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Summary

Identifying long-term care facility (LTCF)-exposed inpatients is important for infection control research and practice, but ascertaining LTCF
exposure is challenging. Across a large validation study, electronic health record data fields identified 76% of LTCF-exposed patients compared
to manual chart review.

Abstract

Objective: Residence or recent stay in a long-term care facility (LTCF) is an important risk factor for antibiotic-resistant bacterial colonization.
However, absent dedicated intake questionnaires or resource-intensive chart review, ascertaining LTCF exposure in inpatients is challenging.
We aimed to validate the electronic health record (EHR) admission and discharge location fields against the clinical notes for identifying
LTCF-exposed inpatients.

Methods: We conducted a retrospective study of 1020 randomly sampled adult admissions between 2016 and 2021 across 12 University of
Maryland Medical System hospitals. Using study-developed guidelines, we categorized the following data for LTCF exposure: each admission’s
history & physical (H&P) note, each admission’s EHR-extracted “Admission Source,” and (3) the EHR-extracted admission and discharge
locations for previous admissions (<90 days). We estimated sensitivities, with 95% Cls, of H&P notes and of EHR admission/discharge
location fields for detecting “current” and “any recent” (<90 days, including current) LTCF exposure.

Results: For detecting current LTCF exposure, the sensitivity of the index admission’s EHR-extracted “Admission Source” was 46%
(95% CI: 35%-58%) and of the H&P note was 92% (83%-97%). For detecting any recent LTCF exposure, the sensitivity of “Admission Source”
across the index and previous admissions was 32% (24%-41%), “Discharge Location” across previous admission(s) was 57% (47%-66%), and of
the H&P note was 68% (59%-76%). The combined sensitivity of admission source and discharge location for detecting any recent LTCF exposure
was 76% (67%-83%).

Conclusions: The EHR-obtained admission source and discharge location fields identified 76% of LTCF-exposed patients compared to chart
review but disproportionately missed currently exposed patients.

(Received 15 November 2023; accepted 27 January 2024; electronically published 18 April 2024)

Introduction homes, 48% of residents were colonized with at least one MDRO,’
and 8% of patients residing in long-term acute care hospitals were

Patients who receive care at long-term care facilities (LTCFs) are at ) ) ) " p
colonized with carbapenem-resistant Enterobacterales specifically.

increased risk for colonization and infection with multidrug-resistant . i o )
organisms (MDROs), including emerging gram-negative and fungal LTCF patients also have high utilization rates of local hospital
pathogens.!™# Across a recent, large sample of California nursing ~ networks and frequent inpatient admissions,™” with studies
consistently identifying LTCF exposure as one of the strongest risk
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Due to LTCF patients’ high burden of MDRO colonization,
accurate and timely identification of LTCF-exposed inpatients is
important for infection control practice and research. Rapid
identification allows for empirical isolation and/or targeted
screening, reducing the potential for MDRO introduction and
dissemination within acute care hospitals.!*!> However, data
limitations make ascertainment difficult. Most hospitals do not
systematically assess inpatients for LTCF exposure (eg, via intake
questionnaire), and few states maintain databases for tracking
patient movement across healthcare facilities.'® One place where
LTCEF exposure is often documented, however, is in the “History &
Physical” (H&P) clinical note,'” a narrative admission history
obtained at or shortly after intake that describes the patient’s
history, relevant clinical information, and present illness. Yet,
because H&P notes are “unstructured” (ie, free-text) data, absent
manual chart review, which is resource-intensive and cannot be
incorporated into automated MDRO screening algorithms, or
natural language processing (NLP) techniques for analyzing free-
text data, their LTCF information is effectively unusable. To our
knowledge, there are no publicly available NLP classifiers for
automated extraction of LTCF information from clinical notes.

The electronic health record (EHR) admission source (point of
origin) and discharge location (discharge status) fields, which US
hospitals are required to document for all hospitalized patients,'® offer
an alternative strategy for identifying LTCF-exposed inpatients. As
structured data fields, these variables are readily extractable in
standardized, machine-readable formats, and their list of available
locations includes LTCEF facilities. However, apart from a 2012 study
that evaluated the admission source field for identifying direct LTCF
transfers,!” the admission source and discharge location fields have
not been validated for identifying LTCF exposure. Misclassifying
LTCF-exposed patients could bias inferences in hospital epidemiology
studies that rely on these variables and compromise the performance
of MDRO screening algorithms'? and day-to-day infection control
practice that relies on accurately identifying LTCF patients. The
objective of the current study was to evaluate the accuracy of the EHR
“Admission Source” and “Discharge Location” fields against the
clinical notes for identifying inpatients with LTCF exposure.

