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ABSTRACT

BACKGROUND
Hospital mortality that is associated with inpatient surgery varies widely. Reducing
rates of postoperative complications, the current focus of payers and regulators, may
be one approach to reducing mortality. However, effective management of compli-
cations once they have occurred may be equally important.

METHODS
We studied 84,730 patients who had undergone inpatient general and vascular surgery
from 2005 through 2007, using data from the American College of Surgeons National
Surgical Quality Improvement Program. We first ranked hospitals according to their
risk-adjusted overall rate of death and divided them into five groups. For hospitals in
each overall mortality quintile, we then assessed the incidence of overall and major
complications and the rate of death among patients with major complications.

RESULTS
Rates of death varied widely across hospital quintiles, from 3.5% in very-low-mortal-
ity hospitals to 6.9% in very-high-mortality hospitals. Hospitals with either very high
mortality or very low mortality had similar rates of overall complications (24.6% and
26.9%, respectively) and of major complications (18.2% and 16.2%, respectively). Rates
of individual complications did not vary significantly across hospital mortality quin-
tiles. In contrast, mortality in patients with major complications was almost twice
as high in hospitals with very high overall mortality as in those with very low over-
all mortality (21.4% vs. 12.5%, P<0.001). Differences in rates of death among patients
with major complications were also the primary determinant of variation in overall
mortality with individual operations.

CONCLUSIONS
In addition to efforts aimed at avoiding complications in the first place, reducing
mortality associated with inpatient surgery will require greater attention to the time-
ly recognition and management of complications once they occur.
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VARIATION IN MORTALITY ASSOCIATED WITH INPATIENT SURGERY

URGICAL RATES OF DEATH VARY WIDELY

across hospitals in the United States. Payers

and regulators are currently focused on ways
of reducing postoperative complications, which
may be one approach to reducing the observed vari-
ations in mortality. Among the most prominent
efforts are pay-for-performance plans aimed at cre-
ating incentives for greater compliance with evi-
dence-based practices for perioperative care. For
example, the Surgical Care Improvement Project
of the Centers for Medicare and Medicaid Services
(CMS) is focusing on process compliance for three
surgical complications: surgical-site infection, ve-
nous thromboembolism, and cardiac ischemia.
More recently, the CMS began withholding pay-
ment for certain preventable complications.?

Whether these efforts will ultimately be suc-
cessful in reducing variation in hospital mortality
is unclear, however. Instead, variation in how well
hospitals recognize and rescue patients from ma-
jor complications once they have occurred may
also be important in explaining rates of death.
Previous studies have suggested that the “failure
to rescue” — mortality among patients with major
complications — may be an important mechanism
underlying hospital mortality associated with sur-
gery.2 However, since these studies were largely
based on administrative data, the relationships
between complications, failure to rescue, and mor-
tality have not been clearly elucidated.

A better understanding of such relationships
would have obvious implications for the types of
policies that are likely to reduce surgical mortality.
In this context, we used data from the American
College of Surgeons National Surgical Quality Im-
provement Program to explore variations in hos-
pital death rates associated with inpatient surgery.
In particular, we focused on the extent to which
rates of complications and death after the devel-
opment of a major complication explain variations
in mortality across hospitals.

METHODS

DATA SOURCE AND STUDY POPULATION

We used data from the American College of Sur-
geons National Surgical Quality Improvement Pro-
gram from 2005 through 2007. The program is a
prospective, multicenter clinical registry that was
created to provide feedback on risk-adjusted out-
comes to hospitals for quality-improvement pur-
poses. It began in 1991 as a Veterans Health Ad-

ministration quality initiative to improve surgical
outcomes in veterans hospitals.? In 2004, the pro-
gram began to collect data from non-veterans hos-
pitals and now includes 186 participating centers.
More than 130 patient and operative variables are
recorded, including patient demographics, pre-
operative risk factors, laboratory values, intraop-
erative variables, and postoperative 30-day morbid-
ity and mortality. All information in the database
is deidentified, and informed consent is obtained
from patients before data collection.

