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Abstract

Background—While a number of pro-hemostatic agents that are applied intraoperatively have
been introduced to minimize bleeding, little is known about the patterns of use and the factors that
influence use. We examined the use of hemostatic agents in patients undergoing major surgery.

Methods—All patients who underwent major general, gynecologic, urologic, cardiothoracic, or
orthopedic surgery from 2000-2010 who were recorded in the Perspective database were
analyzed.

Results—Among 3,633,799 patients, hemostatic agents were used in 30.3% (n=1,102,267). The
use of hemostatic agents increased from 28.5% in 2000 to 35.2% in 2010. Over the same period,
the rates of transfusion declined for pancreatectomy (—14.4%), liver resection (—15.0%),
gastrectomy (-11.7%), prostatectomy (—6.6%), nephrectomy (—4.6%), hip arthroplasty (-10.4%),
and knee arthroplasty (—6.6%). Over the same time period the transfusion rate increased for
colectomy (6.0%), hysterectomy (3.7%), CABG (8.4%), valvuloplasty (4.2%), lung resection
(1.9%), and spine surgery (1.6%). Transfusion remained relatively stable for thyroidectomy
(0.2%).

Conclusion—The use of hemostatic agents has increased rapidly even for surgeries associated

with a small risk of transfusion and bleeding complications.

Summary—The use of hemostatic agents has increased rapidly even for surgeries associated
with a small risk of transfusion and bleeding complications. In addition to patient characteristics,
surgeon and hospital factors exerted substantial influence on the allocation of hemostatic agents.
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Introduction

Bleeding is one of the most feared complications of surgery and a frequent cause of
significant perioperative morbidity.12 Current estimates suggest that 60-70% of all
transfused red blood cells are used in the surgical setting.3# In addition to infectious
complications, transfusion is associated with a number of non-infectious side effects and is
accompanied by substantial costs to the healthcare system.2>-7 Surgical site bleeding leads
not only to transfusion, but can require reoperation and is associated with other
complications including coagulopathy and hematoma formation.

Reducing the risk of bleeding complications requires meticulous intraoperative hemostasis.
While hemostasis is typically achieved through suturing, electrocautery, or surgical clips, a
number of adjuvant pro-hemostatic agents have been developed for use over the last two
decades.38-11 These agents have been broadly classified into three groups: topical hemostats
that cause blood to clot at a bleeding surface, sealants which prevent leakage from tissues
including vessels, and adhesives which bond tissues.8:9 There is overlap among these
categories and many compounds can be classified into multiple groups. Topical hemostats
are the most commonly used, and typically consist of a mechanical surface to promote clot
formation often with either thrombin or fibrinogen or a combination thereof.

In 1998 the Food and Drug Administration (FDA) approved the first fibrin sealant in the
United States.® Since then, a wide range of hemostatic agents have received approval, often
for a narrow spectrum of surgical procedures after the demonstration of safety.89 A
Cochrane review noted that fibrin sealants were associated with reductions in postoperative
blood loss and reduced requirements for allogenic red blood cell transfusion. However, the
review also noted that the beneficial effects of these agents were most pronounced for
orthopedic procedures and that the efficacy of these agents for other operations was not
clinically significant. Notably, the majority of trials included in the review were small with
over three quarters of the studies included consisting of fewer than 50 patients.3

Despite the availability of many hemostatic agents, a number of questions remain
unanswered. The majority of trials of hemostatic agents have been small, often non-
randomized, and limited by relatively uncommon endpoints and with a lack of standardized
protocols for transfusion.3 In addition, little is known about how these agents are being used
by surgeons in the community. Given the limited data describing the use of surgical
hemostatic agents, we conducted a population-based analysis to determine the utilization of
hemostatic agents and examined the trends in perioperative transfusion over the last decade.
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Methods

Data Source

We utilized the Perspective database (Premier, Charlotte, North Carolina), a voluntary, fee-
supported database developed to measure resource utilization and quality. Perspective
collects data on inpatient admissions from more than 500 acute-care hospitals located across
the United States.1? In addition to demographics, disease characteristics, and procedures,
Perspective collects information on all billed services. The database has been validated and
utilized in a number of outcomes studies.13-14 Perspective collected approximately 5.5
million hospital discharges in 2006, which represents approximately 15% of nationwide
hospitalizations.12:14 In addition to clinical and demographic data, Perspective collects data
on all drugs and therapeutic agent utilized during a patient's hospitalization. Perspective has
been utilized in a number of prior studies to explore the use of drugs and therapeutic agents
using billing data.1516

