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Abstract

Introduction: This study evaluates the financial impact of tele-
medicine outreach in a competitive healthcare market from a
tertiary children’s hospital’s perspective. We compared the
number of transfers, average hospital revenue, and average pro-
fessional billing revenue before and after the deployment of
telemedicine. Materials and Methods: This is a retrospective
review of hospital and physician billing records for patients
transferred from 16 hospitals where telemedicine services were
implemented between July 2003 and December 2010. Hospital
revenue was defined as total revenue minus operating costs.
Professional billing revenue was defined as total payment received
as the result of physician billing of patients’ insurance. We
compared the number of transfers, average net hospital revenue
per year, and average professional billing revenue per year before
and after the deployment of telemedicine at these hospitals.
Results: There were 2,029 children transferred to the children’s
hospital from the 16 hospitals with telemedicine during the study
period. The average number of patients transferred per year to the
children’s hospital increased from 143 pre-telemedicine to 285
post-telemedicine. From these patients, the average hospital
revenue increased from $2.4 million to $4.0 million per year, and
the average professional billing revenue increased from $313,977
to $688,443 per year. On average, per hospital, following the
deployment of telemedicine, hospital revenue increased by
$101,744 per year, and professional billing revenue increased by
$23,404 per year. Conclusions: In a competitive healthcare re-
gion with more than one children’s hospital, deploying pediatric
telemedicine services to referring hospitals resulted in an in-
creased market share and an increased number of transfers,
hospital revenue, and professional billing revenue.
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Introduction
n the past decade, the use of telemedicine to deliver consultations
to remote communities has been rapidly increasing. Despite the
increased adoption of telemedicine, there are limited data sup-
porting its financial impact and cost-effectiveness, especially
from a tertiary hospital’s point of view. Among studies that have
conducted economic evaluations on the use of telemedicine, a ma-
jority have not found any conclusive evidence supporting its cost-
effectiveness.' A recent systematic review of economic evaluation
studies on telemedicine concluded that it is unrealistic to broadly
gauge all telemedicine to be cost-effective.* Instead, the review re-
commended that more specific cost-effective analysis be conducted,
limiting analyses to single specialty programs with control groups,
with a specific focus on the patient group served.* In addition, the
review recommended that economic analyses consider other factors,
including sustainability and the organizational environment in
which the telemedicine program is being administered.*

The Pediatric Telemedicine Program at the University of California
Davis Children’s Hospital (Sacramento, CA) includes a comprehen-
sive outpatient pediatric specialist program, a pediatric telemental
health program, a unique video interpreting program, on-demand
telemedicine consultations to inpatient wards, and asynchronous
telemedicine programs including pediatric telecardiology, tele-
neurology, tele-ophthalmology, teledermatology, and distance edu-
cation. This has enabled the Pediatric Telemedicine Program to offer
expertise to rural healthcare facilities that typically have less access
to pediatric subspecialists. In addition, we have had a longstanding
pediatric telemedicine program where pediatric critical care physi-
cians deliver consultations to children presenting to remote and
underserved emergency departments (EDs).>® This particular pro-
gram, which was initially grant funded, has been continued without
extramural funding, charges to the remote hospitals, or other ex-
ternal source of revenue.

In this study we sought to evaluate the financial impact of this
emergency telemedicine program from the perspective of our chil-
dren’s hospital (tertiary hospital), where telemedicine is used to
support surrounding rural and underserved hospitals in a competitive
healthcare region. To accomplish this, we compared referral and
transfer rates to Children’s Hospital, the revenue generated at Chil-
dren’s Hospital, and the revenue generated from specialist profes-
sional billing before and after the implementation of our
telemedicine program. We hypothesized that the provision of tele-
medicine services to the referring hospitals would result in an
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increased market share that would yield (1) increased patient trans-
fers to Children’s Hospital, (2) increased hospital revenue resulting
from these transfers, and (3) increased revenue from specialist pro-
fessional billing. We hypothesized that the increased number of
transfers from the telemedicine (remote) hospitals would be greater
than any temporal trend in patient transfers or market share occur-
ring during the same time period from other hospitals without tele-
medicine services.

