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Background. Safety net healthcare systems have high patient volumes and significant demands for specialty care including
infectious diseases (ID) consultations. Electronic ID consults (E-consults) can lessen this burden by providing an alternative to
face-to-face ID referrals and decreasing financial, time, and travel constraints on patients. This system could increase access to
ID care for patients in limited-resource settings.

Methods. We described characteristics of all outpatient ID E-consults at Parkland Health in Dallas, Texas, from March 2018 to
February 2021. We used modeling to determine which characteristics influenced conversion of E-consults to clinic visits and
integrated these data into a predictive model for face-to-face conversion.

Results.  For 725 E-consults, common E-consult topics included 118 (16%) latent tuberculosis, 116 (16%) syphilis, and 76 (10%)
gastrointestinal infections. Nearly two-thirds of E-consults (456 [63%]) were requested by primary care providers. The
majority (78%) were resolved without a face-to-face ID visit. Osteomyelitis, nontuberculous mycobacterial, and gastrointestinal
questions frequently required face-to-face visits at rates of 65%, 49%, and 32%, respectively. Our logistic regression
model predicted the need for a face-to-face visit with 80% accuracy and an area under the receiver operating characteristic
curve of 0.72.

Conclusions. An outpatient ID E-consult program at a safety net healthcare system was an effective tool to provide timely input
on common ID topics. E-consults were requested by a range of providers, and most were completed without a face-to-face visit.
Predictive modeling identified important characteristics of E-consults and predicted conversion to face-to-face visits with

reasonable accuracy.

Key Points: Infectious diseases E-consults are a useful tool for
improving timely access to specialty care in safety net health
systems, and predictive modeling can be used to improve effi-
ciency of outpatient E-consult programs.

Electronic consultations (E-consults) provide access to spe-
cialty care through asynchronous telemedicine encounters
without the need for an in-person patient visit. Utilizing a
shared electronic platform, a specialist reviews patient data pro-
vided by the referring provider and makes recommendations.
E-consults reduce time to recommendation by enabling
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referring providers to receive specialist consultation within
hours or days instead of the weeks required for referring pa-
tients to an in-person appointment with the specialist [1].
E-consults are an appealing medium for the coronavirus disease
2019 (COVID-19) pandemic as they may reduce patient and
provider exposure and face-to-face referrals, which in turn de-
creases wait times for appointments in specialty clinics [1-3].

Safety net healthcare systems provide care for patients re-
gardless of their insurance status and often have substantial pa-
tient volumes and wait times. For safety net systems, the
combination of scarcity of specialists, limited funding, and pa-
tient transportation difficulties provides a favorable environ-
ment for outpatient E-consult services [4-6]. An outpatient
infectious diseases (ID) E-consult service allows more complex
conditions to be managed by primary care providers (PCPs),
thereby decreasing distance and transportation barriers and re-
source utilization [7]. Leveraging E-consults may improve out-
comes by increasing the number of patients who receive timely
ID specialty care [6].

While the popularity of E-consults increased during the
COVID-19 pandemic, E-consults are still a novel tool and a
clear understanding of which patient-condition(s)-provider
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combinations are appropriate for E-consult remains elusive.
Referring a patient to an E-consult that proves inadequate
could potentially delay treatment and increase effort and costs.
We sought to describe the characteristics of outpatient ID
E-consults at Parkland Health. Exploring patient and
E-consult related factors (consultation topic, consultation
text, and referring provider specialty), we labeled E-consult re-
quests that were converted to a face-to-face visit as E-consults
failures and attempted to identify conditions that would predict
failed E-consult requests.

METHODS

Parkland Health

Parkland Health serves as the safety net healthcare provider in
Dallas County, Texas, where according to United States Census
data, 18.4% of residents had no health coverage in 2019 [8, 9].
Parkland Health is unique among safety net providers, as it of-
fers emergency and hospital care in its main hospital, outpa-
tient primary and specialty care, and medication dispensing.
Parkland operates 30 outpatient clinics throughout the com-
munity that complete >1 million visits annually [8, 9]. In
2020, 48% of Parkland Health’s patients had Medicare/
Medicaid, 40% were self-pay or charity, and 8% had commer-
cial insurance [8].

