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Hospitalizations for nutritional rehabilitation of pa-
tients with restrictive eating disorders are increas-
ing.1 Among primary mental health admissions at 
free-standing children’s hospitals, eating disorders 

represent 5.5% of hospitalizations and are associated with 
the longest length of stay (LOS; mean 14.3 days) and costli-
est care (mean $46,130).2 Admission is necessary to ensure 
initial weight restoration and monitoring for symptoms of re-
feeding syndrome, including electrolyte shifts and vital sign  
abnormalities.3-5 

Supervision is generally considered an essential element of 
caring for hospitalized patients with eating disorders, who may 
experience difficulty adhering to nutritional treatment, per-
form excessive movement or exercise, or demonstrate purging 
or self-harming behaviors. Supervision is presumed to prevent 
counterproductive behaviors, facilitating weight gain and earli-
er discharge to psychiatric treatment. Best practices for patient 
supervision to address these challenges have not been estab-
lished but often include meal time or continuous one-to-one 
supervision by nursing assistants (NAs) or other staff.6,7 While 
meal supervision has been shown to decrease medical LOS, it 
is costly, reduces staff availability for the care of other patient 
care, and can be a barrier to caring for patients with eating 
disorders in many institutions.8 

Although not previously used in patients with eating disor-
ders, centralized video monitoring (CVM) may provide an ad-
ditional mode of supervision. CVM is an emerging technology 
consisting of real-time video streaming, without video record-
ing, enabling tracking of patient movement, redirection of be-
haviors, and communication with unit nurses when necessary. 
CVM has been used in multiple patient safety initiatives to re-
duce falls, address staffing shortages, reduce costs,9,10 super-
vise patients at risk for self-harm or elopement, and prevent 
controlled medication diversion.10,11 

We sought to pilot a novel use of CVM to replace our institu-
tion’s standard practice of continuous one-to-one nursing as-
sistant (NA) supervision of patients admitted for medical stabi-
lization of an eating disorder. Our objective was to evaluate the 
supervision cost and feasibility of CVM, using LOS and days to 
weight gain as balancing measures.

METHODS 
Setting and Participants
This retrospective cohort study included patients 12-18 years 
old admitted to the pediatric hospital medicine service on a 
general unit of an academic quaternary care children’s hos-
pital for medical stabilization of an eating disorder between 
September 2013 and March 2017. Patients were identified 
using administrative data based on primary or secondary di-
agnosis of anorexia nervosa, eating disorder not other wise 
specified, or another specified eating disorder (ICD 9 3071, 
20759, or ICD 10 f5000, 5001, f5089, f509).12,13 This research 
study was considered exempt by the University of Wiscon-
sin School of Medicine and Public Health’s Institutional  
Review Board. 
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Adolescents with severe eating disorders require 
hospitalization for medical stabilization. Supervision best 
practices for these patients are not established. This study 
sought to evaluate the cost and feasibility of centralized video 
monitoring (CVM) supervision on a general pediatric unit of 
an academic quaternary care center. This was a retrospective 
cohort study of nursing assistant (NA) versus CVM supervision 
for girls 12-18 years old admitted for medical stabilization 
of an eating disorder between September 2013 and March 
2017. There were 37 consecutive admissions (NA = 23 and 
CVM = 14). NA median supervision cost was more expensive 

than CVM  ($4,104/admission vs $1,166/admission, P < 
.001). Length of stay and days to weight gain were not 
statistically different. There were no occurances of family 
refusal of CVM, conversion from CVM to NA, technological 
failure, or unplanned discontinuation. Video monitoring 
was feasible and associated with lower supervision costs 
than one-to-one NA supervision. Larger samples in multiple 
centers are needed to confirm the safety, acceptability, and 
efficacy of CVM. Journal of Hospital Medicine 2019;14:357-
360. Published online first April 8, 2019. © 2019 Society of 
Hospital Medicine
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Supervision Interventions
A standard medical stabilization protocol was used for patients 
admitted with an eating disorder throughout the study period 
(Appendix). All patients received continuous one-to-one NA 
supervision until they reached the target calorie intake and 
demonstrated the ability to follow the nutritional meal proto-
col. Beginning July 2015, patients received continuous CVM 
supervision unless they expressed suicidal ideation (SI), which 
triggered one-to-one NA supervision until they no longer en-
dorsed suicidality. 

