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ABSTRACT

Introduction Duplicate medical records occur when

a single patient is assigned multiple medical record
numbers within an instance of an electronic health
record, potentially associated with fragmented care

and adverse outcomes. Despite these concerns, limited
research has evaluated the correlation between duplicate
charts and patient outcomes.

Objective To examine the association between
duplicate charts and patient outcomes, including hospital
length of stay, 30-day readmission, rapid response
events, intensive care unit (ICU) level of care, and in-
hospital mortality.

Methods This retrospective cohort study analysed
hospitalised patients aged 18-89 across 12 hospitals
within a large multi-region health system from

July 1, 2022 to June 30, 2023. Propensity score
matching balanced covariates between patients with
and without duplicate charts. Primary outcomes
included in-hospital mortality, rapid response events,
ICU level of care, hospital length of stay, 30-day
readmission and 30-day emergency department
visits. Standardised mean differences assessed

group balance, and multivariable logistic or linear
regression models, adjusted for discharge service

and disposition, examined the relationship between
patients with and without duplicate records and the
selected outcomes.

Results After matching, 1698 patients with duplicate
charts were compared with 4388 without. Patients with
duplicate records had significantly higher odds of adverse
outcomes, including 30-day readmission (OR=1.3,
95%Cl 1.1to 1.5, p=0.0122), ICU level of care (OR=3.5,
95% Cl 3.1 t0 4.0, p<0.0001), and in-hospital mortality
(OR=4.7,95% Cl 3.7 to 6.0, p<0.0001). Additionally,
hospital length of stay was 32% longer (p<0.0001) for
patients with duplicate charts.

Conclusion Patients with duplicate medical

records demonstrated higher odds of adverse patient
outcomes compared with those without, including
increased mortality, ICU level of care, and prolonged
hospitalisation. These findings highlight the need

for research to understand the impacts of duplicate
charts.

,%> Nicholas Wood,?

WHAT IS ALREADY KNOWN ABOUT THIS
TOPIC

= Duplicate medical records are a source
of fragmented care and information
gaps. However, the relationship between
duplicate charts and patient outcomes
remains poorly understood.

WHAT THIS STUDY ADDS

= This propensity-matched cohort study
suggests that duplicate records are
associated with increased odds of
adverse inpatient outcomes, including
in-hospital mortality, intensity care unit
level of care, and 30-day readmission. To
our knowledge, this is the first study to
evaluate duplicate records’ association
with patient outcomes.

HOW THIS STUDY MIGHT AFFECT
RESEARCH, PRACTICE, OR POLICY

= These findings highlight the association
between duplicate medical records and
adverse patient outcomes, emphasising
the need for research to understand
the impacts of duplicate charts as well
as targeted interventions to improve
data integrity, enhance patient safety,
and inform policy changes in health
information management.

INTRODUCTION

Duplicate medical records arise when a
single patient is assigned multiple medical
record numbers within an instance of an
electronic health record (EHR).'"™ These
duplicates may pose challenges to health-
care efficiency, contribute to monetary
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costs and redundant medical workups, increase cogni-
tive burden on providers, and delay care delivery.

Most healthcare systems estimate their duplicate
record rate to be between 5% and 10%, although rates
vary across institutions.' > The American Health
Information Management Association recommends
a system-wide duplicate rate of 1% or less, yet only
229 of healthcare organisations meet this benchmark,
and just 61% actively track their duplicate rate.® One
study evaluating multiple healthcare systems found
that between 16.49% and 40.66% of records shared a
matching first and last name with another individual.
When birth dates were included as an additional iden-
tifier, this overlap decreased to 0.16% to 15.47%.
However, these findings suggest that duplicate records
may be more prevalent than commonly estimated, as a
substantial proportion of patient identifiers appear in
multiple charts.’

Key patient identifiers—such as legal name, date
of birth, and address—are common sources of
mismatches, leading to erroneous duplicate creation.*”
In a previous study conducted through our institution,
approximately 20% of duplicate charts were created
through unintentional error during emergency depart-
ment (ED) registration, with another 20% created
owing to a lack of patient-identifying information or
confirmation. The remaining duplicate charts were
strategically created through a standardised pathway
to expedite care for high-risk medical conditions,
including myocardial infarctions, strokes, and traumas.
These duplicate charts are created despite the patients
often having known identities.’

