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Background: Bleeding and need for red blood cell transfusions (RBCT) remain a significant concern with
hepatectomy. RBCT carry risk of transfusion-related immunomodulation that may impact post-operative
recovery. This study soughs to assess the association between RBCT and post-hepatectomy morbidity.
Methods: Using the American College of Surgeons National Surgical Quality Improvement Program
(ACS-NSQIP) registry, we identified all adult patients undergoing elective hepatectomy over 2007-2012.
Two exposure groups were created based on RBCT. Primary outcomes were 30-day major morbidity and
mortality. Secondary outcomes included 30-day system-specific morbidity and length of stay (LOS). Relative
risks (RR) with 95% confidence interval (95% CI) were computed using regression analyses. Sensitivity
analyses were conducted to understand how missing data might have impacted the results.

Results: A total of 12,180 patients were identified. Of those, 11,712 met inclusion criteria, 2,951 (25.2%)
of whom received RBCT. Major morbidity occurred in 14.9% of patients and was strongly associated with
RBCT (25.3% vs. 11.3%; P<0.001). Transfused patients had higher rates of 30-day mortality (5.6% vs. 1.0%;
P<0.0001). After adjustment for baseline and clinical characteristics, RBCT was independently associated
with increased major morbidity (RR 1.80; 95% CI: 1.61-1.99), mortality (RR 3.62; 95% CI: 2.68-4.89),
and 1.29 times greater LOS (RR 1.29; 95% CI: 1.25-1.32). Results were robust to a number of sensitivity
analyses for missing data.

Conclusions: Perioperative RBCT for hepatectomy was independently associated with worse short-
term outcomes and prolonged LOS. These findings further the rationale to focus on minimizing RBCT for

hepatectomy, when they can be avoided.
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Introduction

Hepatectomy is increasingly performed for a range of
malignant and benign diseases. With improvements in
perioperative management and surgical technique, post-
hepatectomy short-term outcomes have improved and
mortality now nears 1% in high volume centres (1,2).
However, blood loss remains a significant concern and
has been the topic of numerous studies (3-5). As a result,
red blood cell transfusions (RBCT) are required in up to
25% of patients undergoing liver resection (6-8). Thus,
hepatectomy represents a unique challenge with regards to
blood management strategies.

In addition to traditional well-known risks of haemolytic
reaction and infection transmission, RBCTS have also been
associated with transfusion-related immunomodulation
(9,10). By reducing the immunoresponsiveness of the
recipient, RBCTs may create a fertile ground for infections
or even tumor growth, which may negatively impact the
post-operative course (10,11). Increased post-operative
morbidity and mortality, as well as delayed recovery, have
been reported (12-14).

Recently, both the American Medical Association
and the Choosing Wisely Campaign have highlighted
RBCT as an overused treatment to be targeted in quality
improvement initiatives (15,16). Indeed, transfusion
practices vary significantly in both overall rates of RBCT
use and triggers for RBCT administration (7,17). A number
of medical societies have endorsed the use of restrictive
transfusion strategies, based on evidence from randomized
controlled trials (18-23). In order to improve adherence to
those recommendations and reduce variation in transfusion
practice for hepatectomy patients, evidence regarding the
impact of RBCT on outcomes is needed. Since hepatectomy
presents a very different baseline risk for blood loss and
RBCT and a unique morbidity profile, efforts to improve
perioperative blood management must be tailored to the
specificities of the procedure. Current data regarding the
effects of RBCT on post-hepatectomy outcomes either
relies on small sample sizes and single institution studies, or
is diluted with other type of surgical procedures from which
data cannot be extrapolated (6,24,25).

This study employs the large multi-institutional registry
of the American College of Surgeons National Surgical
Quality Improvement Program (ACS-NSQIP) to examine
the association between perioperative RBCTs and short-
term post-operative outcomes following hepatectomy
in order to provide the data to support improvement in
transfusion practices as it relates to hepatectomy.
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Methods
Study design

A retrospective cohort study of patients undergoing elective
hepatectomy was conducted, with the exposure of interest
being perioperative RBCT. Short-term post-operative
outcomes were compared between patients who received
RBCT and those who did not.

Approval was sought through the Sunnybrook Health
Sciences Centre Research Ethics Board and was not
deemed necessary by the board. The study was conducted
and reported according to the recommendations of the
RECORD statement (26).

