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Abstract

Background—Previous studies have indicated that blood transfusion is associated with 

increased risk of worse outcomes among patients selected for hepatectomy. However, the 

independent effect of transfusion has not been confirmed. We hypothesize that blood transfusion is 

an independent factor that affects outcomes in patients undergoing hepatectomy.

Materials and Methods—Patients at tertiary care center who underwent hepatectomy between 

2006 and 2013 were identified and linked with the ACS-NSQIP PUF dataset. Multivariable 

logistic regression analysis was used to estimate the effect of blood transfusion on 30-day 

mortality and morbidity, adjusted for differences in extent of resection and estimated probabilities 

of morbidity and mortality.

Results—Among 522 patients in the study, 48 (9.2%) patients required perioperative blood 

transfusion within 72 hours of resection, and 172 (33%) underwent major hepatectomy. 

Indications for hepatectomy included metastatic neoplasm (n=229, 44%), primary hepatic 

neoplasm (n=108, 21%), primary extra-hepatic biliary neoplasm (n=23, 4%), and non-malignant 

indications (n=162, 31%). Eighty-eight (17%) patients had a postoperative morbidity. Blood 

transfusion was significantly associated with postoperative morbidity (OR 4.18, 95% CI 2.18–
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8.02, p=0.0001) and mortality (OR 14.5, 95% CI 3.08–67.8, p=001), after adjustment for the 

concurrent effect of NSQIP estimated probability of morbidity (OR 1.15, 95% CI 0.11–12.2, 

p=0.042). The extent of resection was not significantly associated with morbidity (OR 1.30, 95% 

CI 0.74–2.28, p=0.366) or mortality (OR 1.14, 95% CI 0.24–5.50, p=0.870).

Conclusions—Blood transfusion is a highly statistically significant independent predictor of 

morbidity and mortality after hepatectomy. Judicious use of perioperative transfusion is indicated 

in patients with benign and malignant indications for liver resection.
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1. Introduction

Prior to the 1980s, the perioperative mortality rate for hepatectomy was greater than 10%. 

Improvements in operative technique, perioperative and anesthetic care, and patient 

selection, has resulted in present-day mortality rates of less than 2–4% at experienced 

centers [1–4]. Improvement in technique and reduction in mortality has been demonstrated 

to be correlated with decrease in perioperative blood transfusion [5].

Hepatectomy remains a high-risk operation with estimated transfusion rates between 20 and 

30% [6, 7]. Blood transfusion is associated with higher costs and increased risk of associated 

morbidity. Multiple recent studies have suggested worse oncologic outcomes most notably 

in patients with primary or metastatic malignancies leading to proposals for transfusion 

restrictions in patients undergoing hepatectomy [8, 9].

Despite the advancements in surgical technique, more extensive liver resections may be 

associated with greater transfusion requirements [10]. Whether blood transfusion represents 

an independent variable or a surrogate for more complex or extensive liver resection has not 

been well defined. We hypothesized an independent association between blood transfusion 

and postoperative morbidity and mortality in patients undergoing hepatectomy, regardless of 

extent of resection.

2. Materials and Methods

2.1 Patient selection criteria and outcome definitions

The present study utilized patient records obtained from the American College of Surgeons 

National Surgical Quality Improvement Program (ACS NSQIP) public use file (PUF) linked 

with additional clinical information available from an institutional liver resection database. 

The NSQIP dataset is a comprehensive, national database that collects patient-level, Health 

Insurance Portability and Accountability Act (HIPAA) compliant data provided by 

participating hospitals. The University of Virginia Institutional Review Board for Health 

Sciences Research has approved this study (IRB-HSR #17477).

All adult patients ≥ age 18 who had hepatectomy between 2006 and 2013 were linked with 

the ACS NSQIP PUF dataset and included in this retrospective cohort study. Information 
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regarding the extent of liver resection was abstracted from patient records and categorized as 

subsegmentectomy, segmentectomy, bisegmentectomy, 2–3 segments resected, right 

hepatectomy, left hepatectomy and trisectionectomy. Major hepatectomy was categorized as 

resection of > 3 segments. Diagnoses were categorized as primary hepatic neoplasm, 

metastatic neoplasm to the liver, primary extra-hepatic biliary neoplasm, and non-malignant 

indication for resection. Perioperative transfusion was defined as administration of greater 

than or equal to 1 unit of packed red blood cells (PRBC) given from operative start up until 

72 hours postoperatively. The definition for blood transfusion changed in 2010 and all 

patients between 2006 and 2009 (inclusive) were reviewed to capture complete 72 hour 

transfusion data. All operations were performed by hepatobiliary and/or liver transplant 

surgeons using low central venous pressure (CVP) anesthetic maneuvers. Inflow occlusion 

and method of parenchymal transection varied at the discretion of operating surgeon and 

extent/anatomic configuration of planned resection.

