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Abstract
Objective: The proportion of children with complex chronic conditions is increasing in PICUs
around the world. We determined the prevalence and functional status of children with complex
chronic conditions in Brazilian PICUs during the COVID-19 pandemic.
Methods: The authors conducted a point prevalence cross-sectional study among fifteen Brazil-
ian PICUs during the COVID-19 pandemic. The authors enrolled all children admitted to the par-
ticipating PICUs with complex chronic conditions on three different days, four weeks apart,
starting on April 4th, 2020. The authors recorded the patient’s characteristics and functional sta-
tus at admission and discharge days.
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Results: During the 3 study days from March to June 2020, the authors enrolled 248 patients
admitted to the 15 PICUs; 148 had CCC (prevalence of 59.7%). Patients had a median of 1 acute
diagnosis and 2 chronic diagnoses. The use of resources/devices was extensive. The main mode
of respiratory support was conventional mechanical ventilation. Most patients had a peripherally
inserted central catheter (63.1%), followed by a central venous line (52.5%), and 33.3% had gas-
trostomy or/and tracheostomy. The functional status score was significantly better at discharge
compared to admission day due to the respiratory status improvement.
Conclusions: The prevalence of children with CCC admitted to the Brazilian PICUs represented
59.7% of patients during the COVID-19 pandemic. The functional status of these children
improved during hospitalization, mainly due to the respiratory component.
© 2021 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
Introduction

Children with complex chronic conditions (CCC) was defined
by Feudtner as “any medical condition that can be reason-
ably expected to last at least 12 months (unless death inter-
venes) and to involve either several different organ systems
or one organ system severely enough to require specialty
pediatric care and probably some period of hospitalization
in a tertiary care center”.1 The proportion of children with
chronic diseases and/or disabilities is increasing, being up to
50% in some pediatric hospitals.2,3 Due to advances in inten-
sive care, there has been a reduction in mortality, but at the
expense of immobility, longer mechanical ventilation, and
increased use of hospital resources.4�6 The use of drugs such
as corticosteroids, neuromuscular blockers, and sedatives
increased the risk of physical and neurocognitive sequelae.7

These children may develop muscle weakness and delirium
as well as decreased functionality and difficulties in activi-
ties of daily living, school performance, and social
interaction.8,9 For this reason, interest in the functional out-
comes of this population is growing.

The overall proportionate distribution of PICU resources
among children with medical complexity, however, is
unclear and has not been delineated previously in Brazil.
Describing the distribution of critical care resources, strati-
fied by medical complexity, is an important first step in opti-
mizing critical care use among all patient groups, but
specifically, those with CCC, to build policies and guidelines.
To date, no studies in Brazil reported the prevalence or func-
tional status of patients with CCC in PICUs. The authors know
that the COVID-19 pandemic reduced admissions due to
respiratory causes to PICUs.10,11 However, we do not know if
patients with CCC were also affected. This study aimed to
determine the prevalence and functional status of children
with CCC in Brazilian PICUs during the COVID-19 pandemic.
Methods

Design

This was a point-prevalence, cross-sectional study. A conve-
nience sample was chosen among members of the Brazilian
Research in Intensive Care (BRICnet), and an invitation was
sent by email. The authors surveyed data of children treated
in 15 PICUs of different parts of Brazil that accepted to
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participate in the study, which was approved by the Institu-
tional Review Board of each participating center.

The authors collected data of inpatients in the partici-
pating PICUs at 9 AM on three different days, four weeks
apart, starting on April 4th, 2020. The second study day
was June 2nd, 2020, and the last study day was July 28th,
2020. Study data were collected and managed using RED-
Cap (Research Electronic Data Capture) electronic data
capture tools hosted at Instituto D’Or de Ensino e Pes-
quisa (IDOR). REDCap is a secure, web-based application
designed to support data capture for research studies.12

The inclusion criteria were any patient in the PICU in the
study day who met the criteria for CCC according to
Feudtner’s definition,1 and had a written consent form.
Patients were excluded if parents/guardians did not give
consent to use data.

