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EEE Gl RAO) o [EIa i\ Bronchiolitis is one of the main causes of morbidity
and mortality in children. High-flow nasal cannulas (HFNCs) are an alternative for

managing moderate to severe cases. Our aim was to describe the outcomes in
critically ill children with bronchiolitis who receive HFNC support.

This was a retrospective cohort study of critically ill children
who had bronchiolitis and received HFNC support while hospitalized in the pediatric
intensive care unit (PICU) between January 2013 and January 2020. The primary
outcome was deterioration in the Wood-Downes scale. Secondary outcomes included
length of hospitalization, duration of oxygen therapy, SpO2/FiO2, and the ROX index
(respiratory rate — oxygenation).

During this period, 2,390 children were admitted, 87 of whom had
bronchiolitis and met the inclusion criteria. The median age was 4.4 months (IQR: 2.4
—8.6). In 87.3% of cases there was no worsening in the scale with the use of HFNCs.
In the group that worsened, 79.3% had moderate and 20.7% severe bronchiolitis on
admission, and they had a higher rate of congenital heart disease (p=0.03), chronic
respiratory diseases (p=0.03) and neurological (p=0.05) diseases. At 12 hours, this
group had a lower SpO2/FiO2 (< 180) and ROX index (< 4.0). None of the patients
required mechanical ventilation.

The use of HFNCs in children with moderate to severe bronchiolitis
was associated with a modified clinical course, avoiding mechanical ventilation
even in risk groups. SpO2/FiO2 and ROX index 12-hour cut-off points suggestive
of patients with a delayed response to HFNC support were identified.

Bronchiolitis, High-flow nasal cannula, Pediatric intensive care,
Treatment, Wood-Downes
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Introduction

Bronchiolitis is the first acute wheezing episode in
children under the age of two, one of the main causes of
morbidity, and a cause of acute respiratory infection
(ARI). Each year, there are 3.4 million hospitalizations
due to bronchiolitis, most secondary to respiratory
syncytial virus (RSV), and it is responsible for
approximately 48,000-74,500 deaths in children under the
age of five worldwide (1,2). It is the first cause of
hospitalization in high-income countries in children under
the age of two (1). Ten to 15% of cases are moderate to
severe and require treatment in the PICU. In middle and
low-income countries, treatment is largely influenced by
the availability of resources and ability to access
healthcare services (3).
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Treatment is aimed at modifying the natural history of
the disease and consists in keeping the airways patent and
providing support measures: hydration, oxygen therapy to
correct hypoxemia, and bronchodilators. When there is
progression to respiratory failure, patients may require
invasive or non-invasive mechanical ventilation (IVM or
NIVM) (1,4,5). The clinical response to the measures may
be unsatisfactory and the evidence regarding the efficacy
of the various available treatments is still limited (4).

Ventilatory support alternatives include high-flow nasal
cannulas (HFNCs) to modify the clinical course and
decrease the need for IMV (6). However, even this
intervention is controversial, and some centers prefer to
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use continuous positive airway pressure (CPAP) to avoid
progression to respiratory failure (7).

The outcomes of HFNC use in patients with moderate
to severe bronchiolitis are unknown, as well as the
SpO2/Fi02 and ROX index values at various times after
the intervention which would suggest an unsatisfactory
clinical course and possible deterioration. The objective
of this study was to estimate the change in the Wood-
Downes scale after starting HFNC support and its
relationship with unsatisfactory outcomes, as well as the
change in SpO2/FiO2 and the ROX index after beginning
this support in children with bronchiolitis requiring
admission to the PICU.

Materials and Methods

A retrospective cohort study was carried out in the
PICU of the Fundacion Cardionfantil in Bogota,
Colombia between January 2013 and July 2020. This
PICU is a university reference center. This study was
approved by the institutional ethics and research
committee with approval number DDI — 4380 — 2020.
Data were taken from the electronic medical chart and
recorded in a database to which only the investigators had
access. When data were incomplete, the handwritten
nursing notes and monitoring notes were reviewed. To
avoid possible data transcription errors, the investigators
double checked the clinical chart data and the Excel
database, and patient information was sought in
institutional laboratory, radiology and microbiology
sources. The probability of data loss was reduced by
guaranteeing that the data collection tool was stored with
the paperwork related to the clinical chart.

