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Biochemical markers of liver injury: ALT, AST

Four studies [23, 26, 28, 29] including 410 
patients for ALT on the first and third days after 
operation, and three trials [23, 28, 29] with 
290 patients for the seventh day post-opera-
tion. Significant heterogeneity was observed for 
the parameters of the first (P = 0.01, I2 = 72%) 
and third (P = 0.02, I2 = 68%) days after opera-
tion. The random model showed that the PM 
group had a statistically significant, higher ALT 
level (the first day, SMD = 0.69, 95% CI = [0.31, 
1.07], P < 0.001; the third day, SMD = 0.83, 
95% CI = [0.47, 1.20], P < 0.001) than the HHO 
group. ALT level of the seventh day showed no 

significant heterogeneity (P = 0.19, I2 = 40%), 
and the fixed model showed the same result as 
the first and third days after operation (SMD = 
0.74, 95% CI = [0.50, 0.98], P < 0.001) (Figure 
7A-C).

Four trials [23, 26, 28, 29] including 410 
patients for AST on the first and third days after 
operation, and three trials [23, 28, 29] with 
290 patients for the seventh day post-opera-
tion. The data showed no significant heteroge-
neity for AST levels on the first day post-opera-
tion (P = 0.17, I2 = 41%). The fixed model showed 
a statistically significant higher AST level in the 
PM group compared to the HHO group on the 

Figure 7. Forest plots of the Pringle maneuver (PM) versus hemihepatic blood flow occlusion (HHO) during hepa-
tectomy. They are alanine aminotransferase (ALT) levels on the first (A), third (B) or seventh (C) day and aspartate 
aminotransferase (AST) levels on the first (D), third (E) or seventh (F) day respectively.
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first day after operation (SMD = 0.66, 95% CI = 
[0.46, 0.86], P < 0.001). Significant heteroge-
neity for the parameters of the third (P = 0.05, 
I2 = 62%) and the seventh day (P = 0.02, I2 = 
75%) after operation was manifest. The ran-
dom model showed that the PM group had a 
statistically significant, higher AST level than 
the HHO group (the third day, SMD = 0.75, 95% 

CI = [0.42, 1.08], P < 0.001; the seventh day, 
SMD = 0.81, 95% CI = [0.32, 29], P = 0.001) 
(Figure 7D-F). 

Sensitivity analysis and publication bias

The sensitivity analysis [30] showed that, 
except for TBIL on the first and seventh days, 

Table 3. Publication bias
Outcomes SMD/OR Fluctuation 95% CI Fluctuation Publication Bias (P value)
Primary Outcomes
    Mortality 0.34~3.05 0.01~76.39 N
    Hepatic insufficiency 1.21~4.70 0.38~16.82 N
    Peri-operative morbidity 1.62~1.96 1.11~2.87 0.453
    Total infection 0.70~2.62 0.25~8.58 0.451
    Wound infection 0.73~2.03 0.14~11.32 N
    Bile leakage 1.02~1.41 0.48~3.17 0.799
    Pleural effusion 1.30~1.63 0.58~3.91 0.832
    Ascites 1.03~1.56 0.42~3.56 0.485
    Postoperative hemorrhage -0.16~0.04 -0.41~0.38 0.851
    Total bleeding 2.07~3.14 0.49~20.23 N
    Gastrointestinal bleeding 1.00~3.32 0.06~85.11 N
    Quantitative transfusion (ml) 0.29~0.55 -0.09~0.99 0.245
    Qualitative transfusion (person) 0.89~1.34 0.50~2.49 0.888
Secondary Outcomes
    Hospital stay -0.30~0.32 -1.17~1.00 0.868
    Operation time -0.33~-0.13 -0.66~0.25 0.067
    Ischemic duration 0.03~0.15 -0.21~0.38 0.552
    TBIL
        1st day 0.02~0.32 -0.31~0.69 0.241
        3rd day 0.26~0.37 0.03~0.59 0.085
        7th day 0.23~0.40 -0.07~0.69 0.828
    ALB
        1st day -0.39~-0.11 -0.83~0.20 0.048
        3rd day -0.48~-0.27 -0.70~-0.04 0.265
        7th day -0.41~-0.14 -0.82~0.40 0.275
    PAB
        1st day 0.01~0.17 -0.28~0.46 0.911
        3rd day -0.43~-0.23 -0.71~-0.14 0.342
        7th day -0.41~-0.40 -0.84~0.10 N
    ALT
        1st day 0.50~0.75 0.17~1.25 0.205
        3rd day 0.73~1.03 0.30~1.32 0.568
        7th day 0.61~0.87 0.30~1.15 0.869
    AST
        1st day 0.54~0.74 0.30~0.96 0.266
        3rd day 0.63~0.89 0.26~1.24 0.099
        7th day 0.60~1.03 -0.08~1.65 0.689
Note: P < 0.05: The existence of publication bias; N: Insufficient observations for analysis; SMD: Standardized mean difference.
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ALB on the seventh day, PAB on the third and 
seventh days, AST on the seventh day, and 
quantitative transfusion (ml), all results were 
consistently reported in all included studies, 
which means most of the study parameters are 
stable and reliable. To assess publication bias, 
we used the Egger’s test [31, 32]. Only ALB on 
the first day had a low P value (< 0.05) (Table 3), 
but both the fixed and random effects model 
results of ALB data were unchanged by the trim 
and fill method. Therefore, as shown, the 
results in our study are stable and valid.

