was found that, CD56 had a

specificity of 97% and a sensitivity

of 69% for benign vs malignant le-

sions.
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Photomicrograph  (1)  :  Photomicrograph (1) :  Hyper-

plastic nodule in colloid nod-

ular goiter showing strong

membranous CD56 (im-

mune stain x 400).

Photomicrograph (2) :Photomicrograph (2) : Hashimoto

thyroiditis showing strong

membranous CD56 staining:

(Immune staining x400).
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Photomicrograph  (5)  :  Photomicrograph (5) : Follicular

adenoma showing a capsule

and compressed  thyroid tis-

sue (H&E x40).

Photomicrograph  (6)  :Photomicrograph (6) : Follicular

adenoma showing strong

membranous CD56 staining

(immunostaining x 400).

Photomicrograph  (3)  :  Photomicrograph (3) :  Toxic goi-

ter with papilla formation

showing strong membranous

CD56 staining (immunostain

x 400) .

Photomicrograph  (4)  :Photomicrograph (4) : Papillary

thyroid carcinoma showing

papillae on the left and fol-

licular pattern on the right

both  negative for CD56 im-

munostaining (x400).
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Photomicrograph (9) : Photomicrograph (9) : Hurhle cell

carcinoma showing vascular

emboli outside the capsule

(H&E x100) .

Photomicrograph  (10)  :Photomicrograph (10) : Hurhle

cell carcinoma showing

strong membranous CD56

staining (immunostaining x

400),

Photomicrograph  (7)  :  Photomicrograph (7) :  Hurthle

cell adenoma (H&E) showing

a capsule (left x 200) and

cells with abundant esino-

philic  granular cytoplasm

(right x 400).

Photomicrograph  (8)  :Photomicrograph (8) : Hurthle

cell adenoma showing strong

membranous CD56 staining

(immunostaining x 400).
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Photomicrograph  (14)  :  Photomicrograph (14) : Medul-

lary carcinoma showing ap-

ple green birefringens under-

polarized light after Congo

red staining (x 400) .

Photomicrograph  (15)  :Photomicrograph (15) : Medul-

lary carcinoma showing

strong  CD 56 membranous

immunostaining staining

(x400).

PhotomicrographPhotomicrograph

(11)  :  (11) :  Follicu-

lar carcinoma

with mus-

chroom pat-

tern of capsu-

lar invasion (H

& E x 40).

Photomicrograph (13) :Photomicrograph (13) : Follicular

carcinoma showing strong

membranous CD56 staining

(immunostaining x 200). 

PhotomicrographPhotomicrograph

(12)  :  (12) :  Follicu-

lar carcinoma

with thick cap-

sule and vas-

cular emboli

outside the

capsule (H & E

x 200)
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DiscussionDiscussion
The current diagnostic method

of surgically resected thyroid nod-

ules is pathologic evaluation of

routine hematoxylin and eosin

stained slides15. Diagnostic diffi-

culties are caused by morphologi-

cal similarities of biologically di-

verse lesions, such as papillary

hyperplasia versus encapsulated

papillary carcinoma, hyperplastic

versus neoplastic nodule or follic-

ular variant of PTC versus follicu-

lar adenoma. Also there may be

difficulties in differentiation be-

tween follicular adenoma and

minimally invasive follicular carci-

noma3, 5.16. 

For the previous reasons, in-

vestigators have focused during

the last several years on finding

molecular or immunohistochemi-

cal markers that can help in diffe-

rentiation between benign and

malignant lesions of the thyroid

gland3, 17. As a result, many sur-

geries for benign lesions can be

avoided and patients can be man-

aged medically as needed18.

In the present study, CD56 ex-

pression was higher in the benign

than the malignant lesions with

96.61% and 31.4% of cases re-

spectively. This slightly differs

from Park et al,19 who found that,

CD 56 was present in 91.6% of

the benign lesions and 37.5% of

the malignant lesions. In the latter

study, the lower expression in the

benign cases can be attributed to

the lower expression of CD56 in

follicular adenoma than our

study. On the other hand, the

higher expression in the malig-

nant lesions can be explained by

the  higher  expression  of CD56

in PTC and follicular carcinoma

cases.

The expression of CD56 protein

in our study was diffuse and

strong in the normal follicular

cells and negative in all variants of

PTC, insular carcinoma and all

anaplastic carcinoma cases with

no difference in different tumor

stage. The metastatic deposits of

PTC within lymph nodes also

showed negative CD56 expression,

as seen in their thyroid primaries,

which is consistent with El Demel-

lawy et al3. Others reported the

expression of CD56 in 5 cases

(7.5%) of PTC and most cases

were grade 119. This slight differ-

ence from our results could be at-
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tributed to the higher number of

PTC cases involved in their work.

Migita et al20, reported CD56 ex-

pression in 2/6 (33%) cases of

papillary thyroid carcinoma. The

higher percentage in the latter

study could be explained by the

fewer number of the papillary car-

cinoma than the recent study and

that performed by El Demellawy et

al and Park et al3,19.

Within the PTC group, occa-

sional CD56 positive cells were

identified. In all cases, these cells

were located at the tumor non-

tumor interface i.e. at the periph-

ery of the PTC <5%. These results

agree with El Demellawy et al,3

who interpreted that, these posi-

tive cells at the periphery may rep-

resent the infiltrative tumor non

tumor interface and may rarely be

residual non-tumor cells. 

Regarding the follicular carci-

noma, CD56 expression was

present in 77.7% of cases. This is

slightly lower than that reported

by Park et al,19 where follicular

carcinoma positive cases were

82.5%. The results of our study

and that of Park et al19 are slight-

ly lower than that of El Demellawy

et al,3 where CD56 expression

was present in 100% of all follicu-

lar carcinoma cases. This differ-

ence could be attributed to the

fewer number of follicular carcino-

ma in the study performed by El

Demellawy et al 3 or due to differ-

ence in the techniques of the im-

munohistochemistry among the

different literatures.

As regard medullary carcino-

ma, CD56 expression was present

in 100% of medullary carcinoma

cases, which is consistent with

Park et al19.  In the only one case

of mixed medullary papillary car-

cinoma, the medullary component

was positive, while the papillary

component was negative for

CD56, but there were no previous

studies concerning this type to

compare these results with them.

Regarding anaplastic carcino-

ma the result of our study was

consistent with other literature,

where CD56 was absent in this

type of carcinoma19. Min et al,21

reported CD56 expression in 1/9

cases (11%) of insular carcinoma,

which was absent in the insular

carcinoma case in our study and

this can be attributed to the few
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number of this type of carcinoma

in our study. 

It   was   found   that,  CD56

expression was present in 96.61%

of all benign lesions, with all sub-

types of benign cases showed

100% expression of CD56 except

colloid nodular goiter, where it

was present in 89.5% of cases.

This is near to that found by Park

et al,19 where this marker was

present in 91.6 % of all benign le-

sions, and in 90.5% of nodular hy-

perplasia, but they found that,

93.3% of follicular adenomas were

positive in contrast to 100% of our

follicular adenoma cases. On the

other hand, other investigators re-

ported that CD56 expression was

present in 100% of all subtypes of

the benign lesions3,20.

In the present study, grade 3 of

CD56 expression accounted for

27.9% of cases and it was the

most common in both benign and

malignant lesions accounting for

(42.37%) and (15.7%) respectively.

However, in follicular adenomas

grade 2 was the most common ac-

counting for 44% and the only

case of dyshormonogenetic goiter

which was grade 1. Other study

found also that grade 3 represent-

ed 43.2% of the studied cases and

like the present study this grade

was  the  most  common  in  both

benign and malignant lesions, ac-

counting for 86.1% and 29.4% re-

spectively19. The difference in the

grade between the present study

and the latter study could be at-

tributed to difference in the biolog-

ical behavior of the thyroid lesions

in the different races. 

Our study showed that, CD56

is a highly significant marker in

differentiating all subtypes of PTC

from other lesions whether benign

or malignant including medullary

carcinoma (P<0.001***), except

anaplastic carcinoma where CD56

was absent in all cases of the both

lesions. This agrees with Park et

al,19 who reported p values

<0.001*** and 0.571 for other le-

sions and anaplastic carcinoma

respectively. The same results

were also reported by El Demel-

lawy et al,3 except that they did

not involve anaplastic or medul-

lary carcinomas in their study. 

The present study also showed

that, this marker had a high sta-

tistical significance in differentiat-
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ing FVPTC from follicular carcino-

ma including hurthle carcinoma

and from follicular adenoma in-

cluding Hurthle adenoma

(P=.000), which agrees with El De-

mellawy et al3. Regarding follicu-

lar adenoma, CD56 showed no

statistical significance in differen-

tiating this lesion from follicular

carcinoma, and Hurthle carcino-

ma (P=.073 and .182 respectively).

This finding is consistent with the

finding noticed by Park et al,19

where they found p value of 0.339.

It was also found in our study

that, this marker is highly signifi-

cant in differentiating benign

whether neoplastic or non-

neoplastic from malignant lesions

(p< 0.001***). 

Regarding the validity of CD56

antibody in the present study, it

was found that, CD56 had a sen-

sitivity (100%), specificity (85%),

positive (72%) &negative (100%)

predictive values, and accuracy

(89%) in differentiating papillary

carcinoma from other thyroid le-

sions, This agrees with El Demel-

lawy et al,3, who concluded that,

lack of CD56 expression in PTC

was constant specific, and ex-

tremely sensitive. 

In the study performed by Park

et al,19 the sensitivity of CD56

was 92.5%, which is lower than

our study. This is because they

found CD56 positivity in 7.5% of

PTC, while in ours all cases of

papillary carcinoma were negative.

On the other hand, they reported

a specificity of 86.4%, which is

higher than that of our study.

This may be explained by the

higher number of papillary carci-

nomas in their study. They also

reported a PPV higher than the re-

cent study accounting for 84.9%,

and lower NPV (93.3%) and simi-

lar accuracy 89.2%. When ana-

plastic carcinomas were excluded,

the specificity, positive predictive

values, and accuracy of CD56 for

differentiating PTC from other le-

sions  were  increased to 92%,

84% and 94%  respectively.  This

agrees with Park et al, 19 where

they noticed an increase in these

values (90%, 89% and 91.7%) re-

spectively.

In an effort to utilize CD 56 in

differentiating benign from malig-

nant thyroid lesions, it had a sen-

sitivity of 69% and specificity of

97%. On the other hand, others19

noticed that, CD56 has a higher
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sensitivity (95.9%) and much low-

er specificity (less than 50%) than

our results. This difference could

be attributed to the large number

of PTC included in their study (62

cases of PTC versus 36 cases in

the recent study). 

As regard the differentiation of

FVPTC from follicular carcinoma,

CD56 had a sensitivity of 100%

and a specificity of 78%. The lower

specificity can be attributed to

that there were negative cases of

follicular carcinoma. It was also

found that CD56 is a highly sensi-

tive and specific marker of 100%

each in the differentiation of

FVPTC from follicular adenoma.

REFERENCESREFERENCES
1.1. Taccaliti  A.  and  BoscaroTaccaliti A. and Boscaro

M.  (2009)  :  M. (2009) : Genetic mutations in

thyroid carcinoma. Minerva;34

(1):11-28.

2.2. Freedman  L.  S.,  EdwardsFreedman L. S., Edwards

B.  K.,   Ries  L.  A.  G.,  et  al.,B. K.,  Ries L. A. G., et al.,

(2006)  :(2006) : Cancer incidence in four

member countries (Cyprus, Egypt,

Israel and Jordan) of the middle

East cancer consortium (MECC)

compared with US SEER National

cancer  institute,  NIHPub.  No 06-

5873. Bethesda, MD. Chapter ti-

tle; Thyroid cancer (13) pp 120-

131. Edited by Ronckers C and

Ron E.

3.3. El  Demellawy  D.,  Nasr  A.El Demellawy D., Nasr A.

and Alowami S. (2008) : and Alowami S. (2008) : Applica-

tion of CD56, P63 and CK19 im-

munohistochemistry in the diag-

nosis of papillary carcinoma of the

thyroid. Diagn Pathol; 3: 5.

4.4. Salajegheh  A.,  Petcu  E.Salajegheh A., Petcu E.

B.,  Smith  R.  A.  et  al,  (2008)  :B., Smith R. A. et al, (2008) :

Follicular variant of papillary thy-

roid carcinoma: a diagnostic chal-

lenge for clinicians and patholo-

gists. Postgrad Med J; 84(988): 78

- 82.

5.5. Rydlova M.,  Ludvikova M.Rydlova M., Ludvikova M.

and  Stankova  I.  (2008)  :  and Stankova I. (2008) : Poten-

tial diagnostic markers in nodular

lesions of the thyroid gland: an

immunohistochemical study.

Biomed Pap Med Fac Univ Palacky

Olomouc Czech Repub; 152(1):53-

60. 

6.6. Mitselou  A.,  Vougioukla-Mitselou A., Vougioukla-

kis  T.  G.,  Peschos  D  et  al.,kis T. G., Peschos D et al.,

(2002)  :  I(2002) : Immunohistochemical

study  of  the  expression of S-100

protein,   epithelial  membrane



102102

Rehab Allah. A. Ibrahim , et al...

antigen, cytokeratin and carcin-

oembryonic  antigen  in  thyroid

lesions. Anticancer  Res; 22 (3) :

1777-80.

7.7. Kilicarslan  B.,  Pestere  E.Kilicarslan B., Pestere E.

H.,  Oren  N.,  et  al.,  (2000)  :  H., Oren N., et al., (2000) : Epi-

thelial membrane antigen and S-

100 protein expression in benign

and malignant papillary thyroid

neoplasms.  Adv Clin Path; 4

(4):155-8. 

8.8. Anwar   F.,  Emond  M.  J.,Anwar  F., Emond M. J.,

Schmidt  R.  A.,  et  al.,  (2000)  :Schmidt R. A., et al., (2000) :

Retinoblastoma expression in thy-

roid neoplasms. Mod Pathol; 13 :

562-569.

9.9. Kondi-Pafiti    A.,    Smyr-Kondi-Pafiti   A.,   Smyr-

niotis  V.,  Frangou  M.,  et  al.,niotis  V.,  Frangou  M.,  et  al.,

(2000)  :(2000) : Immunohistochemical

study   of  ceruloplasmin,  lacto-

ferrin and secretory component

expression  in  neoplastic and

non-neoplastic thyroid gland dis-

eases.   Acta  Oncol; 39 (6) : 753-

6.

10.10. Zeromski  J.,  DworackiZeromski J., Dworacki

G., Jenek J., et al., (1999) : G., Jenek J., et al., (1999) : Pro-

tein and mRNA expression of

CD56/N-CAM on follicular epithe-

lial cells of the human thyroid. Int

J Immunopathol Pharmacol;

12:23-30.

11.11. Prag  S.,  Lepekhin  E.  A.,Prag S., Lepekhin E. A.,

Kolkova K., et al., (2002) : Kolkova K., et al., (2002) : NCAM

regulates cell motility. Journal of

Cell Science; 115:283-292.

12.12. Cavallaro U., Niedermay-Cavallaro U., Niedermay-

er J., Fuxa M., et al., (2001) : er J., Fuxa M., et al., (2001) : N-

CAM modulates tumor-cell adhe-

sion to matrix by inducing FGF re-

ceptor signaling. Nature Cell Biol;

3:650-657.

13.13. Scarpino  S.,  Di  NapoliScarpino S., Di Napoli

A.,  Melotti  F.,  et  al.,  (2007)  :A., Melotti F., et al., (2007) :

Papillary carcinoma of the thyroid:

low expression of NCAM (CD56) is

associated with down regulation of

VEGF-D production by tumour

cells. J Pathol; 212(4):411-9.

14.14. Delellis  R.  A.,  Lloyd  R.Delellis R. A., Lloyd R.

V.,  Heitz  P.  U.,  et  al.,  (2004)  :V., Heitz P. U., et al., (2004) :

WHO histological classification of

thyroid and parathyroid tumors;

pp50; Chapter 2: pp49-135. In

World Health Organization classi-

fication of tumors. Pathology and

genetics of tumors of endocrine or-

gans. IARC Press. Lyon, 2004

15.15. Park  Y.  J.,  Kwak  S.  H.,Park Y. J., Kwak S. H.,



103103

Benha M. J.

Vol. 28  No 1  Jan.  2011

Kim  D.  C.,  et  al.,  (2007)  :  Kim D. C., et al., (2007) : Diag-

nostic value of galectin-3, HBME-

1, cytokeratin19, high molecular

weight cytokeratin, cyclin D1 and

p27(kip1) in the differential diag-

nosis of thyroid nodule. J Korean

MedSci;22(4):621-8.

16.16. Rossi E. D., Raffaelli  M.,Rossi E. D., Raffaelli M.,

Mule A.,  et  al.,  (2006)  :Mule A., et al., (2006) : Simulta-

neous immunohistochemical ex-

pression of HBME-1 and galectin-

3 differentiates papillary carcino-

mas from hyperfunctioning lesions

of the thyroid. Histopathology;48

(7):795-800.

17.17. Wang  L.  H.,  Zhao  Y.  J.,Wang L. H., Zhao Y. J.,

Wang   X.   Y.,   et   al.,  (2005)  :Wang  X.  Y.,  et  al., (2005) :

Significance of galectin-3 and

CD44v6 expression in differential

diagnosis of thyroid nodules.

Zhonghua Zhong Liu Za Zhi;27

(9):547-50. 

18.18. Bartolazzi A., Orlandi F.,Bartolazzi A., Orlandi F.,

Saggiorato E., et al., (2008) : Saggiorato E., et al., (2008) : Ga-

lectin-3-expression analysis in the

surgical selection of follicular thy-

roid nodules with indeterminate

fine-needle aspiration cytology: a

prospective multicentre study. The

Lancet Oncology; 9 (6): 543-549. 

19.19. Park W. Y.,  Jeong S. M.,Park W. Y., Jeong S. M.,

Lee  J.  H.,  et  al.,  (2009)  :  Lee J. H., et al., (2009) : Diag-

nostic value of decreased expres-

sion of CD56 protein in  papillary

carcinoma of the thyroid gland.

Basic and Applied pathology;2:63-

68.

20.20. Migita  K.,  Eguchi  K.,Migita K., Eguchi K.,

Kawakami   H.,  et  al.,  (1991)  :Kawakami  H., et al., (1991) :

Detection  of   Leu-19(CD56) anti-

gen on  human  thyroid  epithelial

cells by an immunohistochemical

method. Immunology; 72(2):246-

249.

21.21. Min  H.  S.,  Paik  J.  H.,Min H. S., Paik J. H.,

Lee  K.  B.,  et  al.,  (2005)  :  Lee K. B., et al., (2005) : Immu-

nohistochemical analysis of insu-

lar carcinoma of the thyroid gland.

The Korean Journal of pathology;

39:326-31.



104104

Rehab Allah. A. Ibrahim , et al...

VALUE OF CD56VALUE OF CD56
IMMUNOHISTOCHEMISTRY INIMMUNOHISTOCHEMISTRY IN
DISTINGUISHING PAPILLARYDISTINGUISHING PAPILLARY
THYROID CARCINOMA FROMTHYROID CARCINOMA FROM

OTHER LESIONS OF THEOTHER LESIONS OF THE
THYROID GLANDTHYROID GLAND

Rehab Allah. A. Ibrahim MSc, Maha. M. Amin Ph.D,Rehab Allah. A. Ibrahim MSc, Maha. M. Amin Ph.D,
Mohammed F. Mohammed Ph.D, Azmy A. Awad Ph.DMohammed F. Mohammed Ph.D, Azmy A. Awad Ph.D

and Nadia E. Basuiny Ph.Dand Nadia E. Basuiny Ph.D

BENHA
MEDICAL
JOURNAL

REPRINT

Published byPublished by

Benha Faculty of MedicineBenha Faculty of Medicine Volume 28  Number 1
Jan.  2011



105105

Benha M. J.

Vol. 28  No 1  Jan.  2011

RAPID VERSUS CONVENTIONALRAPID VERSUS CONVENTIONAL
PERIOPERATIVE MANAGEMENT OFPERIOPERATIVE MANAGEMENT OF

HIGH BLOOD PRESSURE IN HYPERTENSIVEHIGH BLOOD PRESSURE IN HYPERTENSIVE
PATIENTS FOR ORTHOPEDIC OPERATIONSPATIENTS FOR ORTHOPEDIC OPERATIONS

Mohammed A. S. Al Ahl MSc.*, Olfat M. Ismail MD*,Mohammed A. S. Al Ahl MSc.*, Olfat M. Ismail MD*,
Ahmed A. Shorrab MD*, Abdul Razek A. Maaty MD**Ahmed A. Shorrab MD*, Abdul Razek A. Maaty MD**

and Mohammed A. Sultan MD*and Mohammed A. Sultan MD*
Departments of Anaesthesia and Surgical Intensive Care* and Cardiology**,

Faculty of Medicine, Mansoura University, EGYPT 

AbstractAbstract
Introduction: Introduction: There is general agreement that stages 1and 2 hyper-

tension are not an independent risk factor for perioperative cardiovas-
cular complications. On the contrary guidelines for stage 3 preoperative
hypertension are still vague and not clear enough.

Aim of the work (Objective): Aim of the work (Objective): This study aimed to test the hypothesis
that rapid control of preoperative high blood pressure (stage 3) is safe
as regard perioperative haemodynamic responses, morbidity and mor-
tality and that the conventional control over several days is not feasible.

Patients & Methods: Patients & Methods: This study was carried out on 120 patients of
either sex with stage 3 hypertension who were admitted at the Emer-
gency Hospital in Mansoura University and subjected to orthopaedic op-
erations. Patients had no previous myocardial infarction, angina, previ-
ous coronary revascularization, renal failure, left ventricular
hypertrophy, preoperative dysrhythmias, conduction defects, or stroke.
Patients were randomly divided into 2 major groups via sealed envelope
assignment; Group A (study group) It included patients whose blood
pressure was going to be managed acutely within 6 hours. These pa-
tients were further subdivided into 2 subgroups, group A1 and group
A2, Group B (control group) it included patients whose surgery was
postponed until their blood pressure was controlled.

Measurements  and  Main  Results:  Measurements and Main Results: Rapid control was shown to be
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IntroductionIntroduction
Worldwide hypertension affects

as many as 1 billion people and is

responsible for 7.1 million deaths

per year(1). The prevalence of hy-

pertension in Egypt is unusually

high (30.4%) for a developing

country(2). In addition, improved

surgical and anesthetic tech-

niques result in the ability of older

patients to have surgery. Anesthe-

siologists, therefore, now face a

larger quantity of hypertensive pa-

tients(3).

Adequate preoperative blood

pressure control as well as hyper-

tensive patient management by

the anesthesiologist has been the

target for continuous discussions

in the last 30 years (4). When

treated and well controlled, preop-

erative hypertension does not

seem to be an important risk fac-

tor  of  perioperative myocardial

infarction  (MI)(5). However, the

importance of immediate preoper-

ative hypertension has not been

clearly established.

Prys-Roberts et al.(6) demon-

strated that poorly controlled hy-

pertension was associated with

greater hemodynamic lability and

an increased risk of perioperative

myocardial ischemia. 

The JNC 7(1) despite recom-

as safe as its comparator conventional slow control for the management
of stage 3 preoperative hypertension based on absence of significant dif-
ference in the primary outcome of the hemodynamic changes, dysrhyth-
mia, myocardial ischemia, MI, renal dysfunction, neurologic dysfunc-
tion and perioperative blood losses. However we did observe a
significant increase in the period of hospitalization in the control group
compared to the two study groups. Also there was a significant decrease
in both total (TND) and mean (MND) nitroglycerin dose in the control
group compared to the two study groups.

Conclusion: Conclusion: Rapid control of preoperative high blood pressure (stage
3) is safe as regard perioperative haemodynamic responses, morbidity
and mortality and conventional control over several days is not feasible.

Key words: Key words: arterial pressure; complications, hypertension; risk, pre-
operative.
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mendations for management of

hypertension, it did not mention

management of patients with peri-

operative hypertension. The Amer-

ican College of Cardiology (ACC)

and the American Heart Associa-

tion (AHA) 2002 guidelines also

recommended that elective sur-

gery should be postponed in se-

verely hypertensive patients (SBP

greater than or equal to 180mmHg

and DBP greater than or equal to

110mmHg) in order to gain time to

control blood pressure before sur-

gery. No reference, however, is cit-

ed for this statement. Moreover,

there is little evidence to support

this statement in the currently

available literature (7).

Weksler et al.(8) carried out a

randomized, prospective large

sample study in patients with

known and treated hypertension

and with DBP remaining between

110 and 130 mmHg on arrival at

the operating room.  Those pa-

tients with evidence of   target or-

gan   damage   were excluded from

this study. The participants were

randomly allocated into two

groups. In the control group, sur-

gery was delayed until DBP re-

mained less than 110 mmHg for a

minimum of three consecutive

days. In the study group, surgery

was carried out after DBP was

acutely reduced to less than 110

mmHg by intranasal administered

nifedipine. The result showed that

there was no major difference in

the frequency of perioperative car-

diac events between these two

groups, and the investigators

could not demonstrate any benefit

of delaying surgery in patients

with known and treated hyperten-

sion who were in severely hyper-

tensive states prior to surgery. 

On the basis of this random-

ized study(8), it appears that pre-

operative hypertension per se has

limited significance in predicting

perioperative risk of major cardio-

vascular complications, especially

when the severity of hypertension

is mild to moderate. In addition, it

is not clear if delaying surgery in

severely hypertensive patients re-

duces perioperative risk. 

The last ACC/AHA 2009 guide-

lines stated that “stage 1 or 2 hy-

pertension (systolic blood pressure

below 180 mm Hg and diastolic

blood pressure below 110 mmHg)

is not an independent risk factor
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for perioperative cardiovascular

complications. Based on Weksler

et al.(8), stage 3 hypertension (sys-

tolic blood pressure greater than

or equal to 180 mm Hg and dia-

stolic blood pressure greater than

or equal to 110 mm Hg), the po-

tential benefits of delaying surgery

to optimize the effects of antihy-

pertensive medications should be

weighed against the risk of delay-

ing the surgical procedure. With

rapidly acting intravenous agents,

blood pressure can usually be

controlled within a matter of sev-

eral hours(9)”.

So for stage 1 and stage 2 pre-

operative hypertension guidelines

are quite sharp On the contrary

guidelines for stage 3 preoperative

hypertension are still vague and

not clear enough. For that reason

we decided to conduct a prospec-

tive, randomized, controlled study

among patients scheduled for or-

thopedic surgery with stage 3 hy-

pertension. So, the aim of this

study is to test the hypothesis

that rapid control of preoperative

high blood pressure (stage 3) is

safe as regard perioperative hae-

modynamic responses, morbidity

and mortality and that the con-

ventional control over several days

is not feasible.

Patients and MethodsPatients and Methods
Case selection :Case selection :

The study protocol was ap-

proved by the local ethical com-

mittee and written informed con-

sent was obtained from all

patients. Patients who were admit-

ted to the Mansoura Emergency

Hospital from the 1st of July 2007

to the last of June 2009 for ortho-

pedic operations with stage  3 hy-

pertension on admission,  accord-

ing to the classification of

hypertension proposed by Europe-

an society of hypertension (ESH) /

European society of cardiology

(ESC) 2007(10) whether poorly

controlled under treatment or dis-

covered accidentally before sur-

gery, were subjected to our study. 

The operating room is equipped

with a waiting room where pa-

tients had their vital signs meas-

ured and their premedications ad-

ministered. Upon stabilization of

the patients in the waiting room,

they received 2 mg of intravenous

midazolam, and then rested for 20

minutes. After that Patient’s arte-

rial blood pressure was measured
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three  times  with  five  minutes

interval between each measure-

ment. If blood pressure was still

elevated the patient was entered

into our study. Laboratory investi-

gations including liver function

tests, serum creatinine, blood glu-

cose complete blood picture, total

CK and MB mass fraction was

measured and 12 leads ECG was

done.  

Criteria of exclusion:Criteria of exclusion:

It includes 1) Patients with his-

tory or ECG evidence of myocar-

dial infarction, left ventricular hy-

pertrophy, angina, previous coro-

nary revascularization, cardiac

conduction abnormalities (LBBB,

RBBB, A-V block), cardiac rhythm

other than sinus rhythm by 12

lead ECG. 2) Patients with history

of stroke. 3) Patients with organ

failure like chronic renal failure

(serum creatinine ≥ 2mg/dl), liver

cell failure, heart failure and res-

piratory failure were excluded.

During the period from the 1st

of August 2007 to the last of July

2009, 120 patients fulfilled the

protocol criteria.Patients were ran-

domly divided into 2 major groups

via sealed envelope assignment:

Group  A:  Group A: (study group) It in-

cluded patients whose blood pres-

sure was going to be managed

acutely within 6 hours. These pa-

tients were further subdivided into

2 subgroups, group A1 and group

A2.

Group  B:Group B: (control group) It in-

cluded patients whose surgery

was postponed until their blood

pressure was controlled.

Preoperative preparation:Preoperative preparation:

Group  A1:  Group A1: Patients received

atenolol 100 mg tablet orally, then

admitted to the postanethesia care

unit where nitroglycerin infusion

was started at a rate of 0.3µg/kg/

minute and was titrated to a tar-

get blood pressure of 140/90 over

the next 6 hours.

Group A2:Group A2: Patients received ni-

fedipine 20 mg tablet, then admit-

ted to the postanethesia care unit

where nitroglycerin infusion was

started at a rate of 0.3µg/kg/

minute and was titrated to a tar-

get blood pressure of 140/90 over

the next 6 hours.

Group  B:  Group B: Patients were sub-

jected to conventional antihyper-
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tensive  measures  followed  by

the hospital and they were not al-

lowed to be operated upon until

their blood pressure was con-

trolled. 

Anesthesia management:Anesthesia management:

A standard anesthetic protocol

was used, which consisted of:

Premedication:Premedication:

Two peripheral intravenous

lines were inserted one in each

limb, for fluid infusion and drug

administration. Intravenous mid-

azolam 0.05 mg/kg was given to

all patients 10 minutes before the

induction.  Fentanyl 1 µg/kg was

given and additional fentanyl was

administered throughout the sur-

gery according to clinical signs.

Nitroglycerin infusion was started

at a rate of 0.3µg/kg/minute for

all patients in all groups and then

titrated according to blood pres-

sure response. Lidocaine 1 mg/kg

was given 5 min before induction.

Induction of anesthesia:Induction of anesthesia:

Thiopentone sodium in a sleep

dose was given while oxygenation

is maintained until at least two of

the following were noted; loss of

eyelash reflex, eye balls positioned

centrally and reduced jaw tone.

Muscular relaxation for tracheal

intubation and maintenance was

achieved with atracurium.

Maintenance of anesthesia:Maintenance of anesthesia:

Isoflurane 1 % carried by oxy-

gen-enriched air (FiO2=0.04) was

used for maintenance of anesthe-

sia. Hypotension, defined as de-

creased blood pressure by 20% or

less of blood pressure before in-

duction, was treated by stopping

nitroglycerine infusion, increasing

the rate of fluid administration,

ephedrine 5mg was given IV and

concentration of inhalational an-

esthesia was reduced. Hyperten-

sion defined as increased blood

pressure by 20% or more of blood

pressure before induction,was

treated by additional fentanyl ad-

ministration and increasing the

concentration of the volatile anes-

thetic.  Bradycardia  and tachy-

cardia were defined as a variation

of more  than  20%  of  the prein-

duction rate lasting for at least

120 seconds(11). Propranolol 0.1

mg IV was given intravenously to

antagonize tachycardia (HR>100

bpm). Atropine 0.1mg IV was used

to antagonize bradycardia (HR<50

bpm).
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Emergence from anesthesia:Emergence from anesthesia:

Lidocaine 1 mg/kg was given 5

min before reversing muscle relax-

ation. Muscle relaxation was re-

versed by neostigmine 0.04 mg/kg

and atropine 0.01 mg/kg. Patients

were extubated while still sedated.

Patients were transferred to the

postanesthesia care unit where

they stayed for 24 hours postoper-

ative then discharged to the ward.

Monitoring:Monitoring:

All patients were monitored as

follows: continuous ECG with the

modified V5 lead, Automatic non-

invasive arterial blood pressure

was  recorded  at admission,  be-

fore induction, immediately after

induction, immediately after intu-

bation, every 5 minutes for 30

minutes then every 10 minutes, at

the end of operation, before extu-

bation and immediately after extu-

bation, pulse oximetry and contin-

uous capnography. Intraoperative

blood losses and fluids adminis-

tered were calculated and record-

ed.

Postoperative follow up:Postoperative follow up:

IV infusion of nitroglycerine

was continued postoperatively as

needed according to the blood

pressure. Automatic noninvasive

arterial blood pressure was re-

corded every 15 min for one hour

then hourly until 24 hours post-

operative. Continuous ECG moni-

toring with the modified V5 lead

was done for 24 hours then 12

lead ECG was performed every 8

hour during the following 2 days.

Total CK and MB mass fraction

was measured daily during the

first 3 postoperative days. Liver

function tests, serum creatinine,

blood glucose and complete blood

picture were done in the 2nd post-

operative day. Continuation of oral

medications as follows: group A1:

atenolol 100 mg tablet once daily,

group A2: nifedipine 20 mg tablet

twice daily, group B: conventional

preoperative treatment was con-

tinued. Patients were assessed for

neurologic complications on the

3rd postoperative day by an inde-

pendent neurologist who was not

involved in the study.

The  main  outcome  measuresThe main outcome measures

in this study were:in this study were:

 Attacks of hypertension, hypo-

tension, defined as above were re-

corded. Attacks of dysrhythmia

were  recorded.   Ischemic  at-

tacks,  defined  as  reversible ST
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depression ≤ 1 mm measured at

60 mseconds from the J point or

ST elevations ≥ 2 mm at the J

point  lasting  longer than one

minute,  were  also recorded(12).

Myocardial infarction which was

diagnosed  by  meeting at least

two criteria from three; 1) pro-

longed chest pain and related

symptoms of > 20 min duration;

2) the ratio  of  CK-MB to total CK

> 5% of total CK or CK-MB con-

centration > 15 IU, and 3) pres-

ence of Q waves > 0.04 seconds

and a Q wave amplitude > one

third of the amplitude of R wave
(13). Postoperative renal dysfunc-

tion was defined as a postopera-

tive serum creatinine level > 2.1

mg/dl plus an increase in the ser-

um creatinine level 0.9 mg/dl

from preoperative to postoperative

values(14). Postoperative neurolog-

ic dysfunction assessed by an in-

dependent neurologist who was

not involved in the study. Periop-

erative blood losses was estimated

by suction losses and weighed

sponges during surgery and by

the  volume  of  wound  drainage

for the next 48 hours postopera-

tively(15). Mean dose of nitroglyce-

rin was also recorded which was

calculated as:

Mean dose of Nitroglycerine = 

Total nitroglycerine (µgm)   
____________________________

Time (minutes) X weight (Kg)

Days of hospitalization were

also recorded.

Statistical Analysis :Statistical Analysis :

The statistical analysis of data

was done by using excel program

and SPSS (statistical package for

social science) (SPSS, Inc, Chica-

go, IL, USA) version 16. To test the

normality of data distribution, K-S

(Kolmogorov-Smirnov) test was

used.  The  description  of  the

data was  done in the form of

mean (+/-) SD (standard devia-

tion) for quantitative data and fre-

quency & percentage for qualita-

tive data. The analysis of the data

was done to test statistical signifi-

cant difference between groups.

For quantitative data, One Way

Anova test was used to compare

more than two groups and stu-

dent t-test was used to compare

between two groups. Paired sam-

ple t-test to compare one group at

different times. Chi square test

was used for qualitative data. P

value was significant if ≤ 0.05 at

confidence interval 95%.
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ResultsResults
The three groups were compar-

able in age, sex, body weight,

height, body mass index (BMI) and

time of anesthesia. There was no

significant difference between the

three groups. (Table1)

There was a significant de-

crease in systolic (p=0.003), dia-

stolic (p=0.008) and mean

(p=0.003) blood pressures in each

of the three groups after induction

when compared to the preinduc-

tion values with no significant dif-

ference among the three groups.

(Tables 2, 3, 4)

Although there was no signifi-

cant difference in heart rate

among the three groups at admis-

sion, there was significant de-

crease (p<0.001) in A1 group com-

pared to the other two groups and

significant increase (p<0.001) in

A2 group compared to the other

two groups at all times from after

induction to after extubation. (Ta-

ble 5).

During the 1st 24 hours post-

operative period there was no sig-

nificant difference among the

three groups as regard systolic, di-

astolic and mean blood pressure

at all times. (Tables 6, 7, 8)

At all times during the 1st 24

hours postoperatively there was a

significant decrease (p<0.001) in

A1 group compared to the other

two groups and significant in-

crease (p<0.001) in A2 group com-

pared to the other two groups as

regard heart rate. (Table 9)

Intraoperatively, the frequency

of hypertension was 10%, 5% and

5% respectively in A1, A2 and B

(Control) groups. The frequency of

hypotension was 5%, 12.5% and

5%. The frequency of tachycardia

was 2.5, 12.5 and 5%. The fre-

quency of bradycardia was 5%,

12.5% and 2.5% in the three

groups. Although the frequencies

of blood pressure events and dys-

rhythmias were different among

the three groups, however none of

them is statistically significant.

(Table 10)

In the three groups; total crea-

tine kinase (CK) in the 1st, 2nd

and 3rd postoperative days

showed significant increase

(p<0.001) in comparison to the

preoperative values with no signif-
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icant difference between groups.

On the other hand CKMB mass

fraction and CKMB/CK percent-

age showed no significant differ-

ence  at  different times or be-

tween different groups. (Table 11)

Based on the previous data, ECG

monitoring and according to the

criteria of diagnosis mentioned

above(12),(13), no patient devel-

oped myocardial ischemia or myo-

cardial infarction.

Serum creatinine showed no

significant difference at different

times or between different groups.

According to these data and the

criteria of diagnosis mentioned

above(14), no patient developed

postoperative renal dysfunction.

(Table 12).

As regard total blood losses

during intraoperative period and

1st 48 hours postoperative as well

as the amount of fluids given in-

traoperatively there was no signifi-

cant difference among the three

groups. On the other hand total

(TND) and mean (MND) nitroglyce-

rin doses showed significant de-

crease (p=0.04 and 0.03) in the

control group (B) compared to the

other two groups. But the control

group (B) showed significant in-

crease (p<0.001) as regard the

days of hospitalization compared

to the other two groups. (Table 13)
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DiscussionDiscussion
In the current study, rapid con-

trol was shown to be as safe as its

comparator conventional slow

control for the managament of

stage 3 preoperative hypertension

based on absence of significant

difference in the primary outcome

of the hemodynamic changes, dys-

rhythmia, myocardial ischemia,

MI, renal dysfunction, neurologic

dysfunction and perioperative

blood losses. However we did ob-

serve a significant increase in the

period of hospitalization in the

control  group compared to the

two  study  groups.  Also  there

was  a significant  decrease in

both total (TND) and mean (MND)

nitroglycerin dose in the control

group compared to the two study

groups.  

Worldwide hypertension affects

as many as 1 billion people and is

responsible for 7.1 million deaths

per year(1). Cases presented by

immediate preoperative high blood

pressure represent a challenge for

anesthesia. Approximately 29% of

adult patients undergoing noncar-

diac surgery have a history of ar-

terial hypertension(16). Adequate

preoperative blood pressure con-

trol as well as hypertensive pa-

tient management by the anesthe-

siologist has been the target for

continuous discussions in the last

30 years(4). for stage 1 and stage 2

preoperative hypertension, guide-

lines are quite sharp and there is

general agreement that these 2

stages are not an independent risk

factor for perioperative cardiovas-

cular complications(6). On the

contrary guidelines for stage 3

preoperative hypertension are still

vague and not clear enough(6)(9).

It is common practice to postpone

surgery when DBP is above 110

mmHg because some anesthesio-

logists  believe  that  these pa-

tients are  exposed to an increased

risk of perioperative dysrhythmi-

as,(17)(18) myocardial ischemia,

MI,(19) stroke(20), renal dysfunc-

tion and increased blood loss (21).

 Most studies of the influence

of arterial hypertension in periop-

erative and postoperative compli-

cations have not stratified hyper-

tension according to severity(22).

The National Veterans Administra-

tion Surgical Risk Study of 83,000

patients(23) found that hyperten-

sion  was  the  second  most com-

mon  risk  factor  for  surgical

morbidity. However, in that study,

patients were not grouped accord-
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ing to the severity of BP, previous

treatment, or anesthetic tech-

nique. Badrinath et al.(24) found

an association between arterial

hypertension and mortality in pa-

tients undergoing ophthalmic sur-

geries with local or general anes-

thesia. In that retrospective study,

patients were not allocated to

study groups by severity of the ar-

terial hypertension, anesthesia

technique, or preoperative treat-

ment. The importance of preopera-

tive control of arterial hyperten-

sion  was studied by Hartung et

al.(25) a 30 % frequency of intraop-

erative or postoperative cardiovas-

cular complications is found in

patients with untreated hyperten-

sion, 36% in patients with poorly

controlled hypertension, and 16%

in patients with well-controlled ar-

terial hypertension. They recom-

mend optimal preoperative treat-

ment of hypertension to reduce

perioperative complications. Har-

tung et al.’s study differs from our

study in that it did not address

the problem of patients with usu-

ally well-controlled hypertension

who present immediately before

surgery with an acute elevation of

BP. So, the problem of patients

becoming hypertensive immediate-

ly before surgery remains un-

solved.

As an original contribution

Weksler et al.,(8) 2002 published

the results of  a large sample, ran-

domized, prospective study in pa-

tients with known and treated hy-

pertension and with DBP

remaining between 110 and 130

mmHg on arrival at the operating

room.  Those patients with evi-

dence of   target organ   damage

were excluded from this study.

The participants were randomly

allocated into two groups. In the

control group, surgery was de-

layed until DBP remained less

than 110 mmHg for a minimum of

three consecutive days. In the

study group, surgery was carried

out after DBP was acutely reduced

to less than 110 mmHg by intra-

nasal administered nifedipine. The

result showed that there was no

major difference in the frequency

of perioperative cardiac events be-

tween these two groups, and the

investigators could not demon-

strate any benefit of delaying sur-

gery in patients with known and

treated hypertension who were in

severely hypertensive states prior

to surgery. The last American Col-
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lege of Cardiology (ACC) and the

American Heart Association (AHA)

guidelines published in 2009 stat-

ed that stage 1 or stage 2 hyper-

tension (systolic blood pressure

below 180 mm Hg and diastolic

blood pressure below 110 mmHg)

is not an independent risk factor

for perioperative cardiovascular

complications. Based on Weksler

et al.(13) for stage 3 hypertension

(systolic blood pressure greater

than or equal to 180 mm Hg and

diastolic blood pressure greater

than or equal to 110 mm Hg), the

potential benefits of delaying sur-

gery to optimize the effects of anti-

hypertensive medications should

be weighed against the risk of de-

laying the surgical procedure.

With rapidly acting intravenous

agents, blood pressure can usual-

ly be controlled within a matter of

several hours (9). 

However we do believe that the

study of Weksler et al.(8)  had

some limitations as patients were

included in this study based only

on diastolic blood pressure (DBP

between 110 and 130 mmHg on

arrival in the operating room)

rather than both systolic and dia-

stolic blood pressures, however, a

large number of observational

studies has demonstrated that

cardiovascular morbidity and mor-

tality bear a continuous relation-

ship with both systolic and dia-

stolic blood pressures(26) which

both were independently and simi-

larly predictive of stroke and coro-

nary mortality(27)(28). Also, Wek-

sler et al. did not determine a

clear cut point for acute reduction

of diastolic blood pressure preop-

eratively. On the other hand acute

reduction of severe diastolic blood

pressure over 20 minutes is not

desirable as it gives no time for

down regulation of autoregulatory

mechanisms which have been

shifted up (29). The use of intrana-

sal nifedipine has been criticized

by many authors(30)(31) as with

intranasal administration, the ac-

tual dose tends to be unsteady,

and the bioavailability is low. Also,

the drug is retained in the nasal

cavity and is absorbed through

the mucosa, but part of it flows

into the gastrointestinal tract via

the internal nares and pharynx.

Therefore, the serum nifedipine

concentration shows several

peaks, and the whole pharmacoki-

netics is unclear. The greatest

problem with intranasal adminis-

tration of nifedipine is irritation of

the nasal mucosa, which causes
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great discomfort to the patients.

Another defect in this study is the

choice of pancuronium for muscu-

lar relaxtion which is known to

cause release of catecholarnines

at adrenergic nerve endings and

increased blood catecholamine

levels(32) an effect which is not de-

sired especially in hypertensive

patients with well known high

sympathetic activity(23). The study

of Weksler et al., did not ad-

dressed postoperative renal dys-

function as one of the study out-

comes although it is a well known

complication of perioperative hy-

pertension(34). At last Weksler did

not assess blood losses, although

excessive surgical bleeding is one

of the risks of uncontrolled preop-

erative hypertension (35)(21).

In spite of these limitations in

Weksler study our results are con-

sistent with their, as regard peri-

operative hemodynamic events,

dysrhythmia, myocardial ische-

mia, myocardial infarction, post-

operative neurologic dysfunction

and the period of hospitalization.

Our study showed significant

decrease in systolic, diastolic and

mean blood pressures in each of

the three groups after induction

when compared to the preinduc-

tion  values which is explained by

the fact that hypertensive patients

shows exaggerated hemodynamic

variations to induction of anesthe-

sia than nonhypertensives and

has been reported by many au-

thors(36)(37).

The current study also showed

significant decrease in heart rate

in atenolol group at all times of in-

traoperative and postoperative pe-

riods which is consistent with all

studies involving β blockers in-

cluding atenolol(38)(39). Also there

was  significant  increase  in

heart   rate  in  nifedipine  group

at all times of intraoperative and

postoperative periods which is

consisted  with  many  studies

that  reported  that  administra-

tion of dihydropyridine nifedipine

is associated with reflex sympa-

thetic  activity  and increased

plasma level of catecholamines ac-

companied with increased heart

rate(40)(41) (42).

The current study also showed

that total (TND) and mean (MND)

was significantly lower in the con-

trol group compared to the other
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study groups suggesting that con-

trol of blood pressure was easier

in that group. A similar approach

was used in the ECLIPSE study

that compared clevidipine to nitro-

glycerin, sodium nitroprusside,

and nicardipine for acute hyper-

tension treatment in cardiac sur-

gery patients (43). 

Our study showed significantly

lower hospitalization time in the

study groups whose hypertension

was managed acutely compared to

the slow conventional approach;

this shorter hospital stay has psy-

chological, social and economic

implications (44).

Finally the results of our study

cannot be generalized to all stage

3 hypertensive patients because

patients with target organ damage

were excluded from our study e.g.

patients with coronary heart dis-

eases.

In conclusion, rapid control of

preoperative high blood pressure

(stage 3) is safe as regard periop-

erative haemodynamic responses,

morbidity and mortality and the

conventional control over several

days is not feasible.
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AbstractAbstract
Introduction:Introduction: Postoperative pain management in children has re-

ceived growing attention for the past two decades. The reason for this
was the results from different investigations showing that children did
not receive analgesic treatment to the same extent as adults did, and
that children often experienced pain postoperative.

Aim  of  the  work  (Objective):  Aim of the work (Objective): We aimed to study evaluation of the
analgesic efficacy, recovery profile, optimum discharge criteria and side
effects of single-shot epidural block compared to rectus sheath block in
pediatric patients.

Patients & Methods: Patients & Methods: Ninety patients scheduled for elective lower ab-
dominal surgery were randomly allocated into three equal groups ac-
cording to the technique, each group included 30 patients. Group I
(control group) received general anesthesia alone. Group II (Rectus
sheath block group) (RSB group) received Rectus sheath block after in-
halation induction of general anesthesia using sevoflurane. Group III
(epidural group) (EP group) received epidural analgesia after induction
of general anesthesia using sevoflurane. Pain was evaluated by Modified
objective pain score (MOPS), duration of pain relief (the first request of
postoperative analgesia) and total analgesic consumption during the
first postoperative 24 hours. Recovery and discharge was assessed us-
ing Modified Aldrete Score, Fast-Track score and Post Anesthesia Home
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IntrodIntroductuctionion
Enhanced recovery protocols

attempt to accelerate patient reha-

bilitation following surgery. The

provision of effective pain relief is

an essential pre-requisite for ac-

celerated convalescence as inade-

quate postoperative pain relief can

prolong recovery, increase dura-

tion of hospital stay and reduce

patient satisfaction. Several anal-

gesic techniques are used in clini-

cal practice but none can achieve

complete post-operative pain con-

trol (1).

Regional anesthesia is a corner-

stone of modern pediatric anes-

thesia, with a large number of pe-

diatric anesthetists combining

general and regional anesthesia to

provide superior and long-lasting

analgesia without risk of respira-

tory depression. Furthermore, re-

gional anesthesia techniques have

been shown to attenuate the peri-

operative stress response, to allow

early tracheal extubation after ma-

jor abdominal or thoracic surgery,

to decrease the number of days

spent in the intensive care unit

Discharge Score (PADS).Post-operative side effects were recorded. A P
value <0.05 was regarded as statistically significant.