Despite the prevalence and perceived risks of dupli-
cate charts, their association with patient outcomes
remains poorly understood.?® Using propensity score
matching, this study aims to address this gap by evalu-
ating the relationship between duplicate charts and key
inpatient outcomes, including hospital length of stay,
30-day readmission, rapid response events, intensive
care unit (ICU) level of care, and in-hospital mortality.
We hypothesise that patients with duplicate medical
records experience longer lengths of stay and higher
odds of adverse outcomes compared with those with
single, accurate records.

METHODS

Study design and participants

This retrospective cohort study included patients aged
18-89 who were hospitalised at one of 12 partner
hospitals within a large multi-region system between
July 1, 2022, and June 30, 2023. Figure 1 summa-
rises the cohort selection. Eligible patients were those
discharged from medical, surgical, or orthopaedic
care teams. Encounters related to obstetrics, maternal
and child health services, and discharges performed
directly by ED personnel were excluded, given the
expected differences in clinical pathways and impli-
cations of duplicate records. For patients who had

103,190
encounters

Exclusions

o 1405 encounters before 7/1/2022 and
after 6/30/2023

* 431 patient age at encounter <18 or
>89

o 1,060 obstetric or pediatric admission
service

o 31 other discharge service

100,263
encounters

l |

Patient Patient
encounters with encounters
duplicate chart without
N=1.876 duplicate chart
N=08387
Y A
Retained first Retained first
encounter per encounter per
patient patient
N=12838 N=71437

| |

Excluded missing Excluded missing covariate
covariate data data and overlapping
Final pool for matching duplicate patients

N=1.707 Final pool for matching
N = 69,560
Matched Matched non-
duplicate cohort duplicate cohort
N=1698 N=47388
Figure 1  Cohort selection.

previously been assigned a duplicate chart, only the
first encounter with a duplicate chart during the study
period was included. For patients without any history
of duplication, the first eligible encounter within the
time frame was retained.

Clinical data were extracted from the Epic data
warehouse by Health Data Compass—a multi-
institutional data warehouse supported by the system
and its affiliates. Partial funding for data acquisi-
tion through Health Data Compass was provided by
the Clinical Effectiveness and Patient Safety Grant
Programme, supported by the Institute for Healthcare
Quality, Safety, and Efficiency. The Colorado Multiple
Institutional Review Board determined that the study
qualified as exempt.

Outcome measures

The primary outcome of this analysis was all-cause,
in-hospital mortality. Secondary outcomes included
ICU admission, occurrence of rapid response events,
and hospital length of stay. Additionally, patients were
followed for 30 days post discharge to assess rates of
hospital readmission and return visits to the ED.

Primary predictor

The primary explanatory variable was the patient
having a duplicate medical record during their hospital-
isation. Duplicate medical records were detected using
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Table 2 Outcomes after propensity matching

After matching

With Without
duplicate duplicate
chart chart Total
(n=1698) (n=4388) (n=6086)
Rapid response event
Yes 103 (6.1) 219 (5.0) 322 (5.3)
No 1595(93.9) 4169 (95.0) 5764 (94.7)
Care received in the ICU, n (%)
Yes 777 (45.8) 850 (19.4) 1627 (26.7)
No 921 (54.2) 3538 (80.6) 4459 (73.3)
Died during hospitalisation, n (%)
Yes 185(10.9) 109 (2.5) 294 (4.8)
No 1513 (89.1)  4279(97.5) 5792 (95.2)
Hospital length of stay 101 (51,219) 74 (45, 138) 79 (46, 159)
(hours), median (IQR)
Readmission within 30 days, n (%)
Yes 203 (12.0) 472 (10.8) 675 (11.1)
No 1495 (88.0)  3916(89.2) 5411 (88.9)
Return to ED within 30 days, n (%)
Yes 207 (12.2) 558 (12.7) 765 (12.6)
No 1491 (87.8)  3830(87.3)  5321(87.4)

ED, emergency department; ICU, intensive care unit.

a multistep approach. Epic’s ‘Duplicate Patient Detec-
tion and Management’ process is applied to search
for matched pairs within the master patient index.” In
addition, a manual process may be employed, where
a clinical staff member, registrar, or other employee
identifies that a patient has an additional chart in the
EHR. All potential duplicates identified via either
method underwent a manual review by a trained
data integrity professional to verify that the records
belonged to the same individual.

