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We compared outcomes at 3 community hospitals before and 
after switching from in-person to a Tele-ID group from an 
academic medical center. Compared to in-person, Tele-ID 
received significantly more consultations with similar 
outcomes for length of hospital stay, transfers, readmission, 
and mortality. Tele-ID is a suitable alternative for community 
settings.
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The majority of United States counties have no access to infec-
tious diseases (ID) specialty care [1]. Small community hospi-
tals have traditionally had difficulty attracting and retaining ID 
specialists. Importantly, ID specialty services have been shown 
to improve patient outcomes [2–6]. Without specialist care, 
hospitals have to transfer patients to tertiary facilities to access 
ID consultants, which could impact care and community hos-
pital revenue.

Telemedicine can expand access to ID specialists [7, 8]. 
Adoption of standalone or adjunct Tele-ID services has re-
duced length of stay (LOS), readmissions, and mortality and 
improved patient satisfaction in both inpatient and outpatient 
settings [9–19]. However, limited data have been reported on 
directly comparing inpatient Tele-ID to an in-person ID service 
in community settings where the lack of access to ID expertise 
is greatest [20]. To fill this knowledge gap, we report our anal-
yses comparing Tele-ID services at community hospitals with 
prior in-person ID care.

METHODS

University of Pittsburgh Medical Center (UPMC) is a large 
healthcare organization based in Pittsburgh, Pennsylvania. 
The system has 40 hospitals across Pennsylvania, Maryland, 
and New York. Three UPMC hospitals were included in the 
current study: Hospital 1 is the largest with 216 licensed beds, 
followed by hospitals 2 and 3 with 122 and 106 licensed beds, 
respectively. All 3 hospitals are in northwestern Pennsylvania 
with county populations ranging from 6000 to 300 000. The cu-
mulative driving time between all 3 hospitals is 1 hour and 
40 minutes.

We performed a retrospective medical record review com-
paring outcomes of patients evaluated by in-person versus 
Tele-ID care. The in-person group consisted of all patients 
seen by the local physician between 1 January 2018 and 
30 June 2018. The Tele-ID group consisted of all patients 
seen by a UPMC Tele-ID physician between 1 July 2018 and 
30 December 2018. Data were extracted from the electronic 
medical record (EMR) for each population including sex, 
race, age, body mass index, and Charlson Comorbidity Index 
at the time of consultation. Key study outcomes included the 
total number of unique patient encounters, the total hospital 
LOS and LOS after ID consult, discharge to home, transfers 
to tertiary centers, ID-related hospital readmission, and mor-
tality. Postdischarge mortality was captured through the health 
system’s access to the Social Security database. Specific ID diag-
noses for each unique patient encounter were tabulated. All 
statistical significance analyses were performed with the 
Mann-Whitney U test using Microsoft Excel and R software. 
The study did not require institutional review board approval 
as it was approved by the UPMC quality improvement commit-
tee (Project ID 2046: Assessing the Quality and Outcomes of 
the Infectious Diseases Services Provided via telemedicine 
within the UPMC Healthcare System).

