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Abstract 
 

The present  study was designed to evaluate the feasibility and safety of laparoscopic partial hepatectomy via two techniques in 
rams. Twenty-four adult local breed rams were used, which divided randomly and equally into two groups. All 
animals subjected to laparoscopic partial hepatectomy. operations were performed under the effect of general anesthesia by using 
5% thiopental sodium at a dose rate of 15 mg/kg B.W., intravenously and maintenance was done by inhalation (halothane) (2- 2.5%). 
Animals placed in a reverse Trendelenburg (30º) and left lateral position. Pneumoperitoneum was achieved under (10 - 12mmHg). 
Four (10 mm) ports were made on ventral abdominal wall. Liver parenchyma was controlled with modified liver clamp. In first 
group, partial hepatectomy was done by Clamp-crush forceps. While in second group, Ultra- surgical device was used. Following 
operations, certain parameters such as rectal temperature, respiratory rate, heart rate, food intake, and secondary health problemes had 
been recorded. Also the operative and resection times and blood loss were estimated. Liver enzymes (alinine transaminase, aspartate 
transaminase, alkaline phosphate, total serum bilirubin and total serum proteins were measured. Histopathological examination 
of liver biobsies was performed at 3rd, 7th, 15th days and four months post-surgery. The main intra-operative complication was the 
bleeding. Result indicated that the vital parameters were within the normal rang. Shorter operative and resection times were noticed 
in second group when compared with first group. There were no significant differences in the mean values of blood loss in both 
groups. Also no bile collection were seen in the abdominal cavity or subphrinic region during the exploratory laparoscopy at (3, 7, 
and 15 days) and four months post-surgery. There were no significant differences in the mean values of the liver function test (liver 
enzymes) in two groups. Macroscopic examination revealed the presence of adhestion between liver and adjcent structures with 
varing degree. The normal structures of the liver which consist of hepatocytes and central vein returned within 4 months post 
operations in second group. We can conclude that the laparoscopic partial hepatectomy in rams can be safely performed under Ultra-
surgical technique with a modified liver clamp which reflected minor secondary complications and early liver regeneration. 
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 Ultra-surgicalوClamp-crush بطريقتي" منظاريا" الجزئيدراسة مقارنة لاستئصال ألكبد 
 كباشالا في

  
  ماجد عبد الرحمن غضبان و راھي ناھي الاسدي، محمد جواد عيسى، علي عباس عجيل

  
  العراق، بغداد، جامعة بغداد، كلية الطب البيطري، فرع الجراحة والتوليد

  
  الخلاصة

   
 بتقنيتين ايھما الاكثر امنا والاسرع لشفاء الكبد ً لتقييم امكانية اجراء عملية استئصال الكبد جزئيا منظاريا الحاليةةالدراسصممت 

-Clamp  بواسطةمجموعة القطع كبشا قسمت عشوائيا الى مجموعتين متساويتين وھي) ٢٤( استخدم في التجربة .المستئصل في الاكباش
crush )المجموعة الاولى( بواسطة عة القطعومجمو Ultra-surgical )اجريت العملية تحت تاثير التخدير العام باستخدام .)المجموعة الثانية 

دامة لاعملية ادخال انبوب الرغامي  وريديا وذلك لتسھيل  حقنت%٥كغم من وزن الجسم بتركيز /  ملغم١٥الثايوبنتون الصوديوم بجرعة 
 ٣٠ درجة و بزاوية ٣٠ًالحيوان ظھريا ورفع من جھة الرأس بزاوية  رقد .%)٢,٥- ٢ (بتركيزالتخدير الاستنشاقي باستخدام الھالوثين 

 وتم السيطرة على )ملم زئبق ١٢-١٠( ملم للثقب الواحد وتحت ضغط ھوائي بريتوني ١٠ اربع ثقوب بحجم حضرت. درجة يسارا جانبيا
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أما في المجموعة  Clamp-crush بواسطة الاولىفي مجموعة متن الكبد تم فصل . نسيج الكبد اثناء العملية باستخدام ماسك الكبد المحور
تناول الحيوان ومعدل ضربات الفلب فس ؤ معدل التن, لتدوين درجة حرارة المستقيمتوبعت الحيوانات .Ultra-surgical بواسطة الثانية فتم