The data-collection process relies on a sam-
pling strategy aimed at collecting a diverse set of
surgical procedures. Nurses who are trained in
surgical and clinical review record the data with
the use of standardized definitions. The reliability
of the data is ensured through intensive training
mechanisms for the nurse reviewers and by con-
ducting interrater reliability audits of participat-
ing sites.* Although the American College of Sur-
geons National Surgical Quality Improvement
Program administers the database, the authors are
solely responsible for the analyses and conclusions
presented here.

The most recent database includes information
on 363,897 patients who underwent surgery at the
participating hospitals from 2005 to 2007. For this
study, we identified a subgroup of 215,526 patients
who underwent general or vascular surgery, using
current-procedural-terminology codes.> Since out-
patient surgery is associated with a very low rate
of mortality, we then restricted our analysis to
170,403 patients who underwent inpatient surgery.
Finally, given our primary interest in understand-
ing surgical mortality, we further limited the study
population to patients who underwent procedures
that have rates of death of more than 1%. With
these exclusions, our study was based on 84,730
patients who underwent 1 of 42 general and vas-
cular operations. Although our study cohort in-
cluded only 23% of all patients who were enrolled
in the database, it captured 68% of deaths.

PRIMARY OUTCOMES
We focused on two primary outcomes: the rate of
complications and the rate of death among pa-
tients who had major complications. Postopera-
tive complications included superficial, deep, and
organ-space infections, acute renal failure, post-
operative bleeding requiring transfusion, myocar-
dial infarction, pneumonia, pulmonary embolism,
stroke, unplanned intubation, fascial dehiscence,
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prolonged mechanical ventilation (>48 hr), deep
venous thrombosis, urinary tract infection, septic
shock, vascular graft loss, and renal insufficiency.
In assessing the relationship between hospital mor-
tality and complications, we examined all com-
plications and a subgroup of major complications.
To define the latter, we excluded patients with uri-
nary tract infection, deep venous thrombosis (in
the absence of pulmonary embolism), superficial
infections, and renal insufficiency (in the absence
of a need for dialysis). We then assessed mortal-
ity after major complications (i.e., the proportion
of deaths among patients with at least one major
complication).

STATISTICAL ANALYSIS
The main purpose of this study was to determine
the relationship between overall hospital mortali-
ty, complications, and mortality after major com-
plications. Our primary exposure variable was risk-
adjusted mortality, assessed at the hospital level.
For this purpose, we used standard risk-adjustment
methods, which have been well described and vali-
dated previously.? Our models were based on back-
ward stepwise logistic regression, including mul-
tiple patient-level and operation-level variables such
as age, sex, functional status, American Society of
Anesthesiologists class, the presence or absence of
an emergency procedure, preoperative laboratory
values (e.g., albumin and creatinine), preoperative
coexisting illnesses (e.g., a history of myocardial
infarction, chronic obstructive pulmonary disease,
cerebrovascular disease, weight loss, long-term use
of corticosteroids, and dialysis), and the type of
procedure. Our final model included 13 variables
with a C statistic of 0.88.

Furthermore, on the basis of the Hosmer—
Lemeshow goodness-of-fit statistics, the model
was well calibrated, with a good match between
observed and expected deaths across all deciles of
risk. Predicted probabilities of death from these
models were then calculated for patients at each
hospital to estimate the expected rates of death.
Next, the ratio of observed-to-expected mortality
was multiplied by the overall rate of death in the
database to obtain the risk-adjusted rate of death
for each hospital. We then ranked hospitals ac-
cording to risk-adjusted mortality and divided
them into five equal-sized groups (quintiles).

Using the same risk-adjustment model de-
scribed above, we compared the complication inci-
dence across the risk-adjusted hospital quintiles
of mortality. To further evaluate the effect of spe-

cific complications on mortality, we compared the
incidence of individual complications across the
hospital quintiles. We used similar techniques to
assess the relationship between mortality in pa-
tients with major complications and overall hos-
pital mortality. To assess the generalizability of
our findings, we repeated our analysis with the
inclusion of all patients in the database. These
results were essentially identical to those of our
main analysis and are not presented here. Finally,
to confirm the robustness of our findings, we
performed procedure-specific analysis of the five
procedures associated with the greatest number
of perioperative deaths: colectomy, repair of ab-
dominal aortic aneurysm, lower-extremity bypass,
and above-knee and below-knee amputation.

In these analyses, we adjusted for the noninde-
pendence of patients within hospitals (i.e., cluster-
ing) by creating robust standard errors. All statis-
tical analyses were performed with the use of
Stata software (version 10.0).