Data sources

We used data from the ACS-NSQIP registry. The ACS-
NSQIP is a multicenter prospective registry designed for
quality improvement by providing participating centres
with risk-adjusted outcomes for surgical patients. At the end
of 2014, the ACS-NSQIP included more than 525 hospitals
from academic and community settings, representative
of various regions in North America. Over 275 variables
are collected, including demographics, pre-operative risk
factors, procedural indication and details, and 30-day post-
operative morbidity and mortality. Data are collected by
trained data abstractors and audited for accuracy (27).
The methods of ACS-NSQIP abstractors training, data
collection process, and reliability audits have previously
been reported (27-30).

Study cobort

Using the ACS-NSQIP Participant User File (PUF),
patients from participating institutions entered in the
registry between January 1, 2007 and December 31,
2012, who underwent a hepatectomy [Current Procedural
Terminology (CPT) codes 47120, 47122, 47125, and 47130]
were considered eligible for the study. Exclusion criteria
included an emergent operation, age <18 years old, and
missing demographic data (gender, height, weight or ASA
class). Less than 1% of the cohort was excluded for missing
data on these covariates.

Exposure
The exposure was perioperative RBCT, defined as the

receipt of RBCT intra-operatively or in the 72 hours post-
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operatively (1). Coding of blood transfusion in ACS-
NSQIP changed over the study interval—any transfusion
was recorded as a dichotomous (yes or no) variable prior to
2010, and the number (RBC units) of transfusions received
was captured as an ordinal variable from 2010 onwards.
Therefore, a dichotomous transfusion variable was created
for any transfusion of one or more RBC units for 2010 to
2012. RBCT provided prior to surgery were not included.

Outcomes

The primary outcomes were 30-day major morbidity and
mortality. A major morbidity composite outcome was
created based on the occurrence of at least one of the
following: deep or organ-space surgical site infection (SSI),
wound dehiscence, pneumonia, pulmonary embolism,
prolonged mechanical ventilation beyond 48 hours,
unplanned re-intubation, renal failure, sepsis, myocardial
infarction, cardiac arrest, or cerebrovascular accident (31).
Post-operative mortality was defined as death within 30 days
of operation.

Secondary outcomes included system-specific 30-day
morbidity grouped into: (I) post-operative infections
(superficial, deep and organ space-space SSI, pneumonia,
urinary tract infection, sepsis, septic shock); (II) cardiac
events (myocardial infarction, cardiac arrest); (III)
respiratory failure (prolonged mechanical ventilation
beyond 48 hours, unplanned re-intubation); and (IV) venous
thrombo-embolic events (pulmonary embolism, deep vein
thrombosis), as well as unplanned re-operation, and hospital
length of stay (LOS) (1).

Covariates

Data on patients’ baseline demographics (age, gender, race),
clinical characteristics [pre-operative comorbidities, body
mass index (BMI), American Society of Anesthesiologists
(ASA) score, and biochemical values including albumin,
haemoglobin, bilirubin, and INR], diagnosis (malignant vs.
benign based on ICD-9 codes 150 to 199.x, 209.x, 236.x,
237.x, and 238.x), and treatment-related details (surgical
procedure, operative time, year of surgery) were abstracted
from the ACS-NSQIP registry (32). Cardiac co-morbidities
were defined as history of congestive heart failure in the
30 days prior to surgery, myocardial infarction in the 6 months
prior to surgery, angina in the 30 days prior to surgery, or
medicated hypertension within 30 days prior to surgery.
Surgical procedures were grouped into partial lobectomy
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(CPT 47120), lobectomy (CPT 47125 and 47130), and
trisegmentectomy (CPT 47122).

We identified a priori highly relevant patient and
operative characteristics as potential confounders of the
relationship between RBCT and outcomes. Covariates thus
were selected based on timing (known pre-operatively),
clinical relevance (considered when assessing a patient
for risk of adverse perioperative events or of receiving
RBCT) and existing literature (established relationship
with worse surgical outcomes). The most parsimonious
set of covariates was selected to maintain adequate study
power. The following covariates were ultimately included:
age, gender, BMI, ASA class, pre-operative hematocrit,
INR, and bilirubin, cardiac comorbidities, bleeding
disorder, malignant diagnosis, the surgical procedure, and
operative time.

