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ABSTRACT

Background The Accreditation Council for Graduate Medical Education reforms in 2003 instituted an 80-hour weekly limit for
resident physicians. Critics argue that these restrictions have increased handoffs among residents and the potential for a decline in
patient safety. “Never events” hospital-acquired conditions (HACs) are a set of preventable events used as a quality metric in
hospital safety analyses.

Objective This analysis evaluated post-work hour reform effects on HAC incidence for US hospital inpatients, using the National
Inpatient Sample.

Methods Data were collected from 2000-2002 (pre-2003) and 2004-2006 (post-2003) time periods. HAC incidence in academic
and non-academic centers was evaluated in multivariate analysis assessing for likelihood of HAC occurrence, prolonged length of
stay (pLOS), and increased total charges.

Results The data encompassed approximately 111 million pre-2003 and 117 million post-2003 admissions. Patients were 10%
more likely to incur a HAC in the post-2003 versus pre-2003 era (odds ratio [OR] = 1.10; 95% confidence interval [CI] 1.06-1.14;
P < .01). Teaching hospitals exhibited an 18% (OR = 1.18; 95% Cl 1.11-1.27; P < .01) increase in HAC likelihood, with no change
in nonteaching settings (OR = 1.03; 95% Cl 1.00-1.06; P > .05). Patients with > 1 HAC were associated with a 60% likelihood of
elevated charges (OR = 1.60; 95% Cl 1.50-1.72; P < .01) and 65% likelihood of pLOS (OR = 1.65; 95% Cl 1.60-1.70; P < .01).

Conclusions Post-2003 era patients were associated with 10% increased likelihood of HAC, with effects noted primarily at
teaching hospitals.

Introduction an incentive to accelerate safety programs.'’'? The
CMS recently estimated there have been 50 000 lives
and $12 billion saved since the creation of the HAC
program (2010-2014), with a 17% decrease in
HAGs.">'* The Agency for Healthcare Research
and Quality (AHRQ) noted an 87 000 reduction in
patient mortality and $19.8 billion health care costs
savings as a result of HAC reductions.

HACs have been utilized as hospital quality
outcome measures in studies.'®'">1%1” No prior study
has evaluated the national incidence of HACs before
and after the institution of the 2003 ACGME duty
hour limits.

In July 2003, the Accreditation Council for Graduate
Medical Education (ACGME) instituted new require-
ments that included changes in resident duty hour
standards to promote higher quality and safety of care
for patients.'™ This included an 80-hour weekly limit
to reduce medical errors that potentially result from
resident sleep deprivation.>™ In response, some have
noted the potential for increased frequency of patient
handoffs in teaching settings.'

Efforts to reduce errors led the Centers for
Medicaid & Medicare Services (CMS) to publish in
2008 a set of egregious, preventable hospital compli-
cations termed “never events.”” These events repre-
sented hospital-acquired conditions (HACs), such as Methods
catheter-associated urinary tract infections, which are Aggregate analysis was conducted from all discharges
deemed serious, costly, and resulting from preventable porween the years of 20002002 and 2004-2006
medical errors, subsequently not qualifying for CMS  ¢.0 " 1o National Inpatient Sample (NIS). This
reimbursement (8ox).5 ! Indicators aimed to shift the database is compiled annually by the AHRQ’s
burden of complications from patients to hospitals as  yealthcare Cost and Utilization Project. The NIS
contains built-in weights allowing calculation of
DOI: http://dx.doi.org/10.4300/JGME-D-16-00055.1 population estimates and extrapolation of the results
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Box Hospital-Acquired Conditions

Condition
= Surgical site infection (SSl), mediastinitis, following
coronary artery bypass graft

=SSl following certain orthopedic procedures (spine, neck,
shoulder, elbow)

= SSI following bariatric surgery for obesity (laparoscopic
gastric bypass, gastroenterostomy, laparoscopic gastric
restrictive surgery)

