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Abstract

Background The efficacy of infrahepatic inferior vena cava (IVC) semi-clamping for reducing blood loss during

hepatic resection and its safety remain unclear. The aim of this study was to validate the effectiveness of IVC semi-

clamping for reducing blood loss during hepatic resection and to confirm its safety.

Methods Patients who underwent anatomical hepatic resection between January 2011 and May 2018 were analysed

by propensity score-matched and multivariate analyses.

Results Of 437 patients who underwent anatomical hepatic resection, IVC semi-clamping was performed in 196

patients (44.9%; clamping group). A propensity score-matched analysis demonstrated that even though there was no

significant difference in the characteristics of the 141 patients in each group, IVC semi-clamping reduced the blood

loss during hepatic resection (clamping group versus non-clamping group: 836 ± 123 vs. 1198 ± 124 ml, P = 0.04).

Regarding post-operative complications, the multivariate analysis identified IVC semi-clamping as an independent

risk factor for acute kidney injury on post-operative day 1 (P = 0.01, odds ratio = 9.23). A significant positive

correlation was found between the duration of IVC semi-clamping and an increased level of serum creatinine (sCre)

(P = 0.03), and a significant inverse correlation was found between the blood pressure after clamping and an

increased level of sCre (P = 0.02). A receiver operating characteristic analysis revealed the duration and mean blood

pressure after clamping that indicated a high risk of acute kidney injury to be 116 min and 65 mmHg, respectively.

Conclusion IVC semi-clamping can reduce blood loss during hepatic resection but still necessitates monitoring in

order to avoid acute kidney injury.

Introduction

The success of hepatic resection strongly depends on the

intraoperative blood loss, as a large amount of intraoper-

ative blood loss and subsequent blood transfusion has been

recognized to correlate with post-operative morbidity and

the long-term outcomes [1–4]. One of the principal

concerns of liver surgeons is how to reduce blood loss

during liver resection.

Blood loss during liver resection can be attributed to two

sources: the inflow system, including the hepatic artery and

portal vein, and the outflow system, consisting of reflux

from the hepatic veins. The intermittent clamping of the

portal triad, known as the Pringle manoeuvre, has been

widely employed to reduce blood loss from the inflow

system [5–7]. When substantial blood loss arises under

control of the inflow system, injury to the hepatic veins is

the main cause [8, 9]. Therefore, several anaesthesiological

approaches and outflow vascular clamping to achieve a low

central venous pressure (CVP) have been developed in
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order to reduce blood loss from the outflow system

[10, 11]. However, the safety, tolerability and usefulness

are widely varied among the approaches.

Some approaches to achieve a low CVP in the surgical

field have been reported. Total vascular exclusion (TVE)

[12] has been reported as a viable technique, including

supra- and infrainferior vena cava (IVC) clamping in

addition to the clamping of the portal pedicle. However, the

indications of these techniques are limited because of their

influence on the systemic haemodynamics, liver damage

caused by prolonged ischaemia and complicated aspects of

the procedures [12]. Recently, complete IVC clamping of

the infrahepatic IVC and its efficacy for reducing the blood

loss during hepatic resection have been reported [13, 14].

These results suggest that IVC clamping may be an alter-

native way to reduce the CVP and blood loss during liver

resection. However, substantial limitations regarding its

indication and concerns about adverse effects remain

because of its influence on the systemic haemodynamics.

Semi-clamping of the infrahepatic IVC has been performed

as a novel solution to the limitations of complete IVC

clamping. To date, however, few studies have examined

the effects of semi-clamping of the infrahepatic IVC, with

conflicting results reported concerning its efficacy. As

such, its safeness remains unclear [15, 16].

The aim of this study was to validate the effectiveness of

infrahepatic IVC semi-clamping for reducing blood loss

during hepatic resection and to confirm its safety in a large-

scale cohort using the propensity score-matched method.