Cohort Selection and Surgical Procedures

Our analysis included patients who underwent major surgery between 2000 and 2010 (Table
1). The procedures were classified into the following groups: general surgical procedures
(colectomy, thyroidectomy, pancreatectomy, liver resection, and gastrectomy), gynecologic
and urologic procedures (prostatectomy, hysterectomy, nephrectomy), cardiothoracic
procedures (coronary artery bypass graft, valvuloplasty, lung resection), and orthopedic
procedures (hip arthroplasty, knee arthroplasty, spine surgery). Patients who underwent a
minimally invasive procedure were not included.

Hemostatic Agent Use and Transfusion Requirements

Hemostatic agent use was determined for each patient by review of billing records. We
recorded use of any topical fibrin or thrombin-based product as well as commercially
available topical hemostatic agents classified as a topical hemostat, sealant, or adhesive, as
previously described.8 Given the overlap in the composition of many of these products, the
analysis was not separated into individual products. Each patient was classified as having
received or not received a hemostatic agent. Transfusion was defined as either an ICD-9
code for transfusion of autologous or donor blood products (ICD-9 99.0x) or through the
identification of a billing code in Perspective for use of blood component therapy. A priori
we chose not to attempt to analyze the direct effect of hemostatic agents on transfusion rates
given the likely substantial influence of unmeasured confounders. Rather, we present an
ecologic analysis of hemostatic agent use in combination with transfusion rates.

Clinical and Demographic Characteristics

Demographic data analyzed included age (<60 and =60 years of age), gender (male, female),
race (white, black, other, unknown), marital status (married, single, unknown), year of
surgery (2000 through 2010), and insurance status (Medicare, Medicaid, commercial, self-
pay, and unknown). The presence of cancer at the site of surgery was analyzed for each
patient (Table 1). Risk adjustment for comorbid conditions was performed using the
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Charlson comorbidity index.1” The ICD-9 coding to define the Charlson index as reported
by Deyo and colleagues was utilized.1®

We characterized the hospitals in which patients were treated based on location
(metropolitan, non-metropolitan), region of the country (northeast, midwest, west, south),
size (<400 beds, 400-600 beds, and >600 beds) and teaching status (teaching, non-teaching).
Both hospital and surgeon volume were analyzed. For each surgeon and hospital, we
determined the total number of each procedure that was performed during the study period.
Given that not all physicians and hospitals contributed data for the entire study period,
annualized procedure volumes were calculated. Annualized procedure volumes were
estimated by dividing the total number of subjects who underwent a procedure by the
number of years a given surgeon or hospital contributed at least one procedure. The volumes
were then divided to create three approximately equal tertiles of surgeon and hospital
volume: low, intermediate, and high.19-20 Separate volume estimates were determined for
each procedure.

Statistical Analysis

Results

Frequency distributions between categorical variables were compared using ¥ tests. The use
of hemostatic agents as well as trends in transfusion rates are presented graphically by year
of diagnosis. Multivariable hierarchical mixed-effects logistic regression models were used
to analyze the influence of patient, physician, and hospital characteristics on use of
hemostatic agents. The models included all of the patient, physician and hospital facts as
well as a hospital-specific random effect. Separate models were developed for general
surgical, gynecologic/urologic, cardiothoracic, and orthopedic procedures. Results are
reported as odds ratios and 95% confidence intervals. All analyses were performed using
SAS version 9.2 (SAS Institute Inc, Cary, North Carolina). All statistical tests were two-
sided.

We identified a total of 3,633,799 patients who underwent the procedures of interest,
including 1,102,267 (30.3%) who received a hemostatic agent and 2,531,532 (69.7%) who
did not. The use of hemostatic agents was highest for spine surgery (82.2%) and liver
resection (51.6%) and lowest for prostatectomy (6.6%), hip arthroplasty (7.3%), knee
arthroplasty (8.3%), and colectomy (8.5%). The use of hemostatic agents increased over
time from 28.5% in 2000 to 35.2% in 2010 (P<0.0001) (Table 2).