RESULTS

Description of ID Consultation Structure

Before July 2018, all 3 hospitals were serviced by a single, inde-
pendent, full-time ID physician who traveled daily between the 
sites. Following the departure of this physician on 30 June 2018, 
the 3 hospitals implemented Tele-ID consultations through the 
Division of Infectious Diseases of UPMC. Given the distance, 
location, and prior implementation of Tele-ID at other 
UPMC hospitals [21], a fully remote Tele-ID service was exe-
cuted on 1 July 2018. One full-time equivalent Tele-ID physi-
cian, from a pool of 8 rotating ID physicians, was assigned to 
cover the 3 hospitals. The Tele-ID physician placed notes and 
orders in the local EMR. The Tele-ID physician provided live 
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audio-video visits, electronic consults (e-consults), and tele-
phonic physician-to-physician consults. Live initial and follow- 
up consultations were conducted with the assistance of a 
tele-presenter registered nurse (RN) at each site during week-
days. The RN was trained on Health Insurance Portability and 
Accountability Act–compliant telecommunications equipment 
and on conducting a comprehensive physical examination in-
cluding the utilization of a high-definition portable camera 
and a Bluetooth-enabled stethoscope to allow auscultation. 
Hospital 1 had a dedicated RN to assist all telemedicine services 
(ID, endocrinology, pulmonary, and neurology), while hospitals 
2 and 3 had an RN assigned for Tele-ID up to 2 hours per day. 
E-consults constituted reviewing the EMR, occasional discussion 
with the in-hospital primary care team, and providing a detailed 
consultation note. Telephonic physician-to-physician consulta-
tions were available 24/7, but live visits and e-consults were 
only completed during the weekdays. The Tele-ID physician de-
cided on a case-by-case basis whether to evaluate the patient us-
ing a live visit or an e-consult. Postdischarge, the in-person 
group was followed by the local ID physician at an independent 
clinic. For the Tele-ID group, patients discharged on intravenous 
antibiotics were followed by a central outpatient parenteral anti-
biotic team. They were seen by the same pool of ID physicians 
either in-person in Pittsburgh or at a satellite clinic utilizing 
live audio-video software with a tele-presenter.

Outcomes

A total of 642 unique patient encounters occurred across the in- 
person and Tele-ID groups during the study period (Table 1). 

Data from hospitals 2 and 3 were combined as both shared a 
common EMR. In the Tele-ID group, most consults were live, 
except for 8 initial e-consults and 34 unique encounters with 
at least 1 follow-up e-consult. Patients were predominantly 
White (89.3%) with a slight female majority (54.2%). The average 
age of the population was 67.0 years and the average body mass 
index was 32.4 kg/m2. The average Charlson Comorbidity Index 
was 5.9 in the in-person group and 6.4 in the Tele-ID group.

The total number of encounters seen by the Tele-ID group 
was significantly greater than the in-person group (251 vs 
391; P = .018; Table 1). The average LOS following the initial 
ID consult was 4.1 days for in-person (4.6 days at hospital 1; 
3.6 days at hospital 2 and 3) and 3.9 days for Tele-ID (4.4 
days for hospital 1; 3.5 days for hospital 2 and 3) (P = .945). 
The average total hospital LOS was 7.2 days for in-person 
(7.8 days at hospital 1; 6.5 days at hospital 2 and 3) and 7.0 
days for Tele-ID (7.5 days for hospital 1; 6.4 days at hospitals 
2 and 3) (P = .654). There were 16 ID-related readmissions at 
30 days for in-person (12 at hospital 1; 4 at hospitals 2 and 3) 
and 10 for Tele-ID (7 at hospital 1; 3 at hospitals 2 and 3) 
(P = .072). There were 33 transfers to tertiary centers for in- 
person (17 at hospital 1; 16 at hospitals 2 and 3) and 40 for 
Tele-ID (23 at hospital 1; 17 at hospitals 2 and 3) (P = .301). 
The in-person group had 12 ID-related transfers and Tele-ID 
had 5. Reasons for ID transfers included need for surgical spe-
cialty evaluation or a diagnostic modality unavailable at the 
originating hospital. There were 127 discharges to home for 
the in-person group (63 at hospital 1; 64 at hospitals 2 and 3) 
and 216 for the Tele-ID group (121 at hospital 1; 95 at hospitals 

Table 1. Characteristics and Outcomes of the Study Population

Characteristic or Outcome

Hospital 1 Hospitals 2 and 3

OverallIn-Person ID Tele-ID In-Person ID Tele-ID

Patient characteristics

No. of encounters 147 239 104 152 642

No. of initial E-consults 0 8 0 0 8

White race 126 (85.7) 205 (85.8) 97 (93.2) 145 (95.4) 573 (89.3)

Female sex 74 (50.3) 141 (59.0) 54 (51.9) 79 (51.9) 348 (54.2)

