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Abstract

Background: The increase in the spread of the novel coronavirus (SARS-CoV-2) has put many children at risk around the world.
Some of these patients are in critical condition and present with shock symptoms and cardiac system problems. The ultrasonic
cardiac outputmonitor (USCOM) is a non-invasive device that determines a person’s cardiac output using continuouswaveDoppler
ultrasound.
Objectives: The current study aims to present the clinical and laboratory manifestations of children with coronavirus disease
(COVID-19) and to use a USCOMdevice for hemodynamic assessment to record and review their clinical information.
Patients and Methods: We introduce 22 cases of children infected with coronavirus admitted to a public hospital in Iran. We
examined the hemodynamics of these patients using USCOM and reported our experience with pediatric patients presenting with
shock. This was a retrospective study, and data were collected usingmedical records.
Results: In this study, 22 pediatric cases (10 girls and 12 boys) infected with coronavirus were reported. The youngest was 3months
old and the oldest was 14 years old. Themost commonly observed symptomswere low back pain (N = 15), fever (N = 12), and seizures
(N = 10). We found that the hemodynamics of the patients, including systemic vascular resistance (SVR), were abnormal and were
associated with hypotension and unstable hemodynamics. The children responded well to the administration of an intravenous
norepinephrine drip.
Conclusion: In conclusion, this study presents detailed clinical and laboratory results of 22 children with COVID-19. Additionally,
their hemodynamic status was measured and presented using the USCOM device. This information can provide physicians with a
comprehensive understanding of the clinical history of patients referred with COVID-19, thereby improving their knowledge and
care delivery.
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1. Background

The coronavirus disease (COVID-19) has spread widely
around the world. Studies indicate that children are
less affected than adults, exhibiting milder symptoms
and lower mortality rates (1, 2). However, the clinical
and epidemiological characteristics and the definitive
treatment protocol in children are not yet clear. Li et
al. highlighted this significant knowledge gap and
attempted to introduce and categorize these symptoms
in their systematic review of 96 case studies on children
(3). Lai et al.’s study notes that few studies have addressed

the characteristics and clinical manifestations of children
with COVID-19 (4). In children, shock has also been
reported as a complication of COVID-19, treated under the
multisystem inflammatory syndrome in children (MIS-C)
(5). Shock occurs in up to 67% of patients in intensive
care and has been associated with high mortality (6).
Close monitoring of cardiac output (CO), intravascular
volume (IVV), and hemodynamic parameters is essential
for these severe cases, which typically require mechanical
ventilation (7). In recent years, there has been a gradual
reduction in the use of pulmonary artery catheters

Copyright © 2024, Vafapour et al. This open-access article is available under the Creative Commons Attribution 4.0 (CC BY 4.0) International License
(https://creativecommons.org/licenses/by/4.0/), which allows for unrestricted use, distribution, and reproduction in anymedium, provided that the original work is
properly cited.

https://doi.org/10.5812/ijradiol-143026
https://crossmark.crossref.org/dialog/?doi=10.5812/ijradiol-143026&domain=pdf
https://orcid.org/0000-0002-2326-8363
https://orcid.org/0000-0002-4738-9266
https://orcid.org/0000-0002-2925-3699
https://orcid.org/0009-0004-4347-6399
https://orcid.org/0000-0003-0166-2375
https://orcid.org/0000-0001-5199-2343
https://orcid.org/0000-0001-8295-3267
https://orcid.org/0000-0002-8864-1149


Uncorrected Proof

Vafapour M et al.

and thermodilution measurement of CO (8), and less
invasive methods (9) have replaced them. However, these
alternatives have not been satisfactory due to a lack of
accuracy. Therefore, there is an urgent need for reliable
and cost-effective non-invasive devices for CO monitoring
(10). The ultrasonic cardiac output monitor (USCOM) is
a non-invasive device that determines a person’s cardiac
output using continuous wave Doppler ultrasound (11).
Introduced in 2001, USCOM is now used in a wide range of
clinical settings and plays a significant role inmonitoring
intensive care (12). Although preload, contractility,
systemic vascular resistance (SVR), stroke volume (SV),
and CO can also be measured by echocardiography, this
method requires a skilled and specialized physician
(13). The accuracy and reliability of USCOM have been
confirmed in various studies (12, 13). In this study, we
present the results obtained from the USCOM device and
other clinical findings of COVID-19 patients.

