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Abstract

Background: Injury to right hepatic artery (RHA) may occur during hepatobiliary operative procedures. Although it may not be
detected and is clinically silent in most of the cases, liver abscess, bleeding, hemobilia, and right hepatic lobe ischemia needing
surgical excision have been reported. The aim of this study was a more detailed evaluation of hepatic consequences following RHA
injury in an animal model.
Methods: This study was conducted on 20 New Zealand rabbits 6 months of age. Blood samples for the measurement of hepatic
enzymes was obtained from the rabbits before ligation of the hepatic artery. After 10 days, blood sampling was repeated and the
animals were killed and 0.5 × 2 cm liver wedge biopsy was prepared from right lateral lobe, the distribution area of RHA. P values
of < 0.05 were considered significant.
Results: Laboratory data before and after surgical intervention showed serum bilirubin of 0.133± 0.044 and 0.135± 0.042, respec-
tively (P value = 0.47). Serum alkaline phosphatase (ALP) was 122.4 ± 44.12 and 122.8 ± 44.43, (P value = 0.36) respectively. Serum
glutamic-pyruvic transaminase (SGPT) was 31.2 ± 5.34 and 86.2 ± 33.9, (P value = 0.001) respectively. Serum glutamic oxaloacetic
transaminase (SGOT) was 30.13± 8.46 and 69.4± 47.7, respectively (P value = 0.001). Laparotomy showed no considerable change in
median lobe of livers, except mild necrosis in one (5%) rabbit. Severe necrosis was found in the right lateral lobe of 15 rabbits (75%),
moderate necrosis in 3 (15%), and mild necrosis in 2 (10%) cases. No abscess or gangrene was found. The Gall bladder was intact in all
animals.
Conclusions: The RHA obliteration causes an increase in liver enzymes and considerable right lateral hepatic lobe necrosis (75%)
but no liver abscess, gangrene or gall bladder abnormality.
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1. Background

Injury to the right hepatic artery (RHA) is an impor-
tant complication of hepatobiliary surgery (1, 2). In ani-
mal studies, disruption of RHA usually has not led to acute
and significant complications and have been well toler-
ated when antibiotics were used (3, 4). Although acciden-
tal interruption of the right hepatic artery has no consider-
able hepatic necrosis, transient changes in SGOT and tem-
porary low grade bilirubinemia are reported (5). However,
accidental interruption of the hepatic artery or one of its
principal branches may result in severe surgical complica-
tions, such as liver abscess, bleeding, hemobilia, and right
hepatic lobe ischemia (6) requiring right hepatectomy or
even may cause acute liver failure, for which liver trans-

plantation in 2 cases was reported (7, 8).
These controversies about the consequences of obliter-

ation of the right hepatic artery when considering the high
frequency of hepatobiliary operations, mandates further
detailed research with animal models.

The rabbit liver is morphologically similar to that of
humans in its arterial blood supply (9), and so is selected
for this animal study to obtain information about liver en-
zyme changes and hepatic consequences of RHA closure.

2. Methods

After approval of the proposal by the ethics commit-
tee for animal research of Kashan University of Medical Sci-
ences (KAUMS), this experimental study was conducted at
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the anatomy research center of KAUMS on 20 New Zealand
rabbits with 6 months of age. Before the procedure, blood
samples were obtained from a peripheral vein to measure
hepatic enzymes, as a baseline. Next, laparotomy and lig-
ation of right hepatic artery was performed. After 10 days,
before re-operation, blood sampling was repeated. During
abdominal re-exploration, different parts of the liver were
evaluated and a wedge biopsy of 0.5 × 2 cm was removed
from suspected parts and sent for histopathologic exami-
nation for detection of possible ischemia or necrosis. After
laparotomy, rabbits were exanimated.

2.1. Technique

In this animal study, 20 New Zealand white female rab-
bits with 6 months of age (1.2 ± 0.3 kg) were selected. The
rabbits were kept in a controlled environment with an am-
bient room temperature of 24°C and artificial illumination
(12 hours light-dark cycle) for at least 2 days before starting
the experiment. They were fasted for 4 hours before the la-
parotomy, yet had free access to tap water. General anes-
thesia was induced by intravenous injection of ketamine
hydrochloride (35 mg per Kg) in para-spinal muscles ac-
companied by oxygen at 0.5 L/minute. Hairs of surgical
site were shaved and the skin was disinfected with 2% io-
dine tincture and positioned in supine position. The feet
were fixed to the surgical Table. After preparation, the liver
was exposed through a 6-cm midline abdominal incision
and right hepatic artery dissected and ligated with 4 - 0 silk
sutures (Figures 1 and 2). Then, the abdominal wall fascia
and subcutaneous tissue were separately closed with ab-
sorbable monofilament suture in an identical manner.

After the operation, when the animals were stabilized,
they were transferred to the animal care unit. During the
first 5 days, 20 mL/kg of cefazolin was administered IM.
Rabbits were under close observation for 10 days and then
underwent second laparotomy. The liver was evaluated
and a wedge, 5 × 2 cm, was biopsied from any abnormal
area, especially right lateral lobe (distribution of RHA) for
evaluation of ischemia or necrosis (Figure 2).

2.2. Statistical Analysis

SPSS 11 software statistical comparisons were made be-
tween discrete variables with Fisher’s exact test. P values of
less than 0.05 were considered significant.

