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CERTIFICATE OF NEED REGULA-
tion began in 1974 under fed-
eral guidelines that were de-
signed to control health care

costs by preventing health care facili-
ties from expanding unnecessarily. Cer-
tificate of need laws also were in-
tended to ensure quality of care and
clinical proficiency by limiting the num-
ber of health care facilities performing
complex medical procedures. How-
ever, opponents of certificate of need
regulation argued that it may limit com-
petition and give unfair economic ad-
vantage to established facilities. In 1984,
opponents to certificate of need regu-
lation successfully worked to enact leg-
islation that abolished the federal gov-
ernment’s role. This legislation allowed
each state to determine whether to have
certificate of need regulation.1 With the
enactment of public policies in the mid-
1980s to deregulate many sectors of the
economy and the emergence of com-
petition in health care, many states, in
turn, have significantly reduced certifi-
cate of need regulation or eliminated it
altogether.

At the heart of the certificate of need
regulation debate are concerns about
whether elimination of the regulation
may adversely affect the quality of care
or result in excess use of services. While
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Context Certificate of need regulation was designed to control health care costs by
preventing health care facilities from expanding unnecessarily. While there have been
several studies investigating whether these regulations have affected health care in-
vestment, few have evaluated the relationship between certificate of need regulation
and quality of care.

Objective To compare risk-adjusted mortality and hospital volumes for coronary ar-
tery bypass graft (CABG) surgery in states with and without certificate of need regu-
lation.

Design, Setting, and Participants Retrospective cohort study of 911407 Medi-
care beneficiaries aged 65 years or older, who underwent CABG surgery between 1994
and 1999 in 1063 US hospitals.

Main Outcome Measures States (and the District of Columbia) with continuous
(n=27), none (n=18), or intermittent (n=6) certificate of need regulation; mortality
(in-hospital or within 30 days of CABG surgery) rates; and mean annual hospital vol-
umes for CABG surgery.

Results Unadjusted mortality was 5.1% in states without certificate of need regu-
lation compared with 4.4% in states with continuous regulation, and 4.3% in states
with intermittent certificate of need regulation (P�.001 for each comparison). Ad-
justing for demographic and clinical factors, mortality remained higher in states with-
out certificate of need regulation compared with states with continuous certificate of
need regulation (odds ratio [OR], 1.22; 95% confidence interval [CI], 1.15-1.28; P�.001).
Using the same groups for comparison, the mean annual hospital volume for CABG
surgery was 84% lower in states without certificate of need regulation (104 vs 191;
P�.001) and more patients underwent CABG surgery in low-volume hospitals (�100
procedures annually) (30% vs 10% for states with continuous certificate of need pro-
grams; P�.001). Following the repeal of certificate of need regulation in states cat-
egorized as intermittent, the percentage of patients undergoing CABG surgery in low-
volume hospitals tripled.

Conclusions Mortality rates for Medicare patients undergoing CABG surgery were
higher in states without certificate of need regulation. Repeal of certificate of need
regulations during the study period was associated with declines in hospital volume
for CABG surgery.
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there have been several studies inves-
tigating whether certificate of need
regulation has affected health care in-
vestment,2-5 few studies have evalu-
ated the relationship of certificate of
need regulation with quality of care.6,7

Our study examines associations
between state certificate of need regu-
lation and outcomes of patients under-
going coronary artery bypass graft
(CABG) surgery. The analysis used
claims data for Medicare beneficiaries
from all 50 states for a 6-year period
(1994-1999) to compare risk-adjusted
hospital mortality rates and the pro-
portions of patients undergoing CABG
surgery in low-volume hospitals in
states with and without certificate of
need regulation. Although the validity
of using Medicare claims data to adjust
for case-mix and severity of illness has
been questioned in analyses of hospi-
tal mortality, it is likely that state-level
differences in patient-mix are less than
hospital-level differences. Moreover,
Medicare data are available for all states,
making it feasible to compare out-
comes across states with and without
certificate of need regulation.

While the cross-sectional design of
the analysis may limit the ability to in-
fer a causal relationship between the re-
peal of certificate of need regulations
and patient outcomes, we nonetheless
hypothesized that states without cer-
tificate of need regulation would have
more low-volume hospitals and higher
proportions of patients receiving CABG
surgery at low-volume hospitals. We
further hypothesized that states with-
out certificate of need regulation would
have higher mortality rates.