Statistical analysis

Propensity score matching

We employed propensity score matching to create
comparable groups based on observed covariates,
aiming for matched groups with similar distribu-
tions of baseline characteristics.'®* A logistic regres-
sion model was used to estimate the probability of a
patient having a duplicate medical chart, as a function
of variables measured at the time of patient admis-
sion. Variables hypothesised to be associated with
the primary outcome, patient death before discharge,
were included in the model, as were variables hypoth-
esised to be associated with the presence of a duplicate
record also found to be associated with the outcome
of interest. Covariates included in the propensity score
model were selected based on a combination of liter-
ature review and the clinical and operational experi-
ence of the study team. The following baseline covar-
iates were included: patient age, alert category (stroke
alert, trauma alert, or neither stroke nor trauma alert),

sex assigned at birth (male or female), race (Black
or African American, White or Caucasian, Amer-
ican Indian or Alaskan Native, Native Hawaiian or
other Pacific Islander, more than one race, or other),
ethnicity (non-Hispanic, Latino/a, or Spanish origin
or Hispanic, Latino/a, or Spanish origin), preferred
language (English, Spanish, or other), having a valid
social security number, having a hyphenated or spaced
last name, health insurance type (commercial, unin-
sured care, Medicaid, Medicare, self-pay, or other),
admission service (emergency medicine, not emer-
gency medicine), patient status (inpatient or obser-
vation), and Elixhauser Comorbidity Index assessing
the risk of in-hospital mortality derived using the Elix-
hauser Comorbidity Software Refined (v2022.1).

We explored multiple matching ratios (1:1, 2:1,
and 3:1) and calliper widths (0.1, 0.2, and 0.25) using
nearest neighbour matching and assessed covariate
balance. After comparing absolute standard mean
differences (SMDs) across these matching approaches,
3:1 nearest neighbour matching, with a calliper width
equal to 0.2 times the SD of the logit of the propen-
sity score, without replacement, was used to match
patients with a duplicate chart to patients without
a duplicate chart (maximum SMD - 0.0388; online
supplemental Appendix Figure 1). Propensity score
distributions showed strong overlap between exposed
(those with a duplicate chart) and unexposed (those
without a duplicate chart) groups after matching,
indicating adequate common support (online supple-
mental Appendix Figure 2).

Outcome analysis

Means and SD are reported for continuous variables,
while frequencies and proportions are reported for
categorical variables. We used multivariable regres-
sion modelling to examine the relationship between
patients with and without duplicate records and the
selected outcomes. Linear regression was used for
hospital length of stay, while logistic regression was
used for in-hospital mortality, rapid response events,
ICU level of care, 30-day readmission, and 30-day
return to the ED.

A natural log transformation was applied to length
of stay to conform to a normal distribution. The asso-
ciated change in hospital length of stay was calculated
by exponentiating the coefficient, subtracting one, and
expressing the result as a percentage. We employed
Firth’s penalised likelihood regression for the in-hos-
pital mortality outcome, which occurred in 2.5% of
patients without a duplicate chart during the study
period, to mitigate rare event bias. When analysing
hospital length of stay, readmission within 30 days,
and return to the ED within 30 days, patients who
died before discharge were excluded.

In addition, to account for other potential sources of
variability, we further adjusted for variables that were
not measurable at baseline but were hypothesised to
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Table 3 Unadjusted and adjusted odds between duplicate medical records and hospital outcomes

Unadjusted Adjusted

OR (95% Cl) P value OR (95%Cl) P value
Rapid response event* 1.2 (0.96 to 1.6) 0.0929 1.2(1.0to 1.6) 0.0810
Received care in the ICU* 3.5(3.1t04.0) <0.0001 3.5(3.1t04.0) <0.0001
Died during hospitalisation™ 48(3.8t06.1) <0.0001 4.7 (3.7 10 6.0) <0.0001
Readmission within 30 days*t 1.2 (1.0 to 1.5) 0.0129 1.3(1.1to 1.5) 0.0122
Return to ED within 30days™ t 1.1(0.9to0 1.25) 0.5268 .1(0.9t0 1.3) 0.2552