In the multivariable models, more recent year of treatment was the strongest predictor of
receipt of a hemostatic agent across all four classes of surgical procedures (Table 3). For
patients undergoing general surgical procedures, use was higher in black patients, those with
Medicare or Medicaid, residents of the Midwest and south, patients with comorbidities and
those treated at intermediate and high volume hospitals; hemostatic agents were less
frequently used in women, patients with cancer, and for patients treated by intermediate and
high-volume surgeons (P<0.05 for all). These trends were similar for the other procedure
types except that patients with cancer undergoing gynecologic/urologic, cardiovascular or
orthopedic surgery were more likely to receive a hemostatic agent (P<0.05 for all).
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Additionally, those undergoing gynecologic or urologic surgery with commercial insurance,
cancer, and those treated by treated by intermediate and high-volume surgeons were more
likely to receive a hemostatic agent (P<0.05 for all).

The use of hemostatic agents increased over time for all procedures (Figure 1). The greatest
increase in use of hemostatic agents was noted for nephrectomy (31.1%) and
pancreatectomy (29.3%). There was a moderate (10-25%) increase in use for
thyroidectomy, prostatectomy, hysterectomy, CABG, lung resection, hip arthroplasty, and
knee arthroplasty. Use increased by <10% for colectomy, liver resection, gastrectomy,
valvuloplasty, and spine surgery. The trends in use from 2000 to 2010 for each procedure
were: colectomy (7.0% to 11.3%), thyroidectomy (16.4% to 34.7%), pancreatectomy (19.5%
to 48.8%), liver resection (48.2% to 55.2%), and gastrectomy (12.8% to 22.4%),
prostatectomy (1.4% to 13.7%), hysterectomy (10.1% to 21.0%), nephrectomy (17.6% to
48.7%), CABG (40.1% to 51.6%), valvuloplasty (45.9% to 55.2%), lung resection (18.4% to
34.6%), hip arthroplasty (2.3% to 13.7%), knee arthroplasty (1.6% to 15.5%), and spine
surgery (80.8% to 84.0%).

The trends in use of blood transfusion were highly variable. From 2000 to 2010, the rates of
transfusion use declined for pancreatectomy (—14.4%), liver resection (-15.0%),
gastrectomy (-11.7%), prostatectomy (—6.6%), nephrectomy (-4.6%), hip arthroplasty
(-10.4%), and knee arthroplasty (—6.6%). Over the same time period, the transfusion rate
increased for colectomy (6.0%), hysterectomy (3.7%), CABG (8.4%), valvuloplasty (4.2%),
lung resection (1.9%), and spine surgery (1.6%). Transfusion remained relatively stable for
thyroidectomy (0.2%).

Discussion

We noted a rapid increase in the use of hemostatic agents over time with more than a third
of patients receiving one of these compounds by 2010. The increased use of hemostatic
agents was noted for all of the procedures examined, including operations associated with a
relatively small risk of transfusion and other bleeding related complications. In addition to
patient characteristics, surgeon and hospital factors exerted substantial influence on the
utilization of hemostatic agents.

Conducting high-quality studies to examine the efficacy of drugs and devices that minimize
transfusion requirements has proven difficult. Prior data has suggested that cell salvage and
anti-fibrinolytic agents provide worthwhile reductions in blood loss but other drugs, such as
desmopression, and interventions, such as normovolemic hemodilution, are of limited
utility.21-24 Data regarding hemostatic agents derives mainly from small trials.2>-2% A 2009
meta-analysis reported that fibrin sealants reduced blood loss by an average of 161 mL per
patient and were associated with a 32% reduction in the rate of allogeneic blood transfusion.
These findings were most pronounced for orthopedic procedures in which blood loss is often
substantial but were not clinically significant for other operations. Based on the quality of
studies included the authors suggested that more methodologically rigorous randomized
trials were needed.3
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Although the number of commercially available hemostatic agents is increasing rapidly,
relatively little is known about how these agents are currently being in used in clinical
practice.30-35 A hospital-level survey conducted by the International Study of Peri-operative
Transfusion (ISPOT) collaborative and reported in 2001 found that techniques such as cell
salvage (82%) and preoperative autologous blood donation (83%) were used more
frequently by hospitals than pharmacologic interventions such as aprotinin (61%),
desmopression (52%), and epsilon-aminocaproic acid (50%).3* Similar trends were noted in
a study of Canadian hospitals in 2000.32 These studies have consistently shown that
interventions to reduce blood loss are most frequently used in cardiac procedures.32:33 Data
specifically describing use of topical hemostats, sealants, and adhesives is largely lacking. It
is likely that practice patterns have changed substantially over the last decade as a number of
new hemostatic agents have become available and as safety concerns have arisen for other
commonly used procoagulant drugs such as aprotinin.36:37

