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Abstract
AIM: To evaluate the effect of low central venous 
pressure (LCVP) on blood loss and blood transfusion in 
patients undergoing hepatectomy.

METHODS: Electronic databases and bibliography lists 
were searched for potential articles. A meta-analysis 
of all randomized controlled trials (RCTs) investigating 
LCVP in hepatectomy was performed. The following 
three outcomes were analyzed: blood loss, blood trans-
fusion and duration of operation.

RESULTS: Five RCTs including 283 patients were as-
sessed. Meta-analysis showed that blood loss in the 
LCVP group was significantly less than that in the con-
trol group (MD = -391.95, 95%CI: -559.35--224.56, P  
< 0.00001). In addition, blood transfusion in the LCVP 
group was also significantly less than that in the con-
trol group (MD = -246.87, 95%CI: -427.06--66.69, P  
= 0.007). The duration of operation in the LCVP group 
was significantly shorter than that in the control group 
(MD = -18.89, 95%CI: -35.18--2.59, P  = 0.02). Most 

studies found no significant difference in renal and liver 
function between the two groups.

CONCLUSION: Controlled LCVP is a simple and effec-
tive technique to reduce blood loss and blood transfu-
sion during liver resection, and appears to have no 
detrimental effects on liver and renal function.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: The morbidity and mortality after hepatic 
resection have been reported to correlate with exces-
sive intraoperative blood loss and blood transfusion. 
This meta-analysis showed that controlled low central 
venous pressure is a simple and effective technique to 
reduce blood loss and blood transfusion during liver re-
section, and appears to have no detrimental effects on 
liver and renal function.
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INTRODUCTION
Hepatectomy is widely used in patients with primary liver 
cancer, secondary liver cancer, hepatic hemangioma, and 
other liver diseases[1-5]. The most common and crucial 
complication of  hepatectomy is hemorrhage[6,7]. The 
morbidity and mortality after hepatic resection have been 
reported to correlate with excessive intraoperative blood 
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loss and blood transfusion[8-10]. Because in most cases the 
Pringle maneuver is employed to control blood inflow to 
the liver, blood loss during liver resection is mainly from 
hepatic veins. The blood loss volume during hepatic re-
section is related to central venous pressure (CVP)[11,12]. 
Although there is some evidence that controlled low 
central venous pressure (LCVP) can decrease blood loss 
in patients undergoing liver resection, this technique re-
mains controversial due to its potential risks. This meta-
analysis aimed to evaluate the role of  controlled LCVP 
during liver resection.

MATERIALS AND METHODS
Study identification
Computerized searches of  PubMed, EMBASE, the Co-
chrane Library and Google Scholar were conducted up 
to November 2012. The search words used were “central 
venous pressure” and “liver resection” or “hepatic dissec-
tion” or “hepatectomy”. We also performed a full manual 
search of  the bibliographies of  each peer-reviewed paper 
selected. No language or date limitations were imposed. 
Furthermore, there was no limitation on publication 
form.

Study selection
All the articles were reviewed independently by two 
authors (Li Z and Sun YM). Any disagreement regard-
ing whether a study should be selected was resolved by 
consensus. Inclusion criteria were established at the be-
ginning of  the study and were as follows: (1) Population: 
humans undergoing hepatic dissections; (2) Intervention: 
LCVP by any method; (3) Outcome: outcomes included 
intraoperative blood loss; and (4) Methodology: random-
ized controlled trials only.

Study evaluation
The authors (Li Z and Sun YM) analyzed the quality of  
methodology in each study independently. The methods 
of  randomization and concealment of  allocation were as-
sessed for each study. The level of  blinding was evaluated 
for each trial. A study was recognized as double-blind if  
it stated that both the patients and study participants did 
not recognize which group the patients were allocated to. 
Completeness of  follow-up was evaluated for each study. 
The status at follow-up was described as the proportion 
of  subjects who had clinical outcomes. Is this correct? 
A methodology score was given to each study using a 
modified method reported by Jadad et al[13]. One point 
was added to a study if  there was a clear description of  
“withdrawals and dropouts”. For the studies with com-
plete follow-up, one point was given if  there was an ap-
propriate description of  withdrawals and dropouts[14].