Methods

Study setting, population, and electronic health record data
extraction

We conducted a retrospective study of adult admissions from 2016
to 2021 across 12 acute care hospitals in the University of Maryland
Medical System (UMMS). UMMS hospitals are distributed across 13
Maryland counties and serve urban, suburban, and rural commun-
ities. For each admission, we manually reviewed the H&P note and
electronically extracted the following data from the Epic EHR:
(1) patient demographic and hospital data, (2) preadmission location,
and (3) preadmission and discharge locations for all previous
hospitalizations across UMMS hospitals in the preceding 90 days. The
University of Maryland School of Medicine Institutional Review
Board approved this study, with a waiver of informed consent.

Long-term care facility exposure definitions by ascertainment
method

Using the structured EHR data, inpatients were classified as LTCF-
exposed if their “Admission Source” was transfer from, or their
“Discharge Location” for previous recent admissions was discharge
to, an LTCEF, skilled nursing facility (SNF), assisted living facility
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(ALF), rehabilitation facility, “chronic” facility, or “other subacute”
facility (Supplemental Table 1). Using the unstructured H&P
notes, patients were classified as LTCF-exposed using the sampling
strategy and annotation guidelines outlined below.

Sampling strategy and manual annotation of clinical notes

We randomly sampled adult, unique-patient admissions for
manual review of the H&P note (excluding the first quarter of
2016 so that all admissions would have full 90-day lookback
periods for identifying previous hospitalizations). LTCF exposure
was classified using standardized guidelines developed through
expert consensus (K.G., P.T., AH., EX.) (Supplemental Table 1).
Notes from 50 admissions, selected through random sampling, were
reviewed by both K.G. and M.T., and chance-corrected inter-rater
agreement was calculated using Cohen’s Kappa Statistic.'® Based on
the high agreement identified (Cohen’s Kappa = .85), the remaining
notes were divided and reviewed individually (K.G. and M.T.).
Reviewers met regularly to discuss and adjudicate uncertainties.

Statistical methods

Descriptive statistics were calculated using median (interquartile
range [IQR]) for continuous variables or frequency count
(percentage) for categorical variables. Previous research has found
that the EHR admission source field and the physician-documented
notes have >98% specificity for identifying admissions from other
healthcare facilities, including LTCFs.!” Therefore, assuming an
indication of LTCF exposure in either the EHR structured data or the
H&P note represented true exposure, we estimated each ascertain-
ment method’s sensitivity with 95% Wilson Cls, stratified by
exposure timing: “current” (occurring immediately prior to
admission or a current LTCF resident, even if not a direct LTCF
transfer) versus “any recent” (occurring within the prior 90 days,
including current) (Supplemental Table 1). Analyses were per-
formed using SAS version 9.4 software (SAS Institute, Cary, North
Carolina).

Results
Source population and study cohort

During the 2016-2021 study period, there were 352,947 adult
inpatient admissions across UMMS hospitals (source population).
The validation (study) cohort comprised 1,020 randomly sampled
admissions, which were drawn from all UMMS hospitals and study
years (Table 1). Study patients had a median age of 58 years
(IQR: 41-71), 48% were male, and 55% identified as White race.
227 (22%) study patients were admitted to a UMMS hospital in the
90 days preceding the index admission (Table 1).

Performance of unstructured history & physical notes and
electronic health record structured data fields for identifying
long-term care facility-exposed inpatients

Across the 1,020 study admissions, 111 (11%) patients were
classified as LTCF-exposed by either the structured EHR data fields
or the unstructured H&P clinical notes. Stratifying by exposure
timing, classifications and performance were as follows.

Identifying current LTCF exposure

Sixty-five patients were identified as having current LTCF
exposure: 30 (3% of all admissions) by the EHR “Admission
Source” for the index admission and 60 (6% of all admissions) by
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Table 1. Patient, admission, and hospital characteristics in a validation cohort
of 1,020 randomly sampled index admissions across 12 hospitals in the
University of Maryland Medical System (UMMS) (2016-2021)

Patient, admission,
and hospital characteristics

Validation study
cohort n (%) N = 1020

Age (years), median (IQR) 58 (41-71)
Male 493 (48)
Race
White 558 (55)
Black 381 (37)
Asian 24 (2)
Other? 57 (6)
Admission year
2016 146 (14)
2017 163 (16)
2018 145 (14)
2019 184 (18)
2020 183 (18)
2021 199 (20)
Admission type
Emergency 594 (58)
Direct 162 (16)
Elective 97 (10)
Shock trauma 85 (8)
Other® 82 (8)
Admitted to a UMMS hospital 227 (22)
in the prior 90 days
Hospital location
Urban 509 (50)
Suburban 430 (42)
Rural 81 (8)

