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EXPERIMENTAL STUDY

Intermittent or continuous occlusion of hepatic infl ow

Radojkovic M1, Stojanovic M1, Stanojevic G1, Bagur N2, Jeremic L1, Jovanovic M3,  

Damnjanovic Z3, Katic V4, Kovacevic P1

Surgery Department, Medical School, University of Nish, Nish, Serbia. milan.radojkovic@medfak.ni.ac.rs

Abstract: The aim of the study: The aim was to compare the effects of intermittent and continuous infl ow oc-
clusion on liver I/R injury in an experimental model. 
Method: The experiment was done using the Wistar rats that underwent continuous and intermittent infl ow liver 
vascular occlusion. Blood and liver tissue samples were taken and parameters of hepatic ischemia/reperfusion 
injury were analyzed and compared. 
Results: Serum activities of ALT, AST and LDH were signifi cantly higher and ALP activity and albumin concen-
tration were markedly lower in rats with continuous liver ischemia. Also, histopathological examination revealed 
more severe changes in animals with continuous liver vascular occlusion. 
Conclusion: The results of biochemical assay and histopathological examination were concurrent, both indicating 
more serious parenchymatous damage caused by continuous hepatic pedicle clamping. Study results clearly 
demonstrated a better tolerance of the liver to intermittent Pringle maneuver (Tab. 1, Fig. 5, Ref. 9). Full Text 
in PDF www.elis.sk.
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Despite technical advances, the prevention of bleeding from 
a resected liver parenchyma remains a serious problem and is of 
major concern during liver resection and transplantation. The ap-
plication of infl ow and infl ow/outfl ow liver vascular occlusion 
methods enables to perform a safe, bloodless and precise anatomic 
hepatic resection. However, the common major disadvantages of 
these methods include serious hemodynamic disturbances and 
liver ischemia/reperfusion (I/R) injury, limiting the time of their 
safe usage. The possibility to increase the liver tolerance of tem-
porary normothermic occlusion and, thus, expanding the duration 
of safe vascular clamping, is an objective of numerous clinical 
and experimental studies. The safety of intermittent and continu-
ous clamping regarding clamping-caused hepatic I/R injury is still 
a major controversy in liver surgery. Each clamping model was 
both experimentally and clinically supported, providing contro-
versial data on their safety. Intermittent clamping was reported to 
attenuate liver damages in a long-term ischemia as compared to 
continuous clamping (1, 2, 3). However, in a short-term ischemia 
(not exceeding 1 hour) liver injury was reported to be similar in 
both clamping methods (4, 5) or even decreased when using the 
continuous clamping (6, 7). Therefore, comparative data on advan-
tages and drawbacks of these two clamping methods in short-term 

normothermic liver ischemia are still lacking. The aim of the pres-
ent study was to compare the effects of intermittent and continu-
ous infl ow occlusion on liver I/R injury in an experimental model.

Methods

Experimental animals
The experiment was done using the healthy adult Wistar rats, 

both gender, weighing 290 – 400 g, aged 1.5 – 3 months. Animals 
were divided into the three groups: C group – continuous hepatic 
pedicle clamping (HPC) lasting 45 minutes, I group – intermittent 
HPC: three 15 minute periods of ischemia separated by 5 minute 
reperfusion periods and the control group (CG) – without surgery. 
The Groups C and I consisted of 40 rats each and CG consisted of 
10 rats. None of the animals received any pharmacological agent 
preoperatively.

Surgical procedures
Rats were anesthetized with intramuscular injection of 10 % 

ketamine hydrochloride (0.3 ml per animal). Midline incision was 
performed and hepatic pedicle was identifi ed and clamped using 
non-absorbable polypropylene suture, double wrapped around the 
whole hepatic pedicle. The procedures and postoperative course 
were uneventful.

Biochemical assays
Blood samples were taken on the 1, 2, 3 and 7 postoperative 

day (POD) from 10 rats respectively of the C and I group per each 
POD (subgroups C1, C2, C3, C7 and I1, I2, I3, I7 each consist-
ing of 10 animals) by a puncture of the left myocardial ventricle 
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through the midline thoracoabdominal incision. Serum activities 
of ALT, AST, LDH and ALP and the concentration of albumin 
were measured. The detected values were compared between the 
relevant subgroups for each POD respectively.