 انزيمات الكبد مثل فحص الكبد و كمية الدم المفقودة و وقت العملية و وقت استئصالحساب فضلا عن .للعلف والمضاعفات مابعد العملية
)ASTو ALTو  ALP و TSB و TSP)نتائجاظھرت   . بعد اكمال العملية١٢٠و ١٥ و ٧ و٣ في الايام النسجي-  والفحص المرضي 

نشاط الحيوان وتناوله  وكذلك حرارة المستقيم و معدل التنفس و معدل ضربات القلب ضمن المعدلات المقبولة فضلا  مثلالمعايير الوظيفية
 لم تسجل ايو الاولى بالمجموعة  عندما قورنت الثانيةمجموعةالوقت العملية وقطع الكبد اقصر في كان  .للعلف كان جيدا بعد العملية
ناء الفحص البطني او المنطقة تحت الحجابية اث  تجمع لسائل الصفراء في التجويفلم يلاحظ اي. فقدان الدمفروقات معنويه في معدل

اھمھا   ت اثناء المداخلة الجراحية ومن حدثت بعض المضاعفا.بعد اكمال العملية) ١٢٠و ١٥ و ٧ و٣(الناظوري الاستقصائي في الايام 
اوضح الفحص العيانى وجود التصاقات بين . المجموعتين الكبد بين انزيماتفروقات معنويه في معدل قيم فحوصات  لم تسجل اي.النزف

بعد اربعة اشھر  نسيج الكبد طبيعيا والمتمثل بتجمع خلايا الكبد حول الوريد المركزي كان ان اكتمال عودة. له تراكيب المجاورةالكبد وال
والتي   Ultra-surgical يمكن ان نستنتج امكانية القيام بعملية استئصال الكبد جزئيا باستعمال طريقة. الثانيةمجموعةال في من اجراء العمليات

 . دوالتجدد المبكر لنسيج الكب بالامان وقلة المضاعفات الثانوية تتتميز
 

 
Introduction 
 

Liver resection was first described centuries ago, but 
until the half of the 20th century, the majority of such 
resections were performed for management of either 
injuries or infections. Today, these procedures are 
performed not only for treatment of acute emergencies such 
as traumatic injuries and for curative therapy of a variety of 
benign and malignant hepatic lesions (1). Laparoscopic 
hepatic resection has been greatly facilitated by several 
recent technology advances, including laparoscopic staplers 
and ultrasonic dissectors which can be used for ligation of 
the hepatic vasculature and transection of liver parenchyma 
(2). Several studies have been performed, but with different 
end points, techniques and study designs making the results 
difficult to interpret. The optimal method for transecting 
liver parenchyma preferably one that does not necessitate 
vascular inflow control, has not been established and a 
variety of techniques are in use (3). The aim of this study 
was to compare the safety and efficacy of the two surgical 
techniques for the laparoscopic partial liver resection 
represented by (clamp-crush and ultra surgical) in rams 
without using vascular inflow occlusion, based on clinical 
follow-up, liver function test, feasibility of techniques and 
pathological findings. 
 
Materials and methods 
 

Twenty four adult local breed rams, ages were (2.5- 4) 
years and weighing (40-50) kg. Rams were randomly and 
equally allocated into two group. In first group, animals 
subjected to partial hepatectomies by laparoscopic clamp-
crush technique. While in second group, hepatectomies 
were performed by laparoscopic ultrasurgical technique 
(Figure 1) (Harmonic scalpel was used (Ethicon End – 
surgery, ING. Germany). Food withheld for (36- 48 hrs) 
and water for (12 hrs) prior to surgery. The ventral 
abdominal region was prepard aseptically for surgical 

operation from the xyphoid cartilage to the pubis and 
laterally as far as the flanks. Preoperative blood samples 
(zero time) were collected for liver function tests. All 
operations were performed under the effect of general 
anesthesia through the induction with 5 % thiopental 
sodium at a dose 15 mg /kg B.W., and maintenance of 
anesthesia with halothane (2- 2.5%) (4). Animals placed in 
a reverse Trendelenburg 300 and 300 left lateral decubital 
positions with the surgeon standing on the left side. 

Four ports (10mm) were made, the first port was at the 
umbilicus for telescope, the second port, right to the 
midline for the modified liver clamp, the third port, left to 
the midline for the (clamp-crush and ultrasonic device) and 
the fourth port at lower right subcostal region for suction-
irrigation and finally enlarged for biopsies extraction 
(Figures 2 and 3). 

