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ABSTRACT

Objectives: Orthotopic liver transplantation (OLT) can 
require substantial usage of blood products. Higher rates 
of transfusion have been associated with increased length 
of hospital stay, higher rates of infection, graft failure, and 
mortality. This study was a retrospective analysis to assess 
the impact of quality improvement interventions in OLT.

Methods: Data collection included demographics, 
preoperative and intraoperative data, blood utilization, 
and cost data. Statistical analysis was performed using R 
software.

Results: Total blood product utilization was reduced by 
approximately 50%. Statistically significant decreases 
were noted in blood product usage in the intraoperative and 
first 48-hour postoperative utilization, the number of OLTs 
using fewer than five RBC units, length of hospital stay, 
and cost.

Conclusions: This study showed successful 
implementation of quality improvement team interventions 
to reduce blood utilization during OLT. Reduced 
transfusion significantly correlated with decreased length 
of hospital stay and cost.

Orthotopic liver transplantation (OLT) can require 
up to 10 times as many units of blood products as a 
heart transplant.1-3 This substantial blood usage in OLT 
has been attributed to multiple factors, including patient 
preexisting comorbidities, liver failure or splenomegaly, 
intraoperative and postoperative bleeding, the presence 
of low or dysfunctional platelets, clot lysis, enhanced 
proteolysis, graft dysfunction, and technical failures.4-8 
Higher rates of transfusion have been associated with 
increased length of hospital stay, higher rates of infection, 
graft failure, and mortality.9-11 Although it is not clear if  
blood transfusion represents an independent risk factor 
for the abovementioned outcomes, research showed that 
it is associated with defined infectious and noninfectious 
complication risks,12-14 some of which appear increased 
in the OLT setting.15 Based on this knowledge, restrictive 
transfusion practice and multidisciplinary approaches 
to reduce blood utilization are recommended to prevent 
avoidable patient harm and to decrease cost.16-18 In addi-
tion, despite the myriad factors that affect the bleeding 
risk and the variability of transfusion practice in OLT,19,20 
some researchers found that transfusion-free surgery is 
increasingly feasible.21

In a previous study, we described how we provide 
blood transfusion support in liver transplantation22 
through a multidisciplinary team that includes anes-
thesiologists, surgeons, blood bank technologists, and 
transfusion medicine specialists. Transfusion decisions 
are directed by anesthesiologists and based on a patient’s 
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observed clinical bleeding and/or signs of hemodynamic 
instability in conjunction with pre- and intraoperative 
laboratory data, such as hemoglobin (Hb), platelet count, 
fibrinogen, prothrombin time (PT), international normal-
ized ratio (INR), and activated partial thromboplastin 
time (aPTT). Laboratory data are used to identify poten-
tial causes of bleeding rather than an immediate trigger 
for transfusion. Transfusion medicine specialists are not 
directly involved in the ordering process or perioperative 
blood management. However, they oversee the testing, 
release blood products, and assist with quality improve-
ment expertise.

United Network for Organ Sharing assessment of 
blood utilization revealed that RBC usage during OLT 
at our institution was among the highest nationwide. 
A  Liver Transplant Review Committee (LTRC) was 
appointed to investigate the reasons for this high utiliza-
tion and to implement quality improvement interventions 
to reduce it. This committee, consisting of OLT surgeons, 
anesthesiologists, nurses, quality improvement personnel, 
and transfusion medicine physicians, met regularly to dis-
cuss aspects of practice and opportunities for improve-
ment. This team introduced a number of interventions 
over a period of 6  months. A  retrospective study was 
approved to analyze the improvement in the blood utili-
zation, cost reduction, and possible predictive factors for 
increased blood usage in the context of the implemented 
interventions. In this article, we report the results of that 
analysis, including cost analysis and quality improvement 
data, spanning a period of 3 years. The main purpose of 
this retrospective study was to determine if  blood utiliza-
tion and OLT cost followed specific quality improvement 
interventions.

