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ABSTRACT

Background The impact of the 2003 residency duty hour reform on patient care remains a debated issue.
Objective Determine the association between duty hour limits and mortality in patients with nervous system pathology.

Methods Via a retrospective cohort study using the Nationwide Inpatient Sample from 2000-2010, the authors evaluated in-
hospital mortality status in those with a primary discharge level diagnosis of disease or disorder of the nervous system. Odds ratios
were calculated, and Bonferroni corrected P values and confidence intervals were determined to account for multiple comparisons
relating in-hospital mortality with teaching status of the hospital by year.

Results The pre-reform (2000-2002) and peri-reform (2003) periods revealed no significant difference between teaching and
nonteaching hospital mortality (P > .99). The post-reform period (2004-2010) was dominated by years of significantly higher
mortality rates in teaching hospitals compared to nonteaching hospitals: 2004 (P < .001); 2006 (P = .043); 2007 (P = .042); and
2010 (P = .003). However, data for 2005 (P > .99), 2008 (P = .80), and 2009 (P = .09) did not show a significant difference in
mortality.

Conclusions Teaching and nonteaching hospital mortality was similar in patients with nervous system pathology prior to the
duty hour reform. While nonteaching institutions demonstrated steadily declining mortality over the decade, teaching hospital
mortality spiked in 2004 and declined at a more restricted rate. The timing of these changes could suggest a negative correlation

of duty hour restrictions on outcomes of patients with nervous system pathology.

Introduction

The Accreditation Council for Graduate Medical
Education (ACGME) implemented duty hour restric-
tions for resident physicians on July 1, 2003, and the
policy changes put into place addressed several facets
of resident work requirements (Box).'”® The primary
aims of the new standards were to improve patient
and resident safety. The decision was predicated on
studies demonstrating that the reduction of fatigue
and sleep deprivation among residents has beneficial
effects, including increased quality of life, cognitive
functioning, clinical performance, and the reduced
risk of motor vehicle accidents.*'* There is still
debate as to whether the reform was entirely
beneficial, as some studies found improvements in
mortality rates following the duty hour policy
changes and others demonstrated trends of stagnancy
or increased mortality.

Our study examined the association of duty hour
restrictions on mortality in patients with primary
discharge diagnoses of disorders or diseases of the
nervous system. Furthermore, our study was designed
to provide a novel approach to assess the effects of the
changes in the ACGME standards. The existing
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literature examining the effect that the resident duty
hour reform has had on patients dealing with
neuropathology is rather limited. Furthermore, the
studies that have attempted to assess this topic have
predominantly focused on single site analyses of
patients with specific diagnoses or procedures. Due
to the current gaps in the literature, our study has
examined the larger, more generalized cohort of
patients by expanding the study sample to include
all patients with neuropathology. The goal of this
study was to determine if there was an association
between the outcomes for this particular patient
group and the ACGME standards modifications.

Methods

Data Source and Description

The Healthcare Cost and Utilization Project (HCUP)
is a nationwide resource for patient data and is
maintained by the Agency for Healthcare Research
and Quality. They collect hospital discharge informa-
tion from nonfederal, short-term, general, and spe-
cialty-specific hospitals.'"* The Nationwide Inpatient
Sample (NIS) approximates a 20% stratified sample
of the hospitals represented in the HCUP database.
These stratified data are weighted to generate
nationally representative estimates. Individual records
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in the HCUP databases represent discrete hospital
discharges and not necessarily discrete patients.

Since the data used have no patient identifiers, the
University of Texas Health Science Center at San
Antonio has exempted NIS data from Institutional
Review Board review.

Case Definitions

Major diagnosis categories (MDCs) represent broad
groups of diagnosis-related groups (DRGs) related to a
particular organ or system, and not an etiology. DRGs
group patients based on diagnosis, procedure, age, and
other relevant criteria. Every hospital stay is assigned a
single MDC and DRG." Our study examined the
domain of patients with primary discharge diagnoses of
Diseases and Disorders of the Nervous System
(MDCO01), which means that their neuropathology
diagnosis was the primary reason for their admission
deemed at the time of discharge. The HCUP-Net query
system can be used to search the DRGs that compose
MDCO1 by year (http://hcupnet.ahrq.gov).

Hospitals included in this database were divided
into 2 cohorts based on teaching status. The
determination of teaching status was defined by the
American Hospital Association Annual Survey, and
teaching hospitals were defined as those that had
American Medical Association—approved residency
programs, were members of the Council of Teaching
Hospitals and Health Systems, or had full-time
equivalent intern- and resident-to-bed ratios of 0.25
or higher.'> HCUP limited patients examined to those
18 years of age or older, excluding pediatrics patients.
The primary outcome was in-hospital mortality,
which included all mortality that occurred in the
hospitals, intermediate care facilities, skilled nursing
facilities, and freestanding hospices."’

