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Reoperation as a Quality Indicator in Colorectal Surgery
A Population-Based Analysis

Arden M. Morris, MD, MPH,* Laura-Mae Baldwin, MD, MPH,} Barbara Matthews, MBA,
Jason A. Dominitz, MD, MHS,} William E. Barlow, PhD,§ Sharon A. Dobie, MCP, MD, 1
and Kevin G. Billingsley, MD, FACS||

Objective: To describe unplanned procedures following colorectal
cancer surgery that might be used as intermediate outcome measures,
and to determine their association with mortality and length of stay.
Summary Background: Variation in the quality of surgical care,
especially for common illnesses like colorectal cancer, has received
increasing attention. Nonfatal complications resulting in procedural
interventions are likely to play a role in poor outcomes but have not
been well explored.

Methods: Cohort analysis of 26,638 stage 1 to Il colorectal cancer
patients in the 1992 to 1996 SEER-Medicare database. Independent vari-
ables: sociodemographics, tumor characteristics, comorbidity, and acuity.
Primary outcome: postoperative procedural intervention. Analysis: Lo-
gistic regression identified patient characteristics predicting postopera-
tive procedures and the adjusted risk of 30-day mortality and prolonged
hospitalization among patients with postoperative procedures.
Results: A total of 5.8% of patients required postoperative interven-
tion. Patient characteristics had little impact on the frequency of post-
operative procedures, except for acute medical conditions, including
bowel perforation (relative risk [RR] = 3.0, 95% confidence interval
[CI] = 2.5-3.6), obstruction (RR = 1.6; 95% CI = 1.4-1.8), and
emergent admission (RR = 1.3; 95% CI = 1.1-1.4). After a postop-
erative procedure, patients were more likely to experience early mor-
tality (RR = 2.4; 95% CI = 2.1-2.9) and prolonged hospitalization
(RR = 2.2; 95% CI = 2.1-2.4). The most common interventions were
performed for abdominal infection (31.7%; RR mortality = 2.9; 95%
CI = 2.3-3.7), wound complications (21.1%; RR mortality = 0.7; 95%
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CI = 0.4-1.3), and organ injury (18.7%; RR mortality = 1.6; 95%
CI = 1.1-2.3).

Conclusions: Postoperative complications requiring additional pro-
cedures among colorectal cancer patients correlate with established
measures of surgical quality. Prospective tracking of postoperative pro-
cedures as complication markers may facilitate outcome studies and
quality improvement programs.

(Ann Surg 2007;245: 73-79)

I nterest in measuring surgical quality is growing rapidly. With
increasing recognition that surgical outcomes vary widely,
patients are seeking more detailed information about providers’
performance prior to undergoing treatment. Providers are inter-
ested in assessing their own performance for quality improve-
ment purposes. Payers are looking for better data by which to
steer selected populations of surgical patients to high-quality
providers. To meet these various interests, policy makers and
health services researchers have redoubled their efforts to de-
velop and implement quality indicators germane to surgery.

Unfortunately, however, current measures of surgical
quality have major flaws which limit their usefulness. Although
simple and direct, operative mortality is too uncommon after
most procedures to allow consistent and reliable measurement of
surgical quality and too blunt to direct quality improvement
efforts. Volume of care has been correlated with decreased
mortality in a variety of settings and among groups of hospi-
tals' > but has limited sensitivity and flexibility as a target for
quality improvement since it is likely a proxy for resources or
processes of care not yet identified. Nonfatal surgical complica-
tions that result in reoperation or other procedural intervention
are likely to play a role in poor outcomes, including postopera-
tive death,” but have not been well explored. Such complications
leading to early reoperation are often the result of intraoperative
technical problems, such as anastomotic leaks and wound infec-
tions,” and could provide a useful target for quality measurement
and quality improvement.

We investigated complications of surgery in the context of
colorectal cancer, a common and potentially fatal disease® that is
primarily treated with well-established surgical techniques.” Our
aim was to identify unplanned procedural interventions follow-
ing colorectal cancer surgery that might be used as intermediate
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outcomes in quality improvement efforts and to explore their
association with operative mortality and prolonged hospitalization.

