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HE ACCREDITATION COUNCIL
for Graduate Medical Educa-
tion (ACGME) implemented
duty hour regulations on July
1, 2003, for all ACGME-accredited resi-
dency programs,'* following concern
about deaths associated with medical
errors in US hospitals.®> These regula-
tions limited the number of work hours
per week, the number of continuous
work hours, and the frequency of in-
house call, and provided for a mini-
mum amount of time between duty pe-
riods and days free of work duties.!
In the absence of much empirical
data supporting the duty hour regula-
tions,* the design has been controver-
sial.®® There has been concern about ef-
fects on continuity of care that could
offset any beneficial effects of reduced
fatigue on mortality.”'! Most studies of
duty hour reforms have not examined
their effect on quality of care and re-
lied exclusively on surveys and resi-
dent self-reports of the impact of the re-
forms.'*1> Recent studies that have

See also pp 975 and 1055.
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Context Limitations in duty hours for physicians-in-training in the United States were
established by the Accreditation Council for Graduate Medical Education (ACGME)
and implemented on July 1, 2003. The association of these changes with mortality
among hospitalized patients has not been well established.

Objective To determine whether the change in duty hour regulations was associ-
ated with relative changes in mortality in hospitals of different teaching intensity within
the US Veterans Affairs (VA) system.

Design, Setting, and Patients An observational study of all unique patients
(N=318636) admitted to acute-care VA hospitals (N=131) using interrupted time se-
ries analysis with data from July 1, 2000, to June 30, 2005. All patients had principal
diagnoses of acute myocardial infarction (AMI), congestive heart failure, gastrointes-
tinal bleeding, or stroke or a diagnosis related group classification of general, ortho-
pedic, or vascular surgery. Logistic regression was used to examine the change in mor-
tality for patients in more vs less teaching-intensive hospitals before (academic years
2000-2003) and after (academic years 2003-2005) duty hour reform, adjusting for
patient comorbidities, common time trends, and hospital site.

Main Outcome Measure All-location mortality within 30 days of hospital admis-
sion.

Results In postreform year 1, no significant relative changes in mortality were ob-
served for either medical or surgical patients. In postreform year 2, the odds of mor-
tality decreased significantly in more teaching-intensive hospitals for medical patients
only. Comparing a hospital having a resident-to-bed ratio of 1 with a hospital having
a resident-to-bed ratio of 0, the odds of mortality were reduced for patients with AMI
(odds ratio [OR], 0.48; 95% confidence interval [Cl], 0.33-0.71), for the 4 medical
conditions together (OR, 0.74; 95% Cl, 0.61-0.89), and for the 3 medical conditions
excluding AMI (OR, 0.79; 95% Cl, 0.63-0.98). Compared with hospitals in the 25th
percentile of teaching intensity, there was an absolute improvement in mortality from
prereform year 1 to postreform year 2 of 0.70 percentage points (11.1% relative de-
crease) and 0.88 percentage points (13.9% relative decrease) in hospitals in the 75th
and 90th percentile of teaching intensity, respectively, for the combined medical
conditions.

Conclusions The ACGME duty hour reform was associated with significant relative
improvement in mortality for patients with 4 common medical conditions in more teach-
ing-intensive VA hospitals in postreform year 2. No associations were identified for
surgical patients.
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examined the association of changes in
mortality and teaching status follow-
ing the duty hour regulation have either
been underpowered' or have used data
sources that may limit the validity."”
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We therefore studied the association
between changes in the ACGME duty
hour rules and mortality rates. Trends
in risk-adjusted mortality rates among
more vs less teaching-intensive hospi-
tals were compared to assess whether
mortality improved differentially among
these groups following implementa-
tion of the rules. We used data on pa-
tients with a broad range of clinical con-
ditions hospitalized within the US
Veterans Affairs (VA) health care sys-
tem, the single largest provider of resi-
dency training in the United States. An
accompanying article reports a comple-
mentary analysis among all US hospi-
talized Medicare patients.*

METHODS

Approval for this study was obtained
from the institutional review boards of
the Philadelphia Veterans Affairs Medi-
cal Center, The Children’s Hospital of
Philadelphia, and the University of
Pennsylvania, Philadelphia.

Main Outcome Measures

The main outcome measure was death
within 30 days of hospital admission for
all patients admitted with diagnoses of
acute myocardial infarction (AMI),
stroke, gastrointestinal bleeding, con-
gestive heart failure (CHF), general sur-
gery, orthopedic surgery, or vascular
surgery. These medical conditions were
a subset of the Agency for Healthcare
Research and Quality (AHRQ) Qual-
ity Indicators for which mortality was
a relevant outcome; for these condi-
tions, there is evidence that mortality
varies substantially across institutions
and that high mortality may be associ-
ated with deficiencies in the quality of
care.'"? Although the AHRQ Quality
Indicators use only in-hospital mortal-
ity, we examined any in-hospital or
postdischarge deaths within 30 days of
hospital admission to eliminate bias due
to length of stay differences across hos-
pitals or time.?