Statistical analysis

Descriptive analysis was first performed to assess the
characteristics of transfused patients and compare them to
those not transfused. Unknown categories were created for
missing data. Categorical data were reported as absolute
number (n) and proportion (%), and continuous data as
mean or median with interquartile range (IQR). Baseline
patient variables and operative characteristics were
compared between patients who received a transfusion and
those who did not. Chi square tests for independence were
used to compare categorical variables. Normally distributed
continuous data were compared using 7-tests and skewed
continuous data using Wilcoxon-rank sum tests.

Modified Poisson regression analysis was used to examine
the association between RBCT for common dichotomous
outcomes (>10%), and logistic regression for uncommon
dichotomous outcomes (<10%). These regression methods
allow for the estimation and interpretation of relative risks
(RR) with 95% confidence intervals (95% CI). LOS values
were treated as count data but the data was skewed and
violated the assumptions of Poisson regression, therefore
negative binomial regression was used to study the
relationship between transfusion and LOS (33). Similar to
Poisson regression, negative binomial regression allows for
the estimation of interpretation of incidence rate ratios with
95%CI. Incidence rate ratios are a measure of the number
of events (here number of days hospitalized) per time (here
all patients were followed for 30 days). Multivariate analyses
were adjusted for previously described covariates defined a
priori.
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Patients undergoing hepatectomy
n=12,180

Exclusions:
<18 years old: n=2
Emergency surgery: n=127

\

\

Adult patients undergoing elective
hepatectomy n=12,051

Exclusions:
Missing data on covariates
missing <1% *: n=339

Y

Y

Complete cohort
n=11,712

* Sex, height, weight or ASA class

Figure 1 Flow chart of patient eligibility.

Finally, sensitivity analyses were conducted to assess
the robustness of the results. Because operative time may
be considered on the causal pathway for the relationship
between RBCT and major morbidity, we constructed
multivariate models with and without it as a covariate. We
also explored the impact of missing data on the results.
First, we conducted a case-deletion analysis by excluding
patients with missing data on the key covariates in the
relationship between RBCT and morbidity (pre-operative
hematocrit and cardiac comorbidities), if missing in >1% of
the cohort. Second, since important comorbidity data were
missing in specific calendar years, we restricted the analysis
to patients who were operated during the timeframe with
complete data [2007-2010] (Figure S1, Tables S1-S3).

All statistical analyses were conducted using SAS 9.3 for
Windows (SAS Institute Inc., Cary, USA). P values of less
than 0.05 were considered statistically significant. ALM and
JH had full access to all of the data in the study and takes
responsibility for the integrity of the data and the accuracy
of the data analysis.

Results

A total of 12,180 patients undergoing hepatectomy were
identified in the ACS-NSQIP registry over the study
period. After applying exclusion criteria, 11,712 patients
were included in the complete case cohort for this study

(Figure ). Of those, 2,940 (25.1%) received RBCT.
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Baseline characteristics of the included patients are
presented in 7able 1. Patients receiving RBCT were more
commonly of older age, advanced ASA score (III or IV/V),
and higher BMI than those not receiving RBCT. Transfused
patients presented a heavier burden of pre-operative
comorbidities than those not transfused, including
higher prevalence of diabetes, dyspnea, cardiovascular
disease, dialysis, bleeding disorders, ascites, and weight
loss. Among patients operated for benign disease, 22.9%
received RBCT. The extent of surgery differed significantly
between transfused and non-transfused patients (P<0.001).
Trisegmental lobectomy (14.3% wvs. 8.1%) and lobectomy
(38.2% vs. 27.0%) were more common with RBCT, whereas
partial lobectomy (47.5% vs. 64.9%) was more common for
non-transfused patients. Median operative time was longer
in the RBCT group with 309.2 (SD: 173) minutes compared
to 221 (SD: 124) minutes for the no RBCT group (P<0.01).

Thirty-day post-hepatectomy morbidity and mortality
are depicted in Figure 2. Overall major morbidity (28.3%
vs. 11.1%) and mortality (5.6% wvs. 1.0%) rates were higher
in transfused than non-transfused patients (both P<0.001).
The difference in morbidity persisted when classified into
system-specific categories, including more frequent post-
operative infectious, cardiac, respiratory failure, and venous
thrombo-embolic events. Median LOS was longer in the
RBCT group, with 10.9 (IQR: 6.6-12.0) days compared to
6.8 (IQR: 3.4-7.0) days (P<0.001).

