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      ICUs deliver focused care to critically ill patients; 
but despite advances in ICU care, mortality rates 

remain high and vary significantly.  1,2   There is an 
increased effort to improve patient outcomes by pro-
viding dedicated intensivist staffi ng in all ICUs and 
promoting adoption of evidence-based therapies.  3-8   
Access to intensivists has been hampered by an array 
of factors, most notably the limited supply of intensiv-
ists, particularly for smaller hospitals and rural geo-
graphic regions.  9-11   To improve the quality of critical 
care and extend the reach of the current intensivist 
workforce, at least 40 health-care systems in the United 
States have implemented telemedicine programs in 
ICUs (tele-ICUs).  12-15   

 Tele-ICUs typically combine real-time videoconfer-
encing, telemetry, and electronic health records (EHRs). 
A tele-ICU allows physician and nurse intensivists 

located in a centralized monitoring center to monitor 
and care for patients in multiple distant ICUs.  16,17   
Although the tele-ICU concept may be similar across 
facilities, the technology and associated treatment pro-
tocols (eg, ventilator protocols, sepsis management, 
best practice protocols) can vary signifi cantly across 
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sites and programs. Thus, it is not surprising that 
previous studies have reached confl icting conclu-
sions regarding whether tele-ICUs improve patient 
outcomes.  15,18,19   

 Although studies evaluating the impact of tele-ICUs 
on patient outcomes and ICU teamwork have become 
increasingly available, studies assessing the cost of a 
tele-ICU have been slow to emerge.  20,21   The costs of 
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(1) involved the implementation of a tele-ICU and (2) provided 
original cost data associated with a tele-ICU. Since there is no 
standard defi nition of tele-ICUs, we considered tele-ICU to be 
any form of technology that used telemedicine to facilitate com-
munication between remotely located intensivists and distant pro-
viders or patients in an ICU. Studies were excluded if (1) the 
tele-ICU was used to triage patients prior to ICU admission or 
(2) the publication provided duplicate data. 

 Two study authors (G. K. and P. C.) reviewed 49 publications 
of potential interest in duplicate, and eight studies were ultimately 
determined to be eligible.  23-30   Because each study was missing 
one or more important data elements (e-Appendix 2), we con-
tacted the authors of each study in an effort to obtain additional 
data; all but two of the authors responded, but none were able to 
provide additional data. 

 Data were abstracted independently by at least two authors 
(G. K., D. M. F., and P. C.) using a data extraction tool (e-Appendix 2). 
Data elements included issues of study design, ICU and hospital 
organization, and tele-ICU costs. 

 Systematic Review Data Synthesis 

 We stratifi ed the studies using a hierarchy for rating the qual-
ity of quasi-experimental studies proposed by Harris et al.  31   The 
nomenclature system provides a grade based on the study design, 
which can be used to suggest a degree of risk to the internal valid-
ity of the study’s results.  31,32   

 We categorized costs reported by each study into either tele-ICU 
costs or hospital variable costs ( Table 1  ) building on the method 
of Roberts et al.  33   We subdivided tele-ICU costs into technology, 
staffi ng, and real-estate costs ( Fig 2  ,  Table 1 ). 

 Hospital variable costs are defi ned as the costs of resources used 
in providing patient care and may fl uctuate depending on resource 
consumption by a given patient. To determine if health-care sys-
tems generate a profi t or loss, a contribution margin is calcu-
lated by subtracting the total patient care costs from the revenue 
generated.  33-35   

 Because tele-ICU vendors take into account the number of 
monitored beds when pricing these programs, we calculated the 
tele-ICU costs on a per-ICU bed metric to standardize the data 
across studies and allow for comparison with the VHA data. 

 VHA Data 

 We obtained detailed cost data from VHA for the implementa-
tion of a new tele-ICU within a network of seven hospitals. The 
costs were allocated to the previously mentioned subcategories, 
calculated for the entire tele-ICU in aggregate, and calculated for 
each of the participating hospitals individually. 

 As technology is an important component of tele-ICU costs, it 
is important to briefl y comment on the existing information tech-
nology available within VHA. The VHA already has an advanced 
EHR; however, this EHR does not have the capability of managing 
continuous critical care data in a Clinical Information System 
(CIS). To clarify, the EHR allows for documentation and note 
writing, order entry with decision support, test result data, and 
demographic administrative data. A CIS manages clinical data 
such as vital signs, ventilator settings, IV infusion rates, or labora-
tory data; may provide decision support; and may use clinical alert 
systems. A CIS does not necessarily include other elements of 
an EHR. Optimal tele-ICUs include both an EHR and a real-time 
critical care CIS. The VHA tele-ICU implementation did not 
require purchase of an EHR as the VHA already had an EHR; 
however, the tele-ICU implementation did require purchase of a 
CIS, and these costs are included in our analysis. 

