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ABSTRACT

Objective: This study examines the impact of telehealth nursing interventions on length of stay (LOS) and ratio of LOS to
risk-adjusted length of stay comparing tele-acute and traditional units.
Methods: Retrospective data from 6,999 patient visits at tele-acute and traditional hospital units between Q2 2020 and Q4 2022
were collected. Bivariate analysis and the Mann-Whitney U Test were used to determine statistical significance. Multivariate
regression was conducted to analyze the factors affecting both LOS and the ratio.
Results: Regardless of the model, the findings suggest that LOS was greater in the traditional unit. In the LOS model, the stay
was 7 hours and 39 minutes longer per admission in the traditional unit. In the risk-adjusted ratio model, the LOS was 5 hours
and 14 minutes longer per admission than in the tele-acute unit.
Conclusions: This study contributes to a body of literature that is lacking in the use of telehealth nursing in the acute care setting.
Our research offers new perspectives on how telehealth can affect operational measures like LOS and discharge times. This
contribution is important as it broadens the scope of telehealth’s benefits beyond traditional remote care, highlighting its potential
in fast-paced, acute care settings.
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1. INTRODUCTION
Telehealth has emerged as a transformative force in health-
care, with the potential to improve the quality of healthcare
and save lives.[1, 2] Telehealth is typically characterized as
the use of telecommunications and information technology
(IT) to provide remote access to a health assessment, di-
agnosis, intervention, consultation, supervision, and infor-
mation.[2] While there is limited research on the effects of
telehealth interventions on timely patient discharge, length
of stay (LOS), and discharge timing, many healthcare orga-
nizations have implemented telehealth strategies to monitor
patients post-discharge,[1, 3] prevent hospitalization, reduce
readmission,[4–6] and ensure patients comply with prescrip-
tion regimens.[7, 8] Evidence from these studies suggests
that telehealth can significantly enhance care transitions af-
ter hospital discharge, patient involvement, and medication
adherence.

Given the potential of telehealth to enhance care transitions,
it may also play a role in addressing factors that hinder timely
hospital discharges. Many healthcare institutions face chal-
lenges in discharging patients promptly due to issues such
as communication breakdowns, undefined processes, delays
in receiving test results, slow execution of discharge orders,
and issues related to determining discharge destinations.[9–12]

These barriers contribute to discharge delays across various
settings. Delays in discharging patients could contribute to
an extended LOS, leading to dissatisfied patients and family
members, as well as an increased risk of contracting hospital-
acquired infections and congesting patient throughput.[13, 14]

As a means of contributing to increased satisfaction, health-
care organizations are continually striving to improve patient
discharge efficiency and reduce LOS by implementing var-
ious strategies such as using multidisciplinary teams, inter-
disciplinary rounding processes, and a lean and six-sigma
approach.[10, 11, 15, 16] However, as various organizations are
moving towards enhanced discharge planning and reducing
LOS, one such intervention that should be considered is
the use of telehealth through virtual nursing, with nurses re-
motely monitoring patients and providing support to nurses
physically caring for patients in the unit. Telehealth, particu-
larly reinforced during the COVID-19 pandemic, has shown
potential for enhancing patient and family satisfaction by
providing cost-effective, high-quality care.[17, 18]

We deployed virtual nursing in a tele-acute unit of an aca-
demic medical center (AMC) located in the southeastern
United States. Virtual nurses were required to have a min-
imum of two years of clinical experience, and, in addition
to patient interventions, were charged with mentoring any
newly graduated nurses performing bedside care for patients
on the telehealth unit. The interventions of the virtual nurses