2American Indian or Alaskan Native, Native Hawaiian, or Other Pacific Islander, Other race,
and Unknown race

bLabor and delivery (5%), urgent admissions (2%), “other” admissions (0.4%), rehabilitation
admissions (0.3%), and unknown admissions (0.1%)

the H&P note for the index admission. Thirty-five patients were
identified only by the H&P note, 25 patients were positive for
current LTCF exposure by both their EHR-coded admission source
and the H&P note, and 5 patients were positive only by admission
source. The sensitivity of the EHR “Admission Source” field for
detecting current LTCF exposure was 46% (30/65) (95% CI: 35%-
58%) and of the H&P note was 92% (60/65) (95% CI: 83%-97%)
(Figure 1).

Identifying any recent long-term care facility exposure (within
the prior 90 days, including current)

Expanding to include a 90-day lookback period, of 111 patients
with any recent LTCF exposure, 35 (3% of all index admissions)
were identified by the EHR “Admission Source” for the index or
previous admissions, 63 (6% of all index admissions) by the
“Discharge Location” for previous admissions, and 76 (7% of all
index admissions) by the H&P note for the index admission.
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For detecting any recent LTCF exposure within the prior 90
days, the sensitivity of the “Admission Source” field across the
index or previous admissions was 32% (35/111) (95% CIL: 24%-
41%), of the “Discharge Location” field across previous admis-
sion(s) was 57% (63/111) (95% CI: 47%-66%), and of the index
admission’s H&P note was 68% (76/111) (95% CI: 59%-76%).
Overall, compared to the H&P notes, the combined sensitivity of
the admission source and discharge location fields for detecting
any recent LTCF exposure was 76% (84/111) (95% CI: 67%-83%)
(Figure 1).

Characteristics of long-term care facility-exposed inpatients
missed by the electronic health record admission and
discharge location fields

Twenty-seven patients (24% of patients with any recent LTCF
exposure) were identified as LTCF-exposed by the H&P note but
missed by the admission and discharge location data fields.
Twenty-two (81%) of these patients had current LTCF exposure,
and 22 (81%) had not been recently hospitalized (the 22 patients in
each of these groups did not fully overlap). Of the 27 missed
patients, most had an admission source for their index admission
of “Home, Self-Referred, Group Home, Congregate House, Foster”
(n=15, 56%) or “Transfer from Another Acute Care Hospital”
(n=7, 26%). Figure 2 reflects the distribution of LTCF exposure
timing and facility types for missed patients.

Discussion

Residence or recent stay in an LTCF is one of the most important
risk factors for MDRO carriage and infection, making reliable
identification of LTCF-exposed inpatients a critical priority for
infection control day-to-day practice and research (eg, to guide
targeted screening decisions, contact isolation initiation, or
conduct outbreak investigations). However, because most hospital
EHRs do not include a dedicated field for documenting LTCF
exposure, absent manual, and time-consuming review of patient
charts, identifying LTCF-exposed inpatients is challenging. Two
universally mandated EHR billing fields, hospitalization admission
source and discharge location, offer a potential alternative strategy
for identifying LTCF-exposed inpatients. Analyzing more than
1,000 randomly sampled admissions between 2016 and 2021
across 12 UMMS hospitals, we found that when used individually,
each field misses many LTCF-exposed patients, but sensitivity
increases to 76% compared to the clinical notes when evaluating
admission source and discharge location together.

Our study was stratified by LTCF exposure timing. For
identifying current LTCF exposure, ie, exposure that immediately
preceded hospitalization, the H&P note significantly outperformed
the admission source field. Specifically, the H&P clinical note
identified most patients with current LTCF exposure (92%), double
the identification rate (46%) of admission source. These results are
consistent with findings from a smaller 2012 study by Prabaker
et al'” that also evaluated the H&P note and admission source field
for identifying current LTCF exposure. That study of 523 inpatients
at Rush University Medical Center similarly found that the H&P
note outperformed the admission source field, with respective
sensitivities of 71% and 50% compared to patient interview.'”