Direct trocar entry technique was used, a vertical 
cutaneous incision 1cm length was made to accommodate 
the primary cannula without trocar. Pneumoperitoneum was 
obtained at (10-12 mm Hg) with a rate flow of 3.5 
liters/minute. A modified liver clamp was used for grasping 
the liver parenchyma during resection. This clamp 
introduced through 2nd port; it could be introduced also 
through 4th port. The length of the transected parenchyma 
was equal to the length of clamp jaws (10cm). In clamp-
crush technique, a straight crush forceps was used to 
fracture and divide small section of the parenchyma before 
securing and severing the supposedly spared vessels (Figure 
4).Titanium clips have been used for securing the separated 
vessels (Figure 5), then severed with scissors. 

In ultrasurgical technique, liver parenchyma was 
coagulated and transected by using 5mm hock-spatula blade 
through coagulation and cutting mode at levels of (3-5) 
(Figures 6 and 7). Ten mm grasper was used at 2nd or 4th 
port for grasping and extraction the liver biopsies. Enlarged 
the extraction site (2.5cm) for extraction the biopsies 
longitudinally from this site. Temporarily sealed to the site 
of extraction and pneumoperitoneum re-established to 
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inspect remaining liver (raw surface) and performed 
additional hemeostasis if needed. All ports were removed 
under direct vision, and the pneumoperitoneum was 
deflated. The extraction site was irrigated with normal 
saline and closed with one layer simple continuous suturing 
by chromic cut gut (size 1). The skin closed with 
interrupted horizontal mattress suturing by silk (size 2). 
Penicillin – streptomycin I.M., in a dose of 20.000 IU/kg 
B.W. and 10 mg/kg B.W., respectively was adminstered for 
five conscuative days.Slik stitches were removed 10 days 
post-surgery. Clinical examination including temperature, 
respiratory rate and heart rate were monitored during the 
first week following surgery. Operative time started from 
first skin incision (umbilical incision) to the end of skin 
suturing. Resection time (RT), started at the beginning of 
parenchymal transection till completing it were recorded.  

The volume of intra- operative blood loss was collected 
in the container of suction irrigation machine. The normal 
saline which was used in irrigation, excluded from total 
volume mixture in the suction container when intra 
operative blood loss measuered. Exploratory laparoscopy of 
the abdominal cavity was done for evaluation of adhesions, 
bile leakage detection and harvesting liver biopsies, and 
performed via 2-3 ports under sedation with xylazine in a 
dose of 0.05 mg/kg B.W., then local anesthesia repersented 
by lidocaine hydrochloride 2% (5ml) was used by 
subcutaneous infiltration at the site of ports. Adhesions 
were evaluated laparoscopically quantitatively and 
qualitatively at 60 days postoperatively. Evaluation was 
depended upon two adhesions grading schemes: 
Quantitative evaluation: Multiple Sites Adhesions Scheme 
(MSAS) modified from (6). Qualitative evaluation: 
Adhesive Tissue Tenacity Schemes (ATTS) was used (7). 
The presence of bile leakage in the abdominal cavity on 3rd 
and 7th days and 4 months postoperatively was evaluated by 
exploratory laparoscopy at the same time of liver biopsies.  

The blood samples were collected by vacationer tube 
with adapter, preoperatively (zero time) and at 1, 3,5,7 and 
9 days postoperatively. The sera put in separated labeled 
tubes and kept at -20 C0 until performed liver function test 
by using diagnostic kits and spectrophotometer.  

 
Alkaline Phosphatase (ALP): 
Calculation =   

Kind and king U/100ml: n = 20. U/L: n = 142 
 
Total bilirubin (TB):  
Calculation =  

 
Total protein (TP): 
Calculation =  

 Liver biopsies were harvested laparoscopically at 3rd, 
7th, 15th, days and 4th months postoperatively. The prepared 
slids were stained with Hematoxyline and Eosin dye (8) and 
examined under light microscope.  
 