E-Consult Program

The Parkland Health Outpatient ID E-consult program was im-
plemented within the electronic health record system, Epic
(Epic Systems Corporation, Verona, Wisconsin). Primary
care and subspecialty providers could request E-consults using
templates with multiple topics: (1) latent tuberculosis infection
(LTBI), (2) nontuberculous mycobacterial (NTM) infections,
(3) human immunodeficiency virus preexposure prophylaxis
(PrEP), and (4) other. These topics were chosen based on ex-
trapolation of previous literature demonstrating effectiveness
in answering mycobacterial-related questions and a Parkland
Health initiative to increase PrEP access for patients. The tem-
plates included topic-specific questions, symptom queries, and
a free text option for providers to provide additional informa-
tion. Within the “Other” template, providers were given choic-
es for the reason for E-consult that included abnormal imaging,
abnormal laboratory test, fevers, leukocytosis, abnormal cul-
ture results, medication question, vaccine question, and other.
Referring providers completed the template and the ID special-
ists reviewed the information provided and the patient’s chart.
Expected response time was <72 hours. Response templates in-
cluded the specialist’s suggested diagnosis, recommendations,
and rationale for the recommendations. The template also in-
cluded any recommendations to convert the E-consult to a
face-to-face visit and information on the approximate time
that was required to complete the E-consult.

The ID E-consult service is structured with a single ID spe-
cialist or “superuser” answering most E-consults, though other
users can answer E-consults. Since its inception, the E-consult
program has been funded by Parkland Health, including reim-
bursement of specialists. Initially, the E-consult program was
funded through full-time equivalent support to participating
specialties. However, this reimbursement model lacked the
flexibility necessary to allow for uninterrupted specialty provid-
er coverage. Currently, specialists are reimbursed at a rate of 1.4
work relative value units per E-consult completed.

Data Collection

We reviewed all completed E-consults from program start
(March 2018) through February 2021. We collected patient de-
mographics such as age, sex, race, ethnicity, and payor status.
From the referral, we collected the reason for E-consult, symp-
toms, free text comments, and the specialty of the referring pro-
vider. From the response, we collected the visit diagnoses,
conversions to face-to-face visits, reported time effort by the
ID specialist, recommended laboratory tests and imaging, out-
come of the E-consult (eg, diagnostic or treatment recommen-
dations), and free text responses by the ID expert.

E-consults were grouped into topics according to the diag-
noses assigned to the encounter by the ID specialist and infor-
mation provided in the free text of the referral (referral topic).
Outcomes were categorized based on the recommendations of
the specialist.

Analysis

We compared the number of E-consults converted to
face-to-face visits for each referral topic category using x> test-
ing for statistical significance. Alpha level was set a priori at .05
and all hypothesis testing was 2-sided. We used Python version
3.9.0 software to perform all statistical analysis.

Modeling
We employed 3 common machine learning algorithms: logistic
regression, decision trees, and naive Bayes learners
(Scikit-learn version 1.1.1) to determine which characteristics
of E-consults were more likely to result in a conversion to a
face-to-face visit. We determined useful characteristics through
authors’ consensus of the collected data (eg, patient age, race,
specialty),

machine-usable format. Model creation was performed itera-

referring then converted the data into a
tively. We employed a simple greedy approach to determine
predictive attributes (variables that may be useful for a predic-
tion task): creating the model with a single attribute and eval-
uating the receiver operating characteristic curve (ROC), a
method to graphically display the ability of a model to distin-
guish a binary classifier at varying thresholds after the addition
of another attribute. If the ROC did not decrease with the ad-

ditional attribute, it was considered predictive.
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Table 1. Electronic Consultation Characteristics

