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Objective
To provide reliable risk-adjusted morbidity and mortality rates
after major surgery to the 123 Veterans Affairs Medical Cen-
ters (VAMCs) performing major surgery, and to use risk-ad-
justed outcomes in the monitoring and improvement of the
quality of surgical care to all veterans.

Summary Background Data
Outcome-based comparative measures of the quality of surgi-
cal care among surgical services and surgical subspecialties
have been elusive.

Methods
This study included prospective assessment of presurgical
risk factors, process of care during surgery, and outcomes 30
days after surgery on veterans undergoing major surgery in
123 medical centers; development of multivariable risk-adjust-
ment models; identification of high and low outlier facilities by
observed-to-expected outcome ratios; and generation of an-
nual reports of comparative outcomes to all surgical services
in the Veterans Health Administration (VHA).

Results
The National VA Surgical Quality Improvement Program (NS-
QIP) data base includes 417,944 major surgical procedures
performed between October 1, 1991, and September 30,
1997. In FY97, 11 VAMCs were low outliers for risk-adjusted
observed-to-expected mortality ratios; 13 VAMCs were high
outliers for risk-adjusted observed-to-expected mortality ra-
tios. Identification of high and low outliers by unadjusted mor-
tality rates would have ascribed an outlier status incorrectly to
25 of 39 hospitals, an error rate of 64%. Since 1994, the 30-
day mortality and morbidity rates for major surgery have fallen
9% and 30%, respectively.

Conclusions
Reliable, valid information on patient presurgical risk factors,
process of care during surgery, and 30-day morbidity and
mortality rates is available for all major surgical procedures in
the 123 VAMCs performing surgery in the VHA. With this in-
formation, the VHA has established the first prospective out-
come-based program for comparative assessment and en-
hancement of the quality of surgical care among multiple
institutions for several surgical subspecialties. Key features to
the success of the NSQIP are the support of the surgeons
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who practice in the VHA, consistent clinical definitions and
data collection by dedicated nurses, a uniform nationwide

informatics system, and the support of VHA administration
and managerial staff.

In today's managed health care environment, it is increas-
ingly important to measure and compare the quality of
health care delivery among various institutions. Measures of
both process and outcome of care have been proposed for
the comparative assessment of the quality of health care
delivery.1 Measures of outcome, however, are particularly
suitable for the assessment of the quality of surgical care
because surgery involves an intervention with an expected
outcome-a repair of an abdominal aortic aneurysm is
expected to prevent a subsequent fatal rupture; a replace-
ment of an osteoarthritic hip is expected to enable the
patient to walk without pain. The main limitation of the use
of outcome in the comparative assessment of the quality of
surgical care, however, is the need to use adequate and
validated models for risk adjustment. The presurgical se-
verity of illness must be adjusted if outcome is to be used in
the comparative assessment of the quality of surgical
care.2-5 Several models for risk adjustment and comparative
assessment of outcome have been prospectively developed
for cardiac surgery.6 Until 1994, however, uniform and
validated models for noncardiac surgery did not exist.

Prompted by a 1986 congressional mandate, the Veterans
Health Administration (VHA) conducted the National VA
Surgical Risk Study (NVASRS)7 between October 1, 1991,
and December 31, 1993. The NVASRS was conducted in 44
VA Medical Centers (VAMCs) with the aim of developing
and validating risk-adjustment models for the prediction of
surgical outcome and the comparative assessment of the
quality of surgical care among multiple facilities. A dedi-
cated clinical nurse reviewer in each VAMC prospectively
collected presurgical, surgical, and 30-day outcome infor-
mation on major surgery. On the basis of data from 87,078
major surgical procedures, risk-adjustment models for 30-
day mortality and morbidity rates were developed for all
noncardiac surgery and for each of the following subspe-
cialties: general surgery, vascular surgery, orthopedic sur-
gery, urology, thoracic (noncardiac) surgery, neurosurgery,
plastic surgery, and otolaryngology.4'5 The ability of these
models to detect variations in the quality of surgical care
was demonstrated in a validation study.7 Separate models

Presented at the 118th Annual Meeting of the American Surgical Associ-
ation, April 3, 1998, Palm Beach, Florida.

The Department of Veterans Affairs National Surgical Quality Improve-
ment Program is funded by the Veterans Health Administration of the
Department of Veterans Affairs.

Dr. Daley was a Senior Research Associate in the Career Development
Award Program of the Veterans Affairs Health Services Research and
Development Service during the period of this report.

Address reprint requests to Shukri F. Khuri, MD, Veterans Affairs Medical
Center, 1400 VFW Parkway, West Roxbury, MA 02132.

Accepted for publication

were developed for risk adjustment of the 30-day mortality
rate of cardiac surgery, based on a previously published
methodology.8
The NVASRS provided the VHA with a validated tool

with which the quality of surgery could potentially be
monitored, compared, and improved in all 132 of the
VAMCs performing surgery. Hence, based on the results of
the NVASRS, the National VA Surgical Quality Improve-
ment Program (NSQIP) was established in January 1994; it
provided, for the first time, a reporting and managerial
structure for the continuous monitoring and enhancement of
the quality of surgical care in the VHA.
The purpose of this article is to describe the NSQIP and

to report on the results achieved since its inception in
January 1994. The underlying hypothesis is that the quality
of surgical care can be measured, compared, and enhanced
in various institutions by the use of proper, validated, and
peer-reviewed models for risk-adjusted reporting of out-
come.

METHODS

Organizational Structure
The NSQIP is an ongoing quality-management initiative

that applies the methodology developed and validated by
the NVASRS to all the VAMCs that perform major surgery.
Since the inception of the program in 1994, nine VAMCs
have stopped performing major surgery, bringing the num-
ber of participating medical centers as of January 1998 to
123. These VAMCs fall administratively into 22 Veterans
Integrated Service Networks (VISNs), which are coordi-
nated by the VHA Headquarters in Washington DC. Each
VISN is managed by a network director, assisted by a chief
medical officer (also referred to as a clinical manager), one
of whose primary duties is to ensure the quality of clinical
care. The NSQIP, fiscally and administratively, resides
within the Office of Patient Care Services in Headquarters
but exercises its monitoring and advisory functions through
the various chief medical officers in their respective VISNs.
The NSQIP is governed by an executive committee

chaired by a VAMC chief of surgery and co-chaired by a
health services researcher. The committee includes eight
VA chiefs of surgery, the directors of surgery and anesthesia
at Headquarters, three health research scientists, an intemist,
a senior biostatistician, a national nurse coordinator, a net-
work director, and a network chief medical officer. The
executive committee oversees the functions of three coor-
dinating centers: the Chairman's Office at the Brocktonl
West Roxbury VAMC, which assumes the overall coordi-
nation of the NSQIP activities; the Cooperative Studies
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Program Coordinating Center at the Hines (Illinois) VAMC,
which coordinates the data acquisition and analysis and
research related to all surgical specialties except cardiac
surgery; and the Center for Continuous Improvement in
Cardiac Surgery at the Denver (Colorado) VAMC, which
coordinates the data acquisition and analysis and research
related to cardiac surgery. Forty-two of the 123 surgical
centers in the VHA perform cardiac surgery. The executive
committee conducts its business through weekly conference
calls and two 3-day meetings annually. The chair and co-
chair conduct, on a monthly basis, a 1-day meeting with the
staff at the Hines Coordinating Center to plan acquisition,
analysis, and reporting of data. Other participants in the
NSQIP are invited to these meetings if needed. A separate
longstanding cardiac surgery consultants committee reviews
and makes recommendations about the VA's cardiac sur-
gery program.

Data Collection
A total of 88 permanent full-time-equivalent positions

have been assigned for trained surgical clinical nurse re-
viewers (SCNRs) at the 123 VAMCs participating in the
program. The SCNRs, working closely with the chief of
surgery at each VAMC, ensure the accurate collection and
timely transmission of the data. An operations manual that
details data-collection processes and study definitions en-
sures uniformity in data collection and transmission. Based
on the geographic location of each VAMC, the SCNRs are
organized into 10 teams, each team comprising 11 to 13
nurse reviewers. An assigned team leader for each team
maintains the communication between the SCNRs in the
field and the national nurse coordinator in the chairman's
office. Regular conference calls to address data collection
and transmission issues are held between the coordinating
centers and the team leaders and between all the SCNRs and
the chair and co-chair of the NSQIP. The VA Information
Service Center at Birmingham, Alabama, develops com-
puter software and coordinates the installation at the partic-
ipating centers to aid in the data-collection process.