=SSl following cardiac implantable electronic device
= Foreign object retained after surgery

« Catheter-associated urinary tract infection

= Vascular catheter-associated infection

= Deep vein thrombosis and pulmonary embolism following
certain orthopedic procedures (total knee replacement, hip
replacement)

= Falls and trauma

» Manifestations of poor glycemic control
= Air embolism

= Blood incompatibility

= Pressure ulcers

= latrogenic pneumothorax with venous catheterization

to national estimates.'®

Two time periods were
analyzed: 2000-2002, prior to the implementation
of the work hour limits (pre-2003 era), and 2004—
2006, immediately after implementation of the
reforms (post-2003 era). The year 2003 was omitted
from analysis to account for possible institutional
transition periods for hospitals to adjust to the new
mandates.’

Each discharge was treated as an independent
event due to the lack of unique patient identifiers.
Hospital and patient factors were included in NIS as
categorical variables. Patient age, length of stay, and
total hospital charges were recoded as categorical
variables for statistical analyses. Severity of admis-
sion was adjusted for use of the admission source,
admission type, and Elixhauser comorbidity index
variables included in the NIS. The Elixhauser
comorbidity index is a set of comprehensive comor-
bidity measures associated with in-hospital mortal-
ity, all-cause mortality, and health care expenditures,
designed for the use of large administrative databas-
es and utilized in many prior NIS studies,!'%16:1%-20
HACs were defined using CMS-provided criteria by
means of International Classification of Disease,
ninth revision, Clinical Modification.® Outcomes of
interest included occurrence of HACs, prolonged
length of stay (pLOS), and elevated inpatient costs.
The pLOS and elevated inpatient costs were defined
as > 90th percentile for each category (> 9 days,
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What is known and gap

Work hour limits instituted in 2003 have increased patient
handoffs, and their impact on safety and quality of care is
unclear.

What is new

A study using the National Inpatient Sample assessed the
effect of work hour limits on the incidence of hospital-
acquired conditions (HACs).

Limitations
Use of administrative data limits the ability to draw
conclusions.

Bottom line

HACs incidence and the associated impact increased in
teaching hospitals, with no corresponding change in non-
teaching institutions.

> $51,099.04). Charges were adjusted for inflation
to reflect 2014 US dollars.

Multivariable analyses were conducted using SAS
version 9.4 (SAS Institute Inc, Cary, NC) to assess the
relationships between HAC occurrence with patient,
hospital, and severity factors. The CLUSTER state-
ment was used to adjust for patients nested with a
hospital. The primary predictor evaluated was ad-
mission in the pre-2003 era versus the post-2003 era.
Analysis was adjusted for patient (race, payer status,
age, and sex) and hospital (location, region, teaching
status, and bed size) factors. We stratified analyses by
teaching status separately to account for the presence
of residents. Additional analyses modeled pLOS and
higher inpatient cost occurrence. In our supplemen-
tary analysis, we adjusted for admission type and
admission source to further adjust for severity of
admission. Finally, to account for the missing data,
we conducted a multiple imputation analysis using
the methods outlined by Berglund®*! and adapted for
the NIS as our tertiary analysis.'’

This study was declared exempt by the University
of Southern California Health Sciences Campus
Institutional Review Board.

Statistical significance was defined as a P value
< .05. All descriptive and regression analyses were
performed using SAS version 9.4.