Study Sample

All patients admitted to acute-care VA
hospitals from July 1, 2000, to June 30,
2005, with a principal diagnosis of AMI,

©2007 American Medical Association. All rights reserved.
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CHF, gastrointestinal bleeding, or
stroke or with a diagnosis related group
classification of general, orthopedic, or
vascular surgery comprised the sample.
The initial sample included 459 321 ad-
missions from 132 hospitals, which
contributed data for all 5 years. Admis-
sions to hospitals outside of the 50 states
or Washington, DC (n=8524), trans-
fers from a non-VA hospital (n=6337),
transfers subsequent to a contiguous
qualifying admission (to avoid double
counting admissions within 30 days)
(n=4103), admissions spanning July 1,
2003 (n=1729), or admissions with
dates of death earlier than their dis-
charge dates (n=2) were excluded, as
were those admissions for patients older
than 90 years (n=2388) because the
proportion of such patients that are
treated aggressively may change over
time in ways that cannot be observed
well with administrative data. Among
patients with AMI and stroke, those dis-
charged alive in fewer than 2 days
(n=5231) were excluded because such
cases may not represent actual AMIs or
strokes.'® These exclusions resulted in
data from 431007 patients from 131
hospitals.

An index admission was defined as
the first eligible admission between July
1, 2000, and June 30, 2005, for which
there was no prior admission for the
medical conditions or surgical catego-
ries within 5 years (using data back to
July 1, 1995). This ensured that each
patient would only be represented once
within each analysis. The first admis-
sion in the past 5 years for each pa-
tient was chosen to eliminate the pos-
sibility of selecting cases for which there
would be a higher mortality rate post-
reform for reasons other than duty hour
reform. For patients with multiple ad-
missions, any admission before the last
would be an admission they had sur-
vived. Inclusion of multiple admis-
sions would therefore lead to a con-
founding bias due to the passage of
time, in which admissions that re-
sulted in death would be more likely
to happen postreform.

Using index admissions, the avail-
able sample was 318 636 patients from

131 hospitals. More than 90% of pa-
tients with each condition had a first
admission that met these criteria ex-
cept for patients with CHF, for whom
this was approximately 88%. For this
reason, we tested the stability of this ap-
proach in patients with multiple ad-
missions by assessing the associations
with duty hour reform for patients with
CHF who experienced a second or third
admission within 6 months of the first
admission.

Risk Adjustment and Hospital
Control Measures

Risk adjustment was performed accord-
ing to the Elixhauser method,** which
included the original 29 comorbidi-
ties except for fluid and electrolyte dis-
orders or coagulopathy.*** Analyses
were also adjusted for age and sex. For
patients with AMI, we tested the sen-
sitivity of including anatomic location
of the AMI (International Classifica-
tion of Diseases, Ninth Revision [ICD-9]
codes: anterior 410.00-410.19, infero-
lateral 410.20-410.69, subendocardial
410.7x, other 410.80-410.99). For sur-
gical patients, we also adjusted for di-
agnosis related groups that were aggre-
gated to include related groups with and
without complications or comorbidi-
ties. We performed a 180-day look-
back, in which data on secondary di-
agnoses recorded in hospitalizations
within 180 days of the index hospital-
ization were assessed to obtain more
comprehensive information on comor-
bidities than available using the index
admission alone.?

Data

Data on patient characteristics were ob-
tained from the VA patient treatment
file, which includes information on
principal and secondary diagnoses, age,
sex, and discharge disposition. Mortal-
ity data were obtained from the pa-
tient treatment file for in-hospital deaths
and from the VA beneficiary identifi-
cation and record locator subsystem file
for out-of-hospital deaths.?”"* The VA
hospital characteristics were obtained
from the Veterans Health Administra-
tion Account Level Budgeter Cost Cen-
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ter, an administrative database contain-
ing nurse staffing information, and from
the Veterans Health Administration
Support Service Center Occupancy Rate
Reports, which contain data on num-
ber of beds per facility.

The number of residents at each hos-
pital was obtained from the VA Office
of Academic Affiliations, which over-
sees all graduate medical education
within the VA and through which pay-
ment for resident service is provided.
Funding for graduate medical educa-
tion is tied to the number of residents
within each hospital in the VA sys-
tem, providing an incentive for report-
ing complete data. These data are au-
dited regularly.

The primary measure of teaching in-
tensity was the resident-to-bed ratio,
calculated at a defined point in time as
the number of interns plus residents di-
vided by the mean number of opera-
tional beds. The resident-to-bed ratio
has been used to differentiate major
teaching, minor teaching, and non-
teaching hospitals in previous stud-
ies.’*32 Cross-sectional comparisons of
quality of care in teaching and non-
teaching hospitals have shown similar
results using the resident-to-bed ratio
or measures available through the
American Hospital Association.?
Teaching hospitals were defined as
those hospitals with resident-to-bed ra-
tios of more than 0; major and very ma-
jor teaching hospitals were those hos-
pitals with a resident-to-bed ratio of
0.250 to 0.599 and 0.60 or higher.