Results: Results: MOPS showed a significant decrease in group II after recov-
ery from anesthesia when compared with group I and group III .The du-
ration of analgesia in hrs showed a significant increase in group II
(21±3) when compared with group I (0.2±0.14) and group III (16±7).
Also, total analgesic consumption (diclofenac in mg) in the first postop-
erative 24 hours showed a significant decrease in group II (1.6±13)
when compared with group I (34.6±24.9) and group III (9.2±16).  Modi-
fied Aldrete Score, Fast-Track score and PADS showed a significant in-
crease in group II after recovery from anesthesia when compared with
group I and group III. The incidence of PONV immediately after recovery
from anesthesia showed a significant increase in group III (9 cases) and
group I (7 cases) when compared with group II (3 cases).

Conclusion:Conclusion: It could be concluded that the rectus sheath block can
be used as an alternative to epidural analgesia in providing adequate
analgesia after abdominal surgery.

Keywords:  Keywords: Epidural block; rectus sheath block; bupivacaine -
fentanyl mixture; Children. 
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and to allow rapid recovery of gas-

tro-intestinal function(2).         

               

Although epidural analgesia is

a gold standard technique for

postoperative abdominal analge-

sia, its use is sometimes limited

due to perioperative anticoagulant

therapy and undesirable compli-

cations such as hypotension(3).

Rectus sheath block (RSB) can

provide alternative analgesia after

midline abdominal surgery. This

technique has gained popularity

owing to fewer complications and

a higher success rate(4). The tech-

nique aims to block the ventral

rami of the 7th to the 12th inter-

costal nerves that supply the rec-

tus abdominis muscles and over-

lying skin(5).   

Bupivacaine is a long acting

amide  local  anesthetic agent. It

is  routinely  used  for  epidural

analgesia in children because of

its long duration of action and

beneficial  ratio of sensory to mo-

tor block. Maximum safe dose of

bupivacaine as a single injection

is 2.5mg. kg-1 and the preferred

concentration for epidural is

0.25%(6). Opioids addition to local

anesthetic for epidural analgesia

has been increasingly used in the

pediatric population, particularly

in lower abdominal surgery. The

combinations of these drugs were

used in an attempt to reduce local

anesthetic requirements and side

effects while improving both the

quality and duration of the post-

operative analgesic effect of the

epidural block. Epidural fentanyl,

alone or in combination with local

anesthetics, is effective and safe

with   the  least  likelihood  of

causing respiratory depression in

the pediatric population(7). This

effect is a result of its high lipid

solubility, which makes it less

likely to migrate rostrally to the

brainstem (8).

Patients & methodsPatients & methods
After approval of local ethics

committee and obtaining informed

consent signed by the patient’s

parents for regional anesthesia,

90 children of both sexes were

randomly enrolled in this study.

Eligible patients were: ASA physi-

cal status I or II status, Aged 2-8

years & Scheduled for elective low-

er abdominal ν surgery.
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Exclusion criteria include: pa-

tient's parent refusal, obesity

(130% or more than ideal body

weight), children with coagulopa-

thy disorders, neuromuscular or

spinal diseases, children with en-

docrinal  disorders, a history of

seizure disorder, children with

mental retardation or delayed de-

velopment, a hernia sac large

enough to prevent insertion of the

needle to within 1 cm of the later-

al border of the rectus muscles,

children with hepatic or renal im-

pairment, known allergy or sensi-

tivity to the trial drugs and infec-

tion at site of injection. 

All patients were subjected to

medical examination, and basal

investigations in the form of com-

plete blood picture, blood glucose,

coagulation profile, liver and renal

function tests. Fasting 6 hours

from solid or milk and 2-4 hours

from clear fluid. No premedication

were administered.

After inhalation induction of

general anesthesia using sevoflu-

rane, an I.V line was inserted.

When reaching a proper depth of

anesthesia, a suitable endotra-

cheal tube (ETT) was inserted. An-

esthesia was maintained with 1-

1.5% sevoflurane in 100% oxygen.

Muscle relaxation was maintained

using atracurium at a dose of 0.3-

0.6 mg/kg to facilitate controlled

ventilation with TV 7-10 ml/kg to

maintain  end  tidal carbon diox-

ide 30 - 35 mm Hg. Incremental

doses of atracurium (1/5 of the in-

itial dose) were given when need-

ed. All children were adequately

hydrated by using normal saline

or lactated Ringer's at a rate of 4-

6 ml/kg/hr.

Patients were randomly allocat-

ed into three equal groups accord-

ing to the technique, each group

included 30 patients.

Group  I  (control  group):  Group I (control group): re-

ceived general anesthesia alone.

Group II (Rectus sheath blockGroup II (Rectus sheath block

group)  (RSB  group):  group) (RSB group): After induc-

tion of general anesthesia, a 24-

gauge needle was inserted above

or below the umbilicus 0.5 cm me-

dial to the linea semilunaris in a

perpendicular plane. A “gritty”

sensation is encountered upon

moving the needle, identifying the

anterior rectus sheath and a vol-

ume of 0.1 ml/kg of bupivacaine

0.25% with fentanyl 1µg/kg was
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injected after a negative aspiration

test. As the needle is advanced,

the belly of the muscle will be en-

countered, and the posterior as-

pect of the rectus sheath can be

appreciated by the same “gritty”

sensation. The usual depth of nee-

dle  entry was about 0.5 to 1.5

cm. After a negative aspiration,

0.2 ml/kg of bupivacaine 0.25%

with fentanyl 1µg/kg was injected

between the posterior aspect of

rectus sheath and the rectus ab-

domenus muscle. Both injections

were repeated on the opposite

side.

Group III (epidural group) (EPGroup III (epidural group) (EP

group):  group): After induction of general

anesthesia, children were posi-

tioned in the lateral decubitus po-

sition, a midline approach of lum-

bar epidural needle placement

between L4-5 was preferred, iden-

tification of the epidural space

was achieved by loss of resistance

to saline and epidural block was

induced with a 24-gauge canula

using bupivacaine 0.25% 0.5 ml/

kg and fentanyl 1µg/kg.

In all patients skin incision was

performed at least 15 min after

placement of the block. In all

groups blood samples were taken

before induction of anesthesia, 20

minutes after skin incision, and

30 minutes postoperatively to de-

termine the level of blood glucose

as an index to stress response. 

On completion of the surgery,

sevoflurane was discontinued and

residual effect of the muscle relax-

ant was reversed with I.V neostig-

mine 50 µg/kg and atropine 20

µg/ kg and patients were extubat-

ed when fully awake .

Intraoperatively all patients

were monitored with ECG, Pulse

oximetry, non invasive arterial

blood pressure and end-tidal CO2

using capnography. These param-

eters were recorded before induc-

tion (basal values) except ETCO2

which was recorded after intuba-

tion, then every 15 minutes

through the intraoperative period.

Post-operative analgesia was

assessed by MOPS(9), physiologi-

cal pain measures e.g. Heart rate,

blood pressure and oxygen satura-

tion, the duration of analgesia (the

first request of postoperative anal-

gesia) and the total analgesic con-

sumption during the first 24
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hours.

MOPS, heart rate, blood pres-

sure and oxygen saturation was

assessed immediately (1 min) after

recovery, 30 minutes, 1, 2,6,12

and 24 hours postoperatively. If

two consecutive assessments

yielded MOPS of ≥ 6, the child was

received rectal diclofenac 1mg/kg.

Post-operative recovery and dis-

charge was assessed by Modified

Aldrete  Score(10)  to  assess post-

operative  recovery,  Fast-Track

score (11) to confirm the PACU by-

pass (at 1 min interval after dis-

continuation of anesthesia for 5

min then every 5 min until the pa-

tients achieved Fast-Track eligibil-

ity) and Post Anesthesia Home

Discharge Score (PADS)(12) to con-

firm the home discharge.

Statistical Analysis:Statistical Analysis:

The statistical analysis of data

done  by  using  excel  program

and SPSS program (statistical

package  for social science version

10). To test the normality of data

distribution K-S (Kolmogorov-

Smirnov) test was done. The de-

scription of the data done in form

of mean (+/-) SD for quantitative

data and Frequency and propor-

tion for Qualitative data. The anal-

ysis of the data was done to test

statistical significant difference

between groups. ONE WAY ANO-

VA test to compare more than two

groups, followed by Post Hoc test

LSD (least significant difference)

for inter groups comparisons. For

quantitative date student t-test

was used to compare between two

groups. Paired sample t-test to

compare one group at different

time. Chi square test was used for

qualitative data. P is significant if

≤ 0.05 at confidence interval 95%.

ResultsResults
The demographic data includ-

ing age, body weight, sex and du-

ration of surgery were comparable

with no significant differences

among the three groups (table 5).

As regard to hemodynamics,

there were no significant changes

in heart rate or mean arterial

blood pressure in group II and

group III when compared to the

basal values. These parameters

showed significant increase in

group I when compared to the ba-

sal values (table 6&7).

      Arterial oxygen saturation
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and End Tidal CO2 showed insig-

nificant differences among the

studied groups.

As regard to pain assessment,

MOPS showed a significant de-

crease  in  group II when com-

pared  with  group I and group III

(table 8). The duration of analge-

sia in  hrs  showed a significant

increase in group II (21±3) when

compared  with group I (0.2±0.14)

and group III (16±7) (table 9). Also,

total analgesic consumption (di-

clofenac in mg) in the first postop-

erative 24 hours showed a signifi-

cant decrease in group II (1.6±13)

when compared  with group I

(34.6±24.9) and group III (9.2±16)

(table 10). 

Modified Aldrete Score, Fast-

Track score and PADS showed a

significant increase in group II af-

ter recovery from anesthesia when

compared with group I and group

III (table 11, 12 & 13). The inci-

dence of PONV immediately after

recovery from anesthesia showed

a significant increase in group III

(9 cases) and group I (7 cases)

when compared with group II (3

cases) (table 14).

DiscussionDiscussion
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Effective post-operative pain

management is an essential re-

quirement for any enhanced re-

covery programme and it is recog-

nized that the analgesic technique

used influences outcome after

surgery. Analgesic protocols

should aim to reduce pain and im-

prove patient comfort, minimize

the side effects of analgesic agents

and lessen the deleterious effects

resulting from the stress response

to surgery(13).

In our present study, the heart

rate and mean arterial blood pres-

sure showed a significant decrease

in both group II and group III after

induction of anesthesia, during in-

traoperative and postoperative pe-

riods compared to group I which

show a significant increase in

both parameters and this is ex-

plained by lack of analgesia in

group I.

Our results run parallel to Bug-

gy et al, 2002, who had compared

the effect of epidural anesthesia

and analgesia versus the effect of

intravenous morphine analgesia

in patients after major abdominal

surgery. They had found that epi-

dural anesthesia and postopera-

tive  analgesia  attenuate  the

stress response to surgery, pro-

mote systemic vasodilatation and

provide superior analgesia com-

pared with parenteral methods of

analgesia (14). 

Also, our results are in agree-

ment with Ferguson et al, 1996,

who conducted a study about rec-

tus  sheath block in pediatric an-

esthesia and found that there

were no hemodynamic changes

associated with RSB either during

instituting the block or with sur-

gery(5).

On the other hand, when we

compared hemodynamics between

group II and group III, our results

suggest that RSB can provide

good intraoperative and postoper-

ative  analgesia  as  epidural tech-

nique  which  is  reflected by he-

modynamic  stability  as  the

result of attenuation of sympa-

thetic  response  to  pain and this

is explained by direct placing of lo-

cal anesthetic to the targeted

nerves leading to blockade of the

anterior cutaneous branches of

the  thoracic  nerves within the

rectus  sheath  producing  good

intraoperative and postoperative



141141

Benha M. J.

Vol. 28  No 1  Jan.  2011

analgesia (15).

     

Our result runs parallel to Do-

lan et al, 2009, who conducted a

study about rectus sheath block

in which he study the  accuracy of

local anesthetic placement by

trainee anesthesiologists using

loss of resistance or ultrasound

guidance for diagnostic laparosco-

py and suggests that RSB can

provides  an alternative to epidu-

ral analgesia (4).

      

In this present study, as re-

gards pain assessment, there was

a significant increase in the dura-

tion of analgesia in group II (21±3

hr) and group III (16±7hr) when

compared with group I (0.2±0.14

hr). Also, there was a significant

decrease in total analgesic con-

sumption (mg) during the first

postoperative 24 hours in group II

(1.6±13 mg diclofenac) and group

III (9.2±16 mg diclofenac) when

compared with group I (35±25 mg

diclofenac).

Similar results were reported

by Frederick et al 2007, who had

compared a rectus sheath block

with local infiltration for umbilical

herniorraphy. They had concluded

that rectus sheath block results in

improved postoperative pain con-

trol through the more precise de-

livery of local anesthetic to the in-

tercostal nerves (15).

 

Also our results are in agree-

ment with those reported by Isaac

et al., 2006, who made a pilot

study of the rectus sheath block

comparing the efficacy of the rec-

tus sheath block with that of our

current standard practice  local

anesthetic infiltration into the sur-

gical wound for pain control after

umbilical hernia repair and stated

that  the  use  of  the rectus

sheath block prior to the start of

surgery improve pain manage-

ment in the postoperative period

and prolong the duration of anal-

gesia due to better absorption of

local anesthetic by intact tissues

and placing local anesthetic in

close proximity to the intercostal

nerves (16).

  

Moreover, Anwar et al,  2008,

made a study about per-operative

infiltration of the rectus sheath in

abdominoplasty. They had recom-

mended  use  of  RSB as a stan-

dard protocol for abdominoplasty

patients as the requirements for
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postoperative analgesia were re-

duced significantly in abdomino-

plasty patients due to relief of rec-

tus spasm(17).

On the other hand, our results

are contradictory to those reported

by Lisa et al, 2006, who concluded

that the rectus sheath block has

no advantage over local infiltration

into the surgical wound for post-

operative pain management in

children undergoing umbilical

hernia repair(16). This also ex-

plained by the results reported by

Charlton et al,  2010, who made a

study about perioperative trans-

versus abdominis plane (TAP)

blocks for analgesia after abdomi-

nal surgery and concluded that,”

No studies have compared rectus

sheath block with other analgesics

such as epidural analgesia and

there is only limited evidence to

suggest use of perioperative rectus

sheath block reduce opioid con-

sumption and pain scores after

abdominal surgery when com-

pared with no intervention or pla-

cebo”(18). 

    

In this present study, MOPS

showed a significant decrease in

group II and group III at 1 min, 30

min, 1hour, 2 hours, 6 hours, 12

hours and 24 hours after recovery

from anesthesia when compared

with group I as the result of lack

of analgesia in group I. Also, there

was a significant decrease in

MOPS in group II at 30 min,

1hour, 2 hours, 6 hours, 12 hours

and 24 hours after recovery from

anesthesia when compared with

group III.

Our results are in agreement

with those reported by Cornish

and Deacon 2007, who conducted

a study about rectus sheath cath-

eters for continuous analgesia af-

ter upper abdominal surgery and

found that RSB used as an anal-

gesic technique for abdominal sur-

gery showed a reduction in visual

analogue pain Scores when it was

performed as a single shot in Pa-

tients undergoing diagnostic lapa-

roscopy and a limited number of

studies have since been done in

both children and adults and have

demonstrated the usefulness of

the technique for post-operative

pain control (19). 

Also, our results are in agree-

ment with those reported with

Willschke et al, 2006, who con-
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ducted a study about ultrasound

guided rectus sheath block in chil-

dren and concluded that RSB pro-

vides sufficient analgesia in all

children with no need for addition-

al analgesia in the perioperative

period. Objective pain score (OPS)

did not exceed 11 from a maxi-

mum score of 15 in any of the pa-

tients at any time before dis-

charge. Children were usually

discharged home after 4 h as per

hospital routine. None of the par-

ent or care providers reported any

pain management concerns after

discharge(20).

In our present study, Fast

Track Score and Modified Aldrete

Score showed a significant in-

crease in group II after recovery

from anesthesia when compared

with group I and group III. This

can be explained by the analgesic

properties of RSB with hemodyn-

mic stability and the significant

decreases in pain score (MOPS)

which offer better recovery  and

discharge criteria than the control

group and even than the epidural

group as there is no motor block.

Same results were reported by

Frederick et al, 2007, they had

shown a significant decrease in

the requirements for postoperative

analgesia when a RSB is used

compared with local infiltration.

They believe that, RSB gets the LA

into the correct tissue plane more

reliably and RSB also showed a

trend towards fewer requirements

for any analgesia within hospital

and earlier discharge(15). 

In our present study, Post an-

esthesia Discharge Scoring Sys-

tem (PADS) for Determining

Home-Readiness showed a signifi-

cant increase in group II after re-

covery from anesthesia when com-

pared with group I and group III.

These results are parallel with the

significant decreases that oc-

curred in group II in MOPS score,

the significant increases in the du-

ration of analgesia, Modified Al-

drete Score and Fast Track Score

and the low incidence of postoper-

ative side effects.

Our results are in agreement

with those reported by Parsons et

al, 2010,  who made a study

about use of rectus sheath cathe-

ters (RSCs) as an analgesic tech-

nique for patients undergoing rad-

ical  cystectomy  and comparing
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epidural  catheter  group  (EC)

with  (RSCs)  group  and  conclud-

ed  that  the  potentials  for early

mobilization,  a possible  reduc-

tion in post-operative ileus rate

and  a decrease  in  opioid-

mediated side effects mean that

RSCs are a regional analgesic

technique which may be ideally

suited to an enhanced recovery

protocol(21). 

 

Also our results are in agree-

ment with those reported by Cor-

nish and Deacon 2007, who con-

ducted a study about rectus

sheath catheters for continuous

analgesia after upper abdominal

surgery and found that RSB is im-

portant for several reasons. First,

it potentially provides a viable al-

ternative to epidural analgesia.

Second, it seems to minimize the

use of opioids, with less nausea,

ileus and mental confusion. Third,

with no motor block of the legs,

mobilization can be rapid. Fourth,

it facilitates early removal of the

urinary catheter. Fifth, it is a sim-

ple surgical procedure and the

placement of the catheter under

direct vision ensures correct

placement(19).

In our present study, there was

an increase in the incidence of

PONV in group III (9 cases) and

group I (7 cases) immediately after

recovery from anesthesia when

compared with group II (3 cases)

and this is explained by lack of

analgesia in group I.

 

Our results are in agreement

with those reported by Peyton et

al., 2003, who made a study

about perioperative epidural anal-

gesia and outcome after major ab-

dominal surgery in high-risk pa-

tients and found that a

combination of local anesthetic

and  opioid  is  the  most com-

monly used epidural solution in

the  UK  and  Australia  however,

the use of opioids leads to an in-

crease in unwanted opiate-

mediated side-effects such as nau-

sea, vomiting, confusion, pruritus

and prolongation of post-operative

ileus. Therefore, despite being

considered the most effective tech-

nique for pain control following

major surgery, the role of epidu-

rals in enhanced recovery proto-

cols is put into question by stud-

ies that have failed to show a

reduction in the length of stay fol-

lowing surgery and this has

prompted the search for newer an-
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algesic techniques (22).

ConclusionConclusion
Based on the previous results

of our study, it could be conclud-

ed that the rectus sheath block

appears to be safe, easy to learn

and perform, and provides the pe-

diatric anesthetist with another

method of providing effective and

apparently long-lasting analgesia

for a common day-case procedure.

As the rectus sheath block was

associated with intraoperative and

postoperative hemodynamic sta-

bility, more prolonged analgesic

effect, fast emerging and recovery

from anesthesia that provides the

eligibility of fast tracking process,

short stay in PACU, early home

discharge and less postoperative

side effects. So it can be used as

an alternative to epidural analge-

sia in providing adequate analge-

sia after abdominal surgery.
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AbstractAbstract
Background/Aim:  Background/Aim: After years of decline, tuberculosis (TB) has re-

emerged as a serious public health problem worldwide, especially with
the increasing rates of multidrug-resistant (MDR) TB and the pandemic
of human immunodeficiency virus/AIDS. Early detection of drug resis-
tance in TB is necessary for effective patient treatment and to prevent
transmission of the disease in the community. The current methods for
drug susceptibility testing (DST) of Mycobacterium tuberculosis (Mtb)
are either slow or costly. Therefore, rapid and inexpensive methods are
needed for better control of the disease. So, this study was aimed to
evaluate the nitrate reductase assay (NRA) as an alternative method for
detection of Mtb susceptibility to isoniazid (INH), rifampicin (RIF), strep-
tomycin (STR) and ethambutol (ETH). 

Patients and Methods: Patients and Methods: sixty two sputum specimens were subjected
to culture on Löwenstein-Jensen (LJ) medium. The revealed 43 isolates
of Mtb were subjected to DST by indirect NRA in comparison to LJ pro-
portion method (PM) as a reference standard method. 

Results:Results: This study revealed that resistance of Mtb isolates to anti-
TB drugs by NRA & LJ PM was comparable with insignificant difference
(p>0.05). There were an excellent agreement between indirect NRA and
indirect LJ PM for INH, RIF & STR (kappa=0.85, 0.86 & 0.81 respective-
ly) and a moderate agreement for ETH (kappa=0.53). 

The sensitivity & specificity of NRA compared to standard method
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IntrodIntroductuctionion
Tuberculosis (TB) is today ac-

knowledged as an health catas-

trophe.(1) Globally, about one-

third of the world population is la-

tently infected with the tuberculo-

sis bacillus and new carriers oc-

cur at a rate of one per second.(2)

In Egypt, the latest surveillance

data in 2009 revealed that a total

of 18,000 TB cases existed in the

country with a prevalence rate of

24/100,000 population and esti-

mated incidence rate of 19 and 8/

100,000 for all forms and smear

positive TB, respectively.(3)

Conventional drug susceptibil-

ity testing (DST) methods for M.

tuberculosis (Mtb) on LJ (the pro-

portion method, the absolute con-

centration method and the resis-

tance ratio method) take about six

weeks for the results to be ob-

tained. This leads to loss of time

and delayed initiation of proper

treatment, resulting in transmis-

sion of the drug resistant infection

to the community.(4) Liquid auto-

mated commercial systems such

as the BACTEC-MGIT 960 are rap-

id but need expensive equipments.

Molecular genetic methods such

as line probe assay are fast, ex-

pensive and not detect all muta-

tions.(5,18) 

Therefore, there is obviously a

great need for fast, reliable and in-

expensive methods for detection of

anti-TB drug susceptibility. One of

these methods that could poten-

tially satisfy these criteria is the

nitrate reductase assay, a colori-

metric assay which known also

Griess method. It was developed

at the Central Tuberculosis Re-

search Institute in Moscow, Rus-

sia.(6) This method is based on the

ability of Mtb to reduce nitrate to

(PM) for INH were 92.9% & 93.3% and for RIF were 89.5% & 95.8%.
While sensitivity &specificity of NRA for STR were 81.8% & 96.9% and
for ETH were 54.5% & 93.8% respectively. The accuracy of NRA suscep-
tibility test were 93.0% for each of INH, RIF &STR while 84.0% for ETH.
The median detection time of NRA was significantly faster (10 days)
than LJ PM (28 days). 

Conclusion: Conclusion: Indirect NRA has been demonstrated to be a promising
inexpensive, easy, rapid and accurate alternative tool for detection of
anti-TB susceptibility compared to LJ PM. 
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nitrite by the nitrate reductase en-

zyme, which is indicated by the

development of a dark rose to pur-

ple-rose colour after addition of

Griess reagent.(7) 

The purpose of this study was

the evaluation of NRA as an inex-

pensive, rapid and accurate meth-

od for detection of drug suscepti-

bility of Mtb isolates to anti-TB

drugs; isoniazid, rifampicin, strep-

tomycine and ethambutol in com-

parison to the conventional indi-

rect LJ  proportion method. 

Patients & MethodsPatients & Methods
This   study   was   performed

on  43  fresh  Mycobacterium tu-

berculosis (Mtb) isolates from

Lowenstein-Jensen (LJ) cultures

of  62  sputum specimens from

pulmonary  TB  patients  attend-

ing  Mansoura  Chest  Hospital

and  thoracic  medicine  outpa-

tient  clinics  of  Mansoura  Uni-

versity  Hospitals.  All  isolates

were  Mtb  complex  as  identified

by NAP (ρ-nitro-α-acetylamino-β-

hydroxy-propiophenone) test. 

Media and reagents:Media and reagents:

First-line anti-TB drugs were

incorporated into LJ media, for

the proportion method (PM) and

into LJ media containing

1,000µg/ml of (KNO3) potassium

nitrate, for the nitrate reductase

assay (NRA) method. The final

concentration of isoniazid (INH),

rifampicin (RIF), streptomycine

(STR) and ethambutol (ETH) were

0.2, 40, 4, and 2µg/ml respective-

ly. Then, the media were steamed

at 85oC for 50 minutes. The con-

trol media without drugs (LJ for

PM & LJ with KNO3 for NRA) were

prepared at the same time as the

drug containing media. The media

were incubated for 48 hours at

room temperature for sterility

check before use.(8)

Griess reagent was prepared

shortly  before  its  use  by  mixing

1 part  of  50%  (vo/vol)  concen-

trated   hydrochloric   acid   (HCl),

2  parts  of  0.2%  (wt/vol)  sulfa-

nilamide and 2 parts of 0.1% (wt/

vol) N-1-naphthylethylenediamine

dihydrochloride.(9)

        

Mtb suspension was made by

scraping about 4 mg of Mtb colo-

nies grown on LJ medium using a

wire loop in a tube containing 6-9

sterile glass beads and 3-4 ml of

distilled water (DW). Tubes were
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vigorously agitated and clumps

were allowed to settle 30 min. The

supernatant was then adjusted

with DW to equal the density of a

1.0 McFarland standard. Serial di-

lutions of 10-1  to 10-5 of the stan-

dard Mtb suspension were pre-

pared.

 

Indirect NRA assay :Indirect NRA assay :

The  NRA  was  performed as

described by Angeby et al.(10)

Briefly,  for  each  isolate, 0.2 ml

of the undiluted Mtb suspension

was added into the tubes contain-

ing LJ medium with KNO3 and

the anti-TB  drugs;  and  0.2 ml of

10-1 diluted Mtb suspension was

inoculated  into  each  of  3 drug-

free media containing KNO3 (con-

trol tubes) and were incubated at

37°C. After 7 days of incubation,

0.5 ml of freshly prepared Griess

reagents was added to one of the 3

control tubes; If its colour

changed to pink, the drug-

containing tubes were tested on

the same day but if did not show

any colour change and remained

the same, this control tube was

discarded and the remaining

tubes were further incubated, and

the procedure repeated on day 10

and 14 respectively.

  The isolate was considered re-

sistant to drug if the colour

change in the antibiotic tube was

the same or greater than the con-

trol. While the isolate was consid-

ered susceptible if there was no

colour change in the drug-

containing tube. NRA was consid-

ered invalid if the nitrate reaction

was negative in the control tube at

day 14 inspite of the presence of

colonies (figure 1). 

 

Conventional indirect LJ PM :Conventional indirect LJ PM :

The technique was carried out

on  normal  LJ  medium  accord-

ing to the laboratory’s standard

procedure.(11)  For  each  isolate,

2 drug-free  LJ  slants  were inoc-

ulated  with  0.1 ml  of  each dilu-

tion(10-3 & 10-5) and the 4 drug-

containing  LJ  slants  were  inoc-

ulated  with  0.1 ml of 10-3 dilut-

ed suspension. Slants were incu-

bated at 37°C, and colonies were

enumerated on day 28. Drug re-

sistance was defined as the

growth of colonies on the drug-

containing slant equal to ≥1% of

that of colonies on the drug-free

slant (figure 1). If the result at the

28th day was “sensitive”, a second

reading was made on the 42nd

day. 
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Statistical analysis :Statistical analysis :

Data were analysed using SPSS

version 11 (SPSS, Chicago, IL,

USA). The Wilcoxon signed-rank

test was used to compare the

times and the McNemar's test was

used  for  comparing  paired pro-

portions, A P value of <0.05 was

considered to be statistically sig-

nificant.(12) The performance of

indirect NRA method in compari-

son with the LJ PM was evaluated

in terms of sensitivity (ability to

detect true resistance) and speci-

ficity (ability to detect true sensi-

tivity). The agreement between the

2 methods was estimated by the

Kappa statistic.(13)

ResultsResults
Drug susceptibility testing of

43  Mtb  isolates  revealed  insig-

nificant difference between sus-

ceptibility  of  Mtb to INH, RIF,

STR  and  ETH  by  indirect NRA

and reference standard LJ PM

(p>0.05).  INH  showed  the  high-

est resistance by both indirect

NRA & PM (62.8% & 65.1% re-

spectively) followed by RIF (41.9%

& 44.2%).  STR  showed  a low re-

sistance by indirect NRA & PM

(23.3% & 25.6%). ETH revealed

the lowest resistance by NRA

(18.6%) compared to PM (25.6%),

table (1).  

 

Table (2) shows  an excellent

agreement between indirect NRA

and LJ PM for INH, RIF &STR

(kappa = 0.85, 0.86 & 0.81) and a

moderate agreement for ETH (kap-

pa = 0.53). The highest sensitivity

of NRA for detecting resistance

was observed with INH (92.9%),

followed by RIF (89.5%) & STR

(81.8%). On the other hand, NRA

showed the lowest sensitivity for

detecting resistance with ETH

(54.5%). The specificity of indirect

NRA for detecting sensitive Mtb

isolates was higher for STR & RIF

(96.9% & 95.8%) than for ETH

&INH (93.8% & 93.3% respective-

ly). The accuracy of NRA suscepti-

bility test was 93.0% for each of

INH, RIF & STR while 84.0% for

ETH.

Indirect NRA detected drug

susceptibility pattern of  Mtb iso-

lates within a median time of 10

days (range = 7-14 days) which

was significantly faster than indi-

rect  LJ  PM  (p<0.001)  which

needed a median time of  28 days

(range = 28 - 42 days) (p< 0.001),

table (3). 
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DiscussionDiscussion
Tuberculosis (TB), one of the

oldest recorded human diseases,

is still one of the biggest killers

among the infectious diseases, de-

spite the use of a live attenuated

vaccine and several antibiotics.(14)

The growing problem of drug re-

sistance in Mycobacterium tuber-

culosis (Mtb) is accompanied by

increasing demand for quick,

cheap, and easy techniques to de-

tect resistance allowing a better

management and treatment of pa-

tients and decreasing the risk of

disease and possible spread of

drug resistance.(15) The methods

currently available for rapid drug

susceptibility testing (DST) of Mtb

are either cheap but slow, or fast

but too costly to be applicable in

high incidence TB areas.(16)  

Therefore, the aim of this study

was to evaluate the nitrate reduc-

tase assay (NRA) as a rapid meth-

od of DST for anti-TB drugs; isoni-

azid (INH), rifampicin (RIF),

streptomycine (STR) and etham-

butol (ETH) in comparison with

the conventional proportion meth-

od (PM). 

      

DST of 43 Mtb isolates by indi-

rect NRA and PM (table 1) revealed

comparable values for all tested

anti-TB drugs with insignificant

difference (p>0.05). INH showed

the highest resistance (62.8% by

NRA vs. 65.1% by PM), followed by

RIF (41.9% by NRA vs. 44.2% by

PM). The lowest resistance was en-

countered with STR (23.3%). ETH

showed a lower resistance by NRA

(18.6%) than PM (25.6%). In the

same locality, using radiometric

BACTEC TB 460,  Zaghloul,(17) re-

ported that the drug resistance in

pulmonary TB were; 36%, 21%,

29% and 86% for INH, RIF, STR

and ETH but in the study of Abde-

laal et al.(18) the drug resistance

in TB cases were; 52%, 46%, 36%

and 44% for INH, RIF, STR and

ETH respectively which is consis-

tent with our results. The signifi-

cant increase in INH and RIF re-

sistance in the last 10 years could

be attributed to poor compliance

and wide use of these drugs for

non-TB conditions. While, the

high sensitivity of STR & ETH

(74.4% for each) was attributed to

the restriction of its use in the

management of TB patients.(19) In

clinical microbiology unit, Man-

soura University, genotypic analy-

sis done for RIF and INH resistant
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strains revealed that 87% of RIF

resistant cases were having rpoB

gene mutation. The point muta-

tion in Kat G gene was found in

92% of INH resistance.(18) 

        

The sensitivity and specificity of

indirect NRA compared to PM

were 92.9% & 93.3% for INH.

These results are in agreement

with Lemus et al.(20) who obtained

sensitivity and specificity of 91.7%

& 99.0% respectively. Also, with

Angeby et al.(10) who obtained

sensitivity and specificity of 97%

&96% respectively. On the other

hand, it is slightly lower than

those obtained by Ani et al.(21)

(100% sensitivity & 100% specific-

ity).

        

The sensitivity and specificity of

the NRA method for RIF were

89.5% & 95.8% respectively. Ani

et al.(21) reported similar sensitivi-

ty & specificity (90% & 96%) by

NRA.  Also, Lemus et al.(20) ob-

tained 93% sensitivity &99% spec-

ificity. However, Angeby et al.(10)

and Montoro et al.(22)  reported

100%  sensitivity  &  100% speci-

ficity. 

The accuracy of NRA, com-

pared to PM, was 93.0% for each

of RIF and INH susceptibility test-

ing. These results are close to

those of Lemus et al.(20)  (99.1%

for RIF & 98.4% for INH). 

The high accuracy of indirect

NRA for RIF and INH is important

because RIF & INH are the most

important anti-TB drugs and RIF

resistance  has been identified as

a useful  surrogate  marker  for

estimation of multidrug resis-

tance.(23) Thus, NRA could be

used to screen the resistance to

INH &RIF for assessment of MDR

prevalence particularly in highly

endemic regions. 

Sensitivity and specificity of

NRA for STR were 81.8%  & 96.9%

respectively. These results are

higher than those obtained by Ani

et al.(21) (66.6% sensitivity &

91.8% specificity). However, stud-

ies by Lemus et al.(20) and Angeby

et al.(10) showed a higher sensitiv-

ity of 96.5 % & 95% with a lower

specificity of 88.0 % & 83%. On

the other hand, the sensitivity and

specificity of NRA for STR are in

accordance with Cohn et al.(24)

who reported sensitivity and spec-

ificity  of  82.1% & 92.3% and
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suggested a review on drug con-

centrations. Martin et al.(25) re-

vealed similar findings for STR

and explained this discrepancy by

a possible interaction between the

drugs and the potassium nitrate. 

This study of indirect NRA in

comparison to the reference stan-

dard LJ PM revealed low sensitivi-

ty (54.5%) & high specificity

(93.8%) for ETH susceptibility

testing. These results are consis-

tent to some extent with that ob-

tained by Ani et al.(21), Mengatto

et al.(26)  and Angeby et al.(10)

(75% & 100%, 75% & 95%  and

75 & 98% respectively). On the

contrary, Lemus et al.(20) revealed

a higher sensitivity and specificity

(88% & 99.1% respectively).  

This low sensitivity of NRA for

detecting ETH resistance could be

explained by the presence of bor-

derline isolates; 5 out of 11

(45.4%) with a low proportion of

ETH-resistant organisms (from 1

to 10%).(27)  In these borderline

isolates, less than 10% of the or-

ganisms could grow in the ETH-

containing tube (inoculated with

undiluted suspension) and exhibit

a color  change  lower  than  that

obtained in the control tube (inoc-

ulated with 1:10 diluted suspen-

sion) and misidentified as ETH-

sensitive Mtb by NRA. Therefore,

these borderline isolates are fre-

quently associated with  problems

in the interpretation of ETH DST

that affect the performance of

NRA(26),(27) and the conventional

standard methods.(28) 

In this study, the median time

needed to complete the indirect

NRA DST  was 10 days (range, 7

to 14 days) which is faster than

indirect LJ PM (median, 28 days

and range, 28 to 42 days). This is

attributed to the fact that the NRA

depends on detection of nitrate re-

duction as an indication of growth

which could be obtained much

faster than visual detection of col-

onies.(7) The results of the majori-

ty of our cases (74.4%) were avail-

able in 10 days. These findings

are similar to those of Mengatto et

al.(26) and Angeby et al.(10)  who

detected the majority of their cas-

es within 7-10 days. 

Although results that obtained

by radiometric BACTEC 460 or

mycobacterial growth indicator

tube (MGIT) were within 7-10
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days, they are expensive and re-

quire instruments.(29) Genetic

methods such as line probe assay,

are fast but are too expensive to

be used in resource poor settings

and  have  been  developed  main-

ly for  rifampicin resistance test-

ing.(30) Traditional DST on solid

medium (LJ) is slow requiring 4-6

weeks after obtaining initial iso-

lates.(11) On the other hand, the

NRA method is inexpensive as it

utilizes standard solid LJ medium

with addition of KNO3. It is also

easy and rapid as it requires 7-14

days. 

More than 99 % of Mtb strains

possess nitrate reductase enzyme

and are capable of reducing ni-

trate to nitrite. Other Mycobacteri-

um species like M. kansasii &

M.smegmatis possess this en-

zyme. However, these strains are

not frequently encountered in hu-

man infections. However, M. bovis

does not reduce nitrate, therefore

the NRA technique is not applica-

ble.(9) 

ConclusionConclusion
This study shows an excellent

agreement between indirect NRA

and LJ PM for rapid detection of

isoniazid, rifampicin and strepto-

mycin resistance and a moderate

level of agreement for detection of

ethambutol resistance. Therefore,

indirect NRA (inexpensive, easy,

rapid & accurate) could be used to

screen the resistance to INH & RIF

for assessment of MDR-TB preva-

lence particularly in highly en-

demic regions. 
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AbstractAbstract
Introduction:  Introduction: Intravenous regional anesthesia (IVRA) of the upper

limb is a simple and effective technique that can be used at all age
groups, and its cost is low. One of its limitations is lack of postoperative
pain relief after tourniquet deflation. Several pharmacological adjuvants
(drugs) have been added to lidocaine to improve postoperative analgesia
after IVRA, such as opioids, tramadol, nonsteriodal anti-inflammatory
drugs, clonidine, dexmedetomidine and other drugs.

Methods:Methods: We used nitroglycerine (NTG) as an adjuvant to lidocaine
to evaluate its effect on the quality on IVRA and postoperative pain re-
lief. After informed written consent and ethical committee approval, for-
ty patients undergoing short hand and forearm surgery under IVRA
were randomly assigned into two equal groups. Group I (control group)
received 3 mg/kg of lidocaine 2% diluted with saline to a total volume of
40 ml for IVRA. Group II (NTG group) received the same dose of lido-
caine to which we added 100 µg nitroglycerine diluted to the same vol-
ume of solution. Tourniquet pain as well as hemodynamic parameters
were measured and recorded 2, 5, 10,15,20,30 and 40 minutes after
tourniquet inflation. Onset of sensory and motor block was recorded in
each patient. At the end of surgery and after tourniquet deflation, sen-
sory and motor recovery times were tested at 5, 10, 15, 20 and 30 min-
utes then every 1 hour till full recovery. Visual analogue scale (VAS) was
used for assessment of postoperative pain at 15; 30 minutes, 1 hour,
and then every 2 hour for 24 hours. Time for the first analgesic require-
ment was observed and recorded. Postoperative analgesia was achieved
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IntroduIntroductctionion
Intravenous regional anesthe-

sia (IVRA) is one of the simplest

forms of regional anesthesia and

has the most frequent success[1].

Lidocaine 0.5%-1% is one of the

commonly used local anesthetic

for IVRA[2]. 

Intravenous regional anesthe-

sia  has their limitations which

are tourniquet pain and its inabili-

ty to provide postoperative analge-

sia [3]. To improve block quality,

prolong postoperative analgesia,

and  decrease  tourniquet  pain,

different additives been added to

local  anesthetics, there are tram-

adol[4], clonidine[5], dexmedetomi-

din[6] and dexamethasone[2,4]

added to the local anesthetics.

Also various nonsteroidal anti-

inflammatory drugs have been

demonstrated to enhance analge-

sia such as ketorolac[7] and opi-

oids[8]. Literatures on the effect of

adding nitroglycerine as an adju-

vant to lidocaine for IVRA are few. 

Nitroglycerine is metabolized to

by using diclofenac 75mg. i.m, oral diclofenac 50mg. was given if need-
ed in the first 24 hours (if VAS>3). Side effects were noted and recorded.

Results: Results: There was significant shortening in VAS score of tourniquet
pain in NTG group compared to control group (P<0.05). Sensory and
motor block onset times were less in NTG in comparison with control
group  (3.95 ± .82 vs  5.60 ± 1.0 min ) for sensory, (6.35 ± .98 vs 7.65 ±
1.20 min) for motor block. Sensory and motor  recovery  times  were
prolonged in NTG group compared to control group (7.75 ± 2.7 vs 3.8 ±
1.2 min) for sensory, (12.60 ± 3.76 vs  5.95 ± 1.7min) for motor recov-
ery. Postoperative analgesia after tourniquet deflation was prolonged
with statistically significant difference in VAS scores in all reading of
first four hours postoperatively. Time (in minutes) to the first analgesic
requirement time was prolonged in NTG group compared to control
group (206 ± 33 vs 62 ± 20 min). Diclofenac consumption was much
less in NTG group than in control group (127 ± 27 vs 165± 27 mg). No
side effects were observed in any patients of either group.  

 Conclusion:    Conclusion:  addition of nitroglycerine to lidocaine in intravenous
regional anesthesia improves sensory and motor block and decreases
tourniquet pain and prolongs postoperative analgesia with no side ef-
fects.
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nitric oxide (NO) in the cell. NO

causes an increase in the intracel-

lular concentration of cyclic gua-

nosine monophosphate, which

produces pain modulation in the

central and peripheral nervous

system [9].

The aim of this study is to eval-

uate the effect of adding nitrogly-

cerine to lidocaine for IVRA on

tourniquet pain, sensory and mo-

tor block onset and recovery times

and postoperative pain.

Methods: Methods: 

after obtaining institutional

ethical committee approval and

written informed consent, 40 pa-

tients between 20-50 years; un-

dergoing hand and forearm sur-

gery (carpal tunnel, trigger finger,

and tendon release or repair, sim-

ple ganglion removal, fracture of

ulna or radius fixation) under

IVRA; were the subject of the

study. Patients having sickle cell

anemia, history of drug allergy

and Reynaud's or other vascular

disease were excluded from the

study. Pre-operative assessment

(history, examination and investi-

gations) were done and VAS is ex-

plained to all patients, routine

monitoring intraoperatively in the

form of electrocardiography (ECG),

automated noninvasive blood

pressure measurement and pulse

oximetry to detect heart rate (HR),

mean arterial blood pressure

(MAP) and oxygen saturation

(SpO2%) were applied to every pa-

tient. IV cannulae were placed;

one was in the dorsum of opera-

tive hand and the other in the op-

posite hand for fluid infusion or

drugs administration. The opera-

tive arm was elevated then

squeezed with bandage; a tourni-

quet was then placed around the

upper arm. Absence of radial

pulse and loss of pulse oximetry

in the index finger of the operative

hand were checked before giving

IVRA. In control group (group I)

received IVRA with 3mg/kg of lido-

caine 2% diluted with saline to a

total volume of 40 ml, study group

(group II) received IVRA with

(3mg/kg) of lidocaine 2% with 100

µg nitroglycerine diluted with

same volume. Sensory block was

assessed by a pinprick with nee-

dle. Motor block was assessed by

asking the patient to flex and ex-

tend wrist and fingers, complete

motor block was determined as

voluntary movement lost. The op-



168168

Enaam F. Gadalla Mikael, et al....

erative tourniquet was applied af-

ter complete sensory and motor

block, and the proximal tourni-

quet was released and surgery

was started. The operative tourni-

quet was released not before 30

min after its application. Intraop-

erative Tourniquet pain as well as

hemodynamic parameters (MAP,

HR, and SpO2%) were measured

and recorded 2, 5,10,15,20,30

and 40 minutes after tourniquet

inflation. Onset of sensory and

motor block was recorded in each

patient. At the end of surgery and

after tourniquet deflation, sensory

and motor recovery times were

tested at 5, 10, 15, 20 and 30

minutes then every 1 hour till full

recovery, sensory recovery time

was evaluated by pinprick and

motor block recovery time was

evaluated by movement of fingers.

VAS was used for assessment of

postoperative pain at 15; 30 min-

utes, 1 hour, and then every 2

hour for 24 hours. Time for the

first analgesic requirement was

observed and recorded. Postopera-

tive analgesia was achieved by us-

ing intramuscular diclofenac

75mg, oral diclofenac 50mg was

given if needed in the first 24

hours (if VAS>3). The total diclofe-

nac consumption was recorded in

the first 24 hours postoperatively.

Side effects of local anesthetic tox-

icity or nitroglycerine such as tin-

nitus, tachycardia, hypotension,

headache, nausea, or other side

effects were noted and recorded. 

The data were analyzed to de-

tect the significant statistical dif-

ference using SPSS statistical

package version(16). Descriptive

statistics, qualitative data were ex-

pressed in number and percent

while quantitative data were ex-

pressed in mean (X), standard de-

viation (SD). The analytical statis-

tics, following tests were done;

student t test and Chi square test

(X2)[10].

ResultsResults
There were no significant differ-

ences in age, sex, body weight

ASA classification and the tourni-

quet time between the groups as

shown in table (1).

There were no significant differ-

ences in preoperative, intraopera-

tive, postoperative MAP; HR and

SpO2%   in NTG  group compared

to control group (P>0.05); as

shown in table (2).
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The onset of tourniquet pain

was prolonged (35.70± 3.90 in

NTG group vs 28.90 ± 5.80 min

control group) and there was sig-

nificant  shortening  in  VAS score

of  tourniquet  pain  in  NTG

group compared to control group

(P<0.05). There is no incisional

pain,  ten  patients in control

group  and  five  patients in nitro-

glycerine  group  received pethe-

dine (50 mg) for tourniquet pain.

(Table 3).

Sensory  block onset times

were shorter (3.95 ± .82 vs 5.60 ±

1.046 min) with statistically signif-

icant difference (P<0.001) in NTG

group when compared to control

group, Motor block onset times

were shorter and statistically sig-

nificant in NTG group (6.35 ± .988

min in NTG group vs 7.65 ± 1.2

min in control group, P<0.05),

sensory and motor block recovery

times  were  prolonged  and  sta-

tistically  significant  in  NTG

group (7.75 ± 2.712 min in NTG

group vs 3.80 ± 1.240 min in con-

trol group  for sensory recovery

times and 12.60 ± 3.761min in

NTG group vs 5.95 ±  1.701 min in

control group for motor, P<0.001).

(Table 3).

Postoperative VAS scores were

shorter and statistically signifi-

cant (P<0.001) in NTG group com-

pared with control group in the

first  four  hour  after tourniquet

release as VAS scores at 15 min

(.75 ± .639 cm in NTG group vs

1.90 ± .641 cm in control group),

after thirty minutes (1.45 ± .510

cm in NTG group vs 2.60 ± .940

cm in control group), after two

hours (2.30 ± .657 cm in NTG

group vs 3.90 ± .940 cm in control

group) and after four hours (3.30±

.813 cm in NTG group  vs 4.35 ±

.801 cm in control group). There

was no significant difference at 8,

16, 24 hour (P>0.05). (Table 4).

The first postoperative analge-

sic requirement time was pro-

longed and statistically significant

in NTG group (206.84 ± 33.00 min

in NTG group vs 62.50 ±  20.03

min in control group, P<0.001).

(Table 5).

Diclofenac consumption was

smaller and  statistically signifi-

cant  in  NTG  group  in first post-

operative  twenty-four hours dif-

ference   between  the  two

groups (127.50 ±  27.980 mg in

NTG group vs 165.00 ±  27.386
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mg  in control  group,  P<0.001).

(Table 5).

There was no significant differ-

ence between the two groups in

side effects (10% in control group

vs 30 % in nitroglycerine group,

P>0.05). Two patients in control

group developed transient tinnitus

while two patients developed tran-

sient tachycardia at tourniquet re-

lease, one patient developed tran-

sient slight headache, and three

patients develop venous conges-

tion in operative side in nitroglyce-

rine group. 

Table (1) : Table (1) : Patient's demographic data, ASA class and tourniquet time

given as mean (SD).

Table (2) : Table (2) : Comparison  between  Control  group  &  Nitroglycerine  group    as

regards  preoperative,  intraoperative,  postoperative  MAP; HR and

SpO2 %.
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Table  (3)  :  Table (3) : Comparison between control group & nitroglycerine group
as regards onset of tourniquet pain sensory and motor
block onset and recovery times.

Table (4) :  Table (4) : Comparison between Control group & Nitroglycerine group as
regards Postoperative visual analog scale (VAS) scores.

Table (5) : Table (5) : Comparison between Control group & Nitroglycerine group   as
regards first analgesic requirement time (min) and diclofenac
consumption (mg).
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DiscussionDiscussion
The results of this study re-

vealed that addition of nitroglyce-

rine  to lidocaine in intravenous

regional anesthesia improves sen-

sory and motor block and decreas-

es tourniquet pain and prolongs

postoperative analgesia with no

significant side effects.

Hemodynamic parameters in

this study show no significant dif-

ference, this is in agreement with

Selda Sen et al[11] and Abbasivash

et al.[12] who studied the effect of

adding NTG (200 µg) to lidocaine

(3mg/kg) for IVRA and they found

that MAP, HR, and SpO2% were

show no significant difference be-

tween the groups at intraoperative

or postoperative period (P > 0.05). 

There was significant shorten-

ing in VAS score and prolonged

onset of tourniquet pain in NTG

group compared to control group

(P<0.05), which agree with Selda

Sen et al who reported that NTG

shortened VAS scores of tourni-

quet pain (P = 0.023), Abbasivash

et al found that onset of tourni-

quet pain was prolonged in NTG

group compared with control

group (25 vs. 16.65min., respec-

tively, P <0.05). This effect may be

due to anti-inflammatory effects

and analgesia induced by nitric

oxide generators which block hy-

peralgesia and the neurogenic

component of inflammatory edema

[13] or through direct stimulation

of peripheral fibers similar the ac-

tions of locally applied acetylcho-

line [14]. 