In manual review, we found that most currently LTCF-exposed
patients missed by the admission source field had admission
sources of “home” and “self-referral,” and some of these patients
first presented to the Emergency Department (ED). A further 26%
of missed patients were direct transfers from other acute care
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Index Admission
Any previous, recent admissions (< 90 days before the index admission) (n=1020)
(Study Sample)
A, B
\ )
Ic
( . J
\ DT J
E (C+D Combined)
Sensitivity (95% Cl) for Identifying LTCF Exposure, by Timing:
EHR Data Source: Current LTCF Exposure ‘ Any Recent (< 90 days) LTCF Exposure

(A) Admission Source for the Index Admission
(B) H&P Clinical Note for the Index Admission

(C) Admission Source(s) for the Index or Recent Previous
Admissions

(D) Discharge Location(s) for Recent Previous Admissions
(E) Admission Source(s) for the Index or Recent Previous
Admissions, and Discharge Location(s)for Recent Previous

Admissions (C + D Combined)

Figure 1. Sensitivity of EHR data sources compared to the index admission’s history &

46% (35% - 58%) N/A

92% (83% - 97%) 68% (59%-76%)
N/A 329% (24%-41% )
N/A 57% (47%-66%)
N/A 76% (67%-83%)

physical (H&P) clinical note for identifying inpatients with long-term care facility (LTCF)

exposure, across 1,020 University of Maryland Medical System adult admissions between 2016 and 2021. LTCF exposure was stratified by timing: “current” LTCF exposure
(occurring immediately prior to admission or an LTCF resident) versus “any recent” (occurring within the prior 90 days, including current).

‘Admission Source’ for the Index

Admission was Coded as:

* “Home, Self Referred, Group Home,
Congregate House, Foster” (n=15)

* “Transfer from another hospital” (n=7)

* “Trans From Another Health Care Facility
(Psych, Rehab, Childrens)” (n=2)

= “From Clinic, Physician Office, Urgent Care”
(n=1)

* “Physician Referral” (n=1)

* “Transfer from other health facility” (n=1)

Distribution of LTCF Exposure Types*:

* Currently residing in rehab facility (n=3)

= Recent (< 3 mos. prior), but not current,
rehab facility stay (n=7)

* Current ALF/SNF resident (n=15)

* Current group home resident with
cognitive/developmental deficits (n=4)

* As identified in the H&P clinical note for the index
admission. Sum equals 29, not 27, due to 2 patients
who are current ALF/SNF residents but who also had
recent rehabilitation facility exposures

By Current vs. Non-Current Exposure

m Current = Recent, but Non-Current

Facility Type Breakdown Among Currently
Exposed LTCF Patients {(n=22)

4 (18%)

® Rehab facility = ALF/SNF  ® Group home

Figure 2. Distribution of LTCF exposure timing and facility types for patients identified as LTCF-exposed by the H&P note but missed by the admission and discharge location data

fields. Abbreviations: SNF, skilled nursing facility; ALF, assisted living facility.

hospitals. These alternative admission sources help explain the
admission source field’s poor sensitivity for identifying LTCF
exposure, because preadmission visits to the ED or other hospitals
“break the chain” of direct admission from an LTCF. Prabaker et al
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identified similar patterns of missingness in their earlier study,
including that many LTCF patients were transported to the
hospital by family members rather than as direct LTCF transfers
via ambulance. Interestingly, they also found that one-third of
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LTCEF patients were non-verbal and thus could not have answered
an LTCF intake questionnaire, even had the hospital implemented
one.'” Taken together, both our and Prabaker et al’s findings
suggest that absent a dedicated LTCF-exposure ascertainment
mechanism (eg, a statewide database?® or family interview),
identifying current LTCF-exposed inpatients requires clinical
documentation. Given the resource-intensiveness of manual chart
review, the development of automated NLP classifiers for
extracting LTCF information from free-text notes, if appropriately
validated, could thus substantially assist hospital epidemiology and
infection control efforts.

MDRO carriage generally persists for months or years,”"** and
any recent LTCF exposure may increase MDRO risk. Therefore, we
also evaluated the admission and discharge locations for
admissions occurring within 90 days preceding the index
admission, which to our knowledge is the first validation of these
data fields for identifying recent LTCF exposure. As with current
LTCF exposure, we found that the admission source for the index
admission and any recent admissions had poor sensitivity (32%)
for identifying patients with any recent LTCF exposure. These
findings are broadly consistent with published literature for non-
LTCF healthcare facilities, which documents that many inpatients
with recent, previous hospitalizations are not admitted as direct
hospital transfers.?® Evaluating the discharge location for previous
admission(s) identified a greater percentage—57%—of LTCEF-
exposed patients. However, an approach that evaluated the
admission source and discharge location fields together was the
highest-performing strategy, achieving 76% sensitivity compared
to the H&P note for detecting any recent LTCF exposure
(95% CI: 67%-83%). These results suggest that patients admitted
from and discharged to LTCFs represent largely distinct
populations, a finding that is clinically intuitive insofar as many
patients discharged to rehabilitation and SNFs do not enter from
LTCFs and are not permanent LTCF residents.

