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Abstract

Introduction: Pediatric critical care patients with COVID-19 treated in Peru have higher mortality than
those previously reported from other countries. Pediatric providers have reported a high number of
patients without comorbidities presenting with hemorrhagic strokes associated with COVID-19. We
present a study analyzing the factors associated with mortality in this setting.

Methods: Prospective case-control study that included patients < 17 years old admitted to a pediatric
critical care unit with a positive test confirming COVID-19. The primary outcome was mortality, and
secondary outcomes were laboratory results and length of stay. Fisher's exact test and the Mann-Whitney
U test were used for the analysis.

Results: Forty-seven patients were admitted to critical care. The mortality of our study is 21.3%. The
mortality of patients with neurological presentation was 45.5%, which was significantly higher than the
mortality of acute COVID-19 (26.7%) and MIS-C (4.8%), p 0.18. Other risk factors for mortality in our
cohort were strokes and comorbidities. Only one patient presenting with hemorrhagic stroke had an
undiagnosed comorbidity.

Conclusion: Cerebrovascular events associated with COVID-19 in pediatric patients, including infants,
must be recognized as one of the more severe presentations of this infection in pediatric patients.

Impact Statement

e Pediatric patients with COVID-19 can present with hemorrhagic and ischemic strokes on presentation
* Neurological presentation in pediatric patients with COVID-19 has high mortality
e Mortality of pediatric patients with COVID-19 is associated with comorbidities

e Pediatric presentation and outcomes of COVID-19 in different regions can be novel to previously
described

Introduction

The mortality of pediatric patients with COVID-19 acute respiratory failure has been mainly

associated with comorbidities (1-3). Epidemiological studies from different countries report mortalities of
0.1-0.3% for all patients hospitalized with COVID-19. The novel presentation of multisystemic
inflammatory syndrome in children (MIS-C) alerted the medical community about the pathogenesis of
COVID-19 in pediatric patients (4-8). The broad definition proposed by the CDC includes

inflammatory processes in different systems, such as cardiac, renal, neurological, respiratory, and
gastrointestinal systems. The severity of MIS-C has been mostly associated with cardiac complications
ranging from severe heart failure and coronary aneurisms(4, 6, 8-11). However, the mortality in
epidemiological studies of this syndrome is also low, reported as high as 2%, with most complications
associated with cardiac failure and shock. The mortality and morbidity of COVID-19 in pediatric critical
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care patients has been described in different studies(12-14). The mortality in those studies was also
low, ranging from 2% - 6% for patients admitted to critical care units. One of the largest studies from
pediatric critical care units (PICUs) reported a mortality of 5.7% from 530 patients from the United States
and Canada databases (15).

Since the emergency state was declared for the COVID-19 pandemic, one of the measures adopted by the
government in Peru was to create a dedicated COVID-19 hospital. Within that hospital, a 6-bed pediatric
critical care unit was implemented. When the capacity of that unit was reached with acute COVID-19
cases, other hospitals were able to admit patients with MIS-C. The mortality in pediatric critical care
patients in Peru in the dedicated COVID-19 unit is > 20%, significantly higher than that reported in studies
with similar populations (15). In the past 3 months, different pediatric critical care groups and pediatric
emergency groups in Peru alerted an increasing number of pediatric patients presenting to emergency
rooms with neurological symptoms and COVID-19. This acute presentation has not been described
previously in other settings. We present the cases admitted to the COVID-19 PICU and the data of one
additional center that hospitalized MIS-C patients. The purpose is to analyze the causes of mortality for
pediatric critical care patients with COVID-19 in Peru.

Methods

We performed a prospective case-control study for patients hospitalized from March 26 to August 15™,
2020 in two centers in Lima, Peru. Patients were captured in two hospitals. The first hospital is a COVID-
19 center reporting patients from the pediatric critical care unit. The second hospital included patients
admitted to the PICU with MIS-C diagnosis. A local ethical committee from each center deemed the data
collection for this study exempted from revision due to the COVID-19 emergency and authorized the
completion of the study.