Discussion 

This systematic review summarizes the best 
available evidence relating to the safety and 
effectiveness of the PM versus HHO during 
hepatectomy. After an extensive search of the 
literature, eight RCTs were identified and includ-
ed in this review and analysis.

In our analysis, we mainly evaluated primary 
and secondary outcomes. The primary out-
comes consisted of mortality, hepatic insuffi-
ciency, peri-operative morbidity, and transfu-
sion requirements. The evidence regarding 
mortality, hepatic insufficiency, and the number 
of patients who needed transfusion suggests 
that there is no significant difference between 
PM and HHO, which is supported by the results 
of a retrospective study [33] and a meta-analy-
sis [17]. However, Tanaka K et al. reported that 
a slightly lower proportion of patients needed 
transfusion in the PM group than in HHO group 
[13]. In addition, Yu W et al. found that more 
patients needed transfusion in the PM group 
than in HHO group because the average clamp-
ing frequency was 1.6 ± 0.7 min and the aver-
age clamping period was 17.1 ± 4.7 min in PM 
group, while one-time clamping was adopted 
and the mean clamping duration was 20.9 ± 
5.3 min in HHO group [34]. As for transfusion 
volume, our study suggests that there is a little 
difference between the two groups, similar to 
the findings of a retrospective study by Li MH et 
al. [33]. Regarding peri-operative morbidity, our 
results showed that there was no significant 
difference between groups in any type of com-
plication. However, the overall peri-operative 
morbidity rate in the PM group was significantly 
higher than that in the HHO group, similar to 
that found by Zhang Y and his team [35]. Yi B et 
al. found that the incidence of complications in 

the PM group (18.9%) was significantly higher 
than that of the HHO group [36]; however, they 
did not perform further research for any other 
type of complications.

The secondary outcomes included hospital 
stay, operating time, ischemic duration, opera-
tive blood loss, markers of liver function, and 
biochemical markers of liver injury. There was 
no difference between the PM and HHO group 
in hospital stay, which contradicts the findings 
of a retrospective study, that revealed the aver-
age hospitalization days for the PM and HHO 
groups were 18.9 ± 4.4 and 16.2 ± 3.2, respec-
tively, which represented a statistically signifi-
cant difference between groups [34]. There 
was no significant difference between the PM 
and HHO groups in operating time, ischemic 
duration and operative blood loss, which con-
tradicts the conclusions of previous retrospec-
tive studies [35, 36]. Zhang Y et al. showed that 
the mean amount of intraoperative blood loss 
in the PM group was significantly greater than 
that in the HHO group (568.2 ± 325.1 vs. 420.7 
± 307.2 mL, P = 0.0444) [35]. However, Li MH 
and his team found that the volume of blood 
loss was greater in the HHO group than in the 
PM group, but the difference was not signifi-
cant (P > 0.05) [33]. In addition, a meta-analy-
sis by Wang HQ et al. suggested that blood loss 
in three trials showed no significant difference 
between the PM group and HHO group, further 
supporting our conclusion.