Materials and Methods

This study of transfusion in OLT took place from 
July 1, 2010, to July 31, 2013. The study sample consisted 
of 324 liver transplant surgeries performed in two hos-
pitals: 75% performed at Vanderbilt University Medical 
Center (hospital 1)  and 25% performed at the Veterans 
Administration of Tennessee Valley Health Care System 
(hospital 2). Approval for the study was obtained from 
both the Vanderbilt Internal Review Board (IRB) and the 
LTRC. The LTRC met regularly during the study period. 
Initial discussions included review of benchmark OLT 
blood utilization studies from American and Canadian 
transplant groups and the literature on predictors of 
blood utilization in OLT. Initial assessment included 
data collection from the electronic medical records of the 

patient population with the International Classification 
of Diseases, Ninth Revision (ICD-9) procedure code 50.59 
(orthotopic liver transplant) specified as the primary 
procedure. Patients younger than 18 years were excluded 
from the study.

In 2011, comparison with hospitals having more than 
50 cases revealed that our institution had the fourth highest 
OLT blood usage nationwide. The LTRC undertook mul-
tiple direct and indirect interventions aimed to decrease 
blood utilization during the OLT procedure, including (1) 
designation of blood transfusion “champion” anesthe-
siologists and nurses who monitored and reduced blood 
utilization in OLT operating rooms; (2) introduction of 
the cell saver; (3) adherence to a standardized safe surgi-
cal technique; (4) requesting surgeons to consider mind-
fully “slowing down,” especially during critical operative 
moments of OLTs, with greater attention to hemostasis23; 
(5) adherence to standard laboratory transfusion triggers 
for transfusions of fresh-frozen plasma (FFP) (PT >14 
seconds; aPTT >35 seconds), Hb (<8 g/dL), and fibrin-
ogen (<180  mg/dL) whenever these measurements were 
received from the laboratory; (6) better communication 
with anesthesia over the progress of the case; and (7) 
organization of regular educational meetings among phy-
sicians, nurses, and staff. The goal of the meetings was to 
improve utilization rates and implement enhancing strat-
egies. Implementation of these changes took place over 
the course of 6 months (from January 1, 2012, to June 30, 
2012; designated as period 2).

All OLT operations were performed in standard pig-
gyback fashion in which the hepatic veins were clamped 
and the vena cava was not interrupted. Blood transfusions 
were administered intraoperatively based on patients’ 
bleeding status in the surgical field. All patients were 
discharged with hemoglobin in the normal range (above 
8 mg/dL) per surgical discharge protocol.

A retrospective study was approved by the IRB to 
assess and compare the effects of  the quality improve-
ment interventions in the preintervention period (July 
1, 2010, to December 31, 2011; designated as period 
1)  with the postintervention period (July 1, 2012, to 
July 31, 2013; designated as period 3). We selected the 
candidate dependent variables based on their biolog-
ical and clinical representativeness (face validity) and 
included the following factors: patient data (age, race, 
sex, height, weight, disease etiology, previous abdomi-
nal surgeries), preoperative Model for End-Stage Liver 
Disease (MELD) scores, preoperative laboratory values 
(Hb, platelet count, INR for prothrombin activity, and 
fibrinogen), various intraoperative data (attending sur-
geon and anesthesiologist, length of  surgery, warm and 
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cold ischemia time, cell saver volume), intraoperative 
and 48-hour postoperative utilization of  blood compo-
nents, and clinical outcome data (30-day and 1-year graft 
survival, retransplant, spontaneous bacterial peritonitis 
and portal vein thrombosis occurrence, and length of 
hospital stay). In addition, the cost of  blood and related 
testing (referred to as blood cost) and total OLT cost 
were extracted by diagnosis-related groups (DRGs) for 
OLT per case. Blood utilization charges and total OLT 
charges were extracted for DRG-005 (with major comor-
bidities) and DRG-006 (without major medical comor-
bidities). Blood cost included, as mentioned above, the 
cost of  blood products and processing and blood testing 
(blood type, antibody screen, crossmatch, and transfu-
sion reaction workup, if any).

