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a b s t r a c t

Background: Administration of blood products may be associated with increased morbidity and peri-
operative mortality in surgical patients.
Methods: Patients aged 18 þ who underwent gastrointestinal surgery at the Ohio State University
Wexner Medical Center 9/10/2015-5/9/2018 were identified. Multivariable logistic regression models
were used to evaluate impact of blood product use on survival and complications, as well as to identify
factors associated with receipt of transfusions.
Results: Among 10,756 patients, 35,517 units of blood products were transfused. Preoperative nadir
hemoglobin was associated with receipt of blood product transfusion (OR 0.55, 95% CI 0.53, 0.68). After
adjusting for patient and procedural characteristics, patients undergoing transfusion of blood products
had an increased risk of perioperative mortality (OR 7.80, 95% CI 6.02, 10.10).
Conclusions: The use of blood products was associated with increased risk of complication and death.
Patient blood management programs should be implemented to provide rational criteria and guidance
for the transfusion of blood products.

© 2018 Elsevier Inc. All rights reserved.
Summary

The objective of the current study was to examine the use of
blood products among patients undergoing gastrointestinal sur-
gery at a large academic tertiary care center and to evaluate the
impact of blood product use e including packed red blood cells,
fresh frozen plasma, pooled platelets and cryoprecipitate - on
perioperative morbidity and mortality. Among 10,756 patients
included in the study, the most commonly performed procedures
were exploratory laparotomy, cholecystectomy, colectomy and
hernia repair. Patients who received blood products more
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commonly experienced a perioperative complication versus pa-
tients who did not receive blood products. After adjusting for pa-
tient and procedure factors, receipt of a transfusion also remained
associated with an increased risk of perioperative mortality.
Introduction

Blood transfusions can be lifesaving and are recommended for
patients with acute hemorrhage, hemodynamic instability, or
inadequate oxygen delivery.1 However, the administration of blood
products may be associatedwith increasedmorbidity andmortality
in some surgical patients.2e9 In addition, excessive blood product
utilization has potential detrimental consequences for the health-
care system including overburdening of the blood bank staff,
depletion of blood bank resources, and increased costs.10,11 While
the median price paid per unit in 2015 was $211 for leukocyte-
reduced red blood cells, $524 for apheresed platelets, and $54 for
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fresh frozen plasma, the total overall cost including the retrieval,
transport, and preparation of blood products may be significantly
underestimated.12 As such, there has been much effort in recent
years to reduce the unnecessary administration of blood products
in hospitalized patients. As a result, The National Blood Collection
and Utilization Survey reported an overall reduction in blood
product collection, distribution and transfusion in recent years.12

Current guidelines regarding transfusion of packed red blood
cells and other blood products recommend restrictive transfusion
strategies e limiting the transfusion of packed red blood cells to
patients with a nadir hemoglobin of less than 7 or 8mg/dl.13,14 In
addition, center-specific patient blood management programs
often implement alternative strategies to address anemia such as
the use of erythropoietin and iron supplementation with beneficial
effects.11,15e18 However, despite evidence that the transfusion of
blood products has a negative impact on clinical outcomes, peri-
operative transfusion practices remain varied in patients under-
going both cardiac and major non-cardiac surgery.19e23

Given the variation seen in the use of blood products, the
objective of the current study was to examine the use of blood
products among patients undergoing gastrointestinal surgery at a
large academic tertiary care center. In addition, we aimed to eval-
uate the impact of blood product use e including packed red blood
cells, fresh frozen plasma, pooled platelets and cryoprecipitate - on
perioperative morbidity and mortality. Furthermore, we sought to
identify patient and procedural characteristics that were associated
with increased risk of receiving a blood product transfusion.

Methods

Cohort selection

All patients aged 18 years and older who underwent gastroin-
testinal surgery at the Ohio State UniversityWexnerMedical Center
between 9/10/2015 and 5/9/2018 were identified. Patients who
underwent an operation of the liver, pancreas, bile duct, esophagus,
stomach, small bowel, colon, rectum, appendix, and spleen were
included. Additionally, patients who underwent exploratory lapa-
rotomy and miscellaneous procedures, inguinal and ventral her-
niorrhaphy, cholecystectomy, fundoplication and paraesophageal
herniorrhaphy, weight loss surgery, and transplants of the kidney,
pancreas and liver were included. Patients with bothmalignant and
benign diagnoses were included.

Patient demographics including age, race, body mass index
(BMI), smoking and alcohol use status were obtained. Comorbid-
ities known to be associated with short-term and long-term patient
outcomes after surgery were collected and included chronic
obstructive pulmonary disease (COPD), myocardial infarction (MI),
congestive heart failure (CHF), peripheral vascular disease (PVD),
dementia, cerebrovascular accident (CVA), chronic lung disease,
rheumatic disease, chronic liver disease, diabetes mellitus with and
without end organ damage, hemiplegia, renal disease, and malig-
nancy. The indication for surgery, operative time, emergency status,
and American Society of Anesthesiology (ASA) class were also
collected.

Blood product transfusion data included the receipt and total
units of packed red blood cells (PRBC), cryoprecipitate, platelets,
and fresh frozen plasma (FFP) transfused. Additionally, the utiliza-
tion of massive transfusion protocol (MTP) was recorded. Preop-
erative, intraoperative and postoperative hemoglobin, hematocrit,
platelets and international normalized ratio (INR) were also
collected. Common perioperative morbidities examined included
surgical site infection (SSI), deep venous thrombosis (DVT), pul-
monary embolism (PE), pneumonia, acute myocardial infarction
(MI), urinary tract infection (UTI), acute renal failure (ARF), stroke,
and sepsis that occurred during the index hospital stay. Perioper-
ative mortality was defined as death that occurred within 90 days
from the date of surgery. The study was approved by the Institu-
tional Review Board of the Ohio State University Wexner Medical
Center with a waiver of patient consent.

