
AHBPS
Annals of Hepato-Biliary-Pancreatic Surgery

www.ahbps.org

Influence of middle hepatic vein resection during  
right or left hepatectomy on post hepatectomy outcomes

Anisa Nutu1, Michael Wilson2, Erin Ross2, Kunal Joshi1, Robert Sutcliffe1, Keith Roberts1, Ravi Marudanayagam1,  
Paolo Muiesan1, Nikolaos Chatzizacharias1, Darius Mirza1, John Isaac1, Bobby V. M. Dasari1

1Department of Hepato-Biliary and Pancreatic and Liver Transplantation, Queen Elizabeth Hospital, Birmingham, UK,  
2Department of Nuclear Medicine, Queen Elizabeth Hospital, Birmingham, UK

Original Article

Backgrounds/Aims: Middle hepatic vein (MHV) is usually preserved as a part of the right or left hepatectomy in order preserve the 
venous outflow of remnant liver. The aim of this study was to evaluate if resection of MHV could influence post-resection outcomes of
standard right or left hepatectomy.
Methods: Patients who underwent standard right or left hepatectomy between January 2015 and December 2019 were included. An-
atomical remnant liver volumes were measured retrospectively using the Hermes workstation (Hermes Medical Solutions AB, Stock-
holm, Sweden). Uni- and multi-variate analyses were performed to assess the difference in outcomes of those with preservation of 
MHV and those without preservation.
Results: A total of 144 patients were included. Right hepatectomy was performed for 114 (79.2%) and left hepatectomy was performed
for 30 (20.8%) patients. MHV was resected for 13 (9.0%) in addition to the standard right or left hepatectomy. Median remnant liver 
volume was significantly higher in the MHV resected group (p < 0.01). There was no significant difference in serum level of bilirubin, 
international normalized ratio, alanine aminotransferase, creatinine on postoperative day 1, 3, 5, or 10, ≥ grade IIIa complications (p = 
0.44), or 90-day mortality (p = 0.41). On multivariable analysis, resection of the MHV did not influence the incidence of post hepatec-
tomy liver failure (p = 0.52).
Conclusions: Resection of the MHV at standard right or left hepatectomy did not have a negative impact on postoperative outcomes 
of patients with adequate remnant liver volume.
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INTRODUCTION

Standard right or left hepatectomy extends up to the middle 
hepatic vein (MHV) without including the MHV. However, 
when the tumour is in proximity to MHV, MHV needs to be 
sacrificed as part of surgical resection. Venous drainage of 

segment 5/8 and segment 4 is usually based on MHV. Loss of 
MHV can cause venous congestion and ischemia of S4 or S5/8 
depending on the type of resection, resulting in an increased 
risk of postoperative complications. The risk of post hepatecto-
my liver failure (PHLF) after major resections ranges from 1.2% 
to 30%. Treatment options are limited, with mortality rate as 
high as 20% in patients with severe PHLF [1]. Adequate future 
liver remnant volume (FLRV) is an important factor in miti-
gating the development of PHLF [2]. Preoperative anatomical 
volumetry is considered a measure of adequate remnant vol-
umes. However, the calculation of preoperative volumes does 
not assess the extent of congestion of liver segments or collater-
al damage due to resection of MHV. 

One of the phenomena leading to PHLF in cases where the 
MHV is resected is the development of portal hypertension 
since the venous flow is redirected as the portal vein works as a 
refluxing vein [3]. Such an increase in portal pressure can cause 

Received: November 18, 2021, Revised: January 24, 2022,  
Accepted: February 4, 2022

Corresponding author: Bobby V. M. Dasari, MS, MSc, FRCS
Department of Hepato-Biliary and Pancreatic and Liver Transplantation, 
Queen Elizabeth Hospital, Edgbaston, Birmingham B15 2WB, UK
Tel: +44-1213714638, Fax: +44-1214141833, E-mail: bobby.dasari@yahoo.com  
ORCID: https://orcid.org/0000-0003-2375-1141

Copyright Ⓒ The Korean Association of Hepato-Biliary-Pancreatic Surgery
This is an Open Access article distributed under the terms of the Creative Commons Attri-
bution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which 

permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original 
work is properly cited.

http://crossmark.crossref.org/dialog/?doi=10.14701/ahbps.2022.26.3.257&domain=pdf&date_stamp=2022-08-31


Anisa Nutu, et al.

https://doi.org/10.14701/ahbps.21-159

258

endothelial damage and reduce liver regeneration, ultimately 
resulting in small-for-size syndrome. For this reason, the donor 
MHV is preserved and the graft MHV is always reconstructed 
in living donor liver transplant programs [4]. In contrast, stud-
ies from liver resection cohorts have reported that preserving 
MHV does not play an important role because of pre-existing 
intrahepatic venous collaterals in those with tumour residing 
on the MHV. There is no consensus regarding preservation of 
MHV or its relation with post hepatectomy outcomes [5]. Thus, 
the primary aim of this study was to evaluate where there 
might be a difference in post hepatectomy outcomes following 
major hepatectomy with or without preserving MHV. 