were aimed at increasing efficiency and timeliness, while
decreasing the workload of the bedside nurse. The virtual
nurse involvement included assisting with completing most
of the intake process and risk assessments including pres-
sure ulcers, falls, deep vein thrombosis, and peptic ulcer
disease, in addition to completing virtual rounds to assess
patient needs and environment. These interventions reduced
pressure injuries by 60% and falls by 65% in the tele-acute
unit, according to internal quality improvement studies. Vir-
tual nurses assisted with lab review through communicating
critical and concerning labs to the bedside team and moni-
toring blood glucose levels and treatments. Additionally, the
virtual nurses helped with assessments that included level
of comfort, pain assessment, and restraints. The telehealth
nurses were also involved in ensuring the accuracy of med-
ication orders and delivery by assessing if the physician
orders matched the notes concerning the patient’s plan of
care and what the patient is receiving, as well as checking for
duplicate orders, medication compliance, and any contraindi-
cations between medications and patient condition. Finally,
the telehealth nurses assisted with medication reconciliation
as part of the admission process, in addition to providing
any necessary medication education to patients and families
throughout their inpatient stay. Given that discharge planning
should begin at admission, we predicted that these telehealth
interventions would positively impact the timeliness of the
discharge process by allowing the bedside nurse to better
focus on discharge promoters and barriers.

In this study, we aim to examine the impact of virtual nursing
interventions on LOS and ratio of LOS to risk-adjusted-LOS
(RAE-LOS) in a tele-acute unit and a traditional unit. We hy-
pothesize that a tele-acute intervention in nursing care led to
better clinical outcomes, specifically in terms of LOS and the
ratio of actual LOS to RAE-LOS. For LOS, we examine the
difference between actual LOS and RAE-LOS, with RAE-
LOS being projected by a Vizient R© risk-adjusted model
based on individual patient billing codes and demographic
information.

2. METHODS

2.1 Data collection
Retrospective data were collected from a tele-acute and tradi-
tional units from an AMC located in the southeastern United
States. A total of 6,999 visits were obtained between the
second quarter of 2020 and the fourth quarter of 2023. The
distribution of visits between the tele-acute unit and tradi-
tional unit is 3,679 and 3,320, respectively. Each encounter
in the data represents a patient visit, with duplicate visits
counting as unique encounters, and includes admission and
discharge dates, actual LOS, RAE-LOS, time from order to
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discharge, and the type of inpatient unit. The ratio between
actual LOS and RAE-LOS is calculated. If the ratio is larger
than 1, it means a patient stayed more time than projected,
and if it is less than 1, it means the patient stayed less time
than projected. Prior to performing the tests and regression
analysis, missing values and outliers were identified and re-
moved, resulting in a dataset of 135 observations. Summary
statistics of the cleaned data are included in Table 1.

Table 1. Summary statistics of cleaned data
 

 

Feature 

Average ± standard deviation (range) for 

numerical features, % for categorical 

features 

Order to 

discharge min  

847.10 ± 3,319.30 

(2.73-27,506.03) 

LOS 
 

7.26 ± 4.10 

(0.92-18.81) 

Risk adj LOS 
 

6.48 ± 2.43 

(2.17-12.59) 

Ratio 
 

1.18 ± 0.68 

(0.25-5.01) 

Nurse Unit 
Tele-Acute 63.18% 

Traditional 36.82% 

Readmission 

Risk Score 

High Risk 41.36% 

Low Risk 23.18% 

Moderate Risk 18.64% 

Not Appropriate 16.82% 

Living Situation 

With Family 72.86% 

Alone 22.11% 

Other 5.03% 

Insurance Group 

Government Programs 66.82% 

Commercial Insurances 26.82% 

Financial Assistance 5.91% 

Other 0.45% 

Note. LOS: Length of stay 

 
2.2 Statistical analysis
The statistical analysis was conducted in two steps. First,
a bivariate analysis was performed by comparing the mean
LOS and the ratio of LOS to RAE-LOS for the two units (tele-
acute and traditional) using line charts at quarterly bands. Ad-
ditionally, the Mann-Whitney U Test was used to determine
if there were statistically significant differences between the
two units with respect to the LOS and the ratio.

In the second step, multivariate linear regression was con-
ducted to analyze the factors affecting both LOS and the
ratio. This analysis aimed to quantify the impact of various
variables, including hospital setting and readmission risk
score, on LOS and the ratio. Log transformation was applied
to the dependent variables to achieve normally distributed
residuals.