Histopathological (HP) examination
On the same occasion, liver tissue samples were also taken, 

fi xed with 10 % formaldehyde, stained using hematoxylin and eo-
sine (HE) and analyzed with light microscopy. The observed HP 
changes caused by liver I/R injury were compared.

Statistical analysis
The obtained values at the relevant time points between the 

subgroups were compared using the independent-samples t test. 
The p values lower than 0,05 or 0,01 were considered statisti-
cally signifi cant.

Results

The results of biochemical assay are presented in Table 1. In 
the liver tissue samples of C1 rats (fi rst POD), numerous hepa-
tocyte adaptation mechanisms (including cellular atrophy, hy-
perplasia and condensation), different types of degeneration and 
necrosis were observed (Fig. 1). Unlike these HP fi ndings, in the 
liver tissue samples of I1 rats, there was no necrosis, heavy fatty 
degeneration or infl ammation and in some parts of the acinuses 
(portal areas and Kupffer cells) there were no HE changes at all 
(Fig. 2). More intense and diverse HP fi ndings in C1 rats indicated 
more severe ischemic injury after continuous HPC compared to 
the intermittent one.

The same pattern of HP changes was also observed in the sec-
ond POD: in C1 rats, necrosis was diffuse and more intense, along 
with different types of degeneration (mainly fatty) and portal areas 
dilatation. Necrosis and infl ammation was observed for the fi rst 
time in I2 rats, but it was sporadic, multifocal and without heavy 
degeneration. In the liver tissue samples of I3 rats (third POD), re-
generative hepatocytes were found indicating a regeneration (Fig. 
3), unlike C3 rats where there were no such indicators, which also 

suggested a more severe ischemic injury after continuous infl ow 
vascular occlusion.

Figure 4 shows the liver tissue sample of a C3 rat: bridging 
and spotty necrosis with microvacuolar degeneration (HE, x20).

In the HP samples of both I7 and C7 rats (seventh POD), re-
generative activity was observed. However, it was more intense 
and massive in I7 rats and accompanied with initial fi brosis in 
comparison to C7 animals where the regeneration was not diffuse 
and the fi brosis was absent (Fig. 5).

Discussion

A statistically signifi cant serum hypoalbuminemia was de-
tected in both C1 and I1 subgroup compared to CG on the fi rst 
POD, which indicated a decreased postischemic protein synthesis 
in the liver. However, hypoalbuminemia, although still present, 
was not statistically signifi cant in animals with intermittent HPC 
compared to CG on 2, 3 and 7 POD (subgroups I2, I3 and I7), 
suggesting a gradual restoration of liver synthetic function. Unlike 
these results, in C3 rats, a statistically signifi cant hypoalbumin-
emia persisted, what demonstrated a slower recovery, i.e. more 
severe liver injury caused by continuous HPC. Serum activities 
of both ALT and AST were signifi cantly elevated in both C1 and 
I1 subgroups (fi rst POD) compared to CG. Furthermore, activities 
of these enzymes were markedly decreasing on 2, 3 and 7 POD, 
both in rats with continuous and intermittent HPC. But, while 
ALT activity was returning to normal more promptly, AST activ-
ity remained elevated in C2 (statistically signifi cant), I2 and C3 
subgroups compared to CG. Also, compared to each other, serum 
AST activities were signifi cantly higher in C1 and C3 subgroups 
in comparison to I1 and I3 subgroups. These results (with peak 
serum ALT and AST activities on the fi rst POD) demonstrated a 
more intense liver necrosis in rats with continuous HPC. Similar 
fi ndings were reported by other authors (1, 2, 8). Serum LDH ac-
tivity was elevated in all subgroups of rats with continuous HPC 
on 1, 2, 3 and 7 POD (C1, C2, C3 and C7) and only in I2 rats with 
intermittent HPC (second POD) in comparison to CG. This fi nding 
correlated with the occurrence (fi rst POD in rats with continuous 

Albumin
(gr/L)

CG=32.0±1.9 I1=28.8±4.3 I2=29.0±4.7 I3=29.0±3.4 I7=31.8±3.5
C1=26.9±8.0 C2=28.5±2.7 C3=27.5±9.7 C7=30.4±4.8
*nss *nss *nss *nss