The difficulty of how to incorporate procoagulant and hemostatic drugs into surgical
practice is well demonstrated by the case of recombinant factor Vlla (rFV1la). Recombinant
factor VIla was approved in 1999 for the treatment of patients with hemophilia but is now
commonly used for a variety of off-label indications. A study of rFVIla noted that use of the
agent increased 143-fold from 2000 to 2008 with an astonishing 96% of cases representing
off-label use.3> Once approved, drugs are often used for other indications or in different
dosing regimens and schedules.38-41 Off-label use is of concern not only because a patient
may not derive benefit, but also because many drugs and products are associated with
substantial toxicity and cost.384142 Use of hemostatic agents is somewhat different in that
many of these agents have been approved with a general indication for surgical hemostasis.
Notably however, most clinical trials of hemostatic agents have focused on procedures
associated with significant bleeding risks and it is doubtful that widespread use of these
agents for low-risk procedures is cost-effective.

Regardless of the efficacy of hemostatic agents, their rapid uptake raises potential concerns
regarding side effects and cost. While strong selection bias and unmeasured confounding
factors make it difficult to determine the efficacy of these agents using observational data,
we were able to correlate the patterns of hemostatic agent use with ecologic trends in
transfusion. For orthopedic procedures, as well as several general surgical procedures
including liver resection, gastrectomy, and pancreatectomy, the increased use over time of
hemostatic agents was accompanied by decreased transfusion requirements. For some
procedures, including hysterectomy, colectomy and nephrectomy transfusion rates increased
over time in association with increased use of hemostatic agents. While a number of factors
including the increased use of minimally invasive surgery, more stringent transfusion
triggers, and changing patterns of surgical practice influence these trends, the widespread
use of hemostatic agents raises concern. These concerns are highlighted by thyroidectomy
where the annual rate of transfusion is <2% but use of hemostatic agents has more than
doubled to nearly 35% over a decade.

Despite the inclusion of a large number of patients, we recognize a number of important
limitations. We captured hemostatic agents using billing codes collected by hospitals and
submitted to Perspective. Although this methodology has been validated in a number of
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outcomes studies, we cannot exclude the possibility that a small number of patients who
received hemostatic agents were not captured.14:3543 Secondly, a large number of
hemostatic agents are now commercially available. As many of these agents include various
combinations of fibrin and/or thrombin, separating the analysis into specific hemostatic
agents would have been imprecise. We therefore analyzed a composite of any use of a
hemostatic agent. A priori we chose to examine transfusion rates over time. While
transfusion requirements are an important endpoint and a surrogate for hemostasis, we
recognize that there are other potential benefits of hemostatic agent use, such as lower blood
loss, earlier return to activity, and decreased wound complications, that we are unable to
measure using administrative data. Finally, we recognize that a number of patient,
procedure, and surgeon-specific factors and preferences that are impossible to measure may
have contributed to the decision to use a hemostatic agent. As these unmeasured factors limit
our ability to associate hemostat use with transfusion, we chose to provide a descriptive
analysis of patterns of use and to report transfusion trends over time.

The major question raised by our findings is how to rationally utilize hemostatic agents in
clinical practice. Although these agents have clearly shown efficacy, data from high-quality,
randomized trials remain limited.3 While many agents are approved for surgical hemostasis,
clearly the benefits and comparative effectiveness of these agents is highly procedure
specific. As the use of hemostatic agents continues to increase, further comparative
effectiveness studies to define specific procedures and clinical scenarios in which these
agents are most beneficial are needed to maximize clinical outcomes and decrease costs.
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Page 11

Use of hemostatic agents (blue) and transfusion requirements (red) stratified by year of
diagnosis for each procedure.
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Table 1

Procedures selected for the analysis.