METHODS
Data

The study used Medicare Provider
Analysis and Review Part A public use
data files, which were purchased from
the Centers for Medicare and Medic-
aid Services (formerly the Health Care
Financing Administration). The Part A
files contain data available on the UB-92
hospital discharge abstract for a 100%
sample of Medicare patients dis-
charged from acute care hospitals and

have been extensively used in health
services research.8 Data elements in-
clude demographic information; pa-
tients’ state of residence; primary and
secondary diagnoses and procedures
(classified by the International Classi-
fication of Diseases, Ninth Revision, Clini-
cal Modification system); the diagnosis
related group; admission source (eg,
transfer from another hospital, emer-
gency department); admission and dis-
charge dates; disposition at the time of
hospital discharge; and a 6-digit unique
hospital identifier. In addition, Part A
files are matched quarterly to the Medi-
care Enrollment database to obtain
dates of death for Medicare beneficia-
ries who died after hospital discharge.

Patients who underwent CABG sur-
gery between 1994 and 1999, and who
were 65 years or older were identified
(N=911740) on the basis of specific di-
agnosis related groups (106, 107, and
109). The 109 group became effective
in October 1998. Patients discharged
from hospitals with 5 or fewer CABG
surgery procedures in the Medicare Pro-
vider Analysis and Review data (n=333;
0.04% of total cases) were assumed to
represent procedure coding errors and
were excluded from the analysis, leav-
ing a final sample of 911407 patients
in 1063 US hospitals. Analyses includ-
ing these patients yielded nearly iden-
tical findings.

Information on the number of Medi-
care beneficiaries aged 65 years or older
with either Medicare hospital or supple-
mental insurance in each state was ob-
tained from the Centers for Medicare and
MedicaidServicesWebsite athttp://www
.hcfa.gov/stats/. Information regarding
the percentage of the population aged 65
to 74 years, 75 to 84 years, and 85 years
or older by sex was obtained from the US
Census 2000 Summary File at http:
//factfinder.census.gov.

Information about states’ certificate
of need regulation was obtained from
the American Health Planning Asso-
ciation’s National Directory of Health
Planning, Policy, and Regulatory Agen-
cies for 1993 through 2000.9 Indi-
vidual states (and the District of Co-
lumbia) were categorized according to

whether they had certificate of need
regulation regarding open heart sur-
gery in effect from 1994 through 1999.
Three certificate of need categories were
defined. Twenty-seven states had con-
tinuous certificate of need regulations
for open heart surgery from 1994
through 1999. Eighteen states termi-
nated certificate of need regulation for
open heart surgery prior to 1994 and
had no (without) regulation during the
study period. Six states had termi-
nated and/or reinstated certificate of
need regulation for open heart sur-
gery between 1994 and 1999 and had
intermittent regulation during the study
period. Of the states in the no regula-
tion category, 8 states had regulation
for services other than open heart sur-
gery (Arkansas, Indiana, Louisiana,
Minnesota, Montana, Oklahoma, Or-
egon, and Wisconsin) from 1994
through 1999, and 10 states had no
regulation for any services (Arizona,
California, Colorado, Idaho, Kansas,
New Mexico, South Dakota, Texas,
Utah, and Wyoming). Of the states in
the intermittent category, Pennsylva-
nia repealed regulations in 1996; Ne-
braska, Nevada, North Dakota, and
Delaware repealed regulations in 1997;
and Ohio repealed regulations in 1998.

Analysis
Demographic variables and primary and
secondary diagnosis and procedure
codes that represented potential pa-
tient risk factors were identified in the
Medicare Provider Analysis and Re-
view data. These variables included
race, sex, age, admission type, and sev-
eral comorbid conditions previously
identified by Hannan et al10,11 as risk fac-
tors for post-CABG surgery mortality
using administrative data. The preva-
lence of demographic variables and
clinical risk factors, mean predicted risk
of death, and mortality rates of pa-
tients in states in all 3 certificate of need
regulation categories were compared
using analysis of variance or the �2 test.
Mortality was defined as deaths that oc-
curred within 30 days of CABG sur-
gery or during hospitalization for CABG
surgery.