METHODS

Data

We used files from the well-described SEER-Medicare
linked database®® for patients diagnosed from 1992 to 1996.
During the time of this study, the 13 SEER registries ascertained
incident colorectal cancer cases in 6 states and 7 county-based
areas in 4 other states representing approximately 14% of the
U.S. population. The SEER program data include information
on tumor location, stage of disease, demographics, and primary
radiation therapy and surgical treatment.'®!" The Medicare claims
data include all billed claims for services provided to colorectal
cancer patients, including the original surgical resection as well
as all postoperative procedural interventions in both the inpatient
and outpatient settings.®

Patients

Patients 66 years of age and older with a diagnosis of
American Joint Committee on Cancer (AJCC)'? stage I to III
colorectal cancer between 1992 and 1996 (n = 26,638) were
identified from the linked SEER-Medicare database (SEER
cancer site codes: colon = 18.0, 18.2-18.9; rectosigmoid =
19.9; and rectal = 20.9). Patients were required to be enrolled in
parts A and B of fee-for-service Medicare for the 12 months
preceding diagnosis to ascertain comorbidity. Starting with the
month of diagnosis, they were required to be enrolled for an
additional 6 months or until death, whichever came first, to
enable tracking of procedures. Patients were excluded from the
study if the SEER database indicated that they had 1) nonade-
nocarcinoma histology (SEER histology codes 8140-47, 8210-
11, 8220-21, 8260-63, 8480-81, 8490) (n = 675); 2) prior
colorectal cancer (n = 997); 3) incomplete enrollment for the
year preceding diagnosis (n = 8844); 4) incomplete enrollment
after diagnosis as stipulated (n = 256); or 5) no resection within
the 6 month period starting with month of diagnosis (n = 2466).

Sociodemographic and Environmental
Variables

The SEER database contains information on patient date
of birth, race/ethnicity, and gender. Residence location (urban,
rural) based on Rural Urban Commuting Area codes was iden-
tified from the plurality ZIP codes on the Medicare claims in the
diagnosis month.'*'* Geographic region was represented by
SEER registry as detailed above. The median household income
of race-/age-matched individuals within the census tract pro-
vided by the Patient Entitlement and Diagnosis Summary File
served as a proxy for socioeconomic status.

Tumor Characteristics
We used SEER data to define AJCC stage of disease (1, 11,
and IIT).

Clinical Variables

To measure comorbidity, we adapted the Romano-Charlson
comorbidity index, based on outpatient and inpatient diagnoses
made during the 11 months prior to the month before colorectal
cancer diagnosis.'>'® This index creates a weighted score using
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International Classification of Diseases, 9th revision, Clinical
Modification (ICD-9-CM) diagnosis codes for 18 conditions,
such as myocardial infarction, congestive heart failure, and
chronic pulmonary disease.'>'® We classified individuals into 3
categories of comorbidity: an index score of 0, 1, and 2 or more.
To allow adjustment for acuity of illness in multivariate analysis,
we used ICD-9 diagnosis codes from the Medicare claims to
identify individuals with obstructive colorectal cancer, (560.89
and 560.9) and perforated cancers (569.83). We also used the
claims data to identify patients admitted to the hospital under
emergent conditions (MedPAR variable 118).

Outcome Variables

The primary outcome measure was performance of a
postoperative procedural intervention between one and 30
days after the index operation. All procedures were identified
by the appropriate ICD-9 procedure codes and Current Pro-
cedural Terminology (CPT) codes from the Medicare files. A
previous study of ICD-9-CM procedure and diagnosis codes
for Medicare patients compared with chart review demon-
strated 89% agreement for surgical cases;'’ moreover, pro-
cedures reported on physician claims, especially for acute
complications, are considered highly valid.'® Postoperative
procedural interventions were categorized by surgical complica-
tions that such an intervention would aim to correct. For exam-
ple, patients undergoing open drainage of intra-abdominal ab-
scess, percutaneous drainage of intra-abdominal abscess, or
drainage of a subphrenic abscess were classified as having
undergone management of intra-abdominal infection in the post-
operative period.

To avoid overcounting, each complication category was
assigned no more than once to an individual patient. For exam-
ple, if a patient had more than one procedure indicating treat-
ment of a wound infection, wound infection was counted as a
complication only once. Similarly, only one complication was
counted per day. For dates on which more than one procedure
was coded, we applied the following rules: 1) prioritize a
technical or system error above others, and 2) combine proce-
dures that represent one error. For example, because retained
foreign body is clearly the result of a technical error, if foreign
body retrieval were coded on the same date as an abdominal
infection procedure, we counted retained foreign body. Further,
if a patient had codes for “management of postoperative hem-
orrhage” as well as “reopening of a recent laparotomy” on the
same day, only the former would be counted since both may
have occurred as part of the same case and “management of
postoperative hemorrhage” is more descriptive of the case.