Results of the multivariable analyses are detailed in
Table 2. After adjusting for relevant pre- and intra-operative
variables, RBCT was independently associated with
increased risk of 30-day major morbidity (RR 1.80, 95% CI:
1.62-1.99), and increased risk of 30-day mortality (RR 3.62;
95% CI: 2.68-4.89). The relationship between transfusion
and worse peri-operative morbidity held true when looking
specifically at post-operative infections, cardiac events,
respiratory failure, and venous thrombo-embolic events.
Transfused patients had a rate of hospital stay 1.29 times
greater than patients who did not receive a transfusion.
The mean post-hepatectomy LOS increases from 6.8 days
without RBCT to 8.7 days with RBCT, when adjusting for
relevant covariates, with a rate of hospital stay 1.29 times
greater for transfused than not transfused patients.

Sensitivity analyses were conducted to explore the
inclusion of operative time as a potential confounder as it
might also be considered in the causal pathway between
RBCT and adverse outcomes. Models with and without
this variable had no impact on the conclusions. As the
results did not change significantly operative time was
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Table 1 Baseline characteristics of included patients, based on transfusion status

Characteristic Overall (n=11,712) Transfused (n=2,940) Not transfused (n=8,872) P value
Age (years old) <0.001
<40 784 (7.8) 184 (7.3) 600 (8.0)
40-64 5,355 (53.4) 1,306 (51.4) 4,049 (54.0)
65-74 2,634 (26.2) 668 (26.3) 1,966 (26.2)
>75 1,264 (12.6) 381 (15.0) 883 (11.8)
Male gender 4,952 (49.3) 1,260 (49.6) 3,692 (49.2) 0.737
Race 0.082
White 6,460 (64.4) 1,588 (62.5) 4,872 (65.0)
Black 846 (8.4) 218 (8.6) 628 (8.4)
Other 616 (6.1) 154 (6.1) 462 (6.2)
Unknown 2,115 (21.1) 579 (22.8) 1,536 (20.5)
ASA score <0.001
| 109 (1.1) 13 (0.5) 96 (1.3)
Il 2,824 (28.1) 509 (20.1) 2,315 (30.9)
11l 6,615 (65.9) 1,815 (71.5) 4,800 (64.0)
A% 489 (4.9) 202 (8.0) 287 (3.8)
BMI 28.0 (6.4) 28.0 (6.2) 28.3 (7.0 0.025
Malignant diagnosis 8,014 (79.8) 2,093 (82.4) 5,921 (79.0) <0.001
Diabetes 1,063 (10.6) 305 (12.0) 758 (10.1) 0.007
Active smoker 1,625 (16.2) 417 (16.4) 1,208 (16.1) 0.711
COPD 321 (3.2) 92 (3.6) 229 (3.1) 0.159
Dyspnea <0.001
At rest 53 (0.53) 20 (0.8) 33 (0.44)
With moderate exertion 807 (8.0) 265 (10.4) 542 (7.2)
Cardio-vascular comorbidity
Overall 5,588 (55.7) 1,521 (569.9) 4,067 (54.2) <0.001
Hypertension 5,574 (55.5) 1,517 (59.8) 4,057 (54.1) <0.001
Congestive heart failure 27 (0.3) 11 (0.4) 16 (0.21) 0.064
Myocardial infarction 11 (0.1) 1(0.04) 10 (0.1) 0.001
Angina 30 (0.3) 9(0.4) 21(0.3) 0.002
Dialysis 44 (0.44) 22 (0.29) 22 (0.9) <0.001
Bleeding disorder 361 (3.6) 136 (5.4) 225 (3.0) <0.001
Ascites 123 (1.2) 67 (2.6) 56 (0.8) <0.001
Corticosteroid use 229 (2.3) 68 (2.7) 161 (2.2) 0.121
Weight loss >10% 481 (4.8) 185 (7.3) 296 (4.0) <0.001

Table 1 (continued)
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Characteristic Overall (n=11,712) Transfused (n=2,940) Not transfused (n=8,872) P value
Pre-operative laboratory values
Serum albumin* (g/dL) 4.0 (6.9) 3.8 (5.4) 4.0 (6.8) <0.001
Serum bilirubin* (umol/L) 0.75 (14.9) 0.9 (14.9) 0.7 (14.7) <0.001
Hematocrit* (%) 38.9 (48.6) 36.9 (46.2) 39.5 (48.6) <0.001
INR >1.5 143 (1.2) 58 (40.6) 85 (59.4) <0.001

Values are n (%) or mean (SD). *Missing data: 1,517 (12.6%) for serum albumin, 1,041 (8.6%) for serum bilirubin, 313 (2.6%) for hematocrit,
and 1.490 (12.3%) for INR. ASA, American Society of Anesthesiologists; BMI, body mass index; COPD, chronic obstructive pulmonary

disease; INR, international normalized ratio.

