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Abstract

Background—Specific data are needed regarding the impact of transfusion on operative
complications in pancreatectomy. The objectives of this study were to determine risk factors for
transfusion and to evaluate the potential association between transfusion and operative
complications in elective pancreatectomy procedures.

Study Design—We reviewed our institution’s pancreatectomy and ACS-NSQIP databases.
Multivariate analysis was used to determine clinicopathologic risk factors predictive of
transfusion, and then a transfusion propensity score was developed to evaluate the impact of
transfusion on post-pancreatectomy complications.

Results—Of the 173 patients who were treated from September 2007 to September 2011, 78
patients (45 %) were transfused=1 unit of blood (median, 3.0 units; range, 1-55). Risk factors for
transfusion included increasing Body Mass Index (BMI), smoking, increasing mortality risk score,
preoperative anemia, intraoperative blood loss, and benign pathology. After controlling for these
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risk factors using a transfusion propensity score, transfusion was an independent predictor of
increased complications, infectious complications, and hospital costs.

Conclusions—Multiple factors are predictive of transfusion in pancreatectomy, including
increasing BMI and smoking. When controlling for transfusion propensity based on these risk
factors, RBC transfusion is associated with worse operative outcomes including infectious
complications. Development of protocols and strategies to minimize unnecessary transfusion in
pancreatectomy are justified.
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Introduction

There is increased awareness as to the negative consequences of red blood cell (RBC)
transfusion in noncardiac, general surgical procedures.1~* In addition, several studies have
demonstrated a decrease in disease-specific survival in cancer patients who require
transfusion when undergoing operations for malignancy.®® Several theories have been
proposed to account for why RBC transfusion has negative consequences in surgical
patients, including factors predictive of a more difficult operation such as blood loss.” One
aspect is the potential for immunosuppression, which may occur despite the standard
practice of leukoreduction of donated blood.8:9 One large study demonstrated that as little as
1 unit of blood given in the perioperative period is associated with adverse postoperative
events in non-cardiac surgical patients.10

Pancreatectomy is a commonly performed operation, and is now being prospectively audited
as part of the American College of Surgeons National Surgical Quality Improvement
Program (ACS-NSQIP).11 These operations are performed for both benign and malignant
disease and have the potential for significant morbidity and mortality. There is heightened
awareness of the importance of collecting and uniformly grading complications following
pancreatectomy in an effort to improve operative outcomes.12 Along these lines, a better
understanding of the risk factors associated with transfusion and the impact of RBCs on
operative outcomes in pancreatectomy are needed.

We have used the ACS-NSQIP database at our institution to comprehensively analyze
transfusion in the perioperative period in patients undergoing elective pancreatectomy. Since
there are many patient-related and intraoperative factors that may increase the need for
transfusion, we devised a transfusion propensity score to allow for a more scrutinized
evaluation of the impact of RBCs on post-pancreatectomy complications. The objectives of
this study were to determine (1) risk factors associated with transfusion and (2) the
association between transfusion and operative complications in elective pancreatectomy
procedures.

Patients and Methods

The University of lowa prospective pancreatectomy and ACS-NSQIP databases were
queried for patients who underwent elective pancreatic resection for benign and malignant
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disease from September 2007 to September of 2011. Patients who underwent resection for
traumatic pancreatic injury were excluded from analysis. Following Institutional Review
Board approval, the medical records of all patients were reviewed to confirm the
prospectively collected data, which included preoperative, intraoperative, and postoperative
clinicopathologic and treatment related variables. Preoperative clinical variables obtained
included age, sex, race, and body mass index (BMI), history of smoking, previous diagnosis
of diabetes mellitus, renal disease, chronic pulmonary disease, cardiac disease, and reported
preoperative weight loss. Performance status was determined from the clinical note and
designated as independent or partially/totally dependent on others for activities of daily
living.