Sensory and motor block onset

times were less and recovery times

were prolonged in NTG group

compared to control group in this

study,  Selda Sen et al reported

that NTG shortened sensory and

motor block onset time (3.2 ± 1.1

versus 4.5 ± 1.2 min; and 3.3 ±

1.6 versus 5.2 ± 1.8; P = 0.009 in

group NTG and control group, re-

spectively), prolonged sensory and

motor block recovery times (6.8 ±

1.6 versus 3.1 ± 1.2 min and 7.3 ±

1.3 versus 3.6 ± 0.8 P < 0.0001 in

group NTG and control group, re-

spectively) and Abbasivash et al.

found that sensory and motor

block onset time were shortened

in NTG group (2.61 vs.5.09 and

4.22 vs. 7.04 min, respectively; P

<0.05), prolonged sensory and mo-

tor block recovery times (7.26 vs.

3.43, 9.70 vs. 3.74 min., respec-
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tively; P <0.05). The rapid onset of

sensory and motor block ex-

plained  by  the  strong  vasodila-

tor  effect  of  NTG that causes

rapid distribution  of  lidocaine to

nerves [11].

Elmetwaly et al.[15] compared

the effect of adding ketamine or

nitroglycerine (NTG) as adjuvants

to lidocaine for IVRA; they report-

ed that both ketamine and nitro-

glycerine shorten sensory and mo-

tor blocks.  NTG has a rapid onset

of sensory and motor blocks than

ketamine which could be also ex-

plained by the its strong vasodila-

tor effect while ketamine produced

better tolerance to tourniquet

than NTG due to antagonism of

NMDA receptors in peripheral

nerves[16].

 

Turan A et al.[17] investigated

the effects of transdermal NTG 10

mg which applied 2 hours before

giving IVRA using 2% prilocaine (3

mg/kg), they found that transder-

mal NTG shorten onset of sensory

block and motor block recovery

time was significantly longer

(p<0.05), and this agrees with the

result of this study but they differ

in using prilocaine and transder-

mal patch instead of lidocaine and

intravenous NTG, also they did

not evaluate postoperative pain. 

Marashi et al.[18] disagree with

the results of previous investiga-

tors or this study as they studied

the analgesic effect of intravenous

neostigmine (0.5 mg) added to lid-

ocaine and transdermal NTG

(5mg) as adjuvants to IVRA, trans-

dermal NTG was applied at the

proximal forearm above surgical

site. Ten minutes was allowed af-

ter injection of local anesthetic for

block onset. After 15 min of injec-

tion in all patients, distal tourni-

quet was inflated. They reported

that there were no significant dif-

ferences in severity of tourniquet

pain, tourniquet pain onset when

transdermal NTG used as an adju-

vant to lidocaine with or without

neostigmine. This may be due to

operation started after 15 min of

injection while transdermal NTG

patch vasodilator effect takes 20-

40 minutes to start which is not

strong or rapid as intravenous

NTG[19].  

Postoperative analgesia after

tourniquet deflation was pro-

longed with statistically significant
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difference in VAS scores in all

reading of first four hours postop-

eratively in NTG group (P<0.001),

this is in agreement with Selda

Sen et al. who reported that VAS

scores were lower in group NTG

after tourniquet release and in the

postoperative period (P = 0.001),

also Abbasivash et al. reported

that pain intensity at 4, 6, 12 and

24 hr postoperatively were lower

in the study group (p <0.05).

 

The first analgesic requirement

time was prolonged and diclofenac

consumption was much less in

NTG group than in control group

in our study, this is in agreement

with Selda Sen et al. who found

first analgesic requirement time

was longer and postoperative an-

algesic requirements were signifi-

cantly smaller in group NTG than

in control group (P < 0.0001). Also

Abbasivash et al, reported that

analgesia time after tourniquet de-

flation was prolonged NTG group

(p <0.05). This may be due to pain

modulation in the central or pe-

ripheral nervous system [9].

 

 Nitroglycerine may cause dose-

dependent side effects such as hy-

potension, tachycardia, or head-

ache[20] and has a very short half-

life[9]. In this study, there was sta-

tistically no significant difference

between the two groups in side ef-

fects due to the use of small dose

of NTG and tourniquet release not

done before 30 min. 

ConclusionConclusion
The addition  of  nitroglycerine

to  lidocaine in intravenous re-

gional anesthesia improves senso-

ry and motor block, decreases

tourniquet  pain,  prolongs  senso-

ry  and  motor block recovery

times and postoperative analgesia

and  decreases analgesic con-

sumption with no significant side

effect. 
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AbstractAbstract
Background:Background: The adriamycin is an antineoplastic drug used for

treatment of various  types  of  cancer. The drug  is  embryotoxic  and
teratogenic  in rats.

The aim of  this  work :The aim of this work : was to confirm the teratogenic  effects  and
the histopathological  changes in the abdominopelvic region of the fetal
rats  following  the  administration  of  adriamycin  in  the  pregnant
rats.

Material   and   Methods:  Material  and  Methods:  Eight pregnant rats were  divided  into
two  equal  groups :

The control group and the adriamycin  group. In the control group,
the pregnant rats were injected intraperitoneally with a saline at a dose
of 2ml /kg B.W. once daily from the 6th  to the 9th day of gestation. In
the adriamycin group, the pregnant rats were injected intraperitoneally
with adriamycin at a dose of 4mg /kg B.W. once daily from the 6th to
the 9th day of gestation. On the 20th day of gestation, the pregnant rats
underwent cesarean sections. The number of fetuses and their weights
were recorded. The abdominopelvic region of the fetuses were examined
by the dissecting microscope to discover any congenital anomalies in
the gastrointestinal and the genitourinary systems. Two fetuses from
each pregnant rats were selected randomly for serial sections and histo-
pathological examination.

Results:Results: There was a significant reduction of the fetal weight
(p<0.002) in the adriamycin group when compared with the control
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IntroduIntroductctionion
Doxorubicin (adriamycin) is an

anticancer drug widely used

against leukemia  and solid  tu-

mors such as cancer of  the

breast, bladder, lung, bronchus,

thyroid gland  and  ovaries(1, 2) .

The mechanism of adriamycin

(ADR) activity is explained by DNA

binding and inhibition of nucleic

acid synthesis. The metabolic con-

version of ADR generates free radi-

cals, which are responsible for the

cytotoxic activity of the drug (3).   

The previous studies on experi-

mental animals showed that the

ADR  has a teratogenic activity

and animals develop numerous

congenital defects during pregnan-

cy(4,5,6,7,8,9,10). When ADR is giv-

en to rats on day 6-9 of pregnan-

cy, congenital anomalies are

similar to the human VATER syn-

drome (vertebral defects ,anal

atersia, tracheo-esophageal fistu-

la, esophageal atersia and radial

dysplasia)(10).

The side effects of ADR include

cardiomyopathy,nephropathy, and

gastrointestinal disturbances. It is

embryolethal in rabbits and terat-

ogenic in rats. The observed ab-

normalities are dose related which

ranges from 2mg/kg/day up to

8mg/kg /day. The most suscepti-

ble period has been identified on

day 6-9 of gestation(11). 

group. The recorded congenital malformation in the adriamycin group
were in the form of: fibrous cord which  extended between the umbilicus
and the ileal loop in 16.7%,umbilical hernias in 12.5%, rectal atersia in
8.3% and abnormal shape of umbilical cord in 4.2% of cases. In the ad-
riamycin group, there was severe degeneration of the fetal hepatocytes
which were replaced by many vacuoles. In the fetal kidney, most of the
glomeruli and the tubules were degenerated. The lumens of most the tu-
bules contained esinophilic materials. In the fetal testis, there was a
partial degeneration of the seminiferous tubules.

Conclusion:Conclusion: Adriamycin has a strong teratogenic activity producing
numerous congenital defects during pregnancy. It has a toxic effects on
the fetal rat liver ,kidney and testis. 

Keywords:Keywords: Adriamycin, teratogenic effects, histopathological chang-
es, fetal rat, liver, kidney, testis.
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So, the aim of this work was to

confirm the teratogenic effects and

the histopathological changes in

the abdominopelvic region of the

fetal rats following the administra-

tion of adriamycin in pregnant

rats.  

Material and MethodsMaterial and Methods
Materials:Materials:

-  Animals:  - Animals:  Eight female white

rats were used in this study. Their

ages ranged from 2.5 to 3 months

old, with an initial body weight of

250-300 gms.The rats received

standard food and water during

the experiment .

B- Drug : B- Drug : Doxorubicin (adriam-

ycin) is one of the most effective

chemotherapeutic drugs. It is

used to treat a wide range of can-

cers. It is produced by EBEWE

pharmacy Ges. m. b. H. Nfg. KG,

A-48866  Unterach, Austria. Each

vial contains 10 mg which was di-

luted in 5 ml saline. Each 1 ml =2

mg of adriamycin. The dose of ad-

riamycin used in this study was 4

mg /kg body weight.

Methods:Methods:

A-Experimental  design  :A-Experimental design : The

female rats were placed overnight

with males. If vaginal smear in the

following morning contained

sperms, that day was considered

as day zero of gestation. The eight

pregnant rats were divided into

two equal groups :

1-  Control  group:  1- Control group: Four preg-

nant rats were used as a control

group. They were injected intra-

peritoneally with  saline at a dose

of 2ml/ kg body weight once daily

from the 6th to the 9th day of ges-

tation.

2-  Adriamycin  (ADR)  group:2- Adriamycin (ADR) group:

Four pregnant rats were injected

intraperitoneally with ADR at dose

of 4mg/kg body weight once daily

from the 6th to the 9th day of ges-

tation. On the 20th day of gesta-

tion (24 hours before the expected

day of delivery), the pregnant rat

underwent cesarean sections to

prevent the mothers from devour-

ing any damage to the offspring.

The pregnant rats were anaesthe-

tized by inhalation of ether, then

the anterior abdominal wall was

incised. The uterine horns were

carefully inspected for the number

of fetuses and post implantation

death. It is appeared as a dark

brown blood clot attached to the

uterine wall at the site of implan-
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tation. the uterine horns were cut

longitudinally to deliver each fetus

inside its amniotic sac. Each sac

was incised at the dorsal aspect of

the fetus and cautiously pealed

from it. The umbilical cord was

cut at its placental attachment.

The number of fetuses (whether

alive or dead )and their weights

were recorded .The fetuses were

collected and fixed in Bouin‘s so-

lution for 3 days .

B-  Inspection  for  any  abnor-B- Inspection for any abnor-

malities:malities: The fetuses were cut

transversely at the level of dia-

phragm. The abdominopelvic re-

gions of the fetuses of the two

groups  were collected and exam-

ined for any external malforma-

tions by using a magnifying lens

and a dissecting microscope. A

dissecting microscope was used to

examine any abnormalities in the

gastrointestinal tract and the geni-

tourinary system. These abnor-

malities were photographed by a

camera which was connected to

the dissecting microscope. Statis-

tical analysis of the quantitative

data was reported .

C- Histopathological examina-C- Histopathological examina-

tion  :  tion : Two fetuses from each

mother were selected randomly for

microscopic examination. The ab-

dominopelvic specimens were

fixed in Bouin‘s solution for 48

hours and embedded in paraffin

wax. The sections were cut serially

at 5µm.Some specimens were cut

transversely. Other specimens

were cut sagittally or obliquely.

The sections were stained with

Hematoxylin and Eosin. The sec-

tions of ADR group were compared

with the  sections of control group

by light microscope and then pho-

tographed.

ResultsResults
In the control group, the four

pregnant rats gave 32 fetuses

which were alive. The dead fetuses

were not found. In adriamycin

(ADR) group, the four pregnant

rats gave 31 fetuses of which 24

(77.4%) were alive and 7 (22.6%)

were dead (3 were reabsorbed and

4 were hydropic).

In control group, the mean fetal

body weight was 4.1±0.4gm (3.7-

4.5gm). In ADR group, the mean

fetal body weight was 2.7±0.3gm

(2.4-3.0gm). Statistically, the dif-

ference between these two groups

was significant  (p<0.002).
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The external malformations in

the abdominopelvic region were

observed in relation to the umbili-

cus. In one case (4.2%) of ADR

group, the umbilical cord had ab-

normal shape with a stem which

was divided into two trunks. Each

trunk subdivided into two branch-

es. The histological examination of

one branch of umbilical cord

showed that it contained one um-

bilical artery (not two), one umbili-

cal vein, remnant of vitellointesti-

nal duct and three very thin

walled blood vessel. Mostly, these

are tributaries of umbilical vein

(Figs. 1a, 1b). The umbilical her-

nia was observed in 3/24 (12.5%)

of alive fetuses of ADR group. The

cross section of this hernia con-

tained the cut sections of jejunum

which had thick wall and highly

folded mucosa (Figs. 2a, 2b).

The visceral malformations in

the abdominopelvic region were

inspected and examined by histo-

logical  sections. In ADR group,

there were four cases of fibrous

cords (4/24-16.7%). This fibrous

cord extended from the inner as-

pect of umbilicus to be attached to

the loop of ileum. This cord may

be a remnant of vitellointestinal

duct. In control group, this cord

was absent (Figs. 3a, 3b). The sag-

ittal sections of anorectal region of

control group showed that the lu-

men of the rectum was patent and

its mucosa was folded (Fig. 4a). In

ADR group, two cases of  rectal

atersia were recorded (2/24-

8.3%). In these cases, the lower

part of the rectum was obliterated

with absence of the mucosal folds

(Fig.4b).

The histological examination of

the fetal liver in control group

showed that the hepatocytes were

arranged in cords toward the cen-

tral vein. These cords were separ-

ated from each other by liver sinu-

soids. The hepatocytes had deeply

stained nuclei with visible nucleoli

(Fig. 5a). In ADR group, the fetal

liver showed severe degeneration

of the hepatocytes with wide

spread of the vacuoles. The hepat-

ic cords lost its architecture. The

liver sinusoids and the central

veins contained dark stained

blood cells (Fig. 5b).

The histology of the fetal kidney

in the control group showed differ-

ent levels of glomeruli in the cor-

tex.  The  outer  glomeruli  were
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immature with absence of the uri-

nary space. The inner glomeruli

were mature. Each mature glo-

merulus had a tuft of capillaries

which were covered by visceral

layer of the Bowman‘s capsule.

This visceral layer was separated

from the parietal layer by urinary

space. Most of the tubules were

properly formed with a regular lu-

men, while some tubules were still

obliterated (Fig. 6a, 6b). In ADR

group, the fetal kidney showed se-

vere degeneration of the glomeruli

and tubules. The vacuolations

were observed in the glomerular

tufts and in the tubules. The lu-

mens of the degenerated tubules

contained esinophilic materials.

Few tubules were still intact (7a,

7b).

The fetal testis in the control

group contained intact seminifer-

ous tubules which were arranged

close to each other. The lumen of

the seminiferous tubules were still

obliterated (Fig. 8a). In ADR

group, the fetal testis contained

some degenerated seminiferous

tubules. These degenerated tu-

bules were located in the central

area of the testis in some cases .In

other cases, the degenerated tu-

bules were located in the upper

and lower poles of the testis

(Figs.8b,8c).

Fig. 1a : Fig. 1a : A photograph of rat fetus of adri-
amycin group showing: Abnor-
mal shape of the umbilical cord
(c) having one stem (m) attached
to the umbilicus (u). This stem
divides into right (r) and left(l)
trunks. Each trunk subdivides
into two branches (r1,r2) (l1,l2).
                       (Magnification x5)

Fig.1b  :  Fig.1b : A photomicrograph of the cross
section of one branch of the um-
bilical cord of the previous fetus
showing: The contents of this
branch which are one umbilical
artery(a), one umbilical vein(v),
remnant of vitellointestinal duct
(d) and abnormal thin wall of
small umbilical veins (v1, v2, v3).
Notice the skin (sk) of anterior ab-
dominal wall.        (HX&E.X100)
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Fig.  2a  :  Fig. 2a : Aphotograph of rat fetus of adri-
amycin group showing :congenital
umbilical hernia (H) which is sur-
rounded by  two feet.              
                      (Magnification x5)

Fig. 2b :Fig. 2b : A photomicrograph the cross sec-
tion of the previous fetus showing:
The cut sections of the jejunum(j)
inside the hernial sac (s).The jeju-
num has many mucosal folds (mf)
and thick wall(w). (HX &E. x100).

Fig.3a : Fig.3a : A photograph of a control rat fetus
showing: Normal abdominal or-
gans ;stomach(s), duodenum (d),
pancreas (p),loops of small intes-
tine(i).Notice the anterior abdomi-
nal wall(AW).    (Magnification x5)

Fig. 3b : Fig. 3b : A photograph of rat fetus of adri-
amycin group showing : A fibrous
cord (fc)  extending from the ante-
rior abdominal wall (AW) at the
level of umbilicus to the loop of il-
eum (i) . Notice  the  collapsed
stomach (s) , duodenum(d), loops
of jejunum(j) and pancreas(p). 
                         (Magnification x3)
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Fig.  4a  :  Fig. 4a : A photomicrograph of sagittal
section of control rat fetus show-
ing : The rectum (R) with patent
lumen and folding of its mucosa.
Notice the part of the urethra (u)is
seen anteriorly.       (HX&E.X100) 

Fig.  4b  :  Fig. 4b : A photomicrograph of sagittal
section of the rat fetus of adriamy-
cin group showing :Obliteration(o)
of The lower part of the rectum
(R),while its upper part is patent
(p).Notice the absence of the rectal
mucosal folds .Notice also the sa-
cral vertebrae (v) with interverte-
bral discs (d) in between.         
                             (HX &E. X100)

Fig.  5a  :Fig. 5a : A photomicrograph of control fe-
tal liver showing: The hepatocytes
(h) arranging into cords toward
the central vein(cv)which contains
blood cells . the hepatic cords are
separated from each other by liver
sinusoids (s). Notice the hepatocy-
tes contain large deeply stained
nuclei(n) with prominent nucleoli.
                            (HX &E. X400)

Fig.  5b  :  Fig. 5b : A photomicrograph of the fetal
liver of adriamycin group showing
: Severe degeneration of the hepa-
tocytes (d) with loss of its architec-
ture. Many vacuoles(v) are seen in
the whole section .Notice the liver
sinusoids(s) and the central veins
(cv) contain dark stained blood
cells(arrow).       (HX &E. X400)
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Fig.  6a  :  Fig. 6a : A photomicrograph of transverse
section of control fetal kidney
showing: Different level of the
glomeruli in the cortex . The outer
glomeruli are immature (ig) with
absence of urinary space. The in-
ner glomeruli are mature(mg)with
urinary space (us).The cortex con-
tains the  cut sections of the con-
voluted tubules(cn).The medulla
(M)contains the cut sections of the
collecting tubules(ct).Notice a part
of the  renal pelvis (p) is seen in
the section.           (HX E. X100)

Fig. 6b : Fig. 6b : A higher magnification of the pre-
vious section showing: The mature
glomeruli(mg) has tufts of capillar-
ies (c) which is covered by visceral
layer of Bowman‘s capsule(v).This
visceral layer is separated from
the parietal layer (p) by urinary
space (us). Most of the tubules
(T)are properly formed with a reg-
ular lumen .Some tubules(t) are
still obliterated.       (HX&E. X400)

Fig.  7a  :  Fig. 7a : A photomicrograph of the fetal
kidney of adriamycin group show-
ing : Severe degeneration of the
glomeruli(dg)and the tubules (dt).
Notice the renal capsule(c).     
                              (HX &E. X100)

Fig. 7b : Fig. 7b : A higher magnification of the pre-
vious section showing : Degenera-
tion of the glomeruli(dg). The vac-
uolations(v) in the capillary tufts
are seen. The parietal layer (p) of
the Bowman´s capsule is disrupt-
ed. Most of the convoluted tubules
(dt) are degenerated with accumu-
lation of esinophilic materials
(em)in their lumens. Notice, few
tubules (T) are still intact.       
                             (HX &E. X400)
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Fig. 8a :Fig. 8a : A photomicrograph of the control
fetal testis showing: The seminifer-
ous tubules (st) are intact with
obliteration of their lumens. They
are arranged close to each other.
Notice the head (h) and the tail(t)
of epididymis.

                                          (HX &E. X100)

 

Fig.  8b  :  Fig. 8b : A photomicrograph of the fetal
testis of adriamycin group show-
ing : Degeneration of the central
seminiferous tubules (ds). The pe-
ripheral seminiferous tubules (s)
are intact. Notice the head of the
epididymis (h).    (HX &E. X100).

Fig.  8c  :  Fig. 8c : A photomicrograph of the fetal
testis of adriamycin group show-
ing: Degeneration of the seminifer-
ous tubules(ds)in the upper(u)
and lower(l) poles of the testis,
while the central seminiferous tu-
bules (s) are intact.                 
                           (HX & E. X100)
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DiscussionDiscussion
The embryotoxic effects of dox-

orubicin were investigated by the

present study to confirm the re-

sults of the previous studies. In

the  present study, there was a

significant reduction of the fetal

body  weight  (p<0.002)  in  adri-

amycin group in relation to the

control group. Also, the percent-

age of the fetal death in adriamy-

cin group was 22.6%. These re-

sults are in agreement with the

results of(2,12). Menegola et al. ex-

plained the reduction of the fetal

body weight in adriamycin group

that was due to the reduction of

water and food consumption dur-

ing and after the treatment period.

They also reported that the ad-

ministration of adriamycin  in a

dose of 8mg /kg/day to the preg-

nant rats at the 6th to the 9th day

of gestation produced one hun-

dred percent of the fetal death at

term(2).

In the present study, the um-

bilicus of the fetuses in the adri-

amycin group showed congenital

malformations in the form of fi-

brous cord which extended be-

tween the umbilicus and the loops

of ileum in 4/24 (16.7%), umbili-

cal hernias in 3/24 (12.5%) and

abnormal shape of the umbilical

cord in 1/24 (4.2%). These results

are nearly similar to the results of
(2) who reported that the umbilical

hernia was observed in 13% of ad-

riamycin group at dose level of

4mg /kg/day.

In the present study ,two cases

of rectal atersia (8.3%) were re-

corded in the adriamycin group.

Dawrant et al. reported that the

anorectal malformation occurred

in all of the fetuses of the preg-

nant mices injected with 6mg/kg

of adriamycin on day 7 and 8 of

gestation(13).

 In the present study, the fetal

liver in the adriamycin group

showed severe degeneration of the

hepatocytes with loss of their ar-

rangements. The degenerated hep-

atocytes were replaced by wide

spread of vacuoles. Barranco et al.

reported that the adriamycin in-

terferes with DNA and RNA syn-

thesis and kills the embryonic

cells in S-phase(14). Haerr and

Pratt reported that the adriamycin

is embryotoxic and teratogenic in

rats and embryotoxic and abortifa-

cient in rabbits(15). Gillick et al.
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reported that the adriamycin pro-

duces increasing in the cell death

of the embryo (16).

 

In the present study , the fetal

kidney in the adriamycin group

showed severe degeneration of the

glomeruli and the tubules. The lu-

men of the degenerated tubules

contained esinophilic materials.

Few tubules were still intact.

These results are similar to the re-

sults of(12,13,17,18). Goncalves et

al. reported atrophy of the cortex

and  the  medulla  of  the  fetal

kidney  after  adriamycin  injec-

tion  in  pregnant  rats. This atro-

phy  was  not  accompanied  by

any inflammatory or developmen-

tal changes (12). Pedrycz et al. re-

ported focal damage of the epithe-

lial cells of the tubules with

vacuoles in the cytoplasm. The lu-

mens of some tubules contained

esinophilic materials (17).

In the present study, the fetal

testis of adriamycin group showed

partial degeneration of the semi-

niferous tubules which affect the

central area, upper or lower poles

of the testis. This result is similar

to the result of(19,20) who reported

atrophy of the genital organs after

adriamycin treatment.Also, the

number of the spermatogonia.

were decreased. Speth et al. re-

ported that the adriamycin is me-

tabolized in the microsomes by cy-

tochrome  p-450. As a result of

conversion by cytochrom p-450,

semichinon is generated which is

the free radical responsible for the

cytotoxic activity of adriamycin.

Additionally, adriamycin inhibits

the enzymatic complex that liber-

ates the free radicals that intensi-

fy the cell damage(21). Therefore,

it is likely that the free radicals

are responsible for the changes in

the fetal liver, kidney and testis as

observed in the present study.  
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IntroduIntroductctionion
Free tissue transfer is frequent-

ly incorporated into the recon-

structive  algorithm for a multi-

tude of defects in the head and

neck (1).

Because of the wide variety of

options available for transfer, the

high flap survival rates, and the

improved outcomes associated

with free tissue transfer, this tech-

nique has modified the classically

described “reconstructive ladder”

in which free tissue transfer would

typically be the flap choice for

FREE VASCULARISED ILIAC CREST FLAP FORFREE VASCULARISED ILIAC CREST FLAP FOR
RECONSTRUCTION AFTER SEGMENTAL MAN-RECONSTRUCTION AFTER SEGMENTAL MAN-

DIBULECTOMY, A CASE REPORTDIBULECTOMY, A CASE REPORT

Mohamed T. Hafez MSc*, Adel Denewer MD,Mohamed T. Hafez MSc*, Adel Denewer MD,
Ahmed A. Abdel Razek MD and Mohamed Hegazy MDAhmed A. Abdel Razek MD and Mohamed Hegazy MD

Surgical Oncology Unit, Oncology Centre-Mansoura University, Egypt

              

AbstractAbstract
Introduction:  Introduction: Today, free tissue transfers have become an accepted

tool in head and neck reconstruction and the standard for reconstruc-
tion of many defects within the head and neck.

Aim of the work:Aim of the work: In this study we aimed to present and show feasi-
bility of free vascularized iliac crest flap for reconstruction in a case of
segmental mandibular defect after excision of squamous cell carcinoma.

Case Study:Case Study: A 54 old years male patient with sqamous cell carcino-
ma of gingiva infiltrating the mandible planned for segmental mandibu-
lar resection and reconstruction utilizing microvascular free iliac crest
flap. The flap survival was evidenced by Doppler examination on the site
of microvascular anastmosis. Success of the flap was ensured with pan-
orama X-Ray postoperative.

Conclusion:Conclusion: We’ll continue to offer this technique of free iliac crest
flap for patients with mandibular defects after ablative cancer surgery.
We believe that there is much needs to be done in the future in relation
to the correct flap choice and better functional recovery.

Key Words: Key Words: Free Flap; mandible reconstruction; iliac crest.
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complex defects, which are not

amenable to other reconstructive

options(2).

With the popularization of mi-

crovascular reconstruction tech-

niques, osseous free flaps have be-

come methods of great value in

reconstruction of segmental man-

dibular defects following oncologi-

cal resective surgery(3).

The vascularized iliac crest pro-

vides a great amount of cortico-

cancellous bone, good in terms of

quantity and quality. Also, the

height of the bone, in the iliac

crest flap is higher than the fibu-

lar flap. 

Squamous cell carcinoma is the

most common malignant tumor of

the oral cavity. It accounts for

about 90% of all oral malignan-

cies(4).

10% of all malignant tumors of

the oral cavity occur on the gingi-

va, and that tumors arise more

commonly in edentulous areas, al-

though they may develop at sites

where teeth are present. It is gen-

erally agreed that carcinomas of

the mandibular gingiva are more

common than those of the maxil-

lary gingiva(5).

Case Report :Case Report :

A 54 old years male patient

presented to the surgical oncology

department, Mansoura Oncology

Centre with ulcerating mass on

the right side of mandibular gini-

giva without pain or inflammatory

signs. Local examination showed

ulcerating lesion fixed to the man-

dible with local bulging, figure (1).

Neck examination showed enlarge-

ment of cervical lymph nodes.

Panoramic X-ray was performed

and showed erosion of mandible.

figure (2).

Incisional  biopsy  under  gen-

eral anaethesia was performed

and  concluded  Sqamous  Cell

Carcinoma infiltrating the mandi-

ble.

We planned segmental mandib-

ular resection with excision of the

ulcerating gingival lesion en block

with  one  cm safety margin,

Fgure (3), and modified radical

neck block dissection to be per-

formed on the right side. Prepara-

tion of the recipient neck vesseles

was then performed.
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We planned reconstruction by

vascularized iliac crest free flap

taken from the ipsilateral hip.

The incision is outlined 2cm

superior to the connection of the

pubic tubercule and the ASIS,

starting just lateral to the pulse of

the femoral artery, Figure (4). Skin

and subcutaneous fatty tissue are

incised between the femoral artery

and the ASIS. Keeping dissection

unitl identefication of the vascular

pedice (Deep Circumflex Iliac Ar-

tery and Vena Commitants).

The abdominal muscles are

transected and the pulse of the

DCIA is palpated at the inner sur-

face of the pelvic curvature 1-3 cm

inferior to the inner rim and there-

fore can easily be preserved dur-

ing transection of the muscles.

Muscular detachment is con-

tinued at the ASIS, where the sar-

torius muscle is transected direct-

ly at its origin from the bone.

After measuring the required

length, osteotomy begins distally

at the iliac crest after transection

of the abdominal muscles covering

the bone. The vascular pedicle is

transected and ligated at the dis-

tal osteotomy.

The osteotomized bone segment

is elevated, and residual muscle fi-

bers are transected, Figure (5).

Once the recipient vessels are

ready for anastomosis, the pedicle

is separated, Figure (6). Then the

flap is taken to the recipient site.

At that time 5000 unite heparin

sulphate is injected IV. Trimming

of the adventitia of the vascular

pedicle was then performed. We

started by fixation the flap to the

mandible using 2.4mm mini

plates, Figure (7). Microvascular

anastmosis is then done using 5.5

X magnification (Keeler surgical

loop) and suturing using Prolene

7/0. After completion of vascular

anastmosis, repair of the floor of

mouth and closure of the neck

wound with corrugated suction

drain. 

Wound closure of the donor

site was performed carefully with

the use of mesh reinforcement af-

ter insertion of a deep drain and

accurate hemostasis. Bone wax

was used at the cutting surfaces

of the pelvic bone. The patient is
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immobilized for 3-4 days, and am-

bulation is then begun.

The patient was kept in the ICU

unit at Oncology Centre-

Mansoura University for two days.

Monitoring of the flap was per-

formed using Doppler on the

marked site of anastmosis. Moni-

toring  was  done every 2 hours

for the first 2 days then every 4

hours for the next 3 days. Patient

is put on heparin sulphate infu-

sion 5000 units/12 hours for five

days.

Patient is discharged ten days

postoperative with imaging by dig-

ital panorama X-Ray before dis-

harge, Figure (8).

Figure (1)Figure (1) Preoperative SCC mandibular gingiva, Figure (2) igure (2) Preoperative

Panorama X-Ray showing destruction of the mandible at the

site of the lesion, Figure (3) Figure (3) After segmental mandibulectomy,
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Figure (4)Figure (4)  Iliac  crest  flap  design,  Figure (5)  igure (5)  Iliac  crest  flap  harvest,

Figure (6) Figure (6) After separation of the iliac crest flap, Figure (7) Figure (7) Af-

ter fixation of the iliac crest flap and microvascular anastmo-

sis, Figure  (8)Figure (8) Postoperative panorama X-Ray showing good

bone density.
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DiscussionDiscussion
Microsurgical free flaps are to-

day considered state of the art in

head and neck reconstruction af-

ter composite tumor resections.

Free flaps provide superior func-

tional and aesthetic restoration

with less donorsite morbidity (6).

We presented this case of free

iliac crest flap reconstruction of

mandibular defect after oncologi-

cal resection, to show that it’s a

feasible and reliable technique in

reconstruction with very good out-

come.

The vascularized iliac crest pro-

vides a great amount of cortico-

cancellous bone, good in terms of

quantity and quality. Also, the

height of the bone, in the iliac

crest flap is higher than the fibu-

lar flap (7).

Other types of free osseous

flaps for mandibular defects exist,

of which fibular flap are very com-

mon. A study comparing the two

most frequently used osseous do-

nor sites (the fibula and the iliac

crest) suggests that there is little

difference between the two(8).

One of the most common com-

plications of iliac crest free flap is

postoperative hernia. Careful clo-

sure of the muscular layers cou-

pled with mesh reinforcement is

commonplace, and a variety of

techniques have been described to

minimize the risk of postoperative

hernia(9).

In our presented case we have

used mesh reinforcement for do-

nor site closure, which resulted in

a good wound healing and without

postoperative hernia.

ConclusionConclusion
We conclude that iliac crest

free tissue transfer is a feasible

technique for head and neck re-

construction in a tertiary referral

and teaching center (Oncology

Centre - Mansoura University).

We’ll continue to offer this tech-

nique for patients with mandibu-

lar defects after ablative cancer

surgery. Enhanced attention to

patient selection, preparation of

patients for surgery, fluid balance,

and coordination between experi-

enced members of the team

should increase effectiveness and

safety even further. 
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We believe that there is much

needs to be done in the future in

relation to the correct flap choice

and better functional recovery.

ReferencesReferences
1.1. Andrade W. N., Lipa J. E.,Andrade W. N., Lipa J. E.,

Novak C. B., Grover H., Bang C.,Novak C. B., Grover H., Bang C.,

Gilbert  R.  W.,  et  al.,  (2008)  :Gilbert R. W., et al., (2008) :

Comparison of reconstructive pro-

cedures in primary versus secon-

dary mandibular reconstruction.

Head Neck. Mar;30(3):341-5.

2.2. Ang  E.  S.  and  Tan  K.  C.Ang E. S. and Tan K. C.

(2002)  :  (2002) : Free flap reconstruction

in head and neck oncology. Asian

J Surg. Jan;25(1):49-53.

3.3. Bozec  A.,  Poissonnet  G.,Bozec A., Poissonnet G.,

Chamorey  E.,  Casanova C.,  Val-Chamorey E., Casanova C., Val-

licioni  J.,  Demard  F.,  et  al.,licioni J., Demard F., et al.,

(2008)  :(2008) : Free-flap head and neck

reconstruction and quality of life:

a 2-year prospective study. Laryn-

goscope. May;118(5):874-80.

4.4. Baj A., Ferrari S., BianchiBaj A., Ferrari S., Bianchi

B,  Lagana  F.,  Bellocchio  G.  andB, Lagana F., Bellocchio G. and

Sesenna  E.  (2003)  :Sesenna E. (2003) : Iliac crest

free flap in oromandibular recon-

struction. 13 cases study. Acta

Otorhinolaryngol Ital.  Apr;23

(2):102-10.

5.5. Anand S. V., Davey W. W.Anand S. V., Davey W. W.

and  Cohen  B.  (1967)  :  and Cohen B. (1967) : Tumours

of the jaw in West Africa. A review

of 256 patients. Br J Surg.  Nov;

54(11):901-17.

6.6. Cordeiro  P.  G.  (2008)  :Cordeiro P. G. (2008) :

Frontiers in free flap reconstruc-

tion  in  the  head  and  neck. J

Surg  Oncol.  Jun 15; 97 (8):669-

73.

7.7. Feledy  J.  A.,  Jr.,  HollierFeledy J. A., Jr., Hollier

L. H., Jr., Klebuc M., Bagibamu-L. H., Jr., Klebuc M., Bagibamu-

ra  E.,  Sharma  S.  and  Johnsonra E., Sharma S. and Johnson

J. (2003) :J. (2003) : Iliac crest osteocutane-

ous flap reconstruction for amelo-

blastoma of the mandible in a pa-

tient with bilateral peronea artery

magna: case report. J Craniofac

Surg.  Sep; 14(5):809-14.

8.8. Aydin  A.,  Emekli  U.,  ErerAydin A., Emekli U., Erer

M.  and  Hafiz  G.  (2004)  :  M. and Hafiz G. (2004) : Fibula

free flap for mandible reconstruc-

tion. Kulak Burun Bogaz Ihtis

Derg.;13(3-4):62-6.

9.9. Bianchi  B.,  Ferri  A.,  Fer-Bianchi B., Ferri A., Fer-

rari  S.,  Copelli  C.,  Boni  P.  andrari S., Copelli C., Boni P. and

Sesenna  E.  (2010)  :Sesenna E. (2010) : Iliac crest

free flap for maxillary reconstruc-

tion. J Oral Maxillofac Surg. Nov;

68(11):2706-13.



198198

Mohamed T. Hafez, et al...

FREE VASCULARISED ILIAC CRESTFREE VASCULARISED ILIAC CREST
FLAP FOR RECONSTRUCTION AFTERFLAP FOR RECONSTRUCTION AFTER

SEGMENTAL MANDIBULECTOMY,SEGMENTAL MANDIBULECTOMY,
A CASE REPORTA CASE REPORT

Mohamed T. Hafez MSc, Adel Denewer MD,Mohamed T. Hafez MSc, Adel Denewer MD,
Ahmed Abdel Khalek MD and Mohamed Hegazy MDAhmed Abdel Khalek MD and Mohamed Hegazy MD

BENHA
MEDICAL
JOURNAL

REPRINT

Published byPublished by

Benha Faculty of MedicineBenha Faculty of Medicine Volume 28  Number 1
Jan.  2011



199199

Benha M. J.

Vol. 28  No 1  Jan.  2011

SURGERY ALONE VERSUS PERIOPERATIVESURGERY ALONE VERSUS PERIOPERATIVE
CHEMOTHERAPY  FOR  LOCALLYCHEMOTHERAPY  FOR  LOCALLY

ADVANCED GASTRIC CANCERADVANCED GASTRIC CANCER

Hanem A. Sakr MD, Niveen A.  Abo-Touk MDHanem A. Sakr MD, Niveen A.  Abo-Touk MD
and Ehab Abd El Lattef MD*  and Ehab Abd El Lattef MD*  

Clinical Oncology & Nuclear Medicine Department and Surgical Gastroentrology Center*,

Faculty of Medicine, Mansoura University, Egypt.

              

AbstractAbstract
Purpose:Purpose: to determine whether chemotherapy before and after radi-

cal surgery improves the outcomes of locally advanced gastric cancer
compared with surgery alone.

Patients  and  Methods:  Patients and Methods: seventy two patients with locally advanced
gastric adenocarcinoma were randomly assigned to either perioperative
chemotherapy and gastrectomy (Group I) or to upfront gastrectomy
(Group II). Group I included 36 patients received 3 cycles of pre-
operative chemotherapy protocol. Each 4-week cycle consisted of cispla-
tin (100 mg/m2) was given intravenously on day 1 over a period of 2
hours with adequate hydration, and fluorouracil (800 mg/m2) daily for
5days by continuous intravenous infusion.

Results:Results: Curative resection (R0) was documented in (87.5%) of pa-
tients in the group I, while in the group II curative resection was done
in (58.3%), the difference was statistically significant (p=0.013). With a
median follow up of 20 months progression free survival was signifi-
cantly higher in the group I than in the group II. Two- year progression
free survival rates were 44% and 23% in group I and in group II, respec-
tively. The overall survival in the group I was significantly higher than
in the group II. Two - year survival rates were 48% and 27% in the
group I and in the group II, respectively. The chemotherapy was gener-
ally well tolerated and all observed toxicities were manageable.

Conclusion:  Conclusion: Chemotherapy before and after radical surgery is pre-
ferred compared with surgery alone in treatment of locally advanced
gastric cancer as regard response, survival and tolerance.

Key Words: Key Words: gastric cancer, preoperative chemotherapy, gastrectomy.
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IntroduIntroductctionion
Gastric cancer remains a major

health issue and a leading cause

of death worldwide. More new cas-

es of gastric cancer are diagnosed

in China each year than in any

other country, an estimated

21,130 new cases of gastric can-

cer and10,620 new deaths oc-

curred in United States in 2009(1).

Surgery is the only curative

treatment modality for gastric

cancer and the overall survival

rate of early-stage gastric cancer

patients is up to 90%(2). Complete

surgical resection with radical

lymphadenectomy provides infor-

mation for accurate staging, which

is very important in prognosis pre-

diction and further therapy deci-

sions(3). However, as the majority

of gastric cancer patients are at

the advanced stage at the time of

diagnosis, the prognosis of locally

advanced tumor is poorer, due to

a high unresectability rate at pres-

entation, and a much higher re-

lapse rate after radical surgery,

thus demanding further studies

regarding adjuvant and neoadju-

vant treatment(4).

Chemotherapy delivery may be

more efficient if given prior to sur-

gical disruption of vasculature, tu-

mor down-staging may substan-

tially facilitate surgical resection,

and preoperative chemotherapy

can be used to evaluate tumor

chemosensitivity to cytotoxic med-

ications(5). Furthermore, gastric

cancer patients may tolerate pre-

operative cytotoxic treatment bet-

ter than postoperative treatment,

as performance status is usually

negatively impacted by surgery(6).

However, lack of response to neo-

adjuvant chemotherapy may delay

curative surgery and chemothera-

py-induced toxicity may increase

surgical complications(7).

Cisplatin-5-FU (CF) based regi-

men have been proposed as refer-

ence regimen in advanced gastric

cancer for clinical use because

they have been widely investigated

in clinical studies and have dem-

onstrated favorable survival out-

comes(8).

The present study was designed

to determine whether chemothera-

py before and after radical surgery

improves the outcomes of locally

advanced gastric cancer compared

with surgery alone. 
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Patients and MethodsPatients and Methods
From January 2006 to Decem-

ber 2009, 72 patients with locally

advanced gastric or gastroesopha-

geal junction adenocarcinoma pre-

sented to Clinical Oncology and

Nuclear Medicine Department,

Surgical Gastroenterology Center

and Oncology Center, Mansoura

University Hospital.

Inclusion criteria: Inclusion criteria: 

Patients were eligible for the

study if they had pathologically

confirmed locally advanced gastric

or gastroesophageal junction

adenocarcinoma with no evidence

of distant metastases, and with an

Eastern Co-operative Oncology

Group (ECOG) performance status

of 0 to 1. Adequate hematologic,

renal and hepatic functions were

required.  All patients were fit for

surgery and gave informed con-

sent.

Pretreatment assessment:Pretreatment assessment:

History taking and physical ex-

amination were performed at

baseline. Echocardiography, com-

plete blood count, liver and kidney

function tests and tumor markers

(CEA and CA 19-90) were done.

The lesions were evaluated as re-

gard its site and extensions by

upper esophago-gastric endosco-

py, endoscopic ultrasound and

multiple biopsies were taken for

histopathological examination.

Staging procedures included com-

puted tomography of the chest,

abdomen and pelvis. Bone survey

or scan (if indicated) were per-

formed to exclude bone metasta-

ses. 

Patients were randomly as-

signed to either preoperative

chemotherapy followed by surgical

resection and postoperative chem-

otherapy (Group I) or to upfront

surgery only (Group II).  Group I

included 36 patients received 3

cycles  of  pre-operative chemo-

therapy  protocol.  Each 4-week

cycle consisted of cisplatin (100

mg/m2) was given intravenously

on day 1 over a period of 2 hours

with  adequate  hydration, manni-

tol  diuresis  and  anti-emetic cov-

erage,  and  fluorouracil (800 mg/

m2) daily  for  5 days by continu-

ous intravenous infusion. Ran-

domization was done using the

block randomization method. Se-

verity of adverse effects, defined

according to the National Cancer

Institute Common Toxicity Criteria
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(version 3), were assessed after

each cycle. 

Three  weeks  after  the third

cycle, response to treatment was

assessed using CT scan for abdo-

men and chest (if gastroesopha-

geal junction involved). Criteria

from the Response Evaluation Cri-

teria in Solid Tumor (RECIST)

were used, depending on one-

dimensional measurements(9). 

Surgery was scheduled to take

place after randomization for

group II (36 patients) and to 32

patients out of 36 patients in

group I (2 patients had progres-

sive disease and 2 patients re-

fused surgery in spite of no pro-

gression, they continued on

chemotherapy). The surgery was

done within three to six weeks af-

ter completion of the 3 cycles of

preoperative chemotherapy. 

The extent of resection was de-

termined by the surgeon accord-

ing to extent of the disease in each

patient. In radical total gastrecto-

my, the whole stomach was re-

moved, along with the greater and

lesser omenta and any other or-

gans involved by extension of the

primary growth. It was done in 28

patients, while subtotal gastrecto-

my was done in 30 patients. The

procedure for a radical subtotal

distal gastrectomy was the same,

but a small, variable gastric rem-

nant was left intact. In both proce-

dures, the resection lines had to

be at least 3 cm from the edge of

the macroscopic tumor. For proxi-

mal tumors and tumors of the

gastroesophageal junction (GEJ),

proximal gastrectomy was done in

10 patients with frozen-section-

guided resection of the distal

esophagus. 

The surgeon decided the extent

of the lymph node dissection. In

D1 lymphadenectomy (lymph

nodes along the lesser and greater

curvatures were included). While

in D2 type the omental bursa

along the frontal leaf of the trans-

verse mesocolon is removed and

corresponding arteries are cleared

completely (dissection extended to

celiac group). Surgeons stated

whether the procedure was likely

to be curative or not. All resected

specimens were pathologically ex-

amined. The R classification takes

into account  the  pathological

findings. A reliable classification
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requires the pathological examina-

tion of resection margins. Reports

on gastric resection specimens

should include, as a minimum,

type of tumor, depth of invasion,

involvement of the resection mar-

gins, nodal disease (including

number of involved lymph nodes),

and metastatic spread.

The R classification denotes ab-

sence or presence of residual tu-

mor after treatment. Residual tu-

mor may be localized in the area

of the primary tumor and/or as

distant metastases. R0 corre-

sponds to resection for cure, there

is no macroscopic and microscop-

ic residual tumor cells detected at

safety margin or tumor bed. R1

corresponds to microscopic resid-

ual tumor, while R2 indicates

macroscopic residual tumor(10). 

The patients were staged ac-

cording to a standard protocol

that used the tumor- node- metas-

tasis (TNM) classification system

for staging of gastric carcinoma. If

the primary tumor invades lamina

propria or submucosa, it consid-

ers T1. If the tumor invades mus-

cularis propria or subserosa, it

considers T2a; while in T2b the

tumor invades subserosa. The tu-

mor penetrates serosa without in-

vasion of adjacent structures in

T3; if they are infiltrated it denotes

T4. As regard N1, the metastses

were found in one to six regional

lymph nodes. If the number of

positive  lymph  nodes were from

7 to 15, it considered N2. N3 rep-

resents more than 15 positive

lymph nodes in the examined

specimen. M1 denotes distant me-

tastases(11). 

Three to six weeks after surgi-

cal resection, the responder pa-

tients in group I (32 patients out

of 36 patients) received the same

preoperative chemotherapy proto-

col to complete a total of six cy-

cles. After the end of therapy, all

patients were subjected to follow

up schedule including: all investi-

gation done for pretreatment eval-

uation (monthly for one year and

every 3 months thereafter, CT

scan and upper esophagogastric

endoscopy every six months, and

diet regimen for patients suffering

from postgastrectomy feeding

complications.   

The main end points were re-

sponse rate to preoperative chem-
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otherapy and rate of curative re-

sections. The progression free sur-

vival, defined as the time from

randomization to the date of first

events (local recurrence or pro-

gression, distant metastases,

death or lost follow up) and overall

survival, defined as the time from

randomization to death (including

deaths with or without recurrence)

or lost follow up for those who

were still alive. 

Statistical analysisStatistical analysis

Data was analyzed using SPSS

(statistical package for social sci-

ence. Version 15). The qualitative

data were presented in the form of

number and percentage, Chi-

square or Fisher's exact test was

used for comparison between

groups, as appropriate. Quantita-

tive data were presented as mean

± standard deviation (SD). Kaplan-

Meier survival analysis with log-

rank test was used for comparison

of overall survival and progression

free survival, in months between

treatment groups.

ResultsResults
From January 2006 to Decem-

ber  2009,  72  eligible  patients

with locally advanced gastric car-

cinoma were enrolled into this

study. Thirty six patients were

randomly assigned to receive pre-

operative chemotherapy, surgery

followed by  adjuvant  chemother-

apy (group I) and 36 patients as-

signed to upfront surgical resec-

tion (group II). The baseline

characteristics were listed in Table

1, and there was cross matching

between the two groups. 

All patients received the preop-

erative chemotherapy as planned.

Response to chemotherapy was

assessed for all patients in group I

after receiving preoperative chem-

otherapy, 20 patients (55.6%) had

partial response, 14 patients

(38.9%) had stationary disease

and 2 patients had progression of

the disease. No patient reached

clinical complete response. 

As shown in table (2), 32 pa-

tients in group I referred to sur-

gery within 3-4 weeks from the

third cycle of preoperative chemo-

therapy. Six patients had proximal

gastrectomy, 10 patients had sub-

total gastrectomy, and 16 patients

had total gastrectomy. Regarding

lymph node dissection, 14 pa-

tients had D1 and 18 patients had
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D2 lymphadenectomy. In group II,

four patients underwent proximal

esophagogastrectomy; 20 patients

underwent subtotal gastrectomy

and 12 patients underwent total

gastrectomy. Lymph node dissec-

tion (D1) was done for 25 patients

and 11 patients had D2.

Curative resection (R0) was

documented in 28 out of 32 pa-

tients in group I (87.5%), while in

group II curative resection was

done in 21 out of 36 patients who

underwent resection (58.3%), the

difference was statistically signifi-

cant (p=0.013). In group I, 3 pa-

tients (9.4%) had positive micro-

scopic residual (R1 resection) in

spite of negative frozen section of

the margins and the reported cu-

rative resection by the surgeon

and only one patient left with

macroscopic disease; while in

group II, positive microscopic re-

sidual found in 11 patients

(30.6%) and 4 patients (11.1%) left

with macroscopic disease. 

