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Abstract
Purpose of Review To present the implementation of a telemedicine project (TeleICU) in pediatric intensive care units (ICU)
throughout different Brazilian regions.
Recent Findings Although telemedicine in pediatric ICUs has shown evidence of benefit in numerous studies with potential to 18
mitigate existing disparities, in Brazil, its use is still under development. Brazil has several opportunities for implementing this
resource since, according to the National Registry of Healthcare 20 Establishments (NRHE), there is a discrepancy in the density
of pediatric intensive care physicians per patient and the availability 21 of pediatric ICU beds per number of inhabitants.
Summary Health technologies are being widely used to fill gaps in the healthcare system. Telemedicine has been an important
tool to meet demands in intensive care units, especially the demand for specialized assistance. TeleICU is a Brazilian model of
telemedicine that performsmultidisciplinary telerounds in remote pediatric ICUs and develops continuing education activities for
the healthcare teams. The project aims to systematize and to qualify care, as well as to reduce risks for patients admitted to
pediatric ICUs engaged in the project. Preliminary results have demonstrated a positive impact regarding this approach, providing
medical care to 6640 inpatients-day in two Brazilian pediatric ICUs, for 616 patients during 946 daily telerounds.
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Abbreviations
PIM2 Pediatric Index Mortality 2
PICU Pediatric Intensive Care Unit
ICU Intensive Care Unit
NRHE Na t i ona l Reg i s t r y o f Hea l t h c a r e

Establishments
PROADI-SUS Institutional Development Program of the

Brazilian National Health System
HMV Hospital Moinhos de Vento
IT Information Technology
ICD-10 International Classification of Diseases

Introduction

The use of telemedicine in the intensive care unit (ICU) is
defined as the remote delivery of clinical intensive care ser-
vices through videoconferencing and monitoring technolo-
gies [1••]. The methodology can be simpler, from audiovi-
sual systems that allow two-way communication in real time
between intensivists, bedside clinical staff, specialists, sub-
specialists, and patients, to the integration of these resources
with portable devices for carrying out bedside examinations
at a distance [1••]. In pediatric ICUs, telemedicine allows
different types of patient care, such as continuous remote
monitoring and teleconsultations with specialists [2].
Telemedicine in pediatric ICUs has been widely used to
extend or complement healthcare capacity, to bring care
from specialized intensive care physicians to units that are
difficult to access or where the availability of medical spe-
cialists is insufficient, and to improve the quality perceived
by healthcare professionals and caregivers, demonstrating
numerous benefits [3, 4, 5••].
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Brazil has several opportunities to implement this re-
source, considering it is a country with a broad demo-
graphic area, with resources distributed unevenly between
regions and between public and private health systems.
According to the National Registry of Healthcare
Establishments (NRHE), the number of pediatric physi-
cians per 10,000 patients is 3.77 in the Federal District
and 3.18 in São Paulo, comparting to a density of 0.73
and 0.96 in less developed regions such as the states of
Maranhão and Acre (Fig. 1A) [6]. The same discrepancy
happens regarding hospital ICU beds in these regions.
The Federal District and São Paulo show a number of
ICU beds per 100,000 inhabitants of 9.23 and 3.20 re-
spectively; meanwhile, states such as Maranhão and
Acre have a density of less than 1.5 ICU beds (Fig. 1B)
[6].

Telemedicine is rapidly becoming a pattern of
healthcare assistance, and technologies are progressively
more present in healthcare services, especially in ICUs.
Combining telemedicine and the demand for specialized
assistance in Brazil, the project TeleICUs was developed
to address pediatric ICUs, offering multidisciplinary
telerounds in remote pediatric ICUs as well as developing
continuing education activities in order to train the
healthcare teams. Also, the project aims to systematize
healthcare assistance, improving the quality of healthcare
services and reducing risks for patients hospitalized in the
pediatric ICUs that participate in the project. Being devel-
oped since 2018, the project hopes to improve clinical
indicators in its operation sites. This article describes the
experience of using telemedicine in pediatric ICUs in

Brazil, presenting the main findings of its first 2 years
of operation.

Methods

Selection of Participating Centers and Project
Implementation

In partnership with the Brazilian Ministry of Health throughout
the Development Program of the Brazilian National Health
System (PROADI-SUS) and Hospital Moinhos de Vento
(HMV) implemented the project TeleICUs “Qualification of
Intensive Care Assistance through Telemedicine,” which se-
lected two pediatric ICUs in the north and northeast regions
in order to perform the daily multidisciplinary telerounds.