30.0%
25.0%
20.0%
15.0%
10.0%
5.0%
0.0%
Major morbidity Mortality Post-operative Cardiac events Respiratory Venous thrombo- Re-operation
infections failure embolic events
Overall 1,551 (15.5) 219 (2.2) 1,491 (14.9) 132 (1.3) 507 (5.1) 263 (2.6) 395 (3.9)
Transfused 719 (28.3) 142 (5.6) 642 (25.3) 70 (2.8) 304 (12.0) 123 (4.8) 213 (8.4)
Not transfused 832 (11.1) 77 (1.0) 849 (11.3) 62 (0.8) 203 (2.7) 140 (1.9) 182 (2.4)
P value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Values are n (%)

Figure 2 Short-term outcomes following hepatectomy, stratified by transfusion status.

controlled for in the final multivariable analyses (Figure S1,
Tables S1-S3).

Multivariable analyses were also repeated with two
additional ways of handling missing data. When looking at
key covariates in assessing the association between RBCT
and short-term outcomes, missing data was encountered
in no patient for age, 0.1% for ASA class, 0.1% for gender,
and 2.6% for pre-operative hematocrit. Data on cardiac
comorbidities posted the greatest challenge, with 27% of

© HepatoBiliary Surgery and Nutrition. All rights reserved.

hbsn.amegroups.com

records lacking these data. Cardiac comorbidity data were
missing in selected calendar years: no data were missing
on cardiac comorbidities for 2007 to 2010, while 46.0%
were missing for this variable in 2011 and 71.4% in 2012.
Therefore, we first excluded patients with missing data
on key covariates. Second, given the association between
missingness of data and year of operation, we restricted
the analysis to the time-period with complete data. The
impact of RBCT on 30-day major morbidity and mortality
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Table 2 Association between RBCT and short-term post-hepatectomy

outcomes

Relative risk (95% CI)

Outcome

Unadjusted

Adjusted”

Major morbidity
Mortality
Post-operative infection
Cardiac events
Respiratory failure

Venous thrombo-
embolic events

Re-operation

Length of stay: rate

2.56 (2.36-2.78)
5.92 (4.52-7.75)
2.25 (2.07-2.46)
3.70 (2.66-5.14)
5.19 (4.35-6.18)
2.56 (2.03-3.22)

3.75 (3.10-4.54)
1.62 (1.58-1.67)

1.80 (1.62-1.99)
3.62 (2.68-4.89)
1.61 (1.46-1.78)
2.51 (1.74-3.63)
3.10 (2.55-3.76)
1.74 (1.35-2.25)

2.61(2.11-3.22)
1.29 (1.25-1.32)

ratio (95% Cl)

*Adjusted for: age, gender, body mass index, ASA class, pre-
operative hematocrit, bilirubin, and INR, cardiac comorbidities,
bleeding disorder, procedure, malignant post-operative
diagnosis, and operative time. Cl, confidence interval.

was not significantly altered in either analysis (Figure SI,
Tables S1-S3). The results consistently indicated an independent
relationship between RBCT and adverse outcomes.

Discussion

This study took advantage of the large multi-institutional
clinical dataset of the ACS-NSQIP to assess the relationship
between RBCT and short-term outcomes following
hepatectomy. After adjusting for relevant demographic,
clinical, and operative characteristics, major morbidity was
independently associated with a near 1.8-fold increase in
30-day major morbidity and 3.6-fold increase in mortality.
This independent association was consistent across all sub-
categories of major morbidity: post-operative infectious,
cardiac, respiratory failure, and venous-thrombo-embolic
events. Transfused patients stayed in hospital longer than
patients who were not transfused, with a 29% increase in
rate of LOS. These results allow surgeons to appreciate
the worse outcomes that may be expected with RBCT
specifically for hepatectomy.