Results

There were a total of approximately 111 million pre-
2003 and 117 million post-2003 hospital admissions.
In the post-2003 era, 4.4 million admissions (3.8%)
had at least 1 HAC, compared with the pre-2003 era,
where 3.9 million (3.5%) had HACs (TABLE 1).
Baseline univariate analyses indicated a 7% in-
crease in the odds of HAC occurrence in the post-
2003 era (odds ratio [OR] =1.07; 95% confidence
interval [CI] 1.03-1.11; P <.01). Multivariable
analysis further supported this in the aggregate
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TABLE 1 TABLE 1
Sample Demographics Continued
n % n %
Race Hospital bed size
White 114 313 817 50.0 Small 27 610 360 12.1
Black 22 525 522 9.9 Medium 58 922 724 25.8
Hispanic 21 408 183 9.4 Large 142 019 931 62.1
Asian Pacific Islander 4 013 583 1.8 Missing 132 096 0.1
Native American 790 087 0.3 Hospital location
Other 5178 867 23 Rural 32 665 032 14.3
Missing 60 455 051 26.4 Urban 195 887 984 85.7
Payer information Missing 132 096 0.1
Medicare 84 103 409 36.8 Hospital region
Medicaid 41 640 053 18.2 Northeast 45 446 724 19.9
Private insurance 83 676 790 36.6 Midwest 52 881 645 23.1
Self-pay 10 946 941 48 South 86 976 043 380
No charge 877 926 0.4 West 43 380 700 19.0
Other 6 969 533 3.0 Hospital teaching status
Missing 470 460 0.2 Nonteaching 126 625 921 55.4
Age category, y Teaching 101 927 094 44.6
<18 41 041 014 17.9 Missing 132 096 0.1
19-30 26 767 143 11.7
30-40 23 285 703 102 sample, revealing that post-2003 admissions had a
40-50 22 998 729 101 10% increased likelihood of incurring a HAC during
065 37917 128 166 admission compared with admissions in the pre-2003
era (TAaBLE 2). The slope of HAC change per year (OR
65-80 47 716 732 20.9 . .
between 2 consecutive years) remained the same for
=~ 80 28958661] 127 the pre-2003 (OR =0.99; 95% CI 0.97-1.02;
Elixhauser comorbid conditions P >.05) and post-2003 (OR = 0.99; 95% CI 0.96—
No conditions 88 992 018 389 1.02; P >.05) eras, indicating no baseline increase.
One condition 46 037 724 20.1 Teaching hospitals were also 29% more likely to be
Two or more conditions 93 655 369 41.0 associated with HACs compared to non-teaching
Sex hospitals (OR = 1.29; 95% CI 1.22-1.36; P < .01).
Male 93 550 548 40.9 In a second analysis, we utilized the same model
Female 134 752 280 8.9 but stratified the data by teaching status. Teaching
Missing 382 283 02 hospital patients were 1‘8% more likely to have a
Admission source HAC during admission in the post-2003 compared
with the pre-2003 era (OR =1.18; 95% CI 1.11-
Emergency department 95 799 816 419 1.27; P <.01). In contrast, for non-teaching hospi-
Ancther hospital 7 638 288 33 tals the post-2003 era revealed a nonsignificant
Other health care facility 3 325 536 1.5 impact on HAC rates (OR =1.03; 95% CI 1.00-
Court/law enforcement 232 286 0.1 1.06; P =.05). Our multiple imputation tertiary
Routine 116 784 709 51.1 analysis noted similar findings, with an aggregate
Missing 4904 477 2.1 duty hour effect of 10% (OR =1.10; 95% CI 1.05-
Admission type 1.14; P <.01) and stratified results of 19%
Emergency o ascse] 385 | (OR=1.19 95% CI 1.10-1.27; P <.01) and 2%
