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The impact of red blood cell
transfusions on perioperative
outcomes In the contemporary
era of liver resection

Julie Hallet, MD, MSc(c),>? Iryna Kulyk, MD,* Eva S. W. Cheng, BHSc,* Jessica Truong, BHSc,*
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Background. Perioperative red blood cell transfusions (RBCTS) are common in patients undergoing
partial hepatectomy. We sought to explore the relationship between RBCTS and posthepatectomy
perioperative outcomes in the contemporary surgical era.

Methods. We reviewed all patients undergoing partial hepatectomy from 2003 to 2012. Primary outcome
was 30-day major morbidity (MM). We compared patients who did and received perioperative RBCT
(defined as from time of operation until 30 days postoperatively. Multivariate analysis was performed to
identify factors associated with MM and duration of stay, using logistic and negative binomial regression.
Resulis. Among 712 patients, 16.8 % experienced MM, of whom 53.3 % received RBCT. Patients who
received RBCT experienced MM more commonly (30.8% wvs 11.1%; P < .001). On multivariate
analysis, the only factors associated with MM were age (relative risk [RR], 1.03; 95% CI, 1.00-1.06),
greater operative time (RR, 1.29; 95% CI, 1.11-1.50), and RBCT (RR, 3.57; 95% CI, 1.81-7.04).
RBCT was associated independently with a greater duration of stay (RR, 1.47; 95% CI, 1.13-1.91).
Conclusion. Receipt of RBCT is associated independently with perioperative MM and prolonged
hospitalization after partial hepatectomy. These findings further the rationale supporting the need for a
strategy of blood management to decrease the use of RBCT after hepatectomy. (Surgery 2016;159:1591-9.)
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ADVANCES IN THE PERIOPERATIVE and intraoperative
management of patients undergoing partial hepa-
tectomy have led to decreased postoperative
morbidity and mortality.' Bleeding remains a sub-
stantial concern during liver resection. Despite
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the report of several anesthetic and surgical tech-
niques to decrease blood loss during liver transec-
tion, including technical devices for parenchymal
transection, hepatic inflow inclusion, pharmaco-
logic interventions, and management of low
central venous pressure,”’ =40% of patients un-
dergoing partial hepatectomy still are given periop-
erative red blood cell transfusions (RBCTS).7’8

In addition to adverse transfusion reactions, such
as transmission of infections, hemolytic reactions,
acute lung injury, and volume overload, RBCTs have
been associated with impaired postoperative recov-
ery and even increased cancer recurrence from
colorectal cancer surgery.”'” Transfusion-related
immunomodulation is thought to be responsible
for such negative impacts on postoperative
outcomes.'”'* In hepatic surgery, where RBCTs
are common, the literature focuses mostly on
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identifying factors associated with the need for
transfusion.”'” Studies examining the impact of
RBCTs on postoperative outcomes are limited by
either small sample sizes or noncontemporary
cohorts.'"?

In this study, we sought to define the association
between perioperative RBCTs and perioperative
outcomes in a large set of patients (n = 712)
undergoing liver resection.

METHODS

We conducted a retrospective review of the
prospective liver resection database of the Odette
Cancer Centre. This study was approved by the
Sunnybrook Health Sciences Centre Research
Ethics Board.

Selection of participants. Patients undergoing
elective liver resection between 2003 and 2012 at a
single tertiary care academic institution (Sunny-
brook Health Sciences Centre—-Odette Cancer
Centre) specializing in hepatopancreatobiliary sur-
gery were identified using the institutional liver
resection database. Adult patients (=18 years old)
undergoing liver resection were included regard-
less of the indication or extent of resection.
Patients for which morbidity could not be
abstracted or classified were excluded.