The first form was designed to collect data from the
participating hospitals and PICUs, such as the number of
beds, characteristics (private/public), number of health-
care professionals. The second form was a screening log
to provide the prevalence of patients with CCC. The total
number of patients and patients with CCC was recorded.
The final form was related to the patient’s characteris-
tics, demographics, the acute reason for admission,
chronic conditions, length of stay, respiratory support,
use of devices, use of PICU resources, and 90-day out-
come. The authors also determined the functional status
of patients at admission, on the study days, and at dis-
charge using the Functional Status Scale (FSS) that has
six components (mental status, sensory functioning, com-
munication, motor functioning, feeding, and respiratory
status) and scores from 6 (higher functional status) to
30 (lower functional status).13
Statistical analysis

The frequencies were described in percentages and absolute
numbers, means, and standard deviation or medians and
interquartile intervals, as appropriate. For comparisons
between averages, the t-test was used. For survival analysis,
the authors used the Kaplan Meier curves and the log-rank
test. Logistic regression was used to analyze the association
between the functional scale and the risk of death. The
analysis was performed using R software (R Foundation for
Statistical Computing, Vienna, Austria).
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Table 2 Acute/Chronic diagnosis of patients with CCC at
admission.

Number of acute diagnosis (median, range) 1 (1�4)

Number of chronic diagnosis (median, range) 2 (1�4)

Acute diagnosis (N, %)
Acute respiratory distress 20 14.2%
Pneumonia 11 7.8%
Sepsis/septic shock 6 4.2%
Postoperative, except transplants 17 12.1%
Postoperative, hepatic/renal
transplant

7 5%

Covid-19 5 3.5%
UTI 3 2.1%
Ventriculitis 2 1.4%
Seizure 9 6.4%
Other 61 43.3%

CCC
Genetic Syndrome 22 14.7%
CNS malformation 17 11.3%
Severe neurological impairment 24 16%
Cardiopathy/Cardiac malformation 15 10%
Prematurity 13 8.7%
Chronic lung disease of prematurity 6 4%
Epilepsy/ Epileptic syndrome 20 13.3%
Biliary atresia 5 3.3%
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Results

Fifteen PICUs participated in the study, 7 from Rio de Janeiro
State, 6 from S~ao Paulo State, 1 from Bahia State, and 1 from
the Rio Grande do Sul State. During the 3 study days, the
authors enrolled 248 patients admitted to the 15 PICUs, 148
of whom had CCC (59.7%). Seven subjects were excluded for
the lack of the consent form. Most PICUs were from private
hospitals, hosting between 101 and 300 beds (73.3%). The
number of PICU beds ranged from 4 to 36 with a median of
10 (IQ, 8�13). All PICUs had 24/7 pediatric intensive care
attending physicians. The main participating PICUs charac-
teristics are shown in Supplementary material.

The median age of patients was 23.2 (IQ, 7.5�58.4), with
an important difference in the length of stay between survi-
vors (26 days; IQ, 9�65) and deceased (96 days; IQ,
38.5�504.2). Most patients were admitted from the Emer-
gency Room (48%) and were discharged to the ward (43.6%).
The demographic data of patients with CCC are shown in
Table 1.

The authors also recorded the acute diagnosis at admis-
sion and the chronic diagnosis of patients with CCC, which
are shown in Table 2. The most prevalent acute diagnosis
was acute respiratory distress (14.2%), followed by postop-
erative patients (except transplants) with 12.1%. The most
prevalent chronic diagnosis was severe neurological
impairment (16%), followed by genetic syndromes (14.7%).
Table 1 Characteristics of patients with CCC admitted to
the PICUs.

N 141

Feminine 57 (40%)
Age in months (median, IQ) 23.2 (7.5-58.4)
Death N (%) 11 (7.8%)
Length of stay (survivors)

median (IQ)
26 (9-65)

Length of stay (deceased)
median (IQ)

96 (38.5-504.2)

Race/Ethnic group
Caucasian 75%
Black 6.4%
Multiracial
Asian

17.8%
0.8%

Admission origin
Emergency Room 48%
Neonatal ICU 5%
Operating Room 12%
Home Care 4%
Ward 11%
Day Hospital 1%
Other Hospital 19%

Discharge (N, %)
Home 38 (30.2%)
Ward 55 (43.6%)
Step Down Unit 1 (0.8%)
Day Hospital 1 (0.8%)
Other 31 (24.6%)

CCC, Complex Chronic Conditions.

Neoplasia 13 8.7%
Asthma 4 2.7%
Chronic renal failure 11 7.3%

CCC, Complex Chronic Conditions; UTI, Urinary Tract Infection;
CNS, Central Nervous System.