CERTIFICATE OF NEED REGULATION AND HOSPITAL MORTALITY

1860 JAMA, October 16, 2002—Vol 288, No. 15 (Reprinted) ©2002 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 04/02/2019



A risk-adjustment model was devel-
oped by entering candidate variables as-
sociated (P<.05) with mortality in bi-
variate analyses into a stepwise logistic
regression. Variables independently re-
lated to mortality were identified using
a statistical criterion of P<.01. In the risk-
adjustment model, age was expressed
as 1 of 5 indicator variables (70-74 years,
75-79 years, 80-84 years, 85-89 years,
or �90 years), with a referent category
of 65 to 69 years. Race was expressed us-
ing 2 indicator variables for patients who
were classified in the database as either
having black or other nonwhite race.
Surgical priority was expressed using 2
indicator variables for emergent and ur-
gent admissions, relative to elective ad-
missions. Admission source was ex-
pressed as indicator variables for patients
transferred to the hospital from an-
other acute care facility and patients ad-
mitted through the emergency depart-
ment, with a referent category that
primarily included patients referred by
a physician.

Model discrimination was evalu-
ated using the c statistic,12 and calibra-
tion was assessed using the goodness
of fit statistic.13 The coefficients from
the risk adjustment model were then
used to determine a predicted risk of
death (0%-100%) for each patient as a
measure of overall patient severity.

Differences in risk-adjusted mortal-
ity were determined by including 2
indicator variables for CABG proce-
dures performed in states with inter-
mittent or without certificate of need
regulations in the patient-level multi-
variable risk-adjustment model that also
included patient-specific risk factors.
The regression coefficients were expo-
nentiated to provide the adjusted odds
of death of patients in these 2 groups,
relative to patients in states with con-
tinous certificate of need regulations.
This analysis was then repeated using
an indicator variable for each state with-
out or with intermittent certificate of
need regulations to determine the odds
of death for individual states, relative
to all states with continuous certifi-
cate of need regulations. To account for
the clusters of patients within hospi-

tals and for heterogeneity in the odds
of death across individual states in each
group, robust methods of determin-
ing the 95% confidence intervals (CIs)
around the odds ratios (ORs) were
used.14,15

Mean age-adjusted CABG surgery
rates and annual hospital CABG sur-
gery volumes in states with continu-
ous, intermittent, and without certifi-
cate of need regulations were compared
using analysis of variance. Surgery rates
for each state were standardized di-
rectly by determining the observed rate
in each age-sex stratum and then ap-
plying those rates to a standard dis-
tribution of patients (ie, the age-sex
distribution of the entire sample).16

In addition, the proportion of low-
volume hospitals and the proportions
of patients undergoing CABG surgery
in low-volume hospitals were com-
pared using the �2 statistic. These analy-
ses used the following thresholds to
define low-volume hospitals: less than
50 procedures performed for Medi-
care patients per year or less than 100.

Analyses were performed using SAS
statistical sofware (Version 8.0; SAS In-
stitute, Cary, NC), except for the lo-
gistic regression analysis with robust
variance estimates, which was per-
formed using STATA statistical sofware
(Version 7; STATA Corp, College Sta-
tion, Tex).

RESULTS
The mean (SD) age of patients was 73
(5.3) years and was nearly identical in
all 3 certificate of need categories
(continuous, intermittent, and none)
(TABLE 1). Of 911407 Medicare pa-
tients, 34.8% were women and 93.0%
were white. The 3 certificate of need cat-
egories varied (P<.001) according to sex
and race, although the magnitude of the
differences was relatively small. Pa-
tients in states without certificate of
need regulations had a somewhat lower
prevalence of diabetes, chronic obstruc-
tive lung disease, congestive heart fail-
ure, cerebrovascular disease, and pe-
ripheral vascular disease compared with
patients in states with continuous or in-
termittent certificate of need regula-

tions. Although patients in states with-
out regulations were less likely (P<.001)
to be classified as undergoing emer-
gent procedures, they were more likely
(P<.001) to undergo CABG surgery on
the same day as a cardiac catheteriza-
tion or on the same day as a percuta-
neous transluminal coronary angio-
plasty (PTCA). Patients in states
without regulations were less likely
(P<.001) to be transferred from an-
other acute care hospital.