Statistical analysis

Non-normally distributed continuous variables were summa-
rized using median and interquartile ranges. Normally distributed
continuous variables were summarized using median and inter-
quartile range. Categorical variables were reported as frequencies
and percentages. Chi-squared or Fisher's exact test were used to
perform univariate comparisons. In order to provide appropriately
adjusted models, all variables were also included in the multivar-
iate comparisons. Secondary analyses were performed to assess
non-transplant patients only, as well as to assess outcomes among
patients who were transfused 1e3 versus >3 units of blood prod-
ucts. All analysis was completed using Stata/MP 14.2.

Results

Baseline characteristics

There were 10,756 patients who met the inclusion criteria
(Table 1). Themajority of patients were female (N¼ 5,828, 54%) and
white (N¼ 8,874, 83%). Median age was 55 years old (Interquartile
range [IQR] 41, 65) and median BMI was 30 (IQR 26, 37). Comor-
bidities were common and included COPD (N¼ 2,163, 20%), ma-
lignancy (N¼ 2,058, 19%), diabetes mellitus (N¼ 1,966, 18%) and
renal disease (N¼ 1,304, 12%). The most commonly performed
procedures were exploratory laparotomy (N¼ 2,794, 26%), chole-
cystectomy (N¼ 1,796, 17%), colectomy (N¼ 1,336, 12%) and hernia
repair (N¼ 1,071, 10%). Median operative time for all procedures
was 153min (IQR 119e207); 15% of patients underwent emergency
surgery (N¼ 1,638, 15%). The majority of patients were ASA class 2
(N¼ 2,938, 27%), 3 (N¼ 5,513, 51%), or 4 (N¼ 1,488, 14%). The me-
dian preoperative nadir hemoglobin was 10.6mg/dL (95% CI 8.2,
12.9).

Blood product utilization

Overall, 2,182 (20%) patients received a blood product trans-
fusion with a median of 8 (IQR 2, 34) units of blood products
transfused per patient undergoing transfusion; of these 737 (34%)
patients received� 3 units. Among transfused patients, 95% of pa-
tients received packed red blood cells (N¼ 2,076, median 6 units,
IQR 2, 20). In addition, 56% of patients received fresh frozen plasma
(N¼ 1,213, median 8 units, IQR 3, 21), 37% of patients received
platelets (N¼ 798, median 6 units, IQR 2e20), and 24% received
cryoprecipitate (N¼ 529, median 5 units, IQR 3e12). Of note, 207
(10%) patients were transfused on the MTP. Interestingly, most
blood products were ordered (Table 2) by anesthesiologists
(N¼ 15,451, 44%) or other non-surgeon physicians (12,461, 35%); a
smaller sub-set of blood product orders were made by allied health
providers (N¼ 7,052, 20%). The majority of blood products were
ordered individually through manage orders (N¼ 24,700, 70%),
rather than through an order set.

Several patient characteristics were associated with receipt of
blood products (Table 1). Patients who received blood products
were less commonly female (No blood: N¼ 4,843, 56% vs. Blood
N¼ 985, 45%, p< 0.001) and more commonly white (No blood:
N¼ 7,050, 82% vs. Blood: N¼ 1,824, 84%, p< 0.001). Patients who
received blood products were older (No blood: median age 53
years, IQR 39, 64 vs. Blood: median age 60 years, IQR 49, 68,



Table 1
Patient and procedure characteristics (N¼ 10,756).

Variable Entire Cohort (N¼ 10,756) No Blood (N¼ 8,574) Blood (N¼ 2,182) P-value

Age 55 (41e65) 53 (39e64) 60 (49e68) <0.001
Sex - Female 5828 (54%) 4843 (56%) 985 (45%) <0.001
Race
White 8874 (83%) 7050 (82%) 1824 (84%) <0.001
Black 1278 (12%) 1055 (12%) 223 (10%)
Other 674 (5%) 469 (6%) 135 (6%)

Body Mass Index 30 (26e37) 30 (26e37) 30 (25e35) <0.001
COPD 2163 (20%) 1550 (18%) 614 (28%) <0.001
Malignancy 2058 (19%) 1481 (17%) 577 (26%) <0.001
DM 1966 (18%) 1414 (17%) 552 (25%) <0.001
Renal Disease 1304 (12%) 606 (7%) 698 (31%) <0.001
Chronic Liver Disease 827 (8%) 446 (5%) 381 (17%) <0.001
CHF 815 (8%) 388 (5%) 427 (20%) <0.001
PVD 693 (6%) 308 (4%) 385 (18%) <0.001
MI 689 (6%) 421 (5%) 268 (12%) <0.001
Hypertension 504 (5%) 389 (5%) 115 (5%) <0.001
CVA 272 (3%) 129 (2%) 143 (7%) <0.001
Rheumatic Disease 233 (2%) 164 (2%) 69 (3%) <0.001
Hemiplegia 153 (1%) 64 (1%) 89 (4%) <0.001
Dementia 97 (1%) 54 (1%) 43 (2%) <0.001
Current Smoker 2568 (24%) 2045 (24%) 523 (24%) <0.001
Current Alcohol Use 5095 (47%) 4359 (51%) 736 (34%) <0.001
Procedure Category
Laparotomy 2794 (26%) 1384 (16%) 1410 (65%) <0.001
Cholecystectomy 1796 (17%) 1728 (20%) 68 (3%)
Colon 1336 (12%) 1126 (13%) 210 (10%)
Hernia 1071 (10%) 1057 (12%) 14 (0.6%)
Gastric Bypass 929 (9%) 920 (11%) 9 (0.4%)
Appendectomy 702 (7%) 689 (8%) 13 (0.6%)
Fundoplication 603 (6%) 588 (7%) 15 (0.7%)
Pancreas 365 (3%) 313 (4%) 52 (2%)
Colostomy 287 (3%) 209 (2%) 78 (4%)
Liver Transplant 231 (2%) 9 (1%) 222 (10%)
Liver 225 (2%) 195 (2%) 30 (1%)
Small Bowel 143 (1%) 117 (1%) 26 (1%)
Esophagus 118 (1%) 102 (1%) 16 (0.7%)
Gastrectomy 66 (0.6%) 61 (0.7%) 5 (0.2%)
Bile Duct 31 (0.3%) 30 (0.37%) 1 (0.004%)
Renal 9 (0.1%) 5 (0.005%) 4 (0.2%)