Methods

Study population

A retrospective review was performed of a prospectively

maintained hepatic resection database. Patients underwent

anatomical hepatic resection between January 2011 and

May 2018. Of these, patients who underwent laparoscopic

hepatic resection, patients who underwent simultaneous

resection of other organs and patients who underwent

hepatic resection with extrahepatic bile duct resection and

Fig. 1 Patients enrolled in the study. A total of 669 patients

underwent anatomical hepatic resection between January 2011 and

May 2018. Of these, the patients who underwent laparoscopic

hepatic resection, patients who underwent simultaneous resection of

other organs and patients who underwent hepatic resection with

extrahepatic bile duct resection and reconstruction were excluded

from this study. Consequently, a total of 437 patients were enrolled

in this study
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reconstruction were excluded from this study (Fig. 1). The

study was approved by the institutional review board.

Surgical strategy and surgical procedures

The indications for hepatectomy and the types of operative

procedures were usually determined based on the tumour

location, tumour extension and the patients’ liver function.

The type of hepatectomy was defined as the resection of

liver segments by Couinaud’s definition [17]. Removal of

one liver segment or more, excluding the left lateral seg-

ment, was defined as major hepatectomy, and left lateral

segmentectomy and subsegmentectomy were defined as

minor hepatectomies in the present study. The details of the

surgical strategy and procedure have been reported previ-

ously [18–20]. Liver dissection was mainly done using an

ultrasonic device. For liver dissection, we basically used

the Pringle manoeuvre, with clamping for 15 min followed

by a 5-min de-clamping, or the selective hemi-hepatic

clamping method if indicated [21]. The amount of blood

loss was measured from the aspirator and gauze through

the operation.

IVC semi-clamping method

IVC semi-clamping has been employed in expectation of

CVP reduction and blood loss reduction for cases predicted

to have a large amount of blood loss preoperatively or

judged to be prone to haemorrhaging intraoperatively. The

IVC was isolated and encircled below the liver and taped

and then semi-clamped with a tourniquet prior to liver

resection. If the systolic blood pressure dropped below

80 mmHg because of central hypovolemia, we loosened

the tape gradually. IVC semi-clamping was discontinued

when the systolic blood pressure could not be maintained

above 80 mmHg even when the clamping tape was loos-

ened. If the patient could not tolerate IVC semi-clamping,

transection of the parenchyma was started without IVC

semi-clamping. The arterial pressure was measured by

puncturing the radial artery, and the mean arterial blood

pressure (MAP) was evaluated before and after IVC semi-

clamping. Indwelling central venous catheter and moni-

toring of CVPs were not routinely performed.

Statistical analyses

The Chi-square test was used to analyse categorical vari-

ables, whereas the t test was used to analyse continuous

variables. When applicable, the results were expressed as

mean ± SD. The logistic regression model was used for

further evaluations of the multivariate analysis. To avoid

bias due to the difference between the clamping and non-

clamping groups in patients’ characteristics, surgical types

and tumour factors, one-to-one matching was applied using

a propensity score analysis with a calliper width equal to

0.05 standard deviations. The sex, age, body mass index

(BMI), indication of resection, liver damage, background

liver disease, operation type and experience of the surgeon

were used in the propensity model. All statistical analyses

were performed using the JMP software package, version

14.0 for Mac (SAS Institute Inc., Cary, NC, USA).

P\ 0.05 was considered to indicate statistical significance.

Results

A Comparison of the clinical characteristics

between the IVC semi-clamping group

and the non-clamping group in the whole study

series

A total of 669 patients underwent anatomical hepatic

resection between January 2011 and May 2018. Of these,

437 patients were enrolled in this study (Fig. 1). Of the 437

patients, IVC semi-clamping was performed in 196

(44.9%; clamping group). Semi-clamping of the IVC was

attempted in two patients, but they were unable to tolerate

it because of hypo-haemodynamics, so liver transection

was performed without IVC semi-clamping. The two

patients were classified into non-clamping group in the

present study. Table 1 shows the comparison of the

patients’ characteristics, indication of resection, back-

ground liver disease, liver damage and surgical features

between the patients with and without IVC semi-clamping

among all enrolled patients.