Transfusion-related immunomodulation is hypothesized
to explain the detrimental impact of RBCT on post-
operative outcomes (10,11). Immunomodulation is thought
to be mediated by a variety of mechanisms, including
induction of suppressor T cells, suppression of natural
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killer antibodies, induction of apoptosis, accumulation of
factors inhibiting neutrophils activity, and increased levels
of soluble HLA class I peptides (10). The clinical effects of
transfusion-related immunomodulation were first observed
in allogeneic kidney transplant and Crohn’s disease patients
who experienced respectively longer graft survival and fewer
recurrences when receiving RBCT (34-36).

Worse morbidity and mortality with RBCT following
gastrointestinal surgery have previously been highlighted
(25,37). These analyses mixed different procedures with
variable baseline risks for transfusion and morbidity profiles.
Hepatectomy presents a unique risk for blood loss and
transfusions, mostly due to the intrinsic nature of the liver
parenchyma. As such it requires specific intra- and post-
operative management strategies not commonly utilized for
other surgical procedures and may influence post-operative
outcomes (3-5). Evidence of RBCT impact on morbidity
pertaining specifically to liver resection remains limited.
All studies rely on retrospective data from single centres
(24,38,39). The largest such study reported increased
morbidity, mortality, and LOS in transfused patients, but
dates back to the 1980s and 1990s (24). Two other studies
used contemporary data and revealed similar associations
between RBCT and morbidity, but were of limited sample
size (38,39). The current study represents a unique addition
to the literature as it takes into account the uniqueness
of liver resection, uses contemporary data, and is the first
multi-institutional appraisal of the relationship between
RBCT and short-term post-operative outcomes.

Despite randomized controlled trials and associated
clinical practice guidelines supporting restrictive transfusion
strategies in critical care and surgical settings, transfusion
practices vary significantly (7,17-23). As many as one
out of two RBCT administered in hepatobiliary surgery
is considered unnecessary according to those guidelines
(7,18,40). While some RBCT are clinically necessary for
patient care, a significant proportion could be avoided
thus limiting patients’ exposure to unnecessary risk of
threatening their post-operative recovery.

Comprehensive blood management programs can
effectively reduce the use of perioperative RBCT as well as
improve post-operative outcomes and save costs (41-44).
However, the successful implementation of these programs
requires buy-in from primary stakeholders caring for the
patients. Procedure-specific data that directly pertain to
one’s practice is necessary to ensure uptake of such quality
improvement initiatives. Indeed, tailored interventions
driven by data directly applicable to a specific practice

HepatoBiliary Surg Nutr 2018;7(1):1-10



are known to be critical in ensuring successful and lasting
uptake of clinical practice guidelines (45,46). By taking
advantage of the large multi-institutional ACS-NSQIP
dataset, this study focused on hepatectomies to provide
specific data to support the rationale for and motivate
physicians to partake in blood management initiatives for
patients undergoing liver resections.

It is acknowledged that this study is limited by biases
inherent to retrospective designs. In particular, despite
detailed multivariable analyses, unknown confounders
and variables cannot be accounted for. The analysis is
limited by the information available in the ACS-NSQIP. In
particular, it was not possible to identify the exact indication
for transfusion since data on pre-transfusion haemoglobin
levels, symptoms, or vital signs were not available. Thus,
it was not possible to tease out the increased in morbidity
related to avoidable versus necessary RBCT.

Nevertheless, the ACS-NSQIP provides multi-
institutional clinical data captured by rigorously trained
data abstractors and subjected to frequent audits to ensure
accuracy, thereby limiting information bias (27-30). With
such large datasets, missing data can present an issue and
the ACS-NSQIP is not exempt (47-49). Previous studies
of ACS-NSQIP indicated that missing data was more
common in healthier patients. When looking at how to best
handle missing data, no significant change was observed
between various strategies to handle missing data; therefore,
no particular method could be recommended (48). In this
analysis, when looking at key covariates in assessing the
association between RBCT and short-term outcomes,
missing data on cardiac comorbidities was encountered
in 27.3% of records. Data were missing according to the
year of operation, which likely relates to the year of data
collection, and increased over time. To avoid biasing the
effects estimate by excluding patients with missing data, all
patients were included in the primary analysis. Our results
were robust to a number of methods of handling missing
data, which strengthens the validity of the current analysis.