To support the validity of the resi-
dent-to-bed ratio as a marker of teach-
ing intensity, we verified that hospi-
tals with higher resident-to-bed ratios
within VA have not only more resi-
dents but a much broader array of
teaching programs. For example, hos-
pitals in the lowest tertile of resident-
to-bed ratio (0-0.179) have a mean of
2.5 residency programs in different spe-
cialties, hospitals in the middle tertile
of resident-to-bed ratio (0.180-0.551)
have a mean of 19.5 residency pro-
grams in different specialties, and hos-
pitals in the highest tertile of resident-
to-bed ratio (=0.552) have a mean of
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26.7 residency programs in different
specialties.

We used the resident-to-bed ratio as
a continuous variable to provide more
power than dividing hospitals into ar-
bitrary categories.’**> We held the resi-
dent-to-bed ratio fixed using the level
in prereform year 1 so that a potential
response by hospitals to duty hour re-
forms of changing the number of resi-
dents would not confound estimation
of the net effects of the reforms. Resi-
dent-to-bed ratios varied little over time.
The mean change from prereform year
3 to prereform year 2 was —0.001 and
from prereform year 2 to prereform year
1 was 0.001. Prereform year 3 in-
cluded academic year 2000-2001 (July
1, 2000, to June 30, 2001); prereform
year 2, academic year 2001-2002; pre-
reform year 1, academic year 2002-
2003; postreform year 1, academic year
2003-2004; and postreform year 2, aca-
demic year 2004-2005.

Statistical Analysis

We used a multiple time series re-
search design,*® also known as differ-
ence-in-differences, to examine whether
the change in duty hour rules was as-
sociated with a change in the underly-
ing trend in patient outcomes in teach-
ing hospitals, an approach that reduces
potential biases from unmeasured vari-
ables.””?® The multiple time series re-
search design compares each hospital
with itself, before and after reform, con-
trasting the changes in hospitals with
more residents to the changes in hos-
pitals with fewer or no residents, mak-
ing adjustments for observed differ-
ences in patient risk factors. It also
adjusts for changes in outcomes over
time (trends) that were common to all
hospitals. This design prevents bias
from 3 possible sources. First, a differ-
ence between hospitals that is stable
over time cannot be mistaken for an
effect of the reform, because each hos-
pital is compared with itself, before and
after reform. Because of this, hospital
indicators for fixed effects were used in
the logistic model. Second, changes over
time that affect all hospitals similarly
(eg, due to technological improve-

ments) cannot be mistaken for an effect
of the reform. Because of this, year in-
dicators were used in the logistic model.
Third, if the mix of patients is chang-
ing in different ways at different hos-
pitals, and if these changes are accu-
rately reflected in measured risk factors,
this cannot be mistaken for an effect of
the reform because the logistic model
adjusts for these measured risk factors.

Although the difference-in-differ-
ences method offers these advantages,
it has limitations. Any diverging trend
in mortality over time for more vs less
teaching-intensive hospitals that was al-
ready in progress or coincident with the
initiation of the reform could be mis-
taken for an effect of the reform, al-
though we tested extensively whether
the prereform trends were similar in
more and less teaching-intensive hos-
pitals and adjusted for any observed un-
derlying difference in prereform trends.
Less teaching-intensive hospitals, in-
cluding all nonteaching hospitals, served
as the primary control group for more
teaching-intensive hospitals because they
are subject to the same technological and
VA-wide quality improvement impera-
tives, they are geographically diverse
with large patient populations, and simi-
lar patient discharge data are available.
Nonteaching hospitals could not be ex-
clusively used as the control group for
this analysis because only about 15% of
VA hospitals are nonteaching hospi-
tals. Data from July 1, 2000, to June 30,
2003, were used as the prereform pe-
riod and data from July 1, 2003, to June
30, 2005, were used as the postreform
period.

The dependent variable was death
within 30 days of hospital admission,
using logistic regression to adjust for
patient comorbidities, secular trends
common to all patients (eg, due to gen-
eral changes in technology), and hos-
pital site where treated. The effect of the
change in duty hour rules was mea-
sured as the coefficients of resident-to-
bed ratio interacted with dummy vari-
ables indicating postreform year 1 and
postreform year 2. These coefficients,
presented as odds ratios (ORs), mea-
sure the degree to which mortality
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changed in more vs less teaching-
intensive hospitals after adjusting for
cross-sectional differences in hospital
quality and general improvements in
care. They were measured for each year
separately because of the possibility of
either delayed beneficial effects or early
harmful effects. Conditions were as-
sessed both individually and together
as combined medical and combined
surgical groups.