Data extraction
Two authors (Li Z and Sun YM) performed data extrac-
tion for each study independently. Any disagreement 
on data extraction was resolved by consensus. Detailed 

information on population, intervention, and outcomes 
were recorded, including sample size, surgical procedure, 
methods of  controlled LCVP, transfusion trigger, blood 
loss, volume of  transfusion, and complications.

Statistical analysis
The primary outcome analyzed was intraoperative blood 
loss. Secondary outcomes included volume of  intraopera-
tive blood transfusion, and duration of  operation. Statisti-
cal analysis was carried out using the software RevMan 5.2 
(Cochrane Collaboration, Oxford, England). Outcomes 
were measured in a standard way as mean±standard devi-
ation across the studies. A random effect model was used 
if  there was significant heterogeneity (P < 0.05) between 
results across studies. A fixed effect model was used if  
there was no significant heterogeneity (P > 0.05). Hetero-
geneity was assessed using the Cochrane χ 2 text (using a 
10% significance level) and the I2 statistic (percentage of  
variation due to heterogeneity with higher values indicat-
ing a greater degree of  heterogeneity). The OR for the 
results was presented with 95%CI. 

RESULTS
Description of the selected studies
We identified 64 studies through an electronic search. 
Five studies fulfilled the inclusion criteria of  the meta-
analysis (Figure 1)[15-19]. The characteristics of  the 5 select-
ed studies are shown in Table 1. The 5 studies involved 
283 subjects, including 141 patients who underwent 
LCVP, and 142 who served as controls. The methods 
of  controlled LCVP included Trendelenburg’s posture, 
nitroglycerine, furosemide, fentanyl, control of  infusion 
speed, and clamping the infrahepatic vena cava (IVC). 
The transfusion trigger was Hb < 80 g/L in two studies 
and in another study the transfusion trigger was set as 
blood loss exceeding 25% of  the blood volume or Hb < 
80 g/L. The Jadad scores ranged from 1 to 4.
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64 potentially relevant 
publications identified and 

screened for retrieval

44 papers excluded on the basis of 
title and abstract, generally because 
papers were not related to LCVP in 
hepatectomy

20 potentially relevant 
papers retrieved for 
further assessment

Papers excluded because: 
13 were not clinical trials
2 were retrospective studies

5 RCTs included in the 
meta-analysis

Figure 1  Flowchart showing selection of studies for inclusion in the meta-
analysis. RCTs: Randomized controlled trials; LCVP: Low central venous pressure.



Meta-analysis
We first analyzed blood loss in the two groups. All five 
studies reported blood loss. There was statistical het-
erogeneity among the five trials and the random-effect 
model was used (χ 2 = 11.0, P = 0.03, I2 = 64%). Meta-
analysis showed that blood loss in the LCVP group was 
significantly less than that in the control group (MD = 
-391.95, 95%CI: -559.35--224.56, P < 0.00001), (Figure 2). 

Secondly, we analyzed blood transfusion in the two 
groups. Four studies reported blood transfusion. There 
was statistical heterogeneity among the four trials and 
the random-effect model was used (χ 2 = 6.09, P = 0.05, 
I2 = 67%). Meta-analysis showed that blood transfusion 
in the LCVP group was significantly less than that in the 
control group (MD = -246.87, 95%CI: -427.06--66.69, P 

= 0.007) (Figure 2).
The duration of  operation was also evaluated. Three 

trials reported duration of  operation. There was no sta-
tistical heterogeneity among the three trials and the fixed-
effect model was used (χ 2 = 1.21, P = 0.55, I2 = 0%). 
Meta-analysis revealed that the duration of  operation in 
the LCVP group was significantly shorter than that in the 
control group (MD = -18.89, 95%CI: -35.18--2.59, P = 
0.02) (Figure 3).

The funnel plots for blood loss, blood transfusion, 
and duration of  operation showed asymmetry, suggesting 
the possibility of  publication bias (Figure 4).