Unadjusted 30-day or in-hospital
mortality rates in states without cer-
tificate of need regulations were higher
than in states with either continuous
or intermittent certificate of need regu-
lations (5.1% vs 4.4% and 4.3%, re-
spectively; P<.001 for each pairwise
comparison). Differences in mortality
were similar in analyses limited to just
in-hospital mortality (4.2% vs 3.6% and
3.6%, respectively; P<.001) or to just
30-day mortality (5.0% vs 4.2% and
4.2%, respectively; P<.001). These dif-
ferences were consistent across indi-
vidual years (data not shown).

Risk-Adjusted Mortality
Fourteen risk factors met criteria for
inclusion in the multivariable risk-
adjustment model: age (expressed as
5 indicator variables); female sex; race
(expressed as 2 indicator variables); pri-
mary diagnosis of acute myocardial in-
farction; secondary diagnoses of con-
gestive heart failure, cerebrovascular
disease, diabetes mellitus, peripheral
vascular disease, or chronic obstruc-
tive pulmonary disease; surgical prior-
ity (expressed as 2 indicator variables);
admission source (expressed as 2 indi-
cator variables); PTCA on the same day
as CABG surgery; cardiac catheteriza-
tion on the same day as CABG surgery;
and use of an intra-aortic balloon pump
prior to CABG surgery. The ORs asso-
ciated with each risk factor are shown
in TABLE 2. The c statistic of the model
was 0.72. The proportion of patients
with a predicted risk of death of less than
2% (based on the risk-adjustment
model) was somewhat higher (P<.001)
in states without certificate of need regu-
lations (Table 1).
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Using the multivariable model, the
odds of death was 22% higher for pa-
tients in states without certificate of
need regulations for open heart sur-
gery, relative to patients in states with
continuous certificate of need regula-

tions (OR, 1.22; 95% CI, 1.15-1.28;
P<.001) during the entire 6-year pe-
riod of analysis. Results were similar in
analyses limited to deaths within 30
days (OR, 1.23; 95% CI, 1.17-1.30;
P<.001) and in-hospital deaths (OR,

1.20; 95% CI, 1.13-1.27; P<.001). Re-
sults were similar in an analysis that ex-
amined the odds of death separately for
the 10 states without certificate of need
regulations for any clinical service rela-
tive to states with continuous regula-
tions (OR, 1.23; 95% CI, 1.15-1.31;
P<.001). Results were also similar in an
analysis of the 8 states with intermit-
tent certificate of need regulations for
some services, but not open heart sur-
gery (OR, 1.20; 95% CI, 1.12-1.27;
P<.001). The odds of death for pa-
tients receiving CABG surgery in states
with intermittent certificate of need
regulations were similar to states with
continuous regulations (OR, 0.99; 95%
CI, 0.92-1.07; P=.78).

Further analyses (FIGURE 1) found
that the adjusted odds of death of pa-
tients in states without certificate of
need regulations were higher in each
of the 6 years, when examined indi-
vidually, ranging from 16% to 26%. Dif-
ferences in risk-adjusted odds of death
in states with intermittent certificate of
need regulations were generally simi-
lar to states with continuous regula-
tions, with the exception of 1994, dur-
ing which mortality was higher in states
with intermittent regulations (OR, 1.14;
95% CI, 1.02-1.28; P=.02).

The odds of death of patients in indi-
vidual states without or with intermit-
tent certificate of need regulations for
open heart surgery were also deter-
mined, relative to patients in states with
continuous regulations. These analy-
ses found a higher (P<.05) odds of death
for 10 of 18 states without regulations:
Arizona (OR, 1.56; 95% CI, 1.39-
1.76); Arkansas (OR, 1.22; 95% CI,
1.06-1.40); Colorado (OR, 1.18;
95% CI, 1.04-1.35); Idaho (OR, 1.42;
95% CI, 1.07-1.89); Indiana (OR,
1.14; 95% CI, 1.04-1.23); Louisiana
(OR, 1.36; 95% CI, 1.16-1.59); Okla-
homa (OR, 1.26; 95% CI, 1.11-1.43);
Oregon (OR, 1.10; 95% CI, 1.02-
1.19); Texas (OR, 1.45; 95% CI, 1.35-
1.57); and Wisconsin (OR, 1.14; 95%
CI,1.01-1.29). SouthDakota,whichhad
no certificate of need regulation, had
lower odds of death (OR, 0.64; 95% CI,
0.55-0.74). Of the 6 states with inter-