Centralized Video Monitoring Implementation 
Institutional CVM technology was AvaSys TeleSitter Solution 
(AvaSure, Inc). Our institution purchased CVM devices for use in 
adult settings, and one was assigned for pediatric CVM. Mobile 
CVM video carts were deployed to patient rooms and gener-
ated live video streams, without recorded capture, which were 
supervised by CVM technicians. These technicians were NAs 
hired and trained specifically for this role; worked four-, eight-, 
and 12-hour shifts; and observed up to eight camera feeds on a 
single monitor in a centralized room. Patients and family mem-
bers could refuse CVM, which would trigger one-to-one NA 
supervision. Patients were not observed by CVM while in the 
restroom; staff were notified by either the patient or technician, 
and one-to-one supervision was provided. CVM had two-way 
audio communication, which allowed technicians to redirect pa-
tients verbally. Technicians could contact nursing staff directly by 
phone when additional intervention was needed.

Supervision Costs
NA supervision costs were estimated at $19/hour, based upon 
institutional human resources average NA salaries at that time. 
No additional mealtime supervision was included, as in-person 
supervision was already occurring. 

CVM supervision costs were defined as the sum of the de-
vice cost plus CVM technician costs and two hours of one-to-
one NA mealtime supervision per day. The CVM device cost 
was estimated at $2.10/hour, assuming a 10-year machine life 
expectancy (single unit cost $82,893 in 2015, 3,944 hours of use 
in fiscal year of 2018). CVM technician costs were $19/hour, 
based upon institutional human resources average CVM tech-
nician salaries at that time. Because technicians monitored an 
average of six patients simultaneously during this study, one-
sixth of a CVM technician’s salary (ie, $3.17/hour) was used for 
each hour of CVM monitoring. Patients with mixed (NA and 
CVM) supervision were analyzed with those having CVM super-
vision. These patients’ costs were the sum of their NA supervi-
sion costs plus their CVM supervision costs. 

Data Collection
Descriptive variables including age, gender, race/ethnicity, in-
surance, and LOS were collected from administrative data. The 
duration and type of supervision for all patients were collected 
from daily staffing logs. The eating disorder protocol standard-
ized the process of obtaining daily weights (Appendix). Days 
to weight gain following admission were defined as the total 
number of days from admission to the first day of weight gain 
that was followed by another day of weight gain or maintain-
ing the same weight. CVM acceptability and feasibility were 
assessed by family refusal of CVM, conversion from CVM to 
NA, technological  failure, complaints, and unplanned discon-
tinuation, which were prospectively documented by the unit 
nurse manager. 

Data Analysis 
Patient and hospitalization characteristics were summarized. A 
sample size of at least 14 in each group was estimated as nec-
essary to detect a 50% reduction in supervision cost between 
the groups using alpha = 0.05, a power of 80%, a mean cost 
of $4,400 in the NA group, and a standard deviation of $1,600.
Wilcoxon rank-sum tests were used to assess differences in 
median supervision cost between NA and CVM use. Differ-
ences in mean LOS and days to weight gain between NA and 
CVM use were assessed with t-tests because these data were 
normally distributed.

RESULTS 
Patient Characteristics and Supervision Costs 
The study included 37 consecutive admissions (NA = 23 and 
CVM = 14) with 35 unique patients. Patients were female, pri-
marily non-Hispanic White, and privately insured (Table 1). Me-
dian supervision cost for the NA was statistically significantly 
more expensive at $4,104/admission versus $1,166/admission 
for CVM (P < .001, Table 2). 