Sensitivity analysis
A sensitivity analysis was performed and included only 
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Table 1  Baseline characteristics of the included trials

Ref. Disease Sample size
(LCVP/control)

LCVP technique Transfusion 
trigger

Methodology 
score

Blinding (patient/
surgeon/anesthesiologist)

Lost to 
follow-up

Liu et al[15] 2008 Hepatocellular 
carcinoma

23/23 Trendelenburg’s 
posture, nitroglycerine, 
furosemide, control of 

infusion speed

Hb < 80 g/L 3 Yes/no/no 0/46

Wang et al[16] 2006 Hepatocellular 
carcinoma

25/25 Trendelenburg’s posture, 
limiting the volume of 

infusion, nitroglycerine, 
furosemide

Hb < 80 g/L 4 Yes/no/no 0/52

Kato et al[17] 2008 Primary 
liver cancer, 

metastatic liver 
tumor

43/42 Clamping the 
infrahepatic inferior 

vena cava

Not reported 2 No/no/no 0/85

Liu et al[18] 2005 Not reported 30/30 Trendelenburg’s posture, 
isoflurane, fentanyl, 

limiting the volume of 
infusion, nitroglycerine

Blood loss 
exceeding 
25% of the 

blood volume 
or Hb < 80 

g/L

1 No/no/no 0/50

El-Kharboutly et al[19] 2004 Not reported 20/20 Nitroglycerine Not reported 3 No/no/no 0/40

LCVP: Low central venous pressure. 

LCVP Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95%CI IV, random, 95%CI

1.1.1 blood loss
El-Kharboutly et al [11] 2004 489.8 290 20 1020.5 320 20 24.9%  -530.70 [-719.97, -341.43] 
Kato et al [9] 2008 499 670 43 584 670 42 17.7%   -85.00 [-369.89, 199.89] 
Liu et al [10] 2005 488 296 30 896 514 30 23%  -408.00 [-620.25, -195.75] 
Liu et al [7] 2008 375.21 146.23 23 733.28 214.36 23 31.8%  -358.07 [-464.12, -252.02] 
Wang et al [8] 2006 903.9 180.8 25 2329.4 2538.4 25 2.6%  -1425.50 [-2423.06, -427.94] 
Subtotal (95%CI) 141 140 100.0%  -391.95 [-559.35, -224.56] 
Heterogeneity: Tau2 = 20008.14; χ 2 = 11.00, df  = 4 (P = 0.03), I 2 = 64%
Test for overall effect: Z  = 4.59 (P  < 0.00001)

1.1.2 blood transfusion
Kato et al [9] 2008 0 0 43 0 0 42 Not estimatable
Liu et al [10] 2005 295 223 30 493 325 30 41.6%  -198.00 [-339.04, -56.96] 
Liu et al [7] 2008 205.52 152.31 23 365.46 214.83 23 46.6%  -159.94 [-267.56, -52.32] 
Wang et al [8] 2006 525 237.57 25 1285.71 1162.13 25 11.8%     -760.71 [-1225.68, -295.74] 
Subtotal (95%CI) 121 120 100.0%  -246.87 [-427.06, -66.69] 
Heterogeneity: Tau2 = 15131.61; χ 2 = 6.09, df  = 2 (P = 0.05), I 2 = 67%
Test for overall effect: Z  = 2.69 (P  = 0.007)

-1000       -500            0           500       1000
            Favours LCVP  Favours control

Figure 2  Meta-analysis of blood loss and blood transfusion. LCVP: Low central venous pressure.
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of  operation in the LCVP group were both significantly 
less than those in the control group (Table 2). Meta-anal-
ysis also revealed that there was no difference regarding 
blood transfusion between the two groups (Table 2). 

Patient harm
Patient harm measures are summarized in Table 3. The 
recorded harm parameters included renal and liver func-
tion, postoperative morbidity and mortality, and hemo-
dynamic stability. All the studies reported no significant 
difference in renal and liver function between the LCVP 
group and the control group, except one study which ob-
served that blood urea nitrogen (BUN) was significantly 
higher in the control group than in the LCVP group, but 
was within the normal range in both groups. In two stud-

the studies published as full texts, which excluded one 
study[19]. Meta-analysis showed that blood loss and blood 
transfusion in the LCVP group were both significantly 
less than those in the control group (Table 2). Meta-anal-
ysis also revealed that there was no difference regarding 
duration of  operation between the two groups (Table 2).