Preoperative severity of illness and mortality risk (measured on a four point scale of minor,
moderate, major, or extreme) were based on the patient’s age, gender, and their primary
diagnosis and comorbid conditions. The scores were determined using the 3-M All Patient
Refined-Diagnostic Related Groups system (Salt Lake City, Utah). This methodology for
risk assessment is a highly accurate predictor of outcome and has been validated using the
Nationwide Inpatient Sample.13 For this study, severity of illness and mortality risk were
grouped into 2 categories: minor and moderate/major/extreme. American Society of
Anesthesiologists (ASA) class was determined by the anesthesiology team during the
standard preoperative visit. Preoperative laboratory values obtained included serum sodium,
blood urea nitrogen, creatinine, albumin, bilirubin, alkaline phosphatase, white blood cell
count, aspartate transaminase, hematocrit, and platelet count.

Intraoperative variables obtained included the use of epidural catheter analgesia, type of
procedure performed, operative time, and estimated blood loss. Additional procedures
beyond the standard resection performed during pancreaticoduodenectomy or distal
pancreatectomy were recorded, which included portal vein resection. Intraperitoneal drains
were utilized in the majority of cases and the timing of drain removal was at the discretion
of the attending surgeon. Postoperative variables collected were any intensive care unit
admission, length of hospital stay, and readmission rates within 30 days.

Postoperative complications were prospectively recorded as part of the ACS-NSQIP and
included renal failure, infectious complications (wound infection, pneumonia, and urinary
tract infection), pulmonary complications (atelectasis, reintubation, and pneumonia),
cardiovascular complications (stroke, myocardial infarction, arrhythmia), gastrointestinal
complications (ileus and bowel obstruction), deep venous thrombosis and/or pulmonary
embolism, wound complications (infection and dehiscence), and delayed gastric emptying
(categorized separately from gastrointestinal complications).

Pancreatic fistula was defined in accordance with the International Study Group on
Pancreatic Fistula classification.1# This classification defines grade A fistula as a fistula with
no clinical impact or deviation from the clinical pathway. For our study, we included
patients who had amylase rich drainage initially however had their drains removed less than
3 weeks from the date of operation and required no deviation in the postoperative
management strategy. Grade B fistula is defined as a fistula that results in a change in
management including the use of TPN, antibiotics, or somatostatin analogues in addition to
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prolonged hospital stay or readmission. Patients met criteria for grade C fistula if they
experienced significant deviation from the clinical pathway and required aggressive
interventions—for Grade C fistula, we included patients who required interventional
radiology directed percutaneous drainage or reoperation for their fistula.14

Total blood products utilized were recorded including packed RBC, platelets, and/or fresh
frozen plasma. Statistical analyses were performed using RBC only—no patient received
plasma or platelets independent of RBC in this study. Transfusions included RBCs that were
administered intraoperatively and/or within 72 h from the start of the operation.

Direct hospital costs were calculated using the Eclipsys/TSI Financial Decision Support
System (Allscripts Healthcare Solutions, Chicago, IL). Direct costs are associated with
patient care including operating room costs, nursing, laboratory draws, pharmacy, and
transfusionl® and therefore was the endpoint of interest for this study.

Statistical Analysis

Statistical analysis focused on estimation and testing of the effects of RBC transfusion units
on the treatment-related endpoints of overall complications, pancreatic fistula, infectious
complications, and direct hospital costs. Complication endpoints were analyzed as
dichotomous variables (any/none), and their associations with patient-level predictors
modeled with logistic regression. Estimated associations are reported as odds ratios and 95
% confidence intervals. The cost endpoint was modeled with linear regression, and
estimated associations reported as mean changes in dollars. Initial regression models were fit
to clinicopathologic predictor variables in univariate analysis. Multivariate analysis was then
performed to determine whether transfusion was an independent predictor of the endpoints
(Fig. 1). A propensity score approach was taken to adjust for individual patient risks of
being transfused. To do so, a multivariate negative binomial regression analysis was
performed to model RBC transfusion as a function of clinicopathologic variables.