In the models, baseline mortality lev-
els were allowed to differ between more
and less teaching-intensive hospitals and
were assumed to have a common time
trend until implementation of the duty
hour rules, after which the teaching hos-
pital trend was allowed to diverge. To as-
sess whether underlying trends in risk-
adjusted mortality were similar in higher
and lower teaching-intensive hospitals
before the ACGME duty hour reform, we
tested whether the rate of change in mor-
tality was different in the more vs less
teaching-intensive hospitals in the 3 years
prereform (test of controls). This was
performed by using a Wald x* test, which
tests whether the prereform year 2
X resident-to-bed ratio and the prere-
form year 1 X resident-to-bed ratio in-
teractions were equal to 0. A statisti-
cally significant test of controls suggested
that teaching and nonteaching hospi-
tals had a diverging trend in mortality in
the 3 years prereform that could not have
been caused by the reform. When such
a diverging trend was found for a con-
dition by the test of controls, post hoc
analyses were conducted in which pos-
treform results were compared with the
prereform year 1 as a baseline rather than
using data from the entire 3-year prere-
form period.

To provide examples of the effect of
being in hospitals with different
degrees of teaching intensity, we con-
verted the regression coefficients into
estimated probabilities of mortality for
an average patient by using the mean
values for each of the covariates and
replacing hospital indicators by the
resident-to-bed ratio. We tested the
stability of the medical and surgical
results by (1) eliminating patients
admitted to hospitals in New York

©2007 American Medical Association. All rights reserved.
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-]
Table 1. Characteristics of the Study Population?®

Prereform Year

Postreform Year

3 2 1 1 2
(2000-2001) (2001-2002) (2002-2003) (2003-2004) (2004-2005)

Medical conditions
Acute myocardial infarction

No. of cases 7102 6736 6427 6084 5821

Unadjusted mortality, % 10.41 10.26 10.05 9.80 7.94
Stroke

No. of cases 5408 5216 4908 4965 4888

Unadjusted mortality, % 10.97 10.33 10.09 8.60 8.35
Gastrointestinal bleeding

No. of cases 7617 7420 7105 6997 6896

Unadjusted mortality, % 6.12 6.40 5.18 5.43 4.25
Congestive heart failure

No. of cases 10091 10317 9580 10075 10203

Unadjusted mortality, % 6.62 6.57 6.00 5.83 5.28

Surgical categories

General surgery

No. of cases 15204 15639 15555 16314 16862

Unadjusted mortality, % 3.72 3.58 3.25 3.29 2.80
Orthopedic surgery

No. of cases 14158 13874 14104 15102 15971

Unadjusted mortality, % 2.00 1.98 1.69 1.58 1.40
Vascular surgery

No. of cases 4630 4500 4208 4353 4311

Unadjusted mortality, % 6.91 6.76 6.26 5.77 5.36

2ncluded 318636 patients and 131 hospitals. Prereform and postreform years are academic years (eg, prereform
year 3 indicates academic year July 1, 2000, to June 30, 2001).

State, due to earlier passage of the
Libby Zion laws; (2) eliminating
patients admitted from nursing
homes, because such patients may not
have been treated aggressively; (3)
testing the robustness of the results to
analysis without comorbidity adjust-
ment to determine whether changes in
the rate of coded comorbidities could
explain any of these effects; and (4)
examining the degree to which mor-
tality changed in patients with a sec-
ond or third CHF admission within 6
months of the first. All P values were
either 2-tailed or, for x? tests, multi-
tailed. P<<.05 was considered statisti-
cally significant. All analyses were
conducted with SAS version 9.1 (SAS
Institute Inc, Cary, North Carolina).

RESULTS

The number of admissions for each of
the conditions was fairly constant over
time, differing by less than 8% per year
for any condition (TABLE 1). VA hos-
pitals were teaching intensive, with ap-
proximately 85% of the hospitals being

teaching hospitals and more than 50%
being major or very major teaching hos-
pitals (resident-to-bed ratio >0.25)
(TABLE 2).