Depending on the type of data collection and surgical
volume, the VAMCs are divided into three "peer" groups:

. Development Group: Comprises the 44 VAMCs that
participated in the NVASRS. It serves as the test group
for new model development and limited research initi-
atives.

. Managerial Group I: Comprises the 55 VAMCs with
high and medium surgical volumes but no cardiac sur-
gery.

* Managerial Group II: Comprises the 33 VAMCs with
low surgical volume.

Two types of data are collected:

. Workload data (volume): Total number of surgical pro-
cedures performed at each medical center, categorized

by surgical specialty and classified into "major versus
minor" and "inpatient versus outpatient." Major sur-
gery is defined as procedures performed under general,
spinal, and epidural anesthesia, and all carotid endar-
terectomies and inguinal herniorrhaphies, regardless of
anesthesia type. An operation is defined as outpatient if
the length of stay in the hospital does not exceed 23
hours.
Risk-adjustment data: The patient variables collected
for the purpose of risk adjustment of outcome in the
Development and Managerial I groups of medical cen-
ters have been listed in previous publications.4'5'7 They
include 45 presurgical, 17 surgical, and 33 outcome
variables.

Electronic Infrastructure and Data
Transmission
Workload data, including Common Procedural Terminol-

ogy 4 (CPT-4) codes, are entered by the providers into the
surgery module within VISTA, the VA's decentralized hos-
pital computer system; identical software is used in all 123
participating VAMCs. These data are automatically trans-
mitted to the coordinating center at Hines at the time when
the risk-adjustment data are transmitted by the SCNR. Risk-
adjustment data are entered by the SCNR into a special
risk-assessment software module, which is integrated into
the surgery module. Thirty days after each surgical proce-
dure, the computer generates a follow-up letter that is sent
to the patient requesting follow-up information. Forty-five
days after each surgical procedure, the SCNR completes the
entry of the patient's data into the risk-assessment module
and, with the concurrence of the chief of surgery, transmits
the data to the coordinating center at Hines (for noncardiac
surgery) or to the coordinating center in Denver (for cardiac
surgery). Laboratory data are automatically transmitted
from each medical center's laboratory module in VISTA to
the respective coordinating center; the SCNR does not have
to collect or transmit these data. The electronic data collec-
tion and transmission infrastructure is supported by a full-
time programmer within the VHA's software services who
is in frequent communication with the three coordinating
centers and the SCNRs in the field.
When the data are received at the data coordinating

centers, they are put through a data-editing program to
check for missing or out-of-range values and inconsisten-
cies between data fields. Error-free data are put into the
NSQIP master file. Records with potential errors are put into
a suspend file until these are rectified by the SCNR at the
participating VAMC. Query reports are sent to the partici-
pating VAMCs quarterly for correction of the potential
errors. Suspended records are then corrected, if necessary,
and passed again through the data-editing program. An
audit trail of all data corrections is also kept. In addition, all
deaths are verified against the VHA Beneficiary Identifica-
tion and Records Locator System (BIRLS) death records.
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Monthly, an inventory of cases received at the data coordi-
nating centers is sent to the SCNRs so they can check on the
completeness of the electronic data transmission.
On an annual basis, each VAMC is asked to complete a

detailed questionnaire describing structure and processes of
care on each surgical service. These data are entered into a
cumulative data base that is used to assess the quality of
care at specific VAMCs.

Data Analysis
Reporting of NSQIP data is timed to coincide with the

federal fiscal year (October 1 to September 30). By the end
of December each year, the data from the patients entered
into the NSQIP data base before the end of the previous
fiscal year are received at the Hines coordinating center,
edited, and cleaned. At this time, the final analysis for the
completed fiscal year begins.

Logistic regression analysis9 is used to develop the pre-
dictive models for surgical death and complications. In the
logistic regression model, surgical death and complications
are the dependent variables, and the presurgical risk factors
are the independent variables. Surgical mortality is defined
as the death of a patient within 30 days after the index
surgical procedure, in or out of the hospital. Surgical mor-
bidity is defined as the presence of one or more of 20
predefined complications7 in the same time period. The
intercept term and beta coefficients attached to the indepen-
dent variables in the model are estimated using maximum
likelihood methods. The logistic procedure in SAS version
6.1210 is used to perform the calculations. A "step-up"
stepwise procedure is used. The most important patient risk
factor is entered into the model in the first step. In the
second step, the next most important factor is entered, given
that the first factor is already in the model. This process is
repeated until all important predictor variables are in the
model at the a = 0.05 level of significance.
Once the model has been developed, it can be used to

calculate a predicted probability of death or complications
for each patient on the basis of that patient's presurgical risk
factors. These probabilities can then be summed within each
subspecialty and for all surgical procedures combined
within each hospital to obtain an expected number of deaths
or patients with complications. For each VAMC, O/E ratios
(observed number of deaths or patients with complications
divided by the expected number of deaths or patients with
complications) are calculated for all surgical procedures
combined and for each of nine major subspecialties (general
surgery, orthopedics, urology, peripheral vascular surgery,
neurosurgery, otolaryngology, noncardiac thoracic surgery,
cardiac surgery, and plastic surgery). An O/E ratio statisti-
cally significantly greater than 1 is an indication that the
hospital is experiencing more deaths or complications than
would be expected on the basis of its patient characteristics.
An O/E ratio statistically significantly less than 1 indicates
that the hospital is having better results than expected on the

basis of its patient characteristics. Ninety percent confi-
dence intervals (CIs) are calculated for death O/E ratios and
99% CIs for complications O/E ratios based on the binomial
distribution." A CI interval encompassing 1 indicates that
the numbers of observed and expected deaths or patients
with complications are approximately equal. CIs of more
than 1 indicate high outlier status; CIs of less than 1 indicate
a low outlier status. Previous work using split-sample and
bootstrapping methods have shown the models to have good
calibration and discrimination.4'5
O/E ratios are presented for death and complications for

each VAMC for all surgical procedures combined and for
each of the nine major subspecialties. The only exceptions
are for deaths in the subspecialties of urology, plastic sur-
gery, and otolaryngology, where the number of deaths is too
low to develop reliable O/E ratios. Also, O/E ratios are not
reported in the low-volume hospitals in subspecialties
where the number of cases is less than 50 annually.
O/E ratios are also reported over time for all surgical

procedures and each subspecialty within each VAMC. For
the 44 centers that have participated in the NSQIP from its
inception, O/E ratios are reported for four periods: phase 1
(27 months, October 1, 1991, to December 31, 1993), phase
2 (20 months, January 1, 1994, to August 31, 1995), FY96,
and FY97. For the other 79 centers, O/E ratios are reported
for the last three periods. For the 23 VAMCs with very low
surgical volumes, the last three periods have also been
combined to present more reliable O/E ratios over a longer
period of time.

Feedback to Providers and Managers
Feedback is provided primarily through an annual eval-

uation by peers of the results at each medical center, and by
the generation of an annual report distributed to the chief of
surgery, the SCNR, the director, and the chief of staff of
each VAMC, and the chief medical officer of each VISN.
The annual report for each facility is designed to allow the
providers to compare their volume, patient risk profiles, and
risk-adjusted outcomes to the national average and to the
averages in their peer group of hospitals. Each hospital is
identified by a specific code known only to the providers
and managers at that hospital and the chief medical officer
of the VISN.

At the end of each fiscal year, the coordinating centers at
Hines and Denver prepare tables of the observed and ex-
pected outcomes and the O/E ratios at each medical center.
These tables are then reviewed by a panel consisting of
members of the NSQIP executive committee and three or
four additional chiefs of surgery from VAMCs. Panel mem-
bers are blinded to the identity of the medical centers during
the review. Recommendations regarding specific hospitals
(in all surgery and the subspecialties) are made in accor-
dance with preset guidelines and forwarded to the above
persons along with the annual report.