Outcomes and data collection. The primary
outcome was 30-day postoperative major morbidity
(MM), defined as a Clavien-Dindo grade III, IV, or
A% complication.19 Secondary outcomes were 30-day
mortality, duration of stay, and 30-day readmission
(unplanned >24-hour hospital stay). Perioperative
RBCT was defined as transfusion of one or more
units of allogeneic RBC during or 30 days postop-
eratively. The World Health Organization defini-
tion was used for anemia (hemoglobin =
130 g/L), using the most recent hemoglobin value
in the 30 days before hepatectorny.% The presence
of underlying liver cirrhosis was captured from the
description on the pathology report. Major liver
resection was defined as resection of >3 liver seg-
ments. Intraoperative complications were captured
based on the operative report dictated by the
attending surgeon, including major bleeding,
injury to surrounding structures, pneumothorax,
hypotension, and clinically relevant cardiac events.
Clinically relevant posthepatectomy liver failure
(PHLF) was determined based as grades B and C
of the International Study Group on Liver Surgery
PHLF.”' MM was broken down into system-specific
complications, including cardiac events (atrial
fibrillation, myocardial infarction, congestive heart
failure, cardiac arrest), respiratory events (pulmo-
nary edema, pleural effusion, pneumonia,
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respiratory failure), and venous thromboembolic
events (deep vein thrombosis, pulmonary
embolus, portal vein thrombosis).

Liver resections at our institution are per-
formed at a low central venous pressure. Patients
are monitored for =24 hours in an intensive care
unit postoperatively. According to institutional
guidelines, RBCTs were administered for a hemo-
globin level of <70 g/L, in case of symptoms in the
nonbleeding patient, and to maintain hemoglobin
between 70 and 80 g/L in the bleeding patient.

Statistical analysis. Categorical data were re-
ported as absolute number (n) and proportion
(%), and continuous data as median with inter-
quartile range. Comparisons were first made based
on the presence or absence of MM to define
specific characteristics of patients experiencing
MM. The Pearson Chi-square test, Fisher exact
test, or Mann—Whitney U test were used as appro-
priate. Primary and secondary outcomes were
then compared based on transfusion status. A first
multivariate model was constructed to examine
factors associated with MM (logistic regression),
and a second one for duration of stay (negative
binomial regression). Variables identified as signif-
icantly associated with MM on univariate analysis
(P < .05) were included in the model, in addition
to covariates defined a priori as potential con-
founders (age, diagnosis, preoperative anemia, sur-
geon, number of liver lesions, size of the largest
liver lesion, and major liver resection). In case of
collinearity, the variable most relevant to the study
question was included in the regression model. Re-
sults are reported as relative risks (RR) with 95%
CIs. All analyses were conducted with SPSS 21.0
(IBM Corp., Armonk, NY).

RESULTS

During the study period, 712 liver resections
were included in this analysis. Overall RBCT was
administered to 29.2% of patients (n = 208/712).
No difference was identified in the proportion of
patients requiring RBCT over time (P = .368;
Fig 1). The median number of RBCTs per patient
was 3 (2-5), with 46.2% (n = 96/208) of transfused
patients receiving =4 units. Baseline and clinical
characteristics of the included patients based on
RBCT status are presented in Table I. Patients
receiving RBCT were more likely to be female
and have preoperative anemia.

Overall rate of MM was 16.8% (n = 120/712).
Patients experiencing MM were older with a me-
dian of 68.0 years old (60.5-74.0) compared with
63.0 years old (54.0-72.0; P=.01), and more likely
to have underlying cirrhosis (7.5% vs 3.0%;
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Fig 1. Proportion of patients receiving perioperative red blood cell (RBC) transfusion, according to year of

hepatectomy.

Table I. Baseline characteristics of included patients, based on RBC transfusion status