2.3 Mann-Whitney U Test
The goal of the analysis was to determine whether there was
a significant difference between the two units (tele-acute and
traditional) with respect to the actual LOS and the ratio of
LOS to RAE-LOS. Since the data were collected from the
same hospital, it is assumed that the two units have equal vari-
ance. The Shapiro-Wilk test confirmed that LOS and the ratio
are not normally distributed. Therefore, the Mann-Whitney
U test was employed to compare differences between the
two groups (tele-acute and traditional). The test was con-
ducted separately for LOS and the ratio of actual LOS to
RAE-LOS. The hypotheses for the Mann-Whitney U test
were as follows:

• Null Hypothesis (H0): The LOS and ratio for tele-acute
unit are not significantly less than for the traditional unit.
• Alternative Hypothesis (H1): The LOS and ratio for tele-
acute unit are significantly less than for traditional unit.

2.4 Multivariate regression
To further investigate the relationship between the dependent
variables (LOS and ratio) and independent variables (hospi-
tal setting), two multivariate linear regression analyses were
conducted at the encounter level. The regression models
aim to quantify the effect of each variable on LOS and ratio.
The regression analysis helps to understand how the hospital
setting influences the dependent variables (LOS, ratio) and
to quantify the magnitude of these effects.

3. RESULTS

3.1 Line chart comparison
Line charts were used to compare the LOS and the ra-
tio of LOS to RAE-LOS between the tele-acute and tradi-
tional units banded by quarter. Figure 1 shows the quarterly
changes in the ratio of LOS to RAE-LOS for both units from
Q2 2022 to Q4 2023. Overall, the ratio for the tele-acute unit
is lower than the traditional unit across most quarters, indicat-
ing that the tele-acute patients stay less time than predicted.
This is also explained by the actual LOS chart in Figure 2
for both units over the same period. Figure 2 shows that
the LOS for tele-acute patients remains lower than that for
traditional patients in most quarters, suggesting that patients
in the tele-acute unit tend to have shorter stays compared to
those in the traditional unit.

3.2 Mann-Whitney U Test Results
The Mann-Whitney U test was conducted to compare the
LOS and the ratio of actual LOS to RAE-LOS between the
tele-acute and traditional units (see Table 2). For the LOS,
the test resulted in p-value of .17, indicating no statistically
significant difference in LOS between the tele-acute and
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traditional units. Consequently, we fail to reject the null
hypothesis, suggesting no statistical significance between
the tele-acute and traditional unit for LOS. In contrast, the
Mann-Whitney U test for the ratio of actual LOS to RAE-
LOS produced a p-value of .015, indicating a statistically
significant difference in the ratio between the tele-acute and
traditional units. Thus, we reject the null hypothesis, con-
cluding that the ratio for the tele-acute unit is statistically
significantly less than for the traditional unit. This means
that in the tele-acute unit, patients tend to stay less time than
would be predicted by the Vizient R© model.

3.3 Multivariate linear regression results
Two multivariate regression models were developed at the
encounter level, focusing on LOS and the ratio of LOS to
RAE-LOS, respectively. Log transformation was applied
to the dependent variables to achieve normally distributed
residuals.

Figure 1. Mean of Ratio of tele-acute vs. traditional per
quarter

Figure 2. Mean LOS of tele-acute vs. traditional per quarter

3.4 LOS model
For the LOS model, the “Nurse Unit” variable had a statis-
tically significant positive coefficient (Coefficient = 0.319,
p-value = .001), indicating that being in the tele-acute unit
is associated with a lower log-transformed LOS compared
to the traditional unit (see Table 3). Specifically, the log-
transformed LOS increases by 0.319 when the patient is in
the traditional unit, holding other variables constant. This

means that tele-acute unit patients have lower LOS than tra-
ditional unit patients. Specifically, the log-transformed LOS
increases by 0.319 days when the patient is in the traditional
unit, holding other variables constant. When exponentiated
(exp [0.319] ≈ 1.38), this translates to the LOS in the tradi-
tional unit being 1.38 times the LOS in the tele-acute unit,
suggesting that patients in the traditional units stayed about 7
hours and 39 minutes longer than those in the tele-acute unit.