486
The authors collected data on the devices and resources
used by patients with CCC, showing that 36.9% were on con-
ventional mechanical ventilation, while 36.2% did not need
any respiratory support; 63.1% had a peripherally inserted
central catheter (PICC), and 52.5% had a central venous
line, and 33.3% of patients had tracheostomy and gastro-
stomy (Table 3).

The functional status of patients with CCC was compared
at admission and on discharge day using the FSS scale, show-
ing an improvement in the final score due to the respiratory
component of the scale (Table 4).
Discussion

This study addressed the prevalence of patients with CCC in
Brazilian PICUs during the COVID-19 pandemic. There has
been a paucity of data on the prevalence of patients with
CCC in Brazilian PICUs, and this study is the first to tackle
this topic during the COVID-19 pandemic. The authors found
a prevalence of 59.7% of patients with CCC among 15 PICUs.
It is important to consider that the study was conducted dur-
ing the COVID-19 pandemic when the admissions in Brazilian
PICUs reduced significantly.10 Hence, it may not represent
the true prevalence of CCC in Brazilian ICUs during non-



Table 3 Clinical resources and devices of patients with
CCC.

Respiratory support N %

Ambient air 51 36.2%
Oxygen (nebulization, nasal catheter,
etc.)

7 5.0%

High-Flow Nasal Cannula 6 4.3%
CPAP 3 2.1%
BiPAP 11 7.8%
Other noninvasive support 5 3.5%
Conventional Mechanical Ventilation 52 36.9%
High-Frequency Oscillatory Ventilation 2 1.4%
Other 4 2.8%

Venous line
Venoclisis 66 46.8%
PICC 89 63.1%
Central venous line 74 52.5%
Port-a-cath 12 8.5%
None 22 15.6%
Other 12 8.5%

Other
Gastrostomy 47 33.3%
Jejunostomy/Colostomy/Ileostomy 10 7.1%
Ventriculoperitoneal shunt 13 9.2%
Tracheostomy 47 33.3%
Endotracheal tube 17 12.1%
Intermittent urinary catheter 2 1.4%
Indwelling urinary catheter 28 19.9%
Arterial line 7 5.0%
Atrial catheter 1 0.7%
Nasogastric/enteric tube 21 14.9%
Other 34 24.1%

CCC, Complex Chronic Conditions; PICC, peripherally-inserted
central catheter.
The sum of the percentages is greater than 100% because many
patients had more than one device.
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pandemic years. The authors cannot determine how much
the COVID-19 pandemic impacted that prevalence. A study
in public hospitals in Brazil reports an incidence rate of hos-
pitalizations for children and adolescents with CCC of 331
per 100,000 inhabitants.14 A large study in the USA with 54
PICUs reported that 53% of the patients admitted had a
Table 4 FSS at admission and discharge days.

Admission

Mean (SD)

Mental Status 2.3 (1.3)
Sensory Functioning 2.0 (1.3)
Communication 2.6 (1.6)
Motor Functioning 2.7 (1.5)
Feeding 2.4 (1.1)
Respiratory Status 2.9 (1.8)
FSS 14.9 (7.1)

a Paired t-test.
SD, Standard deviation.
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CCC.3 Another study with 35 USA PICUs that used the Virtual
Pediatric Systems (VPS) reported 52.1% of patients with the
chronic diagnosis.15 In Canada, children, and youth with CCC
accounted for 37% of all hospital admissions and 54% of total
hospital days.16 They also had longer stays compared with
children and youth without medical complexity. A French
study reported a prevalence of 67% of patients with chronic
conditions among 23 PICUs.17 A study in Argentina showed a
prevalence of 48.06% of patients with CCC in 19 PICUs.
Unlike ours, all such studies were conducted before the
COVID-19 pandemic. The authors know that admissions for
respiratory diseases were reduced and surgeries canceled
during the pandemic, many of which in CCC patients.10,11,18

But the authors still do not know the real impact on the over-
all prevalence of CCC patients in the PICU.

According to many studies, within hospitals, and specifi-
cally PICUs, children with chronic illnesses represent an
increasing proportion of the population and an important
financial burden of healthcare utilization.3,5,19 The increas-
ing trend of occupation of PICU beds and ventilator days by
critically ill children may be related to the increasing trend
or hospitalization of chronic care patients.20 Table 3 shows
the use of clinical resources, including respiratory support,
venous line, and other devices. In the present study, the
most frequently used venous line was PICC (31.9%), followed
by a central venous line (27%), and the main mode of respira-
tory support was conventional mechanical ventilation
(36.9%). The extensive use of resources/devices observed in
the present study is in line with the literature that reports
that there is disproportionate usage of ICU resources and
therapies by children with medical complexity.21 These find-
ings are important to guide better healthcare public policies
regarding children with CCC.

