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Is There Hospital Variation in Long-Term
Incisional Hernia Repair after Abdominal
Surgery?
Anne M Stey, MD, MSc, Marcia M Russell, MD, FACS, Bruce L Hall, MD, PhD, MBA, FACS, Andy Lin, PhD,
Melinda M Gibbons, MD, MSHS, FACS, Elise H Lawson, MD, MSHS, David S Zingmond, MD, PhD,
Clifford Y Ko, MD, MS, MSHS, FACS
BACKGROUND: Currently, hospital benchmarking organizations are often limited to short-term surgical
quality comparisons among hospitals. The goal of this study was to determine whether long-
term rates of incisional hernia repair after common abdominal operations could be used to
compare hospital long-term surgical quality.

STUDY DESIGN: This was a cohort study with up to 4 years of follow-up. Patients who underwent 1 of 5 common
inpatient abdominal operations were identified in 2005�2008 American College of Surgeons
NSQIP data linked to Medicare inpatient records. The main outcomes included occurrence of
an incisional hernia repair. A multivariable, shared frailty Cox proportional hazards regression
was used to compare each hospital’s incisional hernia rate with the overall mean rate for all
hospitals and control for American College of Surgeons NSQIP preoperative clinical variables.

RESULTS: A total of 37,134 patients underwent 1 of 5 common inpatient abdominal operations, including
colectomy, small bowel resection, ventral hernia repair, pancreatic resection, or cholecystectomy,
at 1 of 216 hospitals participating in American College of Surgeons NSQIP during the 4-year
period. There were 1,474 (4.0%) patients who underwent an incisional hernia repair, at a me-
dian follow-up time of 16 months (interquartile range 8 to 25 months) after initial abdominal
surgery. After risk adjustment, there was no significant difference in the ratio of any one hospital’s
adjusted hazard rate for incisional hernia repair vs the average hospital adjusted hazard rate.

CONCLUSIONS: Risk-adjusted hospital rates of incisional hernia repair do not vary significantly from the
average. This suggests that incisional hernia repair might not be sensitive enough as a
long-term quality metric for benchmarking hospital performance. (J Am Coll Surg 2015;
220:313e322. � 2015 by the American College of Surgeons)
Current benchmarking efforts for hospital surgical perfor-
mance focus on short-term, often 30-day, outcomes
like surgical site infection, partly due to the costs of
long-term clinical data collection. However, certain
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postoperative complications only manifest in the long
term, such as the development of an incisional hernia
requiring surgical repair. This presents a challenge for
benchmarking organizations, such as the American
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College of Surgeons (ACS) NSQIP, which collect clinical
data to risk-adjust hospital performance, but for the sake
of parsimony and cost, limit follow-up to 30 days
postoperatively.1,2

Limited long-term follow-up data could be improved
by linking clinical data with longer-term administrative
data.3,4 Such linked datasets can capitalize on the strength
of each data source. Clinical datasets contain high-quality
preoperative patient clinical variables necessary for
rigorous risk adjustment of postoperative outcomes,5-9

and administrative datasets contain long-term follow-up
of beneficiary health care encounters.10 The resulting
linked dataset might offer the best of both worlds in terms
of risk adjustment and long-term follow-up. A well-
known example of such a linked dataset is SEER-
Medicare.11,12

Useful metrics for long-term performance bench-
marking should ideally meet 3 criteria. They should be
clinically relevant, be reliably and frequently captured in
administrative data, and have sufficient variation attribut-
able to surgical care after controlling for patient preoper-
ative clinical characteristics. Complication diagnoses and
readmissions have been used to compare benchmark hos-
pital performance, but have limitations. Postoperative
complication diagnoses are not well captured by adminis-
trative data.6,13,14 Readmissions are influenced by many
factors unrelated to operative care.15,16

In contrast, procedures performed in the operating
room are captured reliably in administrative data.17,18