Average age, y 67.4 66.7 66.5 67.3 67.0

Average BMI, kg/m2 31.5 30.9 32.6 34.7 32.4

Average CCI 5.4 5.8 6.4 7.0 6.2

Patient outcomes (in-person vs Tele-ID)

Encounters 147 239 104 152 P= .018

LOS after ID consult, d 4.6 4.4 3.6 3.5 P= .945

Total hospital LOS, d 7.8 7.5 6.5 6.4 P= .654

ID-related readmissions at 30 d 12 (8.2) 7 (2.9) 4 (3.8) 3 (2.0) P= .072

Transfer to tertiary center 17 (11.6) 23 (9.6) 16 (15.4) 17 (11.2) P= .301

Discharge to homea 63 (42.9) 121 (50.6) 64 (61.5) 95 (62.5) P= .333

Death within 30 d of discharge 5 (3.4) 9 (3.8) 3 (2.9) 5 (3.3) P= .979

Data are presented as No. (%) unless otherwise indicated.  

Abbreviations: BMI, body mass index; CCI, Charlson Comorbidity Index; ID, infectious diseases; LOS, length of stay.  
aThere were 80 discharges to skilled nursing facilities for the in-person group (60 at hospital 1; 20 at hospitals 2 and 3) and 119 for the Tele-ID group (85 at hospital 1; 34 at hospitals 2 and 3). 
There were 9 discharges to hospice for the in-person group (6 at hospital 1; 3 at hospitals 2 and 3) and 7 for the Tele-ID group (3 at hospital 1; 4 at hospitals 2 and 3).
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2 and 3) (P = .333). There was a total of 8 deaths within 30 days 
of discharge in the in-person group and 14 deaths in the 
Tele-ID group (P = .979).

The most common ID diagnosis in both groups was bacter-
emia. A wider range of ID diagnoses were made in the Tele-ID 
group (Figure 1). Antimicrobial usage at all 3 sites for all hos-
pital encounters was 984 days of therapy per 1000 patient-days 
(DOT/1000 PD) during the in-person ID period and 938 DOT/ 
1000 PD during the Tele-ID period, which was a 4.7% decrease 
(P = .12).

DISCUSSION

This is the first study comparing inpatient outcomes between 
in-person ID versus Tele-ID at the same hospitals. This com-
parison shows that outcomes are similar between the 2 groups, 
despite a significantly greater number of consults performed by 

Tele-ID. As a result of the higher number of encounters, 
Tele-ID saw more medically complex patients with more 
diverse ID diagnoses.

The greater number of consults seen by Tele-ID suggests im-
proved productivity compared with in-person care, possibly be-
cause of travel time elimination. Although not statistically 
significant, the Tele-ID group showed a trend toward shorter 
LOS, less frequent ID-related readmissions at 30 days and trans-
fers to tertiary centers, more frequent discharges to home, and 
low mortality within 30 days of discharge. The less frequent 
transfers allowed patients to remain in care in their local com-
munity and for hospitals to receive full reimbursement for the 
hospitalization. Two concerns about Tele-ID include possible 
missed diagnosis and increased antibiotic usage compared to in- 
person care. The data from this study suggest the opposite: 
Tele-ID physicians were able to make a broader range of ID di-
agnoses and there was no increase in antimicrobial usage.

Figure 1. Wider variety of infectious diseases (ID) diagnoses by Tele-ID service. Abbreviations: CLABSI, central line–associated bloodstream infection; ID, infectious dis-
eases; SIRS, systemic inflammatory response syndrome.
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There are limitations to this study. The sample size in both 
groups is limited because of the small size of the community 
hospitals and the low overall volume of patients needing ID 
consultation. Larger studies comparing in-person to Tele-ID 
care will be needed. There is also the possibility of a temporal 
bias because the calendar dates of the study groups differ, al-
though there was no time gap between the transition from in- 
person to Tele-ID care.

In conclusion, although there can be technical, physical, and 
financial challenges in implementing telemedicine services, the 
results of this initial study suggest that Tele-ID can be an effec-
tive alternative to in-person ID consultation in areas where in- 
person ID expertise is not available.
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