Children with moderate to severe bronchiolitis (defined
as the first episode of wheezing secondary to a lower
respiratory tract infection in children under two years of
age [1]) at any time during admission, from the
emergency room to the PICU, and respiratory failure with
an HFNC ordered by the attending physician, were
included. Respiratory failure was defined clinically as
altered consciousness and/or respiratory  distress
characterized by abnormal oxygen and carbon dioxide
exchange in the lungs, with acute hypoxemia or
hypercapnia. The patients had to have at least one PaO2
less than 60 or a PCO2 greater than 50. If the patient did
not have an arterial line, the clinical criterion for
respiratory failure was an SaO2/FiO2 less than 200. A
diagnosis by blood gas analysis was not considered
because not all patients had an arterial line, and it was
important to avoid manipulation and painful stimulation
that could worsen the respiratory distress. In addition,
according to institutional protocols, all moderate or severe
patients received systemic steroids, and adrenaline and
3% saline nebulizations. Patients who were started on
mechanical ventilation prior to using HFNC were not
included.
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The primary variable was deterioration in the Wood-
Downes scale. This scale is composed of heart rate,
respiratory rate, cyanosis, wheezing, retractions, and air
intake. Each parameter has a score of 0 to 4, depending on
clinical findings. A score of 1 to 3 points denotes mild
bronchiolitis, 4 to 7 points moderate bronchiolitis, and 8
to 14 points severe bronchiolitis. The scale has been
validated and is frequently used to evaluate the severity of
bronchiolitis (8). Its variables help detect changes in
clinical course produced by the various interventions.
However, it does not evaluate oxygenation indicators and
their relationship with the respiratory rate (8).

The scale parameters were recorded and analyzed when
HFNC support was begun, and at 6 and 12 hours. Other
variables were also collected, including age, sex, weight,
height, main caregiver, comorbidities, birth weight,
oxygen saturation (SpO2), total volume of fluids,
complications, length of stay in the PICU, cannula failure,
SpO2/Fi02, and ROX index. This index was extrapolated
from the adult description and is equivalent to SpO2/FiO2
divided by respiratory rate.

As a descriptive study, the qualitative variables were
summarized in frequencies and percentages, and the
guantitative variables in measures of central tendency or
dispersion, according to whether they were normally
distributed or not. For those with a normal distribution,
means and standard deviations were used, and for non-
normal distributions, medians and interquartile ranges
were used. The percentage improvement is described,
along with the number of subjects who changed their
status. In addition, the ROX index and SpO2/FiO2 values
with  HFNC support were described at the given
assessment times. The Youden index was then used to
determine the cut-off points which were associated with
worse outcomes, the need for IMV, or delayed recovery
on the Wood-Downes scale. A p<0.05 was considered
significant, and the SPSS 25.0 statistical package was
used.

Results

Population characteristics

During the study period, 2,390 children were admitted
to the PICU with respiratory disease, 87 of whom were
diagnosed with bronchiolitis and met the inclusion criteria
by receiving rescue HFNC support.

The median age was 4.4 months (IQR 2.4-8.6) (Table
1). Of the patients studied, 53 (60.9%) were male, with a
median weight of 6.4 kilograms (IQR 5.1-8.5) and a
median height of 62 centimeters (IQR 56-69). Respiratory
secretion studies were performed on 100% of cases, with
respiratory syncytial virus isolated as the cause of
bronchiolitis in 51%, and no isolates in 35%.
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Table 1. Population Characteristics