Page 12

Procedure ICD-9 procedur e codes 1CD-9 site specific cancer codes
Colectomy 45.7,45.71,45.72,45.73, 45.74, 45.75, 45.76, 45.79, 45.8, 45.82, 45.83 153-153.9
Thyroidectomy 06.2-06.6 193-193.99
Pancreatectomy 52.5,52.51, 52.52, 52.53, 52.59, 52.6, 52.7 157-157.9

Liver resection 50.22,50.3, 50.4 140-239
Gastrectomy 43.5,43.6,43.7,43.81, 43.89, 43.9, 43.91,43.99 151-151.9
Prostatectomy 60.2, 60.21, 60.29, 60.3, 60.4, 60.5, 60.62 185
Hysterectomy 68.4, 68.9 182.0-182.8, 183.0-183.9
Nephrectomy 55.4, 55.5, 55.51, 55.52, 55.53, 55.54 189-189.9
gr‘;rf‘t’”ary artery bypass 36.1, 36.10, 36.11, 36.12, 36.13, 36.14, 36.15, 36.16, 36.17, 36.19 164-164.9

Lung resection 32.3,32.39, 32.3, 32.39, 32.4, 32.49, 32.4, 32.49, 32.5, 32.59 162-163.9

Knee replacement 81.54 140-209.69

Hip replacement 81.51 140-209.69

Spine surgery 80.50, 80.51, 81.0, 81.00, 81.01, 881i9()2é’81.03, 81.04, 81.05, 81.06, 81.07, 140-209.69
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Table 2

Characteristics of the cohort stratified by hemostatic agent use.

No hemostatic agent

Hemostatic agent

N (%) N (%)  P-value
2531532 (69.7) 1,102,267 (30.3)
Age <0.0001
<60 1,047,589  (63.8) 594,507  (36.2)
260 1,483,943  (745) 507,760  (25.5)
Gender <0.0001
Male 1,118,719  (66.8) 555519  (33.2)
Female 1412813  (72.1) 546,748  (27.9)
Race <0.0001
White 1,780,327  (68.4) 822,295  (31.6)
Black 246256  (72.2) 94,850  (27.8)
Other 504,902  (73.2) 185112  (26.8)
Unknown 47 (0) 10 (0)
Year of diagnosis <0.0001
2000 162,341 (715) 64,842  (28.5)
2001 233121  (72.3) 89454  (27.7)
2002 239,039  (72.4) 91,130  (27.6)
2003 251,973  (71.9) 98657  (28.1)
2004 248,809  (71.3) 100,343  (28.7)
2005 246,935  (70.7) 102,432  (29.3)
2006 280,001 (69.6) 122,330  (30.4)
2007 260,225  (68.6) 123,375  (31.4)
2008 265617  (66.8) 132,057 (33.2)
2009 269,677 (65.5) 142,385  (34.6)
2010 64,794 (648) 35262  (35.2)
Insurance <0.0001
Commercial 1,131,764  (68.1) 529,605  (31.9)
Medicare 1,166,987  (74.1) 409,016  (26.0)
Medicaid 100,897  (66.5) 50,784  (33.5)
Uninsured 50,298 (67.5) 24,262 (32.5)
Unknown 81,586 (479) 88600  (52.1)
Marital status <0.0001
Married 1443383  (68.9) 652,496  (31.1)
Single 312615  (66.9) 154,619  (33.1)
Unknown 775534  (72.4) 295152  (27.6)
Area of residence <0.0001
Metropolitan 2,258,005  (69.1) 1,007,905 (30.9)
Non-metropolitan 273,527 (74.4) 94,362 (25.7)
Region <0.0001
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No hemostatic agent

Hemostatic agent

N (%) N (%)  P-value
Eastern 365,797  (75.7) 117,246  (24.3)
Midwest 556,597  (70.5) 233,221  (29.5)
South 1,195,830  (67.1) 586,953  (32.9)
West 413308  (71.5) 164,847  (28.5)
Cancer <0.0001
No 1,399,264  (60.4) 918,150  (39.6)
Yes 65,759 (71.2) 26581  (28.8)
Comorbidity <0.0001
0 1,126,403  (68.4) 520,210  (31.6)
1 609,469  (71.1) 247,935  (28.9)
>2 795660  (70.4) 334,122  (29.6)
Hospital type <0.0001
Non-teaching 1,407,799 (70.6) 585,488  (29.4)
Teaching 1,123,733  (685) 516,779  (315)
Hospital size <0.0001
<400 beds 1,188,154  (72.2) 458,633  (27.9)
400-600 beds 737,025  (68.9) 332,284  (31.1)
>600 beds 606,353  (66.1)  311.350  (33.9)
Hospital volume <0.0001
Low 838,647  (69.2) 372,916 (30.8)
Intermediate 851,190  (70.9) 349,615  (29.1)
High 841,695 (68.9) 379,736  (31.1)
Surgeon volume <0.0001

