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Abstract

Background: The COVID-19 pandemic imposed an unprecedented demand for intensive care unit (ICU) resources in Brazil,
where shortages of trained intensivists prompted the implementation of telemedicine-based critical care support strategies.

Objective: This study aimed to evaluate the association between adherence to the Tele-ICU COVID-19 Brazil Program and
clinical outcomes of ICU patients with COVID-19.

M ethods: We conducted aretrospective cohort study including all ICUs participating in the Tele-ICU COVID-19 Brazil Program
between April and December 2020. Program adherence was assessed at 2 levels: patient coverage, defined as the number of daily
multidisciplinary rounds per patient divided by the patient’s total ICU length of stay (LOS), and ICU coverage, defined as the
number of daily multidisciplinary round days in the ICU divided by the total number of patient-daysin that ICU. We compared
outcomes between groups categorized by an empirically defined 50% cutoff: low patient coverage (<50%) versus high patient
coverage (=50%) and low |CU coverage (<50%) versus high ICU coverage (=50%). Multilevel mixed-effects models accounting
for ICU-level clustering were used to assess outcomes: logistic regression for ICU mortality (adjusted odds ratios) and linear
mixed-effects regression with log-transformed | CU LOS (exponentiated coefficients, exp[]).

Results: A total of 1680 patients were included. Compared with the low patient coverage group (<50%), patients in the high
patient coverage (=50%) had lower Sequential Organ Failure Assessment scores (median 2, IQR 0-5 vs median 3, IQR 0-6;
P=.007); shorter ICU LOS (median 6, IQR 3-11 daysvs median 11, IQR 6-20 days, P<.001); and shorter hospital LOS (median
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9, IQR 5-16 days vs median 14, IQR 8-26 days; P<.001). In unadjusted analyses, ICU mortality did not differ significantly
between the low and high patient coverage groups (50.1% vs 46.3%; P=.16). In multilevel analysis, mechanical ventilation and
vasopressor use were independently associated with higher ICU mortality. Higher patient coverage was independently associated
with lower |CU mortality (adjusted odds ratio 0.52, 95% CI 0.27-0.99; P=.048). In the log-transformed mixed-effects model for
ICU LOS, ahigher Sequential Organ Failure Assessment score (exp[[3] 1.037, 95% CI 1.02-1.05; P<.001) and use of mechanical
ventilation (exp[f3] 1.23, 95% CI 1.05-1.43; P=.01) were associated with longer ICU LOS, whereas higher patient coverage was
independently associated with shorter ICU LOS (exp[f3] 0.17, 95% CI 0.13-0.21; P<.001). ICU coverage was not independently
associated with ICU mortality or ICU LOS.

Conclusions: Greater patient-level coverage by remote intensivist-ed multidisciplinary rounds within the Tele-ICU program
was independently associated with lower ICU mortality and shorter ICU LOS. These findings support the potential contribution

of tele—critical care strategies to expanding specialist support during public health emergencies.

(J Med Internet Res 2026; 28:€64996) doi: 10.2196/64996
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Introduction

Background

COVID-19 hasbecome amajor public health care concern, with
almost half a billion cases diagnosed and more than 6 million
deaths reported across the globe [1]. During the pandemic,
waves of increased number of newly diagnosed patients with
SARS-CoV-2 infection were reported worldwide, with varied
degrees of disease severity [2]. The rapid spread of
SARS-CoV-2 increased the demand for intensive care units
(ICUs) and the pressure on health care systems[2].

In Brazil, the high demand for ICU beds coupled with the
shortage of intensivists to care for patients who are critically
ill—particularly in rural and remote regions far from major
urban centers—motivated the search for alternative strategies
to deliver efficient care [3]. In this scenario, in a partnership
between the Brazilian Ministry of Health (via the Institutional
Development Support Program of the Unified Health System)
and some of the top-ranked Brazilian hospitals, the Tele-ICU
COVID-19 Brazil Program was created to provide remote
intensivists to guide daily multidisciplinary rounds (DMRS) in
public COVID-19 ICUs from Brazil with patients with
COVID-19. The program consisted of DMRs (structured
patient-centered discussions) with the remote intensivist and
the loca ICU multidisciplinary team, aiming to review
diagnostic hypotheses, list active problems, and establish joint
therapeutic goals.