The comparison of the blood loss during

hepatectomy and blood transfusion between

the groups with and without IVC semi-clamping

after propensity score matching

To avoid bias due to the different covariates for the two

groups, a propensity score-matched analysis was employed.

After one-to-one matching, 141 patients in the IVC semi-

clamping group and 141 patients in the non-clamping group

had no significant differences in characteristics (Table 1). In

the analysis under the case–control method, the patients with

IVC semi-clamping showed significantly less blood loss

during hepatectomy than those without IVC semi-clamping

(846 ± 121 vs. 1196 ± 121 ml, P = 0.04, Table 2). There

was also no significant difference in the rate of intra- (13%

vs. 13%, P = 0.98) or peri-operative blood transfusion (13%

vs. 19%, P = 0.20).
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Table 1 Clinical characteristics of patients who have undergone hepatic resection

Clinical variables Whole study series Matched pairs (case–control method)

IVC semi-clamping IVC semi-clamping

Performed Not performed P* Performed Not performed P*

196 241 141 141

Patients characteristics

Sex

Male, No. (%) 307 137 (70) 170 (71) 0.884 193 97 (69) 96 (68) 0.898

Female, No. (%) 130 59 (30) 71 (29) 89 44 (31) 45 (32%)

Age, mean (SD), years 65.40 (0.78) 67.26 (0.70) 0.076� 66.60 (0.92) 66.63 (0.92) 0.978�

Body mass index 23.04 (0.24) 22.16 (0.22) 0.007� 22.66 (0.29) 22.47 (0.29) 0.635�

Indication of resection, No. (%)

HCC 196 93 (47) 103 (43) 0.438 137 69 (49) 68 (48) 0.832

IHC 29 9 (5) 20 (8) 15 7 (5) 8 (6)

Meta 188 83 (42) 105 (44) 115 57 (40) 58 (41)

Others 20 10 (5) 10 (4) 15 8 (6) 7 (5)

Liver damage, No. (%)

Child–Pugh A 431 195 (99) 236 (98) 0.140 180 140 (99) 140 (99) 1.000

Child–Pugh B 6 1 (1) 5 (2) 2 1 (1) 1 (1)

ICG R15, mean (SD), % 11.48 (0.41) 9.98 (0.37) 0.007� 10.94 (0.49) 10.63 (0.49) 0.657�

Liver disease, No. (%) 0.939 0.977

Normal liver 291 131 (67) 160 (66) 183 91 (65) 92 (65)

Chronic viral hepatitis 118 54 (28) 64 (27) 79 41 (29) 38 (27)

Alcoholic hepatitis 17 6 (3) 11 (5) 12 5 (4) 7 (5)

Viral and alcoholic hepatitis 5 2 (1) 3 (1) 4 2 (1) 2 (1)

Other disease 6 3 (2) 3 (1) 4 2 (1) 2 (1)

Operation type 0.139 0.987

Major hepatectomy, No. (%)

Right trisegmentectomy 8 4 (2) 4 (2) 5 2 (1) 3 (2)

Left trisegmentectomy 11 7 (4) 4 (2) 3 2 (1) 1 (1)

Right hemi-hepatectomy 112 52 (27) 60 (25) 79 40 (28) 39 (28)

Left hemi-hepatectomy 104 36 (18) 68 (28) 52 27 (19) 25 (18)

Central bisegmentectomy 1 1 (1) 0 (0) 0 0 (0) 0 (0)

Anterior segmentectomy 43 24 (12) 19 (8) 31 14 (10) 17 (12)

Posterior segmentectomy 87 42 (21) 45 (19) 65 33 (23) 32 (23)