The pathological results report-

ed that the depth of tumor inva-

sion (pT) was in group I less than

the depth tumor invasion in group

II (p=0.014). In group I, 3 patients

(9.4%) had no evidence of tumor

invasion (pT0) and 4 patients

(12.5%) had pT1 and 20 patients

(62.5%) had pT2; while in group II,

2 patients (5.6%) had pT1 and 15

patients (41.7%) had pT2.  Also,

regarding lymph node involve-

ment, there was a trend to less

nodal infiltration in preoperative

chemotherapy group than in sur-

gery group (p=0.039). The surgical

cut margin was negative in 29 pa-

tients (90.6%) in group I and 24

patients (66.7%) in group II.

The mean maximum diameter

of the resected tumor was smaller

in the preoperative chemotherapy

group than in upfront surgery

group (6.0 ± 2.69 cm versus 7.8±

2.58 cm; p=0.007); this finding is

consistent with tumor shrinkage

by preoperative chemotherapy (ta-

ble 2).  

Postoperative hospital stay was

equal in both groups (ranged from

6 to 10 days). One patient in

group I had postoperative anasto-

mosic leakage. Preoperative chem-

otherapy effects as wound infec-

tion and delayed wound healing

occurred in 3 patients while infec-

tion occurred in one patient in
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group II. One patient in both

groups developed dumping syn-

drome. One patient developed bil-

iary reflux in group I, persistent

vomiting was observed in 2 pa-

tients in group I. In group I one

patient died from electrolyte im-

balance and adhesive intestinal

obstruction was documented in

one patient (table 3).

As  regard  preoperative  chem-

otherapy  toxicities,  grade  1  and

2 nausea  and  vomiting  were ob-

served  in  72.2%  of   patients,

followed   by   grade   1  and  2

mucositis  (33.3%) and diarrhea

(22.2%). As regard hematological

toxicity, grade  1  and  2  anemia

occurred in 44.4% of treated pa-

tients and grade 1 thrombocytope-

nia occurred in two patients only

(5.6%). The treatment was gener-

ally  well tolerated and all ob-

served toxicities were manageable.

Grade 3 or 4 neutropenia oc-

curred in one patient. Regarding

impaired serum creatinine, 3 pa-

tients had grade 1 & 2 impaired

levels (table 4). 

Although treatment was well

tolerated in preoperative settings,

some patients experienced adverse

effect of postoperative chemother-

apy; details of toxicity of postoper-

ative chemotherapy are shown in

table (4). Grade 1 & 2 anemia

were reported in 20 patients

(66.7%), while thrombocytopenia

was reported in 4 patients (grade

1 & 2 in 2 patients and grade 3 &

4 in another 2 patients. Grade

1&2 nausea and vomiting were re-

ported in 20 patients (66.7%);

grade 3 vomiting was reported in 2

patients (6.7%). Ten patients

(33.3%) had both grade 1 & 2 mu-

cositis and diarrhea. Regarding

impaired serum creatinine, 3 pa-

tients had grade 1 & 2 impaired

levels

During the followed up period

with a median of 20 months

ranged  from  2  to  55 months,

disease  recurrence was docu-

mented in 14 patients in group I

versus 22 patients in group II.

Progression free survival was sig-

nificantly higher in group I than in

group II (hazard ratio for progres-

sion, 0.40; 95% confidence Inter-

val, 0.14-1.11; p=0.004). Two-

year progression free survival

rates were 44% and 23% in group

I and in group II, respectively (fig-

ure 1).
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The overall survival in group I

was significantly higher than in

group II (hazard ratio for death,

0.48; 95% confidence Interval,

0.18-1.28; p=0.041). Two - year

survival rates were 48% and 27%

in group I and in group II, respec-

tively (figure 2).
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Figure (2) :Figure (2) :  Overall survival in both groups.

Figure (1) :Figure (1) :  Progression free survival in both groups.
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DiscussionDiscussion
In spite of a declining incidence

in the Western world, gastric can-

cer is still the second leading

cause for cancer mortality world

wide(12). While localized disease,

limited to the submucosa, can be

best treated surgically, with a

long-term survival of 70%-95%,

the prognosis of locally advanced

tumor is poorer, due to a high un-

resectability rate at presentation,

and a much higher relapse rate af-

ter radical surgery(13). To date,

most therapeutic efforts are di-

rected toward an individualization

of therapeutic protocols, tailoring

the extent of surgery and integrat-

ing it with the administration of

preoperative and/or postoperative

treatment(14).

 Persiani et al reported that R0

resection is the most important

prognostic factor for resectable lo-

cally advanced gastric cancer,

they encouraged to consider neo-

adjuvant chemotherapy a promis-

ing modality for increasing the R0

percentage of gastric carcinoma

patients who could benefit from a

curative surgery. The main goals

of neoadjuvant chemotherapy are

to improve the likelihood of

achieving a complete surgical re-

section, and to destroy tumor de-

posits outside the surgical field

that could otherwise result in tu-

mor recurrence or distant metas-

tases(15).  

The present study was de-

signed to determine the effect of

chemotherapy before and after

radical surgery in locally advanced

gastric cancer. In our study, the

rate of curative resection was

87.5% in preoperative chemother-

apy group versus 58.3 % in up-

front surgery group; which was

comparable to results reported by

Boige et al.(16) who reported high-

er rate of curative resection (87%).

Also, it was in agreement with

D'Ugo et al.(17); in their phase II

study of perioperative chemother-

apy using different protocols (EEP

or ECF). In the European MAGIC

Trial, the rate of R0 resections was

79% after 3 cycles of ECF(18).

However, the Dutch Gastric Can-

cer Group reported a disappoint-

ing result after 4 cycles of FAMTX,

as the curative resection was 56%

only(19). 

In our study, the mean maxi-

mum diameter of the resected tu-
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mor was smaller in the preopera-

tive chemotherapy group than in

upfront surgery group (6.0 ± 2.69

cm versus 7.8± 2.58 cm; p=0.007);

this finding is consistent with tu-

mor shrinkage by preoperative

chemotherapy that matched with

the finding of MAGIC trial(18). In

contrast, Hartgrink et al.(19) pre-

sented the final results of the first

randomized controlled trial of ex-

clusively preoperative chemothera-

py for gastric cancer. The regimen

used was FAMTX (fluorouracil,

doxorubicin, and methotrexate),

which was, at that time, the gold

standard of treatment for adeno-

carcinoma of the stomach. The in-

vestigators reported a high rate of

tumor progression during treat-

ment (36%). 

In Egypt gastric cancer usually

presents late in advanced stage,

the estimated 2 year overall survi-

val rate after radical gastrectomy

and systematic lymph node dis-

section was 43.6%(20). In the

present study, perioperative chem-

otherapy in locally advanced and

potentially operable gastric carci-

noma demonstrated a survival

benefit as compared with upfront

surgery group. Two - year overall

survival rates were 48% and 27%

in group I and in group II, respec-

tively and progression free survi-

val in group I and in group II were

44% and 23%, respectively. Simi-

lar results were confirmed by both

Boige et al.(16) and Cunningham

et al.,(18). 

Postoperative adjuvant chemo-

therapy was associated with re-

duced risk of death in gastric can-

cer compared with surgery alone,

and is recommended for patients

who have not received periopera-

tive treatments after complete re-

section of their gastric cancer (21).

Although, postoperative chemo-

therapy in upfront surgery group

did not add a survival benefit to

surgery that was consistent with

the results of meta-analysis by

Hermans et al who analyzed 11

randomized trials, with a total of

over 2,000 patients, that com-

pared postoperative chemotherapy

to surgery alone. Most of these

trials used older 5-FU-based regi-

mens, including FAM (5-FU/

doxorubicin/mitomycin [Mutamy-

cin]), 5-FU/mitomycin, and 5-FU/

semustine (methyl-CCNU) (22). 

A Swedish meta-analysis found
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a small overall survival benefit for

adjuvant chemotherapy; however,

when the authors analyzed West-

ern and Asian trials separately, no

survival benefit was found in the

subgroup of Western patients,

whereas the benefit seen in treat-

ed Asian patients remained signifi-

cant (23).

A North American Intergroup

randomized trial demonstrated

that five cycles of post-operative

chemotherapy with 5-FU/

leucovorin (LV) before, during and

after radiotherapy (45 Gy in 25

fractions over 5 weeks) resulted in

an  15% improvement in 5-year

overall survival (24). 

Although postoperative chemo-

radiotherapy is considered to be

standard therapy in the USA, it

has not gained wide acceptance in

Europe because of concerns about

toxicity with abdominal chemora-

diation and the type of surgery

used. Distant relapse was the

most common pattern of recur-

rence in the adjuvant group (33%

vs 18%), whereas local recurrence

was more common in the surgery-

only group (29% vs 19%). In that

trial, < 10% of patients underwent

formal D2 dissection, whereas

54% underwent D0 dissection. A

common interpretation of that re-

sult is that adjuvant therapy may

be useful in high-risk patients

treated with inadequate lymph

node dissection, because, through

radiotherapy, it can eliminate re-

sidual lymph node metastasis,

which would have been removed

by D2 resection (14).

As regard tolerability, in accor-

dance with the MAGIC trial(18)

and Boige et al(16), our study

found that postoperative chemo-

therapy is tolerated worse than

preoperative therapy without in-

crease in postoperative mortality

and morbidity, Moreover, sympto-

matic improvement induced by

preoperative chemotherapy before

major surgery like gastrectomy en-

couraged these patients to com-

plete postoperative chemotherapy

as planned. 

ConclusionConclusion
Chemotherapy before and after

radical surgery is preferred com-

pared with surgery alone in treat-

ment of locally advanced gastric

cancer as regard response, survi-

val and tolerance.
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AbstractAbstract
Aim of Work:Aim of Work: the aim of the present study is to elucidate the effect of

age on pain response to paw pressure and formalin injection, and to in-
vestigate how age affects the role of nitric oxide (NO) in these nocicep-
tive responses.

Methods:Methods: pain response evoked by  mechanical pressure on hind
paw and intraplanter injection of formalin (5%) into the hind paw was
evaluated in 2 groups of adult male Sprague Dawley rats; 2 months old
(young) and 24 months old (aged). Pain responses were evaluated after
intraperitoneal (ip) injection of L-arginine (200 mg/kg), L-NAME (50
mg/kg) and after intracerebroventricular (icv) injection of L-arginine
(1µg/rat) or L-NAME (1µg/rat). NADPH-diaphorase staining was done to
compare neuronal activity of nitric oxide synthase in hippocampal CA1
region and at lumbar segments of spinal cord in both age groups.

Results:Results: pain response was significantly reduced in the aged rats;
greater mechanical pressure (pressure test) and shorter duration of lick-
ing (formalin test). L-arginine (i.p) had no effect on pain response in-
duced by formalin in both age groups but enhanced pain response to
paw pressure in aged rats only. L-arginine (i.c.v) had no effect on pain
response evoked by paw pressure in both groups but enhanced biphas-
ic pain response to formalin. L-NAME (i.p & i.c.v) suppressed pain re-
sponse to paw pressure in both age groups. L-NAME (i.c.v) suppressed
pain response to formalin during the acute phase only, but enhanced it
during the late phase in both age groups. NADPH-d activity was signif-
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IntroduIntroductctionion
Pain is defined as an unpleas-

ant  sensory  and emotional expe-

rience associated with actual or

potential tissue damage1. Nocicep-

tive sensitization (hyperalgesia)

that results from a persistent

nerve or tissue damage is per-

ceived as a decreased threshold to

noxious stimuli with the value of

protecting the injured site and

avoiding further damage2. It is

unclear whether age influences

the sensory processes involved in

pain perception as it does in most

sensory systems3. Thus, some

studies in rat have indicated that

reactivity to pain decreased in 25

month old rats compared to 3

month old either in response to

thermal and mechanical stimuli4

or to thermal and electrical stimu-

li5. By contrast, Islam et al.6 re-

ported an enhanced nociception in

12, 18 and 24 month old rats

compared to 6 month old rats;

while Crisp et al.7 have shown

that pain reactivity is enhanced in

25 month old rats when compared

to 15 month old rats but not to 6

month old rats. Meanwhile, Goi-

coechea et al.8, using the tail-

shock test, found no difference in

nociception between 25 and 10

month old rats. 

The mechanism of nociceptive

sensitization is widely studied and

it has been attributed to peripher-

al and central pathways. Peripher-

al sensitization is shown to be me-

diated by inflammatory mediators

such as prostaglandin E29, brady-

kinin,  nerve  growth  factor, and

cantly greater in hippocampal CA1 and in the dorsal horns of spinal
lumbar regions in young rats than in aged rats.

Conclusions: Conclusions: the current results indicate that pain response evoked
by paw pressure and formalin is blunted in the old rats. Peripheral
loading with L-arginine improves nociception evoked by pressure in the
old rats only, while central L-arginine enhances formalin-evoked pain
response in both age groups. Peripheral inhibition of NO with L-NAME
has an antinociceptive effect on pain response evoked by pressure and
formalin. However, central inhibition of NO with L-NAME has pronoci-
ceptive effect on response during the late phase of formalin, suggesting
a dual role of centrally synthesized NO in pain response evoked by for-
malin.
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nitric oxide (NO) in the injured

site10. These mediators increase

the sensitivity and excitability of

primary afferent of nociceptors.

On the other hand, there is still

much debate about the mediators

involved in central sensitization

but there is accumulating evi-

dence of the important role of

NO11,12. NO is synthesized from

L-arginine, in presence of different

cofactors, by nitric oxide synthas-

es (NOS) enzymes13. Of the three

identified NOS isoenzymes, the

neuronal NOS (nNOS) has been

associated with nitrergic signalling

in the brain. However, many evi-

dences have shown that endothe-

lial NOS (eNOS) also contributes

to the physiological actions of NO

in the brain14. As indicated above,

there is accumulating evidence

that NO has a role in nociception.

However, there is still controversy

whether NO has a pronociceptive

or antinociceptive roles. Thus,

some studies have shown that

treatment with inhibitors of NOS

enzyme inhibited hyperalgesia in

the rat in response to either ther-

mal or mechanical noxious stimuli

suggesting a role of NO in nocicep-

tion15. Further, intracutaneous or

intravenous injection of NO solu-

tion has been found to evoke pain

in humans indicating a role of NO

in peripheral nociception16. By

contrast, other studies have dem-

onstrated that stimulation of the

arginine-NO-cGMP pathway exerts

antinociceptive effect17,18. Fur-

ther, some studies have demon-

strated that the antinociceptive

properties of some drugs are me-

diated through NO as pretreat-

ment with NOS-inhibitors has

been shown to  interfere with the

effects of these drugs, including

clonidine19,  morphine20, D-Pen

2, D-Pen 5-enkephalin21, sildena-

fil22, and muscarinic agonists in

the  rostral ventral medulla of

rats23. 

Thus, the main aim of the

present study is to further eluci-

date the effect of age on pain sen-

sitivity in rats in response to

chemical and mechanical stimuli,

and also to investigate how age af-

fects the role of NO, either periph-

eral or central, in these nocicep-

tive responses.

Materials and MethodsMaterials and Methods
Experimental animals :Experimental animals :

Sprague-Dawley male rats were

kept in the animal care facility at
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Physiology Department, Mansoura

Faculty  of  Medicine  under  a 12-

h light/dark  cycle  and had free

access to food and water. All ex-

perimental protocols were ap-

proved by Mansoura Faculty of

Medicine Animal Care and Use

Committee. 

Experimental design :Experimental design :

Rats were divided into 2 mainRats were divided into 2 main

groups:groups: young adult rats (2

month old, number = 12, weight =

180-200 gm) & old rats (24 month

old, number = 12, weight = 350-

380 gm). The two groups were

subjected to pain sensitivity test

in response to chemical and me-

chanical stimuli to compare the

effect of age on nociception. Then,

to further evaluate the role of NO

in nociception in the old rats, the

NOS inhibitor, L-NAME and L-

arginine (NO precursor) were in-

jected intraperitoneal (i.p) and in-

tracerebroventricular (i.c.v). Ac-

cording to the method of

administration of the agent rats

were further divided into 2 sub-

groups: 

1.1. L-NAME pretreated group,L-NAME pretreated group,

which is  further  subdivided intowhich is further subdivided into

2 subgroups:2 subgroups: a (received L-NAME

intraperitoneal 50mg/Kg 30 min

before test24 &  b (received L-

NAME intracerebroventricular at a

dose of 1.0 ug, 15 min before test-

ing25.

2.2. L-arginine  pretreatedL-arginine pretreated

group,  which  is  further  subdi-group, which is further subdi-

vided  into  2  subgroups:  vided into 2 subgroups: a (re-

ceived L-arginine intraperitoneal

200 mg/Kg 45 min before test24 &

b (received L-arginine intracereb-

roventricular at a dose of 1.0 ug,

15 min before testing25.

Surgical  procedure  of  stereo-Surgical procedure of stereo-

taxis :taxis :

A mixture of diazepam 5mg/Kg

and ketamine HCL (75mg/Kg) was

used to anesthetize the experi-

mental animals. Then, the rat was

fixed into stereotaxis table (Stoelt-

ing stereotaxic unit, model 51600,

USA) and a short incision was

made along the midline of the

scalp using a scalpel, and the skin

was pulled back to expose the cal-

varium. A small hole was made on

the calvarium, at stereotaxic coor-

dinates: 0.95mm posterior to breg-

ma, 1.4mm lateral to the midline.

Then, a stainless steel needle of

outer diameter 0.5mm was fixed

at this point, by dental cement to

a depth 3.2mm below the surface
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of the brain26. Rats were allowed

to recover their activities for 10

days in separate cages before pain

threshold testing. 

Central  microinjection  proce-Central microinjection proce-

dure:dure:

Intracerebroventricular injec-

tion (i.c.v.) was made using the

microinjection technique of Haley

and McCormick27, using a 10-µl

microsyringe (Hamilton, Reno,

NV). A volume of 5 µl (containing 1

ug) of drug solution was delivered

directly into the lateral cerebral

ventricle over 30 s. 

Pain threshold testing :Pain threshold testing :

Mechanical  Stimulus:  Mechanical Stimulus: (Paw

withdrawal threshold (PWT) 

  The paw pressure test consist-

ed of gently holding the body of

the rat while the hind paw was ex-

posed to increasing mechanical

pressure. The analgesy-meter

(Ugo-Basile, Varese, Italy, cat. #

7200) is designed to exert a force

on the paw that increases at a

constant rate, similar to the Ran-

dall and Sellito28 test of mechani-

cal nociception. Force was applied

to the right hind paw that was

placed under a small plinth under

a cone-shaped plunger with a

rounded tip. The operator de-

pressed a pedal-switch to start the

mechanism that exerted force. The

force in grams at which the rat

withdrew its paw was defined as

the paw pressure threshold. The

baseline paw pressure was meas-

ured before injecting vehicle or

drug. Five determinations per ani-

mal (with interval between se-

quential measurements greater

than 10 min) were collected in

each test session, averaged and

expressed in grams.

Formalin test (Chemical stim-Formalin test (Chemical stim-

ulus) :ulus) :

The formalin test was per-

formed as previously described29.

In brief, the rat was acclimated to

the observation chamber (trans-

parent glass box permitting an

unobstructed view of rat's paws to

the observer) for ~20 min. Then,

the rat was restrained and formal-

in (5% in 10 µl) was injected sub-

cutaneously into the right hind

paw using a Hamilton microsy-

ringe with a 30 G needle and re-

placed again in the observation

chamber. Then, the duration (in

seconds), the animal spent licking,

lifting and / or favoring the inject-

ed paw was recorded between 0-5
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min (early phase), and 15-60 min

(late phase) after the formalin in-

jection.

NADPH-diaphorase  Histo-NADPH-diaphorase Histo-

chemistrychemistry

 In order to identify the effect of

aging on the neuronal NOS distri-

bution in the rat brain and spinal

cord, NADPH diaphorase (NADPH-

d) technique was used.

Specimens collection and sec-Specimens collection and sec-

tioningtioning

Animals were anaesthetized

with ether and perfused intracar-

dially with 10% neutral buffered

formalin. Then, their brains and

the lumbosacral region of the spi-

nal cords were carefully dissected

out. The brains were sliced into

small pieces by removing the ante-

rior part of the forebrain by a cor-

onal section at the rostral end of

corpus callosum. The hind brain

was separated by a transverse

section at the lower end of the

midbrain. The tissue was then

stored in the same fixative for 4-5

days in order to provide an ade-

quate NADPH staining. After being

fixed, the tissues were stored in

15% sucrose in 0.1 M phosphate

buffer, pH 7.4,  overnight at 4°C to

minimize the formation of ice crys-

tals. The tissues were sectioned

with a cryostat at (8 and 40 µm)

thick and collected on coated

slides and stained with gallocya-

nin chrom alum stain for Nissle

substance and NADPH-d histo-

chemistry. 

NADPH-d histochemistry :NADPH-d histochemistry :

The sections were rinsed in the

buffer, floated in a diluent of 0.3%

Triton-X 100 in phosphate buffer

while being shaken for 1-2 min.

The staining was then performed

by incubating the tissue in a solu-

tion containing equal parts of ni-

tro-blue tetrazolium (0.4 mg/ml in

buffer) and NADPH (1 mg/ml in

buffer) for about 20-24 h at 37°C,

sections were then rinsed using

distilled water and mounted using

glycerol gel30. 

  Gallocyanin chrom alum stain:  Gallocyanin chrom alum stain:

8 µm thick sections were

stained with a mixture of gallocya-

nin and chromium potassium sul-

phate (chrom alum) overnight. The

sections then were rinsed in run-

ning tap water, dehydrated using

ascending grades of alcohol and

cleared in xylene and mounted us-

ing DPX31. 
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Drugs :Drugs :

L-arginine and NG-nitro-L-

arginine methyl ester (L-NAME)

were purchased from Sigma fine

chemical Co., Egypt. The drugs

were prepared freshly on the day

of the experiment by dissolving in

sterile 0.9% NaCl solution. 

Statistical analysis :Statistical analysis :

All values are expressed as

means ± SD (standard deviation).

Comparison between the two age

groups was done using unpaired

student t-test. Comparison within

the same group was done using

paired-t-test. P< 0.05 was consid-

ered significant.

ResultsResults
Effect  of  aging  on  basal  painEffect of aging on basal pain

threshold :threshold :

Fig. 1 shows that there is a sig-

nificant increase in pain threshold

in aged rats (24 months) when

compared with young rats (2

months) (p < 0.01) by using both

mechanical and chemical stimuli. 

Effect of systemic administra-Effect of systemic administra-

tion  of  L-arginine  and  L-NAMEtion of L-arginine and L-NAME

on paw pressure threshold:on paw pressure threshold:

Fig. 2 shows a significant de-

crease in paw pressure threshold

in aged rats only after systemic

administration of l-arginine when

compared with basal value (p <

0.01). Pain threshold is decreased

in aged rats by 35.06%, but in-

creased in young rats by 9.49% af-

ter systemic l-arginine. On the

other hand, systemic administra-

tion of L-NAME caused significant

increase in pain threshold in both

young and aged rats (p < 0.01).

However, the effect was marked in

the young rats (106.48%) when

compared to the aged rats

(21.80%).

Effect  of  i.c.v  injection  of  L-Effect of i.c.v injection of L-

arginine  and  L-NAME  on  pawarginine and L-NAME on paw

pressure threshold:pressure threshold:

Fig. 3 shows i.c.v administra-

tion  of  l-arginine  caused non

significant decrease in paw pres-

sure threshold in young rats by

26.07%  and  in  aged  rats  by

9.29% when compared with basal

value. On the other hand, i.c.v ad-

ministration of L-NAME caused

significant increase in pain

threshold in both young rats (by

160.84%) and aged rats (by

44.39%) when compared with ba-

sal value (p < 0.01).
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Effect of systemic administra-Effect of systemic administra-

tion  of  L-arginine  and  L-NAMEtion of L-arginine and L-NAME

on  formalin-induced  painon formalin-induced pain

threshold:threshold:

   As shown in Fig. 4a, systemic

administration of l-arginine

caused non-significant difference

in time of paw licking induced by

formalin during early phase in

both young and aged rats when

compared with basal value. By

contrast, systemic administration

of L-NAME caused significant de-

crease in the time of paw licking &

lifting during early phase in both

young and aged rats (by 41.9% &

57% respectively) when compared

to basal value (p < 0.01). In late

phase, L-NAME also caused signif-

icant decrease in pain threshold

in young (by 32.53%) and aged (by

36.42%) rats (p < 0.01), while, L-

arginine caused no significant

change in time of paw licking in

both age groups (fig.4b).

Effect  of  i.c.v  administrationEffect of i.c.v administration

of  L-arginine  and  L-NAME  onof L-arginine and L-NAME on

formalin-induced  pain  thresh-formalin-induced pain thresh-

old:old:

During early phase of formalin

test, there was significant increase

in pain threshold in the young

rats (by 28.53%) and aged rats (by

79.48 %) after i.c.v administration

of  l-arginine  when  compared

with basal value (p < 0.01, 0.001

respectively; fig. 5a). By contrast,

during the same phase, i.c.v ad-

ministration of L-NAME caused

significant decrease in pain

threshold in both young (by

47.25%) and aged rats (by

37.91%) (P< 0.01). In late phase,

i.c.v administration of l-arginine

caused  significant increase in

pain threshold in the young and

aged rats (by 192.81% & 66.45%

respectively) (p < 0.001; fig. 5b). In

contrast   to   its   effect  during

early   phase,  i.c.v  administra-

tion of  L-NAME  caused  signifi-

cant  increase  in  formalin-

induced pain threshold during

late phase in both young (30.76%)

and aged rats (49.84%) when com-

pared with basal value (p<0.001;

fig.5b).

NADPH-diaphorase activity:NADPH-diaphorase activity:

Examination of the CA1 region

of the hippocampus showed in-

crease in the activity of NOS of the

young rats (fig 6b) in comparison

to the aged rats (fig. 6e). Moreover,

NADPH-d reaction product was

also localized to the vascular en-

dothelial  lining  and  choroidal
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epithelial cells of both young and

aged rats but the reaction was

more intense in the young rats

(figs. 6c and d).

The  NOS  activity  was  exam-

ined in the coronal sections of the

lumbar segments of the spinal

cord of the rats and it was found

that the number of NADPH-d cells

was greater in the dorsal horn

(lamina I-IV) in the young rats in

comparison to that of the aged

rats (figs 7a and b). On the other

hand, few positive cells were

found around the central canal

(lamina X) in the aged rats (figs.

7c and d). 

Fig.  1  :Fig. 1 : Basal pain threshold in the young (2 months, n=12) and aged
rats (24 months, n=12) in response to paw pressure test (a)
and formalin injection test (b). Values are expressed as mean ±
SD. * p ≤ 0.01 aged rats vs. the young rats (student's unpaired
t-test).
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Fig.  3  :Fig. 3 : Effect of icv adminstration of L-arginine and L-NAME on paw
pressure threshold in young and aged rats. Values are ex-
pressed as mean ± SD. * p < 0.01; signficant vs. the young rats
(unpaired t-test).# p < 0.01; significant vs. the basal value
(paired t-test). 

Fig.  2  :Fig. 2 : Effect of systemic adminstration of L-arginine and L-NAME on
paw pressure threshold in young (2months) and aged rats (24
months). Values are expressed as mean ± SD. * p < 0.01; sign-
ficant vs. the young rats (unpaired t-test).# p< 0.01; significant
vs. the basal value (paired t-test).
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Fig. 5 :Fig. 5 : Effect of i.c.v adminstration of L-arginine and L-NAME on time
of paw licking & lifting (sec) induced by formalin injection in
young (2 months) and aged rats (24 months) during early
phase (a) &  late phase (b). Values are expressed as mean ± SD.
* p < 0.01; signficant vs. the young rats (unpaired t-test).#
p<0.01 significant vs. the basal value (paired t-test).

Fig.  4  :Fig. 4 : Effect of sysetmic L-arginine and L-NAME adminstration on
time of paw licking & lifting (sec) induced by formalin injection
in young (2 months) and aged rats (24 months) during early
phase (a) &  late phase (b). Values are expressed as mean ± SD.
* p < 0.01; signficant vs. the young rats (unpaired t-test).# p <
0.01; significant vs. the basal value  (paired t-test).
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Fig. 6 :Fig. 6 : Photomicrographs of the rat brain. (a)(a)-section of the hippocampus of adult rat
showing its different regions. The CA1, CA2 and CA4 fields of cornu Ammonis
and the buried (Db) blade of the dentate gyrus. (Gallocyanin chrom alum
stain; X40). (b)b)-section of the hippocampus at CA1 area of young adult rat
showing positive NADPH-d cells (arrows). Inset shows a higher magnification
of one of these cells, note the unstained nucleus (arrowhead). (NADPH-d his-
tochemistry; X100, inset; X400). (c)(c)- section of the brain of the ventricle of
the adult young rat and (d)(d)- in old rat showing positively stained NADPH-d
endothelial cells lining the choroid plexus. (NADPH-d histochemistry; X40).
(e)(e)- section of the hippocampus at CA1 area of young adult rat showing few
positive NADPH-d cells (arrows). Inset shows a higher magnification of one of
these cells (rectangle), note the unstained nucleus (arrowhead).(NADPH-d
histochemistry; X100, inset; X400).

Fig. 6 :Fig. 6 : Photomicrographs of the rat spinal cord. (a)(a)-Section of the spinal cord of adult
young rat and (c)(c)- of the old rat showing the dorsal horn (Dh) and the central
canal (C), note the increase of the intensity of the stain in lamina (I-IV) of the
dorsal horn of the young rats in comparison to old rats.(NADPH-d histochem-
istry; X40). (b)(b)-Higher magnification of (a) showing positive NADPH-d cells
(arrows) in the dorsal horn. NADPH-d histochemistry; X100) (d)d)- Higher mag-
nification of (c)  c) showing positive NADPH-d cells (arrows) in the grey matter
surrounding the central canal. (NADPH-d histochemistry; X100).
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DiscussionDiscussion
So far, few studies have investi-

gated the effect of ageing on the

nociceptive pathway. Moreover,

the results are conflicting and this

might be explained by differences

between species and/or types of

nociceptive stimuli used.  In the

present experiments, two nocicep-

tive stimuli were used; mechanical

(paw pressure test) and chemical

(formalin test). In paw pressure

test an increasing force (16 g/s)

was applied to the right hind paw

and the pressure that forced the

rat to withdraw the paw is taken

as an index of nociceptive me-

chanical withdrawal threshold.

The pressure applied to the hind

limb activates certain slowly

adapting mechanoreceptors that

send signals via C fibers to spinal

cord32. On the other hand, the

nociceptive response to formalin

consists of 2 phases; an early

phase (0-5 min) which is consid-

ered to be produced by a direct ac-

tivation of peripheral afferent C fi-

bers by formalin. The second late

phase of the response (15-60 min)

is mediated by ongoing stimula-

tion of nociceptors by inflammato-

ry mediators from injured tissues

and/or central sensitization as a

response to first early phase33.

The use of 2 different nociceptive

stimuli and the fact that formalin

test with its 2 phases of nocicep-

tion is reflecting different patho-

physiological processes was help-

ful to augment the outcome of the

experiments. 

The results of the present study

have shown that the nociceptive

threshold of aged rats (24 month-

old) is significantly higher than

that of the mature rats (2 month-

old) to both mechanical and chem-

ical stimuli, indicating a decrease

in the reactivity to pain in aged

rats. This finding of the decrease

in pain sensitivity to mechanical

nociceptive stimuli are in accord

with that of Akunne & Soliman4

who found less sensitivity of 24

month old Fischer-344 rats to paw

pressure test when compared with

3 month old rats.  By contrast,

Jourdan et al.34 have shown de-

creased mechanical withdrawal

threshold in response to paw pres-

sure test in 24 month old Lou/c

rats than in middle aged and ma-

ture rats. On the other hand, the

present finding of the increase in

pain threshold induced by formal-

in in old rats is different from  the
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study by  Gagliese & Melzacka35

who showed that there was no dif-

ference between 3 and 24 month

old Long-Evans rats. A recent

study by Hagiwara et al.36 has

found hypersensitivity to formalin

injection in middle aged 11 month

old female Sprague Dawely rats. 

Another important aim of the

present study was to further eluci-

date the role of NO in nociception.

In response to pressure nocicep-

tive stimulus, the present results

shows that with either i.p or i.c.v

administration of L-NAME, the

sensitivity to pain decreased in

both the young and aged rats sug-

gesting a pronociceptive role of NO

that is mediated both peripherally

and centrally. Further, this anti-

nociceptive effect of L-NAME was

more pronounced in the young

rats than in the aged rats suggest-

ing that the pronociceptive role of

NO in response to paw pressure is

decreasing with age. Moreover, the

decrease in pain sensitivity in the

young rats was more marked with

i.c.v administration than with i.p

L-NAME administration (160%)

that may reflect a greater central

role of NO in pain perception in

the young rats than in the aged

rats. Indeed, the results of the his-

tochemistry study revealed a

greater activity of NADPH-d cells

in hippocampus sections from the

young rats relative to the old rats

indicating greater activity of neu-

ronal NO; a finding that is consis-

tent with the above assumption

that the central pronociceptive

role of NO is decreasing with age.

There is evidence from previous

studies about a possible role of

hippocampus CA1 region in noci-

ception37,38 and that is most

probably through a mechanism

related to NOS activation25. Thus,

this study extends this to its in-

volvement in blunted pain sensi-

tivity in aged rats.

On the other hand, with the

use of the NO precursor, L-

arginine, the sensitivity to pres-

sure-induced pain increased after

systemic administration in the

aged rats only, while there was no

change in the pain reactivity after

i.c.v L-arginine in both groups (see

Fig. 2 & 3). This finding suggests

that with augmenting the synthe-

sis of NO with L-arginine, the pro-

nociceptive effect of NO is mediat-

ed peripherally in the aged rats

only while it has no central role in
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nociception in both groups.   The

fact that the aged rats showed less

reactivity to paw pressure when

compared with the young rats

(Fig. 1) and that their reactivity to

pain was enhanced by systemic L-

arginine supports again the above

suggestion that the pronociceptive

role of NO in response to paw

pressure decreases with age. What

is interesting here is that i.c.v L-

arginine had no effect on pain re-

activity in both groups. This might

be related to the dose used in the

present experiments as in the

study  by  Sousa & Prado39 a

higher dose of the NO donor (3-

morpholinosydnonimine (SIN-1)

had no effect or increased the pain

produced by chronic ligature of

sciatic nerve, but had antinocicep-

tive effect in rat tail-flick test. The

present findings regarding the role

of NO in nociception induced by

mechanical stimuli are in agree-

ment with previous studies that

used also the non selective NOS

inhibitor L-NAME although they

have used different mechanical

stimuli as tail flick test23 or von

frey hair test39, 40. However,

studies using other NO inhibitors

have not produced consistent re-

sults as intraplantar or i.c.v L-

NOARG was ineffective in paw

pressure test41,42 while intrathe-

cal 7-nitroindazole (7-NI)   did not

affect pain induced by rat tail-flick

test43. 

Regarding the response to for-

malin injection, i.p L-arginine did

not affect the pain threshold in

both age groups either during the

acute or the tonic phase (fig.

4a&b). By contrast, i.c.v adminis-

tration of l-arginine enhanced

pain sensitivity in both groups

during acute and tonic phases of

the nociceptive response, but with

greater influence in the young rats

during the late phase. This sug-

gests a central pronociceptive role

of L-arginine-NO pathway in re-

sponse to formalin that is more

evident  for  the  late  chronic

phase in the young rats, indicat-

ing that L-arginine-NO pronoci-

ceptive pathway is decreasing with

age. What is unexplained here

why i.c.v L-arginine did not

change the nociceptive response

to  paw  pressure  while enhanced

it in response to formalin; whether

this is related to the dose or it is

related to the modality of pain

tested warrants further investiga-

tion. 
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On the other hand, i.p L-NAME

inhibited the acute and tonic noci-

ceptive response to formalin injec-

tion in both groups of rats as indi-

cated by the shorter time spent

licking or lifting the paw, with the

young rats still more sensitive to

pain than the old rats. This sug-

gests a pronociceptive role of NO

that is mediated peripherally.

However, with i.c.v L-NAME, the

decrease in pain reactivity was no-

ticed only during early phase

while the sensitivity to pain in-

creased during late phase indicat-

ing a dual role of NO with central

inhibition of its synthesis; exerting

a pronociceptive effect in response

to acute pain and an antinocicep-

tive effect during the tonic or

chronic phase of pain. Indeed,

previous studies on formalin-

induced nociceptive response after

NOS inhibitors have shown a com-

plex role of NO. Thus, Malmberg &

Yaksh,44 and Sakurada et al.45

reported that i.p, intrathecal or

i.c.v L-NAME inhibited the noci-

ceptive response during the late

phase with little or no effect on

the acute phase. However, other

studies have reported that intra-

thecal injection of L-NAME greatly

reduced the acute phase46 and

the tonic phase of nociceptive re-

sponse to formalin47. Recently,

Kolesnikov et al 48 demonstrated

that local application of the NOS

inhibitor, NOArg, did not affect ei-

ther phase of the formalin test,

while supraspinal blockade of

nNOS with NOArg reduced both

phases, suggesting the presence of

opposing nNOS systems in pain

modulation.

In conclusion, the present ex-

periments show that the pain re-

sponse evoked by either paw pres-

sure or formalin injection is

decreased (blunted) in the old rats

as compared to the young ones. It

seems that augmenting the syn-

thesis of peripheral NO with L-

arginine has a pronociceptive ef-

fect on response to paw pressure

in the old rats only, while central

L-arginine enhances pain re-

sponse induced by formalin in

both groups. Further, either pe-

ripheral or central inhibition of

NO synthase with L-NAME has

antinociceptive effect on pain re-

sponse induced by paw pressure

and during the acute phase in-

duced by formalin injection in

both groups. This antinociceptive

effect of L-NAME seems to be more
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manifest  in  the young rats than

in the aged rats.  On the other

hand, L-NAME (i.c.v) enhanced

pain  response  evoked  during the

late phase  of  formalin test in

both groups, suggesting that cen-

trally  synthesized  NO  has  an

antinociceptive effect during the

chronic stage of pain evoked by

formalin.
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AbstractAbstract
Background/Aims:  Background/Aims: Cirrhosis is characterized by disruption of liver

vascular architecture and formation of new microvessels. Angiogenesis
plays a key role in the growth of tumors. We aimed to evaluate angio-
poietin-2 in cirrhosis and  hepatocellular carcinoma (HCC). Methods:Methods:
Serum angiopoietin-2 levels were measured in 50 patients with HCC; 30
cirrhotics and 30 healthy controls. Underlying aetiology of cirrhosis in
all patients was hepatitis C. Alfafetoprotein (AFP) was determined in the
HCC group. Characteristics of both markers were compared. Results:Results:
Angiopoietin-2 levels were elevated in patients with cirrhosis and HCC
compared to controls (p=<0.0001). Levels were higher in cirrhosis com-
pared to HCC  (p=<0.0003). Angiopoietin-2 correlated inversely with ser-
um albumin, platelet count and prothrombin concentration and posi-
tively with serum bilirubin. Angiopoietin was significantly higher in
patients having ascites (p= 0.017) and was significantly higher in Child
A compared to control. It was significantly higher in Child B and C pa-
tients compared to Child A (p=0.01 and p=0.024). Among HCC cases,
serum angiopoietin did not differ with the following: size exceeding 5
cm, multiplicity of nodule, portal vein thrombosis, porta hepatis lym-
phadenopathy, increasing Okuda stage and advancing BCLC stage. An-
giopoietin levels were not different among HCC cases with AFP>200 ng/
ml and those with lower AFP levels. Conclusion: Conclusion: Serum angiopoietin-2
is a good marker of increasing severity of liver cirrhosis but does not
represent an additive tool to diagnose HCC in HCV-related liver cirrho-
sis.

Key words:Key words: Angiogenesis, angiopoietin-2, hepatocellular carcinoma.
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IntroduIntroductctionion
Hepatocellular carcinoma (HCC)

is one of the most common malig-

nancies in the world. However, its

early detection is still difficult due

to the lack of adequate biomarkers

that show high sensitivity and

specificity. Alpha-fetoprotein (AFP)

serum level is commonly used for

the screening for HCC, but given

its low positive predictive value,

its value is limited in a population

at average risk. Therefore new bio-

markers are needed.(1)

HCC is characteristically a

highly vascular tumor with a pro-

pensity for vascular invasion and

intrahepatic metastasis. Hyper-

vascularity is evident on angiogra-

phy, computed tomography (CT)

and magnetic resonance imaging

(MRI). (2) In the early stage of he-

patocarcinogenesis, the portal

blood supply to HCC is predomi-

nant; thereafter, the arterial blood

supply increases as these tumors

develop.  Angiogenesis, the forma-

tion of new blood vessels, plays an

important role in the invasiveness

and progression of this tumour. (3)

Angiogenesis is regulated by a bal-

ance between pro and antiangio-

genic molecules produced by tu-

mors and host component cells.

Among these factors, is vascular

endothelial growth factor (VEGF)

which promotes the growth, pro-

liferation and migration of endo-

thelial cells, and inhibits apopto-

sis of endothelial cells in

pathological angiogenesis.(4)  

       

A new family of endothelial

growth factors, angiopoietins

(Ang), has been identified, which

comprises ligands for the vascular

endothelium specific tyrosine ki-

nase receptor (Tie2). Angiopoietin-

1 (Ang-1), which is an agonist of

Tie2 and induces its phosphoryla-

tion, helps to maintain and stabi-

lize vascular networks. (5)  Angio-

poietin-2 (Ang-2) is a biological

antagonist of Ang-1 and reduces

vascular stability to block the sta-

bilizing action of Ang-1. However,

in the presence of VEGF, Ang-2

induces vascular sprouting and

angiogenesis.(6,7) 

 Ang-2 was markedly expressed

in organs that undergo vascular

remodeling, such as the ovaries

and placenta, and also in several

malignancies including HCC.(8)  In

addition, overexpression of Ang-2

protein and/or mRNA correlates

with poor prognosis in some can-

cers as non-small cell lung, breast



241241

Benha M. J.

Vol. 28  No 1  Jan.  2011

and colorectal cancers. (9,10,11)

 To date, there are only a few

studies on the relationship be-

tween the expression of Ang-2 and

angiogenesis in HCC. In addition,

the expression pattern of Ang-2 in

cirrhotic liver has not been ana-

lyzed and little is known about its

role in chronic liver disease or cir-

rhosis. It is true that elevated

Ang-2 levels are observed in pa-

tients with chronic hepatitis C,

but this finding may relate to the

inflammatory condition per se and

not chronic liver disease, since el-

evated levels are also observed in

inflammatory bowel diseases and

sepsis. (12) 

Hence the aim of the present

study was to evaluate angiopoie-

tin-2 in Egyptian patients with vi-

ral-related liver cirrhosis as well

as those with hepatocellular carci-

noma and to study the relation-

ship of this marker to tumor char-

acteristics. 

 

Methods:Methods:

This study was conducted at

the National liver institute, Me-

noufyia University wherein 80 pa-

tients with liver cirrhosis, attend-

ing the hepatology outpatient clin-

ics and admitted in the inpatient

unit, were recruited after receiving

informed consent. Fifty of these

patients suffered from hepatocel-

lular carcinoma. Hepatocellular

carcinoma was diagnosed by the

demonstration of arterial hyper-

vascular focal lesions with rapid

wash out on top of liver cirrhosis

using a single imaging modality

(triphasic spiral CT, MRI, angio-

graphy) or 2 imaging modalities

demonstrating the aforementioned

feature for lesions <2cm. (13)  

Patients with hepatocellular

carcinoma were further divided

into: a) Patients with solitary focal

lesion ≤5cm and b) patients with

any tumor area >5cm, whether

uni or multifocal, with or without

portal vein thrombosis or extrahe-

patic metastasis. A group of 30

age and gender matched healthy

individuals was included as a con-

trol group. Patients diagnosed

with malignancy other than HCC,

sepsis, inflammatory bowel dis-

ease were excluded. 

All patients were subjected to

thorough history taking, detailed

physical examination.  The follow-
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ing laboratory investigations in-

cluding complete blood picture,

routine liver function tests, serum

α-fetoprotein and serum angio-

poietin-2 were done for all sub-

jects. Whole blood concentrations

of ANG-2 were measured by ELISA

(R&D Systems, Minneapolis MN)

according to the manufacturers'

instructions. Concentrations were

interpolated from standard curves

The lower and upper limits of de-

tection for the assay were as fol-

lows ANG-2 (54.69 - 3,500 pg/

mL). Radiological investigations

included abdominal ultrasonogra-

phy with doppler assessment of

portal vein, triphasic CT abdomen

or MRI abdomen. Chest X- ray,

bone scan and CT chest were per-

formed when indicated. 

For all patients, Child-Pugh

score was calculated. For the HCC

group: patients were classified ac-

cording to Okuda score and Bar-

celona clinic for liver cancer

(BCLC).

Statistical Analysis: Statistical Analysis: 

Data were statistically analyzed

using SPSS (statistical package for

social science) program version

13. Data are shown as mean,

range or value and 95% confi-

dence interval (95% CI), frequency

and percent. Chi square test was

done for qualitative variable analy-

sis. Fischer exact test for 2 x 2 ta-

bles when expected cell count of

more than 25% of cases was less

than 5. Student t- test was done

for normally distributed quantita-

tive variables. Mann-Whitney test

was done for quantitative vari-

ables which were not normally

distributed. ANOVA test was done

to compare three variables: one

qualitative variable and the other

two are quantitative variables of

normally distributed variables.

Kruskal-Wallis test was done to

compare three or more variables;

one qualitative variable and the

other variables are quantitative

variables of non-normally distrib-

uted variables. LSD test is a post

hoc test which was done for vari-

ables of significant difference of

more than two groups of normally

distributed data after ANOVA test

to detect the significant difference

between either groups. Tamhane

test is another post hoc test which

was done for variables of signifi-

cant difference of more than two

groups of non-normally distribut-

ed data after Kruskal Wallis test
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to detect the significant difference

between either groups. Pearson’s

correlation test was done to study

correlation between two normally

distributed quantitative variables.

A p value < 0.05 was considered

statistically significant. ROC curve

(Receiver operating characteristic

curve) was done to detect cut-off

level of the tested variable where

at this level there was the best

sensitivity and specificity. 

 

ResultsResults
The present study included 80

patients (50 HCC and 30 cirrhot-

ics) as well as 30 controls. Table I

demonstrates the demographic

and clinical characteristics of the

studied groups and table II shows

the tumour characteristics and

staging of HCC cases.

Measurement of the level of ser-

um Ang-2 revealed that there was

a statistically significant difference

(p<0.001) among the three groups.

The level was highest among the

liver cirrhosis group followed by

the HCC group then the healthy

control group.  Serum Angiopoie-

tin-2 level was significantly higher

in liver cirrhosis compared to HCC

cases (p<0.0003) {Fig. 1}. 

Among HCC cases, serum an-

giopoietin did not differ with the

presence of the following adverse

tumor characteristics: size exceed-

ing 5 cm (p= 0.83); multiplicity of

nodules (p=0.23), presence of por-

tal vein thrombosis (p=0.49), or

the presence of porta hepatis lym-

phadenopathy (p=0.18). Serum

Angiopoietin levels were not differ-

ent among HCC cases who had

AFP more than 200 ng/ml and

those who had AFP levels less

than 200 (p=0.059) {Table III}.

Furthermore, angiopoietin did not

change significantly with either in-

creasing Okuda stage (p=0.32) or

advancing BCLC stage (P=0.97).

There  was  no  statistically sig-

nificant  difference  in  serum

Ang-2 level among the different

Child classes of liver cirrhosis

(P=0.22). However, when both

groups (HCC and cirrhosis) were

combined to increase the sample

size, Child Pugh B and C class

had significantly higher angiopoie-

tin levels compared to Child A pa-

tients with no significant differ-

ence between the 2 groups {Table

IV}. Angiopoietin was significantly

higher in patients having ascites

(p= 0.017).
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Correlation analysis in both cir-

rhosis and HCC groups revealed a

strong negative correlation be-

tween serum angiopoietin and ser-

um albumin (p=0.001), platelet

count (p=0.04) and prothrombin

concentration (p=0.02). A positive

correlation was detected between

angiopoietin and bilirubin

(p=0.04). No significant correlation

between angiopoietin and other

studied variables was detected

{Table V}

Fig. 2 and Fig. 3 show the ROC

curves demonstrating the sensitiv-

ity and specificity of angiopoietin

and AFP respectively. At a cut-off

level of 1105.7 µg/L the sensitivity

of angiopoietin was 70% but the

specificity  was poor (30%).  On

the  other  hand,  at a cut-off level

of  10ng/ml,  the sensitivity of

AFP  was 90% and specificity

92%. Adding angiopoietin to AFP

did  not  augment  either  the sen-

sitivity  or  the  specificty  of  AFP

in  the diagnosis of HCC {Table

VI}.
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Figure  (1):  Figure (1): Angiopoietin-2 serum level in patients with HCC, Liver cir-

rhosis and Healthy control .

 Table (II):  Table (II): Tumor characteristics and staging of HCC cases.
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DiscussionDiscussion
Because of the alarming recent

reports from Egypt pointing to a

rising prevalence of HCC (14), ear-

ly identification of liver cirrhosis

as well as early HCC is needed to

reduce mortality. 