Oncologic Indication - Yes 2688 (25%) 2059 (24%) 629 (28%) <0.001
Operative Time (Minutes) 153 (119e207) 146 (112e200) 175 (140e240) <0.001
Emergency Case (Yes) 1638 (15%) 732 (9%) 906 (42%) <0.001
ASA Class
ASA Class I 391 (4%) 389 (5%) 2 (0.009%) <0.001
ASA Class 2 2938 (27%) 2856 (33%) 82 (4%)
ASA Class 3 5513 (51%) 4718 (55%) 795 (36%)
ASA Class 4 1488 (14%) 440 (5%) 1048 (48%)
ASA Class 5 223 (2%) 19 (2%) 204 (9%)

Preoperative Nadir Hemoglobin e Median (IQR) 10.6 (8.2,12.9) 12.1 (10.4, 13.7) 7.9 (6.8, 9.6) <0.001
Intraoperative Nadir Hemoglobin e Median (IQR) 8.7 (7.3, 10.6) 11 (9.7, 12.4) 7.9 (7, 9.1) <0.001
Postoperative Nadir Hemoglobin e Median (IQR) 9.9 (8, 11.7) 10.8 (9.2, 12.1) 7.1 (6.6, 8.3) <0.001

*COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; CHF, congestive heart failure; MI, myocardial infarction; PVD, peripheral vascular disease; CVA, ce-
rebrovascular accident; ASA ¼ American Society of Anesthesiologists.
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p< 0.001) and more often had comorbidities including COPD (No
Blood: N¼ 1,550, 18% vs. Blood: N¼ 614, 28%, p< 0.001), malig-
nancy (No Blood: N¼ 1,481, 17% vs. Blood: N¼ 577, 26%, p< 0.001),
diabetes mellitus (No Blood: N¼ 1,414, 17% vs. Blood: N¼ 552, 25%,
p< 0.001) and renal disease (No Blood: N¼ 606, 7% vs. Blood:
N¼ 698, 31%, p< 0.001). Patients who received blood products
were also more commonly classified as ASA Class 4 (No Blood:
N¼ 440, 5% vs. Blood: N¼ 1,048, 48%) and ASA Class 5 (No Blood:
N¼ 19, 2% vs. Blood: N¼ 204, 9%) (p< 0.001).

Utilization of blood products also varied by operation type. Pa-
tients who underwent laparotomy (Fig. 1) (No Blood: N¼ 1,384,16%
vs. Blood: N¼ 1,410, 65%) and liver transplant (No Blood: N¼ 9, 1%
vs. Blood: N¼ 222, 10%) more commonly received blood products
versus patients who underwent cholecystectomy (No Blood:
N¼ 1,728, 20% vs. Blood: N¼ 68, 3%) and hernia repair (No Blood:
N¼ 1,057, 12% vs. Blood: N¼ 14, 0.6%) (p< 0.001). Patients who
underwent a transfusion of blood products were more likely to
have had an oncologic indication for their operation (No Blood:
N¼ 2,059, 24% vs. Blood: N¼ 629, 28%, p< 0.001). Median opera-
tive time was higher in the group that received a blood transfusion
(No Blood: 146min, IQR 112, 200 vs. Blood: 175min, IQR 140, 240,
p< 0.001). Perhaps not surprisingly, a larger proportion of patients
who received blood underwent emergency surgery (No Blood:
N¼ 732, 9% vs. Blood: N¼ 906, 42%, p< 0.001).

Factors associated with receipt of red blood cell transfusion

On univariate logistic regression, receipt of blood product
transfusion (Table 3) was associated with a low preoperative nadir
hemoglobin (OR 0.53, 95% CI 0.51e0.55, p< 0.001). Other preop-
erative factors associatedwith receipt of blood transfusion included
increasing age (OR 1.03, 95% CI 1.03e1.03, p< 0.001), female sex



Table 2
Transfusion and ordering data.

Variable N (%)

Product Type Red Blood Cells 18,959 (53%)
Plasma 9639 (27%)
Platelets 4735 (13%)
Cryoprecipitate 2184 (6%)

Order Source Manage Orders 24,700 (70%)
Anesthesia Intra-Op 9451 (27%)
Other 1366 (3%)

Order Creator Type Registered Nurse 21,909 (62%)
Resident 5912 (17%)
Anesthesiologist 3773 (11%)
Nurse Anesthetist 2701 (8%)
Fellow 536 (2%)
Anesthesiologist Assistant 392 (1%)
Nurse Practitioner 277 (1%)

Provider Type Anesthesiologist 15,451 (44%)
Physician 12,461 (35%)
Nurse Practitioner 7052 (20%)
Fellow 48 (1%)
Resident 128 (0.36%)
Nurse Anesthetist 108 (0.30%)
Physician Assistant 58 (0.16%)
Registered Nurse 6 (0.02%)
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(OR 1.57, 95% CI 1.04e1.73, p< 0.001), COPD (OR 1.78, 95% CI
1.60e1.98, p< 0.001), malignancy (OR 1.72, 95% CI 1.54e1.92,
p< 0.001), DM (OR 1.72, 95% CI 1.53e1.92, p< 0.001), renal disease
(OR 6.18, 95% CI 5.47, 6.98, p< 0.001), chronic liver disease (OR 3.86,
95% CI 3.33e4.47, p< 0.001), CHF (OR 5.13, 95% CI 4.43e5.94,
p< 0.001), and PVD (OR 5.75, 95% CI 4.91e6.74, p< 0.001). Pro-
cedure types associated with increased risk of receiving blood
product transfusions included esophagectomy (OR 8.31, 95% CI
3.88e17.77, p< 0.001), gastrectomy (OR 4.34, 95% CI 1.50e12.60,
p¼ 0.007), laparotomy (OR 54.00, 95% CI 31.04e93.93, p< 0.001),
liver resection (OR 8.15, 95% CI 4.17e15.93, p< 0.001), liver trans-
plant (OR 1307, 95% CI 551e3099, p< 0.001), pancreas resection
(OR 8.81, 95% CI 4.73e16.40, p< 0.001), as well as splenectomy (OR
11.63, 95% CI 4.70e28.80, p< 0.001). Other associated factors
included oncologic indication (OR 1.28, 95% CI 1.16e1.43, p< 0.001)
and emergency case status (OR 7.76, 95% CI 6.92e8.70, p< 0.001).