Table 1. Continued

Characteristic No. (%) Characteristic No. (%)
Patient characteristics Treatment recommended 212 (29)
Sex No further workup/treatment necessary 154 (21)
Male 325 (45) Additional workup advised 136 (19)
Female 400 (55) Other 91 (13)
Age, y, mean (SD) 50 (15) Data are presented as No. (%) unless otherwise indicated.
Race Abbreviations: E-consult, electronic consultation; Gl, gastrointestinal; LTBI, latent
White 444 (61) tuberculosis infection; NTM, nontuberculous mycobacteria; SD, standard deviation; SSTI,
skin and soft tissue infection.
Black 238 (33) R ) . N "
; Includes topics labeled “pulmonary tuberculosis,” “positive sputum culture (non-NTM),
Asian 32 (4) and “abnormal chest imaging.”
Native American 3 (<) ®Includes the topics Helicobacter pylori, parasitic infections, cytomegalovirus, Clostridioides
Pacific Islander 2 (<1) difficile, and other bacterial enteritis.
Unknown 6 (1) CIncludes both urinary tract infection and asymptomatic bacteriuria.
Ethnicit dncludes e-consults on human immunodeficiency virus preexposure prophylaxis,
Y nonsyphilis sexually transmitted infections, coronavirus disease 2019, viral hepatitis,
Hispanic/Latino 353 (49) vaccine counseling, and all other e-consults that did not fit into the previously defined
Non-Hispanic/Latino 368 (51) categories.
Payor status
Uninsured/charity 392 (54)
Government insurance 285 (39) . . ips . o
o function from being overly sensitive to outliers, and divided
Private insurance 48 (7)

E-consult characteristics
Total No. of E-consults 725

Converted face-to-face 156 (22)
Time to completion
<10 min 194 (27)
10-15 min 340 (47)
15-20 min 164 (23)
>20 min 25 (3)
Referring specialty
Primary care 456 (63)
Gastroenterology 55 (8)
Hematology/oncology 36 (5)
Neurology 30 (4)
Plastics 29 (4)
Rheumatology 28 (4)
Dermatology 22 (3)
Otolaryngology 13(2)
Podiatry 9 (1)
Ophthalmology 9 (1)
Pulmonology 10 (1)
Other 28 (4)
Topic
LTBI 118 (16)
Syphilis 116 (16)
SSTI 45 (6)
Osteomyelitis 34 (5)
NTM 51 (7)
Other respiratory® 53 (7)
Gl infections® 76 (10)
Urinary® 41 (6)
Other? 191 (26)
Outcomes
Converted face-to-face 132 (18)

We normalized attributes using one-hot encoding with the
exception of patient age. The data were subsequently shifted
by the mean to prevent the logistic regression model’s loss

by the standard deviation (SD) to ensure that data collected
on different scales (eg, age vs patient gender) were comparably
scaled. Missing data were accounted for by inserting a value of
“0” in the data set; we chose this approach as certain datum,
such as presence of fever, were always set to 1 or missing.
Finally, the order of the data were randomized as the
E-consults were initially ordered temporally.

We evaluated model performance using true-positive rate,
false-positive rate, accuracy, and the ROC AUC (area under
the curve). An ROC AUC of 1 indicates a perfect classifier while
an ROC AUC of 0.5 indicates a classifier working no better than
a random coin flip. We employed k-fold cross-validation,
where k=10, and computed the classifier'’s performance
when fit over all data. This 2-pronged approach ensured that
the models were capable of appropriately fitting data while de-
creasing model overfitting. Confidence intervals were generat-
ed using 1000 bootstrapped samples. Since E-consults are
intended to decrease workload and every E-consult converted
to a face-to-face visit generates unnecessary work, we chose a
cutoff for the model (70% sensitivity and 75% specificity) that
balanced decreasing workload for the specialist conducting
the E-consults with reducing unnecessary face-to-face referrals
for the ID clinic.

RESULTS

E-Consult Characteristics

During the first 3 years of the outpatient ID E-consult program,
725 E-consults were requested and completed for 400 (55%) fe-
male and 325 (45%) male patients (Table 1). The mean patient
age was 50 (standard deviation [SD], 15) years. The patient
population included 444 (61%) White, 238 (33%) Black, 32
(4%) Asian, 3 (<1%) Native American, 2 (<1%) Pacific
Islander, and 6 (1%) patients with unknown race. Nearly half
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Figure 1.