Population

We included patients 0 to 17 years old with positive testing for COVID-19 (PCR, IgM or IgG) with SARS-
CoV-2 or MIS-C admitted to the pediatric critical care unit. We excluded patients with a positive test for
COVID-19 but that the admission diagnosis was non-COVID-19 related (e.g., trauma). The definition of
MIS-C followed the criteria defined by the United States CDC (5). We divided our patients into three groups
by clinical presentation: acute COVID-19, MIS-C and neurological presentation. Patients with acute COVID-
19 were considered patients with respiratory failure requiring mechanical ventilator support. Patients with
MIS-C met the United States CDC definition. Patients with neurological presentation were patients with
neurological symptoms at admission.

Outcomes and variables

The primary outcome was mortality during hospitalization. The variables included were demographics
(age and gender) and referring center. For therapies, we collected information on treatments considered to
be directed COVID-19 treatment in Peru: ivermectin and hydroxychloroquine. We also included the use of
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steroids, vasoactive medications, and intravenous immunoglobulins (IVIGs). For steroids, we included
dexamethasone and methylprednisolone, low dose and pulse steroid dose. Vasoactive medications
included dopamine, dobutamine, epinephrine and norepinephrine. For anticoagulation therapies, we
included antiplatelet medication (aspirin), heparin and enoxaparin. We included severe respiratory
distress syndrome utilizing the Berlin definition of a Pa02/FiO2 less than 100 (16). Laboratory values
were collected for all the patients, including in the analysis the worst value (peak value) of the first 96
hours of admission. Brain imaging results were obtained for all the patients with neurological
complications and a description of the patients presenting with cerebrovascular accident (CVA), ischemic
stroke or hemorrhagic stroke. Echocardiograms data was also collected. Treatments used in all the
patients were also collected.

Statistical analysis

Statistical analysis was performed with frequentist analysis. Continuous variables were analyzed with
the Mann-Whitney U test, and categorical variables were analyzed with Fisher's exact test. Statistical
analysis was performed with the IBM SPSS 26.0 software package.

Result

During the study period, a total of 47 patients were admitted; 39 patients were from the COVID-19

unit, and 8 were from the second institution. A total of 15 (31.9%) patients were admitted with SARS-CoV-
2,21 (44.7%) were admitted with MIS-C, and 11 (23.4%) patients presented neurological complications.
Most patients included were male patients 30(63.8%). The age ranged from 1 month to 16 years old.
Comorbidities were present in 15 (31.9%) of the patients, with most within the Acute COVID-19 group (12
(80%), p <0.01). The three groups also differed in steroid use: acute COVID-19 11 (73.3%), MIS-C 8
(38.1%) and neurological 9 (81.8%), p 0.03. A detailed description of the patients included is presented

in Table 1.

The mortality of our study was 21.3%, and 10 patients died during the study period. The mortality of
patients with neurological presentation was 45.5%, which was significantly higher than the mortality of
acute COVID-19 (26.7%) and MIS-C (4.8%), p 0.18. Other risk factors of mortality versus survival in our
cohort were comorbidities 7 (70%) vs 8 (21.6%), p 0.007, strokes 4 (40%) vs 2 (5.4%), p 0.014 and higher
white blood cell count, median and interquartile ranges for mortality 21 (14; 31) vs 13 (9; 16) for survival,
p 0.01. Therapies and mode of admission were not associated with mortality. Severe acute lung injury,
defined by a Pa02/FiO2 value of less than 100 at 24 hours of admission, was not

associated with mortality. Other inflammatory markers Table 2 presents variables analyzed for
mortality.