Total population

Subjects with clinical score

Subjects without clinical score

n= 87 deterioration n=11 deterioration n=76
Age in months ) ) )
Me (IQR) 4.4 (2.4-8.6) 7.1(2.3-9.8) 4.1 (2.4-8.7) 0.57
Male Sex n
(%) 53 (60.9) 6 (54.5) 47 (61.8) 0.64
Weight in kg ) ) )
Me (IQR) 6.4 (5.1-8.5) 6.6 (5.3-8.2) 6.4 (5-8.5) 0.73
Height in m ) ) _
Me (IQR) 0.62 (0.56-0.69) 0.66 (0.6-0.7) 0.61 (0.56-0.69) 0.71
Body Mass
Index kg/m? 16.3 (14.3-18) 14.7 (13.5-16.8) 16.4 (14.4-18) 0.20
Me (IQR)
Main Caregiver 0.55
Mother n (%) 83 (95.4) 10 (90.9) 73 (96.1)
Father n (%) 3(3.4) 1(9.1) 2 (2.6)
Grandparents
n (%) 1(1.1) 0(0) 1(1.3)
Respiratory
Comorbidities 21 (24.1) 4 (36.4) 17 (22.4) 0.31
n (%)
Genetic
Comorbidities 6 (6.9) 1(9.1) 5 (6.6) 0.76
n (%)
Neurological
Comorbidities 5(.7) 2(18.2) 3(3.9) 0.05
n (%)
Craniofacial
Comorbidities 3(3.4) 1(9.1) 2(2.6) 0.27
n (%)
Cardiovascula
r
Comorbidities 13 (14.9) 4 (36.4) 9(11.8) 0.03
n (%)
Immunodeficie
ncy
Comorbidities 1@ 000 1(3) 0.70
n (%)
Prematurity n
(%) 19 (21.8) 1(9.1) 18 (23.7) 0.27
Low birth
weight n (%) 21 (24-1) 4 (36.4) 17 (22.4) 0.31
Birth weight in
gr 2'9%02(52';170_ 2,730 (2,190-3,180) 2,980 (2,550-3,288) 0.23
Me (IQR) :
Breastfeeding
on admission n 48 (55.2) 5 (45.5) 43 (56.6) 0.77
(%)
Supplementar
y oxygen at 28 (32.2) 6 (54.5) 22 (28.9) 0.09

birth n (%)

Clinical progression

After starting HFNC support, 87.3% had no
deterioration in their clinical severity scores. Clinical
deterioration was found in 11 cases (12.6%).
Altogether, 79.3% had a moderate Wood-Downes
severity score on admission, and 20.7% were severe.
At six hours’ follow up, 25.3% of the total population
had a mild Wood-Downes score, 72.4% moderate and
2.3% severe. After 12 hours of HFNC support, the
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Wood-Downes score was mild in 41.4%, moderate in
55.2% and severe in 3.4%.

Out of the 87 total patients, 11 (12.6%) had clinical
deterioration, as described in Table 2. At the six-hour
Downe’s score follow up in this group, 27.3% had a
moderate score and 18.2% had a severe score.
However, at 12 hours’ follow up, the score continued
to be severe in 27.3% of patients. None of those with
clinical deterioration required NIMV or IMV due to
respiratory failure progression.
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Table 2. Clinical Outcomes and viral isolates
Total

population n=

Subjects with clinical
deterioration n= 11

Subjects without
clinical score

87
Viral isolates n (%)

Respiratory syncytial virus 45 (51.7)
Adenovirus 11
Influenza < (E)
Negative 31(356)
Other 7 (8)
Total Fluid Balance Me (IQR) 1025(6‘;5)19 )

deterioration n= 76

Degree of dehydration on admission n (%)

No Dehydration 73 (83.9)
Mild B(&4)
Moderate 6(6.9)
Severe v
Days from onset prior to )
hospitalization Me (IQR) 8(2-4.3)
Days of hospitalization prior to _
PICU admission Me (IQR) 8 (027])
Days in PICU Me (RIQ) 3.5(2.2-5)
Length of time with conventional :
oxygen Me (IQR) i)
30-day readmission n (%) 4 (4.6)
Development of new atelectases n
%) 15 (17.2)
Need for vasoactive support n (%) 3(3.4)

7 (63.6) 38 (50) 075
0(0) 1(13)
0(0) 3(3.9)
4 (36.4) 27 (35.5)
0(0) 7(9.2)
306 (-234 - 1312) 96 (-205 - 599) 0.23

6 (54.5) 67 (88.2)

4.(36.4) 4(53) <0.001

1(9.1) 5(6.6)

0(0) 0(0)

2(2-3) 3(2-5) 0.24
2.43(0.5-3.9) 0.77 (0-2.54) 0.78
3.73 (2.6-6.4) 3.29 (2.2-5) 0.75

28 (0-49) 3.5 (0-28) 0.08

1(9.2) 3(3.9) 0.45

1(9.2) 14 (18.4) 0.44

3(27.3) 0(0) <0.001

In the group with clinical deterioration, the median
age was 7.1 months (IQR 2.3-9.8), which was higher
than the group without deterioration (4.1 months, IQR
2.4-8.7) (p=0.05). This group had a greater frequency
of congenital heart disease (p=0.03), chronic
respiratory disease (p=0.03) and neurological diseases
(p=0.05).