 We used the projected fi rst-year costs of operating and staffi ng 
the tele-ICU monitoring center because the system only became 

these programs are nontrivial, because tele-ICUs are 
typically purchased by the hospital implementing the 
system, and third-party payers (eg, Medicare, Medicaid, 
private insurance) do not reimburse for the capital 
costs or staffi ng of tele-ICUs.  22   

 With this background, our fi rst objective was to sys-
tematically review the existing literature that describes 
the costs of tele-ICUs. Our second objective was to 
provide the costs of tele-ICU implementation in a 
seven-hospital network within the Veterans Health 
Administration (VHA). 

 Materials and Methods 

 Literature Search 

 With the assistance of a trained medical librarian, we per-
formed a systematic literature review to identify studies report-
ing costs associated with tele-ICUs. We searched PubMed, 
CINAHL, Academic Search Elite, Business Source Complete, 
ERIC, MasterFILE Premier, Health Source Academic Edition, 
EMBASE, Web of Science, and ABI/Inform from January 1, 1990, 
through July 1, 2011, using a Boolean strategy (e-Appendix 1). We 
also reviewed abstracts from the 2006 to 2010 annual meetings 
of the American College of Chest Physicians, American Thoracic 
Society, American Telemedicine Association, Society of Critical 
Care Medicine, and the American Public Health Association. 

 Study Selection and Data Abstraction 

 We identifi ed 845 publications and seven conference abstracts 
of potential interest ( Fig 1  ). Each source was reviewed by one 
of the study authors (G. K.) to determine whether the study was 
potentially eligible and met the following inclusion criteria: 
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operational in August 2011, and, thus, the actual fi rst-year opera-
tional costs are not yet complete. In an effort to provide perspective 
on how costs may vary when depreciation is factored into the 
tele-ICU, we applied three recognized depreciation methods. 
We reviewed Internal Revenue Service guidelines under the 
Modifi ed Accelerated Cost Recovery System (MACRS) for med-
ical technology and performed depreciation calculation by using 
both a straight line method and the 200% declining balance 
method for a total of 5 years of depreciation.  36   We applied both 
Internal Revenue Service methods, along with the sum-of-years’ 
digits method, with 5-year depreciation and no remainder sal-
vage value. This study was approved by the Iowa City Veterans 
Affairs (VA) Institutional Review Board. 

 Results 

 Literature Review 

 Our literature review identifi ed eight studies 
involving 29 ICUs from 26 hospitals that provided 
tele-ICU cost data ( Table 2  ). All the studies used a 
quasi-experimental study design; all were of lower meth-
odologic structure suggesting potential risks to internal 

validity.  31,32   Four studies had potential fi nancial con-
flicts resulting from author ties to tele-ICU ven-
dors.  23,25,27,28   Five studies implemented a commercial 
telemedicine system from a common vendor, but it 
was not reported if they concurrently implemented 
the vendor’s CIS.  25,27-30   None of the studies reported 
the availability of an EHR. Seven studies involved 
community hospitals where intensivists were either 
not available or only served as a consultative role for 
the primary physician.  24-30   Finally, only fi ve of the stud-
ies using real-time videoconferencing and monitoring 
equipment were monitoring patients 24 h/d.  23,25,28-30   

 Tele-ICU Costs 

 There was signifi cant variation in the cost data 
reported by the individual studies ( Table 3  ). Three 
studies provided data on the technology, staffi ng, and 
real estate costs.  25,27,28   An unpublished report by the 
New England Healthcare Institute provided the most 

  Figure  1. Telemedicine program in the ICU (tele-ICU) systematic review literature search fl ow diagram.   
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detail, reporting the costs of the technology, installa-
tion fees, staffi ng fees, monitoring site operating costs, 
and monitoring site maintenance costs.  28   Based on these 
studies, the estimated cost to implement the tele-ICU 
technology combined with the costs of moni toring of 
the site, operating the site, and staffi ng the tele-ICU for 
1 year ranged from $50,000 to $100,000 per ICU-bed. 

 Six studies presented data concerning the impact of 
tele-ICUs on hospital variable costs ( Table 3 ).  23-25,28-30   
After tele-ICU implementation, studies with vendor 
affi liation reported a cost savings of $2,600 to $3,000 
per patient and suggested that tele-ICUs increased 
hospital profi ts by $1,000 to $4,000 per patient.  23,25,28   
Studies without vendor affi liation reported no vari-
able cost savings and suggested increased hospital 
costs after implementation.  29,30   Despite the increase 
in hospital costs, one study suggested that the addi-
tional cost for tele-ICU could be compensated by a 
reduction in the hospital variable costs with improved 
patient outcomes when caring for a select patient 
population.  30   Of note, none of the studies indexed 
cost per bed or per patient, nor was there mention of 
using depreciation methods. 