Unadjusted mortality rates for the
combined medical group improved
similarly in hospitals in all quartiles of
resident-to-bed ratios from prereform
year 3 to postreform year 1 (FIGURE 1).
For the combined medical group, in
postreform year 2, however, there was
relative improvement in the mortality
rate in hospitals with the highest resi-
dent-to-bed ratios. The unadjusted OR
for mortality for combined medical con-
ditions in postreform year 1 was 1.09
(95% confidence interval [CI], 0.92-
1.29) and in postreform year 2 was 0.74
(95% CI, 0.62-0.89). In contrast, among
surgical patients, no apparent differ-
ence was observed in hospitals with dif-
ferent resident-to-bed ratios (Figure 1).
The unadjusted OR for mortality for
combined surgical categories in pos-
treform year 1 was 0.94 (95% CI, 0.72-
1.23) and in postreform year 2 was 1.05
(95% CI, 0.79-1.39).
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Adjusted analyses indicate that for all
medical conditions in postreform year
1, there was no statistically significant
shift in the odds of mortality compar-
ing more and less teaching-intensive
hospitals (resident-to-bed ratio inter-
action with postreform year 1 in
TABLE 3). However, in postreform year
2, the risk of death decreased further
in more teaching-intensive hospitals for
AMI and for all 4 medical conditions
combined (resident-to-bed ratio inter-
action with postreform year 2 in
Table 3). Because AMI was the only in-
dividual condition for which there was
a significant relative reduction in the
odds of mortality, we conducted a post
hoc analysis of the 3 medical condi-
tions combined excluding AMI; this
group also showed a significant rela-
tive reduction in the odds of mortality
in more vs less teaching-intensive hos-
pitals. Among patients admitted for gen-
eral, orthopedic, or vascular surgery, the
relative odds of mortality in more vs less

teaching-intensive hospitals did not
change in either postreform year 1 or
postreform year 2 (Table 3). C statis-
tics for these models ranged between
0.72 and 0.88.

The ORs in Table 3 are scaled to con-
trast resident-to-bed ratios of 1 and 0, but
other hypothetical comparisons for com-
bined medical conditions are shown in
TABLE 4. For example, the odds of mor-
tality for a patient admitted to a hospi-
tal with a resident-to-bed ratio of 0.60
(major teaching) in postreform year 2
compared with prereform would have
improved 17% more than a similar per-
son admitted to a nonteaching hospital
in those periods, after adjustment for
baseline differences in outcomes.

For each of the individual medical
conditions except for AMI and for each
of the surgical categories, the test of
controls showed no evidence that pre-
reform trends were different in more vs
less teaching-intensive hospitals. How-
ever, for AMI, outcomes were improv-

ing more rapidly in more teaching-
intensive hospitals prereform, albeit to
a much smaller extent than that ob-
served in postreform year 2. We tested
the stability of the AMI results to ad-
justing for these differential trends by
including the prereform year 2 X resi-
dent-to-bed ratio and prereform year
1 Xresident-to-bed ratio interaction
terms in the model and, alternatively,
using prereform year 1 as the baseline
year, and found no qualitative differ-
ence in our results.

Excluding patients admitted to hos-
pitals in New York State or patients ad-
mitted from nursing homes from the
analysis did not change the results. We
also examined whether changes in the
coding of comorbidities could explain
any of these effects. Although we found
that there was a 2% to 4% relative in-
crease in the coding of comorbidities in
more teaching-intensive hospitals rela-
tive to nonteaching hospitals in postre-
form year 2, sensitivity analyses with-

Table 2. Characteristics of Included US Veterans Affairs Hospitals®

Resident-to-Bed Ratio, Percentile (Range)
I 1

0-25 26-50 51-75 76-90 >90
(0-0.071) (0.072-0.420) (0.421-0.654) (0.655-0.867) (0.868-1.794)
No. (%) of facilities 32 (24.4) 34 (26.0) 33 (25.2) 19 (14.5) 13(9.9)
No. (%) of admissions 27378 (8.6) 65801 (20.7) 127 096 (39.9) 59006 (18.5) 39355 (12.4)

2Percentages may not total 100 due to rounding. Included 131 facilities and 318 636 admissions.

Figure 1. Unadjusted Trends in Mortality in US Veterans Affairs Hospitals for Combined Medical and Surgical Groups by Resident-to-Bed

Ratio Quartile
Combined Medical Group Combined Surgical Group Resident-to-Bed Ratio
129 Quartile 1 (0-0.071)
ffffff Quartile 2 (0.072-0.420)
R Quartile 3 (0.421-0.654)
§ Quartile 4 (=0.655)
£ R
g 2
s 2
O
>
44— T T T | 1.0+ : . . )
3 2 1 1 2 3 2 1 1 2

Prereform Year Postreform Year Prereform Year Postreform Year

Error bars indicate 95% confidence intervals, calculated using the binomial distribution.>* The Accreditation Council for Graduate Medical Education duty hour regu-
lations were implemented on July 1, 2003. Prereform year 3 included academic year 2000-2001 (July 1, 2000, to June 30, 2001); prereform year 2, academic year
2001-2002; prereform year 1, academic year 2002-2003; postreform year 1, academic year 2003-2004; and postreform year 2, academic year 2004-2005. For com-
bined medical group, a significant divergence was found for postreform year 2 only (by Wald x2 test, P=.001). For combined surgical group, no significant divergence
was found in either postreform year. Significance levels assess whether trend from the prereform period to postreform year 1 and 2, respectively, differed for more vs
less teaching-intensive hospitals.
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out adjusting for comorbidities produced
similar results. For example, the OR for
combined medical conditions without
risk adjustment was 0.74 (95% CI, 0.62-
0.89) vs 0.74 (95% CI, 0.61-0.89) with
risk adjustment. In analyses of com-
bined medical without AMI, the OR in
postreform year 2 without risk adjust-
ment was 0.82 (95% CI, 0.66-1.01) vs
0.79 (95% CI, 0.63-0.98) with risk ad-
justment. There also were no signifi-
cant differences in the degree to which
mortality changed in more vs less teach-
ing-intensive hospitals for patients with
AMI with adjustment for anatomic lo-
cation of AMI or for patients with CHF
who had a second or third admission
within 6 months of the first.