In our analysis, we used TBIL, ALB, and PAB to 
reflect post-operative liver function. Although 
TBIL showed no significant difference between 
the PM and HHO groups before the surgery and 
on day one, TBIL increased much more in the 
PM group than in the HHO group on days three 
and seven. ALB was lower in the PM group than 
in the HHO group on day three and PAB was 
lower in the PM group than in the HHO group on 
days three and seven. All of the post-operative 
liver function findings indicate that PM surgery 
can significantly induce ischemia reperfusion 
injury of the liver. The outcomes regarding bio-
chemical markers of liver injury such as ALT 
and AST further support the above conclusion. 
Our analysis suggested that ALT and AST in the 
PM group were much higher than in the HHO 
group on days one, three, and seven. This con-
clusion is supported by many retrospective 
studies [33, 34, 36, 37]. For instance, Li MH et 
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al. found that ALT, AST, and TBIL increased 
much more in the PM group than in the HHO 
group [33]. However, Zhang Y et al. arrived at a 
different conclusion that no significant differ-
ences between the two groups were observed 
in ALT and AST levels on postoperative days 
one and three. Only on the postoperative day 
seven, the PM group showed significantly high-
er ALT and AST levels than the HHO group and 
the finding was against the authors’ expecta-
tions mainly due to the dramatic variance in ALT 
and AST levels and the statistical variation of a 
small sample size [35].

Our results highlight the need for a high level, 
good quality research into the safety and effec-
tiveness of the PM versus HHO maneuver dur-
ing hepatectomy. Only RCTs were included in 
this systematic review and meta-analysis. We 
analyzed many trials, and the studies that met 
our inclusion criteria spanned a period from 
1990 to 2013. Most of our parameters are sta-
ble as shown in our sensitivity analysis, and 
only one parameter showed publication bias, 
which means our result is reliable. This system-
atic review and meta-analysis has some limita-
tions. First, incomplete reporting of important 
methodological issues, such as sample size 
calculations, randomization processes, and 
blinding assessment of trial quality, might raise 
doubts about the adequate power of these 
studies. Second, we did not analyze the indica-
tor to reflect the hemodynamic change between 
the PM and HHO groups, which is an important 
part of evaluating the safety and effectiveness 
of PM versus HHO during hepatectomy, because 
no data is available. Lastly, although we 
searched for unpublished data, no unpublished 
data were available; therefore, our data analy-
sis is based on published data only.

Conclusions

In conclusion, the evidence shows a great 
advantage of the HHO over the PM, in terms of 
transfusion volume, peri-operative morbidity, 
markers of liver function, and biochemical 
markers of liver injury. However, no statistical 
difference was found in mortality, hepatic insuf-
ficiency, any type of complications, number of 
patients who need transfusion, hospital stay, 
operating time, ischemic duration, and opera-
tive blood loss between the PM and HHO 
groups. Our findings highlight the need for more 

rigorous RCTs comparing PM versus HHO dur-
ing hepatectomy and more robust, more con-
vincing meta-analyses as well as uniformity in 
data selection and reporting.
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Supplementary Table 1. Search strategies
Database Amount Search strategy used
Pubmed 2340 (((Hemihepatic[Title/Abstract] OR half-hepatic[Title/Abstract] OR selective[Title/Abstract] OR portal[Title/Abstract] 