In order to select the hospitals, a methodology specifically
planned for the project was used, considering the following
stages:

Stage 1: generating a list containing all Brazilian public
hospitals (100% of its care should be dedicated to the
Brazilian Nonprofit Healthcare System — SUS) that
have pediatric ICUs.
Stage 2: rating the ICU according to its complexity (the
project selected type II units— according to the Brazilian
Ministry of Health regulation n° 3.432, august 12th 1998
[7], ICUs can be classified as type I, II, or III, regarding
the appropriate number of medical physicians, multidis-
ciplinary team, and access to appropriate equipment and
exams).

Fig. 1 A Graphic representation of the density of pediatric physicians in
Brazil (number of pediatric physicians/total population times 10,000; B
Graphic representation of the density of pediatric ICU beds in Brazil

(number of available beds/total population times 100,000) according to
federative unit (source: adapted from the National Registry of Healthcare
Establishments)
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Stage 3: categorizing it according to the number of beds,
ICUs with 8 to 12 beds moved on to the next stage;
Stage 4: contacting all the eligible ICUs (considering
stages 1, 2, and 3) through phone call or e-mail, inviting
the head of the pediatric ICUs to engage in the project;
Stage 5: all heads of the pediatric ICUs that showed in-
terest in participating answered a questionnaire to assess
feasibility (Supplementary Appendix 1);
Stage 6: considering the answers to the feasibility ques-
tionnaire, a meeting with the eligible ICUs was organized
and a team from HMV (comprised by a pediatric inten-
sive care physician and nurse, a researcher and an infor-
mation technology (IT) professional) visited the ICUs.
Throughout the visit, each specialist assessed its specific
domain, and the whole team assessed an overall domain
(called the “big picture view”). For the final rating, the
weight of each specialist was relative to the impact of its
interaction with the remote center (Fig. 2).
Stage 7: after finishing the visits, a ranking with the hos-
pitals assessments was developed and two centers with
higher scores were selected to participate in the project.

The Telerounds

The telerounds comprised the connection between an office
located at Hospital Moinhos de Vento, referred to as the com-
mand center. The command center was equipped with

computers and a high-definition audiovisual system (Fig. 3A
and B). The team was formed by a pediatric intensive care
physician and nurse, as well as a multidisciplinary team and
medical specialists, according to the demand identified by the
command center’s team. The two hospitals that received as-
sistance were referred to as the remote centers, and had a
telemedicine cart equipped with an integrated audio and video
system (with PTZ-Pan/Tilt/Zoom system — which allows
horizontal and vertical movement, as well as zoom, that can
be adjusted by the command team) and no break with 1.5 h of
autonomy, which allowed the cart to make visits to all patients
by the bedside (Fig. 3C and D).

The telerounds occurred from Monday to Friday, in a pre-
viously schedule meeting time. Each inpatient was visited
daily e his clinical path, as well as screening tests, were
discussed. During the teleround, the command center team
registers the appointments in the project’s own electronic plat-
form and at the end provides individual recommendations for
each patient. The following day, the teleround begins with the
assessment of the recommendations and whether they were
followed or not. We call this process “acceptance recommen-
dation,” and we consider this an adherence to the recommen-
dations given by telemedicine. The protocol for telemedicine
appointments involves several steps and during the first ap-
pointment the following information is assessed: patient his-
tory, which includes the reason for hospitalization and previ-
ous medical history, and physical examination. The patient’s
complications and relevant responses are evaluated daily, spe-
cifically considering the following aspects: nutritional,

Fig. 2 Items assessed in each
domain considered in the
project’s implementation visits.
Red cells represent a negative
score (the worse the assessment,
the greater the weight). Green
cells represent a positive score
(the better the assessment, the
better the scores). Blue cells
represent negative scores towards
the extreme evaluations (very
good and inadequate) and
positive scores in regular
evaluations
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respiratory, analgesia and sedation, motor, hemodynamic, di-
gestive/renal, antibiotics and culture, blood products, other
tests, social, and evaluation by specialists and multidisciplin-
ary staff. The complete protocol regarding the pediatric clini-
cal teleround can be found in the Supplementary Appendix 2.

Educational Activities

Concurrently with the project’s healthcare activities, educa-
tional activities were carried out, aiming to provide continuing
education to the healthcare professionals involved in the
telerounds and to the remaining ICUs’ staff. Thus, periodical-
ly, educational activities were carried out in 3 different ways:

I. Online classes: set with a specific date and time, they are
organized to be streamed live, with the professor lecturing
from the command center and the remote centers’ teams
connected and interacting with the professor throughout
the class. The presentations last approximately 45 min,
followed by 15 min set aside specifically for questions.
Moreover, the classes are recorded and remain available
in an online educational platform, so that they can be seen
by healthcare professionals that were not able to attend
live;

II. Clinical case discussions: also set with a specific date and
time, in each round one of the participating hospitals

presents a complex clinical case from their institution.
The command center is responsible for inviting medical
specialists to participate and to contribute to the discus-
sion by sharing an overview of the subject as well as
relevant scientific articles regarding the issue. The presen-
tations last approximately 15 min, followed by 45 min of
discussion between healthcare professionals and medical
specialists. The clinical case discussions are also recorded
and remain available to the healthcare professionals that
were not able to attend live.