Statistical Analysis 

 The data were expressed as Means ± S.E. Two ways 
Analysis of Variance (ANOVA) continued with Least 
Significant Differences (L.S.D.) were used and P < 0.05 
was considered to be significant. Statistical Package for 
Social Sciences (SPSS) was used (9) 
 

 

Fig.1: Ultrasonic device: Generator (A), Hand piece (B), Foot 
switches (C), Ultrasonic blade (D).  

 

Fig. 2: Ports sites for laparoscopic instruments.  

                

Fig .3: Shows laparoscopic instruments, modified liver 
clamp. (  ). 
 

A
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Fig. 4: Straight crush forceps to fracture and divide 
            the paranchyma. 
 

 
 
Fig. 5: Clip applicator used to secure the vessel. 

 
 
Fig. 6: Liver parenchyma controlled with modified liver clamp. 
 

 

Fig. 7: Ultrasurgical technque for parenchyma Resection. 
 

Results 

In the present study, the vital parameters which included 
rectal temperature, respiratory rate and heart rate were 
within the acceptable limits post operatively in all treatment 
animals, The animal's activity which was represented by 
animal posture, motion and alert to the surrounding and 
appetite were not altered. However there were three animals 
in first group have normal appetite but limited activity 
during third day postoperatively; Liver clamp is important 
to minimized the risk of intra- operative liver bleeding and 
reduce or prevent the risk of gas embolism, facilitated the 
liver parenchyma control and manipulation during 
resection.  

There were significant differences P<0.05 in mean 
values of the operative time between the two groups (68.3 ± 
4.2 and 57.1 ± 1.8) respectively. While the resection time 
was (35.5 ± 1.3) in the first group and (28.8 ± 1.8) in the 
second group, this means that both parameters were shorter 
in second group when compared with the first groups. 
There was no significant differences (P > 0.05) in 
intraoperative blood loss in two groups (Table 1).  

Results of ALT and AST were listed in (Table 4). The 
values of ALT in second group, showed significant 
increased P < 0.05 of this enzyem when compared with first 
group at zero, 1st,3rd and 7th days postoperatively. Also there 
were no significant differences among different periods 
within each group (P > 0.05). Result of AST, showed 
significant increased (P < 0.05) in mean levels of this 
enzyme at 1st, 3rd and 5th days postoperatively in both 
groups.The values of ALP (Table 5) showed no significant 
differences among different periods in both groups. Also 
TSB values (Table 6), showed no significant differences (P 
> 0.05) between both groups and among various periods. 
The TSP results (Table 7), showed declined in mean values 
of TSP in the two groups at 3rd, 5th, 7th and 9th days 
postoperatively but it was not significant. 
 
Table 1: Shows the operative time, resection time and blood 
loss. 

 

Number of animals for each grade Groups 

Grade 
4 

Grade 
3 

Grade 
2 

Grade
1 

Grade 
0  

3 4 3 2 0  First 
0 2 4 6 0  Second 

LSD = 8.9 for OT. LSD = 3.8 for RT. LSD = 61.1 for 
Blood loss, Different small letters vertically refers to 
significant differences P< 0.05. 
 
Macroscopical findings 

Some animals had intra-abdominal adhesions of various 
degrees between liver and multiple organs and abdominal 
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wall (Tables 2, 3 and Figures 8,9). There was no bile 
collection in the abdominal cavity or subphrenic region 
during the exploratory laparoscopy at 3rd, 7th 15th days and 
four months postoperatively. 
 
Microscopical findings 

 The histopathological examination of the liver biobsies 
were as followings: In the first group and at three days 
postoperation, showed widely dilated sinusoids and 
vacuolar degeneration of hepatocytes adjacent the resected 
area (Figs. 10). While in second group, and at the same 
period there was necrotic area with few neutrophils 
infiltration, also hepatocytes showed vacuolar degeneration 
with dilated sinusoids (Fig. 11). At seven days, first group, 
reflected mild regeneration of hepatocytes (Fig. 12). In 
contrast, second group, exhibeted extensive regenerative 
activity in hepatocytes adjacent to the resected part which 
form nodular structure without central vein and sinusoids 
extended into the resected part (Fig.13). At fifteen days, 
first group, revieled mild regenerative activity which 
characterized by hyperchromatin of their nuclei (Fig. 14). 
Pictures of second group and at the same period reflected 
normal structure of the hepatocytes in area far away from 
resected area with dark basophilic nuclei and some cells 
had more nuclei (Fig.15). The pathognomonic features at 
four months postoperation in first group, reflected retention 

of the liver to its normal structure which consist from 
hepatocytes cord around central vein (Fig.16). In contrast 
second group, showed normal hepatic architectures which 
represented by normal lobules, central vein and sinusoids 
(Fig. 17). 
 