Hospitals with consistently low outlier status are com-
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Table 1. ACCRUAL OF NSQIP MAJOR OPERATIONS OVER TIME

Number of Major Assessed Major Assessed
VAMCs Operations OperationsNYearNAMC Mean

Phase 1 (1 0/1 /91-12/31/93) 44* 103,013 1040
Phase 2 (1/1/94-8/31/95) 132t 120,135 586
FY 96 (10/1/95-9/30/96) 125 95,620 765
FY 97 (10/1/96-9/30/97) 123 99,176 806

VAMC = Veterans Affairs Medical Centers; NSQIP = National VA Surgical Quality Improvement Program.
* Phase 1 includes 44 academically affiliated VAMCs that performed cardiac surgery as of 10/1/91.
t Beginning 1/1/94 the NSQIP includes all VAMCs performing major surgery.

mended and encouraged to share with the NSQIP (which
subsequently disseminates this information to the rest of the
medical centers) the processes and structures that these
hospitals consider to have contributed to their good perfor-
mance. Various levels of concern are raised about high
outlier hospitals, and suggestions are forwarded regarding
internal and external reviews to verify and improve out-
comes of surgery at these hospitals.
The NSQIP has developed a set of guidelines to help the

providers in the field conduct structured internal reviews to
identify problems in the quality of their surgical care.
Through an ongoing dialogue with the chief medical offic-
ers of the 22 VISNs, the NSQIP provides management with
advice regarding reviews of problematic surgical services
and expertise in conducting external reviews and site visits.

Additional feedback for cardiac surgery is provided by a
semiannual report that includes more information; it is
generated by the coordinating center in Denver. The cardiac
surgery consultants committee also reviews the various hos-
pitals' reports before they are distributed and makes specific
recommendations regarding high and low outliers to the
Office of Patient Care Services at Headquarters and to the
chief medical officers in the VISNs.

Access to the Data Base for the
Purpose of Research

The NSQIP data base accrues risk factors and outcome
information on approximately 100,000 major surgical pro-
cedures annually. Surgeons and researchers in the VHA can
gain access to the data base for research by submitting
research proposals to the executive committee. Peer review-
ers are assigned to these proposals and provide input to the
executive committee. Proposals approved by the executive
committee are assigned a study biostatistician from the
NSQIP who coordinates the data analysis with the principal
investigator. All publications and presentations that use

NSQIP data need to be reviewed and approved by the chair,
co-chair, senior biostatistician, and executive committee of
the NSQIP.

RESULTS

Data Accrual
In phase 1 of the NSQIP, 103,013 cases were assessed

(mean 1040 cases/yearNVAMC) at the 44 VAMCs then
participating in the program (Table 1). In phase 2, the
program was expanded to include all 132 VAMCs perform-
ing surgery. In this phase, 120,135 cases were assessed
(mean 586 cases/yearNAMC). The number of assessed
cases/yearNVAMC declined between phases 1 and 2 because
in phase 2 smaller VAMCs were added to the program. In
FY96, 95,620 cases were accrued (mean 765 cases/year/
VAMC); in FY97, 99,176 cases were accrued (mean 806
cases/year/VAMC). Thus, the total number of major surgi-
cal procedures accrued into the program up to September
30, 1997, was 417,944.

Percentage of Total Procedures
Assessed

In FY97, accurate data on the assessed major surgical
cases in the NSQIP in relation to the total surgical volume
in the VA have been available. In FY97, a total of 343,808
surgical operations were performed in the VA and entered
into the surgical module (Surgery 3.0) at each hospital. Of
these, 157,226 (45.7%) were classified as major procedures,
159,107 (46.3%) were classified as minor procedures, and
27,475 (8%) were unclassified. Of the 157,226 major pro-
cedures, 48,960 (31.1%) were ineligible for assessment and
108,266 (68.9%) were eligible for assessment. Reasons for
ineligibility included:

. The SCNR was on annual leave and had no backup to
enter cases (14.4%).

. Cases at the high-volume hospitals exceeded the limit of
36 cases per 8-day cycle, the number of cases thought to

be reasonable for one SCNR to review (11.5%).
. Excluded CPT codes of procedures with known low
morbidity and mortality rates, or transurethral resec-

tions of the prostate (TURPs), transurethral resections
of the bladder tumor (TURBTs), and herniorrhaphies
exceeding the limit of five per week (74.1%).
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Table 2. ACCRUAL OF NSQIP MAJOR OPERATIONS OVER TIME BY SUBSPECIALTY

Phase 1* Phase 2t FY 96 FY 97 All Phases
(10/1/91-12/31/93) (1/1/94-8/31/95) (10/1/95-9/30/96) (10/1196-9/30/97) (10/1/91-9/30/97)

Subspecialty n % n % n % n % n %

General 19,136 18.6 28,220 23.5 26,967 28.2 29,650 29.9 103,973 24.9
Orthopedics 18,882 18.3 23,700 19.7 16,529 17.3 18,172 18.3 77,283 18.5
Cardiac surgery 15,935 15.5 12,894 10.7 7903 8.3 7811 7.9 44,543 10.7
Urology 14,374 14.0 16,776 14.0 14,252 14.9 13,566 13.7 58,968 14.1
Vascular 10,929 10.6 13,585 11.3 9950 10.4 10,275 10.4 44,739 10.7
Neurosurgery 8226 8.0 7759 6.5 5078 5.3 5403 5.4 26,466 6.3
Otolaryngology 5182 5.0 5896 4.9 6347 6.6 5573 5.6 22,998 5.5
Noncardiac thoracic 5080 4.9 5008 4.2 3419 3.6 3545 3.6 17,052 4.1
Plastic 3300 3.2 3191 2.6 1985 2.1 2080 2.1 10,556 2.5
Other noncardiact 1969 1.9 3106 2.6 3190 3.3 3101 3.1 11,366 2.7
Total 103,013 100.0 120,135 100.0 95,620 100.0 99,176 100.0 417,944 100.0

NSQIP = National VA Surgical Quality Improvement Program; VAMC = Veterans Affairs Medical Centers.
* Phase 1 includes 44 academically affiliated VAMCs that performed cardiac surgery as of 10/1/91.
t Beginning 1/1/94 the NSQIP includes all VAMCs performing major surgery.
t Ophthalmology, gynecology, dental surgery, and podiatry.

Of the 108,266 major surgical procedures eligible for
assessment, 105,722 (97.7%) were assessed. Only 5 of the
123 VAMCs assessed less than 80% of the eligible cases
and did not receive O/E ratios (at 1 of the 5 VAMCs, the
surgical service was closed). Of the 105,722 assessed cases,
99,176 (93.8%) were included in the analysis file. Most of
the cases excluded from analysis were the result of multiple
index operations on the same patient within a 30-day period.

Procedures by Surgical Subspecialty
Table 2 presents the assessed cases in the NSQIP by surgical

subspecialty and phase. General surgery, orthopedics, urology,
and vascular surgery are the most prevalent surgical subspe-
cialties in the VA, each representing 10% to 30% of all major
procedures. Cardiac surgery represented a large percentage of
all major surgical procedures assessed in phase 1 (15.5%)
because this phase included only the 44 VAMCs that perform
both cardiac and noncardiac surgery. In the later phases, the
percentage of all assessed major surgical procedures that were
cardiac decreased to less than 10%. There has been a steady
rise in the percentage of cases from general surgery, the dom-
inant surgical subspecialty in the smaller VAMCs that entered
the NSQIP beginning in phase 2.

Table 3 presents the accrual over time of the most frequent
individual procedures in each subspecialty. Some of the indi-
vidual procedures represent 20% or more of the NSQIP cases
in their respective subspecialties (disc surgery in neurosurgery;
lobectomy in thoracic surgery; TURP in urology). Assess-
ments of TURPs have been limited to less than six per VAMC
per week because of their high volume in the VHA.

Patient Characteristics
Patient presurgical characteristics and risk factors have

remained remarkably constant over time, including mean

age, racial and gender distributions, functional status,
American Society of Anesthesiology (ASA) classification,
many dichotomous risk factors, and presurgical laboratory
results (Table 4). There has been a slight decrease in emer-
gent cases (9.8% in phase 1 vs. 7.9% in FY97; p < 0.001),
disseminated cancer (3.6% in phase 1 vs. 1.9% in FY97;
p < 0.001), and weight loss of more than 10% in the 6
months before surgery (4.7% in phase 1 vs. 3.9% in FY97;
p < 0.0.001). The mean surgical complexity score (a mea-
sure on a low [1] to high [5] scale of the complexity of the
procedure above and beyond the risk factors that the typical
patient brings to the procedure) has declined from 3.04 ±
0.85 in phase 1 to 2.70 ± 0.85 in FY97 (p < 0.001).

Outcomes

The mortality and morbidity outcomes over the phases of
the NSQIP are reported in Table 5. Both mortality and
morbidity rates have declined over time. This trend is not
related to the expansion of the program from the original 44
VAMCs to the current 123 VAMCs; these trends are also
observed in the subgroup of the original 44 centers.