III. Distance education (DE) courses: distance education
courses were developed and made available in the
EDX educational platform in a self-learning format, with
tutoring also available. The course’s subjects were pre-
viously defined according to relevance in the pediatric
intensive care setting.

Results

During the project’s implementation period (from Dec./2018
to Dec./2020) in two Brazilian pediatric ICUs. During this
period, 6640 inpatients-day (inpatient-day: measurement unit
that represents assistance provided to a patient hospitalized for
1 day) (Table 1). Median length of stay was 8 days and the

Fig. 3 A Photo of the
telemedicine station located in the
command center (Hospital
Moinhos de Vento, Porto Alegre,
RS) and B telemedicine station
and the intensive care pediatric
physicians. The remote center is
equipped with a telemedicine cart
(C), which is located by the team
by the bedside in order to allow
patients’ assessments (D)
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main reason for ICU discharge was pneumonia in both remote
centers (Table 2). Patients’ median age was 19 months (IQR
68.5–7) in unit A and 25.5 months (IQR 88.25–6) in unit B.
Female patients represented 43.6% (n = 158) in unit A and
33.3% (n = 99) in unit B.

Unit A accounted for 516 daily telerounds and unit B
accounted for 430. HMV’s physicians provided 12,346 rec-
ommendations through telemedicine, 7452 for unit A, which
adherence approximately 88.2% of the given recommenda-
tions, and 4894 for unit B, which adherence 78.9% of the
recommendat ions . The project carr ied out 1137
teleconsultations with specialists according to each units’
needs (Table 3).

During the execution of the project’s educational activities,
the project trained 476 healthcare professionals from the re-
mote centers: 165 individuals participated of 21 online clas-
ses, 272 participants engaged in the clinical case discussions,
and 39 participants participated in 5 different DE courses
(Basic life support [n = 18], Pediatric advanced life support
[n = 2], Prevention of pediatric primary bloodstream

infections: intravenous therapies and infectious aggravations
[n = 6] and Pediatric pain assessment [n = 6]).

Discussion

This study described a telemedicine program implemented in
pediatric ICUs in the North and Northeast regions of Brazil,
within the scope of the Brazilian Unified Health System. Data
shows the positive contributions of the project by using tele-
medicine and the success in the units where it was implement-
ed. Pediatric ICUs have been a useful setting for the use of
telemedicine, with different intervention models to facilitate
pediatric care. Its uses range from screening the patients in
order to help identify who should be transferred to the ICU
and to define the need for transport of critically ill patients, to
daily healthcare provided in intensive care units [4, 8, 9].
Previous literature regarding the use of telemedicine in pedi-
atric ICUs already shows interesting results in other countries,
for example, in the USA. Dayal et al. showed a decrease in

Table 1 Characteristics of the
ICUs engaged in the project Unit A Unit B Total

Number of inpatients-day seen1 4,222 2,418 6,640

Number of patients seen 297 362 664

Number of inpatients-day seen by specialists 953 384 1137

Median length of stay2 (IQR) 8 (16–4) 8 (16–4.75) 8 (16–4.75)

Number of recommendations 7,452 4,894 12,346

Readmission rate3 14.47% 8.28% -

1 Inpatient-day: measurement unit that represents assistance provided to a patient hospitalized for 1 day
2Median length of stay measured in days
3Number of unplanned readmissions times 100 divided by the number of hospital admissions

Table 2 Main diagnosis at ICU
discharge of patients seen by
telemedicine in each pediatric
ICU

ICD-10 Code n %

Unit A (n=297)

Unspecified bacterial pneumonia J15.9 25 8.42

Acute respiratory failure J96.0 20 6.73

Hydrocephalus G91.0 9 3.03

Spinal muscular atrophy, type I (Werdnig-Hoffman) G12.0 8 2.69

Craniosynostosis Q75.0 8 2.69

Unit B (n=362)

Pneumonia, unspecified organism J18.9 66 18.23

Acute abdomen R10.0 25 6.91

Unspecified bacterial pneumonia J15.9 25 6.91

Acute appendicitis with generalized peritonitis K35.2 19 5.25

Sepsis, unspecified organism A41.9 17 4.70

The 5 main diagnoses of each unit were considered and the percentages were calculated based on the number of
patients. ICD-10 International Classification of Diseases
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length of stay and hospital mortality by using telemedicine
during the patient transfers from the emergency room to the
pediatric ICU [4]. However, studies that assess telemedicine
in pediatric ICUs are very heterogeneous, especially regarding
the chosen methodology [5••]. Therefore, in order to properly
assess improvements in clinical healthcare indicators regard-
ing telemedicine approaches in the ICUs, the development of
more robust clinical studies is necessary.