E-consult topics, by referring specialty. Abbreviations: Hem/Onc, hematology/oncology; NTM, nontuberculous mycobacteria; TB, tuberculosis.

of patients (353) identified as Hispanic/Latino. The majority of
patients 392 (54%) were uninsured or funded through charity
and 285 patients (39%) had Medicare/Medicaid. The remaining
48 patients (7%) had commercial insurance. The proportion of
patients with an ordered ID E-consult who were uninsured or
funded through charity was larger than the overall payor mix
for the Parkland Health system (54% vs 40%, respectively).

PCPs requested most E-consults (n =456 [63%]) (Table 1).
The remaining requests were generated by (sub)specialty ser-
vices including gastroenterology (55 [8%]), hematology/oncol-
ogy (36 [5%]), rheumatology (28 [4%]), neurology (30 [4%]),
and dermatology (22 [3%]). Twenty-five different specialties
and subspecialties requested E-consults. Conversion to
face-to-face visits occurred in 156 (22%) of E-consults. The re-
maining 569 (78%) were resolved without the patient being
seen in the ID clinic.

The most common E-consult topics included LTBI treat-
ment (16%), syphilis serology interpretation (16%), and gastro-
intestinal (GI) infections (10%). A detailed breakdown of all
E-consult topics is shown in Supplementary Table 1. Most
E-consults (74%) required <15 minutes’ effort. Only 25 (3%)
required >20 minutes. E-consult topics were not evenly distrib-
uted among requesting specialties (Figure 1). For example,

gastroenterology, dermatology, and rheumatology were likely
to request E-consults for LTBI. Neurology and ophthalmology
frequently asked for assistance interpreting syphilis serologies.
All E-consults from podiatry focused on skin and soft tissue in-
fections or osteomyelitis. E-consult topics remained consistent
over time with the exception of an increase in E-consults relat-
ed to COVID-19 throughout the course of the pandemic.

E-Consult Outcomes
E-consult requests generated a variety of outcomes. In 212
(29%) E-consults, the consultant recommended additional
treatment. No further workup or treatment was recommended
in 154 (21%), and in 136 (19%) additional workup was advised.
In 132 (18%) E-consults, the consultant immediately recom-
mended a face-to-face visit based on the initial E-consult re-
quest (Table 1), whereas in 24 cases, the conversion was only
recommended after additional information had been obtained
from the requester, for a total of 156 (22%) converted
E-consults.

Some E-consult topics were significantly more likely to result
in a conversion to a face-to-face clinic visit (Figure 2).
E-consults for osteomyelitis, NTM, and GI infections were con-
verted at the highest rates of 65%, 49%, and 32% respectively.

4 « OFID « Medford et al


http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac341#supplementary-data

45 5

40

35 4

30 1

20 o

Number of E-Consults Converted Face-to-Face

M Observed DOExpected * —
- * *

25 1 *

*
15 4

*
* *

10 4
N I I *

LTBI Syphilis SSTI Osteomyelitis NTM Other Gl Infections Urinary Other

Respiratory
Topic

Figure 2. Number of E-consults converted face to face, by topic. Abbreviations: Gl, gastrointestinal; LTBI, latent tuberculosis infection; NTM, nontuberculous mycobacteria;

SSTI, skin and soft tissue infection.

LTBI, syphilis, and urinary questions were converted less fre-
quently at rates of 12%, 8%, and 5% respectively (see also
Supplementary Table 1). Using y” testing, the likelihood of an
E-consult conversion was found to be dependent on the reason
for the E-consult (P <.0001) when compared to the overall
conversion rate of 22%. There were similar rates of face-to-face
conversion between templated (24%) and nontemplated e-con-
sults (21%).