Urgent 41 968 230 184 (OR = 1.02; ?5% CI 0.9?—1.06; P :.;5) for teaching
Flective 51 726 084 26 and nonteaching populgtlgns, reispectlvel.y. ‘
The secondary analysis involving severity of admis-
Newborn 21 065 456 92 sion did not alter the results noted above. Post-2003
Trauma (beginning 2003) 318 782 0.1 patients had a 6% increased odds of HAC occurrence
Other 108 594 0.0 compared with pre-2003 patients (OR = 1.06; 95% CI
Missing 26 019 321 114 1.03-1.10; P <.01). In stratification by teaching
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TABLE 2 TABLE 2
Duty Hour Era Predictors of Hospital-Acquired Conditions Continued
odds | % P odds 95% P
Ratio I ) Value Ratio Confidence Value
Interval Interval
Patient Predictors Hospital bed size
Duty hour Small Reference
Post-duty hour era 1.10 1.06-1.14 |< .0001 Medium 1.13 1.06-1.23 .0005
Pre-duty hour era Reference Large 1.19 1.12-1.26 < .0001
Race
White Reference hospital status, our new results mirrored the prior
Black 0.68 | 0.65-0.71 |<.0001| ones, with patients in teaching hospitals in the post-
Hispanic 075 | 0.71-080 |< .0001| 2003 era experiencing 11% increased odds of HAC
Asian Pacific Islander | 0.61 | 057-066 |< .0001| occurrence (OR=1.11; 95% CI 1.03-1.18; P < .01)
Native American 108 | 090-128 4260| and non—teaching hospital patients showing no signif-
Other 087 0.80-0.94 000s| icant increase in HACs (OR =1.02; 95% CI 0.99-
Payer information 1.05; P =.16). o )
Medicare 092 | 089095 l< 0001 The occurrence gf HACS was a significant predictor
— for both elevated inpatient charges and pLOS. HAC
Medicaid 0.70 0.67-0.73 | < .0001 . . .
occurrence was associated with a 60% increased
Private insurance Reference likelihood of incurring high inpatient charges in this
self-pay 205 | 194-216 |= .0001| ,hulation (OR = 1.60; 95% CI 1.50-1.72; P < .01).
No charge 1.69 142-2.02 |< 0001| Gimjilarly, patients seen in the post-2003 era had 92%
Other 244 | 228-261 |<.0001| jncreased likelihoods of having a higher-cost hospi-
Age category, y talization (OR =1.92; 95% CI 1.83-2.02; P <.01).
<18 0.17 0.16-0.18 |< .0001| Patients with a HAC had a 65% increased chance of
19-30 028 | 026-029 |<.0001| having a hospitalization with a pLOS of 11 or more
30-40 0.25 026-029 |< .0001| days compared with those who did not have a HAC
2050 031 | 030031 1= 0001l (OR=1.65; 95% CI 1.60-1.70; P <.01). Of note,
50-65 029 | 028-030 |< 0001 patients. ad.mitted in the post-2003 era had a 10%
6580 045 | 044045 |= o0oo1| lower likelihood of a pLO.S‘ (OR:Q.90; 95% CI
~ 80 0.45 044-045 1< 0001 0.87—0..92; P <.01). Afidltlona.lly? in our linear
- - — regression analyses, hospital admissions in the post-
Elixhauser comorbid conditions
2003 era cost, on average, $5,546 more than pre-
No conditions Reference 2003 era hospitalizations and also had approximately
1 condition 090 | 088-092 |< 0001 149 shorter LOS. HAC occurrence was associated
2 or more conditions | 072 | 071-074 |<.0001| with $12,686 increased cost on average and 140%
Sex longer LOS compared to patients with no HACs.
Female 0.79 0.77-0.82 |< .0001
Male Reference Discussion