Stability of Risk Models

The risk models for death and complications have re-
mained stable over time. Table 6 presents the order of entry
into the logistic regression of the risk variables for the
mortality model for the four phases of the NSQIP. With the
exception of functional status, which entered the phase 1
model at the 24th step, the 12 variables listed in Table 6
entered the models in all four phases relatively early. In
particular, serum albumin, ASA class, disseminated cancer,
emergency operation, age, blood urea nitrogen level of more
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Table 3. MOST FREQUENT OPERATIONS BY EACH SUBSPECIALTY OVER TIME

Phase 1* Phase 2t FY 96 FY 97 All Phases

% of % of % of % of % of
Subspecialty Operation n Specialty n Specialty n Specialty n Specialty n Specialty

General

Neurosurgery

Orthopedics

Otolaryngology

Noncardiac thoracic

Urology

Vascular

Plastic
Cardiac

Cholecystectomyt
Colectomy
Disc surgery
Craniotomy
Knee replacement
Hip replacement
Laryngectomy
Tracheostomy
Lobectomy
Pneumonectomy
TURP
Radical
prostatectomy
AAA
Amputations
M-C flap transfers
CABG
Valve

replacement§

3278
3144
1999
429

2852
1752
541
496
1127
245

5686

1574
1107
1094
148

12,857

17.1
16.4
24.3
5.2

15.1
9.3

10.4
9.6

22.2
4.8

39.6

10.9
10.1
10.0
4.5

79.6

2491 15.4

5018
4199
2223
526

3633
2138
487
560
1063
176

6138

1709
1256
1107
138

10,440

17.8
14.9
28.6
6.8

15.3
9.0
8.3
9.5

21.2
3.5

36.6

10.2
9.2
8.2
4.3

80.6

3069
2627
1603
268

2564
1305
295
414
666
96

3384

1130
794
754
105

6486

11.4
9.7

31.6
5.3

15.5
7.9
4.6
6.5

19.5
2.8

23.7

7.9
8.0
7.6
5.3

81.8

3354
2788
1659
290

3006
1451
250
520
681
82

3380

1316
764
772
111

6265

11.3
9.4

30.7
5.4

16.5
8.0
4.5
9.3

19.2
2.3

24.9

9.7
7.4
7.5
5.3

80.1

1927 14.9 1149 14.5 1233 15.8

TURP = Transurethral resection of the prostate; MA = Repair of non-ruptured abdominal aortic aneurysm; Amputations = above and below knee; M-C = Musculo-
cutaneous.
* Phase 1 includes 44 academically affiliated VAMCs that performed cardiac surgery as of 10/1/91.
t Beginning 1/1/94 the NSQIP includes all VAMCs performing major surgery.
t Includes laparoscopic and open cholecystectomy.
§ With and without CABG (coronary artery bypass graft).

than 40 mg/dl, and do-not-resuscitate status were important
predictors of 30-day mortality in all four phases.

Table 7 presents similar results for morbidity. Serum
albumin, ASA class, complexity score, emergency proce-

dure, functional status, history of chronic obstructive pul-
monary disease, age, hematocrit of 38% or less, and white
cell count of more than 11,000 were important predictors of
morbidity in all four phases.

Review of Outlier Status
The NSQIP executive committee meets annually to re-

view the O/E ratios of the VAMCs over time. Table 8
presents a typical VAMC's table of mortality O/E ratios
over time as reviewed by the committee. The table gives for
each subspeciality and phase the number of assessed cases

(volume), the observed number of deaths, the observed
death rate, the expected number of deaths, the expected
death rate, the O/E ratio, and outlier status.
The NSQIP executive committee held its most recent

meeting in January 1998. Decisions were made on the
basis of O/E mortality ratios. O/E morbidity ratios with-
out outlier status, along with O/E mortality ratios, were

reported to the individual VAMCs and VISNs for their
own local quality-improvement activities. Of the 123
VAMCs that perform surgery in the VA system, 4

VAMCs were not issued O/E ratios because they had
assessed fewer than 80% of eligible major procedures.
Six VAMCs were sent letters of commendation for hav-
ing low O/E mortality ratios for all surgical procedures
combined for at least two of the four reporting periods,
including the most recent period (FY97). Eleven VAMCs
were given high outlier status #1 (watch list: high O/E
mortality ratio for all procedures and possibly some

subspecialties for FY97 only). Two VAMCs were given

high outlier status #2 (moderate concern: high O/E mor-

tality ratios for all procedures and possibly some subspe-
cialties for two of the three or four reporting periods,
including FY97). Two VAMCs were given high outlier
status #3 (serious concern: high O/E mortality ratios for
all procedures and possibly some subspecialties for three
of the four reporting periods, including FY97).

Figure 1 compares the FY97 ranking of outlier hospitals
by 30-day mortality rate before and after risk adjustment.
Compared with the outlier status determined after risk ad-

justment, an outlier status before risk adjustment would

have been erroneously ascribed to 15 hospitals, and 10

outlier hospitals would have been missed. Hence, the iden-

tification of high and low outliers by unadjusted mortality
rates would have ascribed an outlier status incorrectly to 25

of 39 hospitals, an error rate of 64%.

14,719
12,758
7484
1513

12,055
6646
1573
1990
3537
599

18,588

5729
3921
3727
502

36,048

14.2
12.3
28.3
5.7

15.6
8.3
6.8
8.6

20.7
3.5

31.5

9.7
8.7
8.3
4.7

80.4

6800 15.2
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Table 4. PREOPERATIVE PATIENT CHARACTERISTICS FOR NSQIP MAJOR NONCARDIAC
OPERATIONS OVER TIME (INCLUDES THE PATIENT RISK FACTORS THAT ARE MOST

PREDICTIVE OF 30-DAY MORTALITY AND/OR MORBIDITY)

Phase 1* Phase 2t FY 96 FY 97
(10/1/91-12/31/93) (%) (1/1/94-8/31/95) (%) (10/1/95-9/30/96) (%) (10/1/96-9/30/97) (%)

Demographics
Mean age (Years) ± SD 60.1 ± 13.5 60.3 ± 13.8 60.4 ± 13.8 60.6 ± 13.8
Race
White 72.8 73.9 68.7 73.1
Black 15.9 16.1 14.8 15.8
Other 11.3 10.0 16.5 11.1

Gender
Male 96.7 95.5 95.9 95.6
Female 3.3 4.5 4.1 4.4

General condition
Functional status

Independent 84.9 85.1 87.0 87.2
Partially dependent 11.4 11.2 9.9 10.2
Totally dependent 3.7 3.7 3.1 2.6

ASA Class
1 5.1 5.1 5.2 4.8
2 36.2 35.3 35.2 34.5
3 50.0 51.3 51.1 51.6
4 8.3 8.0 8.2 8.8
5 0.4 0.3 0.3 0.3

Dichotomous risk factors
Ventilator dependent 1.1 1.0 1.2 1.3
DNR 1.4 1.8 1.5 1.3
Emergency operation 9.8 8.9 7.9 7.9
Disseminated cancer 3.6 2.7 2.1 1.9
Weight loss > 10% in 6 months 4.7 4.8 4.1 3.9

Laboratory tests
Mean serum albumin (g/dl) ± SD 3.80 ± 0.65 3.79 ± 0.65 3.78 ± 0.66 3.74 ± 0.71
Platelet count < 150,000/mm3 5.3 6.0 7.2 8.7
BUN > 40 mg/dl 3.3 3.4 3.7 3.7
Hematocrit s 38% 31.0 30.7 28.7 29.0
WBC > 11,000/mm3 16.7 16.9 15.3 14.8

Mean operative complexity
Score ± SD (range 1-5) 3.04 ± 0.85 2.99 ± 0.85 2.68 ± 0.86 2.70 ± 0.85

Phase includes 44 academically affiliated VAMCs that performed cardiac surgery as of 10/1/91.
t Beginning 1/1/94 the NSQIP includes all VAMCs performing major surgery.