FIGURE 2 shows the estimated prob-
ability of mortality in each year for an
average patient in hospitals at the 25th
(resident-to-bed ratio of 0.07), 50th
(resident-to-bed ratio of 0.42), 75th
(resident-to-bed ratio of 0.65), and 90th
(resident-to-bed ratio of 0.87) percen-
tile of teaching intensity. For com-
bined medical conditions, adjusted
mortality trends tracked in parallel
among hospitals with different teach-
ing intensity between prereform year 3
and prereform year 1; however, they di-
verged significantly in postreform year
2. From prereform year 1 to postre-
form year 2, an average patient in a hos-
pital at the 90th percentile would have
experienced an improvement in mor-
tality from 5.15% to 3.74%, an improve-
ment of 1.41 percentage points. Com-
pared with the underlying rate of
improvement for an average patient in
a hospital at the 25th percentile, for
whom mortality improved by 0.53 per-
centage points (from 6.29% to 5.76%),

MORTALITY AMONG PATIENTS IN VA HOSPITALS

this represents an absolute difference
of 0.88 percentage points (13.9% rela-
tive decrease). An average patient
treated at a hospital at the 75th percen-
tile would have experienced an abso-
lute improvement in mortality that was
0.70 percentage points more than at a
hospital at the 25th percentile (11.1%
relative decrease). In contrast with the
medical conditions, we found no ap-
parent differential trend in mortality
rates between surgical patients in more
vs less teaching-intensive hospitals.

COMMENT

It has been argued that duty hour re-
form would improve outcomes by re-
ducing resident fatigue,*** although
other studies have suggested that de-
creased continuity of care would worsen

outcomes.®*# Our results suggest sig-
nificant relative improvements in mor-
tality rates for patients with 4 com-
mon, high-mortality medical conditions
in more teaching-intensive VA hospi-
tals following implementation of the
duty hour rules.

These results should be considered
in light of other examinations of duty
hour reform and outcomes. A parallel
analysis that we performed on Medi-
care recipients nationally showed no
significant relative changes in mortal-
ity for either medical or surgical pa-
tients in more vs less teaching-
intensive hospitals.'® Possible reasons
for the differences in findings are de-
tailed in that study, but briefly they in-
clude the markedly greater mean resi-
dent-to-bed ratios at VA teaching

]
Table 3. Adjusted Odds of Mortality After Duty Hour Reform in More vs Less

Teaching-Intensive Hospitals

Resident-to-Bed Ratio
X Postreform Year 12

Resident-to-Bed Ratio
X Postreform Year 22

Total | 1
No. of Odds Ratio P Odds Ratio P
Patient Categories Cases (95% CI)° Value (95% CI)P Value
Medical conditions
Acute myocardial infarction 32170 1.11(0.79-1.56) 57 0.48(0.33-0.71) <.001
Stroke 27434 0.84(0.57-1.23) .36 0.83(0.57-1.20) .31
Gastrointestinal bleeding 36035 1.22(0.81-1.84) .35 0.75(0.48-1.18) .21
Congestive heart failure 50266 1.00 (0.74-1.37) 99  0.77 (0.56-1.07) 12
Combined medical 145905 1.08(0.91-1.29) .39  0.74 (0.61-0.89) .002
Combined medical, excluding 113735 1.02 (0.82-1.25) .89  0.79 (0.63-0.98) .03
acute myocardial infarction
Surgical categories
General surgery 79574 0.92 (0.64-1.33) .67  0.92(0.63-1.34) .66
Orthopedic surgery 73209 0.87 (0.47-1.63) .67 1.33(0.71-2.52) .38
Vascular surgery 21997 0.74 (0.43-1.27) 27 0.96 (0.55-1.66) .89
Combined surgical 174780 0.89 (0.68-1.17) A1 1.02 (0.77-1.36) .88

Abbreviation: Cl, confidence interval.

@The interaction terms (resident-to-bed ratio X postreform year 1) and (resident-to-bed ratio X postreform year 2) mea-
sure whether there is any relative change in the odds of mortality in more vs less teaching-intensive hospitals. Mod-
els are also adjusted for age, sex, comorbidities, common time trends, and hospital site where treated.