2. Objectives

The current study aims to present the clinical and
laboratory manifestations of children with COVID-19 and
to use a USCOM device for hemodynamic assessment
to record and review their clinical information. The
research questions are: (1) what are the clinical and
laboratory results of children with COVID-19? (2) what
is the hemodynamic status of children with COVID-19
using a USCOM device? (3) what treatments have been
considered for childrenwithCOVID-19, andwhathavebeen
the results?

3. Patients andMethods

This retrospective study was conducted in a public
hospital in Iran. Children infected with COVID-19 who
visited this facility between September and October
2022 were included in the study. Confirmation of the
COVID-19 diagnosis in these patients was done by one
of the following methods: Lung CT scan, real time-PCR
test, or serology. Twenty-two patients who agreed to
participate in the study and completed the informed
consent form were selected as samples. All patients were
well-informedabout theprocedures and thepotential side
effects. The Ethics Committee of Iran University of Medical
Sciences approved this study. In addition to completing
the informed consent form, patients were assured that
their data would be published without revealing their
identities.

Inclusion criteria included all children under 18 years
of age and older than one month who were hospitalized

in the PICU, treated with the diagnosis of COVID-19,
and had hemodynamic instability in the evaluations.
They were diagnosed with COVID-19 according to the
final diagnosis in the medical record. Exclusion criteria
included age under one month, hemodynamic stability,
andchildrenwithother concurrentdiseasesorunderlying
heart disease. Data related to tests, clinical evaluations,
and imaging findings of these patients were extracted
from their medical records. The data was collected using
a form whose validity was confirmed by experts. This
form included the patient’s demographic, clinical, and
laboratory information, as well as the treatment and
medication administered.

A USCOM device was used to check the hemodynamic
data of the patients, and this evaluation was done by
a specialist doctor. The evaluation of each patient
took a few minutes, measuring the following items:
Corrected flow time (FTC) (preload), peak velocity (VPK)
(contractility), and SVR. The operators who performed the
USCOM assessments were pediatricians and PICU fellows
whohadbeenwell trained toworkwith thedevice andhad
severalmonths of experience. Data analysis was presented
using descriptive statistics and in the form of tables and
graphs. All data were analyzed using IBM SPSS Statistics
forWindows, version25.0 (Armonk,NY: IBMCorp, Released
2017).

4. Results

In this study, we reported 22 pediatric cases infected
with coronavirus who were admitted to a public hospital
in Iran. Ten of them were girls and twelve were boys. The
youngest was 3months old and the oldest was 14 years old.
Most of the children were between 1 - 5 years old and 5 - 10
years old. Table 1 shows the demographic information of
these patients.

Table 1. Characteristics of the Sample Population

Population characteristics No. (%)

Sex

Boy 12 (54.5)

Girl 10 (45.5)

Total 22 (100)

Age

Under 1 year 4 (18.1)

1 - 5 7 (31.8)

5 - 10 7 (31.8)

Above 10 years 4 (18.1)

Total 22 (100)
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Table 2 shows the signs and symptoms observed in
children. Various symptoms developed in the children,
with themost commonly observed being low back pain (N
= 15), fever (N = 12), seizures (N = 10), respiratory distress
(N = 10), and low consciousness (N = 9). All percentages
presented in the table are based on the total number of
patients.

Table 2. Signs and Symptoms of Patients

Sign and symptoms No. (%)

Abdominal pain 4 (18.18)

Fever 12 (54.55)

Cough 4 (18.18)

Vomiting 6 (27.27)

Headache 1 (4.55)

Rhinorrhea 1 (4.55)

Seizure 10 (45.45)

Loss of consciousness 9 (40.91)

Low BP 15 (68.18)

Edema 4 (18.18)

Respiratory distress 10 (45.45)

GI Bleeding 1 (4.55)

Gastroenteritis 3 (13.64)

Diarrhea 2 (9.09)

Skinmaculopapular rash 1 (4.55)

Upward gaze for 15-minute 1 (4.55)

Pleural effusion 1 (4.55)

Table 3 provides information related to examination
and laboratory findings as well as USCOM results.

Most patients had lymphopenia and elevated
erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP). Six patients were intubated. Antiviral
treatment, antibiotics, and supportive care were provided
for the patients. Except for two cases, all other patients
were discharged after clinical recovery. All of these
patients had low systemic vascular resistance index (SVRI),
and six of them had normal blood pressure and were
not treated with inotropic drugs. The average length
of hospitalization was about 16.5 days. The information
related to all patients is presented separately in Table 4.