Statistical Analysis

All statistical analyses were performed in R (open 
source, www.r-project.org) version 3.4.2. The original 
scores violated the assumption of  normality; therefore, 
the difference between periods (ie, period 1 vs period 
3)  was evaluated based on several nonparametric tests, 
as follows: (1) Mann-Whitney U test for continuous vari-
ables, (2) Pearson χ2 test and Fisher exact test for catego-
rical variables, and (3) Scheirer-Ray-Hare test followed 
by Mann-Whitney U test for both continuous and cat-
egorical variables. Box-and-whisker plots were used to 
show the median, minimum, and maximum values, as 
well as the interquartile range for each group. Moreover, 
kernel density curves were plotted to estimate the popula-
tion distribution based on the sample data. The amount 
of  missing data was relatively small (ie, <4%). Missing 
values of  the continuous variables were imputed using 
multiple imputation by chained equations package in 
R.24 In addition, missing values of  the categorical vari-
able values were excluded from analysis. All tests were 
two tailed, and a P value less than .05 was considered 
statistically significant.

Results

Demographic and Patient Primary Diagnoses

Demographic and surgical characteristics of the 
study population are presented in ❚Table 1❚. The popula-
tion was 84% white and 70% male. There were no statisti-
cally significant differences in the demographic variables 
among any of the study periods. However, more patients 
with previous abdominal surgery were present in period 1 
(P = .001; odds ratio [OR], 2.96; confidence interval [CI], 
1.42-6.56). Overall, 30% of patients had cirrhosis due to 
hepatitis C virus, 23% hepatoma and/or hepatocellular 
carcinoma, 15% fatty liver cirrhosis, 10% alcoholic cir-
rhosis, and 22% other (including cryptogenic cirrhosis, 
autoimmune cirrhosis, primary sclerosing cholangitis, 
primary biliary cirrhosis, biliary atresia, α1 antitrypsin 
deficiency, primary oxalosis, Wilson disease, hemochro-
matosis, Budd-Chiari syndrome, and cirrhosis due to 
hepatitis B or B and C). No statistically significant differ-
ences between diagnoses occurrence were found between 
study groups except for cirrhosis due to hepatitis C, which 
was more common preintervention (30.1% vs 13.6%, 
P <  .001). For other potential confounders, such as the 
presence of incidental tumor at the time of transplant, 
which could potentially lead to more bleeding, the differ-
ences between pre- and postintervention study times were 
not statistically significant.

Preoperative Data

Preoperative variables are presented in ❚Table  2❚. 
There were no statistically significant differences in the 
preoperative variables (age, sex, height, weight, total Hb, 
INR, platelet count, and MELD) in any of the three 
study periods.

Intraoperative Data

Box-and-whisker plots of the intraoperative RBC 
usage by individual anesthesiologists and opening 

❚Table 1❚ 
Characteristics of the Patient Population Over the Three Study Periodsa

Variable Period 1 (n = 156) Period 2 (n = 43) Period 3 (n = 125)

Age, mean ± SD, y 55.74 ± 9.03 55.12 ± 9.41 57.38 ± 8.67
Male 102 (65.38) 33 (76.74) 93 (76.00)
Race
 White 125 (83.89) 36 (83.72) 109 (87.20)
 African American 13 (8.72) 5 (11.63) 10 (8.00)
 Asian/Alaskan/Indian 1 (0.67) 0 2 (1.60)
 Unknown 10 (6.71) 2 (4.65) 4 (3.20)
Weight, mean ± SD, kg 85.82 ± 18.53 89.86 ± 20.61 88.71 ± 16.59
Height, mean ± SD, cm 173.30 ± 10.34 175.40 ± 10.17 174.80 ± 9.05

aValues are presented as number (%) unless otherwise indicated.
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surgeons are illustrated in ❚Figure 1❚. Intraoperative usage 
of FFP and cryoprecipitate, as well as RBC utilization 
within the first 48 hours and all blood product utilization 
within the first 48 hours, was significantly associated with 
the anesthesiologist. Mean intraoperative RBC usage 
among all anesthesiologists was 11.3 ± 16.58 units.