Cerebrovascular events occurred in 6 patients (12.8%) in our cohort, and four of them died. Most patients
had hemorrhagic stroke, and only one patient had an ischemic stroke. One patient with hemorrhagic
stroke and one patient with ischemic stroke survived but had significant sequelae. The presentation

of these patients varied from seizures to vomiting. There was no previous use of anticoagulation
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therapies or trauma in any of those patients. One patient with hemorrhagic stroke had a

comorbidity, and a diagnosis of leukemia was made two days after admission. A detailed description of
neurological cases can be seen in the supplemental material. Brain tomography images on admission are
shown in figure 1.

Comorbidities in our study were associated with mortality. For the group presenting with acute COVID-19,
all mortalities were associated with comorbidities: one patient had acute lymphocytic leukemia, another
patient had cerebral palsy and hypoxic ischemic encephalopathy, the third patient had trisomy 21 and an
unrepaired ventricular septal defect, and finally, the last patient had undiagnosed Epstein anomaly. The
patient with MIS-C who died during the period of study had a history of nephrotic syndrome and dialysis-
dependent kidney failure. For the patients in the neurological group, one of them had pulmonary
tuberculosis and developed tuberculosis meningitis, initially thought to be COVID-19 encephalitis, and the
other patient was the undiagnosed patient with leukemia who presented with a hemorrhagic stroke.
Differences between the three groups associated with morbidity and management can be found in Table
1; laboratory results by admission diagnosis can be found in Figure 2.

Discussion

Our study presents risk factors for mortality in pediatric critical care patients with COVID-19 in Peru. One
significant finding is the association of mortality of patients with neurological presentation. The
presentation on admission of hemorrhagic strokes in pediatric patients with COVID-19 has not been
described in other populations. Recognizing this presentation is extremely important for the medical
community working with pediatric patients to rapidly diagnose and manage strokes.

Neurological cases associated with COVID-19 in pediatric patients have ranged from

encephalitis to Guillain Barre and Acute Disseminated Encephalomyelitis (ADEM) (3, 6, 17). There is one
report of a 12-year-old patient with ischemic stroke who presented with seizures (18). In the series from
Riphagen, one patient developed ischemic stroke while on ECMO for shock (8). The unexpected number
of cases that present with hemorrhagic stroke in Peru opens the possibility of describing a new
presentation of COVID-19 in pediatric patients. It will be important to recollect data from countries with
similar populations to identify risk factors and differentiate if it is a new phenotype or changes in the
pathogenesis of the virus. Another important point is the need to have pediatric medical teams ready to
manage this unusual presentation. Hemorrhagic and ischemic strokes in non-COVID pediatric patients
have higher risks of morbidity and mortality if centers are not prepared with an appropriate neurocritical
care infrastructure and team.

The neurological complications of COVID-19 have been described in detail in the adult literature (19-
22). Studies examining patients who had stroke in adult populations described the event occurring in
patients with severe presentation of SARS-CoV-2, and most of those patients had that event during their
hospitalization (21). In adults, the occurrence of this type of event has been described in different critical
conditions, including viral infections (23). The physiopathology proposed for cerebrovascular accidents
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secondary to COVID-19 is the hyperinflammatory process, associated vasculitis, and coagulopathic
states (22, 24). It is unclear whether the same pathophysiology explains these events in pediatric
patients. COVID-19 has been associated with inflammatory processes in pediatric patients, alterations of
coagulation and vasculitis, clearly seen in MIS-C. However, from the data presented in our study, the
patients who had neurological manifestations had fewer comorbidities or preexisting conditions than the
patients with respiratory failure and had similar or less severe inflammatory processes than the MIS-C
patients, as noticed by the inflammatory markers. Additionally, not all the patients with neurological
presentation in our cohort met the MIS-C criteria. Recognizing hemorrhagic and ischemic strokes as a
presentation in pediatric patients with COVID-19 is also especially important to make therapeutic
decisions regarding anticoagulation in patients hospitalized with MIS-C.