We determined the association between procedural inter-
vention and the 2 established outcome measures for surgery,
postoperative mortality, and length of stay. Mortality was mea-
sured during the first 30 days after operation, to capture mortality
most likely to have been associated with operative technical
errors. Length of stay was used as a proxy for resource use;
prolonged hospitalization was defined as length of stay greater
than 14 days.

Statistical Analysis
We determined the overall frequency of the 30-day post-
operative procedures for treatment of complications. We exam-
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ined patient demographic and environmental variables (age,
gender, race/ethnicity, census-tract based median household in-
come, rural/urban residence, SEER registry), clinical variables
(emergency admission, obstruction, perforation, comorbidity),
and tumor characteristics (AJCC stage) among those patients
with and without postoperative procedures. We used logistic
regression modeling to determine characteristics that predict
postoperative procedural interventions. Adjusting for these char-
acteristics, we used logistic regression modeling to examine the
association between complications requiring postoperative pro-
cedures and postoperative mortality and prolonged length of
stay. We also examined the association between multiple com-
plications and mortality and length of stay. We corrected for
clustering of patients by physician and hospital using general
estimating equation techniques'® and found no substantial dif-
ference in results. Because some outcomes (eg, prolonged hos-
pital stay) were common in the study population, the adjusted
odds ratio derived from the logistic regression does not approx-
imate the relative risk. We approximated relative risk from the
adjusted odds ratios using published methods.”® All analyses
were performed use SAS 8.02 software (SAS Institute, Inc.,
Cary, NC).

RESULTS

The study group was comprised of 26,638 individuals:
22,672 with colon cancer and 3966 with rectal cancer. A total of
1300 (5.7%) colon cancer patients and 258 (6.5%) rectal cancer
patients had one or more postoperative procedures within 30
days of their colorectal resection, for a combined total of 1558
(5.8%). Demographic (age, race, income), environmental, tu-
mor, and chronic clinical conditions had little impact on the
frequency of postoperative procedures (Table 1). Male gender
posed a slightly higher risk (adjusted relative risk [RR] = 1.3,
95% confidence interval [CI] = 1.2-1.4); median income in the
census tract greater than $45,000/year conferred a protective
effect (RR = 0.8; 95% CI = 0.6—0.9). Acute medical conditions
were more predictive of the need for a postoperative interven-
tion, most dramatically among patients who presented with
bowel perforation (RR = 3.0; 95% CI = 2.5-3.6).

Overall, 5.8% of colorectal cancer patients experienced at
least one postoperative complication that required a procedural
intervention (Table 2). Among those, 1438 (93.1%) had a single
complication. A total of 107 patients had 2 or more complica-
tions. After adjusting for other characteristics, a single compli-
cation requiring intervention was associated with a significant
increase in the likelihood of postoperative mortality (RR = 2.1;
95% CI = 1.7-2.5) and risk of prolonged postoperative hospi-
talization (RR = 2.2; 95% CI = 2.1-2.3). More complications
were associated with substantially increased risk of mortality
(RR = 7.2; 95% CI = 5.1-9.7) and prolonged hospitalization
(RR = 2.8; 95% CI = 2.3-3.2).

The most common postoperative procedures were related
to treatment of intra-abdominal infection (31.7%), wound com-
plications (21.1%), and organ injury, such as repair of viscera
laceration (18.7%) (Table 3). Thirty-day mortality after these
procedures varied considerably by the indication for interven-
tion, from a low of 4.6% for wound infection to a high of 20.9%
for an unspecified laparotomy. The postoperative procedure
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category associated with the greatest adjusted risk of postoper-
ative death was unspecified reoperative laparotomy (RR = 4.2;
95% CI = 3.2-5.4), followed by abdominal infection (RR =
2.9; 95% CI = 2.3-3.7) and postoperative shock or hemorrhage
(RR = 2.3;95% CI = 1.5-3.4).

Prolonged hospitalization for more than 14 days was a
relatively common event, occurring in 50.2% of patients who
required postoperative interventions, and in 22.5% of those who
did not. There was less variation in rates of prolonged hospital-
ization by indication for intervention, from a low of 38.9% for
retained foreign body to a high of 63.0% for abdominal infec-
tion/abscess. The postoperative procedure category associated
with the greatest adjusted risk of prolonged hospitalization was
abdominal infection (RR = 2.7; 95% CI = 2.5-2.9), followed
by the combined group of bowel obstruction, stoma complica-
tion, and fistula formation (RR = 2.6; 95% CI = 2.0-3.1), and
unspecified reoperative laparotomy (RR = 2.2; 95% CI =
1.9-2.5).