Table 1. Patient Characteristics According to State Certificate of Need Regulation Status

State Certificate of Need
Regulation Status, %

P
Value*

Continuous
(n = 509 679)

None
(n = 278 611)

Intermittent
(n = 123 117)

Women 35.0 33.8 36.2 �.001

Age, mean (SD), y 73 (5.35) 73 (5.38) 73 (5.25) �.001

65-69 29.0 29.2 28.6

70-74 32.4 32.3 33.0

75-79 25.1 24.9 25.7
�.001

80-84 10.9 10.9 10.4

85-89 2.4 2.4 2.1

�90 0.2 0.3 0.2

Race
White 93.0 91.8 95.1

Black 4.4 2.8 3.1 �.001

Other 2.6 5.4 1.8

Surgical priority
Emergent admission 30.1 22.5 32.0 �.001

Urgent 31.3 35.6 28.3 �.001

Elective 38.2 41.6 39.1 �.001

Admission source
Transferred from other facility 22.1 14.4 23.4 �.001

Emergency department 19.0 19.7 17.4 �.001

Comorbid conditions
Diabetes mellitus 10.6 9.4 10.1 �.001

Chronic obstructive lung disease 14.3 14.0 14.5 .003

Congestive heart failure 19.3 18.3 19.3 �.001

Cerebrovascular disease 10.2 9.5 10.2 �.001

Peripheral vascular disease 8.6 8.0 8.7 �.001

High-risk clinical conditions
Primary diagnosis of acute

myocardial infarction
20.4 20.0 20.2 �.001

Cardiac catheterization on same day
as coronary artery bypass
graft (CABG) surgery

7.8 9.6 7.8 �.001

Percutaneous transluminal coronary
angioplasty on same day
as CABG surgery

1.2 1.7 1.2 �.001

Intra-aortic balloon pump prior to day
of CABG surgery

3.4 3.1 3.2 �.001

Predicted risk of death, %
Mean (SD) 4.7 (4.1) 4.5 (4.0) 4.6 (4.0) �.001

�2 15.9 16.8 16.2

2-5 55.5 56.0 55.3
�.001

5-10 20.9 20.0 21.0

�10 7.8 7.3 7.5

Observed deaths
30-day or in-hospital 4.4 5.1 4.3 �.001

30-day only 4.2 5.0 4.2 �.001

In-hospital only 3.6 4.2 3.6 �.001

*The P value tests the null hypothesis that the 3 groups are equivalent.
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mittent certificate of need regulations,
the odds of death were higher for
Nebraska (OR, 1.28; 95% CI, 1.04-
1.59) and Nevada (OR, 1.57; 95% CI,
1.37-1.81); and lower for Pennsylva-
nia (OR, 0.87; 95% CI, 0.80-0.95) and
Delaware (OR,0.92;95%CI,0.88-0.96).

Hospital Volume
The mean (SD) annual hospital vol-
ume for Medicare beneficiaries in states
with continuous certificate of need regu-
lations was 84% higher than in states
without regulations (191 [155] vs 104
[97]; P<.001), but was similar (P=.16)
to the mean (SD) annual hospital vol-
ume in states with intermittent regula-
tions (173 [130]). However, mean an-
nual hospital volume in states with
intermittent regulations (ie, states that
repealed certificate of need regulations
during the study period) decreased by
23% from 201 to 154 between 1994 and
1999, while mean volumes decreased
only by 1% from 191 to 189 for states
with continuous regulation and 7% from
105 to 98 for states without regula-
tions. Additionally, the number of hos-
pitals performing CABG surgeries in-
creased 22% in states with intermittent
certificate of need regulations, while the
increase was 4% both in states with con-
tinuous and without regulations.