No RBC transfusion (n = 504) RBC transfusion (n = 208) P value
Age (y) 64.0 (55.0-73.0) 64.0 (54.0-72.0) .852
Female sex 200 (39.7) 104 (50.0) 011
Body mass index (kg/m2) 27.0 (24.3-30.6) 28.6 (24.4-33.0) 342
Serum albumin (g/L) 43.0 (40.0-45.0) 41.0 (38.0-44.0) .001
Serum bilirubin (umol/L) 8.0 (6.0-10.0) 8.0 (5.0-11.0) .005
Platelets (X10° cells/L) 229.0 (190.0-278.0) 232.0 (186.7-295.2) .019
INR 0.98 (0.94-1.03) 1.0 (0.95-1.08) .012
Preoperative anemia* 164 (32.9) 127 (61.7) <.001
Diagnosis .010
Cholangiocarcinoma 55 (10.9) 20 (9.6)
Colorectal liver metastases 244 (68.3) 121 (58.2)
Hepatocellular carcinoma 29 (5.8) 26 (12.5)
Neuroendocrine liver metastases 17 (3.4) 9 (4.3)
Other benign liver disease 22 (4.4) 6 (2.9)
Other liver metastases 25 (5.0) 17 (8.2)
Other malignant liver disease 12 (2.4) 9 (4.3)
=3 Lesions 127 (28.6) 62 (34.1) 176
Largest lesion =5 cm 122 (29.8) 69 (40.6) .012
Preoperative chemotherapy 254 (50.4) 104 (50.0) 923

*Hemoglobin = 130 g/L.
Values are n (%) and median (interquartile range).
INR, International Normalized Ratio; RBC, red blood cells.

P=.02). They presented with lesser median preop-
erative albumin levels with median of 41.0 g/L
(38.0-44.7) compared with 43.0 g/L (39.0-45.0;
P =.02) for those without MM.

No difference was observed based on MM status
in terms of sex, preoperative anemia, diagnosis,
number or size of liver lesions, receipt of preoper-
ative chemotherapy, or major liver resection.

Infectious processes (incisional surgical site infec-
tion, wound dehiscence, intraabdominal collection
or abscess, anastomotic leaks, urinary tract infec-
tion, sepsis, and septic shock) accounted for most
of the MM events (45.8%), with intraabdominal
collections, abscesses, and biloma representing the
majority of events (37.5%; Fig 2). PHLF occurred
overall in 41 patients (5.7%), including 18
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Fig 2. Details of major morbidity events (Clavien-Dindo grades III-V) among the included patients. As per Clavien-
Dindo classification, the most significant/highest grade complication is reported per patient.

(2.5%) grade C events corresponding with grades
3-5 Clavien-Dindo complications. Grade C PHLF
accounted for 15 of the 25 postoperative deaths
within 30 days. The remaining 3 patients with
grade C PHLF passed away >30 days after hepatec-
tomy. Other causes of 30-day mortality were infec-
tious in 4 patients (sepsis from colonic
anastomosis leak, severe Clostridium difficile colitis,
aspiration pneumonia, and biliary peritonitis
from anastomotic leak), thromboembolic in 1
(massive pulmonary embolism), bleeding in 2 (up-
per gastrointestinal bleeding, intraabdominal
bleeding with abdominal compartment syn-
drome), and cardiac in 3 (myocardial infarctions
in patients with cardiovascular comorbidities, se-
vere ventricular arrhythmia).

The operative characteristics of patients accord-
ing to RBC transfusion status are presented in
Table II. Median operative time was 1.1 hours
greater in transfused patients. Median estimated
blood loss was 0.7 L greater in the RBCT group.

Patients who received RBCT more commonly
experienced MM (30.8% vs 11.1%; P < .001) than

patients who did not receive transfusions (Fig 3,
A). No difference was observed in 30-day mortality
(P = .502) or readmission rate (P = .37). PHLF
occurred more often in patients receiving RBCT
(10.2% vs 4.0%; P = .002). When considering
system-specific MM, univariate analysis revealed as-
sociations between RBCT and infectious events
(RR, 1.73; 95% CI, 1.18-2.53), respiratory events
(RR, 4.00; 95% CI, 1.55-10.30) and venous throm-
boembolic events (RR, 2.05; 95% CI, 1.00-4.17),
but not cardiac events (RR, 1.61; 95% CI, 0.76-
3.44). Median duration of stay was 9 days (5-9)
for transfused patients and 6.5 days (6.75-16) for
not transfused patients (P < .001).