In the present work, we studied

the role of serum Ang-2 in a group

of 50 HCV-related HCC patients,

30 HCV-related cirrhosis patients

in addition to 30 healthy control

persons. The serum levels of Ang-

2 in the studied series of HCC

were significantly higher than

those of healthy control conform-

ing  to  the  results of Scholz et

al., (12) but the mean levels of

Ang-2 detected in HCC were lower

than those detected among pa-

tients with liver cirrhosis in con-

tradiction to the results of the

same group. 

In the study by Scholz, (12)

Ang-2 was expressed by the ma-

jority of tumors cells but in accor-

dance with our results, the serum

levels did not correlate with either

tumor grade or stage. In our se-

ries, there was no correlation with

either tumor diameter, multiplicity

of nodules, or even the presence of

adverse tumor characteristics

such as portal vein thrombosis or

porta--hepatis lymphadenopathy.

All these parameters were not

studied by Scholz et al. (12)  Con-

trary   to  our results,  Zhang et

al., (2)  found  that Ang-2/Ang-1

ratio, Ang-2 and VEGF were all

associated with clinicopathological

characteristics such as tumor

size, tumor capsule invasion, por-

tal vein invasion and metastasis

indicating that VEGF and angio-

poietin/Tie2 system contribute

greatly to the progress of HCC.

These findings are perplexing be-

cause HCC diagnosis largely de-

pends on its hypervacularity. Be-

sides, many anti-angiogenic drugs

such sorafinib and sutinib have

shown success in the treatment of

HCC. However, this could be ex-

plained by the findings of Zeng et

al. (15) They reported that HCC in

non-cirrhotic and cirrhotic livers

expressed VEGF and its receptors

to a similar extent as normal liver,

and concluded that the angiogene-

sis in HCC is not dependent main-

ly on the vessel sprouting mediat-

ed by VEGF/Ang-2 but rather that

the liver sinusoids represent a

vascular bed that facilitates pa-

thology related demands by vascu-
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lar remodeling. Possibly, epider-

mal growth factor, family mem-

bers including platelet derived

growth factor influence tumor ne-

ovascularization or fibroblast

growth factor plays a role in vas-

cular remodeling.

Alpha  fetoprotein  has  been

the most accepted and largely

studied tumor marker for HCC

but  around one third of HCC

have low levels of AFP. In this se-

ries there was no difference  in

serum Ang-2 levels in patients

with high AFP compared to those

with low AFP in agreement with

results of Scholz et al.(12) Serum

angiopoietin levels among HCC

cases did not show an overlap

with healthy control. Adding ser-

um angiopoietin to measurement

of AFP did not yield an increase in

the value of AFP in diagnosis of

HCC.

In this study, Ang-2 serum lev-

els were significantly increased in

patients with cirrhosis compared

to patients of HCC and healthy

control groups, in agreement with

Scholz et al.(12) Regenerative tis-

sue in the cirrhotic liver partici-

pates less from portal perfusion

than normal liver tissue. Arteriali-

zation  of  liver is the result, ne-

cessitating the formation of new

arterial vessels. New vascular

structures associated with inflam-

matory infiltrates in periportal ar-

eas develop in CHC. (16)  The oc-

currence of hepatic angiogenesis

may play a pathogenic role in the

development of liver damage. An-

giogenesis is a multifactorial, ex-

tremely complex process involving

a huge number of molecules and

cells regulated at different levels

by various factors. It may be hy-

pothesized that the identification

of surrogate markers in the serum

that provide information about the

extent of angiogenesis may repre-

sent a useful tool for disease char-

acterization and follow-up. (17) 

We also found inverse relation-

ship between serum angiopoietin

and serum albumin whereas ser-

um Ang-2 level correlated positive-

ly with serum bilirubin. Serum

angiopoietin also correlated posi-

tively with ascites which is an im-

portant clinical manifestation of

portal hyprtension and the most

important pathophysiologic mech-

anism of which is neovasculariza-

tion and development of collater-
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als. We also found that serum an-

giopoietin 2 was significantly high-

er among  Child  B  and C cases

compared to Child A. One can ex-

trapolate that serum angiopoietin

2 is related to advancing fibrosis.

Therefore, in view of the lack of

correlation between serum angio-

poietin 2 and various tumor char-

acteristic in HCC cases and the

overlap between its serum levels

among HCC patients and liver cir-

rhosis  patients, it is conceivable

that  angiopoietin   is  stimulated

and/or  regulated  by  a process,

unrelated  to  malignant  growth,

be it inflammation, fibrosis-

associated hypoxia or nonspecific

cell damage.

In conclusion, serum Angio-

poietin-2 is a good marker of in-

creasing  severity  of  liver  cirrho-

sis but does not represent an

additive tool to diagnose HCC

among  patients  with  HCV-

related liver cirrhosis. However,

further  studies  are  required in

the  future,  with  larger  cohorts

of  patients,  in  order  to confirm

the potentially useful role of an-

giopoietin-2 as a marker of prog-

nosis and progression of liver cir-

rhosis.
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IntroduIntroductctionion
Intertrochanteric fractures are

common in the elderly popula-

tions, and usually occur as a re-

sult of pre-existing osteoporosis

and minor trauma 1.

Internally fixed unstable troch-

anteric fractures might be difficult

to retain in position during heal-

PRIMARY BIPOLAR HIP ARTHROPLASTYPRIMARY BIPOLAR HIP ARTHROPLASTY
FOR UNSTABLE INTERTROCHANTERICFOR UNSTABLE INTERTROCHANTERIC

FRACTURES IN THE ELDERLYFRACTURES IN THE ELDERLY

Mohamed Abdelwahab MD, Ayman M. Ali MDMohamed Abdelwahab MD, Ayman M. Ali MD
and Mostafa Abdelkhalek MDand Mostafa Abdelkhalek MD

       Department of Orthopedic Surgery , Mansoura University , Egypt

              

AbstractAbstract
The purpose of this study is to evaluate the functional and clinical

outcomes of cemented bipolar arthroplasty as a primary treatment for
unstable intertrochanteric fracture in the elderly patient

Methods: Methods: Twenty hips with unstable intertrochanteric fractures were
followed for more than 2 years after cemented bipolar hemiarthroplasty.
The mean age was 69 years and the mean follow-up period was 30.5
months. We evaluated the results by Harris hip score, walking ability,
activity of daily living, complications, and radiologic findings. Results:
At the last follow-up, the mean Harris hip score was 83.3 points. There
was one case of hip pain. 15 (75%) out of 20 patients regained their pre-
operative walking ability. Radiologically, there were no case of osteoly-
sis.. All stems were stable without significant changes in alignment or
progressive subsidence.

Conclusions:  Conclusions: We consider bipolar hemiarthroplasty with calcar re-
construction is a good option for unstable intertrochanteric fractures in
elderly patients with severe osteoporosis in view of the stable fixation,
early ambulation and the low rate of complications and reoperations.

Keywords:  Keywords: Old age, Intertrochanteric fracture, Cemented bipolar
hemiarthroplasty.
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ing. Secondary displacement

might lead to malunion and poor

functional result 2. 

These complications divert

some authors 3,4,5 to use hip re-

placement as a primary treatment

of such fractures. Our study was

made with the purpose of present-

ing our results with bipolar hip ar-

throplasty as a primary treatment

for unstable intertrochanteric

fractures in elderly patients.  

   

Patients and MethodsPatients and Methods
In a prospective study, between

sepetmber 2006 and October

2008, 20 patients having unstable

intertrochanteric fractures (Muller

type A2.2 and A2.3) 6 were treated

with cemented bipolar hip replace-

ment. There were 12 female and 8

males with an average age of 69

years (range 65- 87 years).

Exclusion criteria included pa-

tients unable to walk before the

fracture, patients less than 65

years  old,  patients  with  patho-

logical fractures, patients with a

previous contralateral hip frac-

ture, and patients with stable

fractures and intact lesser tro-

chanters.

Surgical technique:Surgical technique:

All patients were operated un-

der spinal or general anesthesia

on average 5 days (mean 2-8 days)

of trauma.  Hip replacement was

performed through a posterior ap-

proach. After splitting and retrac-

tion of the fibers of the gluteus

maximus and the gluteus medius,

the short external rotators mus-

cles of the hip were divided close

to their insertion and an inverted

T shaped incision was made on

the joint capsule. Dislocation of

the hip joint was done followed by

osteotomy of the neck femur. 

The fragments of the greater

trochanter were reduced and fixed

temporarily by using bone forceps

before the fragments of the greater

trochanter was fixed with tension

band stainless  steel  wire.  Isolat-

ed  displaced  fragments  of  the

lesser trochanter were reduced

and fixed with stainless steel wire.

The wire is placed through a drill

hole in the lesser trochanter and

the cable tightened, but not

crimped. Final tightening is per-

formed when the implant is ce-

mented in place since the osteopo-

rotic proximal bone may collapse

(fig. 1).
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Preparation of the femoral ca-

nal and insertion of the cemented

bipolar hip prosthesis was done.

Range of motion and stability were

checked after reduction. The cap-

sule was repaired and the short

external rotators were reattached.

The wound was closed over a

closed suction drain.

Postoperative follow up:Postoperative follow up:

Vacuum drain was removed af-

ter 48 hours. All patients were in-

structed to avoid excessive hip

flexion and adduction. Plain X-ray

was done to check the hip joint.

Weight bearing and gait with aid

of a walker was allowed two weeks

postoperatively. Blood picture was

assessed during the first 3 postop-

erative days and blood transfu-

sions were given whenever re-

quired. 

Patients were evaluated accord-

ing to the Harris hip score 7 and

followed up monthly for the first 6

months and then yearly. Postoper-

ative hip pain was analyzed clini-

cally. The level of pain in the groin

and thigh after surgery was divid-

ed into 3 grades; mild, moderate,

and severe. The changes in walk-

ing ability from before to after sur-

gery were investigated. The activi-

ties of daily living 8 were graded

into 4 categories; excellent (no

pain or limitation of movement),

good (slight pain or limitation of

movement not interfering with

walking and personal hygiene),

fair (moderate pain or limitation of

movement requiring assistance in

walking), and poor (severe pain,

limitation of movement or poor

general condition that made walk-

ing impossible).

Radiologically, The changes in

the alignment and subsidence of

the femoral components were

measured from after surgery to

the last follow-up; ≥ 3° of valgus

or varus and ≥ 5 mm longitudinal

change were considered signifi-

cant 8, 9. Loosening of the femoral

stem was defined as the appear-

ance of a radiolucent line progres-

sive or > 1 mm in all zones, or the

presence of continuous subsi-

dence or migration of the femoral

stem.

ResultsResults
Twenty patients with unstable

intertrochanteric fractures were

followed an average follow up time

24 months (range, 13-40 months).
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The mean Harris hip score at the

last follow-up was 83.5 ± 4.2. ex-

cellent in 5 (25%), good in 12

(60%), fair in 3 (15%). Mild groin

pain were noted in one patient

(5%). 15 (75%) out of 20 patients

regained their preoperative walk-

ing ability. one patient could not

walk due to a poor general condi-

tion after surgery. 19 (95%) could

carry out their daily living activi-

ties and personal hygiene after

surgery; 6 (30%), 10 (50%), 3

(15%), and 1 (5%) patients had ex-

cellent, good, fair and poor re-

sults, respectively.

The mean hospital stay was 16

days. The average operative time

was 140 minutes (range 110-170

minutes). Average intraoperative

blood loss was 160 ml (range,

110-180 ml). An average of one

unit of blood transfusion was re-

quired within the first week. 

There were no infections and

no dislocation, sciatic nerve paral-

ysis, deep venous thrombosis.  

Radiological examination sho-

wed no loosening of the prosthe-

sis. All trochanteric fractures had

united. With regard to the chang-

es in the alignment of the implant,

there was no changes in align-

ment. There was 3mm subsidence

of the femoral stem in one patient.

Fig. 1 :Fig. 1 : X-ray r hip joint anteroposterior view in (a) an 67 year old man

with unstable intertrochanteric fracture (b) treated with bipolar

hip arthroplasty.
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DiscussionDiscussion
Intertrochanteric hip fractures

account for approximately half of

the hip fractures in the elderly;

out of this more than 50% frac-

tures are unstable. Unstable pat-

tern occur more commonly with

increased age and with low bone

mineral density10.

Unstable intertrochanteric frac-

tures in elderly patients are asso-

ciated with high rates of morbidity

and mortality. In the elderly, frac-

ture instability, comminution and

osteoporosis worsens the progno-

sis11,12. Internal fixation in these

cases usually involves prolonged

bed rest or limited ambulation, to

prevent implant failure secondary

to osteoporosis, leading to a high

rate  of  general  complications

due to prolonged recovery time

taken after surgery 13. Reported

overall failure rate with internal

fixation in intertrochanteric frac-

tures has been reported to be 3-

10.5% 14,15,16. Thus fracture sta-

bility, bone strength, and early re-

habilitation determined the final

results in cases of intertrochantric

fractures.

To avoid the complications re-

lated to restricted weight bearing

and prolonged bed rest as well as

high  failure  rate  with internal

fixation of such pattern of fracture

in osteoporotic bone, many au-

thors17,18 have  advocated  the

use of  prosthetic arthroplasty as

primamary treatment of these

fractures. Our results proved the

same advantages: all cases began

partial weight bearing within two

week postoperatively. Haentjens et

al.18 in  his  retrospective study

compared Primary bipolar arthro-

plasty  with internal  fixation in

patients with unstable intertroch-

anteric fractures The results were

comparable among groups with a

significant reduction in the inci-

dence of pneumonia and pressure

sores in those undergoing pros-

thetic rep1acement. This was

thought to be due mainly to rapid

mobilization of the prosthetic

group as compared with those

fixed internally.

Some surgeons may worry

about the probable increase of the

blood loss induced by hemiarthro-

plasty. Parker 19 in his study

found that  patients with arthro-

plasty  required more blood trans-

fusions than group with internal
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fixation  due to per-operative

blood loss. The retrospective study

reported by Broos et al. 20 indicat-

ed that operative time, blood loss,

and mortality rates were compara-

ble between the two groups. Like-

wise, in the randomized trial de-

scribed by Stappaerts et al.21,

operative time and blood loss were

comparable between the two

groups. According to our results,

blood loss will not increase if he-

mostasis cautiously and thor-

oughly during the operation. The

average blood transfusion in this

series was 400 ml, which was not

the real amount of blood loss. The

real amount of blood loss was less

than 400 ml. The purpose of blood

transfusion is to improve the gen-

eral status and enhance the im-

munity of the patients.

Grimsrud et al.22 studied 39

patients of unstable intertrochan-

teric fractures treated with a ce-

mented bipolar hip arthroplasty.

They concluded that these frac-

tures can be treated with a stan-

dard femoral stem and cerclage

cabling of the trochanters. The

technique allows safe and early

weight bearing on the injured hip

and had a relatively low rate of

complications. In this series to

treat this complex fracture, ce-

mented bipolar hip arthroplasty

was chosen instead of open reduc-

tion and internal fixation to obvi-

ate the danger of non union, de-

layed union, malunion and the

cutting out of the implant through

the femoral head and neck in

these unstable fractures. Those in

favor of internal fixation reported

decreased operative time, blood

loss, and mortality rates 23. How-

ever, when converting failed fixa-

tion of a hip fracture to an arthro-

plasty, difficulties with dislocation

and intraoperative fracture have

been reported 24. The internal fix-

ation device which has failed, of-

ten has broken screws which

must be removed, also the ununit-

ed  head  and  neck fragments

may be  in  a deformed  position

requiring mobilization before be-

ing excised. This requires addi-

tional dissection placing nearby

neurovascular structures and

muscles at risk and leading to in-

creased blood loss 24.     

The question as to whether

prosthetic replacement or internal

fixation should be performed in

this  population  of  elderly osteop-
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orotic patients will probably re-

main controversial. One set of

problems associated with arthro-

plasty is limb length discrepancy,

dislocation. On the other side

problems with internal fixation in-

clude implant failure, hardware

cutting out. However limb length

discrepancy problem has been

overcome in this study  by using

the modularity   of   the   bipolar

prosthesis   that allow   for   great-

er   flexibility in  "customizing"

prosthetic sizing  so  that  soft  tis-

sue  tension  and limb length

equalization can be improved by

ability  to  use variable neck

lengths intra-operatively. Being

this fracture is extracapsular type,

Purse string type closure the en-

tire capsule may enhance hip sta-

bility. Also, the large diameter of

the head and self-centering cup

that was used in the bipolar ar-

throplasty might explain the de-

creased tendency to dislocate 25.

Two options exist when treating

an unstable intertrochanteric hip

fracture with hemiarthroplasty.

The deficient proximal medial fe-

mur can be augmented with a cal-

car replacing prosthesis, or the

calcar can be reconstructed. Sev-

eral investigators26,27 have re-

ported good to excellent functional

results with use of a calcar replac-

ing femoral component. However

calcar replacing stems are not

readily available in our hospital,

so, our protocol was to recon-

struct the calcar with cerclage

stainless steel wire. 

ConclusionsConclusions
We consider bipolar hemiar-

throplasty with calcar reconstruc-

tion is a good option for unstable

hip fractures in elderly patients

with severe osteoporosis in view of

the stable and rigid fixation, early

ambulation and the low rate of

complications and reoperations.
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AbstractAbstract
Objectives:Objectives: to investigate whether the first trimester 3-D placental

volume, 3-D placental flow indices and pregnancy-associated plasma
protein-A correlate with each other and with second trimester uterine
artery Doppler velocities.

Methods: Methods: Two hundred and fourteen pregnant with a singleton preg-
nancy were enrolled in this study. At 11 to 14 weeks, transabdominal 3-
D scan to measure the placental volume and placental power Doppler
flow indices [vascularization index (VI), flow index (FI), and vasculariza-
tion flow index (VFI)]. Placental quotient (PQ) was calculated and mater-
nal serum pregnancy-associated plasma protein-A levels was measured
at the same time. At 18–22 weeks Uterine artery Doppler flow velocity
was evaluated for the presence of protodiastolic notch and pulsatility in-
dex was measured.

Results: Results: Placental volume and PQ had a significant positive correla-
tion with maternal serum pregnancy-associated plasma protein-A and
each three of the vascular indices (VI, FI, and VFI). Similarly, maternal
serum pregnancy-associated plasma protein-A had a significant positive
correlation with each three of the vascular indices (VI, FI, and VFI).
While second trimester uterine artery pulsatility index was inversely
correlated with placental volume, PQ, maternal serum pregnancy-
associated plasma protein-A and each three of the vascular indices (VI,
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IntroduIntroductctionion
Early identification of pregnan-

cies  at  risk to develop severe

complications such as pre-

eclampsia (PE) and Intrauterine

growth restriction (IUGR) is one of

the main objectives of perinatal

medicine (1). Although the under-

lying mechanism of these compli-

cations is still poorly understood

there are increasing evidences of a

relationship between impaired

placentation and the subsequent

development of PE and IUGR (2).

The prevention of PE and IUGR re-

mains a considerable challenge in

obstetrics (3). Although the symp-

toms of PE and IUGR generally

manifest in the second to third tri-

mester of pregnancy, their under-

lying pathology takes place in the

first trimester (4). One possible

reason why preventive strategies

have proven very disappointing at

present is that the proposed inter-

ventions have commenced in the

mid to late second trimester, when

the underlying placental dysfunc-

tion may already be established.

So, earlier assessment before the

establishment of placental dys-

function may have the potential to

improve predictive value for clini-

cal practice (3). 

Shallow invasive activity of the

FI, and VFI). The stepwise logistic regression analyses indicated that
there was a significant influence of first trimester PQ, power Doppler
VFI and maternal serum pregnancy-associated plasma protein-A on
second trimester high uterine artery PI and persistence diastolic notch.
First trimester small PQ, lower power Doppler VFI and lower plasma lev-
els of maternal serum pregnancy-associated plasma protein-A indicate
a higher probability of second trimester high uterine artery pulsatility
index and persistence diastolic notch.

Conclusions:Conclusions: First trimester 3-D placental volumetry, 3-D placental
flow indices and maternal serum pregnancy-associated plasma could be
important and efficient method for early and simple identification of im-
paired trophoblast invasion. Thus, they may be useful for the later clini-
cal applications and in screening for high-risk pregnancies

Keywords:  Keywords: 3-D Placental volume; 3-D placental power Doppler flow
indices; pregnancy-associated plasma protein-A; uterine artery Doppler
flow velocity. 
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extravillous trophoblast may re-

sult  in  small placental volume

secondary either to a reduction in

oxygen tension in the intervillous

space or to the activation of inhib-

itors of trophoblast differentiation

and proliferation(5). Defective

trophoblast invasion was shown to

occur in the first trimester of preg-

nancy(6); however, its consequenc-

es could be identified and diag-

nosed only in the second trimester

by measuring the uterine artery

Doppler perfusion. This usually

delays the start of treatment and,

therefore, the benefits of each

therapy become questionable even

if they are justified (7). These limi-

tations led to the idea that placen-

tal volumetry and vascularization

might be useful as first and prin-

cipal parameters for early and

simple identification of women at

risk (8).  Decreased placental vol-

ume and Placental flow indices at

11-14 weeks of gestation have

been  implicated in the subse-

quent development of PE and

IUGR (9,10). A possible method to

detect impaired trophoblast inva-

sion in the first trimester, might

be three-dimensional (3D) ultra-

sonographic measurement of pla-

cental volume (PV) and vasculari-

zation (11). High impedance of the

uterine arterial blood flow and the

persistence of an early diastolic

notch in the flow velocity wave-

form give an indication of an in-

sufficient  physiological conver-

sion of the spiral arteries. The

best  time to perform uterine ar-

tery  Doppler  scans is between

22-24  weeks,  although  this is

relatively  late for the start of an

efficient prophylaxis (12). pregnan-

cy-associated plasma protein-A

(PAPP-A)  is an insulin-like growth

factor binding protein (IGFBP) pro-

tease with specificity for IGFBP 2

and 4. Reduced levels of PAPP-A

may result in increased amounts

of insulin-like growth factor (IGF)

being bound to its carrier proteins

and hence not available at the cell

receptor level to stimulate fetal

growth and trophoblast invasion

of the decidua (13). Many studies

have reported reduced maternal

serum PAPP-A concentration at

11-14 weeks and increased risk

for subsequent development of PE,

IUGR and preterm delivery(8,14).

The study was carried out to in-

vestigate whether the first trimes-

ter 3D placental volume, 3-D pla-

cental flow indices and PAPP-A

correlate with each other and with
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second trimester uterine artery

Doppler velocities.

Patients and Methods Patients and Methods 
Two hundred and fourteen

pregnant women with viable sin-

gleton pregnancies in the first tri-

mester, between 11-14 weeks of

gestation were recruited during

the period from March 2008 to

January  2011. All patients had

no  obstetric  or  gynecologic  com-

plications in their past medical

history. Inclusion criteria were:

singleton pregnancies, absence of

pre-existing maternal diseases

such  as  chronic  hypertension,

diabetes,  collagen  vascular dis-

eases  absence  of  fetal  anoma-

lies, and whose fetal crown-rump

length (CRL) was 45-84 mm. The

study was approved by the local

ethical committee and informed

consent was obtained from all

women. An ultrasound scan was

performed to measure CRL, nu-

chal translucency and PV by us-

ing a Voluson 730 Pro scanner

(GE Medical Systems, Milwaukee,

WI, USA) with a 3.5 MHz 4D

transducer. For assessment of PV,

three volumes were measured and

recorded for offline analysis using

Virtual Organ Computer-aided

AnaLysis (VOCAL), and the mean

PV was calculated by averaging

the three volume values obtained.

Placental 3-D power Doppler vas-

cular indices [vascularization in-

dex (VI), flow index (FI), and vas-

cularization FI (VFI)] were also

calculated (15,16). 

As  PV  increases with advanc-

ing  CRL, in order to compare pla-

cental  size  across  different CRL

values, a PV/CRL quotient (PQ)

was calculated as previously re-

ported(16). All measurements were

recorded by one of two persons.

At 22 weeks of gestation, a Dop-

pler assessment for uterine arter-

ies was done. Both right and left

uterine arterial blood flows were

examined using color Doppler im-

aging. The Doppler gate was

placed at the proximal uterine ar-

teries according to the method de-

scribed by Bower et al. (17). Dop-

pler flow velocity waveforms were

recorded in five subsequent cycles

and the pulsatility index (PI) was

measured. The average of the

measurements from the left and

right uterine arteries was used for

the analysis and presence of notch

in either of the uterine arteries

was measured.
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Maternal blood samples were

taken for measurement of PAPP-A

using a Kryptor analyzer (Brahms

Diagnostica GmbH, Berlin, Ger-

many)  for biochemical assays,

and the  results were expressed as

multiples of the median (MoM) val-

ues using Astraia software

(Astraia Software GmbH, Munich,

Germany). 

Statistical analysis :Statistical analysis :

Statistical analysis was per-

formed by using Statistics Pack-

age for Social Sciences (SPSS Inc.,

Chicago, IL). The data were report-

ed as mean±SD. Correlation anal-

ysis was performed using Pearson

correlation test. Stepwise linear

regression analysis was used to

find out if any correlation exists

between PQ and other parameters.

Also,  stepwise logistic regression

analyses were calculated to ascer-

tain whether PV or PQ as well as

placental power Doppler flow indi-

ces, PAPP-A, age, gravidity or BMI

have any influence on uterine ar-

tery PI and on the occurrence of

unilateral or bilateral notching in

second trimester. A P-value < 0.05

was considered to be statistically

significant.

ResultsResults
Two hundred and fourteen

pregnant women were recruited.

Eight women were excluded from

the analysis for the following rea-

sons: 5 women were lost to follow

up  at  22 weeks  for  uterine ar-

tery  Doppler  and  3 had a sec-

ond-trimester spontaneous mis-

carriage.  Thus, 206 pregnancies

were available for the final analy-

sis. Demographic features, ultra-

sonographic measurements of fe-

tal and placental parameters,

uterine artery Doppler studies and

PAPP-A measurements are listed

in Table 1.

PV and PQ had significant posi-

tive correlation with PAPP-A and

each three of the vascular indices

(VI, FI, and VFI). While PV and PQ

were inversely correlated with sec-

ond trimester uterine artery PI

(Table 2).

PAPP-A had significant positive

correlation with CRL, PV, PQ and

each three of the vascular indices

(VI, FI, and VFI). While second tri-

mester uterine artery PI was in-

versely correlated with CRL, PV,

PQ, PAPP-A and each three of the
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vascular indices (VI, FI, and VFI).

(Table 3).

In a stepwise logistic regression

model PQ and all other parame-

ters (demographic parameters,

uterine artery Doppler parame-

ters, PAPPA, VI, FI, and VFI) were

compared. PAPP-A and VFI values

were affecting PQ (P<0.001, posi-

tive estimator). None of demo-

graphic variables show a signifi-

cant influence on either PV or PQ

in the stepwise regression analy-

ses (Table 4). 

The stepwise logistic regression

which takes the dichotome PI

(‘high’ and ‘normal’ resistance i.e.

<95 centile versus >95 centile) as

a regressor variable demonstrates

that it depends on PQ, placental

power Doppler indices and PAPP-A

(P<0.0001, negative estimator) re-

gardless of whether the PI is high

on the left, on the right or on both

sides. The stepwise logistic regres-

sion analyses indicate that there

is a significant influence of PQ,

power Doppler indices (VI, FI, VFI)

and PAPP-A on the occurrence of

bilateral notching. Gravidity, pla-

cental power Doppler indices (VI,

FI, and VFI), PQ and PAPP-A have

negative estimators. This suggests

that the probability of bilateral

notching is higher in nulliparous

women and decreases with in-

creasing gravidities. A small PQ,

lower placental power Doppler in-

dices and lower plasma levels of

PAPP-A indicate a higher probabil-

ity of bilateral notching. The oc-

currence of a notch, bilateral or

unilateral, depends significantly

on the PQ, PAPP-A and placental

power Doppler indices, as well as

on age and gravidity. 

Significant inverse correlations

between second trimester uterine

artery PI and first trimester PV

and PQ are shown in Fig. 1.

A significant positive correla-

tion between PAPP-A and placen-

tal power Doppler indices (VI and

VFI) is shown in Fig. 2.



271271

Benha M. J.

Vol. 28  No 1  Jan.  2011



272272

Ashraf I. El-Mashad and Anwar A. Shalaby 



273273

Benha M. J.

Vol. 28  No 1  Jan.  2011



274274

Ashraf I. El-Mashad and Anwar A. Shalaby 



275275

Benha M. J.

Vol. 28  No 1  Jan.  2011

DiscussionDiscussion
The potential advantage of first-

trimester screening and selection

of high-risk pregnancies is the

provision of early intervention (18).

As the invasive activity of the ex-

travillous trophoblastic cells is at

a maximum during the first tri-

mester of gestation, peaking at

around 10-12 weeks and declining

thereafter, treatment started in

the first trimester may be more ef-

fective than that given in the sec-

ond trimester (5). Shallow invasive

activity  of  the  extravillous troph-

oblast  may result in small placen-

tal volume secondary either to a

reduction  in oxygen tension in

the intervillous space or to the ac-

tivation of inhibitors of tropho-

blast differentiation and prolifera-

tion (6,8). 

Results of the present study

showed that of the present study

showed that PAPP-A had a signifi-

cant positive correlation with PV,

PQ and placental power Doppler

vascular indices (VI, FI, and VFI).

These results agreed with those

previously reported (8,10).

Decreased first trimester PAPP-

A concentrations are associated

with  altered  3D  placental Dop-

pler indices(19), IUGR, and ad-

verse pregnancy  outcomes, such

as preterm labor, and preeclamp-

sia (13,20). The value of PAPP-A in

prediction of preeclampsia and

IUGR  is  reviewed  by  Pilalis et

al.(21). A high PAPP-A level was

associated with lower IGF binding

proteins and higher free IGF's (13),

which are important regulators

promoting fetal and placental

growth at the very beginning of

pregnancy (22). 

Current results showed that

vascular indices of the placenta

(VI, FI, and VFI) increase with in-

creasing PV. Higher PAPP-A levels

was associated with the higher VI,

FI, and VFI values. So, PAPP-A

might be related with the vascular

and volumetric growth of the pla-

centa. These findings are consis-

tent with those of Rizzo et al. who

investigated placental vascular in-

dices among pregnancies with low

serum PAPP-A. They observed

that, altered vascular indices were

associated with IUGR and abnor-

mal umbilical artery Doppler find-

ings(19). Very low PAPP-A levels

were also associated with altered

placental vascularization indices
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and reduced number of villous

capillary vessels (23). 

Impaired uteroplacental blood

flow, as a result of this altered

vascularization process was con-

sidered to have a major role in pa-

thophysiology of IUGR(4). This

events usually start early in pla-

cental vascularization, later on af-

fecting placental structure and fi-

nally the fetus (3,5). 

Results of the present study

showed that placentae of women

with pathologic uterine perfusion

in the second trimester of preg-

nancy are already remarkably

small at the end of the first tri-

mester. Uterine artery protodia-

stolic notch (either unilateral or

bilateral) as well as increased PI is

associated with a significant first

trimester reduction in PAPP-A,

placental size and 3-D power Dop-

pler placental flow indices. Similar

results have been previously re-

ported (8,22). Placentation in the

first trimester of pregnancy may

therefore play an important role in

determining the risk of subse-

quent late pregnancy complica-

tions such as PE and IUGR

through inadequate trophoblastic

invasion of the maternal spiral ar-

teries (1) or the smaller tropho-

blastic  mass  that may cause a

decrease in production of vasoac-

tive substances or antioxidative

agents leading to endothelial dys-

function (24).

Previous studies reported that

persistence  of  uterine artery pro-

todiastolic  notch in second tri-

mester is valuable in detecting

pregnancies  at high-risk, al-

though the second trimester is too

late for patients to benefit from

treatment(5,7). Placental power

Doppler studies measuring VI, FI,

and VFI may reflect abnormal vas-

cularization pattern and thus may

predict high-risk pregnancies

(such as IUGR) at an early stage,

especially when interventions

might still be effective. 

First trimester PV and uterine

artery PI measurements were

found to be valuable parameters

for predicting preeclampsia (1),

and adverse pregnancy outcomes,

such as fetal growth restriction,

pregnancy induced hypertension

and abruption (9). Hafner et al.

compared first trimester PQ and

second trimester uterine artery
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Doppler PI values and found simi-

lar predictive values of each pa-

rameter for prediction of pree-

clampsia (7). However, Low et al.

observed that first trimester PV

and second trimester PV and ute-

rine artery Doppler were indepen-

dent markers and offer similar

predictive values of IUGR (18).  

ConclusionsConclusions
First trimester evaluation of the

placenta by 3D volumetric meas-

urements and 3D power Doppler

might improve investigation of ear-

ly placental vascularization and

its association with fetal growth as

they could reflect the second tri-

mester uterine perfusion parame-

ters. These results could be of

great importance for the predictive

and diagnostic evaluation of fetal

growth restriction presenting with

PV and vascular tree alterations

as early as first trimester.
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IntroduIntroductctionion
Polycystic ovary syndrome

(PCOS) is the most common endo-

crine disorder of women in repro-

ductive age, affecting 5-10% of

women in this age group. The un-

derlying defect in PCOS remains

unknown, but there is growing

consensus that key features in-

clude insulin resistance, androgen

SALIVARY TESTOSTERONE : IS IT A MARKERSALIVARY TESTOSTERONE : IS IT A MARKER
FOR POLYCYSTIC OVARIAN SYNDROME?FOR POLYCYSTIC OVARIAN SYNDROME?

Raafat Abdel Fatah MD* and Ahmed Elewa MD**Raafat Abdel Fatah MD* and Ahmed Elewa MD**
Departments of Obstetrics & Gynecology * and  Clinical Pathology **  

Faculty of Medicine, Mansoura University, Egypt 

AbstractAbstract
Objective: Objective: to evaluate the role of salivary testosterone (ST) a reliable

hormonal marker for diagnosis of PCO and comparing it with serum
free testosterone (SFT).

Material and Methods : Material and Methods : this prospective study was conducted in the
Departments of Obstetrics & Gynecology and Clinical Pathology, Man-
soura Faculty of Medicine, Egypt, from April 2009 to October 2010.
Thirty five women with clinically diagnosed PCOs as study group and 25
normal women as control group. All cases were assayed for salivary tes-
tosterone by (ELISA), serum free testosterone by radioimmunoassay
(RIA) and FSH, LH. Transvaginal sonography for all cases to assess
ovarian morphology and volume 

Results: Results: significant positive correlation between salivary testosterone
assayed by ELISA and serum free testosterone assayed by RIA. (r value :
0.38, P value: <0.01) by using receiver operating curve  ST was found
more sensitive than SFT (85% versus 65%) in  diagnosing PCOS pa-
tients

Conclusion:  Conclusion: Salivary testosterone (ST) provides a sensitive, simple,
reliable, non invasive diagnostic tool for PCOS.

Key  words  :  Key words : Salivary testosterone (ST) - serum free testosterone
(STF) -  Polycystic Ovarian Syndrome (PCOs).
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excess, and abnormal gonadotro-

phin dynamics(1,2).

Current studies suggest that

the ovary is the principle site of

excess androgen, but some wom-

en with PCOS may have an adren-

al contribution of the increased

androgen production(3).

Testosterone-bound sex hor-

mone binding globulin (SHBG) is

considered a biologically inactive

measurement, so the measure-

ment of free testosterone is a most

important  method of assessing

hyperandrogenemia(1,2).

Testosterone is synthesized in

females in small quantities by the

theca interna of the ovaries where

it is converted to estradiol. Testos-

terone in women is carried in

blood 2% as free form, 66-78% are

bound to sex-hormone binding

globulin (SHBG) and 20-30% is

bound to albumin(3).

It was found that assessment of

serum free testosterone by widely

spread radioimmunoassay (RIAs)

revealed non accurate results

which aroused the search for an-

other more accurate method of as-

sessment  of  free testosterone.

The use  of  saliva has provided a

substantial addition to the diag-

nostic field as an investigative tool

for disease processes and disor-

ders(5,6).

Testosterone is secreted in sali-

va in the free form without the

SHBG and albumin(6,7). The aim

of this work was to evaluate sali-

vary testosterone (ST) level as a

simple reliable and sensitive diag-

nostic tool in diagnosing cases of

PCOS and comparing it with ser-

um free testosterone (FT).

Material & MethodsMaterial & Methods
This prospective study was

conducted in the Departments of

Obstetrics & Gynecology and Clin-

ical Pathology, Mansoura Faculty

of Medicine, Egypt, from April

2009 to October 2010 

Thirty Five women with clini-

cally diagnosed PCOS as study

group and twenty five normal

women with normal reproductive

outcome  as control group were

selected for the study,  all aged

between 20 and 35 years.

Inclusion criteria were accord-
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ing to Rotterdam criteria(9) for

PCOS: 1- anovulation,  oligoovula-

tion or both  2- clinical or biochm-

meical signs of hyperandrogenism

or both 3 - polycystic ovaries on

ultrasound (US) examination.

We ex-cluded woman having di-

abetes, hypertension, hyperthyr-

oid-ism, hyperprolactinemia or re-

ceiving hormonal medication

within 3 months before or having

oral diseases or oral inflam-

mations were excluded from the

study. 

All  participants  were  subject-All participants were subject-

ed to:ed to: Full history taking,  labora-

tory tests including: serum free

testosterone (serum FT), salivary

testosterone  (ST) and serum LH

and FSH to confirm the diagno¬sis

of PCOS. 

Vaginal ultrasonography was

also done to determine the mean

ovarian volume, patients under-

went transvaginal ultrasonogra-

phy in the early follicular phase

(cycle days (2-3) if they were oli-

gomenorrheic or at random if

amenorrheic. Each patient under-

went examination of the morphol-

ogy of the ova-ries, ovarian vol-

ume, follicle distribution, number

and diameter were recorded. Ovar-

ian volume, follicle distribution,

number and diameter were re-

corded. Ovarian volume determi-

nation was made using the formu-

la for the volume of an ellipsoid :

0.523 x length x width x thick-

ness. All cases given written in-

formed consent.  

Hormonal assay : Hormonal assay : 

Seven milliliters of venous

blood were withdrawn from each

subject and collected in a centri-

fuge tube on the 2nd or 3rd day of

the cycle unless the subject was

amenorrheic. The samples were

left for 10 min to clot and then

centrifuged. The serum was separ-

ated and stored at -20C till the

time of the assay. Haemolysed and

lipemic samples were avoided. 

- Determination of serum free

testosterone was done by direct

competitive radioimmunoassay

(RIA) analog tracer. This method

utilizes an [I 125]-labelled testos-

terone analog which has low affin-

ity for SHBG and albumin, hence,

no extraction was needed . The kit

used was supplied by  Diagnostic

Systems Laboratories Inc. (445
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Medical Center Blvd., Texas

77598 - 4217, USA)(10).  Determi-

nation of serum LH and FSH: by

an automated  chemiluminescent

immunometric assay using Immu-

lite 2000 FSH & LH Chemilumi-

nescent kit (supplied by  DPC, Bi-

ermann GmbH-61231 Bad

Nauheim, Germany).

It   is   a  solid-phase,  sand-

wich chemiluminescent assay.

The  FSH/LH  ratio was calculat-

ed(11,12).

Determination of salivary tes-Determination of salivary tes-

tosterone:  tosterone: the patients were

asked to avoid eating or drinking

or brushing their teeth for 30 min

before sampling. In addition, they

were asked to rinse their mouth

thoroughly with cold water 5 min

prior to sampling. No samples

were collected from patients with

oral diseases, inflammations or le-

sions to avoid blood contamina-

tion which gives false results.

Three  milliliters of saliva were col-

lected in glass tubes by direct

spitting into the tubes following

salivary stimulation by chewing a

piece of parafilm(7). The samples

were stored at -20C till the time of

the assay. Salivary testosterone

(ST) was assayed by competitive

enzyme linked immuno sorbent

assay (ELISA)(13). The kit was

supplied by DRG Diagnostics,

GmbH, Frauenbergstr. 18, D-

35039 Marburg, Germany.

ResultsResults
Table I shows clinical and son-

ographic parameters among study

and control group as regard age,

body mass index BMI and ovarian

volume .

Table II shows hormonal assay

of  salivary testosterone ng/ml

and serum free testosterone ng/

ml, among both groups .

Table III: shows  that positive

correlation between salivary tes-

tosterone assayed by ELISA and

serum free assayed by RIA .

Figure(1) : shows ROC curve for

sensitivity and specificity for diag-

nosed of PCO by using salivary T

and serum FT,  salivary T was

more sensitive than serum FT

(85% VS 65%) while specificity of

serum free testosterone was (95%

VS 88% ) for salivary T.
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DiscussionDiscussion
Polycystic ovarian syndrome

(PCOS) is a widely spread disease

among females during their repro-

ductive period. One of the criteria

on which the diagnosis of PCOS is

built on, assessment of testoste-

rone hormone which is often ele-

vated in such cases(9). 

Although PCOS is primarily a

clinical diagnosis (given a history

of chronic anovulation and andro-

gen excess) with the exclusion of

the very uncommon condition of

non-classical congenital adrenal

hyperplasia,  however, elevated

free testosterone level represents

the most sensitive biochemical

marker supporting the diagnosis.

A raised LH concentration, al-

though a useful marker of the

syndrome, is now less favored as a

diagnostic tool.  A ratio of LH/FSH

equal or greater than 2:1 is cer-

tainly consistent with PCOS, as a

diagnostic test, however, the LH/

FSH ratio is often in the normal

range and therefore is an insensi-

tive test(3,4).

The present study was made to

evaluate the reliability of salivary

testosterone level in diagnosing

cases of PCOS, and comparing its

reliability with serum free testos-

terone. The mean salivary testos-

terone in the normal control group

was 0.015 ± 0.006 ng/ml vs.

0.042 ± 0.016  ng/ml in PCOS

cases with a high statistically sig-

nificant (p<0.005) in the PCOS

cases. 

These results agree with the

study   conducted  by  Dipankar

et al.(15), which shows that sali-

vary testosterone shows higher

significance in PCOS cases (p

<0.0001) than does the serum to-

tal testosterone (p< 0.01). The

same results were obtained by

Sharquie et al.(16), Previous stud-

ies showed that salivary testoste-

rone gives a useful indication of

levels of biologically available an-

drogen in hyperandrogenic wom-

en. Salivary testosterone was of

greater diagnostic use in hirsut-

ism than any of the currently used

serum androgen assays at that

time (15,16,17). 

The present study showed a

significant  positive  correlation

between  salivary testosterone,

measured by ELISA, and serum

free testosterone  measured  by
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RIA (r = 0.38, p =0.01) suggesting

that salivary testosterone reflects

changes in the levels of available

biologically active hormone in the

circulation. These findings were

similar to those cited in other

studies (17,18).

The reliability of salivary testos-

terone was proved using the re-

ceiver operator curve (ROC)  which

showed that salivary testosterone

was found to be more sensitive

than serum free testosterone (85%

vs. 65%) in diagnosing PCOS

based on clinical criteria, while

the specificity of serum free tes-

tosterone was 95% vs. 88% for

salivary testosterone. The salivary

testosterone was not only related

to the clinical criteria of PCOS but

also to its biochemical markers, as

strong correlation was found be-

tween salivary testosterone and

LH/ FSH ratio (r= 0.39, p =0.01),

the main biochemical standard in

diagnosing PCOS. Serum free tes-

tosterone was also found to corre-

late with LH/FSH ratio (r = 0.36, p

=0.01) in PCOS cases which

agrees with other studies (17,19).

However, variability in salivary

testosterone results between la-

boratories using different RIAs has

been reported (20).  In their study,

saliva was assayed for testoste-

rone by isotopic immunoassay

methods. Serum was assayed by

commercially available RIA kits for

free testosterone. Salivary testos-

terone was assayed in our study

using non-isotopic immunoassay

(ELISA) which helped to give more

reliable results.  It seems that de-

termination of salivary testoste-

rone is a reliable method to detect

changes in the concentration of

available biologically active testos-

terone in the serum(17).

In conclusion,  salivary testos-

terone (ST) provides a sensitive,

simple, reliable, non invasive diag-

nostic tool for PCOS.
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AbstractAbstract
Objective:Objective: to assess the role of transvaginal Doppler ultrasound (U/

S) in prediction of endometrial hyperplasia during perimenopausal peri-
od and comparing it with the hysteroscopy and endometrial biopsy.

Setting: Setting: obstetrics and gynecology department, Menofiya university.
Subjects: Subjects: two hundred patients with perimenopausal bleeding. 
Interventions:  Interventions: color Doppler ultrasound (U/S) on uterine arteries,

hysteroscopy, and D & C biopsy. 
Main  outcome  measures:Main outcome measures: resistance and pulsatility index on the

uterine arteries were measured as well as ability of the hysteroscopy to
predict endometrial hyperplasia.

Results:Results: from the 200 cases with perimenopausal bleeding, 30 cases
were diagnosed as endometrial hyperplasia by D & C biopsy (15%). Hys-
teroscopy was successful in predicting endometrial hyperplasia in 22
cases  out of the 30 cases diagnosed by the D & C biopsy (73.3%) with
false negative result in 8 cases (26.7%) and false positive result in 2 cas-
es. As regards to Doppler U/S, resistance index predicted hyperplasia in
25 cases (83.3%) with false negative result in 5 cases (16.7%) and false
positive result  in 3 cases. Pulsatility index diagnosed hyperplasia in 23
cases (76.7%) with false negative result in 7 cases (23.3%) and false
positive result in 4 cases. There is no significant difference between
Doppler U/S and hysteroscopy in predicting endometrial hyperplasia.

Conclusions:  Conclusions: this study recommends Doppler U/S as a screening
tool in the situation of suspicion of endometrial hyperplasia as it is non-
invasive method but the routine D & C biopsy is a mandatory procedure
for reaching final proper diagnosis.

Key words: Key words: Doppler, Hysteroscopy, Endometrial hyperplasia.
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IntroduIntroductctionion
Endometrial hyperplasia is an

increased ratio of endometrial

glands to stroma greater than one

to one. In simple hyperplasia, the

ratio is only slightly increased and

the glands may be cystically dilat-

ed. In complex hyperplasia, the

glands are irregular, the ratio of

glands to stroma may be three to

one or more and there may be

back- to- back crowding of glands.

These types of hyperplasia are fur-

ther subdivided into those with

typical or atypical cytology (1).

Many methods are used for

prediction and diagnosis of endo-

metrial hyperplasia such as hys-

teroscope, transvaginal ultraso-

nography (TVUS), transvaginal

Doppler ultrasonography on ute-

rine arteries and endometrial bi-

opsy (2).

As TVUS alone is not reliable

enough to obviate endometrial bi-

opsy in diagnosis of endometrial

pathology, color Doppler measure-

ment  of  uterine  arteries have

been suggested to improve the

sensitivity of the TVUS by detec-

tion of low impedence and high di-

astolic blood flow in collateral ves-

sels caused by tumour angiogene-

sis (3).

Hysteroscopy has become the

tool of choice for the evaluation of

the endometrial cavity, including

assessment of abnormal uterine

bleeding (4). 

This study was performed to

compare the ability of the hyster-

oscopy and the Doppler U/S on

uterine arteries in evaluation of

the endometrial cavity and predic-

tion of endometrial hyperplasia.

Material and MethodsMaterial and Methods
This study included two hun-

dred patients with perimenopau-

sal bleeding attending outpatient

clinic in Obstetrics and Gynecolo-

gy department, Menoufiya Univer-

sity Hospital. The study was ap-

proved by the ethical committee of

Menoufiya University. A signed

written consent was obtained

from each patient after explaining

the whole study for each. Our in-

clusion criteria were any patient

with perimenopausal bleeding

without any medical disorder and

without any macroscopic patholo-

gy like myoma proved by U/S. Pa-

tients on hormone therapy were
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excluded from the study.

Patients included in this study

were subjected to detailed full

medical history, general, abdomi-

nal, and pelvic examination.

Transvaginal color Doppler U/S

on uterine arteries for determina-

tion of (resistance index `RI` and

pulsatility index `PI`) was done for

all patients before performing hys-

teroscopy and D & C biopsy. It

was carried out in Radiology de-

partment using 6.5- mega Hertez

transvaginal probe (Siemens Co.,

Model no.: GM- 6601A2E00) to

look for the presence or absence of

colour coded zones that represent

vascularized areas when colour

signals are obtained. Blood flow

velocity waveform was recorded by

placing the sample volume over

the colored vessels and activating

the pulsed Doppler.

Both uterine arteries are locat-

ed lateral to the cervix by colour

Doppler imaging and the angle of

insonation was adjusted to obtain

maximum colour intensity. The

pulsed Doppler gate was placed

over the artery and the resulting

waveform obtained from the

pulsed Doppler was analysed by

these two indices: the first is the

resistance index (RI) and the other

is the pulsatility index (PI). Both of

them were automatically calculat-

ed. 

Hysteroscopy and dilatation

and curettage (D & C) biopsy were

done for all patients under general

anaesthesia. Hysteroscopy was

performed without cervical dilata-

tion, using the Hamou- microhys-

teroscope II (Karl Storz, GMBH,

Tuttlingen, Germany). Hysteros-

copic prediction of endometrial hy-

perplasia was based on the pres-

ence of one or more of the

following criteria: (focal or diffuse

increase in endometrial thickness,

irregular aspect of the endometrial

surface, button like proliferations

or large protruding cyst in uterine

cavity, dilated glandular openings

of yellowish colour, or presence of

large superficial vessels in pano-

ramic view(5). 