Study Sample

A retrospective cohort study was performed using the
NIS from 2000 to 2010. The study period was

Box ACGME Resident Duty Hour Reform Policies of July 1,
2003

Resident Duty Hour Restrictions
80 hours per week limit (4-week average)

24-hour limit of continuous work

6-hour minimum allotted for transfer of care and
educational activities

10 hours minimum off between periods of duty
1 in 7 days off of patient care

On call to be no more frequent than every third night

Abbreviation: ACGME, Accreditation Council for Graduate
Medical Education.
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What was known and gap

The community continues to question the effect of the 2003
standards limiting resident duty hours, with studies to date
producing conflicting findings.

What is new

An analysis of the relationship between duty hour limits and
mortality in patients with disorders or diseases of the
nervous system.

Limitations
Inability to rule out confounders or to select only teaching
hospitals with neurology and neurological surgery programs.

Bottom line
The data showed higher mortality in teaching hospitals after
implementation of the 2003 standards.

selected to examine mortality trends in pre-reform
(2000-2002), peri-reform (2003), and post-reform
(2004-2010) periods in relation to the duty hour
policy implementation. Adult patients with a primary
discharge diagnosis of disease or disorder of the
nervous system (n =4 802 979) were included in the
analysis. Data from hospitals with unknown teaching
status were excluded.

Statistical Analysis

A univariate logistic regression model for complex
survey designs (proc surveylogistic, SAS version 9.4,
SAS Institute Inc, Cary, NC) was used to estimate the
association between mortality and hospital teaching
status by year. Patients with MDCO1 were identified
by querying the NIS database from 2000 to 2010.
Pre-reform (2000-2002), peri-reform (2003), and
post-reform (2004-2010) period trends were dis-
played graphically. Odds ratios relating in-hospital
mortality with the teaching status of the hospital,
95% confidence intervals, and corresponding P values
for no association were determined by year. Confi-
dence intervals and P values were corrected for
multiple comparisons with the Bonferroni method.

Results
Patient Cohort

Of the total of almost 87 million discharges, the final
analysis included nearly 5 million with a primary
disease or disorder of the nervous system. Over the
11-year period of these databases, a total of 10367
unique hospitals were sampled, of which 1804
(17.4%) were teaching hospitals and 901 (8.7%)
were teaching hospitals visited by the patients
experiencing neurological conditions. Among those
discharges occurring with neurological conditions,
50.5% (11869542 of 23526071) occurred at
teaching hospitals, and this percentage ranged from
46.3% (984073 of 2127522) in 2005 to 55.9%
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TABLE
Mortality Comparisons of MDCO1 Between Teaching and Nonteaching Hospitals by Year

Year | Teaching Mortality, % | Nonteaching Mortality, % | Odds Ratio (95% Cl) | Raw P Value | Bonferroni P Value

2000 4.73 4.86 0.974 (0.869-1.091) 51 > .99

2001 4.70 4.60 1.023 (1.116-0.901) .62 > .99

2002 4.56 4.54 1.003 (0.895-1.124) 93 > .99

2003 4.55 443 1.028 (0.912-1.159) 51 > .99

2004 4.82 4.05 1.200 (1.057-1.364) < .001 < .001

2005 3.93 4.07 0.965 (0.828-1.126) 51 > .99

2006 4.20 3.72 1.136 (1.002-1.288) .004 .043

2007 4.04 3.54 1.148 (1.003-1.315) .004 .042

2008 4.02 3.69 1.093 (0.950-1.257) .073 .80

2009 3.86 3.40 1.139 (0.991-1.309) .008 .09

2010 4.00 3.36 1.200 (1.040-1.384) .0003 .003

Abbreviations: MDC, major diagnosis category; Cl, confidence interval; HCUP, Healthcare Cost and Utilization Project.

Note: Mortality rates by hospital teaching status for patients with MDCO1 were queried from HCUP-Net Nationwide Inpatient Sample data from 2000 to
2010. Odds ratios were calculated and pairwise t tests were performed with Bonferroni corrected P values and confidence intervals to account for the 11
a priori tests. Years of statistically significant difference in mortality between teaching and nonteaching hospitals are indicated in bold.

(1281307 of 2293759) in 2010. Discharges from
hospitals with unknown teaching status were exclud-

ed.