Percentage change P value Percentage change P value

(95%CI) (95%CI)
Hospital Length of Stay*t 46% (38 to 54) <0.0001 32% (25 to 39) <0.0001

*Adjusted for discharge service (medicine, surgery, or orthopaedics).

tAdjusted for discharge service (medicine, surgery, or orthopaedics) and discharge disposition (against medical advice (AMA), postacute care, home,

hospice, or in-hospital mortality).

be associated with the outcomes (discharge disposition
and discharge service). All models were also adjusted
for discharge service (medicine, surgery, or orthopae-
dics), and models for hospital length of stay, 30-day
readmission, and 30-day return to the ED were also
adjusted for discharge disposition (against medical
advice, postacute care, home, or hospice).

We assessed missing values across the total cohort
and found that the proportion of values missing was
less than 2% for each variable. Patients with missing
values were excluded from the analysis to perform a
complete-case analysis.

Statistical programmes

Propensity score estimation and matching were
conducted in R statistical software (version 4.2.3; R
Foundation). All other analyses were performed using
SAS Enterprise Guide 8.3 (SAS Institute, Inc., Cary,
North Carolina, USA).

RESULTS

Between July 1, 2022 and June 30, 2023, a total of
103190 patient charts from our institution were
reviewed and 73275 patients were eligible for inclu-
sion in the study. From this group, 6086 matched
patients were identified with 1698 having duplicate
charts and 4388 without duplicate charts. Table 1
summarises patient characteristics before and after
propensity matching.

Differences between the two groups were substan-
tially reduced through propensity matching (table 1).
The mean age was 60+18 years for patients without
duplicate charts and 56%19 years for those with
duplication. Similarly, the sex distribution differed,
with 499% female patients in the non-duplicate group
compared with 43% in the duplicate group. Post-
matching, the mean age was 57+19 years for patients
without duplicate charts and 56+19 years for those
with a duplicate chart. The sex distribution was
also balanced, with 44% female patients in the non-
duplicate group compared with 43% in the duplicate
group. Additionally, baseline health characteristics,

such as the Elixhauser Comorbidity Indices for the risk
of in-hospital mortality and admission service, were
balanced between the two groups after matching.

These results demonstrate that the matching process
significantly improved balance between the groups,
reducing the absolute SMD for most characteristics to
near zero and ensuring comparability for the subse-
quent analysis of patient outcomes (online supple-
mental Appendix Figure 1).

Patient outcomes after propensity matching are
summarised in table 2. After matching, in-hospital
death occurred in 11% of patients with duplicate
charts compared with 2.5% in patients without dupli-
cate charts. The median length of stay was also longer
in the duplicate chart group (101 hours) compared
with those without duplicate charts (74 hours). Addi-
tionally, patients with duplicate charts had more
frequent rapid response events (6% vs 5%) and were
more likely to receive care in the ICU (46% vs 19%).
The 30-day readmission rate was higher in the dupli-
cate chart group (12% vs 11%), although the rate
of return to the ED within 30 days of discharge was
similar between the two groups (12% vs 13%).

Analysis of binary outcomes for matched patients
after further adjustment for discharge service and
discharge disposition revealed significant differences
in receiving care in the ICU, in-hospital mortality,
readmission within 30 days, and hospital length of
stay. Table 3 presents the unadjusted and adjusted
odds ratios and their 95% Cls for these outcomes.
After adjustment, patients with duplicate charts had
3.5 times higher odds of receiving care in the ICU
(OR=3.5, 95%CI 3.1 to 4.0, p<0.0001), 4.7 times
higher odds of dying during hospitalisation (OR=4.7,
95%CI 3.7 to 6.0, p<0.0001), and 1.3 times higher
odds of being readmitted within 30 days (OR=1.3,
95%CI 1.1 to 1.5, p=0.0122). Additionally, hospital
length of stay was 32% longer for those with dupli-
cate charts after adjusting for discharge service and
disposition (p<0.0001). Figure 2 depicts these ORs in
a Forest plot.
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Outcomes l Adjusted Odds Ratio (95% Cl)

|

Return to the ED within 30 days = — 1.1(0.9, 1.3)
|
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|
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|

Rapid response I|—0—| 1.2(1.0,1.6)
|
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Adjusted Odds Ratios