Higher proportions (P<.001) of hos-
pitals performing CABG surgeries in
states without certificate of need regu-
lations were classified as being of lower
volume than in states with continuous
or intermittent regulations (FIGURE 2).
For example, 32% of the 474 hospitals
that performed CABG surgeries in states
without regulations had mean annual
volumes for Medicare beneficiaries of 50
or less, while 62% of hospitals had mean
annual volumes of 100 or less. In con-
trast, 12% and 33% of hospitals in states
with continuous certificate of need regu-
lations had mean annual volumes of 50
or less and 100 or less, respectively, and
10% and 40% of hospitals in states with
intermittent regulations had mean an-
nual volumes of 50 or less and 100 or
less, respectively.

Similarly, proportions of patients un-
dergoing CABG surgery in low-volume

hospitals were higher (P<.001) in states
without certificate of need regulations
(Figure 2). In states without regula-
tion, 9% of CABG surgeries occurred in
hospitals that performed 50 or fewer pro-
cedures and 30% of CABG surgeries oc-
curred in hospitals that performed 100
or fewer procedures annually. In con-
trast, in states with continuous certifi-
cate of need regulations, the respective
percentages were 2% and 10%.

For states with intermittent regula-
tions, the proportion of patients treated
at low-volume hospitals increased dur-
ing the study period to a greater degree
than in states with either continuous or
intermittent certificate of need regula-
tions (particularly after 1996, which was
the first year during the study period

in which a repeal occurred). For ex-
ample, the proportion of patients treated
in hospitals that performed fewer than

Figure 1. Risk-Adjusted Odds of Death
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Table 2. Risk Factors Included in the Logistic Regression Risk-Adjustment Model*

Risk Factor
Unadjusted

Mortality, %† OR (95% CI)
P

Value

All 4.6

Women 5.7 1.27 (1.23-1.28) �.001

Age, y‡
70-74 4.0 1.22 (1.18-1.25) �.001

75-79 5.3 1.55 (1.50-1.60) �.001

80-84 7.2 2.04 (1.97-2.11) �.001

85-89 9.4 2.56 (2.42-2.70) �.001

�90 12.7 3.39 (2.95-3.90) �.001

Race§
Black 5.6 1.18 (1.11-1.25) �.001

Other nonwhite 5.0 1.15 (1.08-1.23) �.001

Comorbid conditions
Diabetes mellitus 5.4 1.10 (1.06-1.14) .003

Chronic obstructive pulmonary disease 5.8 1.24 (1.20-1.28) �.001

Congestive heart failure 9.0 2.14 (2.08-2.19) �.001

Cerebral vascular disease 9.2 2.31 (2.24-2.39) �.001

Peripheral vascular disease 6.4 1.41 (1.36-1.46) �.001

Surgical priority�
Emergent procedure 6.0 1.17 (1.12-1.23) �.001

Urgent procedure 4.8 1.12 (1.07-1.17) �.001

High-risk clinical conditions
Primary diagnosis of acute myocardial infarction 7.1 1.33 (1.30-1.37) �.001

Cardiac catheterization on same day as coronary
artery bypass graft (CABG) surgery

7.8 1.64 (1.58-1.71) �.001

Percutaneous transluminal coronary angioplasty
on same day as CABG surgery

12.4 2.61 (2.46-2.77) �.001

Intra-aortic balloon pump prior
to day of CABG surgery

15.0 3.05 (2.86-3.24) �.001

Admission source
Transferred from other facility 5.5 1.12 (1.07-1.16) �.001

Emergency department 6.4 1.13 (1.08-1.18) �.001

*OR indicates odds ratio; CI, confidence interval.
†The unadjusted mortality rate was higher (P�.001) for patients with each of the variables listed than in patients with-

out the variable or included in the referent group.
‡The ORs are relative to patients aged 65 to 69 years.
§The ORs are relative to white patients.
�The ORs are relative to elective procedures.
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100 procedures annually increased
3-fold from 6% in 1996 to 19% in 1999.