Table 2. Summary of Mann-Whitney U test results
 

 

Feature 

Average ± standard deviation (range) for 

numerical features, % for categorical 

features 

Order to 

discharge min  

847.10 ± 3,319.30 

(2.73-27,506.03) 

LOS 
 

7.26 ± 4.10 

(0.92-18.81) 

Risk adj LOS 
 

6.48 ± 2.43 

(2.17-12.59) 

Ratio 
 

1.18 ± 0.68 

(0.25-5.01) 

Nurse Unit 
Tele-Acute 63.18% 

Traditional 36.82% 

Readmission 

Risk Score 

High Risk 41.36% 

Low Risk 23.18% 

Moderate Risk 18.64% 

Not Appropriate 16.82% 

Living Situation 

With Family 72.86% 

Alone 22.11% 

Other 5.03% 

Insurance Group 

Government Programs 66.82% 

Commercial Insurances 26.82% 

Financial Assistance 5.91% 

Other 0.45% 

Note. LOS: Length of stay 

 The “Order to Discharge” variable did not show statistical
significance related to the log-transformed LOS (Coefficient
= 0.000, p-value = .436). In terms of readmission risk scores,
being in the “Other” category was associated with a statisti-
cally significantly higher log-transformed LOS (Coefficient
= 0.330, p-value = .020). However, the “Low Risk,” “Mod-
erate Risk,” and “Not Appropriate” categories did not affect
the log-transformed LOS in a statistically significant way.

Living situation and insurance group generally did not have
statistically significant effects on the log-transformed LOS.
The exceptions were that “financial assistance” and “gov-
ernment programs” had no statistically significant impact on
LOS compared to commercial insurance, while being in the
“Other” insurance category also did not significantly affect
the log-transformed LOS.
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Table 3. Regression analysis for LOS and ratio
 

 

Variable  

LOS Model  Risk-adjusted Ratio Model 

Coefficient 

LOS 

p-value 

LOS 

Asterisks 

LOS 

 

 

Coefficient 

ratio 

p-value 

ratio 

Asterisks 

ratio 

Nurse Unit  0.319 .001 ***  0.214 .007 ** 

Order to Discharge (min)  0.000 .436 ns  0.000 .718 ns 

Readmission Risk Score 

(base = High Risk) 

Low Risk 0.028 .806 ns  0.075 .441 ns 

Moderate Risk -0.098 .414 ns  -0.070 .491 ns 

Not Appropriate 0.288 .183 ns  0.187 .310 ns 

Living Situation  

(base = Alone) 

Other 0.108 .627 ns  -0.085 .655 ns 

With Family 0.067 .488 ns  -0.020 .806 ns 

Insurance Group  

(base = Commercial 

Insurances) 

Financial Assistance 0.157 .426 ns  0.055 .745 ns 

Government Programs -0.089 .351 ns  -0.168 .040 * 

Other -0.069 .881 ns  0.069 .860 ns 

R-squared  0.896  0.10 

Note. ns: Not statistically significant; * indicates statistically significant variables; LOS: Length of stay 

3.5 Risk-adjusted ratio model

For the risk-adjusted ratio model, the “Nurse Unit” variable
had a statistically significant positive coefficient (Coefficient
= 0.214, p-value = .007), indicating that being in the tele-
acute unit is associated with a lower log-transformed ratio of
LOS to RAE-LOS compared to the traditional unit. Specif-
ically, the log-transformed ratio increases by 0.214 when
the patient is in in the traditional unit, holding other vari-
ables constant. This confirms that patients in the tele-acute
unit stay less time than those who are in the traditional unit.
When exponentiated (exp [0.214] ≈ 1.24), the coefficient
indicates that the ratio of actual LOS to projected LOS in
the traditional unit being approximately 1.24 time the ratio
in tele-acute unit, suggesting that patients in the traditional
unit stayed about 5 hours 14 minutes longer than those in the
tele-acute unit.