The NSQIP estimated probabilities of morbidity and mortality were obtained for each case. 

NSQIP calculates these estimated probabilities utilizing a hierarchical regression model that 

takes into account twenty-one patient-level factors and represents the probability that an 

individual will experience a mortal or morbid event based on these factors [11]. Patient 

specific probabilities of mortality and morbidity can also be estimated directly for clinical 

use with the ACS NSQIP Surgical Risk Calculator (http://riskcalculator.facs.org/). Mortality 

was defined as any death occurring within 30 days following the date of surgery or in-

hospital mortality. Composite overall morbidity was defined as the occurrence of any of the 

following events: surgical site infection, wound disruption, pneumonia, unplanned 

intubation, pulmonary embolism, > 48 hour ventilator requirement, renal failure, urinary 

tract infection, stroke or cerebral vascular accident, cardiac arrest, myocardial infarction, 

deep venous thrombosis, or systematic sepsis.

2.2 Data analysis

Demographic and clinical factors for the patient cohort were summarized, including age, 

body mass index (BMI), race/ethnicity, sex, diabetes, smoking status, extent of hepatectomy, 

and diagnosis. Bivariable analysis was used to compare the distributions of selected patient 

characteristics between patient subgroups. The statistical significance of differences in the 

proportional distribution of categorical variables was assessed using both the Fisher’s exact 

test and Chi-squared test, as appropriate. Distributional characteristics of categorical 

variables are expressed as frequencies and percentages for category values. The 

distributional characteristics of continuous variables are expressed using the median and 

interquartile range (IQR), and the statistical significance of differences in medians was 

assessed using the Mann-Whitney test. The threshold for statistical significance for each 

comparison was set at an alpha level of 0.05.

Multivariable logistic regression analysis was used to estimate the effect of blood transfusion 

on 30-day morbidity and mortality, adjusted for concurrent differences in the extent of 

resection, and for differences in the NSQIP estimated probabilities of morbidity and 

mortality, respectively. The NSQIP estimated probabilities of morbidity and mortality were 

used to include an overall adjustment for differences in morbidity and mortality risk. The 
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capacity of the multivariable logistic regression models to discriminate between patients 

with and without the predicted events was assessed using the C statistic. STATA version 14.1 

(StataCorp LP, College Station, TX) software was used for data management and statistical 

analysis.

3. Results

3.1 Patient demographics and individual risk factors

Five hundred and twenty-two adult patients ≥18 years of age undergoing hepatectomy 

between 2006 and 2013 were included in this study. Forty-eight (9.2%) patients required a 

perioperative blood transfusion. The median age of patients who received blood transfusion 

was 61.4 years (IQR 52.9–70.0) and was not significantly different from the median age of 

non-transfused patients (58.1 years [IQR 49.9–67.8], p-value=0.184). There were no 

significant differences in the distributions of sex, BMI, or race between transfused and non-

transfused patient groups (Table 1). The majority of patients underwent minor hepatectomy 

(N=350, 67%). Patients who had major hepatectomy were more likely to receive 

perioperative blood transfusion (13.4% versus 7.1%, p=0.021). Indications for resection did 

not differ between the two patient groups (p=0.176) and included primary hepatic neoplasm 

(N=108, 21%), metastatic neoplasm (N=229, 44%), primary extra-hepatic biliary neoplasm 

(N=23, 4%), and non-malignant diagnoses (N=162, 31%).