One potential metric could be incisional hernia repair,
which is the definitive treatment for patients with a
symptomatic incisional hernia after abdominal surgery.
Incisional hernias are clinically relevant long-term out-
comes that typically present after 30 days and up to
10 years postoperatively.19-23 However, it is unclear
whether there is enough variation in incisional hernia
repair rates among hospitals to detect differences in
surgical quality of care. Ideally, differences between
each hospital and the average hospital performance
could be detected after controlling for patient preoper-
ative clinical characteristics.
The overarching goal of this study was to determine

the feasibility of comparing hospitals’ performance as
defined by the long-term incisional hernia repair rate after
abdominal surgery using a linked clinical�administrative
dataset. The specific aims were 2-fold: to determine
whether incisional hernia repair is frequently captured
in linked clinical�administrative dataset, and varies
significantly among hospitals after controlling for impor-
tant ACS NSQIP patient preoperative clinical
characteristics.
METHODS

Data source and inclusion criteria

This is an observational study where two datasets, the ACS
NSQIP and the Medicare inpatient records file (Medicare
Provider Analysis and Review file) from 2005 to 2008,
were linked.Thiswas accomplished byusing indirect patient
identifiers and a deterministic linkage algorithm to identify
Medicare recipients undergoing inpatient operations atACS
NSQIP�participating hospitals.3 The ACSNSQIP is a sur-
gical clinical registry that prospectively collects preoperative
clinical data and 30-day postoperative outcomes with dedi-
cated trained clinical abstractors at participating hospitals.2,8

TheMedicare inpatient records file is an administrative data-
set containing demographic data, diagnoses (up to 10),
and procedures (up to 6) billed toMedicare for all inpatient
Medicare beneficiary encounters. By nature of this linked
dataset, this study included only patients 65 years and older
and Medicare fee-for-service patients. The linked dataset
created an opportunity to capitalize on the strengths of
each dataset. The ACS NSQIP provided detailed patient
preoperative clinical data and Medicare inpatient records
captured all procedure codes and associated dates at all hos-
pitals where the beneficiary sought inpatient care between
2005 until the end of 2008. This allowed for the identifica-
tion of not only whether a reoperation for incisional hernia
occurred, but when it occurred.
The 5 most common abdominal operations (ie, colec-

tomy, cholecystectomy, small bowel resection, ventral her-
nia repair, and pancreatectomy) were identified in the ACS
NSQIP primary procedure data field using CPT codes
(Appendix 1; available at: http://www.journalacs.org).
Only patients who underwent 1 of these 5 operations dur-
ing 2005 to 2008 at an ACS NSQIP participating hospi-
tal were included. A flow diagram was created to
demonstrate how the final cohort was identified
(Appendix 2; available at: http://www.journalacs.org).
Demographics (eg, age), preoperative clinical variables

(eg, type of surgery, comorbidities), and postoperative
30-day complications data in ACS NSQIP were identified
for patients who underwent 1 of the 5 index abdominal
operations. Postoperative complications assessed included
mortality, surgical site infection, wound dehiscence, unex-
pected return to the operating room, and composite
morbidity (defined as occurrence of any of the following
complications: surgical site infection [composite of
superficial, deep, and organ space], wound disruption,
sepsis, pneumonia, reintubation, failure to wean, intra-/
postoperative transfusion, cardiac arrest, MI, deep vein
thrombosis, pulmonary embolism, coma, stroke, peripheral
nerve injury, renal failure, and urinary tract infection).

http://www.journalacs.org
http://www.journalacs.org
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Primary outcomes

The primary outcomes measure was whether or not an
incisional hernia repair was billed for each patient during
the length of the study period in the Medicare inpatient
records. An incisional hernia repair was defined as present
if an ICD-9 procedure code for incisional hernia repair
was identified in any of the 6 procedure data fields in
the Medicare inpatient records (Appendix 3; available
at: http://www.journalacs.org) and occurred at least 2
days after the index operation date, either during the hos-
pitalization or during subsequent hospitalizations. This
was done to avoid counting the index abdominal opera-
tion (or concurrent repairs of existing ventral hernias) as
a reoperation. The presence of a new postoperative inci-
sional hernia ICD-9 diagnosis code in any of the 10 diag-
nosis data fields in the Medicare inpatient records was
recorded to determine concordance of the postoperative
incisional hernia repair with the diagnosis of postoperative
incisional hernia as a sensitivity check.5,6,14