Materials and Methods
STUDY DESIGN

We conducted a retrospective study to compare referral and fi-
nancial data on patients transferred to our children’s hospital from 16
remote hospitals in Northern California, where telemedicine services
were implemented during the study period. We determined the
number of patients transferred from these remote hospitals and the
economic outcomes from the patients admitted to our hospital before
(pre-telemedicine) and after (post-telemedicine) the implementation
of telemedicine services. For reference, we compared the number of
patients transferred from the 16 telemedicine hospital partners with
the number of patients transferred from other remote hospitals in the
same region to our Pediatric Intensive Care Unit (PICU) and Neonatal
Intensive Care Unit (NICU) during the same time period.

TELEMEDICINE SERVICES

The telemedicine program was deployed to the 16 remote hospitals
(telemedicine hospitals) on a rolling basis between 2003 and 2009.
The purpose of the telemedicine program was primarily to provide
the remote EDs (without pediatric expertise) access to pediatric spe-
cialists, including pediatric critical care physicians, to assist in the
care of acutely ill children. Less frequently, this telemedicine pro-
gram also allowed for emergent consultations to child abuse experts
and cardiologists in cases of suspected child abuse and congenital
heart disease, respectively.”® Because federal grants were used to
initially pay for the implementation of telemedicine, all of the remote
hospitals were located in designated rural areas, as defined by Cali-
fornia’s Office of Statewide Health Planning and Development® and
the federal Center for Medicare and Medicaid Services,'® serving
underserved communities according to the Health Resources and
Services Administration’s definitions of a health professional short-
age area, a medically underserved area, and/or a medically under-
served population.'" All of the remote hospitals had existing patient
transfer relationships with the University of California Davis Chil-
dren’s Hospital as well as another non-university children’s hospital
in the same city.

The pediatric specialists from Children’s Hospital were available
for consultation to the remote ED physicians at the telemedicine
hospitals during both the pre- and post-telemedicine periods.
The only difference between these periods is that during the pre-
telemedicine period, the remote physicians consulted with the spe-
cialist using the telephone, and for the post-telemedicine period,
telemedicine was used for consultations. The telemedicine hospitals
had access to a variety of pediatric specialists using the telephone or
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telemedicine, but a majority of the consultations from the study sites
were to the pediatric critical care and pediatric emergency medicine
physicians. The telemedicine hospitals also had access on an ad hoc
basis to a variety of pediatric specialists, including child abuse,
cardiology, infectious disease, pulmonology, hematology-oncology,
gastroenterology, and neurology, as well as surgical services in-
cluding pediatric cardiothoracic surgery, general surgery, otolaryn-
gology, and burn surgery.

SELECTION OF PATIENTS

In this study we included the “pre-telemedicine” and “post-
telemedicine” cohort of pediatric patients transferred to Children’s
Hospital from the telemedicine hospitals between July 2003 and
December 2010. We included all children who were between the ages
of 1 day and 18 years.

OUTCOME MEASURES

The three primary outcome measures in the study were:

1. Transfer rate, defined as the average number of patients trans-
ferred per year (annual patient transfers) to Children’s Hospital
from the telemedicine hospitals during the study period.

2. Hospital revenue, defined as average net hospital revenue per
year (annual net hospital revenue) at Children’s Hospital as a
result of the patient transfers. The net hospital revenue was the
total hospital revenue (hospital reimbursement from insurance)
minus the operating costs directly related to each patient as
estimated by Children’s Hospital’s finance department.

3. Professional billing revenue, defined as the average physician
revenue per year (annual physician revenue) at Children’s
Hospital as a result of the patient transfers. The physician
revenue was the total payment received as the result of phy-
sician billing of patients’ insurance.

DATA COLLECTION

Hospital billing records were retrospectively reviewed to collect
transfer and financial data on the pediatric patients transferred
from the 16 study sites to Children’s Hospital. Data was collected on
patient acuity (emergent, urgent, and non-urgent), patient source
location (emergency room, inpatient ward), type of insurance, and
length of stay at the tertiary hospital. We collected data on the
hospital charges, hospital revenue, direct hospital costs, professional
charges, and physician revenue (payments) for each patient during
the pre- and post-telemedicine periods.