Analysis of postoperative outcomes among
transfused patients based on the amount of trans-
fusion received is depicted in Fig 3, B. No differ-
ence was observed in MM, mortality, or
readmission between patients receiving <4 RBCTs
or =4 RBCTs.

Owing to the high correlation between esti-
mated blood loss and RBCT, only RBCT was
included in the regression models. Similar high
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Table II. Operative characteristics of included patients, based on RBC transfusion status

No RBC transfusion (n = 504) RBC transfusion (n = 208) P value
Operative time (h) 4.2 (2.9-5.5) 5.3 (3.7-6.6) <.001
Estimated blood loss (L) 0.6 (0.4-1.0) 1.3 (0.8-2.2) <.001
Intraoperative use of tranexamic acid 89 (18.2) 28 (13.9) .167
Intraoperative complication 21 (4.2) 25 (12.0) <.001
Major liver resection* 336 (66.7) 156 (75.0) .029
Extrahepatic resection 126 (25.0) 44 (21.2) 274
Laparoscopic approach 55 (11.0) 8 (3.9) .003
*Major liver resection: >3 liver segments.
Values are n (%) and median (interquartile range).
RBC, Red blood cells.
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Fig 3. Postoperative outcomes of patients undergoing hepatectomy, according to RBC transfusion status (A) and
amount of RBC transfusions received (B). RBC, Red blood cell.

correlation was observed between diagnosis and
underlying liver cirrhosis, such that only diagnosis
was included in the models. On multivariate
analysis, older age (RR, 1.03; 95% CI, 1.00-1.06),
greater operative time (RR, 1.29; 95% CI, 1.11-
1.50), and RBCT (RR, 3.57; 95% CI, 1.81-7.04)
were associated independently with the occurrence
of MM (Table III). Female sex (RR, 0.75 [95% CI,
0.56-0.99]; RR, 0.61 [95% CI, 0.41-0.89]) and
RBCT (RR, 1.47; 95% CI, 1.13-1.91) were associ-
ated independently with greater duration of stay
(Table IV). Including underlying liver cirrhosis in
the models instead of diagnosis did not alter the
direction and significance of the association.

DISCUSSION

This study examined the association between
perioperative RBCT and postoperative MM in
patients undergoing liver resection, with a view to
delineate the need and potential impact of further
strategies of blood conservation in liver surgery.
Perioperative RBCT was associated with a 3-fold
increase in the odds of postoperative MM
(P = .001) after adjusting for preoperative and

intraoperative variables. We also identified an inde-
pendent increase in duration of stay in patients
receiving RBCT. The lack of difference in MM
when considering the amount of RBCT received
indicates that the potential detrimental impact of
RBCT is observed even for 1 unit transfused.

The repercussions of RBCT on the healing
process after different operations have been re-
ported in preclinical models of intestinal anasto-
moses, indicating potential detrimental effects on
morbidity.22’2?’ Clinical findings from nonhepatic
gastrointestinal surgery demonstrate similar find-
ings. In an analysis of the American College of Sur-
geons National Surgical Quality Improvement
Program examining 6,301 noncardiac surgery pa-
tients, RBCT was associated with increased risk of
morbidity (odds ratio [OR], 9.28; 95% CI, 5.74—
15) and mortality (OR, 2.84; 95% CI, 2.07-3.89),
and identified as being independently associated
with prolonged duration of stay (P < .001). More
specifically, a greater number of occurrences of
postoperative infections have been reported in pa-
tients receiving RBCTs.'""*"* Furthermore, this
finding seems to translate into increased costs,
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Table III. Multivariate regression of factors associated with postoperative major morbidity (logistic