Conclusions

In this study, perioperative RBCT was independently
associated with worse 30-day morbidity and mortality
following elective hepatectomy. All sub-types of morbidity
were impacted, whether infectious, cardiac, respiratory,
or thrombo-embolic. LOS was significantly prolonged in
transfused patients. This data provides hepatectomy-specific
information to further support the need for comprehensive
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blood management strategies aimed at safely reducing the
use of RBCT.
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Figure S1 Flow diagram of patient selection for sensitivity analyses. *, Sex, height, weight or ASA class.

Table S1 Association between RBCT and short-term post-hepatectomy outcomes, sensitivity analysis not adjusting for operative time

Outcomes Adjusted relative risk* (95% Cl)
Major morbidity 1.93 (1.76-2.12)
Mortality 4.34 (3.25-5.79)
Post-operative infection 2.18 (1.97-2.41)
Cardiac events 3.02 (2.12-4.30)
Respiratory failure 3.97 (3.29-4.80)
Venous thrombo-embolic events 2.31 (1.81-2.96)
Re-operation 3.25 (2.65-3.99)
Length of stay: rate ratio (95% ClI) 1.43 (1.39-1.47)

*Adjusted for: age, gender, body mass index, ASA class, pre-operative hematocrit, bilirubin, and INR, cardiac comorbidities, bleeding
disorder, procedure, and malignant post-operative diagnosis. RBCT, red blood cell transfusion; ClI, confidence Interval; ASA, American
Society of Anesthesiologists.



Table S2 Association between RBCT and short-term post-hepatectomy outcomes, in the case-deletion sensitivity analysis

Unadjusted Adjusted”

Outcomes

Relative risk (95% CI) P value Relative risk (95% CI) P value
Major morbidity 2.55 (2.33-2.79) <0.0001 1.78 (1.59-1.99) <0.0001
Mortality 5.71 (4.31-7.56) <0.0001 3.45 (2.52-4.72) <0.0001
Post-operative infection 2.23 (2.04-2.45) <0.0001 1.60 (1.44-1.77) <0.0001
Cardiac events 3.40 (2.41-4.80) <0.0001 2.26 (1.54-3.33) <0.0001
Respiratory failure 4.89 (4.07-5.88) <0.0001 2.88 (2.34-3.53) <0.0001
Venous thrombo-embolic events 2.68 (2.09-3.43) <0.0001 1.81 (1.37-2.38) <0.0001
Re-operation 3.68 (3.00-4.51) <0.0001 2.58 (2.06-3.25) <0.0001
Length of stay: rate ratio (95% CI) 1.60 (1.56-1.65) <0.0001 1.26 (1.22-1.30) <0.0001

*Adjusted for: age, gender, body mass index, ASA class, pre-operative hematocrit, bilirubin, and INR, cardiac comorbidities, bleeding
disorder, procedure, malignant post-operative diagnosis, and operative time. RBCT, red blood cell transfusion; Cl, confidence Interval;
ASA, American Society of Anesthesiologists.

Table S3 Association between RBCT and short-term post-hepatectomy outcomes, in the time-period restricted sensitivity analysis [2007-2010]

Unadjusted Adjusted”

Outcomes

Relative risk (95% ClI) P value Relative risk (95% CI) P value
Major morbidity 2.46 (2.20-2.75) <0.0001 1.71 (1.49-1.97) <0.001
Mortality 5.17 (3.70-7.24) <0.0001 2.89 (1.98-4.22) <0.0001
Post-operative infection 2.18 (1.95-2.45) <0.0001 1.55 (1.36-1.76) <0.0001
Cardiac events 2.49 (1.61-3.84) <0.0001 1.48 (0.91-2.41) 0.1147
Respiratory failure 4.49 (3.58-5.62) <0.0001 2.67 (2.07-3.43) <0.0001
Venous thrombo-embolic events 2.75 (2.02-3.75) <0.0001 1.79 (1.26-2.54) 0.0011
Re-operation 3.47 (2.69-4.48) <0.0001 2.34 (1.76-3.12) <0.0001
Length of stay: rate ratio (95% ClI) 1.63 (1.57-1.69) <0.001 1.26 (1.21-1.30) <0.0001

*Adjusted for: age, gender, body mass index, ASA class, pre-operative hematocrit, bilirubin, and INR, cardiac comorbidities, bleeding
disorder, procedure, malignant post-operative diagnosis, and operative time. RBCT, red blood cell transfusion; Cl, confidence Interval;
ASA, American Society of Anesthesiologists.