As demonstrated by larger studies, comorbidities are associated with mortality in pediatric patients (1, 3).
The cohort we present shows this correlation. The comorbidities that our study presents are

common diagnoses managed in pediatric critical care units, including congenital heart disease, leukemia,
and cerebral palsy. An important detail about our study is that the group that had the most comorbidities
was the acute COVID-19 group. All the patients who died from that group had a comorbidity and similar
conditions to those described in a large series(1, 3, 12). Of the patients with neurological presentation, 2
patients had significant comorbidities, and both died during their admission. One of those conditions was
undiagnosed leukemia that presented with hemorrhagic stroke and establishing causality with COVID-19
is difficult. The caveat to this is that there were 5 other patients with similar cerebrovascular events
without comorbidities. The other patient with comorbidities from the neurological group was a patient
with pulmonary tuberculosis who presented with meningitis and was thought to have COVID-19 on
admission. Further studies to establish SARS-CoV-2 immunosuppression that would facilitate the
pathogenesis of other infections are necessary. The government of Peru has approved ivermectin and
hydroxychloroquine as therapies approved for COVID-19. We did not find a difference in the utilization of
those therapies across the three groups, and there was no correlation with mortality. Interestingly, steroids
were more utilized in the acute and neurological groups than in the MIS-C group and did not correlate with
mortality. There was no difference in vasoactive medication utilization or mortality outcomes. We did not
find a difference in the laboratory results (peak value) in our patients. However, patients with higher WBC
counts had higher mortality.

Since the management of pediatric critical care patients was centralized in one center, the patients
included in our study were the sickest patients who were hospitalized in Peru, especially during the first
two months of the pandemic. This setup had significant limitations: the patients who presented in
emergency departments (EDs) that required critical care stayed in an observation area in that ED until a
bed was available in the COVID-19 unit, and the transfer of the patient was possible. There is no clear
information about the waiting time to have a bed available in the COVID-19 unit, which explains the high
mortality of patients who were not able to be hospitalized in a PICU. By September 2020, according to the
Peru Health Department (MINSA), 78 patients had died from COVID-19 in the group 0-9 years old, and

62 patients had died in the group 10 to 19 years old (25). A larger pediatric epidemiological study is

necessary to understand the morbidity and mortality of patients who did not die in a pediatric critical care
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unit. We examined whether the mode of admission (local ED versus referring ED) and origin of reference
(Lima versus other cities) had an impact on mortality. We did not find a difference between those
variables. Having the waiting times could help establish if the model of a single center with 6 beds had
an association with mortality. For a population of 10 million people younger than 18 years old, the
number of beds designated for the PICU is likely not enough. The justification for a single center was to
minimize the overutilization of protective equipment. The presentation of patients with

strokes is challenging in any clinical setting, and it is difficult to argue that the outcomes we present
would have been different in other countries.

Our study presents some limitations. Our number of patients is small compared to larger epidemiological
studies. The acute presentation with neurological compromise and high mortality are higher than other
studies in critical care. This study only captures the patients who were able to be hospitalized to the
COVID-19 pediatric critical care unit and does not include a larger denominator. A larger national
epidemiological study is necessary to determine if more cases of hemorrhagic strokes are present. The
mortality of pediatric patients seems to be similar to that of patients in other countries, but the patients
who were not included in our cohort died without accessing critical care. This is one of the challenges of
the management of this pandemic in countries with developing health systems. Studies investigating
viral characteristics in Peru are necessary.

Conclusion

Cerebrovascular events associated with COVID-19 in pediatric patients, including infants, must be
recognized as one of the more severe presentations of this infection in pediatric patients. The
management of these patients without critical care interventions can be fatal, and patients who survive
can have severe sequelae. Recognizing this presentation in pediatric patients might help plan
anticoagulation therapies for critical care patients with COVID-19.
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Tables

Table 1, Characteristics of critical care patients with SARS-CoV?2 infection. Continuous

variables expressed in median and interquartile ranges in parenthesis. Analysis: continuous
variables Mann-Whitney U test; categorical Fisher’s exact test. LOS length of stay, LOMV length of
mechanical ventilation, LMWH low-molecular weight heparin.