Different Tele-lICU models exist and vary in structure and
intensity. The most common isthe centralized “ hub-and-spoke”
model, where a central team remotely monitors several ICUs
[4]. Alternatively, decentralized models allow remote specialists
to provide support from multiple locations on demand. These
configurations may include continuous monitoring, scheduled
virtual rounds, or reactive consultations, depending on
institutional needs and available infrastructure [4].

Observational studies indicated that implementing Tele-ICU
programs may be an effective strategy for improving clinical
outcomes[5-11]. However, reported impacts vary acrossstudies,
likely dueto differencesin Tele-lCU models and applications,
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including second opinion consultations, real-time evaluations,
remotely conducted rounds, and others[12-14]. More recently,
a randomized clinical tria evaluating an intensivist-led,
telemedicine-based strategy that incorporated DMRs found no
significant improvement in ICU length of stay (LOS) or patient
mortality [15].

However, evidence regarding the impact of Tele-ICU
interventions on clinical outcomes, particularly during
large-scal e health care crises such asthe COVID-19 pandemic,
remains limited [7,8]. In this context, this study aimed to
evauate the association of the Tele-ICU COVID-19 Brazil
Program and clinical outcomesof patientswith COVID-19. We
hypothesized that higher adherence to the program’s structured
DM Rswould be associated with lower ICU mortality and shorter
I|CU LOS among patientsadmitted to public | CUs across Brazil
during the COVID-19 pandemic.

Objectives
This study aimed to evaluate the association of the adherence

to the TelelICU COVID-19 Brazil Program and clinica
outcomes of patients with COVID-19.

Methods

Study Design
We performed a retrospective study to evaluate the impact of

Tele-ICU COVID-19 Brazil Program on clinical outcomes of
ICU patients with COVID-19.

Ethical Considerations

The study was approved by Brazilian National Ethics Committee
on August 27, 2020, with waiver of informed consent (CAAE:
31459120.0.0000.0071, opinion number: 4.240.138). All data
used in the study were deidentified before analysis to protect
participant privacy and ensure confidentiality. No compensation
or reimbursement was provided to participants.

Tele-CU Program

The Tele-ICU COVID-19 Brazil Program was led by the
Tele-1ICU Department of the Hospital Israelita Albert Einstein,
aprivate quaternary care hospital located in Sdo Paulo, Brazil.
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Participating 1CUs that accepted the invitation (a convenience
sample) were located in public hospitals across different
geographic regions of the country (1 1CU per hospital) and were
designated by the Brazilian Ministry of Health between April
and December 2020. The recruitment process occurred at the
institutional level and was coordinated directly by the Ministry
of Health, which was responsible for identifying, evaluating,
and selecting eligible ICUs. ICUsweredligibleif they belonged
to public or philanthropic hospitals and did not have a
board-certified intensivist providing daily on-site care. The
Ministry also established criteriafor replacing units during the
program: ICUs could be removed if they missed daily
tele-rounds for 5 consecutive days or for more than 10
nonconsecutive days within a month.

As critical care specialists were not available daily in the
participating 1CUs during this period, DMRs were conducted
entirely by the program’sremote intensivists. Discussionswere
conducted by a board-certified intensivist trained in
telemedicine, based at the remote center (tele-intensivist, in Sdo
Paulo, Brazil), in collaboration with the local multidisciplinary
team (physician, nurse, and physiotherapist, in any part of the
country). DMRs took place from Monday to Friday at a
predetermined time (mostly during the mornings), from April
to December 2020, and approached all patients admitted to the
participating | CUs. The main objective of the DMR conducted
by the tele-intensivist was to review diagnostic hypotheses, list
active problems, and jointly create a treatment plan until the
next DMR. Tele-intensivists made recommendations based on
updated scientific evidence, suitableto thelocal context. Clinical
protocols in texts and figures were made accessible through a
dedicated application developed for the physicians and
multidisciplinary team of the participating |CUs.