The resulting model was used to stratify patients into categories of 0, 1-2, 3-5, 6-9, and 10+
predicted numbers of RBC transfusions (propensity). The transfusion propensity
categorization was then adjusted for as a stratification variable in multivariate conditional
logistic regression models for complications and as a covariate in linear regression models
for hospital costs. Multivariate models were built using stepwise variable selection (with p
value cutoffs of 0.15) to identify important predictor variables to include in the models.
After the stepwise selection, RBC transfusion was added to the clinical outcomes models to
evaluate its incremental effect on the endpoints and to produce the final multivariate models
reported in this study. The propensity score therefore attempts to control for volume of
transfusion in order to determine if there is an association with the outcome measures
independent of the volume transfused. Statistical tests of the effects of transfusion were two-
sided and assessed for significance at the 5 % level.
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Results

Patient Demographics and Comorbid Conditions

There were 173 patients who underwent elective pancreatectomy from September 2007 to
September of 2011. The median age of the cohort was 62 years (range, 20-90 years) (Table
1). The majority of patients were treated for a malignant diagnosis (n=132, 76.3 %), which
included pancreatic adenocarcinoma (n=83, 62.9 %), pancreatic neuroendocrine tumor
(n=21, 15.9 %), ampullary adenocarcinoma or cholangiocarcinoma (n=15, 11.4 %),
duodenal adenocarcinoma (n=12, 9.0 %), and one patient had a renal cell carcinoma
invading the pancreas. Indications for pancreatectomy in the 41 patients with benign
diagnoses included pancreatitis (n=19, 46.3 %), cystic lesions of the pancreas (n=19, 46.3
%), duodenal adenoma (n=2, 4.9 %), and benign biliary stricture (n=1, 2.4 %).

There were 48 patients (27.7 %) who met criteria for obesity, including 22 patients (12.7 %)
with a BMI from 31-35 (class I, moderately obese) and 26 patients (15.0 %) with a BMI of
>36 (class I, severely obese). There were 11 patients (6.4 %) with a BMI of =40 (class IlI,
severely obese). As would be expected for selected patients undergoing elective
pancreatectomy, the majority of patients had a good performance status (94.2 %). Admission
severity of illness was major or extreme in 93 patients (53.8 %).

Operative Procedures and Perioperative Results

Epidural anesthesia was utilized in 136 patients (78.6 %). Operations performed included
pancreaticoduodenectomy (n=109, 63.0 %), distal pancreatectomy (n=60, 34.7 %), and total
pancreatectomy (n=4, 2.3 %). Among the 113 patients treated with
pancreaticoduodenectomy or total pancreatectomy, 71 (62.8 %) had preoperative biliary
drainage procedures performed. Additional intraoperative procedures were performed in 18
patients (10.4 %) and included liver-directed therapy for neuroendocrine tumor metastasis
(n=6), portal vein resection (n=7), nephrectomy (n=2), gastric resection (n=1), and
adrenalectomy (n=1). Mean operative time was 442 min (range, 158-755) and median
estimated blood loss was 425 cm3 (range, 50-7,000). Fifty-one patients (29.5 %) required at
least one day in the ICU (median ICU days=2; range, 1-40). Median length of stay was 10
days (range, 4-77) and the 30-day readmission rate was 8.7 % (n=15). There were 20
patients (11.6 %) discharged to skilled nursing or rehabilitation facilities and 35 patients
(20.2 %) who required home visiting nursing services upon discharge.

Transfusions and Operative Complications

Seventy-eight patients (45.1 %) received at least 1 unit of RBCs and the median number of
RBCs administered was 3 units (range, 1-55) (Table 2). There were five patients (6.4 %)
who were transfused only 1 unit of blood and the remainder had at least 2 units or more of
RBC. In addition to RBC transfusion, 11 patients (6.4 %) received fresh frozen plasma.
Postoperative complications are shown in Table 2. The overall complication rate was 56.6
%, and there were six deaths within 90 days (mortality rate=3.5 %). The most common
complication was an infectious complication, which included wound infections, urinary tract
infections, pneumonia, bacteremia, and/or clostridium difficile colitis. Grade C pancreatic
fistula occurred in 20 patients (11.6 %). Compared with patients who did not receive a
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transfusion, patients who were transfused experienced more total complications, infectious
complications, and pancreatic fistulae (Fig. 2).

Evaluation of Risk Factors for Transfusion and Determination of the Transfusion
Propensity Score

Univariate analysis revealed BMI, diabetes, severity of illness, mortality risk, and estimated
intraoperative blood loss as significant risk factors for transfusion (p<0.05; Table 3). Using a
cutoff of p<0.15 in multivariate regression analysis, the following factors were identified as
important independent predictors of transfusion risk: BMI, weight loss, smoking status,
mortality risk score, preoperative hematocrit, pathology, and estimated blood loss.