On multivariate analysis, low preoperative nadir hemoglobin
(OR 0.55, 95% CI 0.53e0.68, p< 0.001), as well as history of CHF (OR
1.71, 95% CI 1.28e2.28, p< 0.001) and CVA (OR 1.82, 95% CI
1.11e2.98, p¼ 0.017) were associated with increased risk of blood
transfusion. Procedures such as laparotomy (OR 3.62, 95% CI
Fig. 1. Distribution of units of blood transfused, by procedure type.
1.70e7.72, p¼ 0.001), liver resection (OR 7.21, 95% CI 2.04e25.48,
p¼ 0.002), liver transplant (OR 57.05, 95% CI 17.76e183.34,
p< 0.001), and pancreas resection (OR 3.71, 95% CI 1.35e10.19,
p¼ 0.011). Emergency case status (OR 2.21, 95% 1.76e2.77,
p< 0.001) was associated with over a two-fold increased risk of
blood product transfusion.

Perioperative morbidity and mortality

The overall incidence of perioperative morbidity was 12%
(N¼ 1295). Patients who received blood products more commonly
experienced a perioperative complication versus patients who did
not receive blood products (No Blood: N¼ 447, 5% vs. Blood:
N¼ 848, 40%, p< 0.001). The most common complications were
acute renal failure (No Blood: N¼ 122, 1% vs. Blood: N¼ 513, 24%)
and sepsis (No Blood: N¼ 107,1% vs. Blood: N¼ 431, 20%, p< 0.001)
(Table 4). On multivariable logistic regression, patients who un-
derwent transfusion of blood products (red blood cells, fresh frozen
plasma, cryoprecipitate and/or platelets) were three times more
likely to experience a perioperative complication (OR 3.78, 95% CI
3.19e4.50, p< 0.001) (Table 5).

The overall incidence of perioperative mortality within 90 days
from the index operation was 9% (N¼ 1011). Patients who received
a transfusion of blood products were at higher risk of perioperative
mortality compared with patients who did not receive blood
products (OR 22.14, 95% CI 17.62e27.82, p< 0.001) (Table 6). Patient
characteristics associated with increased risk of death included
older age (OR 1.04, 95% CI 1.04e1.05, p< 0.001), female sex (OR
1.76, 95% CI 1.48e2.07, p< 0.001), and the presence of several
comorbidities including COPD (OR 2.44, 95% CI 2.06e2.90,
p< 0.001), DM (OR 1.40, 95% CI 1.16, 1.70, p< 0.001), renal disease
(OR 5.05, 95% CI 4.25e6.02, p< 0.001), chronic liver disease (OR
1.93, 95% CI 1.51e2.47, p< 0.001), CHF (OR 5.65, 95% CI 4.66e6.86,
p< 0.001), and CVA (OR 3.94, 95% CI 2.89e5.42, p< 0.001).
Compared with appendectomy, patients undergoing esoph-
agectomy (OR 6.08, 95% CI 1.21e30.48, p¼ 0.028), emergency lap-
arotomy (OR 49.43, 95% CI 15.84e154.27, p< 0.001), small bowel
resection (OR 12.00, 95% CI 3.06e46.96, p< 0.001) and splenec-
tomy (OR 9.71, 95% CI 1.58e59.50, p¼ 0.014) were at increased risk
of perioperative mortality. Additional factors associated with
increased risk of perioperative death included oncologic indication
(OR 1.46, 95% CI 1.23e1.74, p< 0.001) and emergency case status
(OR 6.61, 95% CI 5.57e7.83, p< 0.001).

In the adjusted logistic regression model of overall survival
(Table 6), patient factors associated with increased risk of death on
adjusted logistic regression included increasing age (OR 1.02, 95% CI
1.02e1.03, p< 0.001), female sex (OR 1.39, 95% CI 1.13e1.71,
p¼ 0.002), COPD (OR 1.68, 95% CI 1.35e2.09, p< 0.001), renal dis-
ease (OR 1.35, 95% CI 1.07e1.70, p¼ 0.011), chronic liver disease (OR
2.17, 95% CI 1.56e3.00, p< 0.001), congestive heart failure (OR 1.42,
95% CI 1.08e1.85, p¼ 0.011), and PVD (OR 1.74, 95% CI 1.34e2.26,
p¼ 0.021). After adjusting for patient and procedure factors, receipt
of a transfusion also remained associated with an increased risk of
perioperative mortality (OR 7.79, 95% CI 6.02e10.10, p< 0.001).

Secondary analyses

A secondary analysis that excluded patients who underwent
liver or renal (N¼ 240) transplantation was performed. Among
these 10,516 patients, 19% (N¼ 1956) of patients received a blood
product transfusion (median 6 units (IQR 2e28) transfused per
patient). Overall patient characteristics, as well as the incidence of
complications among non-transplant patients was comparable to
the overall cohort. Among non-transplant patients, preoperative
nadir hemoglobin remained associated with receipt of blood



Table 3
Univariate and multivariate logistic regression for blood product transfusion.