Intraoperative variables are illustrated in Table  2. 
From period 1 to period 3, surgery time and warm 
ischemia time slightly increased (from 5.06  ±  1.15 
hours to 5.46 ± 1.24 hours and 31.13 ± 7.83 minutes to 
36.17  ±  14.92 minutes, respectively), whereas cold isch-
emia time slightly decreased (from 5.89 ± 2.68 hours to 
5.38 ± 2.95 hours). These changes paralleled an increase 
in cell saver volume from 570.64 ± 1,315.36 mL to 1,349 ± 
1,794.56 mL.

Blood Utilization

❚Table 3❚ shows that total blood product utilization was 
reduced by about 50% (from 49.26 to 25.15 units) follow-
ing the quality improvement interventions between periods 
1 and 3 of the study. The reduction in blood utilization 
was statistically significant for all blood products (P < .05) 
except for platelets (intraoperatively) and cryoprecipitate 
(during the first 48 hours postoperatively). Intraoperative 
RBC usage was also decreased by 50%. Kernel density 
curves showing the reduction in the intraoperative RBC 
usage pre- and postintervention are illustrated in ❚Figure 2❚.

The number of liver transplants using more than five 
RBC units intraoperatively decreased by approximately 
30% (82.69% preintervention vs 59.2% postintervention, 
P = .01).

Outcome Data

The average length of stay decreased from 
14.35  ±  13.02  days in period 1 to 11.46  ±  9.45  days in 

period 3, and this decrease was statistically significant (P 
= .03). The 30-day graft survival was not statistically sig-
nificant between the two groups.

Cost Data

The total blood cost was calculated as the sum of the 
cost of blood products and related processing and testing 
per case. This was reduced postintervention by 42.06% 
(from $7,404 ± $3,166 to $4,290 ± $1,583) for OLT with 
major comorbidities (DRG-005) and by 49.99% (from 
$3,939  ±  $3,094 to $1,970  ±  $837) for OLT without 
major comorbidities (DRG-006). The total OLT cost 
was also reduced by 24.09% (from $90,614 ± $33,466 to 
$68,785  ±  $11,625) for OLT with major comorbidities 
(DRG-005) and by 9.41% (from $52,726  ±  $10,728 to 
$47,762 ± $4,038) for OLT without major comorbidities 
(DRG-006). The total blood cost fraction of the total 
OLT cost also decreased from 8.17% to 6.23% and from 
7.47% to 4.12% for OLT with and without major comor-
bidities, respectively.

Other Findings

Portal vein thrombosis (P  =  .01; OR, 3.22; 95% 
CI, 1.11-11.39) and spontaneous bacterial peritonitis 
(P < .001; OR, 4.64; 95% CI, 1.93-12.90) were decreased 
in the postintervention period.

Discussion

This retrospective study assessed the aggregate 
effects of  multiple quality improvement interventions 
and showed successful reduction in blood product uti-
lization and cost. We studied a total of  44 variables in 
324 consecutive OLT cases performed at hospitals 1 and 

❚Table 2❚ 
Pre- and Intraoperative Variablesa

Variable Period 1 (n = 156) Period 2 (n = 43) Period 3 (n = 125) P Value, Period 1 vs 3

Preoperative variables
 Hemoglobin, g/dL 10.59 ± 2.05 10.56 ± 2.32 10.43 ± 2.32 .42
 Platelet count, 109/L 74.69 ± 49.16 83.77 ± 57.28 74.24 ± 41.46 .30
 INR 1.92 ± 0.77 1.87 ± 0.46 1.95 ± 0.71 .42
 Fibrinogen, mg/dL 196.60 ± 99.64 217 ± 105.91 197.60 ± 95.32 .29
 MELD score 19.69 ± 8.81 20.84 ± 8.75 20.41 ± 9.11 .37
 Previous abdominal surgery, No. (%) 38 (24.68) 5 (11.63) 12 (9.92) .015
Intraoperative variables
 Surgery time, h 5.06 ± 1.15 5.57 ± 1.35 5.46 ± 1.24 2.60E-16
 Warm ischemia time, min 31.13 ± 7.83 34.09 ± 7.45 36.17 ± 14.92 1.91E-06
 Cold ischemia time, h 5.88 ± 2.68 5.82 ± 2.41 5.38 ± 2.95 2.00E-02
 Cell saver volume, mL 570.64 ± 1,315 1,324 ± 1,981.06 1,349 ± 1,794.56 2.60E-16

INR, international normalized ratio; MELD, Model for End-Stage Liver Disease.
aValues are presented as mean ± SD unless otherwise indicated.