regression)
Factor Relative risk 95% CI P value
Age (y) 1.03 1.00-1.06 .034
Female sex 0.67 0.33-1.36 .264
Preoperative serum albumin (g/L) 0.99 0.94-1.04 702
Diagnosis
Cholangiocarcinoma 0.93 0.32-2.72 .901
Colorectal liver metastases 0.71 0.16-3.12 707
Hepatocellular carcinoma 1.56 0.21-11.69 .664
Neuroendocrine liver metastases 5.00 0.24-10.37 .298
Other benign liver disease 0.57 0.07-4.47 .595
Other liver metastases 1.64 0.12-21.55 705
Other malignant liver disease Reference
Preoperative anemia*™ 0.95 0.46-1.96 900
Surgeon
1 0.74 0.33-1.70 483
2 0.88 0.39-1.95 748
3 2.03 0.53-7.83 .303
4 Reference
Largest lesion =5 cm 0.94 0.46-1.92 .874
Major liver resectionf 0.55 0.22-1.37 .200
Operative time (h) 1.29 1.11-1.50 .001
Intraoperative complication 0.79 0.23-2.75 717
Perioperative RBC transfusion 3.57 1.81-7.04 <.001

*Hemoglobin =130 g/L.
tMajor liver resection: >3 liver segments.
RBC, Red blood cell.

with each unit of transfused RBC adding 2% to
hospital charges after colorectal cancer resection.”’
The evidence is more limited in liver surgery.
The largest report to date came from the Memorial
Sloan Kettering Cancer Center and included 1,351
patients who were treated between 1986 and
2001."" Although this study observed an increased
rate of complications (27% vs 12%), mortality
(12% vs 5.8%), and duration of stay (median
10 vs 8 days) with the use of RBCTs, that report
involved a cohort patients treated in a different
era of liver surgery. Indeed, the transfusion rate
was as high as 55%. Since then, operative tech-
niques and anesthetic management of hepatec-
tomies have changed tremendously.”””" More
recently, 2 retrospective studies reported a negative
impact of RBCT on morbidity, with the ORs of 1.39
(95% CI, 1.09-3.58) and 3.9 (1.5-10.0); those
studies, however, were limited by sample sizes of
127 and 239 patients.'™'” With our >700 patients
from 2003 to 2012, and after adjustments for pre-
operative and intraoperative characteristics, age,
operative time, and perioperative RBCT were the
only factors independently associated with MM.
Contrary to other analyses of posthepatectomy
morbidity, major liver resection was not associated

with MM after adjusting for other variables in the
current analysis. Our study population consisted of
a majority of major liver resections within a
practice favoring the use of parenchymal preser-
ving techniques. We used a traditional definition
of extent of liver resection relying on the number
of segments resected, although in the contempo-
rary era of parenchymal sparing procedures, this
definition may not reflect adequately the technical
difficulty and risk of resection. Indeed, multiple
wedge resections or limited nonlobar resections
such as anterior sectorectomy can be more
demanding technically and result in the creation
of a greater raw surface than formal anatomic
resections including a greater number of seg-
ments. Considering operative time as a surrogate
for complexity of the type of hepatectomy, this
factor was indeed revealed as associated with MM.

Several hypotheses have been proposed to
explain the reported associations of RBCT with
worse postoperative outcomes. The most common
MM related to PRBCT is transfusion-related im-
munomodulation, identified initially when greater
survival was observed for cadaveric kidney grafts in
patients who received RBCTs.'* No clear mecha-
nism has vyet been identified behind the
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Table IV. Multivariate regression of factors associated with postoperative duration of stay (negative

binomial regression)

Factor Relative risk 95% CI P value
Age (y) 1.01 0.99-1.02 .092
Female sex 0.75 0.56-0.99 .042
Preoperative serum albumin (g/L) 0.99 0.97-1.01 494
Diagnosis
Cholangiocarcinoma 1.50 0.56-3.96 418
Colorectal liver metastases 1.24 0.50-3.10 .644
Hepatocellular carcinoma 1.35 0.51-3.57 .539
Neuroendocrine liver metastases 1.36 0.44-4.24 592
Other benign liver disease 2.33 0.53-10.27 264
Other liver metastases 1.11 0.38-3.24 .843
Other malignant liver disease Reference
Preoperative anemia* 1.04 0.78-1.39 769
Surgeon
1 0.81 0.59-1.12 212
2 0.88 0.51-1.52 .658
3 0.97 0.72-1.31 837
4 Reference
Largest lesion =5 cm 1.02 0.77-1.35 .867
Major liver resectionf 1.17 0.88-1.56 .265
Operative time (h) 1.01 0.97-1.06 .661
Intraoperative complication 0.64 0.37-1.11 110
Perioperative RBC transfusion 1.47 1.13-1.91 .005