Study Participants

All the 17 participant ICUs of the program were invited to
participate in this study. All patients admitted to these ICUs
during the Tele-ICU program, from April to December 2020,
wereincluded in thisanaysis.

We excluded patients who meet the following criteria: (1) aged
<18 years, (2) receiving exclusive palliative care at ICU
admission, and (3) incomplete data about |CU outcomes.

Data Collection and Study Variables

All study datawere collected by the Tele-I CU intensivist during
the DMRs performed during the program and complemented
by the local staff of the participant ICUs. Data were stored on
aserver at Hospital Israelita Albert Einstein, Sdo Paulo, Brazil ,
and retrieved by the study authors after the approval of the ethics
committee.

Collected dataincluded demographics, comorbidities, Sequential
Organ Failure Assessment (SOFA) score[16], number of DMRs,
resource use, and organ support (vasopressors, noninvasive
ventilation, and mechanical ventilation) during ICU stay,
palliative care, ICU and hospital LOS, and ICU and in-hospital
mortality. Variableswere collected during the DMRs (and lately
complemented by invited professional s of the participant ICU).
SOFA score refers to the maximum value of SOFA during ICU

stay.
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Definitions

To evaluate the impact of the Tele-ICU program, we devel oped
2 variables: patient coverage and ICU coverage. Patient
coverage quantifies how often each patient’s case was discussed
during DMRs based on the hypothesis that more frequent
discussions could enhance clinical decision-making and
continuity of care. ICU coverage reflects the overal
participation of each ICU in the program, hypothesizing that
higher engagement would promote local learning and greater
adherence to evidence-based practices through regular
interaction with remote intensivists. These variables were
defined asfollows:

«  Patient coverage=(number of DM RS per patient)/(patient’s
ICU LOS)

« ICU coverage=(number of DMR days in the ICU)/(total
ICU patient-days)

A cutoff of 50% was empirically defined to categorize groups.
Patients were classified into low patient coverage (<50%) and
high patient coverage (=50%) groups based on their individual
patient coverage. Similarly, ICUs were categorized into low
ICU coverage (<50%) and high ICU coverage (=50%) groups
based on their overall ICU coverage.

Outcomes

Our primary outcome of interest was ICU mortality. The
secondary outcomes were ICU LOS and use of resources (eg,
mechanical ventilation, noninvasive ventilation, use of
vasopressors, and renal replacement therapy).

Statistical Analysis

Categorica variables are presented as absolute and relative
frequencies. Continuous variables are presented as median with
IQR. Normality was assessed using the Shapiro-Wilk test.

Comparisons were made between groups: low patient coverage
group vs high patient coverage group and low ICU coverage
group vs high ICU coverage group. Continuous variables were
compared using the independent 2-tailed t test or the
Mann-Whitney U test in case of nonnormal distribution.
Univariate analyseswere performed to identify which predictors
were associated with ICU mortality and ICU LOS.

We performed multivariate analyses using multilevel mixed
modeling, with hospitals as random effect. All variables tested
with aP value <.20 in the univariate analyses were included as
fixed effects. We performed a multicollinearity analysis before
the backward elimination procedure. A mixed model was
undertaken to obtain adjusted odds ratio (OR) along with 95%
Cl and to define which variableswere independently associated
with ICU mortality.

A linear mixed-effects model with log-transformed ICU LOS
as the outcome was used, with hospital as a random effect.
Exp(B) along with the 95% CI were obtained to define which
variables were independently associated with ICU LOS. To
perform the analysis of the predictor ICU LOS, probability
distribution analyses of the outcome were conducted. We carried
out inferential tests to assess the fit of various probability
distributions. The only distribution that demonstrated adherence
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was the normal distribution for data transformed by natural
logarithm. Thus, the outcome variable ICU LOS was
transformed by taking the natural logarithm (In).

All statistical tests were 2-tailed, and P<.05 was considered
statistically significant. Analyses were performed using R
software (version 4.1.0; R Foundation for Statistical
Computing).