The time to occurrence of the outcomeswas calculated by
taking the difference between ACS NSQIP index surgery
date and incisional hernia repair date in theMedicare inpa-
tient records. The patients who did not undergo postoper-
ative incisional hernia repair had a follow-up time variable
equal to the number of days that the patients were effectively
“followed” in theMedicare inpatient records after index sur-
gery. This was calculated by taking the difference of the last
date of possible postoperative procedure capture in the
Medicare inpatient records, December 31, 2008, and the
ACS NSQIP index surgery date. Patients who were alive
and did not have an incisional hernia repair billed during
the follow-up time period (n ¼ 18,575) and patients who
died (n¼ 9,924)without having an incisional hernia repair,
were treated as censored observations in the subsequent sur-
vival analysis.

Statistical analyses

Continuous preoperative variables, such as age and BMI,
were made categorical. Age was divided into the following
categories; 65 years to younger than 75 years of age, 75
years to younger than 85 years of age, and 85 years of
age and older. Body mass index was divided into the
following categories: <18.5 kg/m2, 18.5 to <25 kg/m2,
25 to <30 kg/m2, 30 to <35 kg/m2, 35 to <40 kg/m2,
�40 kg/m2. The frequencies of preoperative ACS NSQIP
demographic and clinical variables were compared be-
tween patients who had incisional hernia repairs and those
who did not using chi-square tests.
The preoperative demographic and clinical variables

before the index abdominal operations associated with the
rate of incisional hernia repair were identified using univar-
iate Cox proportional hazards models. A multivariable,
mixed effects Cox proportional hazards model, also known
as a frailtymodel, was constructed based on the preoperative
clinical variables found to be significantly different on uni-
variate analysis, as defined by p value <0.05. Additionally,
a procedural CPT linear risk variable commonly used in
current ACS NSQIP risk-adjustment methodology23 was
included in the multivariable model as a necessary adjust-
ment for the influence of procedural case mix on the risk
of incisional hernia repair. This CPT linear risk variable
was used for procedural case-mix adjustment instead of
procedure-specific categories to save degrees of freedom in
the risk-adjustment model and obtain more precise esti-
mates of risk associated with each of the 25 CPT codes in
the analysis. The CPT linear risk values corresponding to
a CPT code were defined as the logit of the probability of
incisional hernia associated with that CPT code. Logits
were predicted via logistic regression models adjusted for
relevant covariates, such as age and American Society of An-
esthesiologists (ASA) class.
The mixed effects Cox proportional hazards model can

be referred to as a shared frailty model because the addi-
tion of the random intercepts accounts for “shared frailty,”
or a propensity to experience the event shared by members
of a cluster, but heterogeneous across clusters (the hospitals
in this study). Patients were assigned to the ACS NSQIP
institution where the index operation was performed for
the purposes of clustering and the incisional hernia devel-
opment was attributed to that ACS NSQIP institution
regardless of where the postoperative incisional hernia
repair was performed. Frailty models were initially pio-
neered as a way of accounting for unobserved individual
variation in propensity for certain outcomes across
time.24,25 More recently, shared frailty models have been
used to account for clustering of observations within a
group of individuals.26 The multivariable mixed effects
Cox proportional hazard model was used to risk adjust,
control for clustering at the hospital level, and account
for censoring (Eq. 1). The fixed effects were the procedural
case-mix adjustment in the form of the procedural CPT
linear risk variable, and the ACS NSQIP preoperative clin-
ical variables. The random effects were the ACS NSQIP
hospital where the index major abdominal operation was
performed. This model was subsequently used to quantify
hospital variation in incisional hernia repair by calculating
each hospital’s frailty estimates or the exponentiated best
linear unbiased predictor of the hospital (random) inter-
cept and respective 95% CI. The frailty estimate for a hos-
pital is interpreted as the ratio of that hospital’s hazard rate
of incisional hernia repair over the average hospital’s haz-
ard rate with equivalent patient characteristics and proce-
dural case mix. The 95% CIs were plotted on the point
frailty estimates sorted in ascending order. If both

http://www.journalacs.org


Table 1. Clinical Differences in Patients Who Underwent Incisional Hernia Repair after Index Common Abdominal Operation