RESULTS

The risk-adjusted overall rates of death varied by a
factor of nearly two across the hospital quintiles,
from 3.5% in the hospitals with very low mortality
(lowest quintile) to 6.9% in the hospitals with very
high mortality (highest quintile) (odds ratio, 2.04;
95% confidence interval [CI], 1.73 to 2.39). Table 1
summarizes the study population, stratified ac-
cording to hospital mortality quintiles. In general,
patients at higher-mortality hospitals were more
likely to be nonwhite and smokers. On balance,
however, there was no evidence of systematic dif-
ferences in case mix across hospital quintiles, evi-
denced by very similar overall expected rates of
death. Furthermore, hospitals with very low mor-
tality or very high mortality performed a very sim-
ilar mix of procedures. For example, between very-
low-mortality hospitals and very-high-mortality
hospitals, there were nearly identical rates of colec-
tomy (36.2% vs. 37.3%, P=0.05), gastrectomy (2.3%
vs. 2.1%, P=0.19), and abdominal aortic-aneurysm
repair (7.4% vs. 6.9%, P=0.07).

There were no clinically important differences
in the rates of overall complications or major com-
plications across quintiles of overall hospital mor-
tality (Fig. 1). In terms of individual complication
rates, very-high-mortality hospitals had slightly
higher rates of unplanned intubation than did
very-low-mortality hospitals (4.6% vs. 3.6%, P=0.02).
However, there were no significant differences in
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Table 1. Demographic and Clinical Characteristics of the Patients, According to Hospital Quintile of Mortality.*

Characteristic (N=17,379)
Median age (yr) 63.6
Male sex (%) 52.0
Nonwhite race (%) 18.9
Smoking within past year (%) 22.2
Preoperative functional status (%)
Totally independent 82.0
Partially dependent 11.8
Totally dependent 6.3
ASA class =4 (%) 15.7
Coexisting condition (%)
Diabetes 20.2
Chronic obstructive pulmonary disease 8.4
Congestive heart failure 2.4
Myocardial infarction 1.5
Peripheral vascular disease 11.5
Transient ischemic attack 3.7
Bleeding disorder 11.8
Ascites 4.9
Long-term use of corticosteroids 5.5
Emergency operation 18.3
Acute renal failure 1.4
Dialysis 3.6
Albumin <3.5 g/dI 26.9
Do-not-resuscitate status 1.9
Hypertension 58.2
Preoperative transfusion of >4 units 12
Weight loss of >10% in past 6 mo 6.9
Expected mortality (%) 5.2
Risk-adjusted mortality (%) 35

(N=16,780) (N=17,923) (N=15,953)
63.0 63.9 61.7
52.0 51.2 54.4
14.5 14.6 24.1
232 238 26.6
83.1 85.2 84.1
11.2 10.1 10.4

5.7 47 5.5
143 143 16.7
19.4 19.3 213

8.6 7.9 9.2

3.1 2.0 2.6

1.8 13 1.8
11.7 9.9 12.3

41 3.8 43
12.1 9.4 10.6

42 3.9 3.6

6.2 5.6 7.2
18.8 19.3 18.2

1.7 1.5 1.7

41 3.1 46
235 28.1 27.4

1.4 2.0 15
56.9 57.6 58.6

11 0.9 1.2

8.1 5.5 6.2

5.4 48 5.1

46 48 5.8

Very Low Mortality Low Mortality Medium Mortality High Mortality Very High Mortality
(N=16,695)

62.4
51.6
26.4
27.4

83.7
10.9

5.4
15.9

21.7
9.1
2.5
1.8

12.0
4.5

11.2
3.6
5.4

195
1.7
4.7

27.0
1.4

59.3
1.1
5.6
4.8
6.9

* ASA denotes American Society of Anesthesiologists.
7 Race was self-reported.

i Expected mortality was derived from a risk-adjustment model that included age, sex, race, need for emergency surgery, laboratory values,

procedure type, and coexisting illnesses.

the rates of urinary tract infection; deep venous
thrombosis; postoperative bleeding; superficial,
deep incisional, or organ-space infection; myocar-
dial infarction; pneumonia; pulmonary embolism;
stroke; fascial dehiscence; acute renal failure; or
septic shock.