Secondly, only studies published in English were 
included. Meta-analysis showed that blood loss and du-
ration of  operation in the LCVP group were both sig-
nificantly less than those in the control group (Table 2). 
Meta-analysis also revealed that there was no difference 
regarding blood transfusion between the two groups 
(Table 2). 

Finally, only three high-quality studies[15,18,19] were ana-
lyzed. Meta-analysis showed that blood loss and duration 

LCVP Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, fixed, 95%CI IV, fixed, 95%CI

El-Kharboutly et al [11] 2004 164 42 20 190.1 24 20 59.1%  -26.10 [-47.30, -4.90] 
Liu et al [7] 2008 156.87 38.53 23 162.75 60.58 23 30.8%    -5.88 [-35.22, 23.46] 
Wang et al [8] 2006 229.6 67.33 25 246 112.36 25 10.1%   -16.40 [-67.75, -34.95] 

Subtotal (95%CI) 68 68 100.0%  -18.89 [-35.18, -2.59] 
Heterogeneity: χ 2 = 1.21, df  = 2 (P  = 0.55), I 2 = 0%
Test for overall effect: Z  = 2.27 (P  = 0.02) -100          -50             0            50          100

            Favours LCVP       Favours control

Figure 3  Meta-analysis of duration of operation. LCVP: Low central venous pressure.
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Figure 4  Funnel plots. A: Blood loss; B: Blood transfusion; C: Duration of operation. 
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ies, there was no significant difference in morbidity and 
mortality between the two groups. One study found that 
systolic blood pressures in the LCVP group were lower 
than those in the control group[18].

DISCUSSION
Hepatectomy is a major abdominal surgical procedure 
with a risk of  significant blood loss and subsequent 
blood transfusion, which are strongly correlated with 
postoperative morbidity and mortality[20]. In addition, in-
tra- or post-operative massive blood loss and transfusion 
carry potential risks of  infectious disease, acute respira-
tory distress syndrome, coagulation disorder, multiple 
organ failure, and may also promote tumor recurrence 
due to its inhibitory effect on immunity[21]. Therefore, 
various methods, such as Pringle’s maneuver, normother-
mic total hepatic vascular exclusion and unilateral hepatic 
hilum occlusion, have been used to reduce intra-operative 
hemorrhage. Recently, it was reported that intraoperative 
blood loss volume is correlated with CVP[11,12]. LCVP in 
liver resection is generally referred to as CVP lower than 
5 mmHg. Some retrospective studies reported that LCVP 
during hepatectomy can reduce intraoperative blood loss 

and decrease the rate of  postoperative complications[11,22].
In the present meta-analysis, by maintaining CVP un-

der 5 mmHg during liver resection with Trendelenburg’s 
posture, administration of  drugs and control of  infusion 
speed, and clamping the infrahepatic IVC, blood loss and 
transfusion requirements were significantly reduced in the 
LCVP group compared with the control group. 

We found that in one study[16], patients in the LCVP 
and control group had a blood loss of  903.9 mL and 
2329.4 mL, respectively; and blood transfusion of  525 
mL and 1285.71 mL in the LCVP and control group, 
respectively. However, in another study[17], both groups 
did not require blood transfusion. Hence, blood loss 
and blood transfusion varied widely in different studies. 
In addition, the study with the greatest blood loss and 
blood transfusion also had longer duration of  operation 
than the other studies. A potential reason for this may 
be that the surgeons in this study had less surgical expe-
rience than those in other studies. However, this study 
also showed that blood loss and blood transfusion in the 
LCVP group were both significantly less than those in 
the control group.