MATERIALS AND METHODS

A retrospective analysis was carried out using a prospectively 
maintained database at Queen Elizabeth Hospital, Birming-
ham, UK. A total of 144 patients underwent right or left hepa-
tectomy between January 2015 and March 2019. Extended liver 
resections and minor resections were excluded. 

Liver volumes 
Anatomical remnant liver volumes were measured retrospec-

tively for all patients based on the last contrast-enhanced CT 
performed prior to surgery as part of a routine assessment. The 
platform used was the Hermes Hybrid Recon package (Hermes 
Medical Solutions, Stockholm, Sweden). Arterial, portal, and 
venous phases series were used for the volumetry. A standard-
ized future liver remnant (FLR) was measured and expressed 
as the ratio of remnant liver volume to the standardized liver 
volume based on body surface area using formulas introduced 
by Vauthey et al. [6] and Urata et al. [7].

Validation of Hermes software volumetry 
Volumes of liver resection were retrospectively assessed using 

Hermes software according to the operative procedure per-
formed. Volumetry results of Hermes software were validated 
by correlating with dry weight of the specimen measured in 

the histopathology laboratory and retrieved from reports. One 
gram of parenchyma was considered equal to 1 cc or 1 mL liver 
volume on the volumetry.

Surgical technique and postoperative care 
Low central venous pressure anaesthesia was used routinely 

during parenchymal division. The Pringle manoeuvre was 
performed at the discretion of the operating surgeon. Energy 
devices (Cavitron Ultrasonic Surgical Apirator, CUSA; Integ-
ra, Ireland; Lotus Ultrasonic energy device; BOWA-electronic 
GmbH, Gomaringen, Germany; Thunderbeat; Olympus, Ham-
burg, Germany) were used according to the operative surgeon’s 
preference. It was the departmental policy for patients who had 
a prior chemotherapy to wait for at least six weeks between the 
completion of chemotherapy and liver resection surgery. En-
hanced recovery pathway was followed in the later cohort.

Definition of PHLF 
The International Study Group of Liver surgery definition 

was used to identify patients with PHLF [1]. 

Statistical analysis
Data are expressed as mean ± standard deviation. Differences 

between groups were assessed by the chi-squared test and the 
Fisher’s exact test for categorical data. Continuous variables 
were analysed using Student’s t-test or Mann–Whitney U-test. 
Pearson’s correlation coefficient (r) was calculated to determine 
correlations. The predictive value was assessed by calculating 
the area under the receiver operator ROC curve (AUC). Vari-
ables showing significance in univariate analysis were entered 
into the multivariate logistic regression analysis in a backward 
elimination manner. Statistical analysis was performed using 
IBM SPSS 20.0 (IBM Corp., Armonk, NY, USA). A p-value < 
0.05 was considered statistically significant.

Table 1. Demographic characteristics 

Characteristic
MHV 

preserved  
(n = 131)

MHV not 
preserved  

(n = 13)
p-value

Sex (female) 45 (34.4) 4 (30.7) 0.53
COPD 7 (5.3) 2 (15.3) 0.19
Diabetes 16 (12.2) 4 (30.7) 0.09
Background 

steatohepatitis
19 (14.5) 2 (15.3) 0.60

Right hepatectomy 111 (84.7) 3 (23.1) < 0.01
Left hepatectomy 20 (15.2) 10 (76.9) < 0.01

Values are presented as number (%).
MHV, middle hepatic vein; COPD, chronic obstructive pulmonary disease.

Fig. 1. Correlation between specimen weight and calculated future liver 
remnant volume.
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RESULTS

A total of 144 patients and their computed tomography 
(CT) scans were evaluated retrospectively. The mean age was 
65 years. There were 95 (65.9%) males. Indications for major 
hepatectomy were colorectal liver metastasis (67.0%), HCC 
(11.8%), cholangiocarcinoma (9.0%), and other types of metas-
tases (13.2%). Right hepatectomy was performed for 114 (79.2%) 
patients and left hepatectomy was performed for 30 (20.8%) 
patients. MHV was resected for 13 (9.0%) patients, including 10 
(76.9%) patients who underwent left hepatectomy and 3 (23.1%) 
patients who underwent right hepatectomy (Table 1).