Research Using the Data Base related to NSQIP as a quality-management tool (e.g., vali-
dation'2 and best practice13 studies), four studies related to

An important byproduct of the NSQIP database is the specific surgical procedures (e.g., cholecystectomy'4 and
opportunity to conduct meaningful surgical and health ser- colectomy), four studies related to special patient popula-
vices research. At the time of this writing, published and tions (e.g., gender differences and patients with do-not-
ongoing studies using the data base include five studies resuscitate status before major surgery), six studies related

Table 5. 30-DAY MORTALITY AND MORBIDITY RATES OVER TIME (NONCARDIAC
SURGERY)

Phase 1 Phase 2 FY96 FY 97
(10/1/91-12/31/93) (1/1/94-8/31/95) (10/1/95-9/30/96) (10/1/96-9/30/97)

30-day mortality (%) 3.1 3.0 2.7 2.8
30-day morbidity (% of patients with 1

or more complications) 17.4 14.8 10.9 10.3
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Table 6. ORDER OF ENTRY OF MOST PREDICTIVE PREOPERATIVE RISK FACTORS IN
MORTALITY MODELS FOR NONCARDIAC SURGERY

Order of Entry into Logistic Regression Model for All Operations

Risk Factor Phase I Phase 2 FY 96 FY 97 Average Rank

Serum albumin (G/dl) 1 1 1 1 1
ASA class 2 2 2 2 2
Disseminated cancer 4 3 3 3 3.3
Emergency operation 3 4 5 5 4.3
Age 5 5 4 6 5
BUN > 40 mg/dl 6 7 6 9 7
DNR 7 10 8 4 7.3
Operation complexity score 12 9 10 13 1 1
SGOT > 40 IU/ml 11 8 9 17 11.3
Weight Loss > 10% in 6 months 9 13 14 10 11.5
Functional status 24 6 1 1 8 12.3
WBC > 11,000/mm3 16 14 15 11 14

ASA = American Society of Anesthesiology; BUN = blood urea nitrogen; DNR = do not resuscitate; SGOT = serum glutamic; WBC = white blood cell count.

to specific outcomes (e.g., predictors of postsurgical pneu-

monia and postsurgical length of stay), and one study re-

lated to a specific risk factor (presurgical serum albumin as

a predictor of surgical outcomes).

Cost of the NSQIP
The total direct cost of the NSQIP is approximately $4

million dollars annually. The salaries of the SCNRs, who
spend on the average 75% of their time on the NSQIP and
25% on other quality-management issues, make up 85% of
the expenditures. The cost would be approximately $12 for
each surgical procedure performed in the VA and approxi-
mately $38 for each major procedure assessed by the pro-

gram.

DISCUSSION

The NSQIP was created and implemented to extend the
methods, analysis, and reporting developed in the
NVASRS4'5'7 to all VAMCs performing major surgery in
the VHA. Since its implementation in 1994, the NSQIP has
been endorsed by clinicians and managers in the VHA as

one of the principal means of assessing the quality of
surgical care for veterans. Prospectively collected presurgi-
cal patient risk factors, key surgical process information,
30-day mortality and morbidity data, and length of stay are

collected on 95,000 to 100,000 major surgical procedures
annually in 123 VAMCs. For the 44 VAMCs that partici-
pated in the NVASRS, the volume of major surgery, risk-
adjusted 30-day morbidity and mortality rates, and O/E

Table 7. ORDER OF ENTRY OF MOST PREDICTIVE PREOPERATIVE RISK FACTORS IN
MORBIDITY MODELS FOR NONCARDIAC SURGERY

Order of Entry into Logistic Regression Model for All Operations

Risk Factor Phase I Phase 2 FY 96 FY 97 Average Rank

Serum albumin (G/dl) 1 1 1 2 1.3
ASA class 2 3 2 1 2
Operation complexity score 3 2 3 3 2.8
Emergency operation 4 4 4 4 4
Functional status 5 5 5 5 5
History of COPD 8 10 6 6 7.5
Age 10 6 7 10 8.3
Hematocrit . 38% 9 13 9 7 9.5
WBC > 11,000/mm3 11 7 13 9 10
Weight loss > 10% in 6 months 29 8 8 8 13.3
Ventilator dependent 6 1 1 1 1 38 16.5
BUN > 40 mg/dl 12 9 31 29 20.3

ASA = American Society of Anesthesiology; COPD = chronic obstructive pulmonary disease; WBC = white blood cell count; BUN = blood urea nitrogen.
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FY 97 Low Outlier Surgical Services for 30-day Mortality
Before and After Risk Adjustment

BEFORE AFTER
Low outlier surgical services ranked Low outlier surgical services ranked by
by observed 30-day mortality rate (%) risk-adjusted O/E ratio for 30-day mortality

-losoital HospI1al
P Code % Rank Code OlE Rank

0.026 A 0.0t 1 B .028 1
0.0001 B 0.6 2 F 0.48 2
0.020 C 0.7 E 0.49 3

0.030 D 11 4 M 0.50 4

0.006 E 1.2 5 L 0.51 5
0.012 F 1.2 6 N 0.52 6
0.014 G 14 0 0.6 /7
00005 H 1.5 8 P 0.69 8

0.006 1.5 9 Q 070 9

0.009 J 1.6 10l / |R 0.72 10

0.033 K 1.7 11 S |077 11
0.026 L 1.9 12

A Misclassified by
unadjusted mortality rate

FY 97 High Outlier Surgical Services for 30-day Mortality
Before and After Risk Adjustment

BEFORE AFTER
High outlier surgical services ranked High outlier surgical services ranked by
by observed 30-day mortality rate (%) risk-adjusted O/E ratios for 30-day mortality

Hospitai Hosoila;
p Code % Rank Code CI/L [taare

0.035 A 40 107K

0.036 B 4.1 108

0017 C I420 R6
0.014 | D 4.E F 1.68 122
0.002 E |43 1N | 13|3

0,015 F I4.3 1 112 i// / _11
0.016 G 43 13 0/// 1407 |116
0.011 LH 14.4114 _
0.003 L 4.9 110 T 2.15 123
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Figure 1. Low (panel A) and high (panel B) outlier hospitals in 30-day
mortality rates for all surgical procedures performed during FY97. Within
each panel, the hospitals' rankings by adjusted and unadjusted mortal-
ity rates are compared. Hospitals appearing in both rankings are con-
nected with a line. In the columns showing the risk-adjusted mortality
rates, the O/E ratios shown are those that are significantly different from
one at the 90% confidence limits. In the columns showing the unad-
justed mortality rates, a probability value is calculated that refers to the
test comparing each hospital's observed mortality rate to the observed
mortality rate of all hospitals combined (p < 0.05).

ratios are available for a 6-year period; for the remaining
VAMCs that joined the NSQIP in January 1994, this infor-
mation is available for a 3.75-year period. Annual compar-
ative reports are available approximately 5 months after the
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close of each fiscal year and are disseminated to the clinical
and administrative leadership of each VAMC and VISN.
One of the initial concerns of the surgeons in the VHA

was that comparison of surgical outcomes based on adverse
event rates, unadjusted for patient risk factors before sur-
gery, would bias comparative results against the VAMCs
that performed surgery on sicker patients. For 30-day mor-
tality rates, analysis of the NSQIP results suggests that these
fears are justified: classification of high and low outliers in
terms of 30-day mortality by unadjusted mortality could
result in a 64% error rate (see Fig. 1).

Since the inception of the NVASRS and the NSQIP, the
volume of major surgery performed in the VHA has re-
mained approximately the same, whereas the average com-
plexity of major surgery has declined. The average risk
factor profiles of the veterans undergoing major surgery
have remained remarkably similar. Since 1991, the 30-day
mortality rate after major surgery has decreased from 3.1%
to 2.8%, a 9.6% decline. Given verification against the VHA
BIRLS file, the NSQIP is confident that the observed de-
cline is valid. We can only speculate on the causes of the
decline in postsurgical mortality. Since 1991, anesthetic and
surgical techniques have improved, resulting in lower sur-
gical risk for many patients. Concurrent with these changes,
the VHA has implemented a rigorous program of surgical
attending oversight of the process of care by resident oper-
ators, particularly in surgical suites. Eighty-five percent to
95% of all major surgery in the VHA has a surgical resident
identified as the primary operator in the NSQIP data base.
Finally, the systematic collection and reporting of surgical
deaths and complications by the NSQIP may have resulted
in a drop in the surgical mortality rate through changes in
surgical process of care and, perhaps, the Hawthorne effect.
An even more dramatic decline in the incidence of post-

surgical morbidity has been observed. Between January
1994 and September 1997, the number of patients undergo-
ing major surgery in the NSQIP who had 1 or more of 20
predefined postsurgical complications has decreased from
14.8% to 10.3%, a 30% decline. Such a dramatic decline in
incidence has raised the question of whether VAMCs may
be systematically underreporting postsurgical complica-
tions. During the NVASRS, a study of interobserver vari-
ability in the outcomes after surgery verified the accuracy of
the outcomes information in that study,47 but limited re-
sources have prevented the NSQIP from conducting similar
interrater reliability studies in the 123 VAMCs in the NS-
QIP. Several VAMCs have conducted studies that reabstract
the variables in the NSQIP and have not found systematic
bias toward underreporting. The presence of a nurse re-
viewer assigned to each surgical service has provided an
independent observer to identify and classify postsurgical
adverse occurrences and provides a healthy balance to the
tendency of some providers to underreport complications on
their patients. Over the course of the NSQIP, the median
postsurgical length of stay has declined from 7 to 3 days, so
it has become more challenging for the surgical nurse re-

viewers to follow every patient for 30 days after major
surgery. It is also possible that the reduced length of stay has
contributed to a reduction in postsurgical complications
from iatrogenic causes.
What has contributed to the success of the NSQIP? First,

the VHA has a uniform clinical and administrative data base
and software program, the decentralized hospital computer
program currently known as VISTA.'5 This has permitted
the NSQIP to gain access to a consistent surgical scheduling
module and operating room log in every VAMC to identify
all procedures performed throughout the country and to
create and use a dedicated risk-assessment and outcome
module into which all the surgical nurse reviewers enter the
same data everywhere. Uniform software updates and
changes to the definitions and help screens in the software
ensure uniform data collection. After completion of data
collection that also abstracts information from other parts of
VISTA (e.g., the laboratory and administrative components)
automatically, the appropriate data fields are automatically
electronically transferred to the data coordinating center for
further cleaning and analysis.