Am J Clin Pathol 2019;151:395-402
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2 over a period of  3 years, divided into a preinterven-
tion period (period 1), intervention period (period 2), 
and postintervention period (period 3). The decrease in 
blood utilization was significant for most blood prod-
ucts, especially intraoperative RBCs. The introduction 
of  the cell saver significantly correlates with the decrease 
in blood transfusions. The blood volume used via cell 
saver was almost 40% greater in the postintervention 
period. The reduction in intraoperative RBC usage and 
total blood product utilization, as well as the increases 
in cell saver volume, likely reflected the effectiveness 
of  this intervention, implemented in period 2.  Other 

measures, such as education and team consensus, may 
have also played an important role, but they were not 
quantified.

The statistically significant association between 
reduced blood product usage and decreased postinter-
vention total blood cost is expected. The total blood cost 
represents less than 10% of the total OLT cost across all 
periods, but this fraction is also decreased in the postin-
tervention period by 2% to 3%, and it is possible that 
the decrease in OLT cost is associated with decreased 
length of hospital stay. The association of the decreased 
incidence of portal vein thrombosis and spontaneous 

A B

C D

❚Figure 1❚ Box-and-whisker plots of the RBC intraoperative usage by opening surgeons (A, B) and anesthesiologists (C, D). 
The surgeons and anesthesiologists were independent of each other and not paired teams. The median (horizontal line within 
each box), the 25th percentile (lower edge of the box), and the 75th percentile (upper edge of the box) are displayed. The 
whiskers (vertical lines) indicate the minimum and maximum values within the data set. The length of the box represents the 
interquartile range (IQR). The dots indicate the outliers. Some of the outliers are not shown.

Am J Clin Pathol 2019;151:395-402
DOI: 10.1093/ajcp/aqy154
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bacterial peritonitis with the postintervention period is 
not clear; these are likely confounding factors.

Massicotte et al25 examined in a retrospective study 
20 variables in 206 successive liver transplants from 
cadaveric donors over a period of  52  months, includ-
ing patient data (age, sex, height, diagnosis, history of 
abdominal surgery, previous liver transplant, starting 
Hb, starting INR, starting platelet count, central venous 
pressure, body temperature, and Pugh and MELD 
scores) and operative factors (surgeon, anesthesiologist, 
surgeon work shift, clamping time, duration of  cold isch-
emia). Like us, they found that demographic data did 
not correlate with transfusion requirements. Only seven 
variables (starting INR, starting platelet count, starting 
Hb value, MELD score, Pugh score, and diagnosis) in 

univariate analysis were correlated with increased trans-
fusion rate. In contrast, this study shows that decreased 
intraoperative RBC usage did not correlate with preop-
erative Hb, platelet count, INR, and MELD. We agree 
that the predicting factors are difficult to interpret, and 
in addition, our study was not designed to provide a 
comprehensive assessment or predictors of  blood trans-
fusion but instead was a quality improvement endeavor. 
Nevertheless, a comparison with their transfusion rates 
suggests that there are additional opportunities for 
improvement at our institution. For example, the best 
transfusion rates in our study (period 3)  were greater 
than their reported mean intraoperative RBC usage of 
2.8  ±  3.5 RBC units per case. However, other studies 
show intraoperative RBC transfusion rates similar to 
ours, in the range of  6 ± 3.7 RBC units.26

The main limitation of  our study derives from its 
retrospective design. Although retrospective designs are 
subject to numerous threats to both internal and external 
validity that alter the interpretation and generalizability 
of  the results,24 we believe that this approach does not 
significantly affect the results of  our study. This limita-
tion is shared by most studies reported in the literature 
that identify transfusion practices of  OLT. A second lim-
itation lies in the inability to tease apart the contributions 
of  individual surgical factors potentially affecting blood 
utilization since these interventions were introduced at 
different times during intervention period 2. It is known 
that surgical technical factors are associated with bleed-
ing and transfusion requirements. In addition, numerous 
surgical techniques and associated approaches, includ-
ing venovenous bypass, autologous blood transfusion, 
volume expansion, use of  cauterization, and the use of 
the piggyback transplantation method, can be associ-
ated with decreased blood product usage.6 The impact 