The pre-telemedicine period and post-telemedicine period for each
study hospital were determined by the date of deployment of tele-
medicine services at each hospital. Because telemedicine was de-
ployed to the 16 sites over several years, each hospital had a different
date delineating the pre-telemedicine and post-telemedicine periods.
Hence, the study data were analyzed individually for each hospital
comparing the pre-telemedicine and post-telemedicine periods. For
the overall comparisons, the financial outcomes from the 16 hospitals
were aggregated.
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As a reference, we also determined the total number of pedi-
atric patients transferred to Children’s Hospital from all other
hospitals during the study period. We did this to differentiate
changes in the number of transfers as a result of our telemedicine
program from changes in market share and/or changes in the
number of transfers as a result of some temporal trend during the
study period.

STATISTICAL ANALYSIS

We performed all statistical analyses using STATA software ver-
sion 12 (StataCorp, College Station, TX). For descriptive analysis, we
used the chi-squared test to compare categorical variables and Stu-
dent’s t test to compare continuous variables.

Results

In total, 2,056 patients were transferred to Children’s Hospital from
the 16 remote hospitals where telemedicine services were deployed
during the study period. Among these, 5 (0.2%) of the billing records
could not be found, and 22 (1.1%) had incomplete billing informa-
tion. Therefore, a final sample of 2,029 patient transfers was used
in the analyses. Based on the time of deployment of telemedicine at
the remote hospitals, 515 patients were transferred during the pre-

telemedicine period, and 1,532 patients were transferred during the
post-telemedicine period.

Table 1 summarizes the characteristics of the patients transferred
to Children’s Hospital. The mean age was 4.2 years (standard devia-
tion=5.5 years), and the mean length of stay was 8.8 days (standard
deviation =15.1 days). The majority of the patients transferred were
from the ED (67.5%), and of these, a majority were classified as
“urgent” in their acuity level (76.9%). Public insurance (58.7%) was
the most common type of insurance for these patients. When com-
paring the pre- and post-telemedicine cohorts, we found differences
with regard to some baseline demographics. The pre-telemedicine
cohort was older (5.0 versus 3.9 years, p<0.05) and had a shorter
mean hospital length of stay (7.7 versus 9.2 days, p <0.05) compared
with the post-telemedicine group. The cohorts were also significantly
different in their acuity level and the location from which the patient
transferred to Children’s Hospital.

Table 2 describes the number of years and transfers from each
telemedicine hospital to Children’s Hospital before and after the
deployment of telemedicine. The average number of years for the
pre-telemedicine period was 3 years, and that for the post-
telemedicine period was 5 years. Eight hospitals had less than 1 pa-
tient transfer per year in the pre-telemedicine period compared with

Table 1. Characteristics of Children Transferred from Telemedicine Hospitals to University of California Davis
Children's Hospital Before and After Deployment of Telemedicine (n=2,029)

PRE-TELEMEDICINE

POST-TELEMEDICINE

VARIABLE ALL (N=2,029) (N=515) (N=1,514) P VALUE

Age (years) [mean (SD)] 42 (5.5) 5.0 (5.9) 39 (5.3) <0.05
Length of stay (days) [mean (SD)] 8.8 (15.1) 7.7 (14.2) 9.2 (15.4) <0.05
Acuity level [n (%)] <0.05

Emergent 446 (22.0) 90 (17.5) 356 (23.5)

Urgent 1,561 (76.9) 421 (81.8) 1,140 (75.3)

Non-urgent 15 (0.7) 2 (0.4) 13 (0.9)

Unknown 7 (0.3) 2 (0.4) 5(0.3)
Patient source location [n (%)] <0.05

Emergency room 1,369 (67.5) 367 (71.3) 1,002 (66.2)

Inpatient 660 (32.5) 148 (28.7) 512 (33.8)
Insurance [n (%)] 0.09

Public 1,190 (58.7) 293 (56.9) 897 (59.3)