The resulting multivariate regression model provides a predicted number of RBC transfusion
units for each patient, and was used to stratify patients into categories of 0, 1-2, 3-5, 6-9,
and 10+ predicted transfusions units (transfusion propensity scores). Figure 3 displays the
mean observed transfusion units within each of the propensity score categories. As can be
seen, there is a positive trend across the categories, with means ranging from 0.3 transfusion
units in the lowest category (0) up to a mean of 15.9 in the highest category (10+). The trend
suggests agreement between the observed and model-based results. However, the lower-
than-expected mean of 5.5 in the second highest category (6-9) indicates imperfect
agreement. Such discrepancies are not unexpected and represent unexplained variation in
RBC transfusions that can be examined for associations with the clinical outcomes of
interest.

Factors Associated with Operative Complications

Univariate analysis was performed using preoperative and intraoperative clinicopathologic
variables to determine factors associated with overall complications, infectious
complications, and pancreatic fistula. For the multivariate analyses of each of these
endpoints, transfusion propensity score was included as an adjustment variable to control for
factors known to increase the risk for transfusion.

Overall Complications—Univariate analysis revealed RBC transfusion (p=0.001) and
ASA class (p=0.013) to be the only two significant factors associated with overall
complications. The multivariate regression analysis identified ASA and diabetes mellitus as
important predictors. In the final regression model that controlled for these two factors and
the transfusion propensity score, RBC transfusion was an independent predictor of overall
complications (p=0.001; Table 4).

Infectious Complications—Factors associated with infectious complications on
univariate analysis included preoperative platelet count (p=0.045), operative minutes
(p=0.004), RBC transfusion (p<0.001), and operative procedure (p=0.016). As shown in
Table 4, multivariate analysis identified platelet count, operative minutes, and poor
preoperative functional status as important predictors of infectious complications. Adjusted
for these and the transfusion propensity score, RBC remained an independent predictor of
infectious complications (p<0.001).
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Pancreatic Fistula—On univariate analysis, the only factor associated with pancreatic
fistula (grade A, B, and C) was platelet count (p=0.011), and operative minutes approached
significance (OR, 1.69; p=0.079). Multivariate analysis (Table 4), which stratified patients
based on their transfusion propensity score, revealed platelet count, operative time, and age
as independent risk factors for pancreatic fistula. RBC was not found to be a significant
predictor of pancreatic fistula (p=0.195).

Direct Hospital Costs Analysis

The median direct hospital cost was $22,501 (range, $9,953-$203,198). Univariate analysis
revealed the following factors as significant predictors of increased direct hospital costs:
increased BMI (p=0.032), lower preoperative albumin (p= 0.003), and WBC (p=0.026),
elevated preoperative bilirubin (p=0.043), decreased platelet count (p<0.001), longer
operative time (p<0.001), increased EBL (p=0.010), RBC transfusion (p<0.001), distal
pancreatectomy (p< 0.001), diabetes (p=0.044), ASA class (p=0.020), epidural use
(p=0.010), and preoperative mortality risk score (p=0.002). On multivariate analysis (Table
5), RBC transfusion and operative time were the strongest independent predictors of
increased direct hospital costs.

Discussion

There is longstanding evidence that RBC transfusion is a significant contributor to
postoperative complications in patients undergoing cardiac surgical procedures.2# In several
studies, RBC transfusion was demonstrated to be an independent predictor of mortality,
renal failure, infectious complications, hospital stay, and cost.1™* A prospective randomized
trial comparing a restrictive RBC transfusion strategy to a liberal strategy in critically ill
patients revealed a significant decrease in in-hospital mortality in the restrictive transfusion
group.16 Despite these available data, transfusion rates in major medical centers remains
high and transfusion practices do not follow clear guidelines.’

Transfusion is a necessary option for patients undergoing complex pancreatic operations.
Despite the importance of this treatment for patients with hemorrhage or severe blood loss,
there is now increased awareness that RBC transfusion independently has negative
consequences in general surgical patients. RBC transfusion has been linked to worse
survival following cancer operations 1819 and decreased immunity and susceptibility to
infectious complications.20-22 There are multiple variables that contribute to the need for
perioperative transfusion, and some of these factors may account for the worse outcomes
seen in transfused patients. However, careful analysis reveals that independent of the risk for
transfusion, RBC transfusion itself has a negative impact on patient outcomes.