 VHA Costs 

 In August 2011, the VHA activated a tele-ICU in 
a network of seven hospitals containing eight sepa-
rate ICUs and 74 ICU beds. The monitoring site is 
located in a dedicated space within one of the hospi-
tals that also contains two ICUs using the tele-ICU. 

The total cost for implementing the program and the 
estimated fi rst-year operating costs of the monitoring 
site was $9,097,410; this translated into a cost of 
$123,000 per ICU-bed ( Table 4  ). The total cost for 
technology ($5,196,661) included all hardware, soft-
ware, equipment, networking, and licensing fees. The 
estimated cost for staffi ng and operating the moni-
toring site for the fi rst year was $3,300,000 (27% of 
total costs); of note, staffi ng costs are incurred on a 
recurring basis. Also, there was a one-time technology 
vendor fee of $1,114,711 to provide ongoing mainte-
nance, support, and licensing fees for a total of 5 years 
(not included in  Table 4 ); this fee was added to the 
cost of technology when performing depreciation 
calculations. Depending on the chosen method of 
depreciation, the fi rst-year costs for implementation 
and operation of the VHA tele-ICU were estimated at 
between $70,000 and $87,000 per ICU bed ( Table 5  ). 

 Discussion 

 We conducted a systematic literature review of the 
costs of tele-ICUs and evaluated the costs of imple-
menting a tele-ICU in a network of VHA hospitals. 
Although our literature review revealed many short-
comings in the published literature, our review sug-
gests an initial cost of tele-ICU implementation and 
operation of $50,000 to $100,000 per ICU-bed in 
the fi rst year. In analysis of detailed VHA data, we 
found the total cost for implementation combined 
with the total fi rst-year tele-ICU operation costs to 

 Table 1— Cost Categories for Tele-ICU  

Cost Category  Details

Telemedicine program
 Technology Costs to purchase, install, and maintain

Hardware: computers, bedside monitors, audio-visual equipment, upgraded systems
Software and licenses: electronic health records, clinical information systems, tele-ICU software
Equipment and networking: servers, scanner, Internet hubs and fi rewalls, phones, miscellaneous offi ce equipment
Technical support
Communications: Internet service fees, telephony fees

 Staffi ng Costs pertaining to the central monitoring site staff: travel, training, salaries and benefi ts
Staff: physician, critical care nurse or nurse practitioner, administrative, secretarial, janitorial, information technology 

support technician
 Real estate Real estate: rental property, space leasing, or facility owned property

Cost: design, construction, or remodeling of space; architecture fees; contractor fees; furniture, utilities, property 
taxes, supplies, loss of used space, lease or rental agreement fee

Hospital variable Hospital resources that can fl uctuate depending on use for patient care.
Nursing supplies (eg, IV tubing, wound care, IV access supplies)
Pharmacy
Laboratory
Pathology
Radiology and bedside diagnostics (eg, bedside ultrasound, radiographs, and imaging)
Interventional services (eg, surgical procedures, interventional radiology procedures, cardiac procedures, 

interventional diagnostic testing)
Ancillary services (eg, rehabilitation physical therapy, occupational therapy, dietician/kitchen, janitorial), 

miscellaneous supplies

Tele-ICU  5  telemedicine program in the ICU.
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be $123,000 per ICU-bed. When initial investments 
are depreciated over 5 years, the combined costs for 
technology and operation in the fi rst year are esti-
mated at $70,000 to $87,000 per ICU-bed. Our results 
provide much-needed data regarding the resources 
required for implementation of a tele-ICU. 

 Several fi ndings merit further comment. First, it is 
critical to mention the signifi cant variation in how 
prior studies measured and reported costs. Several 
studies failed to include details of critical cost compo-
nents for the tele-ICU.  23,24,26,29,30   For example, one-half 
of the studies did not provide the costs for implemen-
tation, technology, or staffi ng; and other studies failed 
to include a breakdown of the technology costs. None 
of the studies considered how tele-ICU coverage hours 
and interaction protocols might impact staffi ng costs 
for the monitoring centers or hospital profi ts. Although 
the technology is sold on a per-bed basis, few studies 
reported tele-ICU costs in a systematic way (eg, cost 
per patient or cost per bed). Smaller centers may ini-
tially consider a tele-ICU to be of high cost, but if a 
tele-ICU increases patient throughput and volume, 
a facility may realize a lower cost impact. With the 
availability of different technology options, interfacil-
ity comparisons may be diffi cult, as one facility may 
spend more than another to purchase technology. 
Likewise, few prior studies clearly specifi ed the precise 

elements included in their cost analysis, includ ing 
personnel costs, technology costs, and real estate 
costs. Authors, reviewers, and editors should work in 
concert to ensure that key cost elements are consis-
tently reported to maximize the value of tele-ICU 
economic analyses. 