For prediction of endometrial

hyperplasia by the Doppler U/S,

the cut off value of the RI used

was 0.75 or less and that of the PI

was 1.83 or less. These values are

chosen according to the study of
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Elusseiny (6) about uterine assess-

ment by Doppler in cases of  ab-

normal uterine bleeding. 

The data collected were tabu-

lated and analyzed by SPSS statis-

tical package version II on IBM

compatible computer. Quantita-

tive data were expressed as mean

± standard deviation (SD). Sensi-

tivity, specificity, positive predic-

tive value (PPV), and negative pre-

dictive value (NPV) were

calculated. Qualitative data were

expressed as number and percent-

age and analyzed by applying chi-

square test. Pearson correlation (r)

was used to measure association

between quantitative variables.

The test is considered significant

when P value is < 0.05.

ResultsResults
In this study two hundred peri-

menopausal patients were includ-

ed with age ranged from 40-51

years, with mean age of 45.2±3

years. The parity ranged from 1-

10 with mean of 5.4±2.1. The

weight  ranged from 78-112 kilo-

grams (Kg),  with mean of 88.9±

8.6 Kg.

The patients presented either

with menorrhagia (n= 60 [30%]),

metrorrhagia (n= 65 [32.5%]), me-

nometrorrhagia (n= 75 [37.5%]). 

In the 30 cases diagnosed by D

& C biopsy, endometrial thickness

was more than 17 mm in 14 cases

(46.7%) with mean thickness of

19.4 ± 1.4 mm followed by 13 - 17

mm in 9 cases (30%) with mean

thickness of 15.9 ± 1.3 mm. Final-

ly, endometrial thickness was 8 -

12 mm in 7 cases (23.3%) with

mean thickness of 10.3 ± 2.1 mm

(table 1). As regards to the type of

endometrial hyperplasia, the sim-

ple type was the most common

(100%) among the group of 8 - 12

mm, the same was in the group of

13 - 17 mm but with the percent-

age of (88.9%). Lastly. In the

group of endometrial thickness of

> 17mm, both simple and complex

hyperplasia were present (50%

and 42.9% respectively) (table 1).  

As regards to the resistance in-

dex (RI) measured by Doppler ve-

locimetry of the uterine arteries,

25 cases from the thirty cases di-

agnosed by D & C biopsy (83.3%)

were suspected to have endometri-

al hyperplasia with false negative

result in 5 cases (16.7%) (table 2)
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and false positive result in 3 cas-

es. The sensitivity, specificity,

(PPV), and (NPV) of the RI were

71%, 89%, 89%, and 97% respec-

tively (figure 1). 

In addition, in the group of en-

dometrial thickness of 8 - 12 mm,

there was non significant decrease

in the RI, in the group of endome-

trial thickness of 13 - 17 mm,

there was significant decrease in

RI (high incidence of hyperplasia),

finally, in the group of endometrial

thickness of > 17 mm, there was

highly significant decrease in the

R.I (very high incidence of hyper-

plasia) (table 2).

In addition, pulsatility index

predicted hyperplasia in 23 cases

from the thirty cases diagnosed by

D & C biopsy (76.7%) with false

negative result in 7 cases (23.3%)

(table 3) and false positive result

in 4 cases. The sensitivity, speci-

ficity, PPV, and NPV of the PI were

62%, 98%,  85%, and 96% respec-

tively (figure 1). In addition, in the

group of endometrial thickness of

8 - 12 mm, there was non signifi-

cant decrease in the PI, in the

group of endometrial thickness of

13 - 17 mm, there was significant

decrease in PI (high incidence of

hyperplasia),  finally, in the group

of endometrial thickness of > 17

mm, there was highly significant

decrease in the PI (very high inci-

dence of hyperplasia) (table 3).

On the other side, from the

thirty cases diagnosed by D & C

biopsy, hysteroscopy was able to

predict endometrial hyperplasia in

22 cases (73.3%) with false nega-

tive result in 8 cases (26.6%) (ta-

ble 4) and false positive result in 2

cases. The sensitivity, specificity,

PPV, and NPV of the hysteroscopy

in predicting endometrial hyper-

plasia were 58%, 99%, 92%, and

96% respectively (figure 1). 

In addition, in the group of en-

dometrial thickness of 8 - 12 mm,

there was significant difference in

the hysteroscopic results. In the

group of endometrial thickness of

13 - 17 mm, there was significant

difference in the hysteroscopic as-

sessment (high incidence of hyper-

plasia). Finally, in the group of en-

dometrial thickness of > 17 mm,

there was highly significant differ-

ence in the hysteroscopic assess-

ment (very high incidence of hy-

perplasia) (table 4).
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Obviously, in the group of en-

dometrial thickness of > 17 mm,

there    was   highly   significant

predictable  changes  seen  by

both  Doppler  studies and hyster-

oscopy.

When comparing hysteroscopy

and transvaginal Doppler velocim-

etry measurements, there was no

significant difference between both

in predicting endometrial hyper-

plasia as shown in figure 1.
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DiscussionDiscussion
Endometrial hyperplasia covers

a group of abnormalities encom-

passing premalignant lesions of

the endometrium. It is classified

according to cellular and structu-

ral appearance, and is recognized

as an estrogen dependent condi-

tion (7).

Many methods were tried for

evaluation of perimenopausal

bleeding to reach an accurate

method that carries high sensitivi-

ty and specificity in diagnosis.

These methods are either non- in-

vasive or invasive. The non- inva-

sive methods as imaging tech-

niques are very helpful in

diagnosis, such as pelvic U/S,

transvaginal color Doppler U/S

and MRI (8).

Invasive techniques are also

very helpful in diagnosis such as

hysteroscope and endometrial

sampling (9).

Color Doppler scanners are

able to superimpose a color map

over the grey scale image, the abil-

ity to assess blood supply and tu-

mour vascularity makes color

Doppler U/S a potentially useful

tool to differentiate benign from

malignant lesions (6).

In this study, uterine cavity as-

sessment was done and any ute-

rine lesion such as myoma, polyp,

or adenomyosis has been exclud-

ed.

Hysteroscopic assessment was

performed in the operating theatre

under  general  anesthesia,  then

D & C biopsy was done in the

same setting after diagnostic hys-

teroscopy. Endometrial biopsies

were examined histopathological-

ly.  Transvaginal  color  Doppler

U/S was done on uterine artery

before the operative intervention

(hysteroscopy and D & C biopsy).

In our study, uterine artery RI

cut off value of 0.75 was selected

according to the coordination of

Receiver Operating Characteristics

(ROC) curve of the RI in patients

with endometrial hyperplasia, and

this cut off point had the sensitivi-

ty, specificity, PPV, and NPV of

75%, 88%, 60%, and 96% in pre-

dicting endometrial hyperplasia

respectively (6).

The Doppler results of this
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study are in agreement with Ar-

slan et al (3), and Emoto et al(10),

who concluded that uterine artery

RI has 100% sensitivity and 62%

specificity in detecting endometri-

al pathology.

Also, Drajojevic et al(9), have

stated that, transvaginal colour

Doppler sonography as sensitive,

specific and non-invasive method

has significant place in the diag-

nostic procedure for evaluation of

abnormal uterine bleeding in peri-

menopausal and postmenopausal

women. Colour Doppler sonogra-

phy can help in differentiating be-

nign from malignant endometrial

changes, and in deciding on the

most efficient therapeutical re-

gime.

On  the  other  side, Vuento et

al(11) and Sladkevicius(12) report-

ed that transvaginal U/S is a bet-

ter method for discriminating be-

tween normal and pathological

endometrium than Doppler velo-

cimetry of the uterine arteries.

In the present study, as re-

gards to the PI, the cut off value of

1.83 has been chosen and this

value has a sensitivity, specificity,

PPV, and NPV of 75%, 85%, 43%,

and 96% respectively in the pre-

diction  of  endometrial hyperpla-

sia (6) and(13).

In contradiction with our re-

sults, Wilailak et al(14) reported

that PI and RI values for the ute-

rine arteries does not help in dis-

crimination between normal and

pathologic endometrium and that

is probably because uterine arter-

ies are too large to show any he-

modynamic disturbance, whereas,

intra-lesion vessels may show

some difference.

The divergence in the results

between the present study and the

other reports might be attributed

to many variables that can affect

Doppler measurements such as

variation in the angle of insona-

tion and type of the Doppler beam

used, the frequency used, ma-

chine resolution, the sample size,

quality  of the produced image,

patient cooperation during exami-

nation, and the skills of the exam-

iner.

Regarding to hysteroscopic re-

sults, it has been succeeded in

predicting endometrial hyperpla-
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sia in 22 cases (73.3%) and failed

to predict it in 8 cases (26.7%)

with sensitivity, specificity, PPV,

and NPV of 58%, 99%, 92%, and

96% respectively and this is in

agreement with Bassil et al(15),

Garuti  et al(16) and Giancarlo et

al (17) who demonstrated that, the

overall sensitivity, specificity, NPV,

and PPV of the hysteroscopy were

63.7%, 91.7%, 91.3%, and 64.7%,

respectively.

On the other hand, Loverro et

al(5) studied the predictive accura-

cy of the hysteroscope in cases of

endometrial hyperplasia, the sen-

sitivity, specificity, PPV, and NPV

were  98%, 95%, 63%, and 99%

respectively with high rate of

(42%) of false positive results. This

was mainly due to presence of ab-

normal thickened endometrium as

a main criterion for hysteroscopic

diagnosis of endometrial hyperpla-

sia and concluded that high diag-

nostic accuracy associated with

minimal pain renders hystero-

scope the ideal procedure for both

diagnosis and follow up of conser-

vative management of endometrial

hyperplasia.

In accordance with our results,

Birinyi et al(18) studied the predic-

tive value of hysteroscope in diag-

nosis of intrauterine abnormali-

ties, they reported that sensitivity,

specificity, PPV, and NPV were

52%, 92%, 35%, and 95% respec-

tively. 

Also, Butureanu et al(19) in

their study about hysteroscopy

and endometrial hyperplasia, em-

phasized that the hysteroscopy

was successful in predicting hy-

perplasia in 76% of cases.

Obviously, in this study, in the

group of thickened endometrium >

17 mm, there were very high inci-

dence of endometrial hyperplasia

as proved by both Doppler and

hysteroscopy and this enforces the

concept of performing Doppler U/

S as a screening non invasive

method in patients with thick en-

dometrium as it  has high predic-

tive value in this condition.

In the present study no statisti-

cally significant difference be-

tween sensitivity, specificity, PPV,

and NPV of both hysteroscopy and

transvaginal Doppler U/S on the

uterine artery was noted. Howev-

er,  they  are slightly higher in
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Doppler U/S. Finally, Doppler U/

S offers additional advantages of

being non- invasive, rapid, easily

applicable, painless with avoid-

ance of the numerous complica-

tions of the hysteroscopy.
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AbstractAbstract
Objective: Objective: To evaluate the ability of mesenchymal cells derived from

nonhematopoietic organs to form blood and to differentiate into hepatic
cells in vitro and in vivo. 

Materials  and  Methods:  Materials and Methods: Because of its mesodermic derivation, hu-
man fetal kidney was used as a source of mesenchymal cells. Two popu-
lations of kidney cells were studied at a nonclonal level: a crude prepar-
ation, and an adherent fraction that was derived from the first by
propagation in vitro (MNMC). Both populations were transplanted into
sheep fetuses and analyzed at intervals for the presence of human cells
in different organs by flow cytometry, PCR, immunohistochemistry, and
in situ hybridization. Secondary transplantation studies were performed
using human hematopoietic cells obtained from the bone marrow (BM)
of primary recipients.

Results: Results: MNMC were Thy-1+, CD51+, CD44+, CD45-, and vimentin+,
a phenotype consistent with that of metanephric mesenchyme. The
crude population displayed the same phenotype but was contaminated
with 0.4% CD34+ CD45+ cells. Cells with hepatocyte-like morphology
and phenotype were obtained from the MNMC after culture in specific
inducing media. After transplantation, both populations of cells pro-
duced multilineage hematopoietic engraftment and gave rise to CD34+

cells. Successful hematopoietic engraftment in secondary recipients
demonstrated the generation of long-term engrafting hematopoietic
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IntroduIntroductctionion
Numerous studies have provid-

ed  evidence that stem cells per-

sist  through   adult  life  in  sever-

al  tissues, participating in normal

replacement and repair within

their respective tissues[1-4]. By ex-

amining stem cells from readily

available  adult  sources,  investi-

gators  have  begun to gain new

insights  into  the  processes of

cellular  differentiation  and or-

ganogenesis, and have started to

provide   evidence  suggesting that

some of these adult stem cells

possess  the  ability to develop

into cells of multiple tissues, in

some cases including those of

seemingly unrelated organs[5-16]. 

These  findings  have  thus

challenged  the  commonly held

belief on development, that cellu-

lar differentiation and lineage

commitment are irreversible pro-

cesses and that the inter conver-

sion of cells from one germinal

derivation to those of another is

not possible. This apparent plas-

ticity of adult stem cells has

opened vast potential for use of

adult stem cells in cellular re-

placement therapy for a wide

range of congenital and degenera-

tive diseases. 

Among the different popula-

tions of adult stem cells that have

thus far been investigated, bone

marrow mesenchymal stem cells

(MSC)  have  been shown to har-

bor the ability to differentiate into

a number of other different cells

like blood, chondrocytes, adipocy-

tes, myocytes, and endothelium,

as well as cells of alternate germi-

nal derivation such as neural

cells, skin, and liver, suggesting

that MSC likely represent one of

the most promising stem cell

sources for tissue replacement

therapy [17-26].

stem cells from MNMC.  PCR analysis confirmed human hematopoietic
engraftment and revealed that human cells  were also present within
other organs. Liver sections of transplanted animals contained human
albumin-producing hepatocyte-like cells. 

Conclusion: Conclusion: A human metanephric mesenchymal cell population si-
multaneously gave rise to human blood and liver-like cells, suggesting
that mesenchymal cells may represent a broad population of putative
stem cells in multiple adult organs. 
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Unlike many other stem cells

that are thought to exist only in

specific niches within the body,

MSC presence is not restricted to

the bone marrow; rather, they are

broadly distributed in a variety of

different tissues. For instance,

among others, organs such as kid-

ney, lung, and liver arise through

the interactions and inductive sig-

nals between mesenchymal and

embryonic epithelial tissues [27]. 

In the specific case of the kid-

ney, a derivative of the intermedi-

ate mesoderm, the metanephric

mesenchyme is considered to rep-

resent a homogeneous population

of cells that are pluripotent in that

they possess the ability to differ-

entiate towards both epithelial

and  stromal  cell  lineages [28-32].

It is  also  known  that  during a

particular  phase  of  fetal  devel-

opment, the aorta-gonad-

mesonephros (AGM) region serves

as a source of multiple stem cells,

including somatic cells in the male

gonad and vascular endothelial

cells, and gives rise to an initial

population of hematopoietic stem

cells  that  migrates to the fetal

liver  and  the  adult  bone  mar-

row [33,34]. 

Furthermore, the AGM has also

been characterized as a region in

which definitive stem cells are

maintained in a pluripotent state.

Thus, the role of the mesonephros

in  the  early stages of hemato-

poiesis and the functional and

structural  similarities between

the mesonephric and metanephric

kidneys led us to perform the

present studies to evaluate at a

nonclonal level the ability of me-

senchymal cells derived from met-

anephric mesenchyme to form

blood and other tissues in vitro

and in vivo. 

Using the human sheep xeno-

graft model of human hematopoie-

sis, we demonstrate that a human

fetal metanephric mesenchymal

cell population is capable of si-

multaneously giving rise to hu-

man blood and liver, suggesting

that MSC may represent a broadly

distributed population of residual

putative stem cells that exists

within multiple adult organs.

Material and Methods Material and Methods 
Isolation and culture of meta-Isolation and culture of meta-

nephric mesenchymal cells:nephric mesenchymal cells:

Human fetal kidneys were ob-

tained from Advanced Bioscience
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Resources (ABR, Palo Alto, CA,

USA) after approval from the Hu-

man Subjects Committee of the

University of Nevada, Reno. The

kidneys (n = 8) collected from

eight 14- to 22-week-old fetuses

were minced into thin slices,

washed extensively with phos-

phate-buffered saline (PBS; Gibco

BRL, Gaithersburg, MD, USA),

and finally individually dissociated

into single cell suspensions by in-

cubation for 5 minutes with 2%

collagenase/0.02% trypsin (Sigma

Chemical, St. Louis, MO, USA),

transferred to Dulbecco’s modified

Eagle’s medium (DMEM; Gibco)

with 10% fetal bovine serum (FBS)

(HyClone Laboratory Inc., Logan,

UT, USA), and then mechanically

dissociated in glass homogenizers.

After several washes in DMEM

and filtration through a 70 µm cell

strainer, the resultant cells were

plated in gelatin-coated flasks at a

concentration of 5-10 x 104/mL in

DMEM 12% FBS and the adherent

fraction propagated in vitro for at

least 4 passages.

Phenotypic analysis :Phenotypic analysis :

In order to assess the pheno-

type expressed by metanephric

cells and to exclude the possibility

of contamination by circulating

hematopoietic stem cells, both

freshly isolated and cultured met-

anephric mesenchymal cells

(MNMC) were analyzed by flow cy-

tometry using monoclonal anti-

bodies against CD3, CD7, CD14,

CD10, CD19, CD29, CD31, CD33,

CD34, CD44, CD45, CD49d,

CD49e, CD50, CD54, CD58,

CD62E, CD62L, CD90, CD102,

CD106, CD117 (Becton-Dickinson

Immunocytometry Systems

[BDIS], San Jose, CA, USA), and

Gly-A (Immunotech, Miami, FL,

USA). 

Exclusion  of  contaminatingExclusion of contaminating

hematopoietic  cells  in  MNMChematopoietic cells in MNMC

layers by RT-PCR layers by RT-PCR 

In order to confirm that our

MNMC layers did not contain lev-

els of CD45+ cells that were unde-

tectable by flow cytometry, we iso-

lated RNA from the MNMC layers

using NAqueous kit from Ambion

(Ambion, Austin, TX, USA) accord-

ing to the manufacturer’s recom-

mendations. RNA was reverse

transcribed to cDNA using a com-

mercially available kit according to

manufacturer’s instructions (Gib-

co BRL). We then performed 40

cycles of PCR amplification with
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the following CD45-specific prim-

ers: forward primer 5-GGA ATT

CCA AAG CCC AAC ACC TTC C-3,

and reverse primer 5-GCG GAT

CCA CTT GTG TAC AAT CAT GTA

A-3.

 Induction  of  MNMC differen- Induction of MNMC differen-

tiation in vitro :tiation in vitro :

In  order  to  induce  differenti-

ation   of  MNMC  into  hepato-

cyte-like  cells,  MNMC  were  re-

plated on  collagen-coated  plates

at the concentration  of  104 cells/

mL and   cultured  for  2  to  3

weeks in  DMEM  with  transferrin

(10 mg/mL), hcortisone - 21 -

hemisuccinate (0.5 mg/mL), bo-

vine albumin-fatty acid free

(50mg/mL), 10 mM ascorbic acid,

0.5µg/mL hEGF, and insulin (final

concentration107/M) (Clonetics,

San Diego, CA, USA) with media

changes every 2 to 4 days. Immu-

noperoxidase staining with an an-

tibody against either albumin (Sig-

ma) or an isotype control was

performed on MNMC before and

after induction of differentiation. 

Creation of human sheep chi-Creation of human sheep chi-

meras :meras :

These studies were performed

in 18 fetal sheep (13 primary re-

cipients & 5 secondary recipients)

following the transplantation pro-

cedure that has been described in

detail previously[35,36]. In short,

both freshly isolated metanephric

mesenchymal cells and MNMC

were injected intraperitoneally in a

0.5-mL volume into 55- to 60-day-

old fetal sheep (term: 145 days) at

a dose of 106 cells/fetus for the

MNMC and 16-106 cells/fetus for

the freshly isolated population.

The transplanted sheep were then

analyzed for donor (human) cell

engraftment at intervals between

2 and 9 months post transplant.

At 2 months post transplant,

cells isolated from the bone mar-

row (BM) of primary sheep recip-

ients transplanted with the cul-

tured MNMC fraction were used to

perform secondary transplants.

Secondary recipients were ana-

lyzed for human hematopoietic ac-

tivity at 2 months post transplant.

Assessment  of  human  donorAssessment of human donor

cell engraftmentcell engraftment

The presence of donor cells in

hematopoietic tissues of the recip-

ients (blood, marrow, liver, spleen,

and thymus), was determined at

intervals post transplantation us-



310310

Graça Almeida-Porada, et al....

ing flow cytometric analysis and

PCR using human HLA-specific

primers. Flow cytometric analysis

of the cell populations was per-

formed on a FACScan (BDIS).

Monoclonal antibodies to various

cluster designations (CDs) directly

conjugated fluorescein isothiocya-

nate (FITC) or phycoerythrin (PE)

were used according to the manu-

facturer’s recommendation. These

included: CD3, CD7, CD20, CD34,

CD45, CD59, CD83, CD105

(BDIS) and glycophorin A (Coulter,

Immunotech).

Detection  of  human  cells  byDetection of human cells by

PCR :PCR :

To evaluate various organs for

the presence/engraftment of hu-

man cells, single cell suspensions

were prepared by passing each of

the tissues through a glass ho-

mogenizer. Total genomic DNA

was then extracted from 107 cells

from each tissue using a commer-

cially available kit according to the

manufacturer’s recommendations

(Master Pure genomic DNA purifi-

cation kit, Epicentre Technologies,

Madison, WI, USA). A segment

from the human HLA-DQ gene

was  then  amplified by polyme-

rase chain reaction (PCR) using

the primers  A (5’-GTG CTG CAG

GTG TAA ACT TGT ACC AG-3’)

and B (5’-CAC GGA TCC GGT

AGC  GGT AGA AGT TG-3’) by per-

forming 2 minutes of denaturation

at 98oC and 5 minutes of anneal-

ing at 58oC followed by 40 cycles

with the following parameters:

95oC for 45 seconds, 58oC for 1

minute, 69oC for 1 minute. After a

7-minute extension at 69oC, 1/10

of each of the reaction products

was run on a 1% agarose gel and

subsequently transferred to Gene

Screen  Plus  membrane (NEN,

Boston, MA, USA) under denatur-

ing conditions. An oligonucleotide

probe (5’-TGG ACC TGG AGA GGA

AGG AGA CT-3’) was then end-

labeled with 32 P-ATP and hybri-

dized to the resultant blot for 2

hours at 42oC in Rapid-Hyb hy-

bridization solution (Amersham,

Piscataway, NJ, USA). After 4

washes at 42oC under conditions

of increasing stringency, the blots

were exposed to Bio-Max MS film

(Kodak, Rochester, NY, USA) for 2

to 12 hours at 70oC with 1Bio-

Max intensifying screen.

Detection  of  human  cells  byDetection of human cells by

immunohistochemistry :immunohistochemistry :

Experimental and age-matched
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control sheep liver sections were

obtained and fixed in formalin.

Paraffin sections 3 to 4µm in

thickness were prepared on poly-

L-Lysine coated slides from for-

malin-fixed paraffin-embedded tis-

sues. Control and experimental

sheep liver slides were incubated

at 60oC for 12 to 16 hours and

then deparaffinated by two 10-

minute incubations in xylene fol-

lowed by rehydration through a

graded ethanol series to deionized

water. To enhance antigen retriev-

al, slides were incubated at 90oC

for 10 minutes in TUF (tissue un-

masking fluid, Signet Laborato-

ries, Inc., Dedham, MA, USA). Hu-

man cells were then detected with

antibodies to human albumin

(Sigma) and human hepatocyte-

like cells (Dako, Carpinteria, CA,

USA) using previously published

methodology [20].

ELISA for identification of hu-ELISA for identification of hu-

man  albumin  in  serum  of  chi-man albumin in serum of chi-

meric sheep :meric sheep :

In order to determine if the hu-

man hepatocyte-like cells within

the sheep liver were functionally

active, we looked for the presence

of human albumin in the serum of

the transplanted sheep. We used a

two site immunoenzymatic assay

using an amplified biotin/

streptavidin detection system that

allows detection of human albu-

min in serum up  to around 200

pg/ml (Cygnus Technologies,

Plainville, MA, USA). Serum from

transplanted animals were collect-

ed immediately and analyzed ac-

cording to the manufacturer’s in-

structions or frozen until enough

samples were collected to perform

the assay.

ResultsResults
Characterization  of  meta-Characterization of meta-

nephric mesenchymal cells :nephric mesenchymal cells :

Two populations derived from

fetal kidney were analyzed in

these studies. The first one was

obtained by a collagenase/trypsin

digestion step followed by me-

chanical dissociation as described

in the materials and methods sec-

tion and consisted of a crude

preparation of cells. Phenotypical-

ly, these cells were Thy-1+,

CD106+ CD102+, CD51+, and

CD44+. As shown in table 1, these

cells also expressed a number of

other  markers at varying levels.

Of concern was the presence of 6

to 8% of CD34+ cells that we

thought might have resulted from
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contamination by fetal blood, de-

spite the extensive washes of the

fetal kidneys with saline before

processing. However, further anal-

ysis revealed that the majority of

the CD34+ cells in our kidney

preparation were negative for the

CD45 antigen and were positive

for CD106+ and CD102T+hy-1+

(6-8%), with only 0.4 to 0.5% of

the CD34+ population being dou-

ble-positive for CD45+. Becaue we

wanted to obtain a population

that was devoid of hematopoietic

markers, and since these cells ex-

pressed Thy-1,CD44, and CD29, a

phenotype similar to MSC ob-

tained from adult BM, we decided

to culture these cells in an identi-

cal way to that of BM MSC. An ad-

herent population of cells with a

spindle-like appearance was ob-

tained (Fig. 1), and after propaga-

tion for at least 4 passages, we

again analyzed the cells by flow

cytometry. The population of cells

obtained had a similar phenotype

to the starting crude population in

that the cells were positive for

Thy-1, CD44, and CD51. However,

these cultured adherent cells had

become dim for CD102 and

CD106. In addition, no CD45 or

CD34 were expressed in this ad-

herent fraction, and no other

known hematopoietic markers

were found (Table 2). Further-

more, RT-PCR using CD45-

specific primers confirmed that

our adherent layers did not con-

tain levels of CD45+ cells that

were  undetectable  by  flow cy-

tometry  (data not shown). Plating

of these cells in methylcellulose

under conditions identical to

those  used  for  the crude cell

population  demonstrated their in-

ability  to  form hematopoietic col-

onies.

MNMC  are  able  to  differen-MNMC are able to differen-

tiate into hepatocyte-like cells intiate into hepatocyte-like cells in

vitro :vitro :

Since MNMC expressed high

levels of c-met, we investigated

whether we could induce MNMC

towards a hepatocytic phenotype

by plating them in media that in-

duces/supports the growth of he-

patocyte-like cells. Areas of cells

with a flat cuboid morphology dif-

fering from the morphology of the

starting population were obtained.

These cells stained positive with

an antibody specific for albumin,

showing that these cells had ac-

quired properties of hepatocyte-

like cells (Fig. 2). Furthermore, ar-
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eas of small cells morphologically

similar to the bigger cells and

staining strongly for human albu-

min were also seen, suggesting

that in our culture system we also

obtained colonies of small hepato-

cyte-like cells.

Evaluation  of  the  differentia-Evaluation of the differentia-

tive potential of the metanephrictive potential of the metanephric

mesenchymal cells in vivo :mesenchymal cells in vivo :

To evaluate the in vivo differen-

tiative potential of the metaneph-

ric mesenchymal cells, thirteen

55- to 60-day-old primary fetal

sheep  were  transplanted  with ei-

ther  the crud fraction of the met-

anephric cells (1-6 x106 cells/

fetus)  or  MNMC (106 cells / fe-

tus).  Recipients were evaluated

for the presence / engraftment of

human cells  beginning  at  2

months  post-transplant and at

intervals thereafter until 9 months

post-transplant. At 2  months

post-transplant, human hemato-

poietic cells were readily detecta-

ble in the hematopoietic system of

the transplanted sheep. Levels of

human CD45 cells in the primary

sheep recipients transplanted with

MNMC and crude metanephric

cells ranged from 1.3 to 3.5% and

1.7 to 2%, respectively. At 3

months post-transplant, the levels

of human cells as assessed by

CD45 expression was essentially

maintained from the previous time

point, with levels of 1.5 to 2.2% in

sheep transplanted with MNMC

and 0.75 to 1.9% in animals that

received the crude fraction of

cells. At 9 months post-

transplant, the sheep maintained

their chimeric status with human

cell levels between 0.2 and 1.3%

in the MNMC transplanted sheep,

while the sheep that received the

crude fraction had levels of hu-

man cells between 1.8 and 2%.

The presence of human hemato-

poietic cells in these primary re-

cipients was multilineage, with the

presence of CD20 [B cells], (0.3-

3%); CD7 [T cells] (0.1-3.7%);

CD34 [stem/progenitor cells],

(0.8-1.3%), CD83 [dendritic cells],

(0-0.1%), and human CD59 (0.1-

13%). PCR analysis with human-

HLA-DQ - pecific primers con-

firmed the engraftment of human

cells in BM and peripheral blood

(PB) and revealed the presence of

human cells in brain, liver, heart,

skin, lung, and muscle in different

transplanted animals (Fig. 3). 
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Long-term engrafting hemato-Long-term engrafting hemato-

poietic  stem cells  are  present  inpoietic stem cells are present in

BM of MNMC primary recipientsBM of MNMC primary recipients

The ability to engraft secondary

recipients upon serial transplanta-

tion is a functional characteristic

of hematopoietic stem cells and

has been an essential tool to dis-

tinguish between short- and long-

term engrafting cells [41,42]. Thus,

in order to assess whether the he-

matopoietic cells that were gener-

ated in vivo following transplanta-

tion of MNMC had long-term

engrafting capability, cells isolated

from the BM of primary trans-

planted animals at 2 months post-

transplant were transplanted into

secondary recipients at cell doses

of 2-107 cells/fetus (n-5). At 2

months posttransplant, BM and

PB from  secondary recipients

were analyzed for the presence of

human cells. As shown in Figure

4, human  hematopoietic cells

were  detected by flow cytometry

in PB  and  BM  of  all five animals

at significant levels. The engraft-

ment in secondary recipients was

also multilineage (Table 3), and of

particular note was the presence

of human CD34+ cells in the BM

of these chimeric secondary ani-

mals.

Human  metanephric  mesen-Human metanephric mesen-

chymal  cells  generate  hepato-chymal cells generate hepato-

cyte-like cells upon transplanta-cyte-like cells upon transplanta-

tiontion

Since our in vitro studies had

shown that under appropriate

conditions the MNMC were able to

transdifferentiate to produce he-

patocyte-like cells in culture and

synthesize albumin and PCR anal-

ysis had shown the presence of

human cells in the liver, we ob-

tained liver sections from the pri-

mary sheep recipients that had

been transplanted with the crude

mesenchymal cell population and

the adherent MNMC population.

Sections were first analyzed with

an antibody to human hepatocy-

tes (HEPAR-1). As can be seen in

Figure 5, this antibody exhibited

no cross-reactivity with hepato-

cyte-like cells within the liver sec-

tion of an untransplanted control

sheep (Fig. 5A), while human hep-

atocytelike cells could readily be

detected within the sections from

sheep transplanted in utero with

the human mesenchymal cells, as

can be seen in Figure 5B and C,

which are representative sections

from two of the sheep that re-

ceived MNMC. In order to demon-

strate that the hepatocyte-like
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cells generated were functional,

sections from the liver of these

same animals were analyzed by

immunohistochemistry with an

antibody specific for human albu-

min. Figure 5D shows a liver sec-

tion of a nontransplanted, age-

matched sheep stained with the

anti-human albumin antibody,

while Figure 5E is a representative

section from the liver of one of the

sheep transplanted with MNMC.

Human hepatocytelike cells

present within the liver sections

stained positively with this albu-

min antibody, demonstrating that

the cells generated from the meta-

nephric mesenchymal cells are

functional. Overall, of the four

sheep transplanted with the ad-

herent MNMC, only three of the

livers could be analyzed due to

degradation of the morphology of

one of the tissues. The liver from

all three remaining sheep in this

group exhibited human hepato-

cyte-like cells, with levels varying

from sheep to sheep. One of the

livers  evaluated  showed  few iso-

lated  hepatocyte-like cells (1-2)

located  around  the periportal

area (Fig. 5B); the other two had

clusters of human hepatocyte-like

cells mostly around the periportal

area, as shown in Figure 5F and

G. Overall, levels of human hepat-

ocyte-like cells ranged from 0.01

to 0.5% over the entirety of the liv-

er sections. Despite the fact that

all  of  the  sections from the liver

of these sheep stained positively

with an anti-human albumin anti-

body, we were unable to find hu-

man albumin in the serum of

these same sheep. From the nine

sheep  transplanted with the

crude cell population, the livers

from  six  of  these  sheep  were

analyzed and four were found to

contain human hepatocyte-like

cells. Again, the levels of hepato-

cyte-like cells varied from sheep to

sheep, but in general, the levels

were low, similar to those seen in

the sheep transplanted with

MNMC. Interestingly, in both

groups, the levels of human he-

patocyte-like  cells appeared to

correlate well with the levels of

human hematopoietic cell engraft-

ment, with animals containing

higher levels of human hemato-

poietic cells exhibiting greater

numbers of human hepatocyte-

like cells within their liver. In all of

the sections staining positive for

human hepatocyte-like cells, the

human origin of the hepatocyte-
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like cells was confirmed by in situ

hybridization with a human-

specific Alu probe (data not

shown) using methodology that

has previouslybeen described in

detail [20].
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Figure  1  :  Figure 1 : Morphology of in vitro

propagated MNMC. After 4

passages in vitro MNMC,

grown in chamber slides &

were examined by phase

contrast microscopy.

Figure 2 :  Figure 2 : MNMC are able to adopt a hepatocyte- like morphology and pheno-
type after induction in vitro. MNMC were cultured in a hepatocyte-
differentiative media and stained with either isotype control (A) or an-
tibody to human albumin (B).

Figure  3  :  Figure 3 : Human HLA-DQ-specific PCR analysis of nonhematopoietic tissues
from animals transplanted with MNMC. At 2 months posttransplant,
single cell suspensions were prepared from liver, heart, skin, lung,
muscle, PB, and BM of primary recipients and analyzed by human
HLA-DQ-specific PCR. Samples are as follows: 1, Reagent control; 2,
PB; 3, PB control; 4, BM; 5, Skin; 6, Lung; 7, Muscle; 8, BM control;
9, Skin control; 10, Liver; 11, Heart; 12, Lung control; 13, Muscle
control; 14, Liver control; 15, Heart control; 16, Brain; 17, Brain con-
trol; 18, Spinal cord; 19, Spinal cord control; 20,Control.

a b
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Figure 4 :  Figure 4 : MNMC produce serially transplantable HSC. Human cells were iso-
lated from bone marrow of primary MNMC recipients and used to
transplant secondary fetal sheep recipients. At 2 months posttran-
splant, the PB and BM of the secondary recipients were analyzed for
human hematopoietic cells engraftment by flow cytometry with a
human-specific antibody against CD4.
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Figure  5  :  Figure 5 : Identification of functional human hepatocyte–like cells within the
liver of sheep transplanted with metanephric mesenchymal cells. We
performed immunohistochemistry on the liver sections from sheep
transplanted in utero with metanephric mesenchymal cells to deter-
mine whether the PCR positivity of the liver was due to the forma-
tion of human hepatocyte-like cells. (A): Untransplanted control
sheep liver sections stained with antibody specific for human hepat-
ocyte -like cells (HEPAR-1).(B) and (C): Representative sections from
the liver of two different sheep transplanted with MNMC stained
with HEPAR-1. (D): Untransplanted control sheep liver sections,
stained with antibody specific for human albumin. (E): Representa-
tive sections from the liver of a sheep transplanted with MNMC
stained with antibody specific for human albumin. (F) and (G): Low
and high magnification of a section of liver of a transplanted sheep
stained with HEPAR-1. The human hepatocyte-like cells were found
in clusters and mostly around the periportal area.

A B C

D E

F G
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DiscussionDiscussion
Recently, a great deal of evi-

dence has demonstrated the abili-

ty of mesenchymal cells from

adult human bone marrow to give

rise to numerous other cell types

both in vitro and in vivo, prompt-

ing investigators to begin looking

for ways to exploit this apparent

plasticity in efforts to develop nov-

el therapeutic approaches for the

treatment of both inherited and

degenerative diseases of multiple

organ systems. The majority of the

research to date has focused on

mesenchymal cells present within

the bone marrow based on the

ease with which cells from this or-

gan can be obtained and the lack

of immune compatibility issue

when used for oneself[17-26]. In

the present study, we reasoned

that the fetal kidney might repre-

sent a rich source of pluripotent

mesenchymal stem cells, based on

both the mesenchymal origin of

the kidney and the role played by

the developing mesonephros in

primitive hematopoiesis[27,34]. We

examined two different popula-

tions of metanephric mesenchy-

mal cells to test this hypothesis.

The first of these was a crude cell

population obtained by enzymatic

digestion and subsequent homog-

enization of fetal human kidney.

Despite the obvious heterogeneity

of these cells, phenotypic analysis

demonstrated that the majority of

the cells expressed Thy, CD44,

and CD29, a phenotype that is

similar to that of mesenchymal

stem cells obtained from adult hu-

man BM. Interestingly, 6 to 8% of

these cells expressed the hemato-

poietic antigen CD34, raising the

possibility that fetal blood may

have contaminated our prepara-

tion; however, costaining with

CD45 revealed that the majority of

these CD34 cells (99.5%) were

CD45-. Given the fact that there

have been reports suggesting that

some hematopoietic CD34+ cells

within the fetal BM do not express

CD45, we proceeded to a more

thorough analysis of this popula-

tion to fully exclude the possibility

of large numbers of contaminating

potential HSC. This analysis

showed that these cells were

CD34+, CD45-, CD106+, suggest-

ing that they possessed an endo-

thelial- like phenotype. Because it

was imperative to the unambigu-

ous interpretation of the results of

these studies to start with a popu-

lation of cells that was completely
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devoid of all detectable hemato-

poietic contaminants, and given

that the phenotype of these cells

was reminiscent of adherent MSC

isolated from BM, we propagated

the adherent fraction of this crude

preparation for a minimum of 4

passages under conditions nor-

mally used for the derivation/

propagation of bone marrow-

derived mesenchymal stem cells to

obtain a relatively homogeneous

population of adherent cells that

possessed a mesenchymal mor-

phology. Phenotypic analysis dem-

onstrated that these cells were

quite similar to the original start-

ing population, but lacked expres-

sion of CD34, CD45, and other

known HSC markers demonstrat-

ing that any hematopoietic con-

taminants had been removed by

this culture method as well as all

cells possessing an endothelial-

like phenotype (CD34+, CD106+).

In addition to markers indicative

of early kidney mesenchyme,

these cells also expressed c-met,

the receptor for hepatocyte growth

factor. Although c-met had previ-

ously been shown to be expressed

within the developing kidney [40],

this finding prompted us to exam-

ine whether these MNMC might

possess the ability to generate he-

patocyte-like cells under the ap-

propriate conditions. To examine

this possibility, we grew MNMC

under conditions designed to drive

hepatocytes into differentiation

and confirmed that these MNMC

possessed the ability to produce

albumin-synthesizing cells that

morphologically and phenotypical-

ly resemble populations of both

mature and small hepatocyte-like

cells[43]. To examine how broad a

differentiative potential these cells

possessed, we made use of our

unique human-sheep xenograft

model system in which popula-

tions of human stem cells are

transplanted into early gestational

sheep fetuses. We reasoned that

the fetus would be the ideal set-

ting in which to evaluate the full

differentiative potential of this

novel cell population, since the fe-

tus has a need for multiple cell

types created by its exponential

growth rate, and each of its devel-

oping tissues possesses a wide ar-

ray of inductive signals that

should facilitate To examine this

possibility, we grew MNMC under

conditions designed to drive trans-

differentiation if the transplanted

cells harbor this potential. Upon
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transplantation into preimmune

fetal sheep, the crude metaneph-

ric mesenchymal cell population

produced durable multilineage he-

matopoietic engraftment, includ-

ing the generation of CD34+ he-

matopoietic cells. The adherent

population of metanephric mesen-

chymal stem cells (MNMC) also

produced multilineage hemato-

poietic engraftment that persisted

throughout the entire 9-month

course of these studies. Impor-

tantly, the human hematopoietic

cells generated in these primary

recipients produced durable en-

graftment upon serial transplanta-

tion into secondary fetal sheep re-

cipients, providing conclusive

evidence that MNMC were capable

of generating long-term engrafting

HSC. Interestingly, the recipients

of these adherent cells exhibited

higher levels of hematopoietic cell

engraftment at earlier time points

than the crude population did,

providing further evidence that

any contaminating hematopoietic

cells that were present within our

initial crude cell population were

not the cells responsible for he-

matopoietic potential we observed

in our transplantation experi-

ments.

Immunohistochemistry per-

formed on liver sections obtained

from both sheep receiving the

crude cell preparation and MNMC

demonstrated the presence of he-

patocyte-like cells that were of hu-

man origin and were functional,

producing human albumin; how-

ever, we were unable to detect cir-

culating human albumin in the

serum of these same sheep. We

attribute this to the fact that the

levels of hepatocyte- like cells gen-

erated were low and thus the

amount of albumin produced

eluded our method of detection.

In conclusion, we have shown

in these studies that following in

utero transplantation, populations

of metanephric mesenchymal cells

possess the ability to provide both

durable, serially transplantable

hematopoietic engraftment and

hepatocyte- like cells within the

same recipients, demonstrating

that mesenchymal stem cells from

the human fetal kidney possess a

degree of plasticity that is similar

to that which has previously been

described for adult human bone

marrow MSC. Our results suggest

that MSC may represent a widely

distributed pluripotent stem cell
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pool that is present in multiple or-

gans of the body, raising the pos-

sibility that by comparing MSC

from several different tissues to

determine their commonalities, it

may become possible to arrive at

the phenotype of a truly pluripo-

tent MSC. It is important to note

that the MNMC were not clonal in

nature, raising the possibility that

the observed transdifferentiation

into multiple cell types within the

same recipient was not in fact due

to plasticity of a single cell, but

rather due to the presence of sev-

eral different tissue-specific stem

cells within the MNMC.

Nevertheless, the presence in

the kidney of stem cells with the

ability to be extensively propagat-

ed in vitro and still produce dura-

ble hematopoietic engraftment

and  generate  hepatocyte-like

cells upon transplantation is

clearly of scientific significance

and may ultimately open the door

to the findings of a common MSC

phenotype.
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AbstractAbstract
Background: Background: Bilateral inguinal hernias occur in about 6-8% of groin

hernias and simultaneous repair seems more beneficial and economical,
requiring only one admission, anesthetic and period of convalescence.
The aim of this study is to evaluate and compare between Stoppa's re-
pair versus Lichtenstein's simultaneous mesh repair, in the treatment
of bilateral inguinal hernias as regard duration of operation, hospital
stay, complications, postoperative pain, recurrence rate and quality of
life. 

Patients and Methods :Patients and Methods : This prospective randomized study was con-
ducted in general surgery department at Mansoura university hospital
from March 2008 to December 2010, sixty consecutive patients who
were treated for bilateral inguinal hernia of any type were eligible for the
study. The patients were then randomized into two groups: group I un-
derwent Stoppa technique; group II underwent bilateral Lichtenstein
hernia repairs; duration of operation, hospital stay, complications, post-
operative pain, recurrence rate and quality of life were recorded in each
patient.

Results:  Results: No significant differences were noted in patient characters
or early postoperative complication. Operative time in group I were done
in a significantly shorter time than group II, 52 ± 20.7  minutes and 75
± 16 minutes, respectively (p < 0.00l),  The length of incision in group I
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IntroduIntroductctionion
Inguinal hernia surgery has

been one of the most extensively

debated  and  continues to evolve

in  search  for  the  ideal  tech-

nique (1).

Bilateral inguinal hernias occur

in about 6-8% of groin hernias

and simultaneous repair seems

more beneficial and economical,

requiring only one admission, an-

esthetic and period of convales-

cence (2).

The reconstruction of the pos-

terior barrier of the groin repre-

sents one of the major objectives

in groin hernia repair. Various

techniques have been promoted

for better patient comfort and low-

er recurrence rates.

There are 2 primary methods

used to achieve this objective: "tis-

sue-repair technique" and "ten-

sion-free repair". Recently, ten-

sion-free repair has become the

gold standard procedure for re-

pairing inguinal hernias. Many

techniques have been described

by different authors(3,4). Tension-

free repair involves the use of syn-

thetic prosthetic materials for re-

building the posterior inguinal

wall.

The alloplastic materials can be

installed via conventional inguinal

access or. preperitoneal access(5).

was (10.6 ± 2.7 cm) which is significantly shorter than the sum of bilat-
eral incisions in group II (15.5 ± 3.6 cm) (p < 0.00l). While Mean Hospi-
tal study was (2.6 ± 1.8 days) group I  and in group II was (4.9 ± 1.3
days) (p < 0.00l)   According to the visual analogue Pain Score Scale, pa-
tients in group I  reported less pain, and used fewer analgesics than
group II (P=0.02). Four cases (13.3%) in-group II showed recurrence
(three unilateral and one bilateral) there was no recurrence in-group I.,
there was improvement in the quality of life in both groups but group I
was superior than group II.

Conclusion:Conclusion: Stoppa procedure is a reliable technique to repair bilat-
eral inguinal hernia with less postoperative pain, faster return to nor-
mal daily activity, low recurrence rate and high patient satisfaction and
should be offered to patients who are at risk for recurrence.
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The mesh contributes to a

physiological healing process that

creates a special bilateral anatom-

ical reinforcement in the inguinal

region, which effectively prevents

inguinal hernia recurrence (6,7).

The repair of recurrent inguinal

hernia is usually a difficult opera-

tion, requiring surgical experience

and an accurate knowledge of the

inguinal anatomy. This type of re-

pair does not always have suc-

cessful results, and high recur-

rence and complications rates

have been reported(8,9,10). The

anterior mesh approach is the

most commonly performed tech-

nique, but it has the disadvantage

of reoperating through scar tissue

with the risk of testicular damage

and a large number of local hae-

matoma. However, a preperitoneal

(posterior) approach, open or la-

paroscopic, reduces these prob-

lems(11) the main advantages of

the preperitoneal approach are

mesh placement in the preperito-

neal space where the hernia is

produced and avoiding the disad-

vantage of reoperating through

scar tissue.

Now the dominate techniques

to the repair of primary, bilateral,

recurrent, inguinal, and femoral

hernia is preperitoneal approach-

es (12).         

The French surgeon Rene´ E.

Stoppa proposes his method for

primary treatment of all complex

and difficult hernias (giant, slid-

ing, multiple, femoral)(13). He rec-

ommended that a large polyester

mesh should be interposed in the

preperitoneal connective tissue be-

tween the peritoneum and trans-

versals fascia. Implantation of a

bilateral retroperitoneal prosthesis

can be undertaken from the pre-

peritoneal access and covers near-

ly the whole peritoneum of the an-

terior wall of the lower abdomen

as an artificial endoabdominal fas-

cia (5). Stoppa's technique called

Giant Prosthetic Reinforcement of

the Visceral Sac (GPRVS), which

requires wide dissection of the

subfascial preperitoneal space. 

The aim of our study is to eval-

uate and compare between Stop-

pa's giant prosthetic reinforce-

ment of the visceral sac (GPRVS)

and Lichtenstein's simultaneous

mesh repair, in patients with bi-

lateral inguinal hernias. As regard
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duration of operation, hospital

stay, complications, postoperative

pain, recurrence rate and quality

of life.

Patients and Methods Patients and Methods 
- This prospective randomized

study was conducted in general

surgery department at Mansou-

ra university hospital during

the period from March 2008 to

December 2010,sixty consecu-

tive patient who were treated

for bilateral inguinal hernia of

any type were eligible for the

study (41 patients had primary

hernia and 19 patients had re-

current hernia).

- Exclusion criteria Patients with

strangulated hernias and ASA

III &IV patients.

- Informed consent was obtained

from all patients to be included

in the study, after explanation

of the nature of the disease and

possible treatment (either Stop-

pa or bilateral Lichtenstein her-

nia repairs) the study was ap-

proved by the local ethics

committee.

- All   patients  were  subjected

to thourghly history taking,

clinical  examination,  and  la-

boratory  tests.  Randomization

was   achieved   through  a

computer-Generated  schedule

and  the  results  were  sealed

into  envelopes.  The  envelopes

were  drown   and  opened  by

a nurse  in  the  operating

room.

- The  patients  were  then ran-

domized  into two groups:

group I underwent Stoppa tech-

nique; group II underwent bi-

lateral Lichtenstein hernia re-

pairs.

- All patient, are operated under

spinal anesthesia (safe to the

patients and avoid complication

of general anesthesia) nine pa-

tients operated under general

anesthesia after failed spinal

anesthesia, or refused spinal

anesthesia. 

A prophylactic intravenous an-

tibiotic in the form of a third gen-

eration cephalosporin was admin-

istered 30 minutes before, during,

and after the procedure, until the

patients were discharged from the

hospital.
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Group I (Stoppa technique)Group I (Stoppa technique)

A midline incision extends from

2 cm below the umbilicus to 1 cm

above the symphysis pubis. The

preperitoneal space is entered

with blunt dissection. The dissec-

tion includes the retropubic space

of Retzius and Bogros, and contin-

ues laterally, progressing to the

retroinguinal space and further

exposing the iliopsoas muscle. Di-

rect  hernias  are identified and

reduced. Indirect defects can be

divided and the proximal peritone-

um over sewn, leaving the distal

peritoneum in place undissected

and attached to the cord. The

spermatic cord and the gonadal

vessels are parietalized by dissect-

ing them from their peritoneal at-

tachment to allow them to lay ten-

sion-free in the posterior pelvis.