Minor hepatectomy, No. (%)

Left lateral segmentectomy 1 1 (1) 0 (0) 0 0 (0) 0 (0)

Subsegmentectomy 70 29 (15) 41 (17) 47 23 (16) 24 (17)

Additional resection, No. (%)

Extended resection 117 60 (31) 57 (24) 0.103 74 43 (30) 31 (22) 0.104

S1 93 28 (14) 35 (15) 0.944 33 15 (11) 18 (13) 0.578

PVR 13 5 (3) 8 (3) 0.636 5 2 (1) 3 (2) 0.651

HAR 2 1 (1) 1 (0) 0.884 0 0 (0) 0 (0) N.A.

Additional partial resections 107 54 (28) 53 (22) 0.180 67 34 (24) 33 (23) 0.889

Lymph node dissection 18 5 (3) 13 (5) 0.128 9 4 (3) 5 (4) 0.735

Operation time (min), mean (SD) 376.2 (7.8) 355.8 (7.0) 0.051� 355.8 (8.9) 366.1 (9.0) 0.416�

Operator, No. (%) 0.011 0.550

Experienced surgeon 265 106 (54) 159 (66) 155 75 (53) 80 (57)
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Post-operative arterial blood gas analyses

and the renal function

The post-operative results of the arterial blood gas analysis

and post-operative changes in the serum creatinine (sCre)

levels are listed in Table 3. Regarding the results of the

arterial blood gas analysis, including base excess and lac-

tate, no significant differences were noted between the IVC

semi-clamping group and the non-clamping group in the

matched-pair data set. For the evaluation of the influence of

IVC semi-clamping on the post-operative renal function,

the increase rate of the sCre levels on post-operative days

1, 3 and 5 compared to preoperative sCre was investigated.

The increase rate of more than 2.0 times is diagnosed as

acute kidney injury (AKI) according to the definition of

acute kidney injury (AKI) of Kidney Disease Improving

Global Outcomes (KDIGO) [22]. As a result, IVC semi-

clamping was significantly associated with AKI on post-

operative day 1 in the matched-pair data set (P = 0.04,

Table 3). On days 3 and 5, the significant correlation

between IVC semi-clamping and AKI was not found. For

further validation of these results, a multivariate logistic

analysis was performed in whole study series. This analysis

identified IVC semi-clamping as an independent risk factor

for AKI at post-operative day 1 (P = 0.01, OR = 9.21,

Table 4).

Influence of the duration of IVC semi-clamping

and blood pressure after IVC semi-clamping

on the post-operative renal function

In the present study, the duration of IVC clamping was

133.3 ± 4.5 min, and the pre- and post-clamping mean

arterial blood pressure (MAP) was 85.4 ± 0.8 and

70.7 ± 0.8 mmHg. A significant positive correlation was

found between the duration of IVC semi-clamping and

increased sCre levels (P = 0.03, Fig. 2a). A receiver

operating characteristic (ROC) analysis revealed the opti-

mal cut-off value of the duration of clamping that resulted

in a high risk of AKI to be 116 min for AKI (Fig. 2b). A

significant inverse correlation was found between the MAP

after IVC semi-clamping and increased levels of sCre

(P\ 0.01, Fig. 2c). In addition, an ROC analysis revealed

the optimal cut-off value of MAP after IVC semi-clamping

indicating a high risk of AKI to be 65 mmHg for AKI

(Fig. 2d).