DISCUSSION

In this study, we examined reoperation as an indicator of
surgical quality in the context of colorectal cancer. Although
colorectal cancer is common and the surgical treatment is well
defined, a range of postoperative complications may occur and
postoperative death is an infrequent but real risk.>' >* Moreover,
previous studies demonstrate substantial variation in operative
mortality following colorectal cancer surgery.> > Such out-
come variation suggests a need for better standardization of care.
Although hospital and surgeon volume have been established as
predictors of perioperative mortality,>** both function as proxies
for important resources or processes of care that have not yet
been identified. Because perioperative mortality is rare, its use
for identification of influential targets for quality improvement is
limited. Establishing more precise and more common outcome
measures could supplement the studies associating different
provider characteristics (such as volume and accreditation) with
outcomes, and permit identification of more effective processes
of care that might be employed by all providers.

We found that postoperative procedural interventions
were measurable using SEER-Medicare data and that proce-
dures were usually associated with codes suggesting a corre-
sponding complication diagnosis. Patient and tumor character-
istics were less predictive of surgical complications than acuity
of illness, especially bowel perforation. This finding supports the
notion that postoperative complications requiring procedural
intervention tend to be associated with acute intraoperative
events, rather than baseline patient characteristics.

An earlier study of coronary bypass patients®® found no
correlation between postoperative complications and mortality,
concluding that postoperative complications are not an adequate
measure of surgical quality. Our study applied a rigorous method
to avoid overcounting and clearly demonstrated that complica-
tions requiring a procedural intervention were associated with
increased mortality and increased resource use. Our results are
supported by the further finding that more complications were
associated with substantially greater mortality and prolonged
length of stay.
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TABLE 1. Characteristics of Patients With and Without Postoperative Procedural Intervention and Adjusted Relative Risk of
Postoperative Procedural Intervention Within Patient Groups

Patients With Postoperative Patients Without Postoperative
Procedural Intervention, Procedural Intervention Adjusted 95% Confidence

Characteristic (n = 1558) (%) (n = 25,080) (%) RR Interval
Age (yr)

Mean 772 yr 772 yr

6670 18.6% 19.7% Reference

71-75 24.4% 24.5% 1.0 09,12

76-80 25.7% 23.9% 1.1 09,12

81-85 19.1% 18.5% 1.0 0.8,1.2

86+ 12.1% 13.4% 0.9 0.8, 1.1
Sex*

Female 48.8% 54.9% Reference

Male 51.2% 45.1% 1.3 12,14
Race/ethnicity

White 84.8% 86.2% Reference

Black 7.6% 6.1% 1.1 09,13

Asian/Pacific Islander 3.6% 3.6% 1.0 0.6, 1.7

Hispanic 3.4% 3.2% 1.1 0.8, 1.5

Other 0.6% 0.8% 0.9 03,25
Median household income, U.S. dollars

25,000 or less 55.0% 52.5% Reference

25,001-35,000 27.5% 27.7% 1.0 0.8, 1.1

35,001-45,000 11.3% 11.8% 0.9 0.8, 1.1

45,001+ 6.2% 8.0% 0.8 0.6, 0.9
SEER Registry”

San Francisco 8.9% 8.4% Reference

Arizona-New Mexico 3.4% 3.4% 0.8 0.6, 1.2

Connecticut 14.6% 15.5% 0.8 0.7, 1.0

Atlanta-Rural Georgia 5.5% 5.5% 0.9 0.7,1.2

Hawaii 2.2% 2.1% 0.9 0.5, 1.8

lowa 15.3% 17.0% 0.8 0.7, 1.1

Los Angeles 13.3% 14.3% 0.9 0.7, 1.1

Detroit 19.6% 15.8% 1.0 0.8,1.3

Seattle/Puget Sound 9.4% 10.0% 0.8 0.7, 1.1

San Jose 4.2% 4.6% 0.8 0.6, 1.1

Utah 3.7% 3.7% 0.9 0.7,1.3
Residence location

Rural 16.6% 17.9% Reference

Urban 83.4% 82.1% 1.0 0.8,1.2
Cancer stage’

1 24.1% 27.1% Reference

2 45.3% 42.8% 1.0 09,12

3 30.7% 30.1% 1.0 0.9, 1.1
Comorbidity score*

0 60.3% 63.9% Reference

1 25.5% 24.5% 1.0 09,12

2+ 14.1% 11.6% 1.1 1.0,1.2
Acuity of admission

Emergent admission® 23.1% 15.7% 1.3 1.1, 1.4

Obstruction* 24.9% 15.3% 1.6 14,18

Perforation* 7.8% 2.2% 3.0 2.5,3.6

Adjusted for age, sex, race/ethnicity, race-/age-specific median household income in census tract, cancer stage, comorbidity score, emergent admission, obstruction, perforation,
SEER registry, and residence location. Missing cases: Race-/age-specific median income, 2260 cases; residence location, 6 cases.