Most patients were discharged from the PICU to the ward
(43.6%), followed by home (30.2%), which is a common prac-
tice in Brazil, mainly in private hospitals, for reasons related
to the Private Healthcare System policies.

The authors were able to determine the mortality rate of
these patients in a 90 days follow-up (7.8%), which is higher
than 2 studies from the USA (3.9% and 3.7%),3,15 and another
study from Canada (2%).16 The authors do not know for sure
why the mortality is higher in Brazil; however, the authors
know that palliative care in children at home in Brazil is still
incipient and many children who should be receiving pallia-
tive care at home still dye in the PICU. That could partly
explain the length of stay difference between survivors and
Discharge

Mean (SD) pa

1.8 (1.1) 0.15
1.6 (1.1) 0.12
2.0 (1.2) 0.07
2.3 (1.5) 0.35
2.2 (1.1) 0.11
2.2 (1.6) 0.001
12.0 (6.4) 0.001
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the deceased. Although it was not the aim of this study, the
authors have to highlight that the lack of a palliative care
group could have contributed to reducing the length of stay
and costs related to terminally ill patients.

The authors determined the functional status of patients
using the FSS score, which has been validated in Brazil.22,23

Interestingly, the FSS score improved at discharge compared
to the admission day (mean 14.9 vs. 12, p = 0,001), mainly
because of improvement in the respiratory component of
the FSS score (p = 0.001). The respiratory status at discharge
significantly improved compared to admission (median
2.2 vs. 2.9, p = 0.001). The other components of the FSS did
not significantly change. Although the FSS improvement was
due to the improvement in respiratory status, only 22% of
admissions were related to respiratory causes. It is counter-
intuitive to find a better functional status at discharge, but
the authors believe that the respiratory condition of these
patients is so relevant that as soon as the patient’s clinical
condition improves, they improve the overall functional sta-
tus. The mean FSS of patients was considered moderately
abnormal, according to Pollack.13 Pollack et al. studied the
functional status in 8 PICUs and found that the overall FSS
increased at discharge compared to the baseline.7 The FSS
ranges from 6 to 30, and the means of 12 at admission and
14.9 at discharge. These scores represent a moderate abnor-
mal functional status. Few studies are reporting the func-
tional status of children during PICU stay in Brazil. A study
by Pereira GA et al. evaluated the functional status using
the FSS and reported moderate impairment in pediatric
patients in general after discharge from the pediatric inten-
sive care unit, mainly in the "motor function" and "feeding"
domains.23

The present study has some limitations. Although it is a
cross-sectional multicenter study, it may not reflect the
reality of all Brazilian PICUs as it was a convenience sam-
pling including 15 non-randomized PICUs. Moreover, the par-
ticipating centers are mainly from private hospitals of the
most developed regions of Brazil and may not represent the
reality of other Brazilian PICUs. Since there are no previous
reports of the prevalence of patients with CCC in Brazilian
PICUs, the authors do not know how much the COVID-19 pan-
demic affected the present study’s results, as we are unable
to compare.

Albeit it was performed during the COVID-19 pandemic
surge, and despite its limitations, this is the first multicenter
study to determine the prevalence and functional status of
children with CCC in Brazilian PICUs. The present study’s
findings on patients’ characteristics and resource utilization
may contribute to better planning of care provided to criti-
cally ill children with CCC. Future studies should address the
impact of CCC on the development, social integration, fam-
ily role, and health resources use of these patients. There-
fore, we can build guidelines, public policies, and strategies
to promote better care for these patients and their families.
The authors should also study the prevalence of CCC patients
in the post-COVID-19 era to better understand its impact on
those patients.

The prevalence of children with CCC admitted to the Bra-
zilian PICUs during the COVID-19 pandemic was higher
(59.7%) than previous studies in other countries performed
outside the pandemic context. The functional status of
these children improved during hospitalization, mainly due
488
to the respiratory component. The CCC population uses sig-
nificant resources in PICU with prolonged PICU stay. This
study may help understand the needs of this population in
Brazilian PICUs and to build guidelines and public policies.
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