The “Order to Discharge” variable did not have a statisti-
cally significant affect on the log-transformed ratio (Coeffi-
cient = 0.000, p-value = .718). Among the readmission risk
scores, being in the “Other” category was associated with a
statistically significantly higher log-transformed ratio (Coef-
ficient = 0.334, p-value = .006). The “Low Risk,” “Moderate
Risk,” and “Not Appropriate” categories did not affect the
log-transformed ratio in a statistically significant way.

Living situation did not demonstrate statistical significance
related to the log-transformed ratio. Categories “Other” and
“With Family” had coefficients of -0.085 (p-value = .655) and
-0.020 (p-value = .806), respectively, indicating no statisti-
cally significant impact compared to living alone. Insurance
group had one statistically significant finding: being cov-
ered by government programs was associated with a statisti-

cally significantly lower log-transformed ratio (Coefficient =
-0.168, p-value = .040), with the ratio being approximately
15% lower than for patients with commercial insurance. Fi-
nancial assistance and being in the “Other” insurance cate-
gory did not affect the log-transformed ratio in a statistically
significant way.

The R-squared value for the LOS model is 0.896, indicating
that approximately 89.6% of the variance in LOS is explained
by the variables included in the model, suggesting a strong
model fit. In contrast, the R-squared value for the ratio model
is 0.10, indicating that only 10% of the variance in the ratio is
explained by the variables included in the model, suggesting
a weak model fit.

4. DISCUSSION

This study examined the impact of virtual nursing in a tele-
acute care unit in a large AMC in the southeastern United
States relative specifically to time from order to discharge,
LOS, and the ratio of actual LOS and RAE-LOS. To do this,
we compared two acute care units: tele-acute and traditional.
This study contributes to a body of literature that is lacking
in the use of telehealth nursing in the acute care setting, and
more specifically its contribution in transitions of care. Our
findings are indirectly consistent with the literature demon-
strating various improvements across the care continuum
post-discharge.[1, 3, 7, 8] Our research offers new perspectives
on how telehealth can affect operational measures like LOS
and discharge times. This contribution is important as it
broadens the scope of telehealth’s benefits beyond traditional
remote care, highlighting its potential in fast-paced, acute
care settings.
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Our findings indicate that telehealth interventions in the tele-
acute unit demonstrate statistically significantly impact the
LOS and the ratio of actual LOS to RAE-LOS compared to
the traditional unit. We observed in consecutive quarters that
patients stayed shorter than projected in the tele-acute unit
compared to the traditional unit. We conducted two different
analyses using the LOS Model and the Ratio Model. These
models were applied at the encounter level to examine the re-
lationship between LOS and the ratio of actual to RAE-LOS
across both units (tele-acute and traditional).

The findings from the LOS Model showed that the tele-acute
unit had a shorter LOS than the traditional unit. There are
several indirect implications on healthcare delivery and out-
comes. Prolonged hospital stays, as documented in the lit-
erature, are associated with an increased risk of hospital-
acquired infection and adverse patient outcomes.[19] Insurers
often do not cover the costs associated with these extended
stays and consequent complications, thereby financially im-
pacting hospitals.[19] The average daily cost of an acute
care bed at the institution is between $1,200 and $1,500,
per departmental leadership. Our study showed that the
LOS in the traditional unit was 1.38 times longer than in the
tele-acute unit. Based on these figures, the potential daily
cost implication ranges from approximately $1,656-$2,070
per admission. Furthermore, a longer LOS in the hospital
exacerbates throughput challenges, leading to a bottleneck
effect.[12, 16] This bottleneck effect causes patients in the
emergency department to face delays in admission or even
initial evaluations due to the unavailability of beds down-
stream on the care units.[12, 16]

There is also an indirect impact on emergency department
operations and staff well-being. If patients stay longer in
these units, ER nurses will be required to manage acute
care patients for extended periods, which diverges from
their primary training in rapid patient assessment and sta-
bilization. This misalignment in job function may lead to
increased stress and burnout, negatively affecting staff re-
tention rates.[20] This underscores the importance of strate-
gically improving patient flow and resource allocation to
enhance overall healthcare efficiency and quality.