Second, the presence of a trained clinical nurse with
experience in clinical practice, data collection, and quality
assurance has ensured a high level of clinical credibility,
reliability, and validity of the data collected for analysis in
the NSQIP. The nurse reviewers are highly motivated to
maintain the integrity of the NSQIP data base as well as
their collaborative relationships with the chiefs of surgery
and surgical, anesthesia, and nursing staffs of each surgical
service. Many of the nurse reviewers have become vital
members of the surgical service and are active in the sur-
gical service and hospital quality-improvement activities.
Ongoing training and educational activities for the nurse
reviewers through frequent conference calls, e-mail com-
munication, telephone contact, and occasional meetings for
educational purposes continue to support the reliability and
accuracy of the NSQIP data base and provide a vital feed-
back mechanism between the surgical services and the
coordinating centers. Previous experience in the cardiac
surgery component of the NSQIP before the introduction of
the clinical nurse reviewers demonstrated that the reliability
of the data and the accrual of cases were compromised by
relying solely on the clinical providers for case identifica-
tion and data entry.'6

Finally, the NSQIP has enjoyed the support of the senior
surgeons and administrative managers in the VHA. The
original impetus for the creation of the NVASRS came from
senior surgeons who recognized that their proactive in-
volvement in developing prospective data-collection sys-
tems and state-of-the-art risk-adjustment methods that led to

reliable, accurate, and clinically credible reports of risk-
adjusted outcomes was a good investment in establishing
the quality of surgical care in the VHA. In addition, the
executive committee of the NSQIP is a peer group of chiefs
of surgery with consultation and assistance from senior
clinical managers and methodologists, who work together to
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assess the quality of surgical care in the VHA. Surgeons
have continued to be active leaders in modifying and im-
proving the NSQIP to meet the new demands for measure-
ment of quality and accountability for outcomes in the "new
VA."'17 During the initial years of the NVASRS and the
NSQIP, senior administrative managers in the VA central
office (clinical services, quality management, and health
services research and development) collaborated to provide
support for the program. Since the restructuring of VHA
into the VISNs in 1995-96, the NSQIP has also enjoyed the
support of the network directors and chief medical officers
in each of the 22 networks.
What are the limitations of the NSQIP? First, the NSQIP

risk models and outcomes may not be generalizable to
populations that are not similar to veterans-a predomi-
nantly older, medically and socioeconomically disadvan-
taged population of men who served in the military.

Second, to reduce the data-collection burden for the nurse
reviewers, procedure- and subspecialty-specific patient risk
factors are not collected for noncardiac surgery. Of note is
that the predictive validity of the models has been excellent
even in the absence of these specific risk factors. Third, the
outcomes measured in the NSQIP are currently restricted to
the adverse occurrences of postsurgical death and compli-
cations, and length of stay. Other important dimensions of
postsurgical changes in health status-improvement in
functional status and health-related quality of life-are vi-
tally important. For some surgical subspecialties (e.g., urol-
ogy and orthopedics), the ability to demonstrate that surgi-
cal intervention resulted in a positive impact on veterans'
health status is critical. The NSQIP is currently exploring
patient-centered technologies that will permit the measure-
ment of generic (e.g., SF-36 or SF-12)18 and procedure-
specific health status questionnaires that can be readily
self-administered in the presurgical and postsurgical periods
and transmitted electronically to the NSQIP data base for
analysis of changes in patient health status after surgical
intervention.

Finally, because the VHA historically has not maintained
detailed billing and utilization data, the NSQIP is also
pursuing accurate microcost-accounting systems that will
provide reliable cost information about surgery and permit
studies of cost-effectiveness and benchmarking of low-cost,
high-quality surgical process of care in the VHA.
The NSQIP has met with some criticism and skepticism

by some clinicians and administrative managers in the
VHA. Initially, a few chiefs of surgery and their staffs were
resistant to participating in the NVASRS and the NSQIP.
They expressed fear that accurate and reliable reporting of
volume and outcomes of surgery might result in punitive
action by administrative managers and result in sanction or
closure of surgical programs that they considered to be at
the heart of training and educational programs for surgeons,
anesthesiologists, and nurses. Although several small
VAMC surgical programs have been closed or merged with
other larger surgical programs over the 7 years since the

inception of the NVASRS, these decisions were made in the
context of larger changes within the VHA to regionalize
many tertiary services within the VISNs. No surgical pro-
grams have been closed or merged solely on the basis of
NSQIP results, and some surgeons have expressed relief to
have reliable and accurate information available to contrib-
ute to these strategic decisions. Many surgeons were skep-
tical that surgical programs with higher-than-expected risk-
adjusted outcomes would have lower quality of care than
programs with lower-than-expected risk-adjusted outcomes.
A carefully conducted site visit study of the high and low
outliers provided evidence that surgical programs with low-
er-than-expected outcomes did have better processes and
structures of surgical care.'12"3 Subsequent publications will
describe the results of a parallel study of quality of care
using chart review by peer surgeons.

Both surgeons and administrative managers have ex-
pressed some concern that a peer-reviewed program such as
the NSQIP that relies on the voluntary participation of
surgeons and surgical services is inherently biased against
complete reporting of adverse outcomes. These critics be-
lieve that health care providers cannot be trusted to self-
report their own adverse events and that the NSQIP is
vulnerable to "gaming," in the form of either overreporting
of risk factors or underreporting of adverse outcomes. The
independent role of the surgical nurse reviewer on the
surgical service has helped to obviate some of these con-
cerns. Analysis of the NSQIP data base over time has not
demonstrated an overall rise in the risk-factor profiles of
patients undergoing major surgery. Presented with the al-
ternative of being assessed using administrative data bases
in the VHA or elsewhere (e.g., Medicare), most surgeons in
the VHA have welcomed the NSQIP as both fair and
accurate.

Finally, some administrative managers in VHA have
questioned the cost-effectiveness of the program, arguing
that administrative data base analysis would provide similar
information at a much lower cost and would provide op-
portunities for benchmarking against other administrative
data. The NSQIP has conducted studies comparing the VHA
administrative data base with the NSQIP data base and
found significant discrepancies between the two data
sources. Detailed results of these analyses will be reported
in subsequent communications. Twelve dollars for each
surgical procedure in the VHA or $38 per major procedure
for which all risk, process, and outcome information is
collected seems like a small cost per procedure for accurate,
reliable volume and outcome information.19 The NSQIP has
continually worked to reduce the data collection burden on
each VAMC. The need, however, for the surgical nurse
reviewer to follow each case during a 30-day postsurgical
period, most of which occurs outside the acute care hospital,
continues to argue for the presence of well-trained nurse
clinicians whose primary responsibilities are to identify
cases, validate patient risk factors, and assess patient out-
come.
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Since the beginning of the NVASRS and the NSQIP, the
program has provided volume and outcome information to
VAMC surgical services that facilitates and prompts self-
assessment and internal reviews by the surgeons, anesthe-
siologists, and nurses on those services. Since the release of
NSQIP reports to network directors and chief medical of-
ficers in spring 1997, the surgical community has been
fearful that the information in the NSQIP will be used
against those surgical services with higher-than-expected
outcomes in a punitive manner by administrative managers
without sophisticated knowledge of surgical practice. The
executive committee of the NSQIP has worked hard to
educate all the participants in the NSQIP that the intent of
the program is for overall quality improvement in surgical
practice in the VHA, not for punishing "bad apples."20
Although the executive committee is concerned with the
small number of VAMCs that have consistently had higher-
than-expected adverse outcomes over a 3-year or more
period, they are equally interested in learning from those
programs with better-than-expected outcomes what key pro-
cesses and structures of care constitute "best practices" and
how they might be disseminated to all the surgical services
in the VHA to improve the overall quality of care to veter-
ans undergoing surgery. In addition, the NSQIP is interested
in collaborating with the affiliated non-VAMC surgical
services to implement similar programs and compare sur-
gical outcomes between VHA and other nonfederal hospi-
tals.

