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Introduction
Rural hospitals rarely have the capacity and expertise
to deliver timely and appropriate care for patients
with ESKD because providing effective dialysis care
requires a staff nephrologist readily available to co-
ordinate care for patients on dialysis as well as proper
infrastructure for water treatment systems and dialysis
equipment. For these reasons, clinicians in rural hos-
pitals typically transfer patients requiring dialysis to
other, larger hospitals, sometimes hundreds of miles
away. These transfers reflect broader deficits in access
to timely and effective specialty care services, and may
lead to poorer outcomes for rural residents (1). An
analysis of the hospital admission data from the state
of Georgia revealed that almost all patients with ESKD
were admitted to regional or tertiary care hospitals,
even when the patient resides in the primary service
area of a nearby rural hospital (J. Tannenbaum, J. Lea,
D. Brunn, unpublished data).

Telemedicine is the delivery of healthcare services
using information and communication strategies for
the exchange of valid data for the diagnosis and treat-
ment of disease to advance the health of individuals in
remote areas (2,3). Tele-nephrology uses these technol-
ogies to provide care to patients with kidney disease.
Asynchronous telehealth occurs when medical data
are transmitted between participants for assessment
when convenient and oftentimes uses remote monitor-
ing devices such as BP monitors. This store-and-carry-
forward telehealth method in the form of e-consults
(electronic clinician-to-clinician communications) has
been the most used form of tele-nephrology in ambu-
latory settings (4) and has the potential to overcome
limited specialist availability, travel distance, and other
barriers to expert specialty care for rural residents. In
nephrology, active United States–based telehealth pro-
grams include those in specialized populations, such as
veterans and the Zuni tribe in NewMexico, and others
primarily in outpatient clinic settings (4–8). However,
there is very little experience with telemedicine for
patients with renal disorders in rural hospitals using
real-time (synchronous) videoconferencing and virtual
examination, although there is experience in the home
dialysis space (9).

Other non-nephrology telemedicine services such as
tele-stroke and tele-ICU (tele-intensive care unit) that
use real-time monitoring have been implemented in

hospital settings and have shown positive health out-
comes (10,11). In addition, telemedicine interventions
decreased overall mortality and length of stay (LOS)
within progressive care units in a large hospital system
without substantial cost incurrences (12). In this Per-
spective, we report our 2-year experiences, processes
of care, and clinical outcomes for our tele-nephrology
program serving rural hospitals.

Emory/Sanderling Renal Services
Tele-nephrology Program
The Emory Tele-nephrology Program—affiliated

with Sanderling Renal Services (SRS) (13), a large net-
work of privately operated tele-nephrology programs
connecting generalist physicians in rural hospitals to
nephrologists in urban and suburban communities
since 2014 across 12 states—was launched in Septem-
ber 2017 by Emory nephrology faculty based in
Atlanta, Georgia (14). We provided consults for
patients on chronic dialysis and those with CKD,
AKI, and electrolyte disturbances in three rural south-
ern Georgia hospitals (14) that had between 45 and 80
inpatient beds and employed no local nephrologists.
Emory tele-nephrologists were credentialed by proxy
at each rural hospital and received WebEx training on
each hospital electronic medical record (EMR). See
Figure 1 for workflow processes for the tele-nephrology
consults. Physical examination was facilitated by au-
diovisual technology (FaceTime using end-to-end
encryption) and Littmann electronic stethoscope. We
followed patients on a daily basis until discharge or
resolution of AKI or electrolyte abnormality based on
clinical judgment. Initial consultation time averaged
20–30 minutes for connecting to the videoconference
and interviewing and examining the patient, with an
additional 20 minutes to document the note in EMR;
however, subsequent follow-up visits totaled only
20–30 minutes.
Dialysis services were provided by local certified

clinical dialysis technicians (CCHTs) employed by SRS
using NxStage (System One S) portable equipment.
This platform was simple to use in any hospital room
because it is self-contained and requires no disinfection
or water maintenance. Dialysis treatments performed
in the patient’s room had several advantages including
elimination of nursing handoff and medication errors,
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and continuity of care provided by the floor nurse. Our
hemodialysis (HD) platform is described as “e-Dialysis”
because it provides real-time alerts to the nephrologist
and the acute dialysis nurse who remotely supervises the
dialysis technician. The CCHT at the patient’s bedside
enters all of the flow-sheet data into a web-based EMR,
including BP, blood flow rate, volume removed, and ultra-
filtration rate. These data are immediately available to the
nephrologist and the remote acute HD nurse via a mobile
application, and thus both will receive instant notification
through a secure email if any of the patient parameters are
outside the preset ranges. The supervising HD nurse and/or
nephrologist can view the patient or communicate with
the CCHT at any time during the session via tele-video
conference.
Our tele-nephrology program is funded through a med-

ical director contract with SRS. Our tele-nephrologists are
compensated with a reimbursement rate typical for

Medicare payments for inpatient consults paid by SRS,
while the rural hospitals pay a consult fee to SRS under
a purchase service agreement to provide turnkey tele-
nephrology and dialysis services to the hospital.