Acute n =15 MIS-Cn =21 Neurologicaln =11 | p - value
Age, months 12 (6; 144) 84 (32.5; 120) 60 (12; 156) 0.51
Sex, male 7 (46.7%) 15 (71.4%) 8 (72.7%) 0.25
Admission, referred 11 (73.3%) 13 (61.9%) 7 (63.6%) 0.79
Out-of-city transfer 3 (20%) 2 (9.5%) 2 (18.2%) 0.66
Comorbidities 12 (80%) 1 (4.8%) 2 (18.2%) <0.01
Kawasaki - _
7 (33.3%) -
1. Complete 6 (28.6%) 1 (9.1%)
2. Atypical
PaO2/FiO2 < 100 7 (46.7%) - 1 (9.1%) 0.17
LOS PICU, days 6 (3; 15) 6 (4.5; 10) 9(7;12) 0.35
LOMYV, days, n = 15 7 (3; 15) 7 (4.25; 10.5) 6.5 (3.5; 8.5) 0.47
Mortality 4 (26.7%) 1 (4.8%) 5 (45.5%) 0.02
Steroids 11 (73.3%) 8 (38.1%) 9 (81.8%) 0.03
Vasoactive med. 6 (40%) 6 (28.6%) 7 (63.6%) 0.17
COVID directed therapy 4 (26.7%) 6 (28.6%) 4 (36.4%) 0.84
Anticoagulation <0.01
- 9 (42.9%) -
1. ASA - 6 (28.6%) -
2. ASA + LMWH 2 (13.3%) 2 (9.5%) 4 (36.4%)
3. LMWH
IVIG - 15 (71.4%) 1 (9.1%) -
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Table 2: Associations with mortality. Continuous variables expressed in median and
interquartile ranges in parenthesis. Analysis: continuous variables Mann-Whitney U test;
categorical Fisher’s exact test. Abbreviations: med. - medications; WBC - White blood cell count; CRP - C-

reactive protein (mg/L)

Survived Mortality
Age 60 (9; 126) 37 (2.75; 138) 0.63
Comorbidities 8 (21.6%) 7 (70%) 0.007
Vasoactive med. 14 (37.8%) 5 (50%) 0.72
COVID-19 directed therapy 9 (24.3%) 5 (50%) 0.14
Steroids 21 (56.8%) 7 (70%) 0.72
Stroke 2 (5.4%) 4 (40%) 0.014
Admission, referral 24 (64.9%) 7 (70%) 1
Out-of-city transfer 5 (13.5%) 2 (20%) 0.63
Pa02/FiO2 <100 4 (22.2%) 4 (50%) 0.2
WBC x 103 13 (9; 16) 21 (14; 31) 0.01
CRP 33.7 (14.1; 226) 32.6 (5.1; 274) 0.98
Platelets 234 (142; 509) 147 (54; 369) 0.12
Figures
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Figure 1

Brain images (CT) of 4 patients with Hemorrhagic strokes presentation. a) case 3, basal ganglia
hemorrhage, anterior horns of lateral ventricles; b) case 7, right frontal hemorrhage, transtentorial
herniation; c) case 9, hypodensity in left basal ganglia, ischemic stroke, diffuse subcortical atrophy; d)
case 11, ventricular hemorrhage and hydrocephalus.
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Figure 2

Independent-Samples Kruskal-Wallis Test box plots for laboratory results. Diagnosis (Dx); white blood cell
count (WBC) cells/mm3; platelets x 103; C-reactive protein (CRP) mg/L; D-dimer mcg/mL; creatinine (Cr)
mg/dl; lactate mmol/L; lactate acid dehydrogenase (LDH) U/L; Ferritin mcg/L; fibrinogen mg/dl
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