Previous studies have demonstrated an association between RBC transfusions and morbidity
and mortality in patients following general surgical operations.10:23.24 Using NSQIP,
Bernard and colleagues evaluated the impact of transfusion on operative outcomes in more
than 125,000 general surgical patients.1% As in our study, the authors utilized a transfusion
risk score to control for ‘transfusion propensity’ in order to assess the impact of RBCs on
postoperative complications and mortality. In contrast to our study, the transfusion risk score
was calculated using a predetermined set of clinical and pathologic variables. When
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controlling for transfusion risk, the authors reported that only 1 unit of RBC transfused was
associated with a significant increase in operative mortality, morbidity, pneumonia, and
sepsis. Two units of blood transfused further increased the odds of the same endpoints and
also predicted surgical site infection. A similar study by Ferraris and colleagues evaluated
the outcomes of more than 940,000 general surgical patients and reported that transfusion of
only 1 unit of blood in the operating room was a significant risk factor for postoperative
morbidity and mortality.23 These studies included more than 40 procedure groups, and
therefore specific conclusions regarding transfusion in pancreatectomy were not able to be
drawn from these data.

Our first objective was to determine risk factors for transfusion in elective pancreatectomy.
On multivariate analysis, increasing BMI was a significant predictor of transfusion. This
finding is similar to previous studies that have reported increased operative blood loss and
complications in obese patients undergoing pancreatic resection.2>:26 In addition, smoking
history, higher mortality risk score, lower preoperative hematocrit, benign pathology, and
increased intraoperative EBL were all independent predictors of transfusion. These
clinicopathologic factors can be utilized preoperatively for informed consent regarding risk
for transfusion and also for operative planning that may implement blood conservation
maneuvers.

Forty-five percent of the patients in our study received at least 1 unit of RBC. Transfusion
rates in elective pancreatectomy range from as low as 0 % to as high as 52 % in the currently
published literature.2’-30 Of note, 48 patients in our series (27.7 %) had a BMI of 30 or
greater, which has been shown to correlate with estimated blood loss and complications
following pancreatectomy in other reports.26 However, our transfusion rates do not differ
significantly from other retrospective series of pancreatectomy patients from major medical
centers.2530 We continue to refine our own protocols to help reduce unnecessary transfusion
through collaboration with anesthesia, surgical intensive care, and education of our faculty
and house staff.

Our second objective was to determine the impact of RBC transfusion on postoperative
complications following elective pancreatectomy. Due to the inherent risk that the
previously mentioned clinicopathologic variables would have on the need for transfusion,
we utilized these variables to calculate a transfusion propensity score. After demonstrating
that the transfusion propensity score fit well with our observed results, we stratified patients
based on this score in a multivariate analysis for postoperative complications. Transfusion
was independently predictive of both overall complications and infectious complications
following pancreatectomy. Despite being associated with pancreatic fistula on univariate
analysis, RBC was not an independent risk factor on multivariate analysis. This result
strengthens the findings of our study since there is no clear biologic plausibility for a direct
link between RBC transfusion and pancreatic fistula beyond factors controlled for by the
propensity score (e.g., EBL and BMI).

In addition to RBC transfusion, diabetes mellitus was an independent risk factor for
postoperative complications. Diabetes intuitively can contribute to operative complications
in numerous ways, including its association with other medical problems and abnormal
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perioperative glucose control.31:32 In addition to RBC, platelet count, operative time, and
preoperative functional status were independent risk factors for increased infectious
complications. An abnormal platelet count can be present in numerous disease processes,
including splenic vein thrombosis, liver disease, and has previously been shown to correlate
with complications following pancreatectomy.33 We did not have any patients in our series
with uncompensated cirrhosis, yet splenic vein thrombosis can be present in patients with
chronic pancreatitis or with large tumors of the pancreatic body or tail. Abnormal platelet
count was also a risk factor for pancreatic fistula, which again may be accounted for by local
tumor factors which cannot be accounted for in a multivariate analysis.