Experiences and Outcomes of Our Tele-nephrology
Program
In our 2-year experience we have treated a total of 125

unique patients including 350 follow-up consults. See Ta-
ble 1 for a description of clinical outcomes for both the
patients with ESKD and non-ESKD includingmortality rate,
LOS, transfers, and case mix index, as well as for details on
dialysis sessions and vascular access type. For the 65% of
non-ESKD consults for AKI, 78% had a complete or near
complete renal recovery rate at discharge. Of the non-ESKD
consults, 35% were for electrolyte disorders, 40% of which
were for hyponatremia, and all patients had safe correction

Hospital Calls Toll Free Number with
Consult Request

Nephrologist Returns Call
(Within 15 Minutes)

Speaks to Referring Provider

Nursing Staff Sets up
Telemedicine Cart

Nurse Calls
Dialysis Tech

Nephrologist Reviews
Chart in Hospital’s EMR

Nephrologist Examines
Patient

Nurse Enters Verbal Orders
in Computerize Orders

Dialysis Tech
Performs
Dialysis

Flow Sheet
Generated

Nephrologist Signs
Verbal Orders

and Dialysis Orders
Call Referring

Physician

EMR Consult or F/U Note
Computerized Orders

Voice Mail and Text Delivered to Nephrologist

Verbal Orders

Figure 1. | Tele-nephrology workflow process. EMR, electronic medical record; F/U, follow-up; tech, technician.

Table 1. Tele-nephrology consult patient and dialysis characteristics, outcomes, and vascular access type

Characteristic Age LOS Transfer
(%)

Mortality
(%) Case Mix Index

ESKD (N573) 60 3.8 6 0 1.41
Non-ESKD (N552) 63 6.3 11 6 1.1
AKI (n534)
Non-AKI (n518)
Hypona (40%)

HD treatment data Total HD
Sessions

Mean no. HD per
Admit

Time (h) QB QD Total Dialysate
Volume (L)

Total UF
Volume (L)

157 1.8 3.8 365 300 60 1.6
Vascular access type

(%)
AVF AVG Permcath
57 38 6

All numerical values are means. LOS, length of stay in days; non-AKI, electrolyte abnormalities; hypona, hyponatremia; QB, blood flow
(ml/min); QD, dialysate flow (ml/min); UF, ultrafiltration; AVF, arteriovenous fistula; AVG, arteriovenous graft; Permcath, permanent
catheter.
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rates of ,10 meq/L in the first 24 hours. The most common
causes for admission among the patients with ESKD were
congestive heart failure (34%) and pneumonia (8%). No
access-related infections or failures were admitted because
the rural hospitals did not have a vascular surgeon on staff,
and thus those patients on dialysis required transfer to
a tertiary facility. Very few HD complications were ob-
served with only 5% of HD sessions resulting in hypoten-
sion defined as systolic BP,90 mmHg. Of our overall renal
consult population, 34% was managed in the intensive care
unit, with 8% requiring pressor support.
Survey data indicated that patients were comfortable

with this new model of renal care that enabled family
visitation. Subjectively, the tele-nephrologists’ experience
was positive, as noted by the satisfaction with the quality
of the physical exam (i.e., volume status) via videoconfer-
encing and electronic stethoscope. Anecdotally, rural hos-
pitalists and nursing staff appreciated the comradery and
clinical support in comanaging these complex renal patients.

Limitations of Hospital-Based Tele-nephrology
We have noted several limitations in our telemedicine

service that need to be addressed to sustain such programs
in the future. One limitation is the inability of our nephrol-
ogists to remotely examine urine sediment microscopically
for AKI consults as per usual nephrology practice. Other
limitations include characteristics unique to rural hospitals
such as the lack of multispecialty expertise which limits the
care for patients with more complex needs, the historically
poor perceptions of medical care at these small nontertiary
rural hospitals, lack of financial security and billing exper-
tise, and the need for buy-in of local nephrologists not
employed by the rural hospital. These hospitals did not
have employed local nephrologists on staff due to low
patient volumes; instead, the nephrologists were creden-
tialed at larger remote hospitals where they oftentimes re-
ferred their patients. Finally, the lack of individual hospital
EMRs interfacing with one another as well as poor infor-
mation technology infrastructure in rural locations are also
important barriers.

Tele-nephrology in Rural Hospitals: Summary and
Future Applications
Patients in rural hospitals who received nephrology care

via our telemedicine program were effectively managed in
their local hospitals, had minimal transfers out to higher
levels of care, experienced low mortality rates, and did not
have unusually long stays in hospital. The higher case mix
index in patients with ESKD allows for a greater level of
reimbursement to the rural hospitals which can increase
their financial viability. Expansion of tele-nephrology ser-
vices will be vital to the larger renal community due to the
shortages of nephrologists that now exist in rural areas and
to the concerning decreasing numbers of medical house staff
pursuing nephrology fellowships in the United States (15).
The use of e-Dialysis, using “tele-nursing” to supervise re-
mote acute dialysis performed by a CCHT is a potential
solution to the shortage of HD nurses. Furthermore, with
the recent coronavirus pandemic, upscaling remote delivery
of hospital tele-nephrology services can provide premium

value by reducing disease transmission, preserving the renal
workforce, and offloading the stretched resources of many
hospitals.
Next steps to establish the clinical benefits and cost-

effectiveness of rural tele-nephrology services are to analyze
and link our database to larger national data sets to compare
LOS, hospital readmissions, and mortality. Our work will
provide a natural stepping stone for additional work of
value to payers and policymakers concerned about the
health of rural residents with complex chronic conditions
with inadequate access to specialty care. In conclusion, tele-
nephrology is an innovative, safe, and feasible option to
provide specialty renal care in underserved rural hospitals
that will help mitigate the current shortage of nephrologists
and dialysis nurses, positively affect healthcare delivery,
and potentially reduce costs.
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