Clinical variables

Incisional hernia
repair (n ¼ 1,474)

No incisional hernia
repair (n ¼ 35,660)

p Value*n % n %

Demographics

Male 696 47.2 15,834 44.8 0.04

Age category, y <0.001

65 to <75 807 54.8 16,372 45.9

75 to <85 553 37.5 14,536 40.8

�85 114 7.7 4,752 13.3

Surgery specific variables

Procedure <0.001

Colectomy

Open colectomy 580 39.4 13,352 37.4

Laparoscopic colectomy 130 8.8 4,457 12.5

Cholecystectomy

Open cholecystectomy 47 3.2 2,255 6.3

Laparoscopic cholecystectomy 67 4.6 4,746 13.3

Ventral hernia repair 247 16.8 3,483 9.8

Small bowel resection 309 21.0 4,833 13.6

Pancreatic resection 94 6.4 2,534 7.1

Emergency case status 345 23.4 6,326 17.7 <0.001

Cardiovascular conditions

MI 19 1.3 457 1.3 0.48

Congestive heart failure 31 2.1 879 2.5 0.68

Metabolic and endocrine conditions

10% weight loss 71 4.8 2,153 6.0 0.31

Diabetes 0.92

No diabetes 1,182 80.2 28,495 79.9

Diabetes on oral hypoglycemic 194 13.2 4,779 13.4

Insulin dependent diabetes 98 6.7 2,386 6.7

BMI, kg/m2 <0.001

<18.5 69 4.7 2,356 6.6

18.5 to <25 336 22.8 11,523 32.3

25 to <30 532 36.1 11,980 33.6

30 to <35 293 19.9 6,064 17.0

35 to <40 144 9.8 2,353 6.6

�40 100 6.8 1,384 3.9

Pulmonary conditions

Smoker 183 12.4 3,619 10.2 0.003

COPD 180 12.2 3,549 10.0 <0.001

Ventilator dependence 43 2.9 619 1.7 <0.001

Renal conditions

Dialysis 8 0.5 278 0.8 0.75

Acute renal failure 26 1.8 414 1.2 0.001

Hepatic conditions

Varices 7 0.5 52 0.2 0.05

Ascites 52 3.5 1,041 2.9 0.18

(Continued)

316 Stey et al Long-Term Hospital Variation J Am Coll Surg



Table 1. Continued

Clinical variables

Incisional hernia
repair (n ¼ 1,474)

No incisional hernia
repair (n ¼ 35,660)

p Value*n % n %

Hematologic and immunologic conditions

Bleeding disorder 149 10.1 3,386 9.5 0.43

Steroid use 105 7.1 1,613 4.5 <0.001

Cancer 45 3.1 1,362 3.8 0.13

Chemotherapy 29 2.0 533 1.5 0.15

Radiotherapy 26 1.8 474 1.3 0.16

Acuity of illness

Open wound 87 5.9 1,157 3.2 <0.001

Any surgery in previous 30 days 70 4.8 981 2.8 <0.001

Functional status <0.001

Not limited 1,233 83.7 30,397 85.3

Partially limited 161 10.9 3,785 10.6

Fully limited 80 5.4 1,478 4.1

ASA class <0.001

I 7 0.5 301 0.8

II 372 25.2 10,744 30.1

III 873 59.2 20,151 56.5

IV 211 14.3 4,216 11.8

V 11 0.8 248 0.8

Preoperative sepsis <0.001

No sepsis 1,182 80.2 30,107 84.4

Systemic inflammatory response syndrome 191 13.0 3,698 10.4

Sepsis 41 2.8 936 2.6

Septic shock 60 4.1 919 2.6

*p Value generated from chi-square test of unadjusted frequencies of preoperative categorical variables.
ASA, American Society of Anesthesiologists.
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confidence limits were >1, then the hospital had a statis-
tically significant higher rate of incisional hernia repair
compared with the average hospital. If both confidence
limits were <1, then the hospital had a statistically signif-
icant lower rate compared with the average hospital. It
should be reinforced that frailty estimates quantify how
hospitals performed with respect to the average hospital,
not with respect to one another.