Anatomical volume vs. weight of the specimen 
The mean total liver volume calculated with the Hermes 

Software was 1,688.41 ± 582.86 mL. The mean remnant volume 
was 517.31 ± 390.22 mL. The mean specimen weight was 880.4 
± 469.38 mL. The predicted volume resected that was calculat-
ed with the Hermes software was significantly correlated with 
the weight of the specimen (Pearson correlation = 0.8) (Fig. 1). 

MHV preserved vs. MHV resected group
Remnant volumes: The remnant volume was 495 mL 

(181–2,030 mL) in the MHV preserved group and 1,077 mL 
(500–2,637 mL) in the MHV resected group. The standardised 
FLR was 0.31 (0.11–0.96) in the MHV preserved group and 0.72 
(0.29–1.22) in the resected group, showing a significant (p  < 
0.01) difference between the two (Table 2). 

Biochemical parameters: Median serum bilirubin levels 
(µmol/L) on postoperative day (POD) 1 (31 vs. 36 µmol/L), 
POD3 (27 vs. 20 µmol/L), and POD5 (28 vs. 16 µmol/L) were 
not significantly different between the MHV preserved group 
and the MHV resected groups (p = 0.56, p = 0.82, and p = 0.11, 
respectively). Median INR levels on POD1 (1 in both groups), 
POD3 (1.5 vs. 1.4), and POD5 (1.2 vs. 1.1) were not significantly 
different between the two groups. There were no significant 
differences in biochemical parameters evaluated between the 
two groups on postoperative day 1, 3, or 5 (Table 1). Median 
alanine aminotransferase levels (U/L) on POD1 (283 vs. 263), 

Table 2. Volumetry values in middle hepatic vein (MHV) preserved and MHV resected groups

 Volumetry parameter MHV preserved (n = 131) MHV not preserved (n = 13) p-value

Mean eCT resected (Hermes) (mL) 987 (197–3,615) 682 (297–2,304) 0.13
Mean LV (Vauthey) (mL) 1,670.44 (967.11–2,860.08) 1,664.11 (1,043.15–2,158.35) 0.98
Mean LV (Hermes) (mL) 1,593.50 (967.26–4,859.82) 1,920.14 (1,019.93–4,941.79) 0.12
Mean RLV (Hermes) (mL) 495 (181–2,030) 1,077 (500–2,637) < 0.01
Mean Specimen weight (g) 826 (159–3,708) 663 (275–3,014) 0.58
Mean RLV/LV (Hermes) 0.30 (0.14–0.98) 0.61 (0.23–0.74) 0.03
Mean sRLV (Vauthey) 0.31 (0.11–0.96) 0.72 (0.29–1.22) < 0.01
Mean RLV (Bw) 6.49 (2.76–21.37) 14.65 (6.29–25.73) < 0.01

Values are presented as mean (range).
eCT, estimated computed tomography volumetry; LV, liver volume; RLV, remnant liver volume; sRLV, standardized liver volume; Bw, body weight.

Table 3. Biochemical parameters including preoperative values in middle 
hepatic vein (MHV) preserved and MHV resected groups

Factor
MHV  

preserved  
(n = 131)

MHV not 
preserved  

(n = 13)
p-value

Preoperative values
   Bilirubin (µmol/L) 7 (3–260) 6 (4–31) 0.79
   ALT (U/L) 23.50 (8–511) 19 (10–40) 0.26
   ALP (g/L) 106 (43–634) 128 (71–936) 0.21
   Albumin (g/L) 45 (26–52) 45 (39–48) 0.60
   INR 1 (0.8–2.2) 1 (0.9–1.3) 0.91
   Platelets (109/L) 215 (87–615) 235 (142–623) 0.56
Postoperative day 1
   Bilirubin (µmol/L) 31 (5–145) 36 (9–118) 0.56
   INR 1.5 (1–3.2) 1.4 (1–2.5) 0.26
   ALT (U/L) 283 (32–1,227) 263 (119–1,220) 0.99
   ALP (g/L) 69 (17–491) 73 (43–569) 0.25
   Platelets (109/L) 156 (31–494) 167 (77–446) 0.56
Postoperative day 3
   Bilirubin (µmol/L) 27 (4–150) 20 (6–142) 0.82
   INR 1.4 (0–2.6) 1.2 (0–1.9) 0.27
   ALP (g/L) 85 (26–352) 118 (40–494) 0.33
   ALT (U/L) 173 (41–663) 145 (65–679) 0.80
   Platelets (109/L) 144 (44–547) 233 (84–450) 0.13
   Magnesium  
      (mmol/L)