Balancing Measures, Acceptability, and Feasibility
Mean LOS was 11.7 days for NA and 9.8 days for CVM (P = 
.27; Table 2). The mean number of days to weight gain was 
3.1 and 3.6 days, respectively (P = .28). No patients converted 
from CVM to NA supervision. One patient with SI converted 

TABLE 1. Characteristics of Patients Admitted  
for Eating Disorder Medical Stabilization

Nursing Assistant 
Supervision

(n = 23)
%

Central Video Monitoring 
Supervision

(n = 14)
%

Gender, female 100 100

Age in years, mean 14.8 15.0

Race, ethnicity 
   White, non-Hispanic
   White, Hispanic
   Asian
   Black, non-Hispanic
   Black, Hispanic
   Other/Declined

92 
4
0
0
0
4

79
7
7
0
0
7

Insurance 
   Private
   Public

80
20

72
28

Suicidality 9 14
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to CVM after SI resolved and two patients required ongoing 
NA supervision due to continued SI. There were no reported 
refusals, technology failures, or unplanned discontinuations of 
CVM. One patient/family reported excessive CVM redirection 
of behavior. 

DISCUSSION
This is the first description of CVM use in adolescent patients 
or patients with eating disorders. Our results suggest that CVM 
appears feasible and less costly in this population than one-to-
one NA supervision, without statistically significant differences 
in LOS or time to weight gain. Patients with CVM with any NA 
supervision (except mealtime alone) were analyzed in the CVM 
group; therefore, this study may underestimate cost savings 
from CVM supervision. This innovative use of CVM may rep-
resent an opportunity for hospitals to repurpose monitoring 
technology for more efficient supervision of patients with eat-
ing disorders. 

This pediatric pilot study adds to the growing body of liter-
ature in adult patients suggesting CVM supervision may be a 
feasible inpatient cost-reduction strategy.9,10 One single-center 
study demonstrated that the use of CVM with adult inpatients 
led to fewer unsafe behaviors, eg, patient removal of intrave-
nous catheters and oxygen therapy. Personnel savings exceed-
ed the original investment cost of the monitor within one fiscal 
quarter.9 Results of another study suggest that CVM use with 
hospitalized adults who required supervision to prevent falls 
was associated with improved patient and family satisfaction.14 
In the absence of a gold standard for supervision of patients 
hospitalized with eating disorders, CVM technology is a tool 
that may balance cost, care quality, and patient experience. 
Given the upfront investment in CVM units, this technology 
may be most appropriate for institutions already using CVM 
for other inpatient indications. 

Although our institutional cost of CVM use was similar to 
that reported by other institutions,11,15 the single-center design 
of this pilot study limits the generalizability of our findings. Un-
adjusted results of this observational study may  be confound-
ed by indication bias. As this was a pilot study, it was powered 

to detect a clinically significant difference in cost between NA 
and CVM supervision. While statistically significant differenc-
es were not seen in LOS or weight gain, this pilot study was 
not powered to detect potential differences or to adjust for all 
potential confounders (eg, other mental health conditions or 
comorbidities, eating disorder type, previous hospitalizations). 
Future studies should include these considerations in estimat-
ing sample sizes. The ability to conduct a robust cost-effec-
tiveness analysis was also limited by cost data availability and 
reliance on staffing assumptions to calculate supervision costs. 
However, these findings will be important for valid effect size 
estimates for future interventional studies that rigorously eval-
uate CVM effectiveness and safety. Patients and families were 
not formally surveyed about their experiences with CVM, and 
the patient and family experience is another important out-
come to consider in future studies.

CONCLUSION
The results of this pilot study suggest that supervision costs for 
patients admitted for medical stabilization of eating disorders 
were statistically significantly lower with CVM when compared 
with one-to-one NA supervision, without a change in hospital-
ization LOS or time to weight gain. These findings are particu-
larly important as hospitals seek opportunities to reduce costs 
while providing safe and effective care. Future efforts should 
focus on evaluating clinical outcomes and patient experiences 
with this technology and strategies to maximize efficiency to 
offset the initial device cost. 
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