CABG Surgery Use
Overall age and sex-adjusted use was
lower in states without certificate of
need regulations (4.23 procedures/
1000 Medicare beneficiaries aged �65
years) compared with states with con-
tinuous (4.75 procedures/1000 Medi-
care beneficiaries aged �65 years) and
intermittent (4.97 procedures/1000
beneficiaries) regulations. Results were
similar in analyses that only included
patients who had CABG surgery per-
formed in hospitals in their state of resi-
dence (use rates of 3.83 procedures/
1000 Medicare beneficiaries for states
without regulations, 4.16 procedures/
1000 Medicare beneficiaries for con-
tinuous regulations, and 4.59 proce-
dures/1000 Medicare beneficiaries for
intermittent regulations). Differences in
CABG surgery use were smaller when
the age- and sex-adjusted use rates in
individual states were averaged (4.66
procedures/1000 Medicare beneficia-

ries for states without regulations, 4.57
procedures/1000 Medicare beneficia-
ries for continuous regulations, and
4.84 procedures/1000 Medicare ben-
eficiaries for intermittent regula-
tions). This largely reflected the lower
use rate in California (3.20 procedures/
1000 Medicare beneficiaries), which is
a state without a certificate of need regu-
lation, and the “unweighting” of the
state’s large CABG surgery volume in
the latter calculation.

COMMENT
This analysis represents the first large-
scale evaluation of the potential impact
of certificate of need regulation on hos-
pital outcomes and use of CABG sur-
gery in the United States. Using Medi-
care claims data for patients undergoing
CABG surgery during 1994 to 1999, a
period in which US health care deliv-
ery experienced substantial change, the
study found that risk-adjusted mortal-
ity was 22% higher in the 18 states that
had no certificate of need regulation for
open heart surgery than in the 26 states

and the District of Columbia that had
continuous certificate of need regula-
tions. The higher mortality in states
without a certificate of need regulation
was observed in all 6 years of the study
period. In addition, mean patient vol-
ume in states with continuous certifi-
cate of need regulations was 84% higher
than in states without regulation. A sub-
stantially higher proportion of patients
in states without a certificate of need
regulation underwent CABG surgery in
low-volume hospitals.

These findings confirm our a priori
hypotheses that the absence of certifi-
cate of need regulations would be as-
sociated with higher mortality and more
low-volume hospitals providing CABG
surgery. While factors other than cer-
tificate of need status may explain the
differences in hospital volume (eg, dif-
ferences in population density or
managed care penetration), the higher
proportions of patients treated at low-
volume hospitals in states without cer-
tificate of need regulation provides a
plausible explanation for the higher
risk-adjusted mortality in such states,
given the well-documented relation-
ship between hospital volume and mor-
tality for CABG surgery and other sur-
gical procedures.17-20

While mortality was similar in states
with continuous and intermittent cer-
tificate of need regulations, the num-
ber of hospitals performing CABG sur-
gery in states that repealed regulations
(intermittent) increased to a greater de-
gree than in states with continuous
regulations, as did the proportion of pa-
tients undergoing CABG surgery in low-
volume hospitals.

The study also found that some-
what higher proportions of patients un-
dergoing CABG surgery in states with-
out certificate of need regulations (vs
continuous or intermittent regula-
tions) underwent cardiac catheteriza-
tion or PTCA on the same day as sur-
gery. Since cardiac catheterization and
PTCA are also generally regulated in
states that have certificate of need regu-
lations for open heart surgery, out-
comes of these procedures in states
without certificate of need regulations

Figure 2. Differences in the Distributions of Mean Annual Hospital Volumes and in the
Proportions of Patients Undergoing CABG Surgery Between 1994 and 1999
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may be worse for the same reasons that
outcomes of CABG surgery are worse
in states without regulations. The
higher incidence of cardiac catheter-
ization and PTCA on the same day as
CABG surgery may reflect higher com-
plication rates for those procedures,
rather than greater patient presurgical
risk. If this is the case, then use of these
variables as risk factors in the mortal-
ity model biases results in favor of states
without certificate of need regula-
tions. When these variables were not
included in the mortality risk-
adjustment models, the relative odds of
death increased slightly to 1.24 in states
without regulations.

Last, CABG surgery use was some-
what lower in states without certifi-
cate of need regulations when com-
pared with states with either continuous
or intermittent regulations. While this
finding was somewhat unexpected,
most of the lower use was explained by
the low rates of CABG surgery in Cali-
fornia, a state with a high presence of
managed care and with low use of hos-
pital services and other surgical proce-
dures.21

Taken together, these findings sug-
gest that repeal of certificate of need
regulations may have adverse effects on
patient outcomes and may promote the
development of low-volume surgical
programs. Although underlying fac-
tors responsible for the direct relation-
ship between volume and outcomes in
CABG surgery (eg, better presurgical
evaluations, anesthesia practices, sur-
geon skill, postoperative care, nursing
care) have yet to be elucidated, surgi-
cal volume has become an important
proxy for quality in recent initiatives to
measure quality and reward high-
quality clinicians.22

However, in interpreting the cur-
rent findings in this report, it is impor-
tant to recognize that the observa-
tional, cross-sectional design can only
infer, but not prove, a cause and effect
relationship between certificate of need
status and CABG surgery outcomes. In
addition, several other potential meth-
odological limitations should be con-
sidered.