3.2 Post-hepatectomy morbidity and mortality

Eighty-eight patients (17%) had one or more postoperative morbidities. The most common 

postoperative morbidity was a surgical site infection (42 patients, 8.1%), followed by 

prolonged mechanical ventilation (20 patients, 3.8%). Table 2 summarizes individual causes 

of morbidity. After adjusting for the effects of NSQIP estimated probability of morbidity 

(OR = 1.15, 95% CI 0.11–12.2, p=0.042) and for the extent of resection (OR = 1.30, 95% CI 

0.74–2.28, p=0.366), perioperative blood transfusion was independently associated with a 

statistically significant increase in postoperative morbidity (OR = 4.18, 95% CI 2.18–8.02, 

p=0.0001, see Table 3).

Eight (2%) patients died within 30 days of operation or during initial inpatient 

hospitalization (if exceeding 30 days). After adjusting for the effects of NSQIP estimated 

probability of mortality (OR = 2.16, 95% CI 2.2e6–2.2e12, p=0.276) and extent of resection 

(OR = 1.14, 95% CI 0.24–5.50, p=0.870), perioperative blood transfusion was independently 

associated with significant increase in postoperative mortality (OR = 14.5, 95% CI 3.08–

67.8, p=0.001, see Table 4). The morbidity model had a C-statistic of 0.68 indicating 

moderate capacity to discriminate between patients with any 30-day morbidity event. 

Mortality model had a C-statistic of 0.88 indicating good discrimination between patients 

with and without 30-day mortality.

4. Discussion

Blood transfusion is associated with increased risk of morbidity and mortality after 

hepatectomy, independent of differences in patient comorbidities and extent of resection. 

The negative effects of blood transfusion in morbidity and mortality models have large effect 
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sizes and strongly significant independent results. In addition to the well-described 

transfusion-associated risks of lung injury and hemolytic transfusion reaction, transfusion 

has been associated with poor immune-modulated perioperative outcomes. The relationship 

between blood transfusion and higher risk for cancer recurrence and cancer-related death has 

been demonstrated in a recent described in a population of patients undergoing hepatobiliary 

resection for malignancy [12]. While the precise impact of individual variables is difficult to 

quantify, it is likely that negative effects of blood transfusion and postoperative morbidity 

are additive [13].

Not surprisingly, a higher proportion of patients who had major liver resection required 

blood transfusion than patients who had a minor hepatectomy. In addition, the revised 72-

hour NSQIP-reported blood transfusion variable allows for improved data recording and 

outcome estimates compared to the pre-2010 variable, which only captured blood 

transfusions greater than 4 units. The interaction between extent of resection and blood 

transfusion has been proposed previously [8]. In addition, other surrogates of more extensive 

operation including intraoperative management, tumor size, and associated resections have 

been described [14, 15]. Postoperative complications including bile leakage have also been 

associated with blood transfusion [16]. We recoded extent of liver resections using 

individual patient operative reports, rather than CPT codes, to discriminate between major 

and minor hepatectomy. The data in this study support an independent negative effect of 

blood transfusion on postoperative outcomes.

NSQIP-estimated probabilities of morbidity and mortality are important covariates in both 

morbidity and mortality models. Infectious and pulmonary complications were most 

common in our patient population. The NSQIP-estimated probability of morbidity has a 

statistically significant effect independent of other covariates. The 30-day outcome 

probabilities are calculated using parameters estimated with random intercept, fixed slope 

hierarchical models including a series of 21 perioperative risk factors [11]. Use of these 

summary probability estimates is useful in developing multivariable models and adjustment 

for patient specific risk, particularly among limited datasets, such as our 522 patient cohort.

Previous studies support reducing blood transfusion in liver resection patients [9]. The 

current study was conducted on a population of patients with both malignant and non-

malignant diagnoses. Almost a third of the patients in the study did not have a malignancy. 

Although multiple studies examining associations between liver resection for malignancy 

and blood transfusions have demonstrated the adverse impact on oncologic outcomes when 

blood products are used [17–21], few studies have established whether or not blood 

transfusion poses an additional risk for hepatectomy patients undergoing resection for a non-

oncologic indication [1, 22]. In our study, transfusion use did not differ between patients 

undergoing resection for malignancy and non-malignant diagnoses. We did not include 

diagnosis variable in the multivariable models. Inclusion of diagnoses variable did not 

improve performance of morbidity model (C-statistic 0.67 with and without inclusion of 

diagnosis), did not alter the results of the morbidity model, and resulted in poor performance 