liðjÞðt Þ ¼ l0ðt Þuj e
Xib (Eq 1)

where li(j)(t) is the hazard function for patient i in hospital j,
l0(t) is the baseline hazard function, uj is the frailty for hos-
pital j, Xi is the covariate vector for patient i, and b is the
vector of regression coefficients.
Lastly, hospitals were ranked into deciles based on

their frailty estimates and therefore the mean risk-
adjusted incisional hernia repair rate. The 30-day com-
plications were compared between the hospitals with
the highest risk-adjusted incisional hernia repair rate
(10% of hospitals with the highest risk-adjusted inci-
sional hernia repair rate or the highest decile) and the
hospitals with the lowest risk-adjusted incisional hernia
repair rate (10% of hospitals with the lowest risk-
adjusted incisional hernia repair rate or the lowest
decile) using a multivariable logistic regression. The var-
iables included in the model were sex, age, procedural
CPT linear risk, emergency case, diabetes, BMI, smoker,
renal failure, ascites, steroid use, chemotherapy, open
wound, any surgery in the previous 30 days, ASA class,
and preoperative sepsis.
RESULTS
A total of 37,134 patients were identified to have un-
dergone 1 of the 5 index general surgery operations
at 1 of 216 hospitals participating in ACS NSQIP dur-
ing the 4-year period. The median follow-up time was
16 months with an interquartile range of 8 to 25
months.



Table 2. Frailty Model for Incisional Hernia Repair

Clinical variables Hazard ratio* 95% CI* p Value*

Demographics

Male 1.11 1.00�1.24 0.04y

Age category, y

65 to <75 (reference) (1.00)

75 to <85 0.86 0.77�0.96 0.01y

�85 0.63 0.52�0.78 <0.001y

Surgery-specific variables

Procedural CPT linear risk 2.32 2.04�2.62 <0.001y

Emergency case status 1.14 0.98�1.33 0.10

Metabolic and endocrine conditions

Diabetes

No diabetes (reference) (1.00)

Diabetes on oral hypoglycemic 0.86 0.74�1.00 0.05

Insulin dependent diabetes 0.76 0.61�0.94 0.01y

BMI, kg/m2

<18.5 0.90 0.69�1.17 0.42

18.5 to <25 (reference) (1.00)

25 to <30 1.48 1.29�1.70 <0.001y

30 to <35 1.61 1.37�1.89 <0.001y

35 to <40 2.02 1.65�2.47 <0.001y

�40 2.31 1.83�2.92 <0.001y

Pulmonary conditions

Smoker 1.14 0.97�1.33 0.12

Renal conditions

Acute renal failure 1.27 0.83�1.92 0.27

Hepatic conditions

Ascites 1.08 0.81�1.43 0.62

Hematologic and immunologic conditions

Steroid use 1.40 1.14�1.71 <0.001y

Chemotherapy 1.12 0.77�1.63 0.54

Acuity of illness

Open wound 1.63 1.30�2.05 <0.001y

Any surgery in previous 30 days 1.29 1.00�1.66 0.05

ASA class

I (reference) (1.00)

II 1.56 0.69�3.49 0.28

III 1.87 0.84�4.18 0.13

IV 2.11 0.93�4.78 0.07

V 2.02 0.73�5.57 0.18

Preoperative sepsis

No sepsis (reference) (1.00)