The analysis of hospital costs revealed that there is nearly a $2,500 increase in direct
hospital costs per unit of RBC transfused. Complications following pancreatic resection are
intuitively associated with increased hospital cost.3# Transfusion has been directly linked to
increased cost in previous studies; however, this was not independent of factors that would
increase risk for transfusion such as operative time, estimated blood loss, and hospital stay.*

This study has limitations. Despite utilizing a prospective ACS-NSQIP database, clinical
variables that dictate transfusion in the operating room and postoperatively were not able to
be determined from the medical record. There is likely significant variability between
surgeons and anesthesia staff with regard to transfusion practices, which may limit the
applicability of this dataset to other centers. Selection bias also needs to be taken in to
account when evaluating data from a retrospective study. Furthermore, there are other
clinical factors that may account for complications that were independent of our clinical
variables available in the NSQIP database. For example, there were seven patients in this
study who had major vascular resection. Due to the small number of events, we were not
able to include this as an additional risk factor in our model. However, the significant impact
that this procedure has on the need for transfusion cannot be ignored and likely increases the
patient’s risk for complications independent of RBC transfusion.3°

Despite these study limitations, the significant impact of RBC transfusion on operative
complications and costs needs attention. What can be done with this information? Certainly
there are patients who will require transfusion that is beyond the surgeon’s control, and this
will likely be dictated by the severity of the case and other tumor- or patient-related factors.
However there is clearly a need for protocol-driven transfusion guidelines for surgeons,
anesthesiologists, and other physicians and house staff who care for these patients in the
perioperative period. Transfusion thresholds need to be determined based on clinical factors
as opposed to simply treating numbers. Despite being evaluated in a randomized controlled
trial, many clinicians still advocate that their patient’s hemoglobin be equal to or greater
than 10 mg/dL when they remain asymptomatic and without significant risk factors for
coronary ischemia.16 Or, some physicians typically transfuse 2 units of blood when 1 unit
may suffice. Awareness as to the potential negative consequences associated with RBC
transfusion is another important step in improving perioperative outcomes following
pancreatectomy.
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Conclusions

Herein we have analyzed risk factors for transfusion and complications associated with
transfusion in pancreatectomy. It is important to note that even though we attempted to
control for transfusion risk using a propensity score, the results reported here only reflect an
association between transfusion and complications. There are likely many factors that
contribute to transfusion during pancreatectomy that cannot be controlled in a retrospective
study. At our institution, we have initiated efforts to utilize specific teams in the operating
room and are developing perioperative protocols that can be followed by anesthesia and
house staff.36 Continued efforts to develop protocols for transfusion and to avoid transfusion
when unnecessary in pancreatectomy are justified.
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Table 1

Patient demographics and comorbid conditions (N=173)

Variable N (%)

Male 99 (57 %)
Median age (years (range)) 62 (20-90)

Diagnosis

Benign 41 (23.7)
Malignant 132 (76.3)
BMI

<20 12 (6.9)
21-25 50 (28.9)
25-30 63 (36.4)
31-35 22 (12.7)
=36 26 (15.0)
Diabetes mellitus 50 (28.9)
Tobacco use 55 (31.8)
COPD/asthma 11 (6.4)
Renal disease 5(2.9)
Chronic steroid use 5(2.9)

Preoperative functional status
Independent 163 (94.2)
Partially/totally dependent 10 (5.8)
Preoperative weight loss 47 (27.2)
Abnormal preoperative laboratory values
Hematocrit<35 % 33 (19.1)
Platelet count<150 K/mm3 19 (11)

Creatinine>1.2 mg/dL 15 (8.7)
Albumin<3.5 g/dL 26 (15.0)
Bilirubin>1.5 mg/dL 42 (24.3)
ASA class

1-2 72 (41.6)
3-4 101 (58.4)
Preoperative severity of illness

Minor 21 (12.1 %)
Moderate 59 (34.1 %)
Major/extreme 93 (53.8 %)

Preoperative risk of mortality
Minor 91 (52.6 %)
Moderate/major/extreme 82 (47.4 %)
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Table 2