Results

From April to December 2020, atotal of 1945 patientsfrom 17
different ICUs across different Brazilian geographic regions
wereincluded in the database and had their plan of care defined
by the remote tele-intensivist on at least 1 day of the Tele-ICU
program. We excluded 233 (11.9%) patients who lacked data
on ICU outcomes (leading to the exclusion of an entire ICU, as
none of the patientsfrom this1CU had available outcome data);
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18 (0.9%) patients aged younger than 18 years; and 14 (0.7%)
patients receiving palliative care since the ICU admission, as
previously defined in our study protocol. Finally, 1680 patients
from 16 different ICUs were included in the study.

Baseline characteristics of patients included in the study are
presented in Table 1. The median agein this cohort was 66 (1QR
55-76) years, and 56.4% (865/1534) of the patients were men.
The median SOFA score was 4 (IQR 1-9), and the median
number of DMRSs per patient was 3 (IQR 2-6). In this cohort,
during ICU stay, 56.8% (769/1354) of the patients required
mechanical ventilation, 46.3% (627/1354) of the patients
required vasopressors, 16.9% (229/1354) of the patientsrequired
renal replacement therapy, and 9.7% (132/1361) of the patients
required noninvasive ventilation. ICU mortality was 48.3%
(812/1680), and the hospital mortality was 51.1% (847/1658).
The median ICU and hospital LOS were, respectively, 8 (IQR
4-15) days and 11 (IQR 6-20) days (Table 1).
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Table 1. Basdline characteristics and clinical outcomes of intensive care unit (ICU) patients with COVID-19 admitted to public ICUs participating in
the Tele-ICU COVID-19 Brazil Program (retrospective multicenter cohort study, Brazil, April to December 2020; N=1680)a.

Characteristics Patients
Male, n (%) 865 (56.4)
Age (years), median (IQR) 66 (55-76)
Comorbidities, n (%)
Systemic hypertension 684 (62.8)
Diabetes mellitus 441 (40.5)
Congestive heart failure 74 (6.8)
Acute cerebral stroke 60 (5.5)
Coronary arterial disease 17 (1.6)
Previous myocardial infarction 21(1.9)
Asthma 27 (2.5)
copPDP 86 (7.9)
Chronic kidney disease 44 (4)
Chronic kidney disease requiring RRT® 19(1.7)
Locoregional cancer 4(0.4)
Metastatic cancer 5(0.5)
Hematologic cancer 1(0.1)
Cognitive impairment and dementia 19(1.7)
Liver cirrhosis 1(0.1)
ICU mortality, n (%) 812 (48.3)
Hospital mortality, n (%) 847 (51.1)
IcU LOSY, median (IQR) 8(4-15)
Hospital LOS, median (IQR) 11 (6-20)
SOFA® score, median (IQR) 4(1-9)
Number of DMRS' per patient, median (IQR) 3(2:6)
Support on the first day of the Tele-I CU visit, n (%)
Mechanical ventilation 639 (47.2)
Noninvasive ventilation 132 (9.7)
Vasopressors 425 (31.4)
RRT 128 (9.5)
Support in thefirst 24 hoursof ICU stay, n (%)
Mechanical ventilation 243 (36.9)
Noninvasive ventilation 71 (10.8)
\asopressors 164 (24.9)
RRT 26 (3.9)
Support at any timeduring ICU stay, n (%)
Mechanical ventilation 769 (56.8)
Noninvasive ventilation 168 (12.4)
\asopressors 627 (46.3)
RRT 229 (16.9)

percentages were cal cul ated based on available data for each variable.
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BCOPD: chronic obstructive pulmonary disease.
°RRT: renal replacement therapy.
dLos: length of stay.
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®SOFA score: Sequential Organ Failure Assessment score, ranges from O to 24, with higher scores indicating more severe organ dysfunction.

'DMR: daily multidisciplinary round.

Compared with the low patient coverage group, patientsin the
high patient coverage group had shorter ICU LOS (median 6,
IQR 3-11 days vs median 11, IQR 6-20 days, P<.001) and
hospital LOS (median 9, IQR 5-16 days vs median 14, IQR
8-26 days; P<.001; Table 2). SOFA score was higher in the low
patient coverage group (median 3, IQR 0-6 vs median 2, IQR

0-5; P=.007). ICU mortality (50.1% vs 46.3%; P=.16) did not
differ significantly between the low and high patient coverage
groups. During ICU stay, patients in the high patient coverage
group used mechanical ventilation less frequently, but used
noninvasive ventilation more frequently when compared with
the low patient coverage group.