Table 2: Shows Multiple Sites Adhesions Schemes 
(MSAS). 

 

Blood loss/ml Resection 
Time/minutes 

Operative 
Time/minutes Groups 

166.7 ± 23.1 b 35.5 ± 1.3 b 68.3 ± 2.4 b First 
175 ± 16.7 b 28.8 ± 1.1 c 57.1 ± 1.8 c Second 

 
 

Table 3: Shows Adhesive Tissue Tenacity Schemes 
(ATTS). 

 

Number of animals for each grade Groups 

Grade 
4 

Grade 
3 

Grade 
2 

Grade
1 

Grade 
0  

6 4 2 0 0  First 
1 5 6 0 0  Second 

 

 
Table 4: Shows Mean Values of Alanine Aminotransferase (ALT) and Aspartat Aminotransferase (AST) IU/L. 
 

Days  Zero 1st 3rd 5th. 7th 9th 

Groups 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 

ALT 

62.8 
±3.1 
bcA 

 

69.5 
±3.3 
cA 

 

63.0 
±2.1 
bcA 

 

70.0 
±2.3 
cA 

 

62.5 
±1.7 
bcA 

 

69.5 
±2.5 
cA 

 

63.7 
±3.4 
Ba 

 

68.0 
±2.9 
bA 

 

61.9 
±1.6 
bcA 

 

69.2 
±2.9 
cA 

 

59.8 
±2.1 
bA 

 

65.3 
±2.7 
bA 

 

AST 
115.0
± 5.2 
abC 

124.7
± 3.8 
aC 

191.3 
±7.0 
aA 

193.0 
±7.4 
aA 

187.0 
±5.3 
aA 

192.3 
±8.6 
aA 

143.7 
±5.4 
aB 

140.5 
±5.0 
aB 

114.3 
±4.9 
abC 

125.5 
±3.6 
aC 

114.8 
±4.3 
abC 

124.5 
±2.2 
aC 

LSD for ALT= 7.5 LSD for AST=13.7, Similar capital letters horizontally denote no differences P>0.05 among periods. 
Different small letters vertically refers to significant differences P<0.05 between groups.  
 
Table 5: Shows Mean Values of Alkaline Phosphatase (ALP) IU/L. 
 

Days Groups Zero 1st 3rd. 5th 7th 9th 

First 93.7 ± 14.0 
abA 

94.0 ± 10.9 
abA 

96.8 ± 11.0 
abA 

94.7 ± 14.1 
abA 

94.8 ± 13.1 
abA 

91.8±13.8 
abA 

Second 72.3± 8.2 
bA 

72.2 ± 8.7 
bA 

75.8 ± 9.2 
bA 

74.8 ± 7.5 
bA 

72.7± 7.9 
bA 

72.5 ± 8.4 
bA 

 LSD=25.9, Similar capital letters horizontally denote no differences P>0.05 among periods. Different small letters vertically 
refers to the existence of significant differences P< 0.05 among groups. 
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Table 6: Shows Mean Values of Total Serum Bilirubin (TSB) mg/dl. 
 

Days Groups Zero 1st 3rd. 5th 7th 9th 

First 
0.030 ± 0.007 

aA 
0.025 ± 0.003 

aA 
0.024 ± 0.002 

aA 
0.030 ± 0.004 

aA 
0.032± 0.003 

aA 
0.033±0.003 

aA 

Second 0.031± 0.002 
aA 

0.026 ± 0.002 
aA 

0.027 ± 0.002 
aA 

0.026 ± 0.003 
aA 

0.029± 0.003 
aA 

0.031±0.002 
aA 

LSD=0.007, Similar capital and small letters horizontally and vertically denote no differences P>0.05 among periods.  
 
Table 7: Shows Mean Values of Total Serum Protein (TSP) g/dl. 
 