*P < 0.0001 (overall x? tests comparing the characteristics of patients with and without procedural intervention).

TP < 0.05 (overall x? tests comparing the characteristics of patients with and without procedural intervention).

P < 0.01 (overall x? tests comparing the characteristics of patients with and without procedural intervention).
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TABLE 2.
Hospital Stay

Postoperative Procedural Intervention Frequency and Association With Mortality and Prolonged

No. of Postoperative % 30-Day Adjusted RR % Prolonged Adjusted RR of
Procedural % Total Mortality* of Mortality Hospital Stay* Prolonged Hospitalization
Interventions (n = 26,638) (n = 26,638) 95% CI) (n = 25,971) (95% CI)

0 94.2 4.0 1 22.5 1

1 5.4 10.5 2.1(1.7,2.5) 49.4 22(2.1,23)

2 or more 0.4 28.2 7.2 (5.1,9.7) 60.8 2.8(2.3,32)

Adjusted for age, sex, race/ethnicity, race-/age-specific median income in census tract, cancer stage, comorbidity score, emergent admission,
obstruction, perforation, SEER registry, and residence location. Prolonged hospital stay was defined as greater than 14 postoperative days.

*P < 0.0001.

TABLE 3.
Prolonged Hospital Stay

Indication for Intervention Frequency and Association With Postoperative Mortality and

30-Day Mortality

Indication for

Prolonged Hospital Stay

Intervention n (%)* % Adjusted RR (95% CI)* % Adjusted RR (95% CI)*
Any 1558 11.8 24 (2.1,2.9) 50.2 22(2.1,24)
Retained foreign body 18 (1.2%) 11.1 1.7 (0.3, 7.0) 389 1.7 (0.8, 2.8)
Shock/hemorrhage 194 (12.5%) 12.4 2.3(1.5,34) 40.8 1.6 (1.3, 1.9)
Abdominal infection/abscess 494 (31.7%) 15.6 2.9(23,3.7) 63.0 2.7(2.5,2.9)
Organ injury/laceration 292 (18.7%) 9.9 1.6(1.1,2.3) 41.7 1.7 (1.5, 2.0)
Unspecified laparotomy 277 (17.8%) 20.9 42 (3.2,54) 55.7 2.2(1.9,2.5)
Wound infection/separation 329 (21.1%) 4.6 0.7 (0.4, 1.3) 41.8 1.6 (1.3, 1.8)
Other* 63 (4.0%) 9.5 1.7 (0.7, 3.8) 61.3 2.6 (2.0,3.1)

*Because 1558 patients had 1667 complications, the total % is greater than 100.
TAdjusted for age, sex, race/ethnicity, race-/age-specific median income in census tract, cancer stage, comorbidity score, emergent admission,

obstruction, perforation, SEER registry, and residence location.

*Includes fistula (n = 3), bowel obstruction (n = 14), and stoma complication (n = 46).

Silber et al recently examined the extremely negative
impact of postoperative complications on prognosis but focused
primarily on medical complications.”” Return to the operating
room was lumped into a single category. To our knowledge, this
is the first study using population-based data to examine all
postoperative procedural interventions and to distinguish the
associated complications. We found that certain types of com-
plications requiring procedural intervention confer greater risk
of mortality and prolonged length of stay than others. Intra-
abdominal infection contributed to about a third of the postop-
erative procedural interventions, increasing mortality risk by
nearly 3-fold and risk of prolonged hospitalization 2.7-fold. In
contrast, wound infection or dehiscence, the second most com-
mon reason for a postoperative procedure, conferred no signif-
icant additional mortality, although it did increase the likelihood
of prolonged hospitalization.