Private 463 (22.8) 122 (23.9) 341 (22.5)

Self-pay 99 (4.9) 24 (4.7) 75 (5.0)

Other 15 (0.7) 2 (0.4) 13 (0.9)

Non-funded 242 (11.9) 64 (12.4) 178 (11.8)

Unknown 19 (0.9) 10 (1.9) 9 (0.6)

SD, standard deviation.
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Table 2. Number of Years and Transfers to University of California Davis Children's Hospital Before

and After Deployment of Telemedicine at Telemedicine Hospitals (n=2,029)

NUMBER OF YEARS

TOTAL PATIENT TRANSFERS

PRE- POST- PRE- POST- PRE- POST-
HOSPITAL TELEMEDICINE TELEMEDICINE TELEMEDICINE TELEMEDICINE TELEMEDICINE TELEMEDICINE
0.5 7.5 9

ANNUAL PATIENT TRANSFERS

A 166 18.0 221
B Si5 45 104 181 29.7 40.2
C 2.4 5.6 3 31 1.2 5.6
D 2.8 53 0 1 0.0 0.2
E 2.4 5.6 1 52 4.5 9%
E 44 3.6 0 12 0.0 3.4
G 513 2.7 49 85 9.2 13.1
H 2.8 5.3 2 14 0.7 2.7
| 0.5 7.5 0 580 0.0 773
J Si5 4.5 143 265 40.9 58.9
K 0.5 7.5 0 23 0.0 3.1
L 513 2.8 184 1M 35.0 40.4
M 3.4 4.6 3 1 0.9 2.4
N 0.5 7.5 0 15 0.0 2.0
0 2.1 519 4 13 1.9 2.2
P 5.8 2.2 8 4 0.5 1.8

Total 5% 1,514 142.6 284.6

one hospital in the post-telemedicine period. The average number of
annual transfers was 285 patients in the post-telemedicine period
compared with 143 patients in the pre-telemedicine period. On av-
erage, there were in total 142 more patient transfers in the post-
telemedicine cohort each year. On average, the annual number of
pediatric transfers at each site was greater by 9 patients during the
post-telemedicine period.

Table 3 describes the total hospital revenue and the annual hos-
pital revenue at Children’s Hospital from the patients transferred
from each telemedicine hospital before and after the deployment of
telemedicine. The total hospital revenue was $29.8 million in the
post-telemedicine period compared with $5.8 million in the pre-
telemedicine period. On average, the total annual hospital revenue
was greater by $1.6 million in the post-telemedicine period compared
with the pre-telemedicine period. On average, Children’s Hospital’s
annual hospital revenue per remote hospital with telemedicine was
$101,744 greater during the post-telemedicine period.

Table 4 describes the total professional billing revenue and the
annual professional billing revenue at the Children’s Hospital from
the patients transferred from each telemedicine hospital before and
after the deployment of telemedicine. The total professional billing
revenue was more than $4 million in the post-telemedicine period

compared with nearly $1 million in the pre-telemedicine period. On
average, the total annual professional billing revenue was greater by
$374,466 in the post-telemedicine period compared with the pre-
telemedicine period. On average, the total annual professional billing
revenue per remote hospital with telemedicine was $23,404 greater
during the post-telemedicine period.

Figure 1 demonstrates the temporal trend in the number of patients
transferred to Children’s Hospital from telemedicine hospitals as well
as the number of patients transferred to Children’s Hospital’s PICU
and the NICU from other hospitals during the same time period.
During the study period, in total, 2,056 patients were transferred from
the telemedicine hospitals to Children’s Hospital. During the same
time period, in total, 2,487 and 2,866 patients were transferred from
other remote hospitals in the same region to the PICU and NICU,
respectively.