First, the analysis was limited to
Medicare beneficiaries and, thus, only
includes roughly half of all patients un-
dergoing CABG surgery. However, it is
likely that if patterns of care were dif-
ferent for Medicare patients relative to
other patients, these differences would
be similar across states and would not
necessarily bias study findings.

Second, any associations between cer-
tificate of need regulations and post-
CABG surgery mortality, hospital pro-
cedure volumes, and surgery use may
represent confounding due to other fac-
tors that may differ according to certifi-
cate of need status. These factors may
include managed care penetration; re-
gional physician practice variation; ef-
forts to report and disseminate post-
CABG surgery outcomes data to
hospitals, clinicians, third-party pay-
ers, and the public; and differences in
population and physician density and
specialty mix, although the degree to
which certificate of need status is re-
lated to these factors has not been es-
tablished. Furthermore, alternative study
designs to more definitively determine
causality (ie, randomization to certifi-
cate of need) are not feasible.

Third, the analysis may also be con-
founded by regional differences in the
use of PTCA as an alternative treat-
ment for coronary insufficiency. Dif-
ferences in PTCA use may directly affect
CABG surgery use and lead to selec-
tion bias in analyses comparing post-
CABG surgery mortality rates. The di-
rection of such bias is difficult to
estimate, given that PTCA may be pref-
erentially used in patients with less se-
vere forms of coronary artery disease
or in patients with severe disease, but
at high operative risk.

Fourth, there is likely to be heteroge-
neity in thecharacterof certificateofneed
regulations for open heart surgery across
individual states, which may lead to dif-
ferences in the scope and stringency of
regulation. In addition, specific regula-
tions within a given state can vary from
year to year, and certain aspects of cer-
tificate of need regulation may be phased
out over time. Furthermore, states with-
out certificate of need regulations may

have other types of health care regula-
tory mechanisms, such as licensure or
limits on capital diffusion.

Last, the risk-adjustment models
based on administrative data are sub-
ject to limitations. The reliability of in-
dividual diagnoses coded in adminis-
trative data may vary across hospitals,
and important prognostic variables (eg,
left ventricular ejection fraction, vital
signs, functional status) cannot be as-
certained from administrative data.
However, in the absence of a national
clinical database of patients undergo-
ing CABG surgery, which exists for pa-
tients undergoing CABG in Veterans Af-
fairs hospitals23,24 or in New York
State,25,26 administrative databases rep-
resent the only vehicle for examining the
potential impact of state-level differ-
ences in certificate of need regulation.

Despite these limitations, the current
study has several important implica-
tions for health services research and
policymakers. First, this analysis pro-
vides evidence that post-CABG surgery
mortality may be higher in states with-
out certificate of need regulation than in
states with such regulations. The analy-
sis found no systematic differences in the
prevalence of individual risk factors or
in the overall predicted risk of death that
would account for mortality differ-
ences. In addition, the analysis found that
average hospital volumes in states with-
out certificate of need regulation were
substantially lower and that patients in
such states were substantially more likely
to undergo CABG surgery in low-
volume hospitals. Furthermore, states
that recently repealed certificate of need
regulations experienced large decreases
in hospital volume in the years follow-
ing the repeal. The higher proportion of
patients undergoing CABG surgery in
low-volume hospitals may underlie the
higher risk-adjusted mortality in states
without certificate of need regulations.
While there are limitations to the study,
this analysis suggests that policymak-
ers should carefully consider the poten-
tial adverse effects of repeal of certifi-
cate of need regulations. In a time when
patient safety, medical errors, and pa-
tient outcomes are coming under greater
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scrutiny, certificate of need regulations
may be an important and effective regu-
latory mechanism for ensuring higher
quality care and better patient out-
comes.
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