Predictive Modeling

Figures 3A-C demonstrate the ROC AUC curves for all 3
models. Supplementary Table 2 summarizes the accuracy,
ROC AUC, and SD of all 3 models when performed over
cross-validation and all data, respectively. The logistic re-
gression model demonstrated the best overall performance
characteristics with respect to accuracy and average ROC
AUC (0.8 and 0.72, respectively), and the confusion matrix
for this final logistic regression model can be found in
Supplementary Figure 1. The naive Bayes model per-
formed similarly and the decision tree model performed
the worst despite having the highest prediction accuracy
over all data. This high accuracy is a result of model
overfitting.

Table 2 shows the top 10 and bottom 10 attributes associat-
ed with conversion to a face-to-face consult, including odds
ratios and confidence intervals. E-consults unrelated to
COVID-19, including lymphadenopathy, “cyst” in the free
text, Asian race, and Hispanic/Latino ethnicity were associat-
ed with an E-consult being converted to a face-to-face consult.
The attributes of urinary topic, vaccine questions, and
E-consults related to COVID-19 were the top predictors for
an E-consult not requiring conversion to a face-to-face
consult.

DISCUSSION

In this retrospective analysis of an outpatient ID E-consult pro-
gram at a safety net health system, differences in the rates of
conversion of E-consults to face-to-face visit were seen among
E-consult referral diagnoses, indicating that certain conditions
may be more appropriate for E-consults. We analyzed
E-consult characteristics by creating a logistic regression model

Table 2. Predictive Model Attributes: The Top 10 and Bottom 10
Attributes Associated With Conversion of an Electronic Consultation to
a Face-to-Face Consultation

Attribute Odds Ratio (95% Cl)

Top predictors
E-consult unrelated to COVID-19 1.49 (.06-.06)
Lymphadenopathy 1.42 (.14-.2)
“Cyst” included in free text 1.4 (.18-.27)
Race: Asian 1.4 (.17-.16)
Ethnicity: Hispanic/Latino 1.4 (.19-17)
Topic: Osteomyelitis 1.4 (.17-.2)
Mycobacterium kansasii included in free text 1.39 (.14-.15)
Associated symptoms reported 1.38 (.18-.17)
Topic selected: Other 1.37 (.18-.19)
Reason for E-consult: Medication question 1.35 (.17-.19)

Bottom predictors
Topic: Urinary 0.63 (.18-.14)
Reason for E-consult: Vaccine question 0.66 (.07-.08)
E-consult related to COVID-19 0.67 (.06-.06)
Topic: Other respiratory 0.71 (.26-.23)
Not Hispanic/Latino 0.71 (.17-.19)
Referring specialty: Primary care 0.72 (.12-.1)
No associated symptoms reported 0.72 (.17-.18)
Race: White 0.74 (.19-.19)
Topic: LTBI 0.75 (.24-.23)
Reason for E-consult: Fevers 0.75 (.1-1)

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease 2019; E-consult,
electronic consultation; LTBI, latent tuberculosis infection.
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for a reasonably accurate prediction of conversion to
face-to-face visit.

Characteristics of outpatient ID E-consult programs
have been previously described at a few institutions in the
United States [1, 10]. Wood et al described that fevers and mus-
culoskeletal and skin infections were converted frequently to
face-to-face evaluations [1]. Our study is the first to evaluate dif-
ferences in conversion of E-consults to face-to-face visits by di-
agnosis and to predict conversion rates. Our experience suggests
that osteomyelitis, NTM, and GI infections are less appropriate
for E-consults as consultants frequently convert them to
face-to-face visits. We hypothesize this may be a result of the
need for in-person examination or the need for further imaging
or laboratory investigations. We also demonstrate that a simple
logistic regression model can accurately predict conversion rates
based on the characteristics included in an E-consult referral.

Reasons for the E-consult factored significantly into conver-
sions. Complex conditions like active TB or NTM infections
predicted face-to-face conversion. Referrals for reasons where
the ID specialists had less of an effect on morbidity and mortal-
ity (COVID-19, serology interpretation, LTBI) were less likely
to be converted. The use of templates for E-consult topics had
no appreciable effect on face-to-face conversion. The PrEP
template was included as part of an initiative to increase
PrEP access at Parkland Health, but was not widely utilized
by referring providers throughout the study period.