Discussion

In this study we assessed the financial impact of a pediatric
telemedicine program from the tertiary hospital’s perspective be-
fore and after the deployment of telemedicine. First, we found an
increase in the tertiary hospital’s market share, reflected by the in-
creased number of patients transferred across all 16 remote hospitals
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Table 3. Total Hospital Revenue and Annual Hospital Revenue at University of California Davis Children’s Hospital
Before and After Deployment of Telemedicine at Telemedicine Hospitals

TOTAL HOSPITAL REVENUE ($) ANNUAL HOSPITAL REVENUE ($)

HOSPITAL

A 490,461 1,752,218 980,923 233,629
B 2,416,111 7,046,042 690,317 939,472
C —4,143 346,921 -1,712 46,256
D 0 1,073 0 143
E 107,140 732,216 44,273 97,629
E 0 33,924 0 4,523
G 461,166 332,259 86,523 44,301
H =3 573 436,735 = 1,298 58,231
| 0 13,471,904 0 1,796,254
J 901,217 3,143,991 257,491 419,199
K 0 475,610 0 63,415
L 1,260,195 1,244,105 240,037 165,881
M 63,160 119,226 18,468 15,897
N 0 635,873 0 84,783
0 68,597 66,041 297 8,806
P 7,276 —9,456 1,248 —1,261

Total 5,767,607 29,828,683 2,349,247 3,977,158

following the deployment of telemedicine. The annual number of
patients transferred in the post-telemedicine period was nearly twice
the number of patients transferred during the pre-telemedicine pe-
riod. Second, we found that the increase in annual transfers resulted
in an increase in the annual hospital revenue during the post-tele-
medicine period. Third, we found that the increase in annual patients
transferred also resulted in a significant increase in annual profes-
sional billing revenue. The increase in patient transfers resulted in an
average increase in hospital revenue of $101,744 and professional
billing revenue of $23,404 per hospital per year. We believe that the
increased number of patients transferred to Children’s Hospital was
the result of the telemedicine program in a competitive healthcare
region because the number of patients transferred to Children’s
Hospital’s PICU and NICU from other hospitals in the same region did
not increase during the same period.

This study is one of the few studies that have examined the benefits
of telemedicine by comparing transfer rates and financial outcomes
before and after the implementation of telemedicine. Our findings
show the positive impact of telemedicine on market share and fi-
nancial outcomes, when used in a competitive hospital market. Our
results are similar to findings from other studies investigating the
financial impact of telemedicine services. Duchesne et al.'? evaluated
the use of telemedicine in rural trauma care and reported that tele-
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medicine had a positive impact both on the medical management and
utilization of hospital resources. Barnett et al.'> determined a tele-
medicine program used to treat Veterans with diabetes to be cost-
effective in one-third of patients by examining the cost-effectiveness
ratios and comparing differences in cost with the differences in
quality-adjusted life year utility scores. Both studies evaluated out-
comes from a societal or healthcare perspective and concluded that
the use of telemedicine was cost-effective. Breslow et al.,'* using a
similar study design to evaluate telemedicine in an intensive care
setting, also demonstrated improvements in both clinical and fi-
nancial outcomes from the perspective of the tertiary/specialist
hospital.

Implementing telemedicine programs at remote hospitals is always
associated with a financial cost. These costs include the initial
equipment purchase price, installation and software licensing costs,
ongoing costs of telecommunications, and the salary costs of tech-
nology support, staff, and physician time. Because a majority of
telemedicine is initiated by tertiary hospitals, it is reasonable to
conclude that they incur a financial cost to deliver specialty services
using telemedicine. Therefore, it is important for hospitals to evaluate
the financial benefits of investing in telemedicine to expand the
reach of specialty services beyond their brick and mortar clinics. This
becomes even more significant as many studies have evaluated the
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Table 4. Total Professional Billing Revenue and Annual Professional Billing Revenue at University of California Davis
Children's Hospital Before and After Deployment of Telemedicine at Telemedicine Hospitals

TOTAL PROFESSIONAL BILLING AVERAGE PROFESSIONAL BILLING
REVENUE ($) REVENUE PER YEAR ($)
HOSPITAL PRE-TELEMEDICINE POST-TELEMEDICINE PRE-TELEMEDICINE POST-TELEMEDICINE

