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I nterhospital transfer (IHT) may lead to gaps in information
between transferring and receiving care teams. Transferred

patients experience higher cost per hospital day than non-
transferred patients, which may be partially explained by
incomplete information exchange leading to duplicate test-
ing.1, 2 Electronic health record (EHR) interoperability pre-
sents a possible solution, allowing for instant transfer of clin-
ical information and reducing the need to order duplicate
tests.3, 4 We evaluated whether the implementation of a shared
EHR reduced duplicate diagnostic imaging during IHT.

METHODS

We performed a retrospective, pre-post study involving pa-
tients transferred from a community hospital to a tertiary care
hospital in Massachusetts. We included all inpatients trans-
ferred to general medicine, oncology, or cardiology services in
the year before and after implementation of a shared EHR
(July 2017).
The primary outcome was odds of transfer with at least one

duplicate imaging study. For each computed tomography
(CT), magnetic resonance imaging, transthoracic echocardio-
gram (TTE), and non-TTE ultrasound ordered within 48 h
after transfer, we used chart review to determine if a duplicate
study—defined as same modality and body area—had been
performed within 7 days prior to transfer. We also used two
stricter definitions of duplicate images: (1) studies that utilized
similar technique (e.g., contrast vs non-contrast CT) and (2)
studies without a documented clinical reason.
We used chi-squared and t tests to compare patient charac-

teristics pre- versus post-shared EHR. We used univariate and
multivariate logistic regression to obtain the odds of transfer

with duplicate imaging post- versus pre-shared EHR,
adjusting for demographics, admission service, calendar quar-
ter (to account for residency training effects and seasonal case
mix variation), and comorbidity and to identify independent
predictors of duplicate imaging. All analyses were performed
in Stata 15 (StataCorp, College Station, TX).

RESULTS

We identified 109 patient transfers in the year before and 92
patients in the year after shared EHR implementation. Patient
demographics, transfer characteristics, and illness severity
were similar between the two groups. A total of 209 imaging
studies were ordered after transfer, of which 59 (28.2%) were
duplicates.
Our primary analysis demonstrated a non-significant trend

toward decreased adjusted odds of duplicate imaging, post-
versus pre-shared EHR (Table 1). Results were similar using
both stricter definitions of duplicate imaging.
Transfers to the cardiology service, transfers of white non-

Hispanic patients, and transfers duringOctober–December (com-
pared with July–September) were associated with increased ad-
justed odds of transfer with duplicate imaging (Table 2).

DISCUSSION

We did not detect a significant difference in duplicate imaging
after transfer following the implementation of a shared EHR.
Though the 37% observed reduction would be clinically
meaningful, this study was underpowered to show this differ-
ence. Larger studies are needed to explore the potential for
increased EHR interoperability to mitigate unnecessary re-
source utilization during IHT.
We found that 1 in 4 transferred patients underwent dupli-

cate imaging, consistent with prior studies of Emergency
Room and pediatric patient transfers.4, 5 While some duplicate
imaging may be clinically necessary, we only found support-
ive documentation for one-third of studies, suggesting that
most may be unnecessary and potentially avoidable.
White non-Hispanic patients had greater adjusted odds of

undergoing duplicate imaging, which supports prior findings

Received July 31, 2019
Accepted September 11, 2019

1617

Published online October 24, 2019

35(5):1617–19

http://crossmark.crossref.org/dialog/?doi=10.1007/s11606-019-05355-2&domain=pdf


of racial disparities within IHT.6 We also noted more duplicate
imaging among cardiology transfers and seasonal effects of
unclear significance.
Notably, the shared EHR we studied allowed review of

imaging reports but not actual images. Digital sharing of
radiology images between hospitals may be necessary to fur-
ther reduce unnecessary duplicate testing.
Our study was limited to examining transfers between a

single community hospital and academic medical center, but
given the known high frequency of redundant testing during
IHT, our findings may be applicable to similar institutions.

Additionally, we evaluated the year immediately following
shared EHR implementation; duplicate testing may drop fur-
ther once clinicians becomemore familiar with the capabilities
of health information exchange. Lastly, our methodology is
subject to confounding by temporal trends, though we are
unaware of any cointerventions.

CONCLUSION

Duplicate imaging studies are common after IHT. While we
did not detect a significant reduction in duplicate imaging after
shared EHR implementation, the results of our study suggest
the potential of health information exchange and indicate the
need for larger studies to investigate whether real-time elec-
tronic clinical data sharing may reduce unnecessary resource
utilization after transfer.
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Time period
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Age, per year 1.00 (0.98,1.03) 0.98 (0.95, 1.01)
Sex
Male Reference Reference
Female 1.20 (0.63, 2.27) 1.59 (0.68, 2.73)

Race/ethnicity
Other† Reference Reference
White, non-Hispanic 4.55 (1.32, 16.67) 3.70 (1.00, 12.5)

Insurance
Commercial Reference Reference
Other‡ 1.12 (0.58, 2.20) 1.10 (0.47, 2.59)

Admission service
Medicine, oncology Reference Reference
Cardiology 4.60 (1.84, 11.46) 4.25 (1.60, 11.31)

Admission date
July–September Reference Reference
October–December 3.43 (1.27, 9.27) 3.64 (1.20, 11.01)
January–March 1.70 (0.60, 4.79) 1.52 (0.50, 4.62)
April–June 0.83 (0.29, 2.40) 0.79 (0.25, 2.48)

Elixhauser Comorbidity
Index, per point

0.97 (0.82, 1.14) 1.02 (0.98, 1.06)

APR-DRG weight, per point 1.00 (0.97, 1.03) 0.91 (0.76, 1.10)

*Each variable adjusted for all other variables shown in the table.
Italicized values are statistically significant (p < 0.05)
†Includes Hispanic, Black or African American, Asian, or unavailable
‡Includes Medicare, Medicaid, and other
OR, odds ratio; EHR, Electronic Health Record; APR-DRG, All Patients
Refined Diagnosis-Related Group

Table 1 Frequency of Duplicate Images Before and after Implementation of a Shared EHR

Frequency of at least one duplicate
imaging study after transfer, N (%)

Odds ratio, post- versus pre-shared
EHR, OR (95% CI)

Pre-shared EHR
(N = 109)

Post-shared EHR
(N = 92)

Unadjusted Adjusted*

Primary analysis
Baseline definition of duplicate images 32 (29.4%) 19 (20.7%) 0.63 (0.33, 1.20) 0.66 (0.32, 1.36)

Secondary analyses
Stricter definition of duplicate images† 28 (25.7%) 18 (19.6%) 0.70 (0.36, 1.38) 0.75 (0.36, 1.57)
Duplicate images without clinical reason provided 24 (22.0%) 13 (14.1%) 0.58 (0.28, 1.22) 0.62 (0.28, 1.39)

CI, confidence interval; EHR, Electronic Health Record; OR, odds ratio
*Adjusted for patient age, sex, race/ethnicity, insurance, admission service, calendar quarter, Elixhauser Comorbidity Index, and APR-DRG weight
†Duplicate image defined as same technique (e.g., “with contrast” versus “without contrast”), in addition to baseline definition (same modality and
body part)
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