Table 1 continued

Clinical variables Whole study series Matched pairs (case–control method)

IVC semi-clamping IVC semi-clamping

Performed Not performed P* Performed Not performed P*

Less experienced surgeons 172 90 (46) 82 (34) 127 66 (47) 61 (43)

*by v2 test
�by t test

IVC inferior vena cava, HCC hepatocellular carcinoma, IHC Intra-hepatic cholangiocarcinoma, Meta metastatic liver cancer, S1 segment 1

resection, PVR portal vein resection, HAR hepatic artery resection

Table 2 A comparison of the blood loss and blood transfusion according to IVC semi-clamping

Matched pairs (case–control method)

IVC semi-clamping

Performed Not performed P*

141 141

Blood loss, mean (SD), mL 836 (123) 1198 (124) 0.040

Intraoperative blood transfusion, No. (%) 36 18 (13) 18 (13) 0.982

Amount of blood transfusion, mean (SD), mL 83 (39) 148 (39) 0.244

Peri-operative blood transfusion, No. (%) 46 19 (13) 27 (19) 0.196

*by t test

IVC inferior vena cava
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Post-operative complications

The incidence of post-operative complications other than

AKI is listed in Table 5. The incidence of pleural effusion

was found to be more frequent in the IVC semi-clamping

group than in the non-clamping group (matched-pair data

set, 4% vs. 0%, P = 0.01). Regarding other complications,

no significant differences were found according to IVC

semi-clamping.

Discussion

The amount of blood loss from the outflow system during

hepatic resection is widely accepted to correlate with the

CVP [23]. There are two main approaches to reducing the

CVP: an anaesthesiological approach, such as via fluid

restriction, pharmacological interventions and hypoventi-

lation [24], and outflow vascular (i.e. IVC) clamping in the

operative field. Although several manners of IVC clamping

[5–7, 16], such as TVE [12, 25], complete clamping [13]

and semi-clamping [14, 15, 26], have been reported, the

efficacy, safety and tolerability have varied among the

approaches, and a consensus concerning the optimal

method has not been established. The present study suc-

cessfully demonstrated that the promising method of IVC

semi-clamping was able to reduce the blood loss during

hepatic resection among patients with various background

characteristics using a propensity score-matched analysis.

Furthermore, IVC semi-clamping was well tolerated, with

intolerability found in only two patients (1.0%). The pre-

sent results suggest that the IVC semi-clamping may be a

useful novel technique for reducing the CVP and that its

addition to inflow occlusion may become a standard pro-

cedure for controlling haemorrhaging during hepatic

resection.

In addition to its effectiveness, the present study

demonstrated for the first time the associated risk of renal

injury with IVC semi-clamping. Previous studies have

reported that even complete IVC clamping could be per-

formed safely with no marked difference in the rate of post-

operative acute renal failure between the complete IVC

clamping group and the control group [13, 14]. A few

studies on semi-clamping IVC also reported that semi-

Table 3 A comparison of post-operative acidosis and serum creatinine according to IVC semi-clamping

Matched pairs (case–control method)

IVC semi-clamping

Performed Not performed P*

141 141

Post-operative ABGA

Base excess, mean (SD), mmol/L -2.10 (0.24) -2.39 (0.24) 0.388

Luctate, mean (SD), mmol/L 2.90 (0.14) 2.81 (0.14) 0.653

Creatinine, mean (SD), mmol/L

Preoperative 0.74 (0.02) 0.75 (0.02) 0.806

Day 1 0.80 (0.03) 0.79 (0.03) 0.781

Day 3 0.76 (0.04) 0.78 (0.04) 0.648

Day 5 0.76 (0.03) 0.77 (0.03) 0.844

Creatinine ratio (post-operative/preoperative)

Day 1, mean (SD) 1.08 (0.03) 1.06 (0.03) 0.544

C2.0, No. (%) 7 6 (4) 1 (1) 0.044�

\2.0, No. (%) 275 135 (96) 140 (99)

Day 3, mean (SD) 1.02 (0.07) 1.07 (0.07) 0.613

C2.0, No. (%) 2 1 (1) 1 (1) 1.000�

\2.0, No. (%) 280 140 (99) 140 (99)

Day 5, mean (SD) 1.02 (0.05) 1.03 (0.05) 0.913

C2.0, No. (%) 1 0 (0) 1 (1) 0.105�

\2.0, No. (%) 281 141 (100) 140 (99)