 Second, for tele-ICUs to be sustainable over the 
long term, hospital administrators will demand rig-
orous fi nancial analyses of budgetary impact. Many 
of the prior studies purport cost savings based on 
improvements in surrogate outcomes (eg, ICU length 
of stay, ventilator-associated pneumonia prevention, 
ventilator days) but fail to provide actual cost data 
demonstrating true cost savings for tele-ICU.  37,38   Tele-
ICUs have the potential to be economically viable if 
(1) they reduce costs or (2) they increase revenue.  33-35   
Long-term viability of tele-ICUs will require more 
detailed data that these programs are cost effective.  39,40   

 Third, our analysis of VHA data warrants discussion. 
We found that the costs of tele-ICU implementation 
combined with 1 year of operation was somewhat 
higher within VHA when compared with the detailed 
data obtained from a prior study.  28   However, after 
depreciation of initial investments was performed, 
costs within VHA appear similar to those provided in 
prior studies.  25,27   It is important to recognize that none 
of the prior studies mentioned use of deprecation 

  Figure  2. Tele-ICU: operational structure. Arrows represent communication pathways (with descrip-
tion of communication) between entities involved in the tele-ICU. Each box represents entities involved 
in the tele-ICUs (real estate). The technology and staffi ng required for each entity are described in the 
boxes. EHR  5  electronic health record. See Figure 1 legend for expansion of other abbreviation.   
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the clinical and economic aspects of tele-ICUs when 
considering investment in this technology. 
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methods. Moreover, the VHA already has an advanced 
EHR in all VA hospitals. Since the VHA did not 
purchase an EHR, the VA was not burdened with the 
complex technology integration issues that other hos-
pitals with assorted computer systems may encoun-
ter. Finally, as a large integrated delivery sys tem, the 
VHA tele-ICU implementation may have benefi ted 
from economies of scale that smaller health-care sys-
tems might not realize. Taking this into consideration, 
the costs of tele-ICU implementation within VHA could 
actually be lower than what would be expected in the 
private sector. 

 Our study has a number of limitations that merit 
mention. First, our systematic review was limited by 
the quality of the prior studies that have been con-
ducted to date. Although the limitations were signifi -
cant, our evaluation should provide a framework for 
future research. Second, our VHA data are limited to 
the initial implementation and estimated fi rst-year 
monitoring site operation costs. Third, we could not 
calculate the cost effectiveness or cost savings of the 
tele-ICU, as such an analysis would require longer-
term estimates of effectiveness (eg, reduction of ICU 
length of stay, reductions in imaging and laboratory 
testing, reduction in ICU complications) that are not 
yet available but will be a focus of our longer-term 
evaluation. Fourth, our study suggests that the cost 
effectiveness of a tele-ICU will vary between facilities 
and will depend on bed use and patient throughput 
(ie, case volume) and the number of beds over which 
the costs are depreciated (ie, economies of scale). 

 In conclusion, our review and analysis suggest an 
implementation and fi rst-year operational cost of 
tele-ICUs of approximately $50,000 to $123,000 per 
monitored ICU-bed. The long-term economic impact 
of these programs remains unclear. In the meantime, 
clinicians and administrators should carefully weigh 

 Table 5— Technology Cost Depreciation Schedule  

Time

Straight-Line Method Sum-of-Years’ Digits Method Declining Balance Method

Depreciation 
per y

Accumulated 
Depreciation

Depreciation 
per y

Accumulated 
Depreciation

Depreciation 
per y

Accumulated 
Depreciation

Y 1 1,262,274 1,262,274 2,103,791 2,103,791 2,524,549 2,524,549
Y 2 1,262,274 2,524,549 1,683,032 3,786,823 1,514,729 4,039,278
Y 3 1,262,274 3,786,823 1,262,274 5,049,097 908,838 4,948,115
Y 4 1,262,274 5,049,097 841,516 5,890,614 681,628 5,629,744
Y 5 1,262,274 6,311,372 420,758 6,311,372 681,628 6,311,372
Technology total for 5 y 6,311,372 6,311,372 6,311,372
Estimated fi rst y implementation 

and operation total per ICU bed
69,770.58 81,142.42 86,828.34

Data are presented as dollars unless otherwise noted. Depreciation is performed on the capital costs for technology ($5,196,661) plus one-time fee 
for maintenance and support ($1,114,711); total of $6,311,372. The annual costs for operating the tele-ICU cannot be depreciated, and are not 
included in the depreciation schedule. The estimated fi rst y cost total is the y 1 depreciated cost for technology plus all operating ($3,504,197) and 
real-estate costs ($396,552). See Table 1 legend for expansion of abbreviation.
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