Variable Univariate OR (95% CI) P-Value Multivariate OR (95% CI) P-Value

Preoperative Nadir Hemoglobin 0.53 (0.51, 0.55) <0.001 0.55 (0.53, 0.68) <0.001
Age 1.03 (1.03, 1.03) <0.001 1.00 (1.00, 1.00) 0.718
Sex - Female 1.57 (1.04, 1.73) <0.001 1.08 (0.89, 1.29) 0.453
Race
White Ref. Ref.
Black 0.82 (0.70, 0.96) 0.012 0.70 (0.53, 0.92) 0.011
Other 1.10 (0.90, 1.35) 0.334 1.07 (0.71, 1.62) 0.747

Body Mass Index 0.98 (0.98, 0.99) <0.001 1.00 (0.99, 1.00) 0.412
COPD 1.78 (1.60, 1.98) <0.001 1.24 (1.00, 1.54) 0.055
Malignancy 1.72 (1.54, 1.92) <0.001 1.20 (0.91, 1.54) 0.197
DM 1.72 (1.53, 1.92) <0.001 1.00 (0.80, 1.25) 0.997
Renal Disease 6.18 (5.47, 6.98) <0.001 1.02 (0.81, 1.28) 0.871
Chronic Liver Disease 3.86 (3.33, 4.47) <0.001 1.25 (0.87, `.80) 0.224
CHF 5.13 (4.43, 5.94) <0.001 1.71 (1.28, 2.28) <0.001
PVD 5.75 (4.91, 6.74) <0.001 1.12 (0.83, 1.52) 0.451
MI 2.71 (2.31, 3.19) <0.001 1.00 (0.73, 1.38) 0.977
CVA 4.59 (3.60, 5.85) <0.001 1.82 (1.11, 2.98) 0.017
Rheumatic Disease 1.67 (1.26, 2.23) 0.001 0.84 (0.50, 1.41) 0.508
Hemiplegia 5.65 (4.09, 7.82) <0.001 1.98 (1.16, 3.39) 0.012
Dementia 3.17 (2.11, 4.75) <0.001 1.07 (0.56, 2.04) 0.837
Current Smoker 1.01 (0.90, 1.12) 0.908 0.86 (0.70, 1.07) 0.179
Current Alcohol Use 0.50 (0.45, 0.55) <0.001 0.87 (0.71, 1.05) 0.136
Procedure Category
Appendectomy Ref. Ref.
Bile Duct 1.77 (0.22, 13.85) 0.589 0.84 (0.08, 9.10) 0.884
Cholecystectomy 2.09 (1.15, 3.80) 0.016 0.96 (0.43, 2.16) 0.922
Colon 9.88 (5.60, 17.44) <0.001 3.15 (1.41, 7.04) 0.005
Colostomy 19.78 (10.77, 36.30) <0.001 1.18 (0.51, 2.75) 0.696
Esophagus 8.31 (3.88, 17.77) <0.001 2.37 (0.70, 8.13) 0.169
Fundoplication 1.35 (0.64, 2.87) 0.431 1.00 (0.33, 3.02) 0.991
Gastrectomy 4.34 (1.50, 12.60) 0.007 1.79 (0.38, 8.49) 0.465
Gastric Bypass 0.52 (0.22, 1.22) 0.132 1.76 (0.42, 7.43) 0.442
Hernia 0.70 (0.33, 1.50) 0.373 1.54 (0.47, 5.00) 0.476
Laparotomy 54.00 (31.04, 93.93) <0.001 3.62 (1.70, 7.72) 0.001
Liver 8.15 (4.17, 15.93) <0.001 7.21 (2.04, 25.48) 0.002
Liver Transplant 1307 (551.42,3099.50) <0.001 57.05 (17.76, 183.34) <0.001
Pancreas 8.81 (4.73, 16.40) <0.001 3.71 (1.35, 10.19) 0.011
Renal 42.40 (10.20, 176.23) <0.001 1.42 (0.21, 9.88) 0.719
Small Bowel 11.77 (5.88, 23.58) <0.001 2.28 (0.87, 6.00) 0.092
Spleen 11.63 (4.70, 28.80) <0.001 3.31 (0.84, 13.06) 0.086

Oncologic Indication - Yes 1.28 (1.16, 1.43) <0.001 1.07 (0.82, 1.40) 0.600
Operative Time 1.00 (1.00, 1.00) <0.001 1.00 (1.00, 1.00) 0.002
Emergency Case (Yes) 7.76 (6.92, 8.70) <0.001 2.21 (1.76, 2.77) <0.001
ASA Class
ASA Class 1 Ref. Ref.
ASA Class 2 5.58 (1.37, 22.80) 0.017 3.38 (0.36, 31.83) 0.288
ASA Class 3 32.78 (8.15, 131.78) <0.001 5.79 (0.62, 54.04) 0.123
ASA Class 4 463.26 (114, 1867) <0.001 17.62 (1.88, 165.56) 0.012

RBC¼ red blood cells, FFP¼ fresh frozen plasma, COPD¼ chronic obstructive pulmonary disease, DM¼ diabetes mellitus, CHF¼ congestive heart failure, PVD¼ peripheral
vascular disease, MI¼myocardial infarction, CVA¼ cerebrovascular accident, ASA¼American Society of Anesthesiologists.
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product transfusion (OR 0.56, 95% CI 0.53e0.59; p< 0.001). Simi-
larly, after adjusting for patient and procedural characteristics,
transfusion of blood products remained associated with an
increased risk of perioperative mortality (OR 7.80, 95% CI
6.02e10.11, p< 0.001).

Among patients who received a blood product transfusion
(N¼ 2182), complications among patients who received 1e3
(N¼ 737, 34%) versus> 3 units (N¼ 1,445, 66.2%) were compared.
Perhaps not surprisingly, patients who received >3 units of blood
products were at a higher risk for overall complications (1e3, 20.6%
vs. >3, 48.9%, p¼ 0.001), including sepsis (1e3, 6.9% vs. >3, 16.9%;
p< 0.001), pneumonia (1e3, 3.4% vs. >3, 6.2%; p¼ 0.005), and
surgical site infections (1e3, 1.5% vs. > 3, 5.5%; p< 0.001). In
contrast, patients who received >3 units were not a higher risk of
acute renal failure (1e3, 7.9% vs.> 3, 11.0%; p¼ 0.221), DVT (1e3,
5.8% vs.> 3, 8.0%; p¼ 0.062), or PE (1e3, 3.8% vs.> 3, 2.5%;
p¼ 0.087). On multivariable analysis, receipt of >3 units was
associated with increased risk of overall complications (>3 OR 6.01,
95% CI 4.89e7.37) and perioperative mortality (>3 OR 9.06, 95% CI
6.92e11.87) compared with patients who did not receive a trans-
fusion (both p< 0.001).