Table2. Comparison of clinical outcomesand resource use according to patient-level adherenceto tele-intensive care unit (ICU) daily multidisciplinary
rounds among ICU patients with COVID-19 (Brazil, April to December 2020).

Low patient coverage group (n=673) High patient coverage group (n=862) P vaue

ICU desths, n (%) 337(50.1) 399 (46.3) 162
Hospital deaths, n (%) 351 (52.2) 417 (48.4) 172
ICU LOS?, median (IQR) 11(6-20) 6(3-11) <.001¢
Hospital LOS, median (IQR) 14 (8-26) 9 (5-16) <.001°
SOFAY score, median (IQR) 3(0-6) 2(0-9) .007°
Support in thefirst 24 hoursof ICU stay, n (%)

Mechanical ventilation 86 (45.7) 154 (33) 0032

Noninvasive ventilation 13(6.9) 58 (12.4) 062

Vasopressors 56 (29.8) 106 (22.7) o7

RRT® 11(5.9) 14(3) 142
Support at any timeduring ICU stay, n (%)

Mechanical ventilation 328 (60.3) 357 (51.6) 0032

Noninvasive ventilation 58 (10.7) 108 (15.6) 012

\asopressors 261 (48) 301 (43.5) 132

RRT 105 (19.3) 100 (14.5) 03

8 values were calculated using the chi-square test.
b_OS: length of stay.
P values were calculated using the Mann-Whitney U test.

4SOFA score: Sequential Organ Failure Assessment score, ranges from 0 to 24, with higher scores indicating more severe organ dysfunction.

®RRT: renal replacement therapy.

Compared with the low ICU coverage group, patients in the
high ICU coverage group had lower SOFA scores (median 2,
IQR 0-4 vs median 3, IQR 1-7; P<.001), lower ICU mortality
(44.3% vs 52.5%; P=.004), lower ICU LOS (median 7, IQR
4-12 days vs median 9, IQR 5-17 days, P<.001), and lower
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hospital LOS (median 8, IQR 5-16 days vs median 14, IQR
7-23 days, P<.001). During ICU stay, patientsin the high ICU
coverage group used mechanical ventilation, noninvasive
ventilation, vasopressors, and renal replacement therapy less
frequently (Table 3).
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Table 3. Comparison of clinical outcomes and resource use according to intensive care unit (ICU)-evel adherence to the Tele-|CU COVID-19 Brazil

Program (Brazil, April to December 2020).

Low ICU coverage group (n=844) High ICU coverage group (n=836) P value

ICU deaths, n (%) 442 (52.5) 370 (44.3) 0042
Hospita deaths, n (%) 451 (53.5) 396 (48.7) 052
ICU LOSP, median (IQR) 9517 7(412) <.001°
Hospital LOS, median (IQR) 14 (7-23) 8 (5-16) <.001¢
SOFAY score, median (IQR) 3(17) 2(0-4) <.001°
Palliative care, n (%) 146 (17.3) 123 (14.7) 172
Support in thefirst 24 hoursof ICU stay, n (%)

Mechanical ventilation 142 (44) 101 (30.2) <.0012

Noninvasive ventilation 32(9.9) 39(11.6) 562

Vasopressors 93 (28.8) 71(21.1) 03?2

RRT® 24 (7.4) 2(06) <0012
Support at any timeduring ICU stay, n (%)

Mechanical ventilation 471 (63.1) 298 (49) <0012

Noninvasive ventilation 109 (14.6) 59 (9.7) 0082

Vasopressors 384 (51.5) 243 (40) <.0012

RRT 168 (22.5) 61 (10) <0012

3P values were calculated using the chi-square test.
b_os: length of stay.
P values were calculated using the Mann-Whitney U test.

dSOFA score: Sequential Organ Failure Assessment score; ranges from 0 to 24, with higher scores indicating more severe organ dysfunction.

®RRT: renal replacement therapy.