*by t test
�by v2 test

IVC inferior vena cava, ABGA arterial blood gas analysis
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clamping IVC was able to be performed without any side

effects [26]. However, most of these studies were designed

to demonstrate the effectiveness of the techniques, so the

number of patients with IVC complete clamping or semi-

clamping was relatively small, ranging from 20 to 65

patients [13–15]. The present study demonstrated that IVC

semi-clamping was associated with AKI on post-operative

day 1 using two different statistical approaches—a

propensity score-matched analysis and multivariate logistic

regression analysis—to overcome any bias due to the

diverse background of our large-scale cohort compared to

previous reports.

IVC semi-clamping causes potentially insufficient renal

perfusion with a resulting decrease in the cardiac output.

However, Uchiyama et al. [26] investigated the indicators

of metabolic acidosis, such as the base excess and lactate,

before and after semi-clamping and reported no significant

differences in acidosis between the two points. The present

study also revealed that the base excess and lactate just

after operation were not significantly different between the

IVC semi-clamping and non-clamping groups. These

findings suggest other potential pathogeneses of renal

injury in addition to systemic hypoperfusion. One specu-

lation is that the increased renal venous pressure caused by

IVC semi-clamping might cause an additional reduction in

the renal flow and further degradation of the renal function.

Several studies have reported that minimal changes in the

serum creatinine could predict the clinical course and

prognosis [27, 28]. We therefore feel that identifying the

patients at a high risk of renal injury and careful indication

specifically for patients at a high risk of renal failure might

be required although the compromised renal function on

post-operative day 1 was reversible and able to be restored

over time by post-operative management in almost all

cases in the present study.

The benefits of IVC semi-clamping may include its

adjustability. Thus, the duration and the strength of

clamping could be tailored for individuals by liver sur-

geons under monitoring of several haemodynamic param-

eters. The present study clearly proposes that the duration

of IVC semi-clamping be limited to 116 min and the

strength of clamping be set to keep the MAP above 65

mmHg in order to prevent post-operative AKI. These

concrete and simple cut-off values will be informative for

liver surgeons in clinical situations.

Regarding post-operative morbidity, Rahbari et al.

reported a potential association between complete IVC

clamping and post-operative pulmonary embolisms, indi-

cating serious concerns. In the present study, the incidence

of pulmonary embolisms was not found in either the IVC

semi-clamping or non-clamping group. During complete

IVC clamping, venous return can be maintained only via

blood drainage from the inferior phrenic, adrenal, and

retroperitoneal veins [29]. One might speculate that passing

the venous return through the semi-clamped IVC might

prevent this potentially serious adverse event caused by

congestion in the veins. Indeed, the incidence of deep vein

thrombosis, which is a main cause of pulmonary embo-

lisms, was also very low (0.2%), and no significant dif-

ference in its incidence according to the IVC semi-

clamping was found.

Several limitations associated with the present study

warrant mention. One major limitation is that the indication

of IVC semi-clamping was not unified and depended on the

surgeons’ consideration and intraoperative findings of a

Table 4 Multivariate analysis for risk factors for acute kidney injury

at one day after surgery

Multivariate analysis

Creatinine ratio (1POD)

C 2.0 vs.\2.0

Odds ratio (95% CI) P*

Age, years

C80 2.87 0.13–24.27 0.418

\80 1.00

Sex

Male 3.22 0.51–63.45 0.236

Female 1.00

BMI

C25 3.44 0.77–15.08 0.103

\25 1.00

IVC semi-clamping

Performed 9.21 1.60–174.50 0.010

Not performed 1.00

Indication of resection

HCC 1.80 0.25–12.05 0.543

Others 1.00

Liver disease

Damaged liver 1.22 0.19–6.88 0.821

Normal liver 1.00

Operation type

Resection over 2 sections 3.81 0.88–26.34 0.076

Resection less than 2 sections 1.00

Operation time, min

C350 1.21 0.23–7.54 0.827

\350 1.00

Intraoperative infusion volume, ml

C3500 1.49 0.28–9.14 0.643

\3500 1.00

*by logistic regression analysis

POD post-operative day, CI confidence interval, BMI body mass

index, IVC inferior vena cava, HCC hepatocellular carcinoma
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Fig. 2 Influence of the duration