A 37,096 288,222 74,192 38,430
B 358,691 628,309 102,483 139,624
C 8,563 49,190 3,538 8,815
D 0 141 0 27
E 17,350 47971 7,169 8,597
E 0 12,152 0 3,394
G 78,407 27,690 14,711 10,371
H 1,844 37,879 671 7,215
| 0 2,100,539 0 280,072
J 224,627 577,457 64,179 128,324
K 0 35,384 0 4,718
L 226,573 122,858 43,157 44,676
M 6,154 6,933 1,799 1514
N 0 53,540 0 7,139
0 4,006 17,018 1926 2,875
P 887 5,759 152 2,654
Total 964,198 4,011,042 313977 688,443

cost-effectiveness of telemedicine by reporting either

dollars saved or transfers avoided as a result of using

telemedicine.'®'® In 2004, Marcin et al.'® demonstrated

600 - ~——— Telemedicine Hospital Transfers that a pediatric critical care telemedicine program sig-

nificantly increased the revenue collected at a remote
= « PICU Transfers . .

500 - hospital because the telemedicine program enabled the
a5 ~. g, e NICU Transfers remote hospital to keep more patients. Furthermore, the
c 400 ’ reduction in patient transfers resulted in a cost savings
E from avoided patient transports.'® These studies evalu-
5 300 4 ated telemedicine from an individual or societal financial
E perspective, which may be different than a tertiary hos-
5 200 pital’s financial perspective. Our study is one of the first

to describe the benefits of a telemedicine program from

30 the tertiary hospital perspective by reporting on its im-

pact on market share and financial revenue in a com-
0 : - : - : : - — s .
20038 2004 2005 2006 2007 2008 2009 2010 petitive hospital market.
Year There are several strengths to this study. This study is

R ] ) . one of the first to evaluate the financial consequences to
Fig. 1. Temporal trends in the number of patients transferred to the University of

California Davis Children’s Hospital from telemedicine hospitals and patients a d,nldren s hospital using actual billing record data from
transferred to Children’s Hospital Pediatric Intensive Care Unit (PICU) and patients transferred before and after the deployment of
Neonatal Intensive Care Unit (NICU) from other hospitals. Note that for 2003 we  telemedicine. Although a few studies have reported that
estimated the annual transfers by doubling the study period data (6 months). telemedicine can be cost-effective, there is a lack of
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studies reporting the financial rewards of starting or expanding a
telemedicine program. This study investigated the benefits to the
tertiary hospital by comparing patient referrals and the financial
outcomes before and after the deployment of telemedicine.

This study has several limitations. This study was a retrospective
of analysis of billing record data, which does not include clinical
data; therefore it was not possible to know the exact case-mix of
patients transferred between the two time periods. Also, it was not
possible to definitively assess whether other factors could have
contributed to the increase in number of transfers seen in this
study. However, our finding of a decreasing trend in the number
of patients transferred to Children’s Hospital’s PICU and NICU from
other hospitals in the same region suggests that the telemedicine
program in a competitive healthcare market could be the primary
factor for the increased number of patients transferred to Chil-
dren’s Hospital. Lastly, this study included rural hospitals in
Northern California that could transfer their critically ill pediatric
patients to more than one children’s hospital. If a similar program
was initiated in a region where there was only one children’s
hospital, we would expect that there would not be the increase in
patient transfers that we saw in our study. Last, telemedicine was
not randomly deployed, and, as a result, our findings may not be
representative of other telemedicine programs serving a different
selection of remote hospitals.

Conclusions

In this study, we found that a pediatric telemedicine program
deployed to remote hospitals in a competitive healthcare market
resulted in an increased market share as reflected by an increased
number of transfers, hospital revenue, and professional billing rev-
enue to a children’s hospital. From a children’s hospital’s perspective,
investing in a telemedicine program that increases access to spe-
cialists in remote hospitals could potentially result in favorable
changes in referrals and reimbursement. In conclusion, this study
demonstrates that the deployment of telemedicine not only can
benefit the patient and remote hospitals, but also can increase the
tertiary hospital’s market share as well.
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