This step averts the need for mesh

splitting. The polyproline mesh is

fashioned as a chevron, and

placed in the preperitoneal space

with long clamps. The size of the

prosthesis is measured on the pa-

tient. The width equals the dis-

tance between the anterior superi-

or iliac spines, and vertically

measures the distance between

the umbilicus and the symphysis

pubis plus 6 cm. In obese pa-

tients, the mesh should be several

centimeters wider than the inter-

spinous dimensions. The mesh is

held in place without the need for

fixation since the intra-abdominal

pressure forces the mesh to lay

flat between the peritoneum and

the fascial layers. None of the her-

nial defects was repaired. Closed

suction drainage was positioned

only if improper Haemostasis and

was removed after 24 to 48 hours

(daily amount less than 30 ml). 

Group  II  (bilateral  Lichten-Group II (bilateral Lichten-

stein hernia repairs)stein hernia repairs)

Lichtenstein technique was

similar to the original tension-free

technique described by Lichten-

stein et al [1989](14). The incisions

were inguinal on each side with-

out crossing the midline, leaving a

2cm gap between each end to

minimize post-operative supra-

pubic edema. In this technique we

used polyprolene mesh and tail-

ored it according to the size of the

inguinal region anchoring a poly-

propylene mesh to the inguinal

ligament with a continuous suture

and to the aponeurotic tissue over

the  pubic  bone,  the rectus

sheath and  the  internal  oblique

m. or aponeurosis with interrupt-
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ed sutures, reconstructing the

deep inguinal ring by making a

slit at the lateral end of the mesh,

creating two tails that were su-

tured together to the inguinal liga-

ment around the spermatic cord

in a sling configuration. 

The duration of operation,

length of incision, postoperative

complications, length of hospital

stay and postoperative pain were

recorded in each patient.

The patients using Visual Ana-

logue Scale (VAS) Instruct the pa-

tient to point to the position on

the line to indicate how much

pain they are currently feeling

evaluated postoperative pain.  The

far left end indicates ‘No pain’ and

the far right end indicates ‘Worst

pain ever’. Chronic pain was de-

fined as any pain sensation last-

ing longer than 3 months postop-

eratively, or when local injection of

analgesia was necessary (15).

All patients were instructed to

take tablets of NSAID as needed.

Total analgesic consumption was

recorded during the first postoper-

ative week. Physical activity was

permitted directly after the opera-

tion without any restriction. Out-

patient physical examinations

were performed on the seventh

and 30th days postoperatively.The

patients were asked to note the

time they returned to pain-free

daily activity and work, and their

satisfaction with the operation.

Quality of life was examined

using the version 2.0 of the short-

form 36 healthy survey (SF-36v2) .

Follow upFollow up

Patients without co morbid

conditions were discharged after

24 hours and return for follow-up

in outpatient clinic until removal

of stitches. All patients were not

restricted in their activity but were

encouraged to return to their pre-

vious lifestyle without limitation

as soon as pain or discomfort per-

mits.   Later on, the patients ex-

amined every 6-month and an-

swer a written questionnaire.

 

Statistical analysis:Statistical analysis:

The statistical analysis of data

done by using excel program and

SPSS program statistical package

for social science version 16.

The description of the data
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done in form of mean (+/-) SD for

quantitative data .And Frequency

& proportion for Qualitative data.

The analysis of the data was

done to test statistical significant

difference between groups.For

quantitative data, independent

sample t-test was used to compare

between two groups.

Chi square test was used for

qualitative data

N.B: P is significant if < or =

0.05 at confidence interval 95%.

ResultsResults
- Sixty patients were included

in the study. Their mean ages in

group I and Group II were (56.8 ±

11.2) and (53 ± 12.7) years respec-

tively. 

- There is   no significant differ-

ence regarding age between two

groups,

- Table (1) showing patient

characteristics (ASA, BMI, type of

anesthesia, recurrent cases).

Operative time in group I were

done in a significantly shorter

time than group II, 52 ± 20.7

minutes and 75 ± 16 minutes, re-

spectively (p < 0.00l) ,  The length

of incision in group I was (10.6 ±

2.7) which is significantly shorter

than  the sum of bilateral inci-

sions in group II (15.5 ± 3.6) (p <

0.00l). While Mean Hospital study

was( 2.6 ± 1.8) group I  and in

group II was (4.9 ± 1.3) (p < 0.00l)

(Table 2).

According to the visual ana-

logue Pain Score Scale, patients in

the Stoppa  reported less pain,

and used fewer analgesics

(P=0.02). (Table 3).

There were no intraoperative

complications in all patients; five

patients developed complications

in group I (16.6%), while eleven

patients developed complications

in-group II (36.7%) (Table 4).

In group I, scrotal edema oc-

curred in two patients (6.6%), ser-

oma developed in  one patient

(3.3%), discovered 7 days postop-

erative and was aspirated twice at

one week interval and resolved,

one scrotal ecchymosis (3.3%) and

one superficial wound haematoma

(3.3%), all  of them occurred in the

first two days postoperatively and

resolved few days later. no neu-
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ropathies, chronic pain or testicu-

lar atrophies occurred. 

In group II chronic inguinal

pain,  seen  in  three patients

(10%). over the long term We de-

tected  a unilateral testicular atro-

phy in one case (3.3%). Two cases

revealed superficial wound infec-

tion (6.6%) after 5 and 7 days

postoperative and both of them

were treated conservatively. four

cases (13.3%) showed recurrence

(3 unilateral and one bilateral) 5,

7, 8 and  12 months from the op-

eration all  of  them were repaired

by posterior preperitoneal ap-

proach. On the opposite, there

was no recurrence in the Stoppa

group. 

Quality of life :Quality of life :

This study examines quality of

life at 15th day and6th month of

operation, there was improvement

in the quality of life in both groups

but group I was superior than

group II. (Table 5) .

No = Number     ASA = Amarican Association of Anathesia     BMI = Body Mass Index
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DiscussionDiscussion
Bilateral repair of inguinal her-

nias has been accepted as a two-

stage procedure, and their simul-

taneous repair has been discou-

raged for years. Stoppa described

his midline preperitoneal ap-

proach for the repair of bilateral

inguinal hernias. Data obtained in

the last 20 years has shown that

bilateral hernias should be re-

paired simultaneously rather than

sequentially(2,16) Amid et al using

the Lichtenstein technique (1) lat-

er advocated .Simultaneous repair

of bilateral hernias under local an-

esthesia. In their recent review,

Fischer et al documented excel-

lently the feasibility and tolerabili-

ty of the simultaneous repair of bi-

lateral inguinal hernias(17). The

advantages of laparoscopic repair

of both hernias simultaneously

were also recently reported(18,19).

In this study, we prospectively re-

searched the advantages and dis-

advantages of the two open, ten-

sion-free mesh techniques in the

repair of bilateral inguinal herni-

as.

The operative time was signifi-

cantly shorter in The Stoppa

group (52 Vs 75 min) than bilater-

al Lichtenstein repair (P<0.0001).

The  average is much less than

the  115 min  described  in  the

literature(20,21,22), but greater

than the 51 min described by

Stoppa(23). This  is  may be be-

cause of Lichtenstein repair re-

quires extensive dissection in the

inguinal canal and involves ma-

nipulation of at  least one or two

inguinal nerves(24)  with the need

for extensive suturing and long-

term mesh  related  complications

to the surrounding cord struc-

tures.This was one of the few sig-

nificant differences between the

two groups. However, our 52 min

which is the mean operative time

for the GPRVS is considerably

shorter than that of Solorzano et

al [1999](20) (115 min), and was

comparable to those for unilateral

repair(2,19). 

The mean hospital stay was 2

days in the first group and 70% of

the cases were discharged after 24

hours while the mean hospital

stay was 3 days in the second

group and 56% of the cases were

discharged after 24 hours .This

rate of discharge after 24 hours is

higher than recorded in other

studies by 23% (20). 
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Liem et al (25) reported the time

for return to normal activity is l0

days as in open inguinal surgery

for unilateral hernia. Champault

et al.,(26) acknowledged that re-

turn to work after the Stoppa op-

eration in their series was 35

days, a figure very high than we

find in our study 16 and 23 day

periods in first and second groups

respectively. Serpell et al., found

that the median time to return to

normal activity following simulta-

neous bilateral open hernia repair

was 21 days. 1n addition, the me-

dian time to return to work follow-

ing bilateral laparoscopic hernia

repair is 12-14 days which com-

pares favorably to the 28 days re-

ported after simultaneous bilateral

open repair(21).

Complications In this series,

the Stoppa group showed compli-

cations rate of 16.6 % (16.6 % mi-

nor and 0 % major) comparable to

14% complication rate with other

reports.(20,21,27,28) while in the

second group, complication rate

was 23.3% compared to 18% in

other studies(29,30).

In our study the Stoppa repair

was less painful on the 2nd and

7th postoperative days than the si-

multaneous bilateral Lichtenstein

repair with corresponding less an-

algesic requirement, we think this

was an important difference in

terms of patients' postoperative

comfort. Less pain has always

been well accepted by the pa-

tients. The Lichtenstein and other

tension-free procedures have al-

ways had better pain scores than

conventional methods of tissue re-

pair(1,19) Although the newer la-

paroscopic repair techniques have

favorably lower pain scores than

conventional open methods(25),

their superiority over open ten-

sion-free repair techniques has

not been demonstrated(31,17)

However, laparoscopic repair

causes less pain than the Stoppa

procedure (26). 

Post surgical chronic pain rep-

resents a major, largely unrecog-

nized Clinical problem(32). After

mesh-based inguinal hernia re-

pair, 10% of patients suffer chron-

ic pain (24). Postoperative pain can

be the consequence of ongoing in-

flammation, extensive dissection

in the inguinal canal or, much

more commonly, a manifestation

of  iatrogenic neuropathic pain

due  to  injury  to  peripheral
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nerves(32,33) A last issue that

might be addressed considering

pain, is the influence of fixation of

the mesh,(30). By placing the

mesh in the preperitoneal space, a

physiological place for the mesh

with intraabdominal forces on one

side and the oblique muscles on

the other, fixation seems less

mandatory, although maybe not

completely to be abandoned.

 In the experience of Stoppa et

al and others with GPRVS, all re-

currences occurred within 6

months and were ascribed to tech-

nical failures, namely, placement

of mesh with small size or which

develops fissures(34). The mesh

presents a shrinkage, which re-

duces its size by 20% during the

first 6 months, this fact, and

knowledge based on a study done

by Amid et al.(35) proposes the

need to place mesh with larger

size to prevent recurrences. The

mesh should not be smaller than

24·16 cm2, which is the distance

between both iliac spines and

from the navel to the pubis(36). In

our study, there was no recur-

rence among the first group,

whereas in other series, the 2% re-

currence rate using the GPRVS

technique(37,21,27). 

The second group, four pa-

tients showed direct recurrences

5, 7, 8 and 12 months respective-

ly, all of them were repaired using

preperitoneal approach. In addi-

tion, two patients presented with a

femoral hernia after 9 and 12

months, respectively, both of them

were obese, and their new femoral

hernias were repaired with a plug

technique. The mesh might create

tension  by  pulling up the ingui-

nal ligament and facilitating a fe-

moral hernia. In fact, Lichtenstein

has stated that up to 45% of femo-

ral hernias may be secondary to

groin (38) repair to the inguinal lig-

ament) In GPRVS, the replace-

ment of the endoabdominal fascia

seals the inguinal, femoral, and

obturator canals as well as all oth-

er potential sites of weakness in

the lower abdomen. For this rea-

son, late recurrences are not re-

ported. 

ConclusionConclusion
 Stoppa procedure is a reliable

technique to repair bilateral ingui-

nal hernia with less postoperative

pain, faster return to normal daily

activity, low recurrence rate and
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high patent satisfaction and

should be offered to patients who

are at risk for recurrence .
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AbstractAbstract
Introduction:Introduction: Features of hormone disturbances in patients suffer-

ing from chronic hepatic failure have been documented for many years.
Objective:Objective: To evaluate the possibility of diagnostic and prognostic val-
ues of cortisol, total T3, TSH and prolactin concentrations in cirrhotic
patients to predict HE and severity of hepatic disease.  Materials  andaterials and
methods: methods: study was carried out on 75 (40 males, 35 females) cirrhotic
patients (HCV positive) with HE and 50 (28 males, 22 females) cirrhotic
without HE (HCV positive). Patients underwent clinical evaluation with
determination of the degree of HE. The severity of cirrhosis was as-
sessed according to Child-Pugh classification. Immulite 1000 was used
for determination of cortisol and total T3 and chemiluminescent immu-
nometric assay for determination of prolactin and TSH. Results:  esults: Corti-
sol, total T3 concentrations in cirrhotic patients with HE were highly
significant decreased versus patients without HE. Cut-off value for cor-
tisol was less than 18.3 µg/dl could predict HE in cirrhotic patients ac-
cording to AUROC curve showing a sensitivity of 52% and a specificity
of 61%. Cut-off value for total T3 was less than 45.5 ng/dl could predict
HE in cirrhotic patients showing a sensitivity of 64% and a specificity of
80.6%.  Whereas prolactin concentration in cirrhotic patients with HE
was highly significant increased versus patients without HE and its cut-
off was more than 18.85 ng/dl could predict HE in cirrhotic patients
showing a sensitivity of 88% and a specificity of 90.3%. TSH concentra-
tion showed no significant difference in patients with HE versus pa-
tients without HE. Serum cortisol, total T3 concentrations were signifi-
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IntroduIntroductctionion
Hepatic encephalopathy (HE), a

major complication of cirrhosis, is

a clinical syndrome characterized

by mental status changes in pa-

tients with severe hepatic insuffi-

ciency [1]. Features of hormone

disturbances in patients suffering

from  chronic  hepatic  failure

have been  documented for many

years[2]. The hypothalamic - pitui-

tary - gonadal axis is affected the

most[3], but also other hormones

are altered by hepatic insufficien-

cy as described for thyroid hor-

mones[4] and growth hormone [5]. 

Liver is the primary site of me-

tabolism of adrenal steroid hor-

mone and synthesis of cholesterol,

which is the major precursor of

steroid[6]. Therefore, preexisting

liver dysfunction may further dis-

turb the activation of the hypotha-

lamic - pituitary - adrenal axis

(HPA) axis during severe sepsis

and septic shock. Moreover, ad-

renal insufficiency in severe sepsis

and septic shock may aggravate

hemodynamic impairment in criti-

cally ill patients with cirrhosis,

leading to a poor prognosis [7].

The liver plays an important

role in the metabolism of thyroid

hormones, being involved in their

conjugation, excretion and periph-

eral deiodination, and in synthe-

sizing thyroid binding globulin

(TBG)[8]. Evidence of an associa-

tion between chronic diseases of

the liver and thyroid alterations

have often been reported, but lim-

ited information is available on

thyroid function tests in non-

alcoholic cirrhotic patients with

hepatic encephalopathy [9].

In  cirrhosis, hypogonadism

can be primary or central, result-

ing  from  the  inhibition  of  the

hypothalamus- pituitary - gonadal

cantly decreased with progression of liver disease according to
Child–Pugh classification. Prolactin level was highly significant in-
creased with progression of liver disease from Child A to Child C. Con-Con-
clusion:clusion: Hormonal abnormalities of cortisol, total T3 and prolactin may
represent risk factors and early indicators of impending hepatic enceph-
alopathy and progression of liver disease severity.

Keywords : Keywords : Cirrhosis - Cortisol -Hepatic encephalopathy- Prolactin -
Total T3 -TSH.
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axis[10], with studies showing si-

multaneous (gonadal and central)

damage[11]. Hyperprolactinemia is

often present in these patients, as

well as hyperestrogenemia, both

responsible for the clinical charac-

teristics of feminization. Hyperpro-

lactinemia and hyperestrogenemia

can contribute to the genesis of

hypogonadism.[12].

The main goal of the present

study was to evaluate the possibil-

ity of diagnostic and prognostic

values of cortisol, total T3, TSH

and prolactin concentrations in

cirrhotic patients to predict hepat-

ic encephalopathy (HE) and the

severity of hepatic disease as

measured by the Child-Pugh

score. 

Materials and MethodsMaterials and Methods
This study was carried out on

75 (40 males, 35 females) cirrhotic

patients (positive anti-HCV anti-

bodies) with hepatic encephalopa-

thy and 50 (28 males, 22 females)

cirrhotic without hepatic encepha-

lopathy (positive anti-HCV anti-

bodies) infection without hepatic

encephalopathy. They were age

and sex matched with their mean

age (49.22±5.62years) recruited

from inpatient and outpatient clin-

ic of tropical medicine department

and specialized medical hospital,

Mansoura University. Cirrhosis

was diagnosed on a clinical basis

involving laboratory tests, endo-

scopic evidence, sonographic find-

ings and/ or previously by liver bi-

opsy, and regular follow-up in our

Liver Outpatient Clinic. The exclu-

sion criteria were the presence of

significant comorbid illness such

as heart, respiratory or renal fail-

ure; and history of any neurologic

disease such as Alzheimer’s dis-

ease, Parkinson’s disease or non-

hepatic metabolic encephalopa-

thies, Patients on psychoactive

drugs, such as antidepressants or

sedatives and patients receiving

drugs known to cause hyperpro-

lactinaemia. 

All study participants under-

went comprehensive biochemical,

clinical  evaluation with determi-

nation  of  the  degree of encepha-

lopathy. The severity of cirrhosis

was assessed according to

Child–Pugh classification into

Child A (n=40), B (n=40) and C

(n=45). For the calculation of the

CTP score we used the Pugh score

modification (13). The degree  of
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encephalopathy was defined on

the basis of previously reported

criteria[14] ranked between grade

1 and grade 4. Informed consent

was taken and the protocol was

approved by the hospital ethical

committee in accordance with the

ethical guidelines of the 1975 Dec-

laration of Helsinki.

Laboratory  investigations  :Laboratory investigations :

Routine laboratory tests include

serum creatinine and liver func-

tion tests (albumin, total bilirubin,

ALT, AST and INR) were done.

Special protocol investigations in-

clude serum cortisol, TSH, total

T3 and prolactin. Seven mls ve-

nous blood sample was collected.

1.6 ml of each blood sample was

added to 0.4 ml of 3.8% sodium

citrate containing tube and after

mixing and centrifugation the sep-

arated plasma was used for pro-

thrombin time determination from

which INR was detected. The re-

maining blood were left to clot and

serum was separated and kept in

a deep freeze at -70oC till used for

liver function tests, Cortisol, TSH,

total T3 and prolactin. 

• Hormones:Hormones: Immulite 1000

(competitive chemiluminescent

immunometric assay) was used

for determination of serum corti-

sol [15] and total T3 [16] and (solid

phase 2-site chemiluminescent

immunometric assay) was used

for determination of serum prolac-

tin [17] and TSH [18]. 

Statistical  Analysis:  Statistical Analysis: Data was

analyzed using SPSS (Statistical

Package for Social Sciences) ver-

sion 10. Qualitative data was pre-

sented as number and percent.

Comparison between groups was

done by Chi-Square test. Quanti-

tative data was tested for normali-

ty by Kolmogrov-Smirnov test.

Normally distributed data was

presented as mean ± SD. Student

t-test was used to compare be-

tween two groups. Non parametric

data was presented as min - max

and median. Mann-Whitney and

Kruskal-Wallis tests were used for

comparison between groups.

Spearman’s correlation coefficient

was used to test correlation be-

tween variables. Receiver Operat-

ing Curve (ROC) was done to de-

termine a cut off point; sensitivity

and specificity were calculated for

this cut off point. P < 0.05 was

considered to be statistically sig-

nificant.
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ResultsResults

This study was carried out on

75 (40 males, 35 females) cirrhotic

patients (positive anti-HCV anti-

bodies) with hepatic encephalopa-

thy and 50 (28 males, 22 females)

cirrhotic without hepatic encepha-

lopathy (positive anti-HCV anti-

bodies). They were age and sex

matched with their mean age

(49.22±5.62 years). All study par-

ticipants underwent comprehen-

sive biochemical, clinical assess-

ment with evaluation of the degree

of encephalopathy. The severity of

cirrhosis was assessed according

to Child-Pugh classification in all

patients into Child A (n=40), B

(n=40) and C (n=45). Patients with

HE ranked between grade I [n=21

(28%)], grade II [n= 20 (26.7%)]

grade III [n=19 (25.3%) ]and grade

IV [n=15 (20%)] (Table 1).

Cortisol, total T3 concentra-

tions in cirrhotic patients with HE

were highly significant decreased

versus patients without HE (P =

0.001, P = 0.002). Cut-off value for

cortisol was less than 18.3 µg/dl

could predict HE in cirrhotic pa-

tients according to AUROC curve

showing a sensitivity of 52% and a

specificity of 61% (fig.1). Cut-off

value for total T3 was less than

45.5 ng/dl could predict HE in cir-

rhotic patients according to AU-

ROC curve showing a sensitivity of

64% and a specificity of 80.6%

(fig.2), whereas prolactin concen-

tration in cirrhotic patients with

HE was highly significant in-

creased versus patients without

HE (P =0.007) and its cut-off was

more than 18.85 ng/dl could pre-

dict HE in cirrhotic patients ac-

cording to AUROC curve showing

a sensitivity of 88% and   a speci-

ficity of  90.3% (fig.3). Moreover

TSH concentration showed no sig-

nificant difference in patients with

HE versus patients without HE (P

= 0.15) (Table 2 and Table 6). 

Serum cortisol, total T3 con-

centrations were significantly de-

creased with progression of liver

disease according to Child–Pugh

classification (A versus B, A ver-

sus C and B versus C) (P = 0.014,

P = 0.007 and P = 0.006 respec-

tively) for cortisol & (P = 0.029,

P=0.000 and P=0.002 respectively)

for total T3. In contrast serum

prolactin level was highly signifi-

cant increased with progression of

liver disease from Child A to Child

C (P = 0.023, P=0.000 and P =
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0.007 respectively). In addition no

significant difference was observed

on  comparing serum TSH level

among Child A, Child B and Child

C groups (P = 0.063, P=0.081 and

P = 0.073) (Table 3). 

Cortisol, total T3 concentra-

tions were significantly decreased

with progression of HE from grade

I to grade IV (P = 0.004  and P =

0.003). Whereas prolactin concen-

tration in HE was increased with

progression of HE from grade I to

grade IV (P=0.000) and TSH con-

centration showed no significant

difference with progression of HE

from grade I to grade IV (P = 0.08)

(table 4).

The present study demonstrat-

ed positive significant correlation

between serum total T3, serum

cortisol concentrations and serum

albumin, prothrombin time.

Whereas there was a  negative sig-

nificant correlation between ser-

um prolactin concentration and

serum albumin, prothrombin

time.  In addition there was no

correlation between serum TSH

concentration  and serum albu-

min  and  prothrombin time (table

5).
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DiscussionDiscussion

Hepatic  encephalopathy (HE)

is  a neurocognitive  disorder in

which brain function is impaired

and  is  associated with both

acute and chronic  liver dysfunc-

tion. HE occurs in the presence of

liver injury or when the liver is by-

passed in the presence of a por-

tosystemic shunt[19]. Features of

hormone disturbances in patients

suffering from chronic hepatic fail-

ure have been documented for

many years [2].     

Patients  with  cirrhosis are

susceptible  to  bacterial  infec-

tion,[20, 21] which can lead to cir-

culatory dysfunction, renal failure,

hepatic encephalopathy, and de-

creased survival. Actually, cirrho-

sis is associated with an increased

risk of sepsis and sepsis-related

death [22]. 

Patients with cirrhosis are

characterized by hyperdynamic

circulation, which is closely relat-

ed to the complications of liver cir-

rhosis. The hemodynamic impair-

ment can be made worse during

sepsis, leading to multiple organ

failure and mortality system dys-

function and may have contribut-

ed to mortality. In this regard our

results showed that, serum level

of cortisol was significantly de-

creased in patients with HE ver-

sus cirrhotic patient without HE

and cortisol level was significantly

decreased with progression of liver

disease from Child A to Child C

and decreased with severity of he-

patic encephalopathy.  

Consistent with these results

from this study Tsai et al[7] report-

ed that adrenal dysfunction may

contribute to cardiovascular de-

rangement and mortality in pa-

tients with cirrhosis and severe

sepsis. Furthermore, Tsai et al

found that adrenal dysfunction

was related to the degree of liver

failure and multiple organ system

dysfunction and may have con-

tributed to mortality. Fernández et

al [23] found that Adrenal dysfunc-

tion was frequent in patients with

advanced cirrhosis (Child C: 76%

vs. Child B: 25%, P = .08). Harry

et al.[24] recently showed that ad-

renal insufficiency is common and

may contribute to hemodynamic

instability and mortality in pa-

tients with acute liver failure. 

Nevertheless, the impact adren-
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al insufficiency has on the out-

comes of patients with cirrhosis

and severe sepsis and septic

shock is unknown. It is plausible

that liver disease per se may

cause  relative  adrenal insuffi-

ciency  (RAI) by a number of

mechanisms.  These  include low

levels of  HDL cholesterol central

to cortisol production [25], in-

creased conversion of cortisol to

the inactive  cortisone  and the

negative effect  of  cytokines  such

as tumor  necrosis factor (TNF-a)

on hypothalamic function[26,27].

Our study differs from  Sterczer et

al[28] who concluded   that  there

is  a close relation between portos-

ystemic encephalopathy and hy-

percortisolism in dogs with portos-

ystemic shunts (PSS) and that

both deviations resolve completely

within four weeks of closure of the

shunt and this difference could be

attributed to that Sterczer et al in-

vestigated hypercortisolism in

dogs with congenital portosystem-

ic shunts without liver cell failure.

Thyroid dysfunction has been

reported previously in a variety of

non-thyroid illnesses including liv-

er, pulmonary and renal neoplas-

tic disease, severe systemic ill-

ness, fasting, malnutrition, post-

operative state, physical trauma

and acute infections. Low total

and free T3 with normal total T4

and thyrotropin concentrations in

the absence of clinical hypothy-

roidism have been frequently re-

ported in patients with non-

thyroidal illnesses [29- 31].

We found a significant reduc-

tion in serum total T3 in patients

with HE than cirrhotic patient

without HE, the lowest values be-

ing found in patients with grade

IV hepatic encephalopathy and

Child C. Whereas TSH showed no

significant difference  in patients

with HE versus cirrhotic patient

without HE. These phenomena

can be explained by a reduced he-

patic conversion of T4 to T3, also

described as “low T3 syndrome” in

liver cirrhosis [32, 33]. The mecha-

nism being inversely related to the

degree of hepatic dysfunction. It

completely resolved after OLT in

accordance with observations of

Van Thiel et al.[34]. Hepner and

Walfish reported a significant in-

verse correlation between serum

T3 concentrations and the severity

of liver dysfunction. A progressive

decrease in T3 levels in chronic
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liver diseases has been described

as  indicative  of  a poor  progno-

sis [35,36]. Kayacetin et al [9] dem-

onstrated a fall in FT3 and T3 par-

allel to severity of the disease.

Borzio et al 1983[37] repored that

despite clinical euthyroidism T3

was diminished in correlation with

the severity of liver dysfunction,

especially in Child C patients. 

Prolactin secretion follows a

pulsatile pattern, with a charac-

teristic nocturnal rise, but cirrho-

sis is associated with elevated 24-

h prolactin levels and loss of circa-

dian prolactin rhythm [38-40].

These finding were in consistent

with the present study that

showed significantly increased

serum level of prolactin in pa-

tients with HE  more than cirrhot-

ic patients without HE and its lev-

el was significantly increased with

progression of liver disease from

Child A to Child C(table 3) and in-

creased with severity of hepatic

encephalopathy (table 4). Koller et

al[41] found that 16.7% of patients

had elevated serum prolactin lev-

els, and had significantly higher

Child-Pugh and MELD scores as

well as higher ascites and enceph-

alopathy stage, they also found

that ascites, higher INR, jaundice

and higher Child-Pugh and MELD

scores were more often with in-

creasing prolactin concentrations. 

Mukherjee et al[42] reported

that majority of patients of cirrho-

sis with suspected portal-systemic

encephalopathy had significantly

higher serum prolactin than those

without encephalopathy (p =0.05).

Significantly higher values of ser-

um prolactin on admission had

positive correlation with mortality

(p=0.01). Clinico-biochemical se-

verity of hepatic dysfunction was

directly correlated with level of

serum prolactin. 

The present study revealed a

fall in serum total T3, serum corti-

sol parallel to severity of the dis-

ease and HE, and a good correla-

tion between serum total T3,

serum cortisol concentrations,

serum albumin and prothrombin

time. Whereas there was a signifi-

cant negative correlation between

serum prolactin concentration

and serum albumin and pro-

thrombin time. These results sug-

gest that serum total T3, serum

cortisol and serum prolactin con-

centrations may be considered a
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sensitive index of hepatic function

in liver disease and severity of HE.

Limitations of the study include

the relatively small number of pa-

tients so results obtained  from

this study can't  be  generalized,

further studies with larger sample

size are required. On the other

hand short Synacthen (corticotro-

phin) stimulation test (SST) was

not used to evaluate the appropri-

ateness of the adrenal response in

this setting due to ethical consid-

eration.

In conclusion, patients with liv-

er cirrhosis complicated by hepat-

ic encephalopathy were found to

have low serum total T3, serum

cortisol and high serum prolactin

levels and are associated with dis-

ease severity and progressing

grades of hepatic encephalopathy.

Depressed serum total T3, serum

cortisol and increasing serum pro-

lactin levels, together with a pro-

longed prothrombin time and de-

creased serum albumin, therefore

appear to be characteristic of cir-

rhotic patients prone to develop

hepatic encephalopathy. So, hor-

monal abnormalities of cortisol,

total T3 and prolactin may repre-

sent risk factors and early indica-

tors of impending hepatic enceph-

alopathy and progression of liver

disease severity.
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AbstractAbstract
Objective:  Objective: To evaluate the outcome of adenoidectomy in improving

patients aged 4-8 years complaining of otitis media with effusion (OME)
as a method to keep ear drum intact with avoiding complications of ear
surgery. 

Patients  &  Methods:  Patients & Methods: This study included 100 patients aged 4-8
years diagnosed clinically and by pneumatic otoscopy, tympanometry
and x-ray soft tissue neck lateral view, to have bilateral middle ear effu-
sion (type B tympanogram) for at least 3 months without improvement
with adenoid or adenotonsiller enlargement, patients were divided into
two groups, Group A : included 50 children ,this group was operated
upon by right side myringotomy and grommet tube insertion ,left ear
drum kept intact and Group B:  included 50 children ,this group was
operated upon by right side myringotomy only without grommet inser-
tion, left ear drum kept intact, adenoidectomy or adenotonsillectomy
was done for the two groups.

For the intact drums follow up of the children included in group A
and B by tympanogram was done  after the  1st, 3rd, 7th, 9th, 12th

month. For the myringotomy and tube ears follow up by tympanogram
was done after tube extrusion or tube removal  and healing of tympam-
nic membrane after the 7th,9th,12th month. For the myringotomy ears
follow up by tympanogram was done after healing of tympamnic mem-
brane after the 3rd, 7th,9th,12th month. Ear drum changes such as per-
foration, retraction, myringosclerosis,and otorrhea were reported during
the follow up period and all data were collected. 

Results:  Results: in group A and out of 50 patients with intact  drums, pa-
tients with type A tympanogram were (24%) after 1 month, (44%) after 3
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IntroduIntroductctionion
Otits media with effusion

(OME)  (secretory otitis media) is a

middle ear inflammation in which

there is retro tympanic liquid col-

lection without signs or symptoms

of acute infection and integral

tympanic membrane.(1) Otitis me-

dia with effusion (OME) is one of

the most common disorders in

childhood and the leading cause

for conductive hearing loss in chil-

dren.(2) The proper indication for

treatment of otitis media with effu-

sion by myringotomy or ventila-

tion tube insertion remains con-

troversial.(3) Complications in in-

sertion of ventilation tubes in-

clude otorrhea, tympanosclerosis,

tympanic membrane perforation,

retraction and cholesteatoma.(4)

Sequele once tympanostomy tubes

have been extruded are not un-

common,  these sequele include

residual perforation of the tym-

panic membrane, tympanosclero-

sis, segmental atrophy, retraction

or retraction pocket, cholesteato-

ma and hearing loss.(5) The ratio-

nale of adenoidectomy in the

months raised to (68%) after 7 months and reached (78%) after 12
months and out of 50 myringotomy and tube ears patients with type A
tympanogram were(74%) after 7 months and reached 82% after 12
months ,in group B and out of 50 patients with intact drums, patients
with type A tympanogram were (20%) after 1 month (40% )after 3
months raised to (70%) after 7 months and reached 80% after 12
months and  out of 50 myringotomy ears patients with type A tympano-
gram were (72%) after 3 months raised to (78%) after 7  months and
reached 80% after 12 months. 

Conclusion:  Conclusion: we concluded that inspite of marked improvement in
patients operated by myringotomy or myringotomy and tube insertion
soon after surgery, but on follow up patients with adenoidectomy with-
out myringotomy or myringotomy and tube insertion with keeping ear
drum intact, those patients improved near the same degree of myringot-
omy or myringotomy and tube insertion after about 7 months ,thus ade-
noidectomy alone in patients with age group 4-8 years may have a value
in resolution of OME with keeping ear drum intact, with avoiding risk of
complications  of  ear surgery. 

Key words: Key words: otitis media with effusion, myringotomy, adenoidectomy,
myringotomy with tube insertion. 
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treatment of OME has been to re-

move a potentially chronically in-

fected focus in the pharynx(6). The

use of adenoidectomy in the treat-

ment  of OME include possible im-

provement of eustachian tube

function as a large adenoid could

cause eustachian tube dysfunc-

tion by blocking the nasopharyn-

geal  orifice  of  the  tube.(7) Ade-

noidectomy has been reported to

be beneficial in treating children

who are older than 4 years and

have OME.(8) The resolution rate

of OME was better after adenoi-

dectomy in children  with larger

adenoid compared to children

with smaller adenoid.(9) Benefits

must be weighed against side ef-

fects of treatment as well as se-

quele induced by the treatment it-

self (3).

Materials and MethodsMaterials and Methods
This study was carried out in

the otorhinolaryngology depart-

ment of Benha university hospital

from February 2007 to August

2009 to allow follow up period of

one year for the last children oper-

ated upon, the protocol of this

study was approved by the Local

Ethical Committee, informed con-

sent from the parents of every

child was taken,  children aged 4-

8 years and suffering from nasal

obstruction and hearing impair-

ment with suspicion of otitis me-

dia with effusion (OME) were col-

lected from outpatient clinic of

otorhinolaryngology  department

of Benha university hospital, his-

tory was obtained for each child

and after full Ear, Nose and

Throat examination, patients with

signs of OME such as fluid levels,

air bubbles, absence of cone of

light, foreshortened handle of mal-

leus  on otoscopic examination in

addition to history of nasal ob-

struction and mouth breathing

were collected, pneumatic otosco-

py, tympanometry  and x-ray soft

tissue neck lateral view were done

for every child and the children

with bilateral middle ear effusion

(type B tympanogram) for at least

3 months without improvement

and adenoid or adenoid and tonsil

enlargement were chosen for this

study, patients with previous my-

ringotomy with or without inser-

tion of ventilation tube, previous

adenoidectomy or tonsillectomy,

history of ear surgery, cleft palate

,down syndrome, congenital mal-

formation of the ear, cholesteato-

ma  or chronic  mastoiditis, tym-
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panic membrane perforation, mid-

dle ear destructive changes, sen-

soneural hearing loss were exclud-

ed from the study.

100 patients included in this

study were divided into two

groups:

- Group A  :  Group A : included 50 chil-

dren, this group was operated

upon by right side myringotomy

and grommet tube insertion ,left

ear drum kept intact .

- Group B :Group B :  included 50 chil-

dren, this group was operated

upon by right side myringotomy

only without grommet insertion,

left ear drum kept intact, adenoi-

dectomy or adenotonsillectomy

was done for the two groups.

For the intact drums follow up

of the children included in group

A and B by tympanogram was

done  after the 1st, 3rd, 7th, 9th,

12th month. For the myringotomy

and tube ears follow up by tympa-

nogram was done after tube extru-

sion or tube removal  and healing

of tympamnic membrane after the

7th, 9th, 12th month. For the my-

ringotomy ears follow up by tym-

panogram was done after healing

of tympamnic membrane after the

3rd, 7th, 9th,12th month. Ear

drum changes such as perfora-

tion, retraction, myringosclerosis,

and otorrhea were reported during

the follow up period and all data

were collected and analyzed for

running this study, children with

type B tympanogram after the fol-

low up period received either rein-

sertion of a ventilation tube on the

right side or a secondary ventila-

tion tube on the left side or both.

ResultsResults
In group A and after surgery

out of 50 patients with intact

drums, number of patients with

type A tympanogram were 12

(24%)  after 1 month, 22 (44%)  af-

ter 3 months, 34 (68%)  after  7

months, 37 (74%) after 9 months,

39 (78%) after 12 months  and

number of patients with type C

tympanogram were 18 (36%) after

1 month, 14 (28%) after 3 months,

15 (30%) after 7 months, 7 (14%)

after 9 months, 1 (2%) after 12

months  and number of  patients

with  type  B tympanogram were

20 (40%) after 1 month, 14 (28%)

after 3 months, 1 (2%)  after 7

months, 6 (12%) after 9 months,

10 (20%) after 12 months (Table

1), also in group A  after surgery
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and out of the ears with myringot-

omy and tube  insertion, number

of patients with type A tympano-

gram were 37 (74%) after 7

months, 41(82%)  after  9 months,

41 (82%)  after  12 months, num-

ber  of  patients  with  type  C

tympanogram were 11 (22%) after

7 months, 6 (12%) after 9 months,

0 (0%) after 12 months and num-

ber of patients with  type  B tym-

panogram were 0 (0%)  after 7

months 1 (2%) after  9 months, 7

(14%) after 12 months, (Table 1)

(there  were  2 patients  who had

persistent perforation after tube

extrusion  till  end  of  the  study).

 In intact drums there was sig-

nificant difference between im-

proved patients (patients with type

A tympanogram) after 3 months in

comparison with who improved af-

ter 1 month (p<0.05), and high

significant difference after 7, 9, 12

months  in comparison with who

improved after 1 month (p<0.001)

(Table 2) also there was no signifi-

cant difference  between improved

patients in intact drums (68%) or

myringotomy and tube (74%) after

7 months (p>0.05) (Table 3).

In group B and after surgery,

out of 50 patients with intact

drums, number of patients with

type A tympanogram were   10

(20%) after 1 month, 20 (40%) af-

ter 3 months, 35 (70%) after 7

months, 35 (70%) after 9 months,

40 (80%) after 12 months and

number of patients with type C

tympanogram were 20 (40%)  after

1 month, 15 (30%)  after 3

months, 14 (28%) after 7 months,

10 (20%)  after 9 months, 1 (2%)

after 12 month  and number  of

patients  with  type  B tympano-

gram were 20 (40%) after 1

month, 15 (30%) after 3 months, 1

(2%) after 7 months, 5 (10%) after

9 months, 9 (18%) after 12

months (Table 1).

In the ears with myringotomy,

number of patients with type A

tympanogram were 36 (72%) after

3 months, 39 (78%) after 7

months,  40 (80%) after 9 months,

40 (80%) after 12 months and

number of patients with type C

tympanogram were 13 (26%)  after

3 months, 10 (20%) after 7

months, 5 (10%) after 9 months,

1(2%)  after 12 months and num-

ber of patients with type B tympa-

nogram were 0 (0%) after 3

months, 0 (0%) after 7 months 4
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(8%) after 9 months 8 (16%) after

12 months. (Table 1), (there was 1

patient who had persistent perfo-

ration after myringotomy till end

of the study).

In intact drums there was sig-

nificant difference between im-

proved patients (patients with type

A tympanogram) after 3  months

in comparison with who improved

after 1  month (p<0.05), and high

significant difference after 7,9,12

months  in comparison with after

1 month (p<0.001), and in ears

with myringotomy there was no

significant difference between im-

proved patients after 3,7,9,12

months (p>0.05) (Table 2). 

On comparison intact drums

with the myringotomy ears there

was significant difference between

improved patients in myringotomy

ears after 3 months (72%) and im-

proved patients in intact drums

after 3 months (40%) (p< 0.05),

(Table 3). but there was no signifi-

cant difference  between improved

patients in intact drums (70%)or

myringotomy (78%) after the 7th

month (p>0.05).  so there was no

significant difference between im-

proved patients in intact drums,

myringotomy ears, myringotomy

and tubed ears after the 7 month

(Table 2). 

During period of follow up otor-

rhea was (34%) in patients with

tube insertion, (16%)in patients

with myringotomy, (4%) in intact

drums,  perforation was (4%) in

patients with tube insertion, (2%)

in patients with myringotomy,

(0%)  in intact drums, retraction

was (20%)  in patients with tube

insertion, (18%) in patients with

myringotomy, (16%) in intact

drums, tympanosclerosis was

(30%) in patients with tube inser-

tion, (10%) in patients with myrin-

gotomy,  (4%) in intact drums,

cholesteatoma was (0%)  in all, pa-

tients with type B tymanogram at

the end of follow up period were

(14%) in patients with tube inser-

tion, (16%) in patients with myrin-

gotomy, (20%) in intact drums

(Table 4).
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DiscussionDiscussion
Bluestone et al.,(7) reported

that a possible improvement of the

eustachian tube function is con-

sidered as the main reason for in-

cluding adenoidectomy as a part

of the surgical treatment of otitis

media with effusion.

This study included 2 groups ,

group A and group B, on studying

patients with intact drums in

group A, B there was significant

difference between improved pa-

tients(patients with type A tympa-

nogram) after 3 months in com-

parison with after 1 month

(p<0.05), and high significant dif-

ference after 7, 9, 12 months  in

comparison with after 1 month

(p<0.001),  but in ears with myrin-

gotomy and tube there was no sig-

nificant difference between im-

proved patients after 7, 9, 12

months and in ears with myrin-

gotomy there was no significant

difference between improved pa-

tients after 3, 7, 9, 12 months.

(p>0.05).

On comparison intact drums

with the ears with myringotomy

and tube there was no significant

difference  between improved pa-

tients in intact drums (68%) or

myringotomy and tube (74%) after

7 months 

On the other hand there was

significant difference between im-

proved patients in myringotomy

ears after 3 months (72%) in com-

parison with improved patients in

intact drums after 3 months (40%)

(p<0.05), but there was no signifi-

cant difference  between improved

patients in intact drums (70%)  or

myringotomy (78%) after 7 months
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(p>0.05), so there was no signifi-

cant difference  between improved

patients in intact drums about

(70%) or myringotomy (78%) or

myringotomy and tube (74%) after

7 months (p>0.05), so inspite of

marked improvement occurred in

ears with myringotomy and tube

&ears with myringotomy alone

soon after surgery than drums

kept intact but after about 7

months from surgery the improve-

ment was near similar in all of

them.

 

Caye- Thomasen et al.,(3) re-

ported significant difference in the

mean hearing thresholds only at

the first postoperative audiometry

test at  3rd month, all subsequent

audiometry tests show no differ-

ence in the hearing thresholds for

both groups. Popova et al.,(10) re-

ported that on comparing myrin-

gotomized patients vs patients

with ventilation tubes there was

no difference in the mean hearing

thresholds between the two

groups for the whole follow up pe-

riod.

Maw,(9) enrolled 103 children

2-11 years of age with bilateral

chronic otitis media with effusion

and followed them for one year, all

underwent unilateral tympanosto-

my tube placement and assigned

to adenoidectomy, adenotonsilleto-

my or no surgery, he mentioned

that adenoidectomy was signifi-

cantly more effective compared to

control group as regard to resolu-

tion of fluid and better resolution

was in older 6 years and up chil-

dren Gates, et al.,(11) assigned

578 children 4-8 years with otitis

media with effusion to four groups

and followed them for 2 years, the

myringotomy group had the great-

est amount of time with fluid (51

weeks), the adenoidectomy and

myringotomy group and the ade-

noidectomy with myringotomy and

tube groups  both had a lower per-

centage of time with effusion (31-

and 27 weeks) respectively than

myringotomy with tube alone( 36

weeks) and he recommended ade-

noidectomy and myringotomy as

the first line procedure Coyte et

al.,(12) reported that adenoidecto-

my or adenotonsillectomy at the

time of initial tympanostomy tube

insertion reduces the likelihood of

reinsertion of tubes among chil-

dren 2 years or older.  Boston et

al.,(13) reported that adenoidecto-

my  reduces  significantly  the
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probability of needing a second set

of tubes.  Kadhim et al.,(14) men-

tioned that proportion of children

having a second tube insertion

was 16% lower in children who

had adenoidectomy and 17 % low-

er with adenotonsillectomy com-

pared to children who had tube

insertion alone.

On the other hand in the study

carried by (15) and (16), both stud-

ies concluded that adenoidectomy

can not be recommended as  the

primary treatment in very young

children. Casselbrant et al.,(17)

mentioned that in children aged

24-47 months adenoidectomy

does not add any further benefit

to myringotomy and tube for the

treatment of middle ear effusion.

Hammaren-Malmi et al.,(16) has

shown that there is no association

between the size of the adenoid

and the outcome of the surgical

procedure. In children 4 years or

older adenoidectomy with myrin-

gotomy alone may be effective but

tube insertion is advised for

younger children(17). Paradise et

al.,(18) recommended that ventila-

tion tubes as first line  of surgical

therapy as hearing loss in OME is

the most troublesome and there-

fore important manifestation of

the disease because it is a risk

factor for subsequent linguistic,

educational and developmental

impairments.

In this study otorrhea was 34%

in patients with tube insertion,

16% in patients with myringoto-

my, 4% in intact drums. Gates et

al.,(11) reported that purulent

otorrhea occurred one or more

times in 11% of adenoidectomy

and  myringotomy  patients  and

in 24%  of adenoidectomy and

tube insertion patients Popova et

al.,(10) reported that none of ade-

noidectomy and myringotomy had

otorrhea episodes while 40% of

adenoidectomy and tube insertion

occurred. Casselbrant et al.,(17)

reported that otorrhea occurred in

10.1% in adenoidectomy and my-

ringotomy and 40.9% in adenoi-

dectomy and tube insertion. 

In this study perforation was

4% in patients with tube inser-

tion,  2% in patients with myrin-

gotomy,  0%  in  intact drums.

Daly et al.,(4) reported that tym-

panic membrane perforation after

tube extrusion  was  3%. In the

study of (5) was 2.2%. Johnston et
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al.,(19) reported that perforation

was 4.5%, this in short duration

tubes raised to 16.6% in long du-

ration  tubes as reported by (20).

In this study retraction in pars

tensa or pars flacida was 20% in

patients with tube insertion, 18%

in patients with myringotomy,16%

in intact drums.Valtonenet al.,(21)

reported 7.1% retraction of pars

flacida and 9.6% retraction of pars

tensa In children received tubes.

Maw and Bawden,(22) reported

that retraction rate of tympanic

membrane was 26%. Kay et al.,(5)

reported that retraction rate of

tympanic membrane was 28.1%.

Tos et al.,(23) reported that retrac-

tion rate of tympanic membrane

was 37%. Daly et al.,(4) reported

that retraction rate of tympanic

membrane was 47% .  

In this study, tympanosclerosis

was 30% in patients with tube in-

sertiom,10% in patients with my-

ringotomy, 4% in intact drums.In

patients with tympanostomy tubes

tympanosclerosis was 32%  in the

study of  (5) and was 40% in the

study of (4)  

In this study cholesteatoma

was 0% in all, Kay et al.,(5) report-

ed 0.8% of cholesteatoma out of

8321 ears that undergone myrin-

gotomy and tube. 

In this study, patients with

type B tympanogram after the end

of follow up period were14%. in

patients with tube insertion, 16%

in patients with myringotomy and

about 20% in intact drums Popova

et al.,(10) reported that recurrence

of  OME in adenoidectomy and

myringotomy group was 10% com-

pared to adenoidectomy and tube

insertion group that was 14%, re-

currence occur in 19.9% in the

study of (13) who reported that the

need to reinsert  ventilation tubes

was almost twice higher in the

group of younger children when

they performed the first surgery

reinforcing the role of immune

maturation in the decrease of

these diseases.

We concluded that inspite of

marked improvement in patients

operated by myringotomy or my-

ringotomy and tube insertion soon

after surgery, but on follow up pa-

tients with adenoidectomy without

myringotomy or myringotomy and

tube insertion those patients im-
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proved near the same degree of

myringotomy or myringotomy and

tube insertion, thus adenoidecto-

my alone in patients with age

group 4-8 years may have a value

in resolution of OME with keeping

ear drum intact, with avoiding

risk of complications of  ear sur-

gery.

ReferencesReferences
1-  Bluestone  C.  D.,  Gates  G.1- Bluestone C. D., Gates G.

A.,  Klein  J.  O.,  Lim D.  J.,   MogiA., Klein J. O., Lim D. J.,  Mogi

G.  and   Orga  P.  L.  (2002)  :G. and  Orga P. L. (2002) : Re-

cent advances in otitis media.