Although the incidence of complications was
similar across hospital-mortality quintiles, the rate
of death in patients with at least one major com-
plication was markedly higher in hospitals with
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higher overall mortality. Patients who were treat-
ed at very-high-mortality hospitals had nearly two
times the likelihood of dying after the develop-
ment of a major complication as did their coun-
terparts in very-low-mortality hospitals (21.4% vs.
12.5%, P<0.001). This relationship held true for
individual complications as well (Table 2). In ad-
dition, with the exception of fascial dehiscence,
mortality after a major complication was consis-
tently higher in the very-high-mortality hospitals
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[ Verylow [ Low [ Medium [ High [ Veryhigh

354

307 276

25-{ 248

204

154

Patients (%)

10+

Hospital Mortality (quintiles)

26.9 26.9

184

18.0 182

16.2
149

All Complications

Major Complications Death after Major

Complications

Figure 1. Rates of All Complications, Major Complications, and Death

after Major Complications, According to Hospital Quintile of Mortality.
Although rates of all complications and major complications did not vary
significantly across hospital mortality quintiles, the rate of death in patients
with major complications was almost twice as high in hospitals with very
high overall mortality as in those with very low overall mortality (21.4% vs.

12.5%, P<0.001).

1372

than in the very-low-mortality hospitals for each
major complication. The largest differences in
mortality after major complications between high-
mortality hospital and low-mortality hospitals
were observed in patients with stroke (46.4% vs.
22.5%, P<0.05), deep wound infection (7.1% vs.
3.2%, P<0.05), and septic shock (46.2% vs. 28.7%,
P<0.001).

Analyses that were restricted to patients who
underwent the five operations associated with the
most perioperative deaths (colectomy, abdominal
aortic-aneurysm repair, lower-extremity bypass,
and above-knee and below-knee amputation) yield-
ed virtually identical results (Table 3). For exam-
ple, with colectomy, rates of death varied from
2.5% to 5.6%. The incidence of postoperative com-
plications was very similar between the very-high-
mortality hospitals and the very-low-mortality hos-
pitals. In contrast, rates of death after a major
complication were markedly higher in very-high-
mortality hospitals than in very-low-mortality hos-
pitals (20.4% vs. 11.4%, P<0.001).

DISCUSSION

The results of this study provide new insights into
the mechanisms underlying variations in hospi-

N ENGL J MED 361,14

tal mortality with surgery. Although rates of death
for patients who underwent inpatient surgery var-
ied by a factor of nearly two (3.5% to 6.9%) across
hospitals, these differences could not be explained
by differences in postoperative complications. Spe-
cifically, high- and low-mortality hospitals had
nearly identical rates of postoperative complica-
tions. Conversely, rates of death among patients
with major complications varied markedly between
hospitals with high overall mortality and those
with low overall mortality.

Although it is clinically intuitive that high-
mortality hospitals would have more complica-
tions, our study adds to a growing body of evi-
dence that complications and mortality are not
correlated at the hospital level.>® In many of
these studies, relationships between complications
and overall mortality disappear with risk adjust-
ment, suggesting that postoperative complications
are related more to patient factors than to quality
of care.”*° Prompted by difficulties in the use of
mortality or complications as a marker of hospi-
tal quality, Silber and colleagues popularized the
use of the term “failure to rescue”— defined as
death after a complication — as a measure of hos-
pital quality.2*° Although these studies firmly
established the importance of failure to rescue,
they had certain limitations. The investigators
used administrative data, which limited their abil-
ity to account fully for illness severity. The use of
administrative data may also result in an inaccu-
rate ascertainment of postoperative complications.
Our study builds on these original studies with the
use of highly detailed, prospective clinical data,
ensuring both adequate risk adjustment and accu-
rate ascertainment of postoperative complications.