Low
Intermediate
High
Unknown

Procedure
Colectomy
Thyroidectomy
Pancreatectomy
Liver resection
Gastrectomy
Prostatectomy
Hysterectomy

Nephrectomy

Coronary artery bypass graft

Valvuloplasty
Lung resection
Knee arthroplasty
Hip arthroplasty

785465  (69.2)
787,459  (69.3)
796,221  (69.9)
162,387  (72.9)

321587  (915)
60,301  (74.9)

9066 (63.7)

4840 (48.4)
26,869  (80.1)
261,219  (93.4)
394102  (85.9)
48826  (64.3)
243112 (57.0)
71523  (50.8)
43429  (755)
611,968  (91.7)
309,851  (92.7)
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349,540 (30.8)
349,596  (30.8)
342,734 (30.1)
60,397  (27.1)

29984  (8.5)
20237 (25.1)
5175  (36.3)
5168  (51.6)
6665  (19.9)
18483  (6.6)

64,979  (14.2)
27,082 (35.7)
183521  (43.0)
69,324  (49.2)
14125  (24.5)
55,655  (8.3)
24486  (1.3)
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No hemostaticagent  Hemostatic agent

N (%) N (%)  P-value

Spine surgery

124,839 (17.8) 577,383  (82.2)
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Multivariable model of predictors of use of hemostatic agents.

Table 3

General surgery  Gynecologic and urologic ~ Cardiovascular Orthopedic
Age
<60 Referent Referent Referent Referent
260 1.01 (0.99-1.03) 0.91 (0.89-0.93)" 1.01 (1.00-1.02) 1.01 (1.00-1.02)"
Gender
Male Referent Referent Referent Referent
Female 0.94 (0.93-0.96)" 0.97 (0.95-1.00)" 0.99 (0.98-1.00) 1.00 (0.99-1.00)
Race
White Referent Referent Referent Referent
Black 1.03 (1.01-1.06)" 1.04 (1.02-1.06)" 1.01 (1.00-1.03) 1.00 (0.99-1.01)
Other 1.01 (0.99-1.04) 1.01 (0.9901.03) 0.97 (0.96-0.99)°  1.01 (1.01-1.02)"
Year of diagnosis
2000 Referent Referent Referent Referent
2001 1.08 (1.01-1.16)" 1.03 (0.98-1.09) 0.96 (0.94-0.99)°  1.03 (1.01-1.05)"
2002 1.17 (1.09-1.25)" 1.13 (1.07-1.19)" 0.98 (0.95-1.01) 1.05 (1.03-1.08)"
2003 1.21 (1.13-1.30)" 1.29 (1.22-1.36)" 1.02(0.99-1.05) 1,07 (1.05-1.09)"
2004 1.28 (1.20-1.37)" 1.43 (1.35-1.50)" 1.14 (1.10-1.17)°  1.11(1.08-1.13)"
2005 1.37 (1.28-1.47)" 1.57 (1.49-1.65)" 117 (1.13-1.20)° 114 (1.11-1.16)"
2006 1.46 (1.37-1.56)" 1.79 (1.70-1.89)" 1.26 (1.22-1.30)°  1.18(1.11-1.16)
2007 1.60 (1.50-1.72)" 2.04 (1.94-2.15)" 1.34 (1.30-1.38)"  1.22 (1.20-1.24)"
2008 1.73 (1.62-1.85)" 2.29 (2.17-2.41)" 1.39(1.35-1.43)°  1.28 (1.25-1.30)"
2009 1.82 (1.70-1.94)" 2.53 (2.40-2.66)" 1.38 (1.34-1.42)°  1.30 (1.27-1.33)"
2010 1.82 (1.68-1.96)" 2.73 (2.57-2.89)" 137 (1.32-1.42)°  1.34(1.31-1.37)"
Insurance
Commercial Referent Referent Referent Referent
Medicare 1.03 (1.01-1.05)" 0.81 (0.79-0.82)" 1.03 (1.03-1.04)" 1.00 (0.99-1.00)
Medicaid 1.08 (1.04-1.12)" 0.95 (0.93-0.98)" 1.02 (1.00-1.05)" 0.99 (0.98-1.00)
Uninsured 1.02 (0.98-1.07) 0.91 (0.88—0.95)* 1.00 (0.98-1.03) 0.98 (0.96-1.00)
Unknown 1.04 (0.99-1.09) 0.97 (0.94-1.01) 1.03 (1.00-1.05)°  1.01 (1.00-1.02)"
Marital status
Married Referent Referent Referent Referent
Single 1.00 (0.97-1.02) 0.93 (0.92-0.95)" 1.01 (0.99-1.02) 1.00 (0.99-1.00)
Unknown 1.01 (0.99-1.03) 0.98 (0,97_1,00)* 1.00 (0.99-1.01) 1.00 (0.99-1.01)