of IVC semi-clamping and

blood pressure after IVC semi-

clamping on the post-operative

renal function. A significant

positive correlation was found

between the duration of IVC

semi-clamping and an increased

level of serum creatinine (Cre)

(P = 0.03, a). A receiver

operating characteristic (ROC)

analysis revealed the optimal

cut-off value of the duration of

clamping that resulted in a high

risk of AKI to be 116 min (b). A

significant inverse correlation

was found between the mean

arterial blood pressure (MAP)

after inferior vena cava (IVC)

semi-clamping and increased

levels of sCre (P\ 0.01, c). An

ROC analysis revealed the

optimal cut-off value of MAP

after IVC semi-clamping

indicating a high risk of AKI to

be 65 mmHg (d)

Table 5 A comparison of the post-operative outcomes according to IVC semi-clamping

Matched pairs (case–control method)

IVCa semi-clamping

Performed Not performed P*

141 141

Mortality 0 (0%) 0 (0%) N.A.

Post-operative complication 114 56 (40%) 58 (41%) 0.808

Surgical-site infection 24 14 (10%) 10 (7%) 0.392

Portal vein thrombosis 1 0 (0%) 1 (1%) 0.238

Pneumonia 8 5 (4%) 3 (2%) 0.471

Refractory ascites 18 7 (5%) 11 (8%) 0.328

Bile leakage 43 22 (16%) 21 (15%) 0.868

Hepatic insufficiency 1 0 (0%) 1 (1%) 0.238

Pleural effusion 5 5 (4%) 0 (0%) 0.008

Intra-abdominal bleeding 6 2 (1%) 4 (3%) 0.405

Deep vein thrombosis 1 0 (0%) 1 (1%) 0.238

Cholangitis 1 1 (1%) 0 (0%) 0.238

*by v2 test

IVC inferior vena cava, N.A. not applicable
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bleeding tendency in this retrospective study. Nevertheless,

the present study was able to successfully demonstrate the

efficacy of IVC semi-clamping for reducing blood loss

during hepatic resection regardless of this bias using

propensity score matching. Another limitation is that the

CVP during surgery was not routinely monitored in the

present study. However, the MAP was identified as an

alternative indicator for the strength of IVC semi-clamping.

An indwelling central venous catheter carries a consider-

able risk of complications [30]. Measuring the MAP might

be less invasive and easier than measuring the CVP, so the

placement of an indwelling central venous catheter does

not seem to be essential when performing hepatic resection

under IVC semi-clamping. In addition, the present study

enrolled few patients with liver cirrhosis, and patients

classified as Child–Pugh A comprised 99% of the study

population. Therefore, the efficacy and safety of IVC semi-

clamping for patients with liver cirrhosis remain unclear.

Care should be practiced when IVC semi-clamping is

considered to be indicated for patients with liver cirrhosis.

Finally, the AUCs were seems to be insufficient in the ROC

analysis for the optimal cut-off value of duration and

strength of IVC semi-clamping for preventing AKI. Indeed,

the AUC was not so high, but the present study firstly

proposed the ideal conditions for the technique, including

the advised duration and strength of clamping.

Conclusions

IVC semi-clamping is a novel method of reducing blood

loss during hepatic resection, although potential AKI must

still be monitored. IVC semi-clamping must be performed

only when explicitly indicated and under strict conditions,

especially for patients at a high risk of renal dysfunction.

The results of the present study will aid in the establish-

ment of standard techniques for controlling blood loss

during hepatic resection.
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