Independent predictors of ICU mortality were the use of
mechanical ventilation (OR 3.22, 95% CI 2.056-5.043; P<.001)
and vasopressors (OR 1.87, 95% Cl 1.236-2.824; P=.003) during
ICU stay. The use of noninvasive ventilation (OR 0.54, 95%

Cl 0.331-0.881; P=.01) and patient coverage (OR 0.520, 95%
Cl 0.272-0.993; P=.048) wereidentified as a protective factors
(Table 4). Neither ICU coverage nor total time of ICU
participation in the project remained in the final model.

Table4. Multilevel mixed-effectslogistic regression analysis of factors associated with intensive care unit (ICU) mortality among critically ill patients
with COVID-19 enrolled in the Tele-ICU COVID-19 Brazil Program (Brazil, April to December 2020).

Fixed effects OR?(95% Cl) P value
SOFAP score 1.238 (0.860-1.317) 052
Use of MV during ICU stay 3.222(2.056-5.043) <.001
Use of NIV during ICU stay 0.540 (0.331-0.881) 01
Use of vasopressor during |CU stay 1.870 (1.236-2.824) .003
Patient coverage 0.520 (0.272-0.993) .048

30R: odds ratio.

bSOFA: Sequential Organ Failure Assessment.
®MV: mechanical ventilation.

dNIV: noninvasive ventilation.

Independent predictors of higher ICU LOSincluded inthefinal
adjusted model were SOFA (exp[f] 1.037, 95% CI 1.02-1.05;
P<.001), use of mechanical ventilation during | CU stay (exp[f]

https://www.jmir.org/2026/1/e64996
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1.228, 95% CI 1.05-1.43; P=.01), and patient coverage as
protective factor (exp[f] 0.166, 95% CI 0.13-0.21; P<.001,
Table 5). Asin the first model for ICU mortality, neither ICU
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remained in thisfinal adjusted model.

Table 5. Multilevel linear mixed-effects model evaluating factors associated with intensive care unit (ICU) length of stay among critically ill patients
with COVID-19 participating in the Tele-ICU COVID-19 Brazil Program (Brazil, April to December 2020).

Fixed effects Exp(B)2 (95% CI) P value
SOFAD score 1.037 (1.02-1.05) <.001
Use of MV during ICU stay 1.228 (1.05-1.43) 01
Patient coverage 0.166 (0.13-0.21) <.001

3Exp(B): exponentiated regression coefficient from the linear mixed-effects model with log-transformed |CU LOS; values >1 indicate longer ICU LOS,

and values <1 indicate shorter ICU LOS.

PSOFA score: Sequential Organ Failure Assessment score; ranges from O to 24, with higher scores indicating more severe organ dysfunction.

®MV: mechanical ventilation.

Discussion

Principal Findings

The main finding of this study was that patients with higher
patient coverage by Tele-ICU, defined as a greater proportion
of ICU daysduring which patientswere discussedin DMRsled
by aremote intensivist during the Tele-ICU COVID-19 Brazil
Program, were associated with lower |CU mortality and LOS.
We postulate that Tele-ICU may have improved clinical
outcomes by implementing multidisciplinary rounds, thereby
enhancing adherence to best practices and promoting continuity
of carein participating ICUs.

Our resultsarein line with some previous studies regarding the
association between the use of Tele-ICU and lower mortality
and LOS [5-10]. For instance, a prospective study found that
the implementation of a Tele-ICU intervention, where the
Tele-ICU team participated in critical care processesthroughout
the day, was associated with reduced adjusted odds of mortality
and reduced hospital LOS, as well as with changes in best
practice adherence and | ower rates of preventable complications
[17]. Similarly, abefore-and-after study observed anotablerise
in the percentage of patients receiving a daily sedative
interruption with Tele-ICU support, which involved the
incorporation of athird shift of Tele-ICU pharmacist assistance
[18].

In addition, recently, acluster randomized controlled trial found
that telemedical quality improvement program increased
adherenceto 7 evidence-based German performanceindicators
in acute ICU care [19]. The quality indicators included were
sedation, analgesia and delirium, ventilation, weaning from
ventilation, infection management, enteral nutrition, patient and
family communication, and early mobilization [19].