Acknowledgments
The authors thank Nancy Healy, Ellen Ciambriello, Craig Miller, Stacy

Tarrell, and Lynne Santangelo for their help in the preparation of this
manuscript.

References
1. Brook RH, McGlynn EA, Cleary PD. Quality of health care. Part 2:

Measuring quality of care. N Engl J Med 1996; 335:966-969.
2. Iezzoni LI, ed. Risk adjustment for measuring health care outcomes.

Ann Arbor, MI: Health Administration Press, 1997.
3. lezzoni LI. Using risk-adjusted outcomes to assess clinical practice: an

overview of issues pertaining to risk adjustment. Ann Thorac Surg
1994; 58:1822-1826.

4. Khuri SF, Daley J, Henderson W, et al. Risk adjustment of the
postoperative mortality rate for the comparative assessment of the
quality of care: results of the National Veterans Affairs Surgical Risk
Study. J Am Coll Surg 1997; 185:315-327.

5. Daley J, Khuri SF, Henderson W, et al. Risk adjustment of the
postoperative morbidity rate for the comparative assessment of the
quality of surgical care: results of the National Veterans Affairs
Surgical Risk Study. J Am Coll Surg 1997;185: 328-340.

6. Daley J. Criteria by which to evaluate risk-adjusted outcome programs
in cardiac surgery. Ann Thorac Surg 1994; 58:1827-1835.

7. Khuri SF, Daley J, Henderson W, et al. The National Veterans Ad-
ministration Surgical Risk Study: risk adjustment for the comparative
assessment of the quality of surgical care. J Am Coll Surg 1995;
180:519-531.

8. Grover FL, Johnson RR, Shroyer LW, Marshall G, Hammermeister
KE. The Veterans Affairs Continuous Improvement in Cardiac Sur-
gery Study. Ann Thorac Surg 1994; 58:1845-1851.

9. Hosmer DW, Lemeshow S. Applied logistic regression. New York: J.
Wiley & Sons, 1989.

10. SAS Institute, Inc., Cary, NC.
11. Breslow NE, Day NE. Cohort studies. Lyon, France: International

Agency for Research on Cancer, 1987.
12. Daley J, Forbes MG, Young GJ, et al. Validating risk-adjusted surgical

outcomes: site visit assessment of process and structure. J Am Coll
Surg 1997; 185:341-351.

13. Young GJ, Charns MP, Daley J, et al. Best practices for managing
surgical services: the role of coordination. Health Care Management
Review 1997; 22:72-81.

14. Chen AY, Daley J, Pappas TN, et al. Growing use of laparoscopic
cholecystectomy in the National Veterans Affairs Surgical Risk Study.
Ann Surg 1997; 227:12-24.

15. Khuri SF. Surgical systems. In Kolodner R, ed. Computers in health
care: computerizing large integrated health networks: the VA Success.
New York: Springer-Verlag, 1997:240-252.

16. Hammermeister KE, Johnson RR, Marshall G, Grover FL. Continuous
assessment and improvement in quality of care. A model from the
Department of Veterans Affairs Cardiac Surgery. Ann Surg 1994;
219:281-290.

17. Kizer KW, Pane G. The "New VA": delivering health care value
through integrated service networks. Ann Emerg Med 1997; 30:804-
807.

18. Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health
survey (SF-36). I. Conceptual framework and item selection. Med
Care 1992; 30:473-483.

19. Iezzoni LI. How much are we willing to pay for information about
quality of care? Ann Intern Med 1997; 126:391-393.

20. Berwick DM. Continuous improvement as an ideal in health care.
N Engl J Med 1989; 320:53-56.

APPENDIX
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James Gibbs, PhD (Health Services Researcher); Kwan Hur, MS (Biosta-
tistician); Bharat Thakkar (Statistical Programmer); Robbin Denwood, RN
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Gibbs, PhD, Hines, IL; Frederick Grover, MD, Denver, CO; Karl Ham-
mermeister, MD, Denver, CO; William Henderson, PhD, Hines, IL;
George L. Irvin III, MD, Miami, FL; Gerald McDonald, MD, Washington
DC; Edward Passaro, Jr., MD, West Los Angeles, CA; Frank Scamman,
MD, Director, National Anesthesia Service, Iowa City, IA; Jeannette
Spencer, MS, RN, Brockton/West Roxbury, MA; John Stremple, MD,
Pittsburgh, PA. Expert Advisory Committee: Barbara McNeil, MD, PhD
(Chairperson), Boston, MA; J. Bradley Aust, MD, San Antonio, TX; Paul
Ebert, MD, Chicago, IL; Frank Harrell, PhD, Durham, NC; Lisa Iezzoni,
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MD, Boston, MA; John Mannick, MD, Boston, MA; L. Richard Smith,
PhD, Durham, NC; J. William Thomas, PhD, Ann Arbor, MI. Birming-
ham Information Systems Center: Alan Monosky (Computer Specialist);
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Douglas Stephenson, DO; Sheree Keil, RN; Ann Arbor, MI: John F.
Sweeney, MD; Linda S. Brooks, RN; Ashville, NC: Thomas J. Berger,
MD; Marge Turcot, RN; Atlanta (Decatur), GA: Aaron S. Fink, MD;
Renee Lawrence, RN; Augusta, GA: George I. Cue, Connie Miller, RN;
Baltimore, MD: Barbara Bass, MD; Nancy P. Specht, RN, BSN, MAS;
Bay Pines, FL: Terry Wright, MD; Judith M. Girard, RN; Beckley, WV:
Georges A. Hoche, MD; Pam Johnson; Big Spring, TX: Gaddum Reddy,
MD; Jennan Swafford, RNC, MSN; Biloxi, MS: Larry Fontenelle, MD;
Donna Wells, RN; Birmingham, AL: John J. Gleysteen, MD; Linda
Helm-Little, RN; Boise, ID: Ernest C. Peterson, MD; Launa J. Nardella,
BSN; Boston, MA: Willard Johnson, MD; Laura McDonald RN, BSN;
Bronx, NY: A. James McElhinney, MD; Elias Enriquez, RN; Brooklyn,
NY: Bimal C. Ghosh, MD, Wendy R. Trimboli, BSN, MA, CPHQ;
Buffalo, NY: Irineo Gutierrez, MD; Mary Ann Blake, RN, MSN; Castle
Point, NY: A. James McElhinney, MD; Barbara Powers, RN; Charleston,
SC: John Allison, MD; Stephen E. Johnston, RN, MSN, CNA; Cheyenne,
WY: D. Michael Kilpatrick, MD; Nina J. Pike, RN, BSN; Chicago
(Lakeside), IL: Robert V. Rege, MD; Denise Ostrowski, RN; Chicago
(Westside), IL: Donald K. Wood, MD; Carbena Daniels, RN; Cincinnati,
OH: Robert A. Bower, MD; Elaine Hardin, RN; Clarksburg, WV: Juanito
V. Chua, MD; Lisa R. Michael, RN; Cleveland, OH: John Raaf, MD;
Mary Ann Bobulsky RN, BSN; Columbia, MO: Debra Koivunen, MD;
Barbara Von Thun, RN, MSN; Columbia, SC: John Jeffrey Brown, MD;
Joanne K. Ogg, RN, MN, CS; Dallas, TX: Richard H. Turnage, MD;
Bernice Willis, RN; Danville, IL: Jin Kim, MD; David Lohnes, RN, BSN;
Dayton, OH: Samuel A. Aderonojo, MD; Shirley Ribak, RN, MSN;
Denver, CO: Frederick L. Grover, MD; Donna LoSaso, RN; Des Moines,
IA: David Sidney, MD; Cathy S. Sandle, RN, BSN; Detroit, MI: Robert
Kozol, MD; Barbara L. Bieke, RN, MSN; Dublin, GA: Noel Nellis, MD;
Teresa Fagan, RN; Durham, NC: Theodore Pappas, MD; C. Jean
Hanchey, RN; East Orange, NJ: Frank E. Gump, MD; Anna T. Detschel,
RN; Erie, PA: Prabhu Negi, MD; Denise Albertson, RN; Fargo, ND:
Mark 0. Jensen, MD; Priscilla K. Stroh, RN; Fayetteville, AR: Pat
O=Donnell, MD; Carol Wolgamott, RN; Fayetteville, NC: Arthur
McGuire, MD; Nancy Albaladejo, RN, MSA, CNA; Fort Harrison, MT:
Michael Agee, MD; Edna L. Clausen, BSN; Fort Meade, SD: Mark F.
Blum, MD; Teresa Gabeline, RN; Fort Wayne, IN: Sun Guo, MD;
Fresno, CA: Gregory Wille, MD; Elena J. Eaton, RN, BSN; Gainesville,
FL: Timothy Flynn, MD; Linda D. Carter RN; Grand Island, NE: Danitsu
Hirar, MD; Cynthia E. Hansen, RN; Grand Junction, CO: Earl Howells,
MD; Karen L. Rogers, RN, BA; Hampton, VA: Ali Farpour, MD; Sol F.
Aquinaldo, RN, BSN; Hines, IL: Charles H. Andrus, MD, FACS; Kristine
L. Johnson, RN, BSN, BA, BS; Hot Springs, SD: Mark F. Blum, MD;
Marcia Bishop, RRA; Houston, TX: James W. Jones, MD; Barbara J.
Anderson, LPN; Clara Kistner; Huntington, WV: Timothy Canterbury,
MD; Rena K. Black, RN; Indianapolis, IN: Dolores Cikirt, MD; Connie
Adams, RN; Iowa City, IA: Barcellos Winston, MD; Isabelle A. Olson,
RN; Iron Mountain, MI: Robert L. Alexander, MD; Terri M. Danielson,
RN, ADN; Jackson, MS: Kenneth Simon, MD; Shiela Ann Buck, RN,
BSN; Kansas City, MO: Mary McAnew, MD and Betty Drees, MD;
Becky Ganaban, RN, Berta Graves; Kerrville, TX: Mauro Gangai, MD;
Theresa Rangel, BS, MA, ED. PSY; Lake City, FL: Juan R. Baralat, MD;
Charlotte L. Lintz, RN, MSN; Leavenworth, KS: Chris C. Hailer, MD;