Units for odds ratios compare hospitals having a resident-to-bed ratio of 1 with hospitals having a resident-to-bed

ratio of O (nonteaching).

|
Table 4. Comparison of Changes in Odds of Mortality Between Prereform Period and Postreform Year 2 for Combined Medical Conditions for
Hospitals With Different Levels of Teaching Intensity?

Relative Change in Odds of Mortality (95% CI)

I
0.05 (Very Minor Teaching)

1
1 (Very Major Teaching)

Resident-to-Bed Ratio 0.25 (Minor Teaching) 0.60 (Major Teaching)
0 (Nonteaching) 0.98 (0.98-0.99) 0.93 (0.88-0.97) 0.83 (0.74-0.93) 0.74 (0.61-0.89)
0.05 (Very minor teaching) 0.94 (0.91-0.98) 0.85 (0.76-0.94) 0.75 (0.63-0.90)
0.25 (Minor teaching) 0.90 (0.84-0.96) 0.80 (0.69-0.92)
0.60 (Major teaching) 0.89 (0.82-0.96)

Abbreviation: Cl, confidence interval.

aEach cell indicates the ratio of mortality change in the more teaching-intensive hospital to that in the less teaching-intensive hospital. For example, very major teaching hospitals
lowered their odds of mortality by 20% more than minor teaching hospitals.
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]
Figure 2. Estimated Probability of Mortality for an Average Patient in Combined Medical and Surgical Groups by Resident-to-Bed Ratio

Combined Medical Group

Mortality, %

Combined Surgical Group

Mortality, %

Resident-to-Bed Ratio
0.07

Prereform Year

Postreform Year

Prereform Year

Postreform Year

Plots show changes in mortality for a patient with mean values of all the comorbidities in hospitals with a resident-to-bed ratio at each percentile of teaching intensity.
Error bars indicate 95% confidence intervals, derived from the logit model using the Delta method.*® The Accreditation Council for Graduate Medical Education duty
hour regulations were implemented on July 1, 2003. Prereform year 3 included academic year 2000-2001 (July 1, 2000, to June 30, 2001); prereform year 2, academic
year 2001-2002; prereform year 1, academic year 2002-2003; postreform year 1, academic year 2003-2004; and postreform year 2, academic year 2004-2005. For
combined medical group, a significant divergence was found for postreform year 2 only (by Wald x2 test, P=.002). For combined surgical group, no significant diver-

gence was found in either postreform year.

hospitals compared with non-VA teach-
ing hospitals, potentially greater au-
tonomy for residents at VA hospi-
tals,*"*® differences in staffing models
and clinical volume, differing bal-
ances between the effects of decreased
fatigue** and worsened continu-
ity,”* and potentially different de-
grees of unmeasured confounders.

A single-site study that compared
changes in outcomes on the teaching
vs nonteaching service before and af-
ter duty hour reform was not large
enough to have adequate power to com-
pare changes in mortality.'* A larger
study" using the Healthcare Cost and
Utilization Project’s (HCUP’s) Nation-
wide Inpatient Sample (NIS) found a
small but statistically significant rela-
tive improvement in mortality out-
comes for medical but not surgical pa-
tients in teaching hospitals compared
with nonteaching hospitals following
duty hour reform. However, the HCUP
NIS samples varying sets of hospitals
and states each year, with possible varia-
tion in the proportion of data from each
included hospital in different periods.
This may affect the validity of the com-
parisons over time. The HCUP NIS does
not include individual patient identi-
fiers, precluding a distinction be-
tween a single admission for different
patients vs multiple admissions for the
same patient, which could lead to a bi-
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ased measure of relative changes in
mortality over time. The HCUP NIS
does not include any information on
out-of-hospital deaths, limiting the out-
comes to in-hospital mortality; there-
fore, differential changes in discharge
rates may bias the degree to which in-
hospital mortality reflects deaths within
a fixed period of time from admission.
Our study avoided these limitations by
including data on all hospitals in all
years, limiting participants to a single
first-eligible admission for a condi-
tion, and measuring total 30-day post-
admission mortality.

Although this is an observational
study and we cannot be certain that the
reduction in mortality was caused by
the reform, the findings are nonethe-
less reassuring. Some or all of the im-
provement may have been due to hos-
pital efforts to realign service delivery
in response to duty hour reform rather
than from reduced fatigue among medi-
cal house staff. However, relative im-
provements were observed for medi-
cal but not surgical patients in more
teaching-intensive hospitals. This sug-
gests that other initiatives that might
have led to relative improvements in
outcomes for all patients in more teach-
ing-intensive hospitals did not con-
found our results. These findings are
important because the VA is the single
largest provider of residency training in

the United States, providing at least
some of the training for approxi-
mately one-third of all residents each
year. More than two-thirds of all US
physicians have received some of their
training at VA facilities.*

The significant relative improve-
ment in mortality observed in the post-
reform year 2 but not the postreform
year 1 is consistent with recent work,
suggesting that rates of noncompliance
with duty hour rules were high but im-
proving during the postreform year 1.°
However, a study by the ACGME found
that only 3.3% of residents surveyed in
2004-2005 (postreform year 2) re-
ported working more than 80 hours per
week in the previous month compared
with 3.0% during 2003-2004.”" Studies
observing the effects of the Libby Zion
laws in New York State have found no
differences in mortality in teaching vs
nonteaching hospitals* or within the
same teaching hospital. ¥ However, com-
pliance rates may have been very low.**>?