Our study had several limitations. First, the
National Surgical Quality Improvement Program
does not collect information on all possible post-
operative complications. For example, complica-
tions that are unique to individual operations, such
as anastomotic leak for bowel operations, are not
recorded. The complications that were included
in the database were initially selected for their ap-
plicability across the many general and vascular
surgical procedures being sampled. Therefore, we
may have underestimated the degree to which
some important complications vary across hospi-
tals. Second, hospitals in the database may not be
representative of all hospitals in the United States,
a possibility that would threaten the generalizabil-
ity of our findings. Although the database includes
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Odds Ratio for Very

Table 2. Incidence of Major Complications and Mortality after Complications, According to Hospital Quintile of Mortality.
Very Low Low Medium High Very High
Variable Mortality Mortality Mortality Mortality Mortality
percent of patients
Incidence of complication
Pneumonia 2.0 2.4 1.8 2.4 2.1
Mechanical ventilation >48 hr 6.6 7.1 6.3 7.0 8.1
Unplanned intubation 3.6 4.0 3.6 4.5 4.6
Acute renal failure 1.3 1.5 1.2 1.7 1.6
Myocardial infarction 0.5 0.4 0.5 0.4 0.5
Pulmonary embolism 0.7 0.6 0.7 0.7 0.7
Postoperative bleeding 1.2 1.6 1.1 1.6 1.4
Deep wound infection 2.1 1.7 1.7 2.1 1.9
Organ-space infection 33 3.8 220 B2 33
Septic shock 1.6 25 1.4 23 25
Fascial dehiscence 1.9 1.7 1.4 1.7 1.9
Stroke 0.2 0.3 0.2 0.3 0.2
Mortality after major complication
Pneumonia 16.5 15.9 20.6 17.0 25.5
Mechanical ventilation >48 hr 20.6 23.1 28.7 27.3 31.0
Unplanned intubation 24.8 27.2 26.8 324 38.4
Acute renal failure 35.9 433 47.7 43.1 48.3
Myocardial infarction 29.1 28.4 27.3 36.4 39.5
Pulmonary embolism 6.9 6.8 7.6 5.9 11.5
Postoperative bleeding 20.9 33.2 314 331 30.9
Deep wound infection 3.2 3.2 3.9 5.1 7.1
Organ-space infection 4.9 4.2 6.9 8.8 8.8
Septic shock 28.7 29.2 41.0 36.3 46.2
Fascial dehiscence 7.0 6.0 8.1 6.9 7.1
Stroke 22.5 30.4 35.0 41.3 46.4

High vs. Very Low
Mortality (95% Cl)

1.06 (0.70-1.60)
1.24 (0.99-1.56)
1.30 (1.04-1.63)
1.20 (0.90-1.60)
1.06 (0.60-1.87)
1.00 (0.71-1.38)
1.15 (0.85-1.56)
0.92 (0.61-1.41)
1.00 (0.70-1.41)
1.55 (0.98-2.44)
1.01 (0.73-1.40)
0.74 (0.42-1.29)

1.73
1.73
1.89
1.67
1.60 (0.86-2.96
1.74 (0.77-3.96

(1.22-2.44)
( )
( )
( )
( )
( )
1.69 (1.08-2.66)
( )
( )
( )
( )
( )

1.36-2.20
1.39-2.56
1.11-2.52

2.28 (1.11-4.71
1.87 (1.06-3.30
2.13 (1.35-3.35
1.01 (0.56-1.81
2.99 (0.98-9.15

hospitals of varying size and geographic location,
large teaching hospitals tend to be overrepresent-
ed. Many observers might assume that failure to
rescue may be a bigger problem in smaller com-
munity hospitals, with fewer in-house physicians
and lesser resources. However, in analyses strat-
ified according to teaching status, we found no
evidence of differences in failure-to-rescue rates
across hospital types (data not shown). By virtue of
their participation in the National Surgical Qual-
ity Improvement Program and quality-improve-
ment activities, study hospitals may also have
lower rates of complications and death than hos-
pitals not participating. For this reason, we may

N ENGLJ MED 361;14

have underestimated the extent to which surgical
mortality varies across hospitals. Finally, the pro-
gram collects data on a random sample of all pa-
tients undergoing general and vascular surgery
under regional or general anesthesia, not all pa-
tients undergoing each procedure. Although this
sampling frame does not bias our main conclu-
sions, it limited our ability to study mortality with
most individual procedures.