Figure 2

DISCUSSION

This study identified several adverse patient outcomes
that are associated with duplicate medical records,
including increased odds of 30-day readmission and
receiving care in the ICU. Notably, patients with dupli-
cate medical records demonstrated 4.7-fold higher
odds of inpatient mortality compared with those
without duplicate records. While our study is unable
to establish causality between the evaluated adverse
outcomes and chart duplication, it highlights a need
for further evaluation into the mechanisms underlying
such findings. The study design enhances the signifi-
cance of these results by accounting for confounding
factors that could influence outcome comparisons
through propensity matching, creating comparable
groups of exposed (patients with duplicate medical
records) and unexposed (patients without duplicate
medical records) individuals based on measured covar-
iates.

The increased odds of inpatient mortality for patients
with duplicate charts are particularly concerning and
more profound than expected, given the existing
literature citing rates of preventable harm between
7% and 129%." ' A key hypothesis is that the pres-
ence of duplicate charts may increase adverse events
and thus preventable harms. Mechanisms include
preventing providers from accessing critical informa-
tion, such as allergies or past medical history, infor-
mation that would alter medical care. An additional
hypothesis relates to efficiency: the presence of dupli-
cate charts may contribute to care delays or inaccurate
orders as medical teams search for information that
is not readily accessible, spend extra effort navigating
between multiple charts, or inadvertently overlook key
details. We encourage future study of these hypotheses
and their relationships between duplicate charts and
adverse outcomes.

While duplicate charts may be created in some
instances of critical illness, such as stroke alerts and
trauma alerts, propensity score matching resulted in
similar Elixhauser Comorbidity Indices between the
two groups and similar rates of these alert types. Other

Forest plot of adjusted odds ratios for binary hospital outcomes. ED, emergency department; ICU, intensive care unit.

disease states that may be associated with duplicate
chart creation and thus overrepresented in the dupli-
cate chart population, such as myocardial infarctions
and burns, were not included in our propensity score
model, outside of their general relationship to the
Elixhauser Comorbidity Index, and thus may explain
some of the increased odds of negative outcomes.
Despite this limitation, however, we do not believe
this potential difference between groups fully explains
the increased odds of adverse events in patients with
duplicate charts.

This study has several limitations. First, additional
variables, such as the number of diagnoses and number
of healthcare encounters, could be factored into a
model should this study be replicated, and their absence
in our analysis might have affected our results."” Next,
the use of data from a single health system may limit
the generalisability of findings to other regions or
healthcare settings. Differences in patient populations,
as well as variation in EHR algorithms, documentation
practices, and registration workflows, may influence
the applicability of these results elsewhere. Despite
these limitations, our study highlights a concerning
association within our system and underscores the
importance for outside systems to investigate their own
associations, determine causal pathways, and develop
mechanisms to prevent duplicate chart creation and/or
conduct data integration expeditiously.

Further limitations include the restriction of our
analysis to encounters within the system and did not
account for external care; however, examining data on
a per-encounter basis may mitigate this limitation to
some extent. Also, the retrospective design introduces
the potential for bias due to missing or inaccurate
documentation. Furthermore, variability in provider
or departmental documentation practices may further
contribute to inconsistencies in the dataset. Addition-
ally, the study period (July 1, 2022-June 30, 2023)
may reflect temporal factors such as updates to clinical
guidelines, changes in ICD coding, staffing dynamics,
or technological upgrades, all of which could affect
documentation and workflow. Despite the use of
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propensity score matching to reduce bias, residual
confounding cannot be ruled out, and causal inferences
cannot be made. Finally, there may be unmeasured
factors not captured in this analysis that influence the
observed associations. Although we selected covariates
based on literature review and investigator expertise,
we acknowledge that some potentially important vari-
ables might not have been included in the analysis,
such as the cause for duplicate chart creation as an
example. Our data were derived from the EHR, which
limited us to variables that were feasibly and consis-
tently extractable.

CONCLUSION

This study provides insights into adverse outcomes
in the setting of duplicate medical charts, particularly
highlighting an association with inpatient mortality,
ICU admissions, and longer hospital stays. Despite the
significance of this issue, a causal relationship has not
been proved and research on the outcomes associated
with duplicate records remains scarce. Future studies
are needed to evaluate the mechanisms underlying
these findings.
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