It is unclear why mortality im-
proved for medical but not surgical pro-
grams within VA hospitals. One poten-
tial explanation is that for surgical
residents, duty hour reform resulted in
arelative worsening in continuity of care
that offset any improvements from de-
creased fatigue. Medical training pro-
grams may have developed better
mechanisms for sign-out and increas-
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ing attending involvement to offset losses
in continuity. Another possibility is that
medical programs within VA hospitals
were more compliant with the duty hour
rules than surgical programs. It is pos-
sible that surgical trainees were less af-
fected by duty hour rules than medical
trainees, although the larger number of
hours worked by surgical residents pre-
reform suggested that the degree of
change in work hours would have been
larger. Further work is needed using dif-
ferent types of measures and data on hos-
pital behavioral responses to duty hour
reform to better understand the differ-
ence in these effects between medical
and surgical patients.

Potential limitations to our study must
be considered. We investigated associa-
tions with patient mortality, whereas
there may be other effects of duty hours
of clinical importance to patient care or
resident training that were affected by
duty hour changes. These outcomes are
important in their own right, but also
may have acted as mediators of the mor-
tality findings. Our study may be prop-
erly considered an effectiveness study
rather than an efficacy study.

We do not have information on ac-
tual hours worked at each hospital, al-
though the risk of loss of ACGME ac-
creditation may provide an incentive for
adherence to the duty hour regula-
tions. The VA system is more teaching
intensive than the non-VA system, with
a much higher proportion of teaching
hospitals and greater autonomy for resi-
dents,** so findings from the VA may
not generalize to the non-VA environ-
ment.

We may not have had sufficient
power to rule out a clinically signifi-
cant effect of duty hour reform in sur-
gical training programs, despite the in-
clusion of more surgical than medical
patients. Because mortality rates were
much lower among surgical patients, a
similar relative change in the odds of
mortality for surgical as for medical pa-
tients cannot be ruled out. However, the
point estimates do not suggest a rela-
tive change in the odds of mortality for
surgical patients in more vs less teach-
ing-intensive hospitals. If such an effect

©2007 American Medical Association. All rights reserved.

MORTALITY AMONG PATIENTS IN VA HOSPITALS

did exist, the magnitude of the abso-
lute change in mortality would be small.

Although changes in coding of co-
morbidity over time must be consid-
ered, the results were similar with and
without comorbidity adjustment. In ad-
dition, during the 5 years of this study,
there was little change in the mean
number of comorbidities, the number
of patients with 0, 1, 2, or 3 comorbidi-
ties, or the mean age in hospitals of low,
moderate, or high teaching intensity.
This suggests that there were no ma-
jor changes in the patient profiles over
time for hospitals of different teaching
intensity.

Unmeasured confounding must al-
ways be considered. Use of adminis-
trative data limits risk adjustment, but
the multiple time series difference-in-
differences approach reduces the like-
lihood of important unmeasured con-
founding. Our analysis adjusted for
differences in baseline rates of change
in more and less teaching-intensive hos-
pitals. Therefore, confounding would
only occur if the prevalence of unmea-
sured risk factors changed at different
rates according to hospitals’ teaching in-
tensity. Confounding from other qual-
ity improvement initiatives is less likely
to be a problem within the VA system,
because quality improvement initia-
tives such as electronic medical rec-
ords and efforts to improve care for spe-
cific conditions tend to occur through
system-wide directives that all VA hos-
pitals must follow.

Although our study suggests rela-
tive improvements in outcomes for
medical patients within the VA sys-
tem from duty hour reform, there con-
tinues to be controversy about whether
the current duty hour rules are suffi-
cient for regulating work hours.” Other
work has found significantly lower rates
of errors with 16-hour vs 24-hour to 36-
hour shifts.”* The question of the rela-
tive effectiveness and cost-effective-
ness of different approaches to duty
hour regulation in improving patient
outcomes can only be answered
through further experimentation with
alternative designs accompanied by rig-
orous evaluation.

In conclusion, we found that the duty
hour reforms were associated with a sig-
nificant improvement in mortality in
more teaching-intensive VA hospitals
for patients with medical conditions.
Furthermore, we did not find an in-
crease in mortality associated with the
new rules affecting surgical patients.
Further assessment of how the re-
forms affected other clinical and edu-
cational outcomes in both VA and
non-VA settings would be important be-
fore modification of the current duty
hour standards.
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