ALP
(U/L)

CG=258.6±81.7 I1=99.0±29.8 I2=110.3±34.0 I3=154.6±49.6 I7=137.6±79.0
C1=171.7±74.7 C2=174.9±126.3 C3=132.9±73.6 C7=201.0±111.2
*p=0.009<0.01 *nss *nss *nss

ALT
(U/L)

CG=137.7±24.4 I1=328.0±219.8 I2=78.3±13.8 I3=45.9±22.4 I7=45.8±11.7
C1=504.1±263.9 C2=87.6±32.3 C3=61.1±21.2 C7=64.9±12.9
*nss *nss *nss *nss

AST
(U/L)

CG=292.3±37.4 I1=542.2±235.1 I2=308.5±113.4 I3=172.9±53.2 I7=247.3±51.8
C1=820.9±282.4 C2=411.7±165.9 C3=327.9±75.1 C7=254.4±114.9
* p=0.041<0.05 *nss * p=0.000<0.001 *nss

LDH
(U/L)

CG=1070.3±196.3 I1=789.4±362.4 I2=1942.9±1044.3 I3=808.1±213.0 I7=1020.9±211.5
C1=1353.4±650.2 C2=1161.2±460.7 C3=1308.2±432.3 C7=2104.3±931.4
* p=0.034<0.05 * p=0.034<0.05 * p=0.013<0.05 * p=0.001<0.01

Legend: shadow – statistical signifi cance in comparison to CG; * – statistical signifi cance between I and C subgroups, nss – no statistical signifi cance

Tab. 1. Biochemical assay results (mean values).



Radojkovic M et al. Intermittent or continuous occlusion of hepatic infl ow 

xx

5

HPC and second POD in rats with intermittent HPC) and presence 
of necrosis (1, 2, 3 and 7 POD in animals with continuous HPC). 
Compared to each other, LDH activity was signifi cantly higher in 
C1, C3 and C7 subgroups than in I1, I2 and I7 subgroups, which 
also demonstrated a poorer liver tolerance to continuous infl ow 
vascular occlusion. Serum LDH activity was signifi cantly lower 
in both groups (I and C) during the whole period of examination 
(1, 2, 3 and 7 POD) compared to CG. ALP is the enzyme of bile 
duct epithelial cells and its activity refl ects cholestasis more than 
ischemia. Therefore, this result suggested that biliary retention in 
presented experimental model was not suffi cient to produce choles-
tatic liver damage and correlated with previously reported data (9). 

The results of HP analysis were concurrent of those from bio-
chemical examination. More intense, diverse and diffuse HP fi nd-
ings (different types of degeneration and necrosis), their earlier 
occurrence, longer persistence and slower regression with poorer, 
only sporadic regeneration in liver tissue samples of rats with con-
tinuous HPC clearly indicated a better tolerance to intermittent 
infl ow hepatic vascular occlusion.

Fig. 1. Liver tissue sample of a C1 rat: periportal piecemeal and spotty 
hepatocyte necrosis (HE, x40).

Fig. 2. Liver tissue sample of a I1 rat: recent haemorrhage and an 
area of acidophilic hepatocyte necrosis around it with surrounding 
incipient necrosis (HE, x20).

Fig. 3. Liver tissue sample of a I3 rat: piecemeal necrosis, lymphocytes, 
macrophages and fi broblasts inside the acinus with central vein con-
gestion and sporadic regenerative hepatocytes (HE, x20).

Fig. 4. Liver tissue sample of a C3 rat: bridging and spotty necrosis 
with microvacuolar degeneration (HE, x20).

Fig. 5. Liver tissue sample of a I7 rat: regenerative hepatocytes and 
fi broblasts without collagen (HE, x40).



Bratisl Lek Listy 2013; 114 (1)

3 – 6

6

Conclusion
The results of the presented study distinctly demonstrated 

more severe liver I/R injury after a continuous HPC. Therefore, 
if necessary, Pringle maneuver should be applied intermittently 
rather than continuously. An intermittent infl ow vascular occlusion 
acts as ischemic preconditioning of the liver and, thus, reduces I/R 
parenchymatous injury.
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