❚Table 3❚ 
Blood Utilization

Variable
Period 1 (n = 156),  
Mean ± SD

Period 2 (n = 43),  
Mean ± SD

Period 3 (n = 125),  
Mean ± SD

P Value, Period  
1 vs 3

Intraoperative
 RBC, units 14.25 ± 17.42 12.95 ± 25.66 7.14 ± 9.20 5.78E-11
 FFP, units 16.78 ± 15.92 17.93 ± 22.14 10.88 ± 11.72 3.46E-06
 Platelets, units 1.47 ± 2.25 1.63 ± 2.06 1.10 ± 1.37 .07
 Cryoprecipitate, doses 0.43 ± 0.69 0.97 ± 1.30 0.74 ± 1.01 .007
 All blood products, units 32.93 ± 34.66 33.48 ± 49.80 19.85 ± 22.09 1.70E-07
Postoperative
 RBC, units 8.31 ± 14.71 4.67 ± 7.08 2.68 ± 3.86 4.07E-06
 FFP, units 6.19 ± 11.90 3.37 ± 5.85 1.94 ± 3.20 8.40E-03
 Platelets, units 1.58 ± 2.79 0.77 ± 1.65 0.56 ± 1.19 7.33E-05
 Cryoprecipitate, doses 0.25 ± 0.60 0.13 ± 0.40 0.12 ± 0.35 1.20E-01
 All blood products 48 hours, units 16.32 ± 29.30 8.94 ± 14.29 5.30 ± 7.84 3.70E-05
All blood products, units 49.26 ± 50.63 42.42 ± 58.99 25.15 ± 25.76 9.10E-08

❚Figure 2❚ Kernel density estimation of the reduction in 
intraoperative RBC usage preintervention (A) and postinter-
vention (B).

Am J Clin Pathol 2019;151:395-402
DOI: 10.1093/ajcp/aqy154
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of mindful “slowing down” in surgery with “cognitive 
refocusing” to increase attention during critical moments 
of  operative practice has also been well described.23 The 
series of  quality improvement interventions implemented 
to decrease the number of  transfusions resulted in a sig-
nificant reduction in blood utilization from 13 RBC 
units down to about 6 units. The clinical outcomes are 
not causally attributed to reduced transfusion; rather, 
the interventions cumulatively resulted in a reduction in 
blood transfusions.

Another limitation is the lack of a comprehensive 
list of preoperative risk factors (ie, ascites, preoperative 
bilirubin, and creatinine and urea levels) that were found 
to predict the transfusion requirements in OLT in some 
studies26-28 or documentation of pharmacological means 
to minimize blood loss (aprotinin, epsilon-aminocaproic 
acid, tranexamic acid, or others). However, other authors 
found that variables such as bilirubin and creatinine were 
not statistically significant,29 and the role of some drugs 
for reducing blood requirements remains controversial.30,31 
Moreover, our study was not directly aimed at compre-
hensive identification of specific predictors for transfu-
sion requirements during OLT but rather at improving 
the group practice and reduction in blood utilization. It 
is not clear why decreased rates of portal vein thrombosis 
and spontaneous bacterial peritonitis were found in the 
postintervention period. Further studies aimed at defin-
ing the role of comorbidities may perhaps elucidate this. 
Overall, this study shows that multidisciplinary teams can 
significantly reduce the RBC and total blood product uti-
lization during OLT.

Conclusions

This study showed successful implementation of qual-
ity improvement interventions by a multidisciplinary team 
to improve blood utilization during OLT. Reduced trans-
fusions were associated with decreased cost and length of 
hospital stay but did not affect the 1-year survival.

Corresponding author: Quentin Eichbaum; quentin.eichbaum@
vanderbilt.edu.
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