of mortality model since there were no deaths in patients with non-malignant diagnosis.
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While both models demonstrate highly significant negative effects of perioperative blood 

transfusion on morbidity and mortality after liver resection, the effects of minimally invasive 

operative techniques were not included. Laparoscopic, and more recently robotic, 

hepatectomy has increased in the last decade and has been reported to be safe and acceptable 

when used at experienced centers [23, 24]. A minority of patients at our center had 

minimally invasive hepatectomy. With implementation of the targeted hepatobiliary modules 

including targeted hepatectomy data collection, the population-level associations between 

minimally invasive hepatectomy, transfusions, and outcomes can be assessed in future 

investigations [25–27]. The 30-day NSQIP-defined follow-up period is another potential 

limitation. While a majority of postoperative complications likely occur within the included 

follow-up time frame, recent studies urge for extension of postoperative outcome reporting 

to a 90-day period [28, 29]. In addition, given retrospective institutional data abstraction and 

limitation of NSQIP data collection accurate and precise International Study Group of Liver 

Surgery definition of posthepatectomy liver failure and number of units of blood transfused 

cannot be included in this study.

Not surprisingly, patients undergoing major hepatectomy are more likely to receive a 

perioperative blood transfusion. Similarly preoperative anemia and intraoperative blood loss 

are associated with blood transfusion. A number of strategies have been described and 

implemented to decrease blood product use is liver surgery. Coordination of hepatic 

parenchymal transection with low central venous pressure anesthesia is critical for limiting 

blood loss during liver resection [30]. Multiple studies have confirmed importance of low 

CVP in decreasing intraoperative blood loss [14, 31]. Methods and utility of vascular inflow 

occlusion are more variable. Intermittent inflow occlusion as well as ischemic 

preconditioning followed by continuous occlusion during parenchymal transection have both 

been used with safety and success to minimize blood loss during resection [32]. Studies 

evaluating selective versus total vascular exclusion in addition to inflow occlusion focused 

on rare and complex resections requiring vascular control of the outflow [33, 34].

Growing evidence supports limiting blood transfusions in all patients including patients who 

need liver resections. Preoperative anemia has been associated with worse postoperative 

outcomes [35, 36] and multidisciplinary perioperative patient blood management strategies 

including preoperative hemoglobin optimization have been proposed [37]. Although other 

groups have developed simplified scoring models for predicting postoperative morbidity in 

hepatectomy [38], utilizing the online NSQIP calculator to carefully consider preoperative 

risk in conjunction with minimizing perioperative transfusion may result in decreased 

morbidity and mortality.

5. Conclusions

Blood transfusion is a highly statistically significant independent predictor of morbidity and 

mortality after hepatectomy. Judicious use of perioperative transfusion is indicated in 

patients with both benign and malignant indications for liver resection.
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Table 1

Patient Demographic and Clinical Factors

Transfused (N = 48) Not transfused (N = 474) p-value

Age, Median (IQR) 61.4 (52.9–70.0) 58.1 (49.9–67.8) 0.184

Sex, N (%)

Male 25 (52.1) 230 (48.5) 0.638

Female 23 (47.9) 244 (51.5)

BMI, Median (IQR) 28.5 (25.1–31.8) 27.2 (23.9–31.4) 0.246

Preoperative HCT, Median (IQR)

Male 38.9 (33.9–42.0) 41.2 (38.9–44.1) 0.0021

Female 36.1 (35.0–40.5) 39 (36.8–41.2)

Estimated Blood Loss, Median (IQR) 1400 (750–2150) 300 (150–500) <0.0001

Race/Ethnicity, N (%)

White 40 (83.3) 401 (84.6) 0.767

Black 6 (12.5) 55 (11.6)

Asian 1 (2.08) 8 (1.69)

Hispanic 0 4 (0.84))

Unknown 1 (2.08) 6 (1.27)

Surgery Type, N (%)

Major hepatectomy 23 (47.9) 149 (31.4) 0.021

Minor hepatectomy 25 (52.1) 325 (68.6)

Diagnosis, N (%)

Primary hepatic neoplasm 11 (22.9) 97 (20.5) 0.176

Metastatic neoplasm 19 (39.5) 210 (44.3)

Primary extra-hepatic biliary neoplasm 5 (10.4) 18 (3.80)