Systemic inflammatory response syndrome 1.11 0.93�1.32 0.26

Sepsis 0.85 0.61�1.18 0.33

Septic shock 1.22 0.88 0.23

*p Values, hazard ratios and 95% confidence intervals generated from the mixed effects multivariable Cox proportional hazards model. All variables included
in the model as listed.
ySignificant results.
ASA, American Society of Anesthesiologists.
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During the entire follow-up period 1,474 patients
(4.0%) underwent incisional hernia repair. For the entire
cohort, 200 (0.5%) patients were diagnosed with a post-
operative incisional hernia. A total of 176 of these 200 pa-
tients (88.0%) diagnosed with a postoperative incisional
hernia also had an incisional hernia repair.
There were small differences in preoperative variables

pertinent to the index operation between patients who
later required incisional hernia repair and those who did
not (Table 1). Patients who required a subsequent inci-
sional hernia repair more frequently had an emergent in-
dex abdominal operation (22.9% vs 17.7%; p < 0.001),
smoked (12.4% vs 10.2%; p ¼ 0.003), or used steroids
within 30 days preoperatively (7.1% vs 4.5%; p <
0.001). Additionally, a larger proportion of patients
who required a subsequent incisional hernia repair after
abdominal surgery had a BMI �40 kg/m2 (6.8 vs 3.9%;
p < 0.001). These differences were statistically significant
but are of unclear clinical significance.
The frailty model demonstrated that multiple patient

preoperative clinical variables from the index abdominal
operation were associated with the incisional hernia repair
rate (Table 2). The CPT linear risk of the index operation
(hazard ratio ¼ 2.32; 95% CI, 2.04�2.62) was highly
associated with the incisional hernia repair rate. A BMI
between 35 and 40 kg/m2 was associated with a 2.02 in-
crease in the hazard rate of incisional hernia repair (hazard
ratio ¼ 2.02; 95% CI, 1.65�2.27) compared with BMI
18.5 to 25 kg/m2. Similarly, a BMI �40 kg/m2 was asso-
ciated with a 2.31 increase in the hazard rate of incisional
hernia repair (hazard ratio ¼ 2.31; 95% CI, 1.83�2.92)
compared with BMI 18.5 to 25 kg/m2.
Figure 1. Long-term risk-adjusted incisional hern
major abdominal operations. Risk-adjusted hospita
of Surgeons (ACS) NSQIP hospitals. IHR, incision
The same model was used to calculate how the inci-
sional hernia repair rate varied across the ACS NSQIP
participating hospitals. After accounting for all preoper-
ative clinical variables depicted in Table 2, there was
very slight variation in risk-adjusted long-term inci-
sional hernia repair rates, or frailty estimates, across
hospitals (Fig. 1). None of the individual hospitals
were significantly different from the average hospital
with equivalent patient and procedural characteristics
(denoted at 1 on y-axis). This is depicted by the fact
that the error bars denoting the CIs of all hospitals’
frailty estimates overlapped one in Figure 1. In the
lowest-decile hospitals, 2.3% of patients had an inci-
sional hernia repair compared with 6.6% in the
highest-decile hospitals.
Thirty-day outcomes were compared between the

lowest- and highest-decile hospitals and in relation to all
the intermediate deciles (Table 3). The lowest-decile hos-
pitals had lower 30-day morbidity after the index proce-
dure (23.1 vs 28.0%; adjusted odds ratio ¼ 0.74; 95%
CI, 0.67�0.83; p < 0.001) and 30-day return to the
operating room (5.2 vs 7.8%, adjusted odds ratio ¼
0.65; 95% CI, 0.54�0.78; p < 0.001) compared with
highest decile hospitals.
A sensitivity analysis was done eliminating patients who

had surgery in the previous 30 days or who had had a pre-
vious ventral hernia repair. This sensitivity analysis
included 35,154. There was no difference in the variables
associated with incisional hernia repair rate. No more hos-
pitals were designated as statistically significantly different
from the average hospitals as compared with the study
with the full cohort of 37,134.
ia repair rates by hospital after 5 common
l frailty and 95% CIs of 216 American College
al hernia repair.