Although the admission source and discharge location fields
together identified 76% of LTCF-exposed patients compared to the
H&P note, researchers and practitioners interested in using these
variables to ascertain LTCF exposure should understand 2
important caveats. First, these data fields still missed most
currently exposed LTCF patients, particularly those who had not
been recently hospitalized. For projects aiming to identify current
LTCF exposure, clinical note review would likely remain necessary.
Second, identifying recent LTCF exposure from structured EHR
data relies on “seeing” previous admissions and, in turn, the
admission and discharge locations from these admissions. This
visibility will vary by healthcare network size and geographic
capture area. UMMS is a large network, increasing the likelihood
that previous admissions were in-network and documented in our
EHR. Even across our UMMS population, however, 22% of
patients hospitalized in the previous 90 days had been hospitalized
at a different UMMS hospital than for their index admission (data
not shown). As these data underscore, patients do not always
return to the same hospital, and had these previous admissions
between out-of-network, our EHR would not have included them.
When using the EHR admission and discharge location fields to
identify LTCF-exposed inpatients in either smaller hospital
networks or networks with less geographic capture, we
would expect lower sensitivity compared to the H&P note than
the 76% demonstrated in this study.

As a multi-center study spanning multiple years, this validation
benefited from a large and diverse sample, increasing statistical

21,22
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power and generalizability. However, the retrospective study
design that enabled these strengths also meant that our study is
subject to several limitations, principally that we were unable to
include a gold-standard comparator for assessing LTCF exposure
(eg, family interview). Our study mirrors real-world infection
control practice and clinical research, however, for which chart
review generally constitutes the de facto reference standard for
identifying LTCF-exposed patients.*** Moreover, and importantly,
the lack of a gold-standard comparator does not affect sensitivity
comparisons between data sources (eg, between the H&P note and
the admission source field). Nevertheless, because missingness of
LTCF exposure in patient data may be non-random, calculating
robust estimates of true LTCF exposure among inpatients would
require prospective studies (eg, pilot deployments of intake
questionnaires under quality improvement initiatives). Second, a
review of clinical notes is labor- and time-intensive, and we
prioritized reviewing index admission notes to maximize study
sample size. Given resource constraints, we were unable to review
H&P notes for hospitalizations that preceded the index admission
or other note types. In practical effect, this decision decreased the
sensitivity of the H&P notes for identifying any recent LTCF
exposure, compared to the admission and discharge location fields
from previous admissions. In future research, we plan to develop
NLP classifiers for identifying LTCF exposure, which when executed
across admissions and note types (and potentially patient addresses,
cross-referenced to local LTCF addresses) should increase clinical
note sensitivity without increasing human labor time. Third, LTCF
definitions vary across research studies and data sources, for
example, whether ALFs are included® or excluded.'®!” Because
human syntax is imprecise (eg, physicians may use the terms
“assisted living” and “nursing home” interchangeably), we employed
a broad LTCF definition that included ALFs and rehabilitation
facilities. While this decision increased study internal validity for
comparing the clinical notes to the structured EHR data fields, our
validation results do not extend to narrower definitions of LTCF
exposure. Finally, we selected a 90-day lookback period due to its
clinical and infection control relevance, with research demonstrating
that LTCF patients have an average MDRO colonization duration of
approximately 3 months.”® However, future validation of these EHR
data fields for longer lookback periods would be an important
extension of the current work.

Overall, in this multi-center validation study, we found that
compared to the H&P note, the EHR admission source and
discharge location fields identified three-quarters of inpatients
with recent LTCF exposure but missed most patients with current
LTCEF exposure (eg, permanent LTCF residents). From a practical
perspective, our findings suggest 3 take-home points for using
EHR data to identify LTCF-exposed inpatients: (1) do not rely
solely on the hospital “admission source” field, which misses most
LTCF-exposed patients, (2) review the clinical notes to identify
patients with current LTCF exposure, and (3) examine discharge
locations from recent admissions to identify patients who were
recently LTCF-exposed, even if reviewing the clinical notes. As
technological advances ease the barriers to extracting information
from free-text data, the ideal strategy for identifying LTCF-exposed
inpatients will likely involve triangulating data from the
unstructured notes and the structured admission source and
discharge location fields. Given the importance of accurately
ascertaining LTCF exposure, however, we also encourage hospitals
to consider implementing intake questionnaires, with structured
response fields, for documenting LTCF exposure in the EHR.
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