*Hemoglobin =130 g/L.
tMajor liver resection: >3 liver segments.
RBC, Red blood cell.

impairment in immunity created by transfusions.
Hypotheses include a decrease in natural killer
cell function, decreased T-cell function, increased
number of suppressor T cells, and impaired macro-
phagic and monocytic functions.'” Furthermore,
the duration of storage of the blood has been
implicated in adverse effects from transfusions,
with a greater number of inflammatory cytokines
and other bioactive molecules being generated
with prolonged storage.w’28

Beyond the detrimental impact on short-term
outcomes after surgery, RBCTs have also been
associated with worse long-term outcomes,
including cancer recurrence and survival. Indeed,
RBCTs have been related to decreased overall
survival and decreased disease-free survival in
gastric, breast, lung, and colorectal cancers. 299!
Ascertaining the effects of RBCTs on oncologic
outcomes after liver resection fell beyond the
scope of the current study; however, previous
work has highlighted how postoperative MM
can translate into worse long-term outcomes,
such as inferior disease-free survival, disease-
specific survival, and overall survival for colorectal
liver metastases.”

Our findings further support the rationale to
use comprehensive management strategies aimed

at decreasing the rate of RBCT after hepatectomy.
By defining the potential for detrimental effects of
RBCTs on posthepatectomy morbidity with
contemporary management of liver resection, this
study highlights an opportunity to improve the
care of those patients. Although some RBCT
cannot be avoided, a nonnegligible proportion
can be deemed unnecessary according to current
guidelines. In a recent, retrospective institutional
review of transfusion practices in hepatobiliary
surgery, up to one-half of transfusions were consid-
ered unnecessary.”’ Indeed, variation in transfu-
sion practice regarding both transfusion rates
and “triggers” for transfusion suggests the need
to standardize these criteria based on available
evidence.”**’ Thus, it is possible that some RBCTs
may be avoided safely with the uptake of more
restrictive strategies for transfusion.”"' The imple-
mentation of dedicated blood conservation pro-
grams to promote the adoption of this evidence
has proven successful in decreasing the use of
RBCTs by =<50% in colorectal, orthopedic, and car-
diac operations.”"" For cardiac artery bypass, such
programs have also resulted in decreased
morbidity, mortality, and ensuing costs in a
before-and-after study including >40,000 patients
in multiple US institutions.”* Those programs
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rely on multidisciplinary transfusion education ses-
sions, transfusion consultation services, and
mandated documentation of indications for trans-
fusions. Identifying specific predictors of the need
for RBCT during and after hepatectomy fell
beyond the scope of this study, but prior works
have focused on developing tools to determine
which patients are at a greater risk for requiring
RBCT and on whom blood management strategies
should focus more specifically.””

Strengths of this study include the large sample
size, contemporary timing, and inclusion of
detailed preoperative and intraoperative data in
an adjusted analysis of the association between MM
and RBCTs. Our work provides a unique assess-
ment of the effects of RBCTs on perioperative
outcomes after partial hepatectomy. We acknowl-
edge the limitations implied by the retrospective
design of the study, especially the potential infor-
mation bias and unknown confounders that we
cannot account for. In particular, the leap from
association to causation is not possible with this
retrospective design. Nevertheless, the indepen-
dent association between RBCT and inferior out-
comes should not be overlooked. These data
further the rationale to attempt to decrease
RBCT use, especially in light of the large propor-
tion of wunnecessary transfusions still being
administered.

In conclusion, receipt of RBCT is independently
associated with perioperative MM and prolonged
hospitalization after partial hepatectomy after ad-
justing for known potential confounders. These
findings further the rationale to attempt to
decrease the use of RBCT for hepatectomy, which
could be accomplished through the development
and implementation of more comprehensive stra-
tegies for perioperative blood management.
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