3. Results

Blood samples were obtained before right hepatic
artery ligation (RHAL) and 10 days after the procedure,
just before re-exploration, and are presented as mean and
standard deviation and include serum bilirubin of 0.133

Figure 1. Isolated Right Hepatic Artery

± 0.044 and 0.135 ± 0.042, respectively (P value = 0.47);
serum alkaline phosphates (ALP) was 122.8 ± 4.43 and 86.2
± 33.9 (P value = 0.36), Serum glutamic pyruvic transami-
nase (SGPT) was 31.2± 5.34 and 86.2± 33.9 (P value = 0.001),
and serum glutamic oxaloacetic transaminase (SGOT) was
30.13 ± 8.46 and 69.4 ± 47.7 (P value = 0.001), respectively.
In the second laparotomy, there was no considerable ab-
normality in median lobe of the liver of the rabbits, ex-
cept for mild necrosis in 1 rabbit (Figure 3). Ischemic necro-
sis was found in the right lateral lobe of all rabbits, which
was severe, although viable, in 15 (75%) cases (Figure 4), and
moderate and mild in 2 and 3 cases, respectively (Figures 5,
6, 7, 8 and 9). Gall bladder and other parts of hepatobiliary
system were normal. No hepatic abscess formation and
segmental gangrene needing surgical resection occurred
during the course of observation. All animals were afebrile
and looking healthy, without icterus or confusion, as well.

3.1. Statistical Analysis

Statistical comparisons were made between discrete
variables using Fisher’s exact test, and statistical analyses
were performed using SPSS 11 software. P values of less than
0.05 were considered significant.

4. Discussion

The most important consequence of RHA ligation in
the current study was severe ischemic necrosis, that oc-
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Figure 2. Severe Necrosis of Lateral Lobe in Distribution of RHA

Table 1. Assessment of Hepatic Pathology After Right Hepatic Artery Ligationa

Pathology Finding No Change Mild Necrosis Moderate Necrosis Severe Necrosis Abscess Gangrene

Rightmedial lobe n = 20 (100) n = 1 (5) 0 0 0 0

Right lateral lobe 0 (0) 2 (10) 3 (20) 15 (75) 0 0

Total 20 3 3 15 0 0

aValues are expressed as No. (%).

Figure 3. Photomicrograph of Liver Showing Severe Ischemic Necrosis

curred in 75% of rabbits’ right lateral lobe (RLL). Although
this is considerable, because most of the blood is supplied

to the right lateral lobe by the right hepatic artery, no ab-
scess formation or gangrene appeared in the animals. The
same may happen in human livers after similar injuries,
because usually there is no need for segmental hepatic re-
section (RLL), and finally there is uneventful segmental at-
rophic changes (10). Less commonly, RLL ischemia may
progress and convert to liver abscess or sepsis. Therefore, it
may be recommended to ignore primary biliary repair af-
ter ligation of the RHA on a healthy liver, because it has no
abnormal clinical presentation in most cases (8, 11-13).

Selective RHA ligation may have some therapeutic role
in management of liver trauma (13, 14). Right hepatic
artery ligation is reported in patients with severe liver
trauma (grade 4 and 5) (15, 16) and hemodynamic instabil-
ity, which requires perihepatic packing with a Pringle ma-
neuver to stop arterial bleeding (16). In these patients be-
cause in the first operation anatomic resection is rarely tol-
erated (17), if hepatic segments are located in distribution
of RHA (the vast majority of segment 5 and some neigh-
boring areas, segment 6) (18, 19) selective vascular isola-
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Figure 4. Couinaud’s liver segments (I through VIII) numbered in a clockwise manner. The left lobe includes segments II to IV, the right lobe includes segments V to VIII, and
the caudate lobe is segment I. IVC = inferior vena cava.

tion and ligation may be used for controlling bleeding (Fig-
ure 5). This option might enable anatomic resection at a
later stage. Arterial embolization of RHA in hepatocellu-
lar carcinoma or treatment of specific pathologies, such
as liver hemangioma, have produced appropriate options
for patients, for whom surgical or percutaneous ablative
treatment is contra-indicated (20). Therefore, emboliza-
tion of RHA may cause liver segmental lobe ischemia and
only necrosis. If confined to RHA, this part of the liver be-
comes atrophic and defunctionalized.

In Mathison’s study, (RHA) injury with collateral flow
from left hepatic artery, leads only to atrophy of the right
liver (21).

Para-clinical data in this animal study showed that the
enzymatic changes occurring most commonly were SGOT

and SGPT elevation up to 3 folds of the normal range with-
out change in bilirubin and serum alkaline phosphates
(ALP). Therefore, when encountered with RHA interrup-
tion, the levels of SGOT and SGPT should be more precisely
considered, and normal levels of bilirubin and ALP would
not rule out the RHA interruption.

The SGOT and SGPT are useful biomarkers of liver injury
in a patient with some degree of intact liver function. The
SGOT similar to SGPT is associated with liver parenchymal
cells function. Although it is raised in acute liver damage,
yet is also present in red blood cells, cardiac and skeletal
muscle, and thus is not specific for the liver (15, 22).
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Figure 5. Photomicrograph of Liver Showing Normal Tissue

Figure 6. Photomicrograph of Liver Showing Mild Ischemic Tissue

Figure 7. Photomicrograph of Liver Showing Mild Necrosis

4.1. Conclusion

The RHA damage during hepatobiliary surgery, treated
with ligation, causes an increase of liver enzymes, SGOT
and SGPT near 3 folds of normal without any change in
bilirubin and ALP. Confronting RHA injury immediate lig-
ation of the injured vessel may be life saving, and necrosis

Figure 8. Photomicrograph of Liver Showing Moderate Necrosis

Figure 9. Photomicrograph of Liver Showing Severe Ischemic Necrosis

in right hepatic segment will not need segmental hepatic
resection. Intended RHA occlusion may be favorable for
treatment of HCC, hemangioma, and hemodynamically
unstable liver trauma (grade 4 and 5) in distribution of
RHA.
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