In our study, pediatric ICU length of stay was similar to
other studies [10] which used telemedicine in order to monitor
patients hospitalized in intensive care units, demonstrating
that the use of this technology brings benefits to patients re-
gardless of where it was implemented [4, 5]. The clinical
profile of the hospitalized patients in both participating ICUs
was very similar, evidenced by the most frequent diagnosis
according to the ICD-10, which was respiratory conditions in
both units. This profile also reflects on the medical specialties
that most participated in teleconsultations, specialists in diag-
nostic radiology and infectious diseases. The similar profile
was beneficial because it allowed for the standardization of the
intervention and the clinical protocol used in the telemedicine
approach. The use of telemedicine and digital health has the
potential to improve the efficiency of pediatric care, guiding
intensive care workflows and helping to solve underserved
demands [11].

It is important to highlight that both daily healthcare activ-
ities and educational activities, which include online classes,
clinical case discussion, and distance education courses, con-
tribute to the education and qualification of healthcare profes-
sionals, and consequently to their care routines [12••, 13].
Thus, we seek to train these professionals and qualify them

so that with the discontinuity of the project in these ICUs, the
quality of health care provided to patients can become a per-
manent gain.

The strategy we described contributes to the literature,
demonstrating that the use of telemedicine in pediatric ICUs
has the potential to improve patients’ clinical outcomes and
the healthcare indicators from the ICUs where this method is
being used to guide patient care. This approach’s format is
pragmatic, reproducible, and can be generalized and expand-
ed, considering it does not require advance technologies or
sophisticated equipment. We hope the experience and the
findings shared in this study are able to provide sufficient
information so that other healthcare professionals can incor-
porate these interventions into their own practice, especially in
places similar to Brazil, where distances are large and there is
a shortage of healthcare specialists.

The use of telemedicine in pediatric ICUs seems to be a
solution to solve the disparities in access to specialized assis-
tance, allowing intensive care to be provided for seriously ill
patients in distant locations and with a low density of doctors
per inhabitant [11]. It is known that this is a necessity in
countries with persistent geographical inequalities and insuf-
ficient funding [14].

In the future perspectives, the project aims to expand be-
yond the pediatric field and to increase the number of ICUs in
Brazil that receive telerounds. Also, an important step is to
evaluate the clinical impact of the use of telemedicine on
healthcare indicators such as length of stay and mortality. In
addition, in order to obtain more robust scientific evidence,
implementing a randomized clinical trial would be appropri-
ate. Finally, we also expect to evaluate burnout syndrome
among the healthcare teams, aiming to study a potential re-
duction of physical and emotional tiredness attained through
the use of telemedicine, considering patient care is shared with
the HMV’s team. With these studies, it will be possible to
strengthen the use of telemedicine in pediatric ICUs in Brazil.

Conclusion

Telemedicine has proven to be an important tool to fill gaps in
healthcare services, as well as to provide support to healthcare
professionals, to improve healthcare quality, and to provide
education and updates in a continuous and facilitated way.
The COVID-19 pandemic setting has opened space and cre-
ated opportunity to promote and to validate telemedicine tech-
nologies, contributing to its strengthening in Brazil.
Therefore, publications regarding the current findings as well
as developing more researches in the field will strengthen the
scientific evidence available.

The TeleICU project is a Brazilian telemedicine service
model that has proven to have a positive impact in the ICUs
it currently operates. Future perspectives suggest enlarging the

Table 3 Teleconsultations with specialists

Physician specialty n %

Unit A (n=953)

Diagnostic radiology 543 56.98

Infectious diseases 365 38.30

Neurology 30 3.15

General practitioner/palliative care 4 0.42

Pneumology 3 0.31

Unit B (n=384)

Diagnostic radiology 237 61.72

Infectious diseases 138 35.94

Cardiology 4 1.04

Pneumology 2 0.52

Endocrinology 2 0.52

The 5 main medical specialties that provided care to each unit were
considered here and the percentages were calculated based on the number
of teleconsultations with specialists
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project, as well as performing more robust analyses such as
impact assessment through randomized clinical trials and the
economic impact of its use.

New evidence of the applicability of this healthcare model
may in the future provide an important tool to the healthcare
system, thus contributing to attain universal healthcare access
and knowledge transfer on an ongoing basis.
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