Operative outcomes associated with elective pancreatectomy

Variable N (%)
Median (range)
A
Operating time (min) 442 (158-755)
Estimated blood loss (mL) 425 (50-7,000)
Hospital stay (days) 10 (4-77)
Mortality at 90 days 6 (3.5)
Patients requiring transfusion 78 (45.1)
Number of units transfused 3 (1-55)
1-2 units 34 (43.6)
3-4 units 16 (20.5)
>5 units 28 (35.9)
B
Patients experiencing =1complication 98 (56.6)

Complications by system (percentage based on n=173)

Renal 3(1.7)
Deep venous thrombosis/pulmonary embolism 6 (3.5)
Delayed gastric emptying 12 (6.9)
Cardiovascular 18 (10.4)
Pancreatic fistula® 63 (36.4)
Grade A/B 43 (24.9)
Grade C 20 (11.6)
Gastrointestinal 25 (14.5)
Wound 25 (14.5)
Pulmonary 42 (24.3)
Infectious 53 (30.6)
C
Direct hospital cost (dollars) 22,501 (9,953-203,198)

aInternational Study Group on Pancreatic Fistula definition4
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Table 3

Risk factors for red blood cell transfusion—univariate and multivariate analysis

Variable Univariate analysis Multivariate analysis? p
p Relative mean change (95 % CI)
Age 0.702
Gender 0.417
Body Mass Index 0.005 1.57 (1.25-1.97) <0.001
Weight loss 0.099 0.63 (0.37-1.07) 0.088
Diabetic 0.031
Smoker 0.944 1.88 (1.18-3.00) 0.008
Functional status 0.598
ASA class 0.226
Severity of illness score 0.041
Mortality risk score 0.0003 1.98 (1.21-3.23) 0.007
Procedure type 0.747
Creatinine 0.194
Albumin 0.260
White blood cell count 0.177
Total bilirubin 0.226
Hematocrit 0.082 1.97 (1.47-2.63) <0.001
Platelet count 0.111
INR 0.058
Epidural 0.067
Operative time 0.093
Estimated blood loss <0.001 3.43(2.49-4.74) <0.001
Pathology (malignant vs. benign) 0.641 1.79 (1.00-3.20) 0.050

a\/ariables selected for inclusion (p<0.15) in the multivariate regression model used to calculate the transfusion propensity score
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Table 4

Multivariate analysis for complications from elective pancreatectomy

Endpoint Variable Oddsratio (95% CI) pvalue
Overall complications Red blood cells 1.54 (1.20-1.97) 0.001
Diabetes 2.28 (1.00-5.22) 0.050
ASA class 0.33 (1.16-0.70) 0.004
Infectious complications  Red blood cells 1.73 (1.33-2.62) <0.001
Platelet count 1.24 (1.02-1.50) 0.032
Operative time 1.49 (1.20-1.85) <0.001
Functional status 0.09 (0.02-0.49) 0.005
Weight loss 2.60 (0.90-7.51) 0.078
Pancreatic fistula® Platelet count 1.24 (1.05-1.46) 0.012
Operative time 1.18 (1.00-1.39) 0.049
Age 1.38 (1.05-1.81) 0.022
Red blood cells 1.05 (0.97-1.14) 0.195
Diabetes 2.19 (0.93-5.14) 0.071
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The endpoints in both the univariate and multivariate results are based on conditional logistic regression, stratified by the propensity score
categories (0, 1-2, 3-5, 6-9, and 10+). The propensity score for risk of RBC transfusion was calculated using a negative binomial model that
included estimated blood loss, Body Mass Index, preoperative hematocrit, mortality risk score, weight loss, smoking status, and diagnosis (benign/
malignant) as the risk factors

a . - —_
International Study Group on Pancreatic Fistula definition14
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Table 5

Multivariate analysis for direct costs associated with elective pancreatectomy

Endpoint Variable Mean change (dollars (95% Cl)) pvalue
Direct observed costs  Red blood cells 2,477 (1,929 to 3,027) <0.001
Operative time 2,960 (1,922 to 3,997) <0.001
Platelet count 1,612 (576 to 2,648) 0.003
Epidural -6,838 (-12,500 to -1,177) 0.018
Age 1,812 (126 to 3,497) 0.035

The multivariate results for the continuous outcome of direct observed cost are based on linear regression adjusted for transfusion propensity score
by including it in the model as a categorical predictor
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