Area of residence

Region

Metropolitan

Non-metropolitan

Referent

0.85 (0.69-1.03)

Referent

0.89 (0.71-1.10)

Referent

0.84 (0.63-1.12)
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0.63 (0.50-0.80)"
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400-600 beds
>600 beds
Hospital volume
Low
Intermediate
High
Surgeon volume
Low
Intermediate
High
Unknown

Procedure

Colectomy
Thyroidectomy
Pancreatectomy
Liver resection

Gastrectomy
Prostatectomy

Hysterectomy

Nephrectomy

Coronary artery bypass graft

Valvuloplasty

Lung resection

1.21 (0.99-1.49)
1.16 (0.87-1.54)

Referent
1.14 (1.11-1.18)"

1.29 (1.24-1.34)"

Referent
0.86 (0.85-0.88)"
0.83 (0.82-0.85)"

0.92 (0.86-0.99)"

Referent
3.21(3.14-3.27)"
3.84 (3.72-3.97)"
5.72 (5.53-5.92)"

2.11 (2.05-2.16)"

1.10 (0.88-1.39)
1.03 (0.74-1.42)

Referent

0.98 (0.95-1.01)

1.30 (1.26-1.35)"

Referent
1.09 (1.07-1.11)"
1.23 (1.21-1.26)"

1.08 (1.03-1.15)"

Referent

Referent
2.67 (2.58-2.75)"

4.83 (4.72-4.94)"

1.11 (0.87-1.41)
1.17 (0.84-1.63)

Referent
1.03 (1.01-1.05)"
0.99 (0.97-1.02)

Referent
0.95 (0.94-0.96)"
0.93 (0.92-0.94)"

0.91 (0.88-0.94)"

Referent

Referent
1.13 (1.12-1.14)"

0.50 (0.48-0.52)"
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General surgery  Gynecologic and urologic ~ Cardiovascular Orthopedic
Eastern Referent Referent Referent Referent
Midwest 1.79 (1.39-2.31)" 1.35 (1.02-1.78)" 136(0.99-1.87)  1.61(1.20-2.16)"
South 2.09 (1.65-2.66)" 151 (1.16-1.97)" 159 (1.18-2.14)°  2.28 (1.73-3.00)"
West 1.18 (0.88-1.58) 0.88 (0.64-1.21) 1.21 (0.84-1.73) 1.60 (1_15_2_23)*
Cancer
No Referent Referent Referent Referent
Yes 0.87 (0.85-0.88)" 1.42 (1.40-1.45)" 1.11(1.07-1.16)°  1.02 (1.00-1.05)"
Comorbidity
0 Referent Referent Referent Referent
1 117 (1.14-1.20)" 1.30 (1.28-1.32)" 1.04(1.03-1.05)" 1.0 (1.00-1.01)
22 1.43 (1.40-1.46)" 1.24 (1.21-1.26)" 1.08 (1.07-1.10)"  1.01 (1.00-1.01)"
Hospital type
Non-teaching Referent Referent Referent Referent
Teaching 0.98 (0.81-1.19) 1.15 (0.93-1.43) 1.00 (0.80-1.26) 0.93 (0.75-1.16)
Hospital size
<400 beds Referent Referent Referent Referent

1.33 (1.04-1.68)"
1.12 (0.80-1.57)

Referent
1.12 (1.10-1.14)"

1.05 (1.02-1.07)"

Referent
1.03 (1.02-1.04)"

1.01 (1.00-1.01)

1.05 (1.03-1.08)"
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General surgery  Gynecologic and urologic ~ Cardiovascular

Orthopedic

Hip arthroplasty

Knee arthroplasty

Spine surgery

Referent
1.08 (1.06-1.10)"

11.71 (11.55-11.87)"

P<0.05
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