0.42 (0–1.38) 0.37 (0–1.02) 0.79

   Phosphate (mmol/L) 0.41 (0–1.38) 0.36 (0–1.15) 0.99
Postoperative day 5
   Bilirubin (µmol/L) 28 (3–198) 16 (4–122) 0.11
   INR 1.2 (1–4.8) 1.1 (0.9–1.7) 0.33
   ALP (g/L) 143 (43–1045) 177 (54–482) 0.50
   ALT (U/L) 114 (22–334) 111 (33–345) 0.98
   Platelets (109/L) 190 (18–703) 238 (96–672) 0.54
   Magnesium  
      (mmol/L)

0.83 (0–1.17) 0.84 (0.79–0.85) 0.96

   Phosphate (mmol/L) 0.31 (0.08–0.68) 0.67 (0.766–0.78) 0.23

Values are presented as mean (range).
ALT, alanine aminotransferase; ALP, alkaline phosphatase; INR, interna 
tional normalized ratio.
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POD3 (173 vs. 145), and POD5 (114 vs. 111) were not signifi-
cantly different between the two groups either (p = 0.99, p  = 
0.80, and p = 0.98, respectively) (Table 3).

Post hepatectomy liver failure: Overall incidence of PHLF 
was 19.4% (grade A: 9.8%; grade B: 6.2%; grade C: 3.4%). The 
incidence of PHLF was 19.8% in the MHV preserved group 
and 15.3% in MHV resected group (p = 0.52) (Table 1). In the 
multivariable analysis, resection of the MHV did not influence 
the PHLF rate. Presence of background steatohepatitis (hazard 
ratio [HR]: 11.592, 95% confidence interval [CI]: 4.125–32.57, 
p  < 0.01) and FRLV less than 470 mL (HR: 14.528, 95% CI: 
2.549–82.278, p  < 0.01) were significantly associated with 
PHLF (Table 4). An standardised remnant liver volume with 
the Vauthey formula less than 27% was associated with PHLF 
in the univariate analysis, but not in the multivariate analy-
sis. To avoid multicollinearity with various forms of volumes 
calculated, multivariate analyses was redone using only FRLV 
(Supplementary Table 1). It was found that resection of MHV 
did not influence the PHLF rate (p = 0.44). 

Other postoperative outcomes: No differences were seen in 
postoperative complications (IIIa or above) (p = 0.44), postop-
erative hospital stay (10 days vs. 11 days, p = 0.87), or 90-day 
mortality rate (p = 0.41) between the two groups. The incidence 
of PHLF was not significant different between the two groups 
either (p = 0.52).

DISCUSSION

Adequate remnant parenchymal volume with appropriate 
arterial and portal inflow balanced by hepatic venous outflow 
is a major factor mitigating the risk of PHLF following liver re-
section. Sacrificing the MHV can result in an ischemic anterior 
segment or segment 4 of the liver due to venous congestion, 

which can lead to liver dysfunction and negatively influence 
post-surgical outcomes. The effect of middle hepatic venous 
resection in the liver has been studied exhaustively in the field 
of living donor liver transplantation [6]. Still, there are rela-
tively fewer studies addressing the issue in patients requiring 
a liver resection. Reconstruction of the hepatic vein plays a 
critical role in preserving the venous drainage of the residual 
liver volume. It reduces the risk of small-for-size syndrome. 
Here, we report that resecting the MHV does not influence the 
incidence of PHLF or survival in patients undergoing liver re-
section with an adequate remnant liver volume.

The extent of liver resection directly influences morbidity af-
ter major hepatectomy. A remnant liver volume of 20% to 30% 
is considered safe in patients with normal background liver. A 
higher volume of over 40% is deemed safe in patients with an 
underlying structural disease [8]. In the current study, the me-
dian percentage of remnant liver volume was 27% in patients 
with PHLF and 42% in patients without PHLF. The remnant 
liver volume in patients with MHV preserved was 30% vs. 62% 
in those with MHV resected. The remnant liver volume was 
assessed using Hermes CT volumetry. Mevis, Synapse, Osirix, 
and Image J are commonly used semi-automatic software 
programmes available to evaluate liver volumetry. Hermes 
is one such platform mainly used in SPECT-CT studies [9]. 
The current study validated results of volumetric analysis by 
comparing the resected specimen volume with CT volumetry 
measurements. Pearson correlation was high at 0.84 (p < 0.01), 
proving the reliability of the software. It was also noted to be 
an easy-to-use, efficient software without inter-observer vari-
ability by the authors (AN, BD). 