Discussion

Though the use of blood products can be life-saving in the sur-
gical patient, inappropriate and over-utilization of these products
remain a challenge. Several previous studies have demonstrated
marked variation in the utilization of blood products among sur-
gical patients.2e9 While the use of blood products may have a
detrimental effect on perioperative and long-term outcomes, few
studies have examined a large cohort of patients undergoing awide
range of gastrointestinal procedures.2e9 The current study was
important becausewe examined the use of blood products among a
large cohort of patients undergoing gastrointestinal surgery at a
tertiary care institution. Of note, 1 in 5 patients received a trans-
fusion with some type of blood bank product with the



Table 4
Complications (N¼ 10,756).

Variable Entire Cohort (N¼ 10,756) No Blood (N¼ 8574) Blood (N¼ 2182) P-value

Overall Non-Death Complications 1295 (12%) 447 (5%) 848 (40%) <0.001
Acute Renal Failure 635 (6%) 122 (1%) 513 (24%) <0.001
Sepsis 538 (5%) 107 (1%) 431 (20%) <0.001
DVT 264 (2%) 105 (1%) 159 (7%) <0.001
Pneumonia 172 (2%) 57 (0.7%) 115 (5%) <0.001
SSI 128 (1%) 37 (0.4%) 91 (4%) <0.001
PE 138 (1%) 74 (0.9%) 64 (3%) <0.001
UTI 112 (1%) 64 (1%) 48 (2%) <0.001
Perioperative Death 1011 (9%) 318 (4%) 693 (32%) <0.001
Discharge
Home or Self Care 7472 (70%) 6965 (81%) 507 (23%) <0.001
Home Health Care Services 1316 (12%) 939 (11%) 377 (17%)
Skilled Nursing Facility 901 (8%) 496 (6%) 405 (19%)
Expired (In-Hospital Mortality) 494 (5%) 38 (0.4%) 456 (21%)
Other 573 (5%) 136 (2%) 437 (20%)

*SSI, surgical site infection; DVT, deep venous thromboembolism; PE, pulmonary embolism; MI, myocardial infarction; UTI, urinary tract infection.

Table 5
Univariate and multivariate logistic regression for overall complications.

Variable Univariate OR (95% CI) P-Value Multivariate OR (95% CI) P-Value

Blood Product Transfusion (RBC, Platelet, FFP and/or Cryoprecipitate) 11.77 (10.35, 13.39) <0.001 3.78 (3.19, 4.50) <0.001
Age 1.02 (1.02, 1.03) <0.001 1.00 (1.00, 1.00) 0.093
Sex - Female 1.55 (1.38, 1.75) <0.001 1.08 (0.94, 1.25) 0.267
Race
White Ref. Ref.
African American/Black 0.81 (0.67, 0.98) 0.029 0.80 (0.63, 1.00) 0.050
Other 0.94 (0.73, 1.21) 0.630 0.92 (0.67, 1.26) 0.605

Body Mass Index 1.00 (0.99, 1.00) 0.018 1.00 (1.00, 1.00) 0.509
COPD 2.01 (1.77, 2.28) <0.001 1.37 (1.17, 1.61) <0.001
Malignancy 1.34 (1.17, 1.54) <0.001 0.90 (0.72, 1.10) 0.296
DM 1.70 (1.48, 1.94) <0.001 1.06 (0.89, 1.25) 0.513
Renal Disease 5.52 (4.82, 6.32) <0.001 1.86 (1.57, 2.21) <0.001
Chronic Liver Disease 1.67 (1.38, 2.02) <0.001 0.89 (0.69, 1.16) 0.394
CHF 4.23 (3.61, 4.97) <0.001 1.26 (1.02, 1.56) 0.030
PVD 5.13 (4.33, 6.06) <0.001 1.37 (1.10, 1.71) 0.004
MI 2.27 (1.88, 2.75) <0.001 0.86 (0.68, 1.16) 0.394
Hypertension 1.57 (1.24, 2.00) <0.001 1.26 (0.94, 1.68) 0.115
CVA 3.00 (2.28, 3.92) <0.001 0.83 (0.59, 1.16) 0.266
Rheumatic Disease 1.52 (1.07, 2.14) 0.018 0.98 (0.64, 1.48) 0.908
Hemiplegia 6.45 (4.66, 8.92) <0.001 2.06 (1.40, 3.05) <0.001
Dementia 2.16 (1.34, 3.50) 0.002 0.88 (0.50, 1.54) 0.648
Current Smoker 1.05 (0.92, 1.20) 0.500 0.98 (0.83, 1.16) 0.826
Current Alcohol Use 0.65 (0.58.0.73) <0.001 1.02 (0.89, 1.18) 0.745
Procedure Category
Appendectomy Ref. Ref.
Bile Duct 3.36 (0.73, 15.50) 0.120 2.17 (0.45, 10.57) 0.337
Cholecystectomy 2.54 (1.44, 4.50) 0.001 1.62 (0.86, 3.06) 0.135
Colon 4.09 (2.32, 7.20) <0.001 1.43 (0.75, 2.72) 0.28
Colostomy 20.39 (11.33, 36.68) <0.001 5.35 (2.75, 10.42) <0.001
Esophagus 3.08 (1.22, 7.80) 0.018 0.96 (0.35, 2.66) 0.937
Fundoplication 1.51 (0.75, 3.07) 0.250 0.96 (0.45, 2.06) 0.914
Gastrectomy 1.52 (0.34, 6.86) 0.583 0.66 (0.14, 3.12) 0.600
Gastric Bypass 1.08 (0.54, 2.15) 0.828 0.61 (0.29, 1.28) 0.192
Hernia 1.72 (0.92, 3.22) 0.088 1.21 (0.61, 2.42) 0.584
Laparotomy 20.29 (11.88, 34.66) <0.001 2.66 (1.44, 4.90) 0.002
Liver 2.27 (1.00, 5/18) 0.052 0.83 (0.34, 2.02) 0.674
Liver Transplant 14.97 (8.13, 27.57) <0.001 1.03 (0.47, 2.26) 0.931
Pancreas 3.28 (1.67, 6.46) 0.001 1.11 (0.51, 2.39) 0.793
Small Bowel 11.88 (6.07, 23.24) <0.001 3.95 (1.87, 8.31) <0.001
Spleen 6.65 (2.44, 18.15) <0.001 2.28 (0.76, 6.88) 0.143