OR alternative[Title/Abstract] OR selectional[Title/Abstract] OR elective[Title/Abstract] OR preferential[Title/
Abstract] OR optional[Title/Abstract]) AND (occlusion[Title/Abstract] OR control[Title/Abstract] OR clamping[Title/
Abstract] OR interdict[Title/Abstract] OR cut off[Title/Abstract] OR Blocking[Title/Abstract] OR Infibulation[Title/
Abstract]) OR (half[Title/Abstract] AND Pringle[Title/Abstract])) AND (Pringle[Title/Abstract] OR ((Hepatic[Title/
Abstract] OR Liver[Title/Abstract]) AND (occlusion[Title/Abstract] OR control[Title/Abstract] OR clamping[Title/
Abstract] OR interdict[Title/Abstract] OR cut off[Title/Abstract] OR Blocking[Title/Abstract] OR Infibulation[Title/
Abstract]))) AND (Vascular[Title/Abstract] OR Vein[Title/Abstract] OR artery[Title/Abstract] OR portal[Title/Ab-
stract] OR venous[Title/Abstract] OR vessel[Title/Abstract] OR flow[Title/Abstract] OR inflow[Title/Abstract])) AND 
(((Liver[MeSH Terms] OR Liver Neoplasms[MeSH Terms] OR Liver Diseases[MeSH Terms] OR liver[Title/Abstract] 
OR hepatic[Title/Abstract]) AND (Operation[Title/Abstract] OR Surgery[Title/Abstract] OR Segmentectomy[Title/
Abstract] OR resection[Title/Abstract] OR excision[Title/Abstract] OR transplant*[Title/Abstract] OR graft*[Title/
Abstract])) OR (Hepatectomy[MeSH Terms] OR Liver Transplantation[MeSH Terms])) AND (Clinical Trial[Publication 
Type] OR Multicenter Study [Publication Type] OR Clinical Trials as Topic[MeSH Terms] OR Perspect*[Title/Abstract] 
OR Multicent*[Title/Abstract] OR follow-up[Title/Abstract] OR Follow[Title/Abstract] OR Following[Title/Abstract] OR 
Meta-Analysis[Title/Abstract] OR (Meta[Title/Abstract] AND Analysis[Title/Abstract]) OR Random*[Title/Abstract] 
OR Stochastic[Title/Abstract] OR Placebo*[Title/Abstract] OR Blind[Title/Abstract] OR Blinding[Title/Abstract] 
OR Control*[Title/Abstract] OR Compar*[Title/Abstract] OR Contrast[Title/Abstract] OR EDCC[Title/Abstract] OR 
group[Title/Abstract] OR groups[Title/Abstract])

Embase 3967 (((Hemihepatic:ti,ab OR half-hepatic:ti,ab OR selective:ti,ab OR portal:ti,ab OR alternative:ti,ab OR selectional:ti,ab 
OR elective:ti,ab OR preferential:ti,ab OR optional:ti,ab) AND (occlusion:ti,ab OR control:ti,ab OR clamping:ti,ab OR 
interdict:ti,ab OR (cut:ti,ab AND off:ti,ab) OR Blocking:ti,ab OR Infibulation:ti,ab) OR (half:ti,ab AND Pringle:ti,ab)) 
AND (Pringle:ti,ab OR ((Hepatic:ti,ab OR Liver:ti,ab) AND (occlusion:ti,ab OR control:ti,ab OR clamping:ti,ab OR 
interdict:ti,ab OR (cut:ti,ab AND off:ti,ab) OR Blocking:ti,ab OR Infibulation:ti,ab))) AND (Vascular:ti,ab OR Vein:ti,ab 
OR artery:ti,ab OR portal:ti,ab OR venous:ti,ab OR vessel:ti,ab OR flow:ti,ab OR inflow:ti,ab)) AND (((‘Liver’/exp OR 
‘liver tumor’/exp OR ‘liver disease’/exp OR liver:ti,ab OR hepatic:ti,ab) AND (Operation:ti,ab OR Surgery:ti,ab OR 
Segmentectomy:ti,ab OR resection:ti,ab OR excision:ti,ab OR transplant*:ti,ab OR graft*:ti,ab)) OR (‘liver resection’/
exp OR ‘Liver Transplantation’/exp)) AND (‘comparative study’/exp OR ‘controlled study’/exp OR ‘first in human 
study’/exp OR ‘human’/exp OR ‘human versus animal comparison’/exp OR ‘field study’/exp OR ‘clinical study’/exp 
OR ‘human experiment’/exp OR ‘in vivo culture’/exp OR ‘methodology’/exp OR ‘prevention study’/exp OR ‘valida-
tion study’/exp OR ‘replication study’/exp OR Perspect*:ti,ab OR Multicent*:ti,ab OR follow-up:ti,ab OR Follow:ti,ab 
OR Following:ti,ab OR Meta-Analysis:ti,ab OR (Meta:ti,ab AND Analysis:ti,ab) OR Random*:ti,ab OR Stochastic:ti,ab 
OR Placebo*:ti,ab OR Blind:ti,ab OR Blinding:ti,ab OR Control*:ti,ab OR Compar*:ti,ab OR Contrast:ti,ab OR 
EDCC:ti,ab OR group:ti,ab OR groups:ti,ab) AND [embase]/lim