Non-malignant indications 13 (27.1) 149 (31.4)

Diabetes, N (%)

Yes 12 (25.0) 81 (17.1) 0.172

No 36 (75.0) 393 (82.9)

Smoking, N (%)

Yes 9 (18.8) 79 (16.7) 0.713

No 39 (81.3) 395 (83.3)

IQR: interquartile range; HCT: hematocrit
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Table 2

Causes of 30 day morbidity stratified by transfusion status

Transfused (N = 48) Not transfused (N = 474) p-value* All patients
N = 522

Surgical Site Infection 7 (14.6) 35 (7.4) 0.389 42 (8.1)

Ventilator >48 hours 12 (25.0) 8 (1.7) <0.001 20 (3.8)

Unplanned Intubation 8 (16.7) 8 (1.7) <0.001 16 (3.1)

Sepsis or Septic Shock 3 (6.3) 12 (2.5) 0.151 15 (2.9)

Renal Failure 5 (10.4) 9 (1.9) 0.006 14 (2.7)

Urinary Tract Infection 1 (2.1) 12 (2.5) 1.000 13 (2.5)

Pneumonia 2 (4.2) 6 (1.3) 0.162 8 (1.5)

Pulmonary Embolism 1 (2.1) 5 (1.1) 0.441 6 (1.2)

Wound Disruption 0 (0.0) 6 (1.3) 1.000 6 (1.2)

DVT Requiring Therapy 2 (4.2) 2 (0.4) 0.044 4 (0.8)

Myocardial infarction 1 (2.1) 0 (0.0) 0.092 1 (0.2)

Data reported as n (%)

*
p-value comparisons between transfused and not transfused patients

J Surg Res. Author manuscript; available in PMC 2017 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Martin et al. Page 12

Ta
b

le
 3

M
ul

tiv
ar

ia
bl

e 
m

or
bi

di
ty

 r
is

k 
m

od
el

O
dd

s 
R

at
io

95
%

 C
I 

m
in

95
%

 C
I 

m
ax

W
al

d 
C

hi
-S

qu
ar

e
P

-v
al

ue

Pe
ri

op
er

at
iv

e 
tr

an
sf

us
io

n
4.

18
2.

18
8.

02
4.

29
0.

00
01

M
aj

or
 h

ep
at

ec
to

m
y 

vs
. m

in
or

 h
ep

at
ec

to
m

y
1.

30
0.

74
2.

28
0.

90
0.

36
6

N
SQ

IP
 m

or
bi

di
ty

 p
ro

ba
bi

lit
y 

(u
ni

t c
ha

ng
e 

=
 0

.1
0)

1.
15

0.
11

12
.2

2.
03

0.
04

2

M
od

el
 C

-s
ta

tis
tic

: 0
.6

8

J Surg Res. Author manuscript; available in PMC 2017 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Martin et al. Page 13

Ta
b

le
 4

M
ul

tiv
ar

ia
bl

e 
m

or
ta

lit
y 

ri
sk

 m
od

el

O
dd

s 
R

at
io

95
%

 C
I 

m
in

95
%

 C
I 

m
ax

W
al

d 
C

hi
-S

qu
ar

e
P

-v
al

ue

Pe
ri

op
er

at
iv

e 
tr

an
sf

us
io

n
14

.5
3.

08
67

.8
3.

39
0.

00
1

M
aj

or
 h

ep
at

ec
to

m
y 

vs
. m

in
or

 h
ep

at
ec

to
m

y
1.

14
0.

24
5.

50
0.

16
0.

87
0

N
SQ

IP
 m

or
ta

lit
y 

pr
ob

ab
ili

ty
 (

un
it 

ch
an

ge
 =

 0
.1

0)
2.

16
2.

2e
6

2.
2e

12
1.

09
0.

27
6

M
od

el
 C

-s
ta

tis
tic

: 0
.8

8

J Surg Res. Author manuscript; available in PMC 2017 November 01.


	Abstract
	1. Introduction
	2. Materials and Methods
	2.1 Patient selection criteria and outcome definitions
	2.2 Data analysis

	3. Results
	3.1 Patient demographics and individual risk factors
	3.2 Post-hepatectomy morbidity and mortality

	4. Discussion
	5. Conclusions
	References
	Table 1
	Table 2
	Table 3
	Table 4