Furthermore, this meta-analysis revealed that the du-
ration of  operation in the LCVP group was significantly 

Table 2  Sensitivity analysis

Studies (n ) MD (95%CI) P  value

Studies published in full texts 4
Blood loss (mL) 4     -348.24 (-553.34, -143.14)     0.0009
Blood transfusion (mL) 4   -246.87 (-427.06, -66.69)   0.007
Duration of operation (min) 2    -8.47 (-33.94, 17.01) 0.51
Studies published in English 4
Blood loss (mL) 4     -394.84 (-624.14, -165.53)     0.0007
Blood transfusion (mL) 3    -416.00 (-998.29, 166.30) 0.16
Duration of operation (min) 3 -18.89 (-35.18, -2.59) 0.02
High-quality studies 3
Blood loss (mL) 3     -488.64 (-730.38, -246.89) < 0.0001
Blood transfusion (mL) 2  -416.00 (998.29, 166.30) 0.16
Duration of operation (min) 3 -18.89 (-35.18, -2.59) 0.02

Table 3  Patient harm

Ref. Harm measure Results

Liu et al[15] 2008 Renal function No significant differences in BUN and Cr on pre- and post-operative d 1, 3 and 7 between 
LCVP and control group. Values all within the normal range in both groups

Wang et al[16] 2006 Liver and renal function There were no significant differences in ALT, TBIL, and Cr on post-operative d 1, 3, and 7 
between the two groups. BUN was significantly higher in the control group than in the LCVP 

group, but was within the normal range in both groups
Post-operative morbidity Post-operative complications included biliary fistula, gastrointestinal bleeding, pleural effusion 

and subphrenic fluid collection, with an incidence of 20% (5/25) in the LCVP group and 24% 
(6/25) in the control group

Kato et al[17] 2008 Renal function There were no significant intergroup differences in the values of BUN and creatinine on 
postoperative 1, 3, and 5 d

Postoperative morbidity 
and mortality

There was no morbidity related to IVC clamping and no mortality in the two groups

Liu et al[18] 2005 Renal function
Hemodynamic stability

No significant differences in BUN and Cr at postoperative 24 h between the two groups. 
Systolic blood pressures in the LCVP group were lower than those in the control group

El-Kharboutly et al[19] 2004 Not reported Not reported

LCVP: Low central venous pressure; IVC: Infrahepatic vena cava; BUN: Blood urea nitrogen.
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less than that in the control group. It is understandable 
that less blood loss is favorable for the surgical visual 
field and procedure, and reduces the duration of  opera-
tion. Nevertheless, complicated or difficult operations 
usually take longer and result in more blood loss and 
blood transfusion. Thus, LCVP may be necessary for 
complicated or difficult operations. For uncomplicated 
operations, especially when the operators are experienced 
surgeons, despite the fact that LCVP can reduce blood 
loss and blood transfusion, the duration of  operation 
may be short and LCVP might not be necessary. 

Four studies recorded harm measures, and all found 
no difference between the LCVP group and the control 
group, with the exception of  one study which found that 
BUN was significantly higher in the control group than in 
the LCVP group, but within the normal range[16]. How-
ever, during LCVP, mean blood pressure can decrease to 
less than 65 mmHg, which will reduce blood inflow to 
the organs, and may lead to organ ischemic and reperfu-
sion injury. The routine measurement of  renal and liver 
function is not sensitive enough to detect mild ischemic 
injury and reperfusion injury. Therefore, further research 
may be required in the future.

However, several recent studies reported that CVP 
did not correlate with blood loss during living donor hep-
atectomy[23-26]. For example, CVP during hepatic resection 
was not associated with intraoperative blood loss in liv-
ing liver donors[25,26], and intraoperative hemorrhage was 
not reduced significantly in patients with relatively low 
CVP[23,24]. Discrepancies among these studies may arise 
from differences in patient populations. The hemorrhagic 
tendency of  liver tissue in living donors may be different 
from that in patients with benign or malignant hepatic le-
sions.

There were several limitations in the present meta-
analysis. First, the number of  trials was inadequate. Sec-
ond, there was heterogeneity among trials; there were a 
number of  factors causing heterogeneity, such as differ-
ent methods of  LCVP. Third, some individual trials were 
of  low quality. Therefore, further large RCTs are needed.

In conclusion, controlled LCVP is a simple and effec-
tive technique to reduce blood loss and blood transfusion 
during liver resection, and appears to have no detrimental 
effects on liver and renal function.
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