Definition, terminology, and clas-

sification  of  otitis  media. Ann

Oto Rhino Laryngol, Suppl; 188:

8-18.

2- Lanphear B. P., Byrd R. S.,2- Lanphear B. P., Byrd R. S.,

Auinger  P.  and   Hall  C.  B.Auinger P. and  Hall C. B.

(1997)  :  (1997) : Increasing prevalence of

recurrent otitis media among chil-

dren in the United states, Pediatr.

99 (3) 1413. 

3-  Caye-Thomasen  P.,  Stan-3- Caye-Thomasen P., Stan-

gerup  S.  E.,  Jorgensen  G.,gerup S. E., Jorgensen G.,

Drozdziewic  D.,  Bonding  P.  andDrozdziewic D., Bonding P. and

Tos M. (2008) : Tos M. (2008) : Myringotomy ver-

sus ventilation tubes in secretory

otitis media: ear drum pathology,

hearing, and eustachian tube

function 25 years after treatment,

Otol. Neurotol. 29, 649-657. 

4-  Daly  K.  A.,  Hunter  L.  L.,4- Daly K. A., Hunter L. L.,

Lindgren  B.  R.,  Margolis  R.  andLindgren B. R., Margolis R. and

Giebink  G.  S.  (2003)  :Giebink G. S. (2003) : Chronic

otitis media with effusion sequelae

in children treated with tubes.

Arch Otolaryngol, Head Neck

Surg; 129: 517-522. 

5-  Kay  D.  J.,  Nelson  M.  and5- Kay D. J., Nelson M. and

Rosenfeld  R.  M.  (2001)  :  Rosenfeld R. M. (2001) : Meta-

analysis of tympanostomy tube se-

quelae. Otolaryngol, Head Neck

Surg; 124: 374-380. 

6- Gates G. (1999) : 6- Gates G. (1999) : Otitis me-

dia- the pharyngeal connection.

JAMA, 282; 987-989. 

7-  Bluestone  C.  D.,  Stool  S.7- Bluestone C. D., Stool S.

E.,  Alper  C.  M.,  Arjmand  E.  M.,E., Alper C. M., Arjmand E. M.,

Casselbrant  M.  L.  and  Dohar  J.Casselbrant M. L. and Dohar J.

E.  (2003)  :E. (2003) : otitis media and Eus-

tachian tube dysfunction. Pediatr

Otolaryngol.Saunders, Philadela-

phia : 651-654. 

8-  Maw  R.   and  Bawden  R.8- Maw  R.  and  Bawden  R.

(1993)  :(1993) : Spontaneous resolution

of  severe  chronic  glue  ear in

children  and  the  effect  of ade-

noidectomy,  tonsillectomy, and



371371

Benha M. J.

Vol. 28  No 1  Jan.  2011

insertion of ventilation tubes

(grommets).  BMJ. 306 : 756-760. 

9- Maw A. R. (1983) : 9- Maw A. R. (1983) : Chronic

otitis media with effusion and ade-

no-tonsillectomy: prospective ran-

domized controlled study. BMJ,

287: 1586-1588.

10- Popova  D.,  Varbanova S.10- Popova  D., Varbanova S.

and  Popov  T.  M.  (2010)  :  and Popov T. M. (2010) : Com-

parison between myringotomy and

tympanostomy tubes in combina-

tion with adenoidectomy in 3-7

years old children with otitis me-

dia with effusion, Int J of  Pediatr

Otorhinolaryngol. 74 ,777-780.

11-  Gates  G.  A.,  Avery  C.  A.,11- Gates G. A., Avery C. A.,

Prihoda  T.  J.  and  Cooper  J.  R.Prihoda T. J. and Cooper J. R.

(1987)  :  (1987) : Effectiveness of adenoi-

dectomy and tympanostomy tubes

in the treatment of chronic otitis

media with effusion, N. Engl. J.

Med. 317 .1444-1451.

12- Coyte  P.  C.,  Croxford R.,12- Coyte  P. C., Croxford R.,

Mclsaac  W.,  Feldman  W.  andMclsaac W., Feldman W. and

Friedberg  J.  (2001)  :  Friedberg J. (2001) : The role of

adjuvant  adenoidectomy  and

tonsillectomy in the outcome of

the insertion of tympanostomy

tubes, N. Engl. J. Med. 344, 1188-

1195.

13-  Boston   M.,  McCook   J.,13- Boston  M., McCook  J.,

Burke  B.   and   Derkay,  C.Burke B.  and  Derkay, C.

(2003) :(2003) : Incidence of and risk fac-

tors for additional tympanostomy

tube insertion in children.Arch

Otolaryngol, Head Neck Surg

129:293-296.

14-  Kadhim  A.  L.,  Spilsbury14- Kadhim A. L., Spilsbury

K., Semmens J. B., Coates H. L.K., Semmens J. B., Coates H. L.

Lannigan  F.  J.  (2007)  :  Lannigan F. J. (2007) : Adenoi-

dectomy for middle ear effusion: a

study of 50.000 children over 24

years. Laryngoscope; 117 (3): 427-

433. 

15-  Koivunen  P.,   Uhari   M.,15- Koivunen  P.,  Uhari  M.,

Luotenen  J.,   Kristo  A.,   RaskiLuotenen  J.,  Kristo  A.,  Raski

R.    and    Pokka    T.   (2004)   :R.   and   Pokka   T.  (2004)  :

Adenoidectomy versus chemo-

prophylaxis  and  placebo for re-

current acute otitis media in chil-

dren aged under 2 years:

randomized controlled trial, BMJ:

10. 1136.

16-  Hammaren-Malmi  S.,16- Hammaren-Malmi S.,

Saxen  H.,  Tarkkanen  J.   andSaxen H., Tarkkanen J.  and

Mattila  P.  S.  (2005)  :Mattila P. S. (2005) : Adenoidec-

tomy does not significantly reduce

the incidence of otitis media in

conjunction with the insertion of

tympanostomy tubes in children

who are younger than 4 years: a



372372

Ahmed El-Shall

randomized trial. Pediatr; 116 (1):

185-189. 

17-  Casselbrant  M.  L.,  Man-17- Casselbrant M. L., Man-

del E. M., Rockette H. E.,  Kurs-del E. M., Rockette H. E.,  Kurs-

Lasky  M.,  Fall  P.  A.  and  Blue-Lasky M., Fall P. A. and Blue-

stone C. D. (2009) :stone C. D. (2009) : Adenoidecto-

my for otitis media with effusion

in 2-3- years old children, Int J

Pediatr Otorhinolaryngol. 73 :

1718-1724. 

18-  Paradise  J.  L.,  Feldman18- Paradise J. L., Feldman

H.  M.,  Campbell  T.  F.,  Dolla-H. M., Campbell T. F., Dolla-

ghan  C.  A.,  Colborn  D.  K.  andghan C. A., Colborn D. K. and

Bernard  B.  S.  (2001)  :Bernard B. S. (2001) : Effect of

early or delayed insertion of tym-

panostomy tubes for persistent

otitis media on developmental out-

comes at the age of three years, N.

Engl. J. Med. 344, 1179-1187. 

19-  Johnston  L.  C.,  Feldman19- Johnston L. C., Feldman

H. M. and Paradise J. L. (2004) :H. M. and Paradise J. L. (2004) :

Tympanic membrane abnormali-

ties and hearing levels at the ages

of 5 and 6 years in relation to per-

sistent otitis media and tympanos-

tomy tube insertion in the first 3

years of life :a prospective study

incorporating a randomized clini-

cal trial , Pediatr. 114 :58-67 .

20-  Golz   A.,  Netzer  A.,   Joa-20- Golz  A., Netzer A.,  Joa-

chims  H. Z.,  Westerman T. andchims  H. Z.,  Westerman T. and

Gilber  T.  L.  M.  (1999)  :  Gilber T. L. M. (1999) : Ventila-

tion tubes and persisting tympan-

ic membrane perforations Otola-

ryngol- Head Neck Surg. 120.

524-527

21-  Valtonen  H.  J.,  Qvarn-21- Valtonen H. J., Qvarn-

berg  Y.  H.  and  Nuutinen  J.berg Y. H. and Nuutinen J.

(2002)  :(2002) :  Otological  and  audio-

logical outcomes five years after

tympanostomy  in  early child-

hood. Laryngoscope, 112 : 669-

675. 

22-   Maw   A.   R.   and   Baw-22-  Maw  A.  R.  and  Baw-

den  R.  (1994) :den  R.  (1994) : Tympanic mem-

brane atrophy,  scarring,  atelecta-

sis and attic  retraction  in

persistent, untreated otitis media

with effusion  and  following venti-

lation tube insertion. Int  J  Pedi-

atr  Otorhinolaryngol, 30 : 189-

204.

 

23-  Tos  M.,  Stangerup  S.  E.23- Tos M., Stangerup S. E.

and  Larson  P.  (1987):  and Larson P. (1987): Dynamics

of eardrum changes following se-

cretory otitis: a prospective study.

Arch Otolaryngol- Head Neck

Surg; 113: 380-385.



373373

Benha M. J.

Vol. 28  No 1  Jan.  2011

OUTCOME OF ADENOIDECTOMYOUTCOME OF ADENOIDECTOMY
IN RESOLUTION OF OTITIS MEDIAIN RESOLUTION OF OTITIS MEDIA
WITH EFFUSION AS A METHOD TOWITH EFFUSION AS A METHOD TO

AVOID COMPLICATIONS OFAVOID COMPLICATIONS OF
EAR SURGERYEAR SURGERY

Ahmed El-Shall MDAhmed El-Shall MD

BENHA
MEDICAL
JOURNAL

REPRINT

Published byPublished by

Benha Faculty of MedicineBenha Faculty of Medicine Volume 28  Number 1
Jan.  2011



373373

Benha M. J.

Vol. 28  No 1  Jan.  2011

EFFECT OF EXERCISE ON ADIPONECTINEFFECT OF EXERCISE ON ADIPONECTIN
LEVEL AND HEPATIC STEATOSIS IN RATSLEVEL AND HEPATIC STEATOSIS IN RATS

Emile F. Metias MD, Atef A. Mansour MD,Emile F. Metias MD, Atef A. Mansour MD,
Sabry M. Gad MD, Maha M. Abo-Hashim MD*Sabry M. Gad MD, Maha M. Abo-Hashim MD*

and Mohammad S. R. Ghalwash M.Sc.and Mohammad S. R. Ghalwash M.Sc.
Department of Physiology and Pathology*,

Faculty of Medicine, Mansoura University, Egypt.

AbstractAbstract
Background:  Background: Hepatic steatosis or fatty liver is a common cause of

liver function tests abnormalities, and there is a growing attention on
the role of adiponectin in the development of NAFLD and its relation to
the severity of hepatic steatosis. The previous studies on the effect of ex-
ercise on adiponectin level and its relation to intrahepatic fat content
gave conflicting results. Therefore this study was undertaken to deter-
mine the effect of exercise on adiponectin level in high fat diet (HFD) in-
duced hepatic steatosis. Methods:Methods: Male Sprague-Dawley rats were giv-
en either standard diet or HFD with or without exercise. Results:  Results: The
HFD fed group showed significant increase in the levels of plasma free
fatty acid (FFA), serum triglycerides (TG), serum cholesterol, and serum
LDL. Also the levels of ALT, AST and ALP were significantly increased.
Conversely, the serum adiponectin level was significantly lowered. The
liver tissues TG content and the histopathological score of hepatic stea-
tosis were significantly increased. Exercise training significantly in-
creased the serum adiponectin levels in both standard diet and HFD fed
groups. While concurrent exercise with HFD ameliorated the develop-
ment of hepatic steatosis, through the reduction of the liver TG content
and decreased the histopathological score of steatosis. Also concurrent
exercise with HFD improved the serum lipid profile and decreased the
levels of FFA, ALT, AST and ALP. In  conclusion:  n conclusion: Exercise training in-
creases the serum adiponectin levels, and  reduces the development of
hepatic steatosis through the reduction of plasma FFA and improve-
ment of serum lipid profile.
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IntroduIntroductctionion
Nonalcoholic fatty liver disease

(NAFLD) is the hepatic manifesta-

tion of metabolic syndrome(1).

NAFLD  is  a common  cause  of

liver function tests abnormalities

among adults, with a prevalence

of 10-24% in the general popula-

tion(2). Fatty liver or hepatic stea-

tosis refers to a condition charac-

terized by an excess accumulation

of  triglycerides  within hepatocy-

tes(3). Although simple steatosis is

a benign process, some cases de-

velop steatohepatitis, which then

progresses to hepatic fibrosis, cir-

rhosis and even liver failure.

Adipose tissue is an active

player in the regulation of metabo-

lism since the discovery of adipo-

cyte-derived factors, known as

adipokines(4). These adipokines

include several members as adipo-

nectin, leptin, resistin, interlukin-

6 (IL-6), tumour necrosis factor-α
(TNF-α). Most of these adipokines

are elevated in obese persons,

whereas adiponectin is reduced in

obesity(5). There is a complex in-

teraction between many adipocy-

tokines and the pathogenesis of

NAFLD(6). There is a growing at-

tention on the role of adiponectin

in the development of NAFLD and

its relation to the severity of he-

patic  steatosis passing to cirrho-

sis(7).

There is a controversy about

the effect of exercise on the circu-

lating level of adipocytokines. Lim-

ited data showed that exercise

training does not influence adipo-

kines expression and release. Sev-

eral other studies found that in-

creased physical activity decrease

the circulating levels of proinflam-

matory cytokines as TNF-α and in-

crease adiponectin level(8). So, the

exact effects of exercise training

on adipokines still need clarifica-

tion. Also there are controversial

results about the effect of exercise

on reduction of the intrahepatic

fat content in fatty liver. Some

studies failed to demonstrate ef-

fect, while others reported the

presence of effect of exercise train-

ing on hepatic steatosis (9). How-

ever Perseghin et al.,(10) demon-

strated that a higher level of

habitual physical activity is asso-

ciated with a lower intrahepatic

fat content. 

The present study is conducted

to clarify the following aspects in
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relation to nonalcoholic fatty liver

disease: 1) Possible role of adipo-

nectin level changes in hepatic

steatosis. 2) Effects of exercise

training on the following: adipo-

nectin levels in fatty liver, serum

lipid profile in hepatic steatosis,

serum levels of ALT, AST, alkaline

phosphatase (ALP) and intrahe-

patic fat content. 

Materials and MethodsMaterials and Methods
Experimental animals :Experimental animals :

Fourty Sprague-Dawley male

rats  (weighing 100 - 120 gm)

(about 6 weeks) were obtained

from the animal house of medical

experimental research center

(MERC), faculty of medicine, Man-

soura university. They were caged,

3 per cage, in a controlled temper-

ature room at (22-25 C). They

were maintained on standard rat

chow  diet  and free access to wa-

ter for 4 weeks until reached 150-

200 gm.

 

Experimental design:Experimental design:

The animals were randomly as-

signed into 4 groups 10 rats in

each group as the following: A)

Standard  diet  fed  groups  (SD):Standard diet fed groups (SD):
that were subdivided into 2 sub-

groups: Group  I  Group I (control group):

Standard  diet fed sedentary

group (SD Sed) : these animals

were  maintained  on  standard

rat chow for 12 weeks. The stan-

dard rat diet consists of : 12.5%

lipids, 63.2% carbohydrate, and

24.3%  protein(11). Group  II:Group II:

Standard  diet  fed  exercise

trained  group  (SD ExT):  these

animals  were  maintained on

standard rat chow for 12 weeks

associated with daily exercise

training by swimming in water

pool  starting  by  5 min  daily

then  gradually increased up to

15 min at the end of the study du-

ration(12). B) High  fat  diet  fedHigh fat diet fed
groups (HFD):groups (HFD): that were subdivid-

ed into 2 subgroups: Group  III:Group III:

High fat diet fed sedentary group

(HFD Sed): these animals were

maintained on HF diet for 12

weeks. The HF diet consisted of

42%  lipid,  36%  carbohydrate,

and 22% protein(11). Group  IV:Group IV:

High fat diet fed exercise trained

group (HFD ExT): these animals

were maintained on HF diet for 12

weeks associated with daily exer-

cise training by swimming in wa-

ter pool starting by 5 min daily

then gradually increased up to  15

min at the end of the study dura-

tion(12).
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All animals were weighed twice

per week and their food intake

was monitored three times per

week for 12 weeks. At the end of

this period, blood and tissue sam-

ples were taken.

Collection of samplesCollection of samples

At the end of the study period

the animal was fasted over night

(about 8hours) then at the morn-

ing the animal weighed and given

thiopental (50 mg/kg) intra-

peritoneal. Then the animal fixed

on the dissecting table and the ab-

dominal cavity was opened longi-

tudinally. The blood sample was

collected by syringe from the heart

and put in 2 sets of tubes one

with anticoagulant (EDTA) for

plasma samples and the other for

serum samples.

Harvesting Liver specimenHarvesting Liver specimen

The liver was infused with sa-

line through the aorta to wash the

blood content. Then the liver was

dissected carefully and removed

from the abdomen then washed

with saline and dried by a piece of

gauze. The liver weight was re-

corded then the liver was divided

into 3 pieces by a scalpel, one

piece was put into formaldehyde

10% for haematoxline and eosine

(H&E) and Masson Trichrome

stains, while the second piece was

rapidly frozen for oil red O stain-

ing, for histopathological examina-

tion. The third piece was rapidly

stored frozen below -70 Co for ho-

mogenization, and assay for liver

triglyceride content.

Analytic procedures: Serum

level of liver enzymes AST, ALT, al-

kaline phosphatase (ALP) was de-

termined using the available kit

from bioMerieux (Marcy-l Etoile,

France). Adiponectin concentra-

tions were measured with com-

mercially available ELISA kits

(RayBiotech). Serum lipid profile,

serum triglyceride (TG), Choleste-

rol, LDL and HDL concentrations

were measured using kits from

Spinreact (Spain). Plasma free fat-

ty acid (FFA) levels were measured

by colorimeteric method already

described for chloroform solutions

of fatty acids (13).

Liver  tissue:  Liver tissue: For quantitative

analysis of liver TG content 200-

mg fragments from the liver were

homogenized in 20 volumes of iso-

propanol, and then the superna-

tant was assayed for TG using a
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commercial triglycerides kit (Spin-

react) (Spain). 

For histological analysis: Liver

specimens were embedded in par-

affin blocks and sections of 5 µ

thick were made then stained with

H & E and Masson Trichrome for

evaluation of the degree of liver fi-

brosis. Frozen-embedded liver sec-

tions were cut in a cryostat at 5

µm and mounted on microscope

slides then fixed with formalde-

hyde (10%) and stained with oil

red O. Lipid infiltration was as-

sessed with light microscopy. This

enabled a morphological quantifi-

cation of liver lipid infiltration in

terms of lipid vacuole size and

number. 

Statistical analysis: Values are

expressed as means ± SD. Statisti-

cal analyses were performed by a

one-way ANOVA for nonrepeated-

measures design, with diet and

exercise training as main effects. P

< 0.05 was considered statistically

significant.  

ResultsResults
1)  Effect  of  exercise  on  rat1) Effect of exercise on rat

body  weight,  liver  weight  andbody weight, liver weight and

liver weight/ body weight ratio.liver weight/ body weight ratio.

As shown in table (1), concur-

rent exercise with standard diet

produced insignificant increase in

the rat body weight from 238.5 ±

23.1 gm to 263 ± 39.4 gm, also

high fat diet produced insignifi-

cant increase in the rat body

weight from 238.5 ± 23.1 gm to

260 ± 35.3 gm as compared with

standard diet fed sedentary group.

While concurrent exercise with

HFD caused insignificant increase

in the rat body weight from 260 ±

35.3 gm to 266.5 ± 23.9 gm, as

compared with high fat diet fed

sedentary group. As shown in ta-

ble (1), concurrent exercise with

standard diet caused significant

increase in the rat liver weight

from 6.15 ± 0.78 gm to 9.43 ±

1.85 gm (P < 0.001), also high fat

diet caused significant increase in

the rat liver weight from 6.15 ±

0.78 gm to 8.63 ± 1.96 gm (P <

0.001) as compared with standard

diet fed sedentary group. While

concurrent exercise with HFD

caused insignificant decrease in

the rat liver weight from 8.63 ±

1.96 to 7.55 ± 1.41 gm, as com-

pared with high fat diet fed seden-

tary group. But Concurrent exer-

cise with standard diet increased

the rat liver weight / body weight

ratio significantly from 2.58 ± 0.25
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to 3.59 ± 0.50 (P < 0.01), also high

fat diet increased the rat liver

weight / body weight ratio signifi-

cantly from 2.58 ± 0.25 to 3.45 ±

0.41 (P<0.01) as compared with

standard diet fed sedentary group.

While concurrent exercise with

HFD caused significant decrease

in the rat liver weight / body

weight ratio from 3.45 ± 0.41 to

2.83 ± 0.48 (P<0.05) as compared

with high fat diet fed sedentary

group.

2) Effect of exercise on serum2) Effect of exercise on serum

adiponectin  levels,  plasma  freeadiponectin levels, plasma free

fatty  acids  levels  and  hepaticfatty acids levels and hepatic

lipid (triglyceride) content.lipid (triglyceride) content.

As shown in table (1), concur-

rent exercise with standard diet

caused significant increase in the

serum adiponectin level from

387.74 ± 21.72 pgm/ml to 461.9 ±

36.81 pgm/ml (P<0.001), but HFD

caused significant decrease in the

serum adiponectin level from

387.74 ± 21.72 pgm/ml to 220.6 ±

20.28 pgm/ml (P<0.001) as com-

pared with standard diet fed sed-

entary group. While concurrent

exercise with HFD caused signifi-

cant increase in the serum adipo-

nectin level, from 220.6 ± 20.28

pgm/ml to 333.96 ± 14.38 pgm/

ml (P<0.001), as compared with

high fat diet fed sedentary group.

Also shown in table (1), concur-

rent exercise with standard diet

caused insignificant decrease in

plasma FFA from 18.77±1.55mg/

dl to 18.11±1.57mg/dl, but HFD

increased plasma FFA significant-

ly from 18.77±1.55 mg/dl to 43.31

±5.58mg/dl (P<0.001) as com-

pared with standard diet fed sed-

entary group. While concurrent

exercise with HFD caused signifi-

cant decrease in plasma FFA from

43.31±5.58 mg/dl to 31.14±2.5

mg/dl, as compared with high fat

diet fed sedentary group. Also con-

current exercise with standard

diet caused insignificant decrease

in the liver triglyceride content

from 12.67±0.79mg/gm tissue to

10.79±1.39 mg/gm tissue, but

HFD increased the liver triglyce-

ride content significantly (about

200%) from 12.67±0.79mg/gm tis-

sue to 25.36 ±4.58 mg/gm tissue

(P<0.001) as compared with stan-

dard diet fed sedentary group.

While concurrent exercise with

HFD caused significant decrease

in the liver triglyceride content

(about 54%) from 25.36 ± 4.58

mg/gm tissue to 13.75 ± 0.51mg/

gm tissue (P<0.001) as compared
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with high fat diet fed sedentary

group.

3) Effect of exercise on serum3) Effect of exercise on serum

liver enzymes levels.liver enzymes levels.

As shown in table (2), concur-

rent exercise with standard diet

caused insignificant increase in

serum liver enzymes levels (AST

from 35.2±3.7IU/dl to 45.1±8.9

IU/dl, and ALP from 69.9±6.8 IU/

dl to 87.9±7.2 IU/dl) but it caused

significant increase ALT from

23.2±3.2IU/dl to 41.2±8.3IU/dl

(P<0.001), While HFD caused sig-

nificant increase in the serum liv-

er enzymes levels (AST from

35.2±3.7IU/dl to 144±17.1IU/dl

(P<0.001),  ALT  from  23.2±3.2

IU/dl to 87.1±8.0IU/dl (P<0.001),

and ALP from 69.9±6.8IU/dl to

249.2± 27.6IU/dl (P<0.001) as

compared with standard diet fed

sedentary group. Whereas concur-

rent exercise with HFD caused

significant decrease in the serum

liver enzymes levels (AST from

144±17.1 IU/dl to 88.4±13.1IU/dl

(P<0.001), ALT from 87.1±8.0IU/dl

to 56± 6.3IU/dl (P<0.001), and

ALP from 249.2±27.6IU/dl to

159.5±29.8IU/dl (P<0.001)), as

compared with high fat diet fed

sedentary group. 

4) Effect of exercise on serum4) Effect of exercise on serum

lipid profile.lipid profile.

As shown in figure (1), concur-

rent exercise with standard diet

caused insignificant decrease in

serum TG levels from 70.1±5.7

mg/dl to 62.7±8.7mg/dl, serum

cholesterol  from 85.1±7.2mg/dl

to 83.1±11.5mg/dl, serum LDL

from 49.84±8.2mg/dl to 45.83±

12.4mg/dl, but significantly in-

creased serum HDL from 21.24±

2.04 mg/dl to 24.73±1.99 mg/dl

(P < 0.001). While HFD caused sig-

nificant increase in the serum TG

levels from 70.1±5.7 mg/dl to

136.2±19.04 mg/dl (P<0.001), ser-

um cholesterol from 85.1±7.2 mg/

dl to 189.2±21.72mg/dl(P< 0.001),

serum LDL from 49.84± 8.2 mg/dl

to 148.01±20.07 mg/dl (P<0.001),

but it caused significant decrease

in serum HDL from 21.24±2.04

mg/dl to 13.95±1.24 mg/dl

(P<0.001), as compared with stan-

dard diet fed sedentary group.

Whereas concurrent exercise with

HFD caused significant decrease

in the serum TG levels from

136.2±19.04mg/dl to 90.9±11.19

mg/dl (P<0.001), serum choleste-

rol from 189.2±21.72 mg/dl to

116.2±21.86 mg/dl (P<0.001), ser-

um LDL from 148.01±20.07 mg/dl
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to 80.08±19.17mg/dl (P<0.001),

but it significantly increased ser-

um HDL from 13.95±1.24 mg/dl

to 17.94±1.94 mg/dl (P<0.001), as

compared with high fat diet fed

sedentary group.

5)  Effect  of  exercise  on  liver5) Effect of exercise on liver

Histopathological  scoring  andHistopathological scoring and

staging.staging.

As  shown   in  table  (2)  and

fig (2), concurrent exercise with

standard  diet  caused  insignifi-

cant  increase  in  the  histopatho-

logical score of hepatic steatosis

from 0.8±0.42 to 1.3±0.95; also it

caused insignificant decrease in

the  histopathological  stage  of

hepatic fibrosis from 0.5±0.71 to

0.0 ± 0.0.  But  HFD  caused  sig-

nificant  increase  in  the histo-

pathological  score  of  hepatic

steatosis from 0.8±0.42 to

4.5±0.71 (P<0.001) and also HFD

significantly increased the histo-

pathological  stage of hepatic fi-

brosis from 0.5± 0.71 to 2.4±0.55

(P<0.01), as compared with stan-

dard diet fed sedentary group.

While concurrent exercise with

HFD caused significant decrease

in the histopathological score of

hepatic  steatosis  from  4.5±0.71

to 2.0±0.94 (P<0.001), also it sig-

nificantly  decreased the histo-

pathological  stage  of  hepatic fi-

brosis  from  2.4 ± 0.55 to

1.2±0.45 (P<0.01), as compared

with high fat diet fed sedentary

group.
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DiscussionDiscussion
There are controversial reports

about the effect of exercise on

adiponectin level and the reduc-

tion of the intrahepatic fat content

in fatty liver. Some studies failed

to demonstrate effect of exercise

training on HF diet-induced he-

patic steatosis in rats(14), while

another study reported the pres-

ence of effect of exercise training

on hepatic steatosis; however it is,

to be most effective, exercise must

be concurrent with the induction

of fatty liver(9). In the present

study the exercise training pro-

gram was conducted concurrently

at the same time with the stan-

dard diet as well as the HF diet, to

demonstrate the effect of exercise

training program in physiological

condition as well as in HFD. 

Unlike expected, in the present

study, concurrent exercise with

standard diet and with HFD

caused insignificant increase in

the rat body weight as compared

with the corresponding sedentary

group (table 1). Some studies

demonstrated that exercise with

standard diet increased the body

weight compared to the sedentary

group, while concurrent exercise

with HFD decreased the body

weight compared to the HF diet

sedentary group(9). Others report-

ed that, exercise decreased the

body  weight  either  with stan-

dard diet or with HFD compared

with corresponding sedentary

group(11). This controversial effect

of exercise on the body weight

may be due to the different used

dietary and exercise training pro-

gram. In this study, these findings

could be explained by, that the ex-

ercising animal may consume

more calories than the sedentary,

given that the energy expenditure

increase with exercise should have

been compensated by an increase

in the food intake. Also in the

present study, concurrent exercise

with HFD, caused insignificant de-

crease in the liver weight but sig-

nificantly decreased the liver

weight / body weight ratio as com-

pared with the HFD sedentary

group (table 1). These findings

partially agreed with that of Char-

bonneau et al.,(11), who demon-

strated that exercise decreased

the liver weight and liver weight /

body weight ratio compared to

both corresponding standard diet

and HFD groups. While concur-

rent exercise with standard diet
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caused significant increase in the

liver weight and in the liver weight

/ body weight ratio as compared

with the standard diet sedentary

group (table 1). The increase in

the liver weight in standard diet

exercise trained group was in

agreement with that of Murakami

et al., (15), who demonstrated that

exercise training with control diet

for 12 weeks resulted in signifi-

cant increase in the liver weight in

spite of little increase in body

weight. In that study the increase

in the liver weight was associated

with significant increase in the liv-

er glycogen content that could be

an explanation for the increase in

the liver weight. 

Studies on the effects of exer-

cise on circulating adiponectin

have been equivocal(16), many

studies showing a beneficial (i.e.,

increasing) effect of fat loss, but

not exercise per se (17), and some

others showing additional benefits

of vigorous exercise(18&19). Quite

surprisingly, in one study, exer-

cise decreased circulating levels of

adiponectin at 12 week of inter-

vention(20). In contrast, Kriketos

et al.,(21) reported that adiponec-

tin levels increased by about

260% after 2-3 bouts of low to

moderate intensity exercise.  In

the present study, concurrent ex-

ercise with standard diet and with

HFD caused significant increase

in the serum adiponectin level as

compared with the corresponding

sedentary group (table 1). However

several studies exploring the ef-

fects of exercise on the adiponec-

tin levels have resulted in incon-

sistent findings, it has been

shown that the basal adiponectin

level was not altered after long

term exercise(22&23). However a

number of training studies have

been shown that chronic exercise

will increase adiponectin levels if

the training program is accompa-

nied by weight/fat loss (24,25&26).

More research is necessary to de-

finitively determine the unique ef-

fects of exercise on adiponectin as

well as the implications and mech-

anisms behind these effects. 

The evidence that exercise

training reduces liver lipid accu-

mulation induced by fat-rich diets

is controversial. In previous stud-

ies, an effect and the absence of

an effect of exercise training on

hepatic steatosis have been re-

ported. Therefore, exercise to be

most effective, must be concurrent

with the induction of fatty liver.
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However, Straczkowski et al.,(14)

failed to show an effect of concur-

rent exercise training on HF diet-

induced hepatic steatosis, in

which, rats were fed on a 59% fat

diet; the metabolic alterations in-

duced by the HF diet might have

been too intense to be compensat-

ed by the exercise training pro-

gram. In the present study con-

current exercise with standard

diet produced no significant

changes in plasma FFA and in the

liver triglycerides content, while

concurrent exercise with HFD

caused significant decrease in the

plasma FFA and the liver triglyce-

rides content as compared with

the corresponding sedentary

group (table 1). This means that

exercise training have the power

to prevent the hepatic lipid accu-

mulation, and prevent the devel-

opment of hepatic steatosis. These

results are consistent with that of

Gauthier et al.,(9), who demon-

strate that concurrent exercise

prevents high-fat-diet-induced he-

patic steatosis in rats. Also in hu-

mans it was demonstrated that

higher level of habitual physical

activity is associated with a lower

intra-hepatic fat content and this

may be due to the effect of exer-

cise per se(10). However interest-

ingly, in spite of low fat diet led to

significant improvements in he-

patic steatosis, the combination of

low fat diet and exercise did not

have a greater effect, this could

explained as there is a “threshold”

hepatic TG level and behavioral

interventions cannot lead to re-

ductions beyond that point(27).

Also it was demonstrated that the

HFD resulting in severe liver stea-

tosis, and exercise significantly re-

duced liver steatosis in HFD. Ex-

ercise attenuated all the changes

due to HFD, and improved the lip-

id profile and fatty liver, contribut-

ing to steatohepatitis control (28). 

These results is supported by

the histopathological examination,

which reveal that concurrent exer-

cise with standard diet caused no

significant changes in the histo-

pathological score of hepatic stea-

tosis; and the stage of fibrosis as

compared with standard diet fed

group. While concurrent exercise

with HFD caused significant de-

crease in the histopathological,

score of hepatic steatosis and

stage of fibrosis as compared with

high fat diet fed group (table 2, fig-

ure 2). These results indicate that
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exercise training reduce the de-

gree of hepatic steatosis. These

findings are in concordance with

those of previous studies in which

hepatic steatosis induced by HF

diets in rodents was ameliorated

by exercise training (9,28). The im-

portance of applying different pro-

tocols of exercise training asso-

ciated with other therapies to

control and reduce the high preva-

lence of NAFLD in the obese popu-

lation is recognized(29). As demon-

strated here, the exercise training

protocol used in the present study

was effective in reducing fatty liver

and suppressing HF diet-induced

steatosis.

In the present study, concur-

rent exercise with standard diet

caused insignificant decrease in

the serum levels of TG, cholesterol

and LDL but significantly in-

creased serum HDL as compared

with standard diet fed group.

While concurrent exercise with

HFD caused significant decrease

in the serum levels TG, cholesterol

and LDL, but it caused significant

increase in serum HDL as com-

pared with high fat diet fed group

(figure 1). The present findings

demonstrated  that HFD intake

led to dyslipidemia in sedentary

rats, in agreement with the litera-

ture (30&31). Thus, exercise was

able to reduce serum triglycerides

and cholesterol and to improve

HDL-cholesterol concentrations.

The activity of lipoprotein lipase

increases through exercise and is

responsible for releasing fatty ac-

ids from the lipoproteins by pro-

moting   an  imbalance between

HF  diet  and the effects of exer-

cise(32). Furthermore, during exer-

cise and after glycogen depletion,

fatty acid becomes the major fuel

for the exercising metabolism in

muscle; during the recovery peri-

od, glycerol is necessary for glyco-

gen repletion (9,33&34).

In the present study, with 12

weeks HFD, the liver TG content

was increased by ~ 100 %. Exer-

cise training, in the form of swim-

ming 15 minute / day for 12

weeks results in reduction of in-

trahepatic TG content. Although

the modalities of application of the

exercise regimen seem to play a

role, the present results clearly in-

dicate that a 40% HF diet-induced

hepatic steatosis can be improved

by a concurrent exercise training

program. The precise mechanism

by which hepatic steatosis can be

prevented through exercise train-
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ing remains speculative. Consis-

tent with the above-discussion,

the possible mechanisms through

which exercise training could have

prevented liver fat accumulation

are: 1) a diminished delivery of lip-

ids to the liver, and/or 2) an in-

creased incorporation of TG into

VLDL. Altogether, these results

suggest that the preventing effect

of exercise training on hepatic fat

accumulation is a consequence of

a diminished delivery of FFA to

the liver rather than an increased

VLDL synthesis. One of the mech-

anisms underlying the positive ef-

fects of exercise training is related

to fat utilization by increased lipid

oxidation during exercise(35). De-

spite this, there is no firm consen-

sus how exercise training can pre-

vent the induction of hepatic

steatosis. Exercise reduces the ad-

verse effects of dietary fat in high-

fat fed animals(36). Moreover, dur-

ing exercise, several adaptive

mechanisms are established to

supply fuel to skeletal muscle and

accelerate glucose and fatty acid

metabolism(37). Exercise training

can prevent the accumulation of

fat in the liver of rats receiving a

high-fat diet(38). However, other

studies using a similar high-fat

diet-induced obesity model in rats

have  shown  that  exercise  had

no effect on liver lipid accumula-

tion(30&31). The reasons for this

discrepancy are not clear, al-

though differences in the dietary,

the exercise training program and

the techniques used for assessing

liver lipid infiltration should all be

considered.

In the present study, concur-

rent exercise with standard diet

caused no significant change in

the serum liver enzymes levels

(AST and ALP) but it caused sig-

nificant increase ALT, while con-

current exercise with HFD caused

significant decrease in the serum

liver enzymes levels (AST, ALT,

and ALP) as compared with the

corresponding sedentary group

(table 2). Since AST and ALT exist

primarily in hepatocytes, which

are increased into serum during

hepatic damage (39). Thus, these

results suggest that the reduction

of serum liver enzymes level by

concurrent exercise with HFD

means that exercise decrease he-

patocyte damage that occur by

HFD. These findings are in agree-

ment with previous studies in hu-

man with NAFLD, which demon-
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strated a combination of diet and

exercise is associated with im-

proved serum ALT and AST (40).

Others have demonstrated that

there was a significant improve-

ment in serum aminotransferases

in the NAFLD patients' using the

diet and exercise regimen. Inter-

estingly, patients who exercised

and did not lose weight still had a

significant improvement in amino-

transferase levels(41). Also it was

reported that the combined diet

and exercise reduce intrahepatic

fat content in obese older adults

and that liver enzymes were with-

in the normal range(42). 

In  summary:In summary: Exercise training

produces an increase in the adipo-

nectin levels in both standard diet

and HFD fed animals. Also concu-

rrent exercise training with HFD

reduces the development of hepat-

ic steatosis, through the reduction

of plasma FFA level and improve-

ment of serum lipid profile. The el-

evation of serum adiponectin con-

centration by exercise may play a

hepatoprotective role against the

development of hepatic steatosis.
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IntroductionIntroduction
Diabetic macular edema (DME)

is common complication in diabet-

ic patients seen in daily clinical

routine causing significant visual.

Impairment for the affected pa-

tients. The Wisconsin   Epidemio-

logic study of Diabetic Retinopa-

thy found a 10-year incidence of

DME between 13.9% and 25.4%

DIFFERENT MORPHOLOGICAL PATTERNSDIFFERENT MORPHOLOGICAL PATTERNS
OF DIABETIC MACULAR EDEMA USINGOF DIABETIC MACULAR EDEMA USING

SPECTRAL-DOMAIN OPTICALSPECTRAL-DOMAIN OPTICAL
COHERENCE TOMOGRAPHYCOHERENCE TOMOGRAPHY

Maha Shahin MD, Amal El-Bendary MDMaha Shahin MD, Amal El-Bendary MD
and Salah El-Sayed Mady MD*and Salah El-Sayed Mady MD*

Departments Ophthalmology department, Mansoura University.

*Ophthalmology department, Banha University., Egypt

AbstractAbstract
Purpose:Purpose: To analyze prospectively the retinal morphology of different

patterns of diabetic macular edema (DME) using spectral-domain opti-
cal coherence tomography (SD-OCT) and understand pathogenesis of
subretinal detachment associated with DME.

Methods: Methods: The study included 50 patients (64 eyes). The patients un-
derwent complete ophthalmic examination including Goldmann fundus
contact lens. SD-OCT was done to all of them. All OCT scans were ex-
amined for the presence of diffuse retinal thickening (DRT), cystoid
macular edema (CME), subretinal detachment (SRD), posterior hyaloids
traction (PHT), and tractional retinal detachment (TRD). The most fre-
quent pattern was DRT seen in 38 eyes (59.4%) followed by CME seen
in 36 eyes (56.3%). Both DRT and CME were seen in 10 eyes (15.6%).
SRD was seen in 18 eyes (28.1%). PHT was seen in 11 eyes (17.1%).
PVD was seen in 14 eyes (21.9%). 

Conclusion:  Conclusion: SD- OCT provides us with valuable information on the
retinal morphologic changes associated with DME. It is helpful to clarify
the pathogenesis of DME and optimize the treatment for each type.
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with a poor long prognosis (1). It is

defined by retinal thickening in-

volving or threatening the center

of the macula (2). Previously de-

scribed methods of assessing

DME include slit-lamp bio micros-

copy, indirect fundoscopy, fluores-

cein angiography and fundus ster-

eo photography (3).

Since  optical coherence tomog-

raphy (OCT) became commercially

available in 1995, it has provided

useful information on morphologic

changes associated with a variety

of vitreomacular diseases includ-

ing macular edema (4). It provides

cross-sectional images of the reti-

na, which mimic the histologic

sections of light microscopy (5).

Otani et al (6) were the first au-

thors to publish three patterns of

structural changes in diabetic

macular edema investigated by

OCT. namely sponge-like swelling,

cystoid macular edema and ser-

ous retinal detachment. Kaiser et

al (7) investigated macular  edema

associated detachment (PHD). The

purpose of this study was to ana-

lyse prospectively the retinal

thickness. Morphology of all the

patterns including those associat-

ed with macular traction using

spectral-domain (SD) OCT.

Patients and MethodsPatients and Methods
This is a prospective case series

of consecutive diabetics who were

referred to Mansoura ophthalmol-

ogy Center. Inclusion criteria were

patients with confirmed diagnosis

of diabetes mellitus showing clini-

cally significant macular edema as

defined by early  Treatment dia-

betic Retinopathy study (8). Pa-

tients with poor quality OCT due

to media opacities. Macular edema

from etiologies other than diabetes

were excluded from the study.

The study included 50 patients

(18 males and 32 females; 64

eyes). The patients underwent

complete ophthalmic examination

including Goldmann fundus con-

tact lens. OCT was done using

SD-OCT (3D OCT 1000 version

2.00; Topcon, Tokoyo, Japan). The

system acquires 128 horizontal B-

scan images, each containing 512

A-scans, covering a 6 mm horizon-

tal 6 mm vertical 1.7 mm axial

vol. 26 no 3 sept. 2009.

Volume in less than 3.7 sec-

onds. A color fundus photograph

is taken with an integrated non-
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mydriatic camera. The B-scan im-

ages  can  be  used  to  form a pro-

jection  image  of  fundus  that

has  pint-to-point  registration

with any A-scan. The B-scans

within the 6 _ 6-mm block can be

used construct  3-dimental  (3D)

images.

Central macular thickening

was measured automatically with

OCT retinal mapping software

when DME was associated with

subretinal detachment (SRD). The

height of the SRD at its thickness

above were measured manually

using  the caliper tool built into

the OCT software. All OCT scans

were examined for the presence of

diffuse retinal thickening (PHT),

and tractional retinal detachment

(TRD).

These various patens were

scored based on their unique ap-

pearance on OCT images: 1) DRT

was identified as increased retinal

thickening, 200πm with reduced

intraretinal reflectivity. 2) CME

was identified by the localization

of intraretianl cystoids like spaces

that appeared as round or oval ar-

eas of low reflectivity with highly

reflective septa separating the cys-

toid like cavities. 3) SRD was de-

fined as dome - shaped elevation

of the posterior surface of the reti-

na over a non-reflective cavity

with minimal shadowing of the

underlying tissue. 4) PHT was

identified was defined as peak-

shaped elevation of inner retinal

surface and extending towards the

optic nerve or periphererally 5)

TRD was defined as peak-shaped

detachment of the retina.

The  posterior   hyaloid  was

visualized as linear signal of low

reflectivity above the retina. Sep-

arated from it by a clear space.

Posterior vitreous detachment

PVD  was  diagnosed  when the

posterior hyaloid was detached

from  macula  but  remained visi-

ble  in  front  of  it in all OCT

scans.

For descriptive statistics of the

quantitative variables the mean.

Range and standard deviation

(SD) were used to describe central

tendency and dispersion. Differ-

ences between the means of the

independent samples were ana-

lyzed by the Mann-Whitnney test.

It was considered significant if (p

< 0.05).
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ResultsResults
The study included 50 patients.

48 eyes (75%) had non prolifera-

tive diabetic retinopathy the mean

age of the patients was 55 ± 7.3

years (range 41 to 71). At time of

initial examination, no patient was

suspected of having serous macu-

lar detachment. Mean retinal

thickness ± SD was 429.34 ±

174.16 µm (range 230 to 806).

The most frequent pattern was

DRT seen in 38 eyes (59.4%) fol-

lowed by CME seen in 36 eyes

(56.3%). Both DRT and CME were

seen in 10 eyes (15.6%). Macular

cysts was located in the outer reti-

nal layers in all of the cases

(100%). Each cystoid cavity was

walled off with septae. The cystoid

cavities expanded in a round or

oval configurations=. Two eyes

(3.1%) had a single perifoveal cyst.

14 eyes (21.9%) showed both out-

er intraretinal cystoid and inner

intraretinal cystoids. One eye with

CME (2.9% of cases with CME)

had smaller hole.

SRD was seen in 18 eyes

(28.1%) (8 eyes were associated

with CMO. 6 eyes  with DRT while

4 eyes were associated with both

DRT and CMO). There was no sta-

tistically difference in retinal

thickness comparing eyes patients

with SRD with those without

(P=0.254).

PHT was seen in 11 eyes

(17.1%). Only one eye had both

PHT and SRD. Epiretinal mem-

brane was seen in 12 eyes

(18.8%). 50% of them had cystoid

macular edeme while 50% had

DRT. None of them had SRD. TRD

was seen 3 eyes (4.7%). Retinal

detachment alone either serous or

tractionalwas not observed in any

eye.

PVD was seen in 14 eyes

(21.9%). There was no statistically

significant difference in retinal

thickness comparing eyes with

PVD with those without (P=0.824).

Two eyes of them (14.3% of eyes

with PVD) had SRD.

DiscussionDiscussion
OCT  is a noninvasive quick

and reproducible method of pro-

ducing high-resolution cross-

sectional images of the retina (9).

OCT has spe-cifically  been uti-

lized for morpho-logic analysis of

DME (6,10,11). Collectively, these
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papers identified and de¬scribed

five OCT patterns of DME : DRT.

CME, SRT and foveolar de-

tachment with and without trac-

tion.

In DME, OCT images showed

increased retinal thickness and

the  presence of low internal re-

flec-tivity characterized by Otani

et al (6) in two distinct features: (1)

outer  retinal  swelling represent-

ed by an ill-defined widespread

hypo-reflective  area  of  thicken-

ing and (2) cystic  hyporeflective

spaces. Similar to other reports,
(6,10) the most common subtype

seen in our study was DRT seen

in 59.4%. The second most fre-

quent type was CME seen in

56.3% of our cases. Kim et al (12)

reported while Otani et al (6)  re-

ported 47%.

Although the hyporeflectivity

on OCT corresponding to accumu-

lation of fluid was mainly located

in the outer retinal layer, intrareti-

nal cysts were located in the inner

retinal layers in 21.9% of our cas-

es using spectral-domain OCT. It

has been reported in only 4% of

cases of diabetic retinopathy using

Humphrey 2000 system (13) while

il was seen in 21.5% in another

study  using  OCT  3 (Stratus

OCT) (14). Cystic spaces are sup-

posed  to  be more accurately vis-

ualized  with  OCT devices of

greater resolution than the first-

generation devices (13). Morpho-

logically DME starts at the outer

nuclear layer/ Henle’s layer. As

edema progress-es, cysts arc seen

in the fovea and the DME spreads

further into the inner nuclear

layer (14).

OCT is particularly useful for

analyzing vitreoretinal relation-

ship and visualizing vitreoretinal

adhesions (15). 35.9 % of patients

had  macular  traction  (Vitreo-

macular traction and epiretinal

membrane] which is     consistent

with a previous.

Report of macular traction in

31.5% of eyes with DME (16). PVD

was seen in 21.9%. SRD detach-

ment was seen in 28.1% of cases

which is consistent with other in-

vestiga-tors reporting 31% (17).

SRD  was  not  detected  on  bio-

microseopy  in  any  of  the stud-

ied eyes  in  the  present  study. It

is obvious  that  DME  prevents

the detection of serous macular
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detec-tion by clinical examination.

Be-cause of its improved resolu-

tion and image quality, spectral-

domain OCT allows an in vivo

cross-sectional observation of very

subtle serous macular detach-

ment that is difficult to diagnose

clinically.

The pathogenesis of serous reti-

nal detachment is still being de-

bated. Leakage from retinal or

choroidal circulation into the sub-

retinal space exceeding it’s drain-

age capacity was thought to be the

main mechanism (18). In DME,

the in¬creasing flow of fluid is

probably not the only cause of

SRD. be-cause there was no sta-

tistically significant difference of

the retinal thickness in eyes with

SRD  andthose  without   was

seen   in   this study.

The deterioration of retinal pig-

ment epithelium function from is-

chemia may play a role in SRD as

well as the rapidity of the increase

in intraretinal Quid (13). Subreti-

nal fluid was not tractional in ori-

gin as. in this study. SRD was

seen in one eye out of 11 eyes

with PHT while it was not seen in

any eye with epi-retinal mem-

brane, thus eliminat¬ing any obvi-

ous involvement of traction in the

pathogenic mecha-nism of SRD.

ConclusionConclusion
Spectral-domain OCT provides

us with valuable information on

the retinal morphologic changes

associated with DME. It is partic-

ularly useful for analyzing the vi-

reomacular relationship and de-

tecting SRD undetectable on bio-

microseopy. Further prospec-tive

studies are required to explain the

pathogenesis of SRD and es-

tablish its prognostic value. The

OCT pattern of diabetic macular

edema could be helpful in either

making a diagnosis or in deter-

mining the prognosis of DME. It is

helpful to clarify the patho-genesis

of DME and optimize the treat-

ment for each type.
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