Mary Lee Driscoll, RN, BSN, CNOR; Lebanon, PA: Peter Mucha, Jr.,
MD; Vicki L. Leibich, LPN; Lexington, KY: Thomas Schwarcz, MD;
Rose Mary Collins, RN; Lincoln, NE: Danitsu Hirar, MD; Judy L. Sanne,
RN; Little Rock, AR: Nicholas P. Lang, MD; Richard D. Bloesch, RN;
Loma Linda, CA: Gerrold Longerbeam, MD; Gillian Gomulka, RN; Long
Beach, CA: Edward A. Stemmer, MD; Delores Whalen, RN; Louisville,
KY: Richard Neal Garrison, MD; Ruth A. Meadows, RN; Madison, WI:
James Starling, MD; Kathy Gruber, RN; Manchester, NH: Willard John-
son, MD; Patricia M. Stevens, RN, BSN; Marion, IL: Rama Iyengar, MD;
Jane A. Hale, RN; Martinez, CA: Pauline Velez, MD; Marytess Baula,
RN; Martinsburg, WV: C. R. Kamath, MD; Jeffrey B. Spoon, PA, BS;
Memphis, TN: Eugene Mangiante, MD; Anita L. Garrison, RN; Miami,
FL: A. J. Furst, MD; Nancy Box, RN; Milwaukee, WI: Charles Apraha-
mian, MD; Christine A. Tyler, RN, BSN; Minneapolis, MN: Donald G.
McQuarrie, MD; Jane Bonawitz-Conlin, RN; Montgomery, AL: Eddie
Warren, MD; Jeulia E. Hendrick, RN, BSN, MS; Mountain Home, TN:
David Walters, MD; Joyce F. Hamm, RN, BSN; Murfreesboro, TN:
Rudolph Comberbatch, MD, FACS, Margaret Cantrell, RN; Muskogee,
OK: Glenn Lytle, MD; Terry Maycher; Nashville, TN: Walter H. Merrill,
MD; Jeanette B. Pujol, BSN, RNC; New Orleans, LA: Paul R. Hastings,
MD, FACS; Donna M. Gray, RNC,CCRN; New York, NY: Alex C.
Solowey, MD; Jacqueline H. Parker, RN, BSN; North Chicago, IL: B. F.
Kepley, MD; Kathleen Mega, BSN; Northport, NY: Eugene P. Mohan,
MD; Sheila Dahl, RN,MSN; Oklahoma City, OK: Donald R. Carter, MD;
Rouchelle Osborn, RN, MS; Omaha, NE: Thomas Lynch, MD; Sharon M.
Tighe, RN; Palo Alto, CA: Thomas Burdon, MD; Jacie Epperson, RN,
BSN; Philadelphia, PA: Steven Raper, MD, Miriam S. Moskowitz, RN,
MSN; Phoenix, AZ: Gerald Schmitz, MD, FACS; Seaton West, RN;
Pittsburgh, PA: John Stremple, MD; Susan Layne, RN; Portland, OR:
Cliff Deveney, MD; Elizabeth McCollum, RN; Providence, RI: Michael
P. Vezeridis, MD; Carol Maynard, RN; Reno, NV: Ralph DePalma, MD;
Jerylann E. Gale; Richmond, VA: Hunter Holmes McGuire, Jr., MD; Gail
Laub, RN; Roseburg, OR: Norman Marshall, MD; Dennis Morehouse,
RN; Saginaw, MI: Isa Salti, MD; St. Louis, MO: Frank E. Johnson, MD;
Mary Louise Smith, RN, MSN; Salem, VA: Wayne H. Wilson, MD;
Rebecca P. Evans, RN, BSN; Salisbury, NC: Barbara Temeck, MD; Lisa
H. Noonan, RN, BSN, CPHQ; Salt Lake City, UT: Leigh Neumayer, MD;
Sandy McMaster, RN; San Antonio, TX: 0. LaWayne Miller, MD; Linda
M. Porazzi, RN, MSN, CNS; San Diego, CA: Nicholas A. Halasz, MD;
Gail P. Maxwell, RN, BA; San Francisco, CA: Jeffrey Norton, MD; Rita
J. Sears, RN, MS; San Juan, PR: Ernesto Rive-Mora, MD; Saribelle
Reyes-Frau, RN, BSN; Seattle, WA: Richard Bell, MD; Julie K. Kieras,
RN, BSN; Sepulveda, CA: Howard Reber, MD; Betty Wright, RN;
Shreveport, LA: James Evans, MD; Lillian Thornhill, RN; Sioux Falls,
SD: John Ryan, MD; Becky Poss, RN; Spokane, WA: Meredith Rich-
mond, MD; Shelly Sumner; Syracuse, NY: Michael Sobel, MD, John E.
LeBeau, RN; Tacoma, WA: Richard Bell, MD; Julie K. Kieras, RN, BSN;
Tampa, FL: Peter J. Fabri, MD; Kathryn S. Bowns, RN; Temple, TX: P.
Pandya, MD; Carolyn Broussard, RN; Togus, ME: Martyn Vickers, MD;
Patricia A. Wotton, RN; Topeka, KS: C. N. Radhakrishna, MD; Allen
Zander, RN; Tucson, AZ: Martin L. Dresner, MD; Christopher R. Brown,
RN, BSN; Tuskegee, AL: Eddie Warren, MD; Joice Promisee, RN, BSN;
Washington, DC: John Harmon, MD; Deborah T. Fleming, RN, BSN;
West Haven, CT: Barbara Kinder, MD; Kathy Maher-Cleary, RN; West
Los Angeles, CA: Edward Livingston, MD; Marilyn DeGroot, RN; West
Palm Beach, FL: James Schell, MD; Rosa Caraballo, RN; West Roxbury,
MA: Shukri Khuri, MD; Jeannette Spencer, RN, MS,CS; White River
Junction, VT: Martha McDaniel, MD; Lisa Ryder, RN; Wichita, KS:
Joseph K. Robertson, MD; Stephanie Lentz, RN; Wilkes-Barre, PA:
Feroz Sheikh, MD; Beth A. Chaken, RN, MSN; Wilmington, DE: Claude
Lieber, MD, Evie Logue, RN.

Discussion
DR. FRANCIS D. MOORE, SR. (Boston, Massachusetts): This study

makes many contributions. But one of the most important ones has