Clinical mechanisms underlying mortality after
surgical complications have yet to be elucidated;
however, the ability to effectively rescue a patient
from a complication relies on two distinct points
of intervention: the timely recognition of a com-
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Table 3. Rates of Death, Major Complications, and Death after Major Complications for the Five Operations
with the Largest Number of Deaths, According to Hospital Quintile of Mortality.
Odds Ratio for Very
High vs. Very Low
Type of Surgery Very Low Mortality Very High Mortality Mortality (95% CI)
percent of patients
Colectomy
Overall mortality 2.5 5.6 2.29 (1.76-2.98)
All complications 24.7 28.1 1.19 (0.95-1.50)
Major complications 15.4 17.6 1.17 (0.94-1.46)
Mortality after major complications 11.4 20.5 2.08 (1.54-2.82)
Abdominal-aortic-aneurysm repair
Overall mortality 3.1 7.3 2.49 (1.63-3.81)
All complications 17.4 19.3 1.13 (0.87-1.46)
Major complications 13.6 15.5 1.26 (0.86-1.56)
Mortality after major complications 15.6 26.3 1.94 (1.04-3.62)
Above-knee amputation
Overall mortality 10.0 15.0 1.59 (1.00-2.53)
All complications 25.7 26.6 1.05 (0.75-1.47)
Major complications 18.9 18.6 0.98 (0.67-1.43)
Mortality after major complications 20.8 35.2 2.08 (0.94-4.60)
Lower-extremity bypass
Overall mortality 1.9 2.9 1.55 (0.92-2.60)
All complications 24.0 23.6 0.97 (0.81-1.17)
Major complications 115 11.1 0.95 (0.75-1.22)
Mortality after major complications 8.2 12.7 1.63 (0.76-3.53)
Below-knee amputation
Overall mortality 4.2 8.4 2.07 (1.18-3.63)
All complications 23.7 25.4 1.09 (0.82-1.46)
Major complications 585 17.3 1.14 (0.81-1.60)
Mortality after major complications 14.5 29.7 2.49 (1.10-5.63)

plication and the effective management of that
complication. The former relies on an efficient,
collaborative team with established and effective
systems of communication. The quality of nurs-
ing care is clearly central to such communication
and may explain previous studies that showed an
association between a high nurse-to-bed ratio and
low surgical mortality.1*3 In addition to timely
recognition, the effective management of compli-
cations is also crucial. This management includes
multiple complex processes, including the timely
administration of antibiotics in patients with sep-
sis, the rapid transfer of a patient to an intensive
care unit (ICU), and the availability of interven-
tional cardiologists during an acute myocardial

infarction. Because complications may result in
an escalation of care, with transfer to the ICU, it
is also crucial to focus on this setting.*+*® For ex-
ample, Pronovost and colleagues showed the im-
portance of ICU characteristics (i.e., staffing levels
of physicians and nurses) on postoperative out-
comes. They found that a system of daily rounds
with a certified intensivist was associated with a
reduction in in-hospital mortality by a factor of
three and that an increased nurse-to-patient ratio
was associated with a halving of in-hospital mor-
tality.1”

Efforts that are aimed at reducing rates of sur-
gical complications are essential. In this study,
approximately one in six patients who underwent
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general or vascular surgery had a surgical compli-
cation, and more than half of such complications
were serious. Among ongoing efforts that are
aimed at reducing complication risks, the Surgical
Care Improvement Project is focusing on hospital
compliance with several evidence-based processes
of care. The CMS has enacted a policy to deny
reimbursements to hospitals for so-called never
events, including urinary tract infections, pressure
ulcers, retained foreign bodies after surgery, and
many other events. Finally, intraoperative check-
lists have become an increasingly promising and
popular approach for reducing risks of complica-
tions.*®

Although the value of avoiding complications
in the first place is obvious, our findings also sug-
gest that improving the care that patients receive
once complications have occurred is crucial for
reducing mortality. Such initiatives could focus on
structural or organizational factors, such as pro-

moting minimum standards for nurse staffing,
ICU organization, or other hospital attributes as-
sociated with proficiency in treating patients whose
condition is critical or unstable. Alternatively, such
initiatives could focus on specific processes of
care. As one example of such a strategy, the timely
implementation of the established, evidence-based
guidelines of the international Surviving Sepsis
Campaign has resulted in a significant reduction
in mortality among critically ill patients.’*2° Given
the results of our study, strategies for ensuring the
timely recognition and effective management of
complications will be important in reducing deaths

after inpatient surgery.
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