Days Groups Zero 1st 3rd. 5th 7th 9th 

First 
6.50 ± 0.18 

aA 
6.10 ± 0.16 

aA 
5.70 ± 0.24 

aB 
5.75 ± 0.15 

aB 
5.60 ± 0.22 

aB 
5.80±0.30 

aB 

Second 6.85± 0.20 
aA 

6.31 ± 0.35 
aA 

5.60 ± 40 
aB 

5.70± 0.30 
aB 

5.50± 0.20 
aB 

5.60 ± 0.13 
aB 

LSD=0.63, Similar capital letters horizontally denote no differences P>0.05 among periods. Different small letters vertically 
refers to significant differences P< 0.05 among groups. 
 

 
 
Fig. 8: Laparoscopic veiw shows grade 4 adhesion between 
Liver and omentum ,abomasums, diaphragm and abdominal  
wall  in the first group (arrow). 
 

      
 
Fig. 9: Laparoscopic veiw shows grade 1 adhesion  between 
liver and omentum (MSAS) in the second group (arrow). 

     
 
Fig. 10: Histopathological section of liver related to first  
group, three days postoperation, shows vacuolar 
degeneration (blue arrow) and atrophy of hepatocytes (red 
arrow) (H&E 40X). 
 

     
       
Fig. 11: Histopathological section of liver related to  second 
group, three days  postoperation, shows vacoular 
degeneration of  hepatocytes (blue arrow) with dilated 
sinusoid (green arrow) (H&E 40X) . 
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Fig. 12: Histopathological section of liver related to  first 
group, seven days postoperation, shows mild regeneration 
of  hepatocytes (arrow) (H&E 40X) .    
 

   
 
Fig. 13: Histopathological section of liver related to second 
group, seven days postoperation, shows extensive 
regenerative activity in   hepatocytes adjacent to the 
resected area (arrow) (H&E 40X). 
 

    
 
Fig. 14: Histopathological section of liver related to first 
group, fifteen days postoperation, shows hepatocytes 
adjacent to the resected area and mild regenerative activity 
(arrow)  (H&E 40X). 
 

     
 
Fig. 15: Histopathological section of liver related to second 
group, fifteen days postoperation, shows hepatocytes in 
area far away from resected part with dark basophilic nuclei 
(blue arrow), some cells have more nuclei with mitosis 
(green arrow) (H & E 40X). 
  

     
 
Fig. 16: Histopathological section of liver related to first 
group, four months postoperation, liver returned to the 
normal structure which consist from hepatocytes cord 
around the central vein (arrow) (H&E 40X). 
 

    
 
Fig. 17: Histopathological section of liver related to second 
group, four months postoperation, shows normal hepatic 
architecture which represented by normal lobules, central 
vein (green arrow) and sinusoids (blue arrow) (H&E40X). 
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Discussion 
 

The clinical parameters were within normal level, this 
findings agreed with other workers (10 and 11), whom 
mentioned that there were no significant changes recorded 
in these clinical parameters before and after laparoscopic 
cholecystectomy in dogs and goats respectively. The animal 
activity and appetite were not altered, with few exception in 
the activity. This may be attributed to visceral pain or 
adhesions formation. Similar interpretion was reported by 
previous researches (12).  

The clamp was minimized the operative and resection 
times, in this technique resection can be performed under a 
modified liver clamp without needed time for liver 
mobilization, control of inflow and out flow of liver 
vessels.. These advantages also reported by some authors 
(13 and 14). There are many factors that may be affects the 
operative and resection times which includes surgeon 
training and experience in laparoscopic liver surgery. This 
result agreed with previous studies (11 and 15). 

Intraoperative complications, mainly bleeding control, 
suctioned and cleared the operative field required relatively 
longer time and that result also reported by (16). 
Laparoscopy may be contributed to decrease the operative 
time and reduce preoperative blood loss this lead to 
diminish surgical stress because of development of device, 
improvement of procedure and advanced techniques (17). 
Wedge resection is not so problematic as regards bleeding, 
due to improvements in hemeostatic devices such as the 
ultrasonic dissector for small vein or biliary elements (18). 
Several workers reported that the clamp- crushing 
technique had lowest blood loss compared with other 
dissecting sealer devices and proved to be also the most 
cost-efficient technique (19). When 20 % of blood is lost 
from the total blood volume of the body, the circulatory 
system function not affected because there are many blood 
reservoir, like venous blood system, liver and spleen (20). 
There was no bile leakage, this result supported by the 
absence of the significant increased of TSB between both 
groups in present study. The adhesion of omentum to the 
resected line of the liver (raw surface) on the 3rd, 7th, and 
15th days postoperatively prevent the bile leakage, this 
supported by (21), whom reported that suturing of omentum 
into the defected liver, prevent bile leakage. The hassel 
such as bleeding during laparoscopic liver surgery can 
enhance adhesion formation (22). Ultrasonically activated 
device may divide both vessels and bile ducts, with no need 
of further ligature, and possibly reduce the risk of thermal 
injuries and bile duct injuries and the lateral energy spread 
are minimal and the risk of distant tissue damage is lower 
than of high frequency electro- surgery (23).  