Murthy et al described the use of an ID E-consult service in
Ottawa, Canada. Despite differences in the healthcare systems,
their E-consult program received similar proportions of con-
sults for LTBI (14% vs 16%) and skin and soft tissue infections
(7% vs 6%). They also had a similar rate of E-consult conver-
sions to face-to-face referrals (25% vs 22%). The Murthy et al
study also showed high rates of E-consults for Lyme disease
and parasitic infections that were not present at our institution,
indicating that geographic location and local infection patterns
may influence a program’s E-consult usage [11].

Barnett et al described a large multispecialty E-consult pro-
gram at a large safety net health system in Los Angeles
County that improved access to specialist care for underserved
populations [10]. Our study is the first to describe and analyze
ID E-consult usage at a safety net institution in the United
States. Unlike an ID E-consult program at an academic medical
center, Parkland’s E-consult program had higher proportions
of requests relating to LTBI, syphilis serologies, and musculo-
skeletal infections (9.4% vs 16%, 9.6% vs 16%, and 6.5% vs
11%, respectively), but had a similar proportion of E-consults
converted to a face-to-face visit (22% vs 25%) [1]. This single
comparison suggests that there may be variations in the usage
of E-consult programs at different institutions, possibly due to
differences in the patient populations.

Our analysis also highlights that the type of E-consult re-
quests tend to be similar among referring providers from the

same medical specialty. For instance, rheumatologists were
more likely to ask about LTBI in anticipation of prescribing im-
munosuppression, and podiatrists are more likely to ask about
skin and soft tissue infections and osteomyelitis. This finding
highlights an opportunity to design continuing medical educa-
tion to reinforce knowledge around common specialty-specific
questions.

Our predictive model may be a useful tool to triage
E-consults for appropriateness and automatically direct some
to face-to-face encounters. Alerting the ID consultant that a
specific request may be more likely to require a face-to-face visit
may also reduce time spent on an E-consult. Alternatively, re-
ferring providers may be alerted by models that a face-to-face
encounter could be an appropriate next action. Healthcare sys-
tems could use their own referral characteristics to create a
model specific to their institution. However, further studies
are needed to optimize these models for predictive accuracy
and to explore their usefulness in clinical care.

Within our own institution, we plan to incorporate the pre-
dictive model to assist referring providers and ID specialists to
efficiently triage E-consults. In the future, our hope is to also
more fully leverage a natural language processing platform to
analyze the text of a referral and provide clinical decision sup-
port to the end user to direct them to the most appropriate con-
sult type.

While this manuscript on our infectious disease E-consult
experience enhances understanding of the optimal use of
E-consult programs, there is still a lack of large multicenter
studies to explore their use and utility. Conducting such studies
may be limited by institutional variations in E-consult systems
and patient populations served. Further work is needed to spe-
cifically address whether ID E-consults save time and resources
or decrease clinical burdens and obstacles for patients to spe-
cialty care.

There are several inherent limits to our study. First, we used a
retrospective study design and collected data by chart review,
which may have resulted in instances of human error.
Second, our study was conducted at a single center and may
not be applicable at other institutions. Third, our model was
limited by our sample size. Furthermore, we did not evaluate
patient outcomes and thus cannot comment on the appropri-
ateness of the model to delineate the appropriate consult type
based on this metric. Finally, we note that all models had de-
creased accuracy and ROC AUC during cross-validation. We
hypothesize that this may be a result of the class imbalance
within the data set (ie, the vast majority of the E-consults
were not converted to a face-to-face meeting).

CONCLUSIONS

Our results provided a detailed look at how ID E-consults were
used in a safety net healthcare system over a 3-year period

Outpatient ID E-Consult Implementation « OFID « 7



including which specialties were using the program and the
most common topics asked. We were also able to identify
which topics were most appropriate for E-consult and use mod-
eling to predict conversion to face-to face-visits based on refer-
ral characteristics.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.
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