Previously, administrative data, such as the Medicare files,
have not provided adequate clinical information to serve as a
resource for the analysis of surgical complications.®*8 30
Romano et al compared ICD-9-CM coded complications to
those identified by record review among patients who underwent
discectomy in 1990 to 1991.%® They found overall weighted
sensitivity of claims was only 35%, although sensitivity of
claims for reoperation was greater than 60%. We have mini-
mized this limitation by using both ICD-9-CM and CPT codes to
focus only on the subset of major surgical complications that
require reoperation or other procedural intervention and are

© 2006 Lippincott Williams & Wilkins

therefore more likely to be found in administrative claims. These
procedures are generally performed to treat complications at the
original operative site involving technical problems with the
anastomosis, surgical wound, infections, and bleeding.’

In their study of patients at Dartmouth-Hitchcock Medical
Center, Birkmeyer et al found that colectomy patients had an
overall return to the operating room rate of 9%.”> Our report
expands upon this study by using population-based data, and by
including a broader range of postoperative procedures, such as
percutaneous procedures. The postoperative procedural inter-
vention rate for our population-based study group was 5.8%, or
about 64% of the reoperation rate among the single center study
patients. The lower postoperative procedure rate in the current
study likely results from the fact that the Dartmouth series
included patients undergoing colectomy for all indications, in-
cluding emergent operations for bleeding, perforation, and in-
flammatory conditions. In such a group of patients, postopera-
tive complications and reoperative procedures will be more
common than in our study group, who underwent resection for
colorectal cancer exclusively and therefore were more likely to
undergo elective surgery.

Several other single-institution and localized studies found
that major complication rates after surgery for colorectal cancer
were similar to the current population-based study.*>=*'*? Much
like our study, these investigators found that major technical
complications occur in a small subset of patients but are clini-
cally significant events that often require reoperative surgery.
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This study is subject to a number of limitations. First,
there are obvious limitations to the identification of surgical
complications based on administrative data sources. However,
we think that one of the strengths of this study is the extensive
use of Medicare part B data (Carrier file), which documents
specific surgical procedures using CPT codes submitted by
surgeons, rather than relying on codes entered by nonclinicians
in hospital claims.'® Second, although surgical complications are
traditionally accepted as the sequelae of errors in surgical tech-
nique,** underlying patient factors likely play a contributing role
and tools for case-mix adjustment are inherently limited. To
mitigate this limitation, we chose the most widely used risk
adjustment method among surgical outcome studies and studies
of Medicare patients,34 a modified Charlson method, and further
adjusted for acuity of illness. Third, medical or nonoperative
complications are not captured by postoperative procedures.
These include potentially life-threatening events such as pulmo-
nary embolus, pneumonia, and myocardial infarction that can
also be affected by the quality of care provided. However, our
aim was to provide a measure of surgical technical care, which
would be less likely to influence medical complications than
complications requiring procedural intervention.

Despite these limitations, these data demonstrate a strong
linkage between postoperative procedures and postoperative
mortality, and suggest that complications that require such in-
tervention are associated with a markedly increased risk of
postoperative death. We supported validity of this measure by
demonstrating an association with mortality that gained strength
as the number of different unplanned reoperations increased.
Although some complications, such as wound infection or de-
hiscence, did not result in increased mortality, these were still
associated with increased length of stay and could have a major
impact on recovery time, resource use, and quality of life. While
the limitations of these measures lead us to caution against using
them indiscriminately as components of surgical quality report
cards for hospitals or surgeons, they may serve as important
methods for safety audit and review within hospitals or depart-
ments of surgery. Prospective tracking and periodic review of
postoperative procedural intervention rates are likely to identify
processes of care that affect patient safety and outcome. Our
results also suggest that this type of prospective evaluation and
review process may be performed using data that are widely
accessible and relatively inexpensive to use.

The greatest utility of identifying these postprocedural
interventions may be in surgical outcomes research. This ap-
proach to identifying complications allows researchers to assess
the frequency and pattern of a subset of some of the most
clinically significant surgical complications across large popu-
lation groups. Studies of this nature may focus on improving the
delivery of surgical care to vulnerable patient groups or deter-
mination of the effect of evolving structures or processes of
surgical care on complications.

Although we do not expect measuring unplanned reop-
erations to contribute directly to quality of care, we think that it
provides a readily measurable outcome for more accurately
identifying influential processes of care. For example, tracking
procedures to treat postoperative infection may help to support
or refute the efficacy of a protocol of tight glucose management
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applied across a large hospital system. These investigations will
assist in clarifying the complex relationship between surgeon
factors, health system factors, and outcomes in cancer surgery.
By identifying the key processes of care that reduce the number
of major surgical complications, further research will aim to
increase the quality of surgical care in all healthcare settings.
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