On the Ratio Model, we also found that being in the tele-
acute unit was associated with a lower log-transformed ra-
tio of LOS to RAE-LOS compared to the traditional unit.
The model also showed that patients stayed shorter than
expected in the tele-acute unit compared to the traditional
unit. This finding suggests that discharge planning should
be initiated at the time of admission to reduce potential un-
expected extended stays, which is consistent with the liter-
ature.[12, 16, 21, 22] Additionally, increasing resources, such as

employing more tele-nurses, might improve efficiency and
patient flow in the traditional units. However, the ratio model
should be interpreted cautiously, as only 10% of the vari-
ance in the ratio is explained by the variables included in the
model.

In light of the findings, this study had some limitations. This
study was conducted in an AMC. AMCs are often thought
to be resource rich with study findings that are not gen-
eralizable beyond the AMC environment. The impact of
tele-interventions on LOS might be more pronounced in a
lower resource setting. The study was conducted in the south-
eastern United States, potentially limiting generalizability
to other geographic regions. The representativeness of our
findings may be limited due to a substantial reduction in our
data sample caused by numerous missing variables. This
reduction in sample size could affect our results’ reliability
and generalizability, as well as the findings themselves. Ad-
ditionally, the ratio model had an R-squared value of 0.10,
meaning it only explains 10% of the variance in the ratio.
Findings from the ratio model should be interpreted with cau-
tion. We also did not account for the role of other providers
— like care managers and social workers — who often play
a critical role in discharge planning and patient flow manage-
ment. Many health systems depend on these professionals
to organize discharges, address social needs, and connect
patients with follow-up care. Since our data do not capture
their involvement in either the tele-acute or traditional units,
it is possible that some of their contributions to LOS and dis-
charge outcomes were not reflected in our results. As a result,
our findings might not fully capture the collaborative efforts
that impact LOS and discharge efficiency. Future research
would benefit from including data on these providers to offer
a complete picture of the factors influencing LOS and patient
outcomes. There is complexity in accurately measuring all
factors influencing LOS and discharge timing. Variables,
such as unit-specific discharge procedures, rounding sched-
ules, staffing levels, and other operational processes, can
vary and are not easily captured through chart reviews alone.
Although we accounted for some relevant factors, such as
patients’ living situations and insurance coverage, other un-
measured variables may have influenced discharge outcomes.
This limitation highlights the challenge of drawing definitive
conclusions about LOS based solely on chart data. Future
research incorporating qualitative data or operational metrics
could provide a more comprehensive understanding of the
factors influencing LOS and discharge efficiency. Lastly,
while not necessarily a limitation, it is worth noting that the
implementation of the telehealth unit was initiated in the sec-
ond quarter of 2020, just after COVID-19 had been declared
a pandemic. It is not known how this timing impacted the
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early data, but data from around the second quarter 2022
(about 24 months post-implementation) are consistent with
declining LOS data specifically relative to COVID-19.[23]

5. CONCLUSION
This study makes a strong association between the use of
telehealth nurses and LOS and the ratio of LOS to RAE-
LOS. These findings show that integrating telehealth may
contribute to more efficient patient management, leading to
earlier discharges and potentially reducing the burden on
healthcare systems. Our findings add valuable insights to
the emerging literature on telehealth applications in acute
care, demonstrating that telehealth can significantly improve
operational efficiencies such as discharge times and LOS.
Overall, this study underscores the significant potential of
telehealth to transform acute care delivery, improve patient
outcomes, and optimize hospital resource utilization.
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