Oncologic Indication - Yes 1.31 (1.15, 1.49) <0.001 1.36 (1.10, 1.68) 0.004
Operative Time 1.00 (1.00, 1.00) 0.012 1.00 (1.00, 1.00) 0.924
Emergency Case (Yes) 3.76 (3.31, 4.28) <0.001 0.97 (0.81, 1.17) 0.071
ASA Class
ASA Class I Ref. Ref.
ASA Class 2 9.24 (1.28, 66.74) 0.028 6.54 (0.85, 50.14) 0.007
ASA Class 3 41.22 (5.78, 293.97) <0.001 16.38 (2.15, 124.84) 0.001
ASA Class 4 238.05 (33.36, 1698.93) <0.001 33.37 (4.35, 255.99) <0.001

RBC¼ red blood cells, FFP¼ fresh frozen plasma, COPD¼ chronic obstructive pulmonary disease, DM¼ diabetes mellitus, CHF¼ congestive heart failure, PVD¼ peripheral
vascular disease, MI¼myocardial infarction, CVA¼ cerebrovascular accident, ASA¼American Society of Anesthesiologists.
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Table 6
Univariate and Multivariate Logistic Regression for Perioperative Death (within 90 days).

Variable Univariate OR (95% CI) P-Value Multivariate OR (95% CI) P-Value

Blood Product Transfusion (RBC, Platelet, FFP and/or Cryoprecipitate) 22.14 (17.62, 27.82) <0.001 7.79 (6.02, 10.10) <0.001
Age 1.04 (1.04, 1.05) <0.001 1.02 (1.02, 1.03) <0.001
Sex - Female 1.76 (1.48, 2.07) <0.001 1.39 (1.13, 1.71) 0.002
Race
White Ref. Ref.
Black 0.94 (0.73, 1.22) 0.661 1.26 (0.91, 1.74) 0.164
Other 1.24 (0.90, 1.71) 0.203 1.29 (0.86, 1.96) 0.217

Body Mass Index 1.00 (1.00, 1.00) 0.862 1.00 (1.00, 1.00) 0.053
COPD 2.44 (2.06, 2.90) <0.001 1.68 (1.35, 2.09) <0.001
Malignancy 1.87 (1.57, 2.24) <0.001 1.28 (0.95, 1.74) 0.104
DM 1.40 (1.16, 1.70) <0.001 0.78 (0.61, 1.00) 0.042
Renal Disease 5.05 (4.25, 6.02) <0.001 1.35 (1.07, 1.70) 0.011
Chronic Liver Disease 1.93 (1.51, 2.47) <0.001 2.17 (1.56, 3.00) <0.001
CHF 5.65 (4.66, 6.86) <0.001 1.42 (1.08, 1.85) <0.001
PVD 7.35 (6.04, 8.95) <0.001 1.74 (1.34, 2.26) <0.001
MI 3.67 (2.95, 4.59) <0.001 1.41 (1.05, 1.89( 0.021
CVA 3.94 (2.87, 5.41) <0.001 1.15 (0.77, 1.72) 0.502
Rheumatic Disease 1.83 (1.18, 2.84) 0.007 1.30 (0.75, 2.23) 0.346
Hemiplegia 2.67 (1.67, 4.26) <0.001 0.71 (0.40, 1.22) 0.217
Dementia 4.67 (2.86, 7.62) <0.001 1.13 (0.59, 2.166) 0.723
Current Smoker 0.73 (0.60, 0.90) 0.003 0.62 (0.48, 0.80) <0.001
Current Alcohol Use 0.43 (0.36, 0.51) <0.001 0.66 (0.53, 0.82) <0.001
Procedure Category
Appendectomy Ref. Ref.
Cholecystectomy 1.83 (0.52, 6.39) 0.343 1.16 (0.32, 4.18) 0.825
Colon 8.12 (2.51, 26.22) <0.001 2.38 (0.70, 8.11) 0.165
Colostomy 26.19 (7.91, 86.71) <0.001 7.33 (2.10, 25.57) 0.002
Esophagus 6.08 (1.21, 30.48) 0.028 2.29 (0.41, 12.72) 0.345
Fundoplication 2.74 (0.70, 10.63) 0.146 1.89 (0.47, 7.63) 0.372
Gastrectomy 3.58 (0.37, 34.95) 0.272 2.16 (0.21, 21,82) 0.515
Hernia 0.87 (0.19, 2.91) 0.860 0.75 (0.16, 3.49) 0.718
Laparotomy 49.43 (15.83, 154.27) <0.001 5.65 (1.74, 18.35) 0.004
Liver 3.15 (0.63, 15.71) 0.162 1.17 (0.22, 6.13) 0.849
Liver Transplant 4.11 (0.91, 18.48) 0.066 0.23 (0.05, 1.17) 0.076
Pancreas 3.89 (0.97, 15.66) 0.056 1.56 (0.36, 6.73) 0.551
Small Bowel 11.99 (3.06, 46.95) <0.001 4.33 (1.04, 18.03) 0.044
Spleen 9.71 (1.58, 59.49) 0.014 3.42 (0.52, 22.45) 0.551