Table 3. Postoperative Complication Rates after Index Surgery in Lowest- and Highest-Decile Hospitals

30-Day postoperative
complication

Lowest decile
(n ¼ 21), %

Highest decile
(n ¼ 21), %

Adjusted odds
ratio*

Adjusted
95% CI* p Value*

Composite morbidity 23.1 28.0 0.74 0.67�0.83 <0.001

Surgical site infection 9.7 12.2 0.79 0.68�0.91 0.003

Dehiscence 1.3 2.1 0.61 0.43�0.86 0.002

Sepsis 4.3 6.3 0.66 0.56�0.78 <0.001

Return to operating room 5.2 7.8 0.65 0.54�0.78 <0.001

Mortality 4.6 4.7 0.85 0.67�1.07 0.22

*Adjusted odds ratio, 95% CI, and p value generated from multivariable logistic regression comparison of 30-day postoperative complications in 10% of
hospitals with the lowest adjusted incisional hernia repair rate compared with 10% of hospitals with the highest adjusted incisional hernia repair rate (deciles
by hospital adjusted incisional hernia repair rate) controlling for sex, age, procedure case mix, emergency case, diabetes, BMI, smoker, renal failure, ascites,
steroid use, chemotherapy, open wound, any surgery in the previous 30 days, American Society of Anesthesiologists class, and preoperative sepsis.
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DISCUSSION
Certain markers of surgical quality, such as incisional her-
nia, might not manifest until several months postopera-
tively.27-30 Benchmarking hospital long-term performance
has been difficult due to the limited follow-up of most clin-
ical datasets.5,6,8 This study sought to benchmark long-term
performance and found no statistically significant distinc-
tions (at the 5% level) of any one hospital’s long-term per-
formance from the average hospital using incisional hernia
repair as the primary outcomes metric. However, hospitals
with the highest risk-adjusted incisional hernia repair rates
did have slightly higher rates of some 30-day complications
compared with the hospitals with the lowest incisional her-
nia repair rates. There is face validity to this finding, as
30-day postoperative complications could be seen as inter-
mediate outcomes that could predispose to ultimate inci-
sional breakdown. Other authors using linked datasets
have described similar findings between short/intermediate
outcomes and long-term outcomes.4,31 However, the differ-
ences observed in this study might not be of a clinically sig-
nificant magnitude.
It appears that long-term inpatient incisional hernia repair

is not sensitive enough as a quality metric to discriminate
how well hospitals perform compared with the average hos-
pital, at least within our current model construct. However,
it is difficult to know with certainty whether this finding
should be attributed to a flawed construct (such as inade-
quate risk adjustment), insensitive detection of the true
outcome (hernia); the proxy (inpatient repair procedure
code), which itself could represent a flawed proxy (repair
might not always be undertaken, or not as inpatient); or
whether the long-termoutcome is not adequately influenced
by surgeons and hospitals to reflect differences in long-term
quality. Although few incisional hernia diagnoses were
found in the absence of the repair procedure code, the inci-
sional hernia repair rate in this studywas at the lower limit of
the known incidence range of incisional hernia (4% to 20%)
after abdominal surgery, indicating the proxy itself (billed
code for repair) could be an underestimate.29,32-34 The proxy
might be an underestimate due to inattentive coding prac-
tices, but because the code represents a billable procedure,
coding deficiency is unlikely. The proxy could be an under-
estimate if repairs were not always undertaken, but again,
only 12% of patients with the coded hernia diagnosis did
not have a subsequent procedure code for incisional hernia
repair.More likely, underestimation results from an absence
of outpatient procedure codes in the Medicare inpatient re-
cords. Earlier studies of NSQIP as well as the Healthcare
Cost and Utilization Project and the National Survey of
Ambulatory Surgery have found that 40% to 85% of
abdominal wall hernias were performed in the inpatient
setting.35-37