The significant increased of ALT mean values in the 
second group may be attributed to elevation in normal value 
of ALT preoperatively in animals related to this group. 

Laparoscopic surgery lead to transient elevations of ALT 
and AST enzymes, these elevations are self-limited and not 
associated with any morbidity in patient with normal liver 
function (24). These enzymes elevations may be ascribed to 
the negative effects of the pneumoperitoneum on the 
hepatic blood flow (25). Also alterations in the 
microcirculation, cellular hypoxia and then affecting cells 
membrane and liberate enzymes (26). In addition studies in 
dogs and goats by (10 and 11) respectively, showed no 
significant differences in ALT, AST and ALP levels 
postoperatively. AST is present in most tissue and increases 
with muscle injury especially cardiac muscle, as well as 
hepatocellular injury, also present in kidney, pancreas and 
erythrocytes. Thus AST assays should be run in conjunction 
with other enzymes assay, especially ALT when evaluating 
liver function. Increased ALT with normal to mild elevation 
in AST value may indicate reversible liver damage. Marked 
elevation in ALT and AST indicate hepatocellular necrosis. 
Increased AST with normal ALT may indicate that the 
source of AST is not liver (27). Serum ALP activity usually 
increased in animals with biliary stasis, steroid hepatopathy 
and occasionally bone lesions. In addition ALP is found in 
much tissue, including liver, bone, intestine, placenta and 
kidneys (28).  

In cattle, most hyperbilirubinemia is caused by 
hemolysis, and even in severe liver diseases in cattle, sheep, 
goat and pig, only slight increases in TSB was noted (27). 
The decrement in TSP refers to hypoalbuminemia resulting 
from hepatocellular injury thus protein synthesis may be 
reduced, however this may not be evident immediately 
because the proteins half-live is relatively longer compared 
to half-live of enzymes (29).  

The results of histopathological examinations between 
two groups on three days post- operation showed that the 
second group, had less pathological findings, and the 
hepatocytes adjacent to the resected area showed mild 
pathological changes, also early and extensive regeneration 
of hepatocytes at days seven and fifteen in second group 
was faster than first groups. This results indicated that 
ultrasurgical technique had less effect than clamp crush, 
this outcome supported with many researches that reported 
the lower maximal temperature achieved with the harmonic 
scalpel (below 80 °C), result in a reduce tissue charring and 
desiccation, also minimizes the zone of thermal destruction, 
this minimal thermal damage may explain the marked 
reduction in post operative adhesions to the liver bed 
injuries. This observation was described by other workers 
(23 and 30). Fibroblasts produce collagen fibers and 
angioblasts form capillary blood vessels to form granulation 
tissue and the degree of granulation tissue depend on degree 
of tissue destruction. The presence of myofibroblasts in 
granulation tissue which originated from mature fibroblasts, 
refers to severe destruction and these cells attempt to 
contract the affected area due to their function which 
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resemble smooth muscle cells. This phenomina was agreed 
with (20). In present study the liver regeneration appeared 
early and extensive in second group comparing to first 
group, this is due to little hepatic damage and necrosis 
during ultrasurgical technique.This findings coincide with 
others (31), whom said that the liver regeneration occurred 
rapidly after resection of the right lobe of the liver in 
humans. Also (32), in their study on the normal human liver 
found that mitosis appear at 10 and 35 days and the 
histopathological findings were cells with basophilic 
cytoplasm or two nuclei and the liver remnant was 
morphologically normal at four months postsurgery. In 
conclusion ultrasurgical technique is the best in comparing 
with clamp crush for laparoscopic partial hepatoectomy in 
rams. 
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