Mortality Analysis

The respective mortality rates for teaching and non-
teaching hospitals by year, along with P values, odds
ratios, and 95% confidence intervals are displayed in
the TaBLE. The pre-reform period (2000-2002) and
peri-reform period (2003) revealed no difference
between teaching and nonteaching hospital mortality
in MDCO1 admissions. The post-reform period saw
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FIGURE

Nervous System Disease/Disorder Mortality by Hospital
Teaching Status

Abbreviations: MDC, major diagnosis category; HCUP, Healthcare Cost and
Utilization Project; NIS, Nationwide Inpatient Sample.

Note: Mortality rates by hospital teaching status for patients with MDCO1
were queried from HCUP-Net NIS data from 2000-2010. Values were
plotted for each year of the study period. Teaching hospitals = light gray
dashed line; nonteaching hospitals = dark gray solid line; duty hour
restriction implementation = vertical dashed line.
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teaching hospital mortality increase rapidly, rebound,
and then decline at a slower rate compared to the
steady decline observed in nonteaching hospitals
(FIGURE). Years 2005, 2008, and 2009 did not meet
our study’s standards for significance. The remaining
post-reform years demonstrated significantly greater
mortality rates in teaching hospitals compared to
nonteaching hospitals.

Discussion

This study demonstrates a potential association
between the 2003 duty hour changes and increased
mortality in teaching hospitals versus nonteaching
hospitals in primary discharge diagnoses involving
nervous system pathology. In contrast, from 2000 to
2003, differences in mortality rates for these diagno-
ses were not observed. Over this decade, mortality
declined for both types of hospitals.

The current literature details possible explanations
for how the duty hour reform may have negatively
affected patient care. Hutter and colleagues'® noted
concerns regarding the professional development of
future surgeons, as well as challenges transitioning
from a patient-oriented mentality to one of a shift-
worker. However, these concerns of diminished
resident professionalism due to development of a
“shift work” mentality remain debated in the
literature as possibly being overstated.!” Other
concerns include diminished continuity of care, more
frequent resident handoffs, and a general reduction in
a training physician’s clinical experience.'®** These
potential challenges brought on by the duty hour
restrictions may provide some explanation for the
mortality trends observed in our study.
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Although limited in quantity, there are several
studies that have examined the duty hour reform’s
effects on specific nervous system pathology patient
populations. Many of these studies have demonstrat-
ed worse patient outcomes following the duty hour
reform, including neurological surgery trauma, cra-
niotomy for meningiomas, spinal surgeries, brain
tumors, and cerebrovascular neurological proce-
dures.>*7*° These authors stipulated that the training
and performance of neurological surgery residents is
particularly vulnerable to the limitations that the duty
hour reform placed on them. Furthermore, Grady and
colleagues'® suggested that the reform may have
exchanged the risks of resident fatigue for those of an
inexperienced neurological surgery workforce. In
contrast, 1 study found no difference in acute
ischemic stroke mortality after the implementation
of the duty hour reform.?” While these studies
individually examine very specific patient popula-
tions, cumulatively they may suggest that some
patients are more susceptible than others to the
obstacles the reform has placed on physicians.

This study has several limitations. The design
allows merely the identification of an association
between duty hour limits and mortality in patients
with neuropathology diagnoses, and cannot attribute
causality. Potential confounders include the tendency
of teaching hospitals to have higher case complexity,
to have patients with more comorbidities, and to have
different demographic compositions. Additionally,
not all teaching hospitals have accredited neurological
surgery and/or neurology residency programs, and the
NIS data limited our ability to identify these
institutions.

Furthermore, variables such as severity of injury,
chronicity, acuity, and comorbidities are not cap-
tured in this national database, thus confounding our
ability to normalize for these variables. We attempt-
ed to add a novel perspective by using the broad
patient cohort of MDCO01; however, the generaliza-
tion that subsequently occurs with this approach
must be noted as a limitation due to the many
unknowns regarding specific DRGs that may be
driving the observed mortality fluctuations. Mortal-
ity may not necessarily be the best indicator for
quality of care for every DRG, as benign diseases
may never result in death regardless of the patient
care. Future studies should attempt to account for
these unknowns.

Conclusion

Prior to the implementation of the ACGME duty hour
reform, the mortality rates of patients with nervous
system pathology were comparable regardless of

ORIGINAL RESEARCH

hospital teaching status in a national database that
did not control for other differences between these
hospitals. Following the reform, mortality rates for
this patient population diverged between teaching
and nonteaching institutions, with higher mortality
rates observed in teaching hospitals for 4 of the next 7
years.
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