This study has other important limitations. The Medi-
care inpatient records file does not capture encounters for
patients who subsequently switched to a Medicare
managed-care plan. Although this is a minority of patients
in this study, managed-care enrollment did increase na-
tionally during the 4 years of this study; 3% in 2005,
12% in 2006, 21% in 2007, and 32% in 2008. No
enrollment file was obtained from Medicare, therefore,
patients who were discontinuously enrolled in Medicare
fee-for-service could not be excluded. This could also
have contributed to underestimating long-term repair
rates, although it is not obvious how it could be a source
of bias across hospital comparison. A second limitation is
that Medicare claims can be submitted up to 1 year after
service delivery. This might have led to a censoring of
certain observations. Finally, the findings of this patient
sample of Medicare beneficiaries within ACS NSQIP hos-
pitals might not be generalizable to younger populations
or non�ACS NSQIP hospitals.
CONCLUSIONS
This study demonstrates that there is insufficient variation
in long-term incisional hernia repair rate to differentiate
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any hospital from the average hospital under the construct
proposed. Although hospitals with the highest risk-
adjusted rates of long-term incisional hernia repairs had
somewhat higher rates of 30-day complications, the mag-
nitudes of those differences were of uncertain clinical sig-
nificance. Additional studies are needed to identify a
useful long-term quality benchmarking metric in this
clinical area.
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Appendix 1. Current Procedural Terminology Codes of Index Operation Included in this Analysis

Procedure CPT Code

Colectomy

Colectomy, Partial; with anastomosis 41440

Colectomy, Partial; with skin level cecostomy or colostomy 44141

Colectomy, Partial; with end colostomy and closure of distal segment (Hartmann type procedure) 44143

Colectomy, Partial; with coloproctostomy (low pelvic anastomosis) 44145

Colectomy, Partial; with coloproctostomy (low pelvic anastomosis), with colostomy 44146

Colectomy, total, abdominal without proctectomy; with ileostomy or ileoproctostomy 44150

Colectomy, Partial, with removal of terminal ileum with ileocolostomy 44160

Laparoscopy, Surgical; colectomy, partial, with anastomosis 44204

Laparoscopy, Surgical; colectomy, partial, with removal of terminal ileum with ileocolostomy 44205

Laparoscopy, Surgical; colectomy, partial, with anastomosis, with coloproctostomy (low pelvic anastomosis) 44207

Cholecystectomy

Cholecystectomy; 47600

Cholecystectomy; with cholangiography 47605

Laparoscopy, surgical; Cholecystectomy 47562

Laparoscopy, surgical; Cholecystectomy with cholangiography 47563

Small bowel resection

Enterectomy, resection of small intestine; Single resection and anastomosis 44120

Closure of enterostomy, large or small intestine; 44620

Closure of enterostomy, large or small intestine; with resection and anastomosis other than colorectal 44625

Closure of enterostomy, large or small intestine; with resection and colorectal anastomosis (E.g., closure
of Hartmann type procedure) 44626

Ventral hernia repair

Repair initial incisional or ventral hernia; reducible 49560

Repair initial incisional or ventral hernia; incarcerated or strangulated 49561

Repair recurrent incisional or ventral hernia; reducible 49565

Repair recurrent incisional or ventral hernia; incarcerated of strangulated 49566

Pancreatectomy

Pancreatectomy, distal subtotal, with or without splenectomy; without pancreaticojejunostomy 48140

Pancreatectomy, proximal subtotal with total duodenectomy, partial gastrectomy, choledochoenterostomy
and gastrojejunostomy (whipple-type procedure) 48150

Pancreatectomy, proximal subtotal with near-total duodenectomy, choledochoenterostomy and
duodenojejunostomy (pylorus-sparing, Whipple-type procedure) 48153
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Appendix 2. Study Flow Diagram. ACS, American College of
Surgeons.

Appendix 3. ICD-9 Codes Used to Define the Primary
Outcomes of Long-Term Incisional Hernia Repair

International
Classification of
Disease 9 Descriptions

46.42 Pericolostomy hernia repair

53.49 Open umbilical hernia repair

53.51 Incisional hernia repair

53.59 Abdominal wall hernia repair

53.61 Open incisional hernia repair with
graft

53.62 Laparoscopic incisional hernia
repair with graft

53.69 Open hernia anterior abdominal
wall graft

53.9 Other hernia repair

54.61 Reclose postoperative disruption

54.62 Delayed closure of the abdominal
wound

54.72 Abdomen wall repair

83.65 Other fascial suture closure
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