Nevertheless, there is significant heterogeneity among various
TelelICU models, making these studies potentialy
noncomparable [8,9]. There are notable discrepancies
concerning various characteristics in the previous studies
regarding the technology and hospitals used, as well as the
autonomy of Tele-ICU intensivists[8,9,18].

Tele-ICU COVID-19 Brazil Program was based on the
implementation of multidisciplinary rounds conducted by a
board-certified tele-intensivist in 1CUs lacking daily critical

https://www.jmir.org/2026/1/e64996

care specidists. Daily rounds conducted by an intensivist have
been previously associated with a 3-fold reduction in hospital
mortality in surgical ICUs[20]. Furthermore, astudy exploring
organizationa factorsin Brazilian ICUsdid not identify adirect
impact of regular multidisciplinary rounds on mortality;
however, the findings suggest that collaborative
multidisciplinary efforts among ICU care providers positively
influence patient outcomes [21].

The Tele-1CU program was also linked to an increasein the use
of noninvasive ventilation and adecrease in the need of invasive
mechanical ventilation. We hypothesize that the adoption of
noninvasive ventilation increased asintensivists encouraged its
use, and local teams observed that patients responding positively
to noninvasive ventilation could safely be managed (especialy
considering the fear of aerosolization and spread of
SARS-CoV-2 in the environment, which was highly prevalent
inthefirst COVID-19 wave).

Interestingly, no independent association was found between
overal ICU engagement (ICU coverage) or duration of ICU
participation in the program and patient outcomes. Although
we initially hypothesized that greater program exposure or
broader ICU involvement would lead to better results, our
findings suggest that the direct and consistent implementation
of daily Tele-ICU rounds may have been the most influential
factor, rather than general program duration or institutional
engagement.

The program may also have enhanced continuity of care, asthe
remote intensivist overseeing the rounds remained mostly
consistent from Monday to Friday, whereas the local team
members often changed daily during the weekdays. Continuity
of careisknown to be afundamental aspect of effective medical
treatment and islinked to enhanced patient satisfaction, greater
use of care services, and reduced hesalth care costs [22].
Maintaining continuity of care in the ICU environment is
particularly challenging, especially due to the prolonged duty
hoursthat can impact the well-being of physicians[23]. In this
scenario, the Tele-I CU solution emerges as apotential solution,
providing a more stable and continuous presence to support
ongoing patient care.

JMed Internet Res 2026 | vol. 28 | €64996 | p. 8
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Limitations

Finaly, our study has some limitations. First, it has a
retrospective design, thus reporting associations rather than
cause-and-effect relationships. Second, we used the maximum
SOFA scoreto quantify the severity of illnessin patients, which
may overestimate the severity of patients with COVID-19
included in our analysis. Third, although our study includes a
considerable number of patients from multiple ICUs across
different regions, the Tele-ICU program itself was coordinated
by a single center, which may limit the external validity of the
findings. Fourth, we acknowledge the potential variability in
the presence of local intensivists across participating |CUs.
While all selected ICUs lacked full-time intensivist coverage,
which was a key inclusion criterion, there may have been
occasional availability of specialists in some sites. This
unmeasured variability may haveinfluenced local caredynamics
and should be considered as a potential confounding factor in
interpreting the results. Finally, data on tracheostomy procedures
were not collected in this study, which prevents evaluation of
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their potential impact on outcomes such as ICU mortality,
duration of mechanical ventilation, and LOS [24]. Therefore,
these should be considered when ng generalizability, and
the study should be considered as hypothesis generating.

Conclusions

During the COVID-19 pandemic, the Tele ICU COVID-19
Brazil Program showed that greater exposure to DMRs led by
remote intensivists was associated with lower ICU mortality
and shorter ICU stays. These findings suggest that structured
tele—critical care support may help extend specialized expertise,
promote adherence to best practices, and enhance continuity of
carein settings with limited intensivist availability. The results
also highlight the potential value of Tele-ICU models in low-
and middle-income countries and during periods of health care
system strain. Further research is needed to confirm these
findings, identify which program componentsdrive the greatest
benefit, and evaluate different Tele-ICU configurations and
their cost-effectivenessto support future implementation efforts.
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