Oncologic Indication - Yes 1.46 (1.23, 1.74) <0.001 1.24 (0.92, 1.68) 0.156
Operative Time (Minutes) 1.00 (1.00, 1.00) 0.044 1.00 (1.00, 1.00) 0.082
Emergency Case (Yes) 6.61 (5.57, 7.83) <0.001 1.71 (1.37, 2.14) <0.001

RBC¼ red blood cells, FFP¼ fresh frozen plasma, COPD¼ chronic obstructive pulmonary disease, DM¼ diabetes mellitus, CHF¼ congestive heart failure, PVD¼ peripheral
vascular disease, MI¼myocardial infarction, CVA¼ cerebrovascular accident, ASA¼American Society of Anesthesiologists.
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overwhelming majority of patients receiving PRBC. Surprisingly,
the median number of units transfused was 8 among patients who
underwent transfusion (including any blood product such as PRBC,
FFP or platelet) e although the range of units transfused was wide
and 30% of all patients who had a transfusion received only 1 or 2
units. Not surprisingly, patients who underwent an emergency
operation, as well as patients who underwent more major intra-
abdominal procedures (e.g. liver transplantation) were at higher
risk of receiving a transfusion, as well as more units of blood when
transfused. Furthermore, receipt of blood products was indepen-
dently associated with an increased risk of perioperative morbidity
and mortality.

In a study of patients undergoing cardiothoracic-vascular or
gastrointestinal surgery at Johns Hopkins Hospital, Kim et al. noted
that 43.3% of patients received packed red blood cells. In the current
study, among patients undergoing only gastrointestinal surgery,
20% of patients had a transfusion of blood products e with 95% of
patients receiving transfusion of packed red blood cells. Interest-
ingly, several patient and operative characteristics were associated
with an increased risk of receiving a transfusion of blood products.
Specifically, older patients and individuals withmore comorbidities
were at markedly higher risk of receiving a transfusion. Kim et al.
similarly reported that Charlson Score�3 and transfusion of packed
red blood cells were associated with overall complications.24 In
separate studies involving patients who underwent only
pancreatic, hepatic or colorectal resection, patients who received
an intraoperative transfusion were also at a higher risk of compli-
cation.25,26 In the current study, we similarly noted that transfusion
receipt was associated with both morbidity and mortality. The
reasons for this associationwere likely multifactorial. Undoubtedly,
sicker patients with more complicated operative courses were
more likely to have received transfusions. As such, whether trans-
fusions were a surrogate for patient illness severity or procedural
complexity versus transfusion having mediated the effects on sur-
vival more directly would be hard to determine. There is evidence,
however, that blood transfusions in and of themselves can be
detrimental to patient outcomes. An increasing body of evidence
suggests that blood transfusion is not as benign an intervention as
was previously considered.27e29 Although undoubtedly multifac-
torial, several mechanisms have been proposed to explain the
negative prognostic effects of blood transfusion most of which
relate to the immunosuppressive effect of PBT via transfusion-
related immune modulation (TRIM).9 Of note, in the current
study, patients who received a transfusion were not only at an
increased risk of short-term perioperative morbidity, but also long-
term worse overall survival.

Another interesting finding of the current study was the high
utilization of blood transfusion at our institution among patients
undergoing general surgery procedures. Specifically, 1 in 5 patients
received a transfusion; in addition, many patients received more
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than 1 unit of some type of blood product. These data highlight the
need for more proactive and systematic blood management pro-
grams. Patient blood management programs take a proactive,
patient-centered, and multidisciplinary approach to anemia man-
agement. Blood management programs generally adopt a more
comprehensive bundled, evidence-based approach to the man-
agement of anemia.11,15e17,30,31 Bloodmanagement programs have
been implemented to varying degrees across cardiac, orthopedic
and gastrointestinal surgery.17,32,33 Kotze and colleagues reported
that implementation of a PBM program resulted in an improvement
in transfusion practices, as well as postoperative LOS and 90-day
readmission following knee and hip replacement surgery.33

Furthermore, Gross et al. reported that implementation of a PBM
program for patients undergoing cardiac surgery reduced the
incidence of acute renal failure, hospital LOS and total direct costs
for patients.32 In a separate study, Gani et al. noted that imple-
mentation of a blood management program was associated with
fewer patients receiving PRBC transfusion and fewer patients being
“over-transfused.”17 Collectively, data from the current study sug-
gest that use of blood product transfusion was extremely common
among patients undergoing intra-abdominal procedures. In turn,
implementation of a blood management program may provide a
means to help reduce the overall utilization of blood products.

There are several limitations of the current study that should be
considered when interpreting the data. Data in this study was
derived from a single institution and transfusion practices have been
noted to be variable among institutions.19e23 Thus, the Results may
not be generalizable to other institutions. Non-academic medical
centers and non-tertiary care centers may have especially disparate
practice regarding transfusion of blood products. Another limitation
was that hemoglobin and vital signs immediately prior to (trans-
fusion trigger) and after red blood cell transfusion (transfusion
target) were not available. Additionally, indications for laparotomy
and indications for placement on a massive transfusion protocol
were also not available. Given that our center is a major level 1
trauma center, it was likely that the indication for laparotomy was
trauma related in many instances given the high number of units
associated with this procedure. Despite these limitations, this large
single center study serves to emphasize the impact of perioperative
transfusion of blood products on surgical outcomes.

In conclusion, data from the current study demonstrated that
the use of blood product transfusion in patients undergoing
gastrointestinal surgery was very common as 1 in 5 patients
received a transfusion. Several patient- and procedure-specific
factors were associated with increased risk of receiving trans-
fusion of blood products. Of note, receipt of blood products was
associated with worse patient outcomes including morbidity and
perioperative mortality. These data support the development of
institution specific guidelines for transfusion practices, as well as
the use of a comprehensive patient bloodmanagement program for
patients undergoing major abdominal surgery.
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