Cochrane Library 197 (((Hemihepatic:ti,ab OR half-hepatic:ti,ab OR selective:ti,ab OR portal:ti,ab OR alternative:ti,ab OR selectional:ti,ab 
OR elective:ti,ab OR preferential:ti,ab OR optional:ti,ab) AND (occlusion:ti,ab OR control:ti,ab OR clamping:ti,ab OR 
interdict:ti,ab OR (cut:ti,ab AND off:ti,ab) OR Blocking:ti,ab OR Infibulation:ti,ab) OR (half:ti,ab AND Pringle:ti,ab)) 
AND (Pringle:ti,ab OR ((Hepatic:ti,ab OR Liver:ti,ab) AND (occlusion:ti,ab OR control:ti,ab OR clamping:ti,ab OR 
interdict:ti,ab OR (cut:ti,ab AND off:ti,ab) OR Blocking:ti,ab OR Infibulation:ti,ab))) AND (Vascular:ti,ab OR Vein:ti,ab 
OR artery:ti,ab OR portal:ti,ab OR venous:ti,ab OR vessel:ti,ab OR flow:ti,ab OR inflow:ti,ab)) AND ((([mh Liver] 
OR [mh “Liver Neoplasms”] OR [mh “Liver Diseases”] OR liver:ti,ab OR hepatic:ti,ab) AND (Operation:ti,ab OR 
Surgery:ti,ab OR Segmentectomy:ti,ab OR resection:ti,ab OR excision:ti,ab OR transplant*:ti,ab OR graft*:ti,ab)) OR 
([mh Hepatectomy] OR [mh “Liver Transplantation”]))

Ovid 2739 (((Hemihepatic.ti,ab OR half-hepatic.ti,ab OR selective.ti,ab OR portal.ti,ab OR alternative.ti,ab OR selectional.
ti,ab OR elective.ti,ab OR preferential.ti,ab OR optional.ti,ab) AND (occlusion.ti,ab OR control.ti,ab OR clamping.
ti,ab OR interdict.ti,ab OR (cut.ti,ab AND off.ti,ab) OR Blocking.ti,ab OR Infibulation.ti,ab) OR (half.ti,ab AND Pringle.
ti,ab)) AND (Pringle.ti,ab OR ((Hepatic.ti,ab OR Liver.ti,ab) AND (occlusion.ti,ab OR control.ti,ab OR clamping.ti,ab OR 
interdict.ti,ab OR (cut.ti,ab AND off.ti,ab) OR Blocking.ti,ab OR Infibulation.ti,ab))) AND (Vascular.ti,ab OR Vein.ti,ab 
OR artery.ti,ab OR portal.ti,ab OR venous.ti,ab OR vessel.ti,ab OR flow.ti,ab OR inflow.ti,ab)) AND (((exp Liver/OR exp 
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