Despite having adequate volumetry assessments, anatomical 
volumetric studies do not consider pathophysiological changes 
such as venous congestion while assessing remnant volumes, 

Table 4. Multivariable analysis of risk factors for PHLF

Factor
Univariate analysis Multivariate analysis

HR (95% CI) p-value HR (95% CI) p-value

Age 0.983 (0.949–1.019) 0.35
BMI 1.059 (0.957–1.171) 0.27
Male sex 8.855 (2.005–39.104) < 0.01
Diabetes 0.960 (0.294–3.133) 0.95
COPD 0.270 (0.068–1.082) 0.06 14.707 (1.750–123.602) 0.01*
Background steatohepatitis 11.701 (4.164–32.875) < 0.01* 11.592 (4.125–32.57) < 0.01*
RLV (Hermes) 1.004 (1.001–1.007) < 0.01*
RLV/Bw 1.397 (1.123–1.737) < 0.01*
RLV/LV(< 28% vs. > 28%) 4.828 (1.836–12.697) < 0.01*
sRLV (Vauthey) (< 27% vs. > 27%) 5.461 (2.032–14.767) < 0.01*
Bilirubin day 1 (< 38 vs. > 38) 10.054 (3.728–27.110) < 0.01* 29.849 (5.112–174.299) < 0.01*
MHV resection 2.263 (0.290–17.640) 0.44

HR, hazard ratio; CI, confidence interval; PHLF, post hepatectomy liver failure; COPD, chronic obstructive pulmonary disease; BMI, body mass index; RLV, 
remnant liver volume; Bw, body weight; LV, liver volume; sRLV, standardized liver volume; MHV, middle hepatic vein.
*Statistically significant.
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the extent of ischemia (percent of the remnant liver), or result-
ing portal hypertension. Portal hypertension is due to ref lux 
flow into the portal vein. Bogner et al. [10] have reported that 
post-resection portal venous pressure is significantly higher 
(5.0 ± 4.6 vs. 2.8 ± 5.3 mmHg, p = 0.04) in patients who have 
undergone a right hepatectomy with MHV resection. Such an 
increased portal f low contributes to endothelial damage, re-
sulting in small for flow syndrome. 

Inoue et al. [3] assessed the relationship between resection 
of MHV and liver regeneration by performing CT scans on 
day 7 as well as at 1, 2, 5, and 12 months after resection and 
reported that the regeneration rate is significantly higher when 
the MHV is preserved in cases undergoing a right hepatecto-
my. Other studies have evaluated liver volumes at 3, 6, and 12 
months postoperatively and found that disruption of the MHV 
during a major hepatectomy does not impair liver function 
[11]. There can be several plausible explanations for such a 
difference in outcomes. One school of thought is that collater-
alisation has already begun to form before liver resection either 
as a result of continuous compression of the tumour in small 
branches that drain in the MHV or because of obstruction 
secondary to tumoral invasion [12]. Such collateralization also 
allows reversed portal f low from the area where no drainage 
exists towards areas where the drainage is kept intact via the 
intrahepatic portal vein [13].

In addition to the presence and size of collaterals, the per-
centage volume of the congested liver of the remnant liver 
remains an important factor inf luencing outcomes. Sano et 
al. [14] recommend reconstruction of the hepatic vein or its 
tributaries when the remaining liver volume is less than 30% 
of the standard liver volume in liver resection or less than 40% 
in a liver transplantation cohort. Mise et al. [15] recommend 
hepatic vein reconstruction in patients with non-congested 
liver remnant volume smaller than 40% of the total liver vol-
ume when Indocyanine green retention rate at 15 minutes is 
less than 10%, or if the non-congested liver remnant volume 
is smaller than 50% of the total liver volume when ICGR15 
is 10%–20%. Anatomical variations such as the presence of a 
scissural vein is also associated with better regeneration of the 
remnant liver when MHV needs to be sacrificed. 

The current study has limitations. This study does not fa-
cilitate a direct comparison of outcomes when MHV is sacri-
ficed in patients with less than inadequate or borderline FLR, 
although such a comparison is not feasible for prospective 
evaluation. Another limitation is the retrospective nature of 
volume assessments. However, the present study captured 
clinical events from a large Western cohort undergoing major 
standard anatomical liver resection with or without MHV and 
found that sacrificing the MHV did not impact the incidence 
of PHLF in patients with adequate remnant liver volume. 

SUPPLEMENTARY DATA

Supplementary data related to this article can be found at 
https://doi.org/10.14701/ahbps.21-159.
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