As seen, this study encompasses 22 pediatric patients
with varied clinical presentations. Patients presentedwith
symptoms such as seizures, abdominal pain, respiratory
distress, fever, and shock, necessitating treatments
including antibiotics, antivirals, immunoglobulins,
and vasopressors. Mechanical ventilation was required
for several patients due to respiratory compromise,

Table 3. Examination, Laboratory, and Ultrasonic Cardiac Output Monitor Finding

Feature and title Mean ± SD

Examination & laboratory finding

WBC (mm3) 11518.2 ± 5761.8

Lymph % 19.2 ± 11.4

Segs % 74.8 ± 14.3

Hb (g/d) 10.9 ± 1.9

Plt (mm3) 250909.1 ± 180022.5

ESR (mm) 22.2 ± 18.8

CRP (mm) 37.3 ± 26.0

D-dimer (ng/m) 3415.4 ± 5249.3

PT (se) 14.9 ± 3.0

PTT (se) 45.5 ± 26.8

INR (index) 1.3 ± 0.5

Troponin (ng/L) 352.1 ± 769.4

Blood pressure-systole (mmHg) 75.4 ± 12.5

Blood pressure-diastole (mmHg) 50.8 ± 13.0

USOM results

SVRI (ds cm-5 m2) 743.1 ± 86.3

VPK (m/s) 1.3 ± 0.3

Heart rate (bpm) 112.0 ± 12.2

FTC (ms) 367.1 ± 20.4

Duration of drug use

Duration of norepinephrine 6.6 ± 4.9

Duration of epinephrine 7.5 ± 4.0

Duration of hospitalization (days) 16.5 ± 12.3

Abbreviations: WBC, white blood cell; Hb, hemoglobin; Plt, platelets; ESR,
erythrocyte sedimentation rate; CRP, C-reactive protein; PT, prothrombin time;
PTT, partial thromboplastin time; INR, international normalized ratio; SVRI,
systemic vascular resistance index; VPK, peak velocity; FTC, corrected flow time.

and arrhythmias were observed in some cases. Despite
the severity of the illness, the majority of patients
were discharged in stable condition after receiving
appropriate medical intervention. Unfortunately, one
patient succumbed to the illness.

5. Discussion

In the current study, all 22 patients presented with
a low systemic vascular resistance index. Six patients
had low SVRI despite normal blood pressure. Systemic
vascular resistance plays an important role in creating
and regulating blood pressure (14). Clinical examination
is a crucial tool for evaluating and treating critically
ill patients with hemodynamic disorders. However, in
complex cases, this assessmentmay be done incorrectly.

I J Radiol. 2024; 21(1):e143026. 3
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Echocardiography is an excellent tool for checking
hemodynamic status and heart function, but it requires
a cardiologist and is time-consuming. The USCOM
device is very useful for accurate and quick assessment
of hemodynamic status. It is also valuable for treatment
follow-upand serial evaluationof patients (15). TheUSCOM
device helped us assess the hemodynamics and response
to the treatments performed in COVID-19 patients.
With this device, we serially checked the hemodynamic
parameters of the patients and adjusted the fluid therapy
and inotropic drugs based on the results.

We found that the hypotension and decreased urine
output of patients were secondary to the reduction of
systemic vascular resistance. With the administration
of norepinephrine, the patients’ conditions stabilized
well. The USCOM monitor plays an important role
in intensive care monitoring. It is non-invasive, fast,
accurate, affordable, safe, tolerable, and easy to learn
to use. However, during the learning phase, USCOM
measurements are somewhat operator-dependent. This
device is suitable for use in cases of shock, dehydration,
hypotension, and low cardiac output states.

In conclusion, this study presents detailed clinical
and laboratory results of 22 children with COVID-19.
Additionally, information related to their hemodynamic
status was measured and presented using the USCOM
device. While multiple studies have assessed COVID-19
characteristics, viral genetics, signs, symptoms, and
complications, the use of USCOM in the evaluation and
treatment of COVID-19 patients has not been reported
until now. We recommend the use of theUSCOMdevice for
patient evaluation. It is hoped that this study will increase
awareness of the specific subtype of shock associated with
COVID-19 and its treatment. This information can provide
physicians with a comprehensive understanding of the
clinical history of patients presenting with COVID-19,
thereby improving their knowledge and care delivery.
However, this information is not sufficient to draw a
final conclusion, and more studies are needed. We are
currently using USCOM to evaluate other patients with
hemodynamic disorders and will publish the results in
the future.
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