Hospital Predictors

Hospital region

Northeast Reference

Midwest 1.14 1.05-1.23 .0017

South 1.12 1.03-1.21 .0053

West 1.24 1.14-1.35 (< .0001
Hospital location

Rural Reference

Urban 0.99 | 0.95-1.02 | 4184

Hospital teaching status

Nonteaching Reference

Teaching 129 | 122-136 |< .0001
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This study quantifies the effect associated with the
ACGME reforms on preventable HACs in a national
sample before (2000-2002) and after (2004-2006)
implementation of the reform, as well as effects on
pLOS and costs. Aggregate analysis of all US inpatient
admissions indicated a HAC prevalence of 3.5% in
the pre-2003 and 3.8% in the post-2003 era, and
found that patients admitted in the post-2003 era
were 10% more likely to incur a HAC.

Our stratified results indicate increases in likelihood
of incurring a HAC during hospitalization in teaching
centers. These results are similar to those found in
prior studies that conducted similar analyses in specific
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subspecialties.’>*? The increased likelihood of HAC
occurrence in teaching hospitals in the post-2003 era
may be attributable to the presence of trainees and
compounded by the ACGME work hour reforms,
leading to an understaffed training workforce with less
time to care for patients.>*®> As non—teaching hospitals
should not be significantly affected by these policies,
the small, non-statistically significant change in HAC
frequency in these hospitals between the pre- and post-
2003 periods serves as a control rate and as a baseline
rate of HAC change over time exclusive of postgrad-
uate resident involvement.

Severity of hospital admission could predispose to
HAC occurrences. To address this confounder, we
incorporated NIS database elements of admission
type and source into our analysis. Emergent admis-
sion types and sources were associated with up to 3
times increased likelihood of HAC occurrence.
Despite these adjustments, our findings of increased
HAC occurrence probability remained stable, as did
our findings after stratification by teaching status.
Similar results were also seen among our multiple
imputation analyses to adjust for missing data. Also,
socioeconomic factors have been shown to predispose
to HAGs in prior specialty studies.”**” However, this
was not found in our study and could be secondary to
our cohort’s significantly larger sample size, and our
results may be representative of the population in
general. Our results are consistent with the findings of
other aggregate NIS studies.'®!®

The association of reforms with increased HAC
frequency may be due to multiple reasons. Increased
number of informational exchanges during handoffs
has been cited as a source of medical errors in
multiple studies.*®**?° Another study found wide
agreement within surgical resident perception that
continuity of care was disrupted and that errors were
more likely.?® Studies have further cited increased
cross-coverage, decreased patient exposure, increased
reliance on midlevel practitioners, limited operative
experience for surgical cases, and inability to develop
appropriate situational judgment.*?>2°-32

Previous studies have evaluated patient mortality
following implementation of reforms.**** Increases
in the number of handoffs by medical providers to
maintain continuity of care has been noted to increase
the risk of adverse events.>~>® Several studies have
also found both equivocal and improved mortality
outcomes following implementation of duty hour
restrictions.?”>*3* Due to mixed results, an assess-
ment of morbidity represented by a quality outcome
such as HACs, rather than mortality, may be more
effective at evaluating patient care and hospital
processes following ACGME reform.'”

ORIGINAL RESEARCH

The occurrence of complications leading to higher
chances of elevated costs and longer LOS is consistent
with prior research.'***® Admission during the post-
2003 era was also associated with a 10% decreased
likelihood of higher inpatient charges. These results are
consistent with other studies,*""** potentially indicat-
ing an aspect of improvement as a result of duty hour
reforms.*""*3 Regardless, our results indicate that HAC
occurrences are major drivers of substantially higher
costs and LOS, both of which place large burdens on
patients and the health care system.

This study is limited by the constraints of an
administrative database that may not account for all
demographics, acuities, and comorbidities of inpa-
tient populations. Analysis relied on the reporting of
HACs, with a risk for errors and bias when
determining patient outcomes and HAC status.*?
The use of administrative data limits the conclusions
we can draw regarding how hospitals adjusted to the
new mandate.** Additionally, it is possible that
teaching institutions may have been more adept at
tracking HACs, which may bias results. Finally, NIS
does not include financial aspects of care, which
may result in underestimation of total hospital
costs.*?

Conclusion

Assessing HAC frequencies pre— and post—-work hour
reform revealed that patients admitted to teaching
hospitals after implementation of the ACGME
reforms were more likely to incur HACs. HACs serve
as a proxy for quality of patient care and represent a
significant financial and human burden. The latter is
reflected in the association between HAC occurrence
and increased hospital charges and pLOS.
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