With regard to clinical outcomes, detailed in Table 3,
the median length of ventilatory support with HFNC
was 3.5 days (IQR 2.2-5). There were no differences in
length of HFNC support between those who did not
deteriorate and those who did. No patients had failed
HFNC (need for orotracheal intubation, NIMV,
progression to ARDS and/or progression to multiple
organ failure). The patients whose Wood-Downes
severity scores deteriorated had a greater need for
vasoactive support (p<0.001).

With regard to fluid balance, the cumulative balance
in the HFNC group with a worsening clinical severity
score was 4.6%, compared with a 1.3% cumulative
fluid balance in the group that did not worsen.
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The SpO2/FiO2 cut-off points were identified using
the Youden index, evaluating non-deterioration of the
Wood-Downes severity scale. At the onset of HFNC
support, the cut-off point was 184, with a sensitivity of
51% and a specificity of 64% (PPV 17% and NPV
90%). At 6 hours, the cut-off point was 157, with 93%
sensitivity and 27% specificity (PPV 16% and NPV
97%). At 12 hours, the cut-off point was 180, with 95%
sensitivity and 27% specificity (PPV 16% and NPV
97%) Figure 1.

The ROX index value found using the Youden index,
evaluating worsening of the Wood-Downes severity
scale, was 3.8 on admission, with 61% sensitivity and
55% specificity (PPV 16% and NPV 91%). At 6 hours
it was 4.6, with 66% sensitivity and 34% specificity
(PPV 21% and NPV 93%). At 12 hours, the value was
4, with 91% sensitivity and 45% specificity (PPV 19%
and NPV 97%) (Figure 2). In other words, if patients
have a ROX index greater than 4 at 12 hours, 91% of
them will not have clinical deterioration measured with
the Wood-Downes severity scale.

Journal of Advances in Medical and Biomedical Research
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Sa02 / Fi02

$:51%
E:64%

ROX index

S:66%

$:61%
E:55%

S: Sensitiviy. E: Specificity

Discussion

This study found that 87% of the patients with
moderate to severe acute bronchiolitis who require
admission to intensive care and receive HFNC support
have a good progression, with no deterioration of the
Wood-Downes clinical severity score. The 12.6% who
had deterioration were heart disease, chronic
respiratory disease and neurological disease patients.
However, none of the patients required more advanced
support such as NIMV or IMV. In addition, an
SpO2/Fi02 less than 180 or an ROX index less than
4.0 at 12 hours were found to be good predictors of
patients with a delayed response to rescue therapy with
HFNC.

To the authors’ knowledge, no articles were found in
the literature on the progression of the Wood-Downes
severity score and outcomes with the use of HFNC in
children with moderate to severe bronchiolitis.
Véasques-Hoyos et al. sought to identify factors
associated with HFNC failure in children with and
without bronchiolitis. They found that comorbidities
such as prematurity, low birth weight, heart disease,
and neurological or chronic respiratory diseases were
predictors of HFNC support failure (9). In addition, in
Morosini et al.’s study, patients with cardiorespiratory,
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E:34% 5:91%
E:45%

$:95%
E:27% Figures 1. 1.Sao02/Fio2 at
the time of evaluation.

Figures 2. Rox INDEX at
the time of evaluation.

genetic and neurological comorbidities were associated
with worse outcomes and the need for invasive
ventilatory support (10). Our study had similar
findings, but only in patients with moderate to severe
acute bronchiolitis.

On the Wood-Downes severity scale, most had
moderate to severe involvement. In patients using
HFNC, none died or required NIMV or IMV. Sztrymf
et al. and Frat et al. found a similar response with
HFNC, such as reduced respiratory rate and IMV in
patients with acute respiratory failure, along with
improved oxygenation and handling of respiratory
secretions (11,12). In addition, HFNC could improve
hypoxemia due to less dilution of the oxygen with room
air; improved gas exchange through decreased dead
space and its CPAP-like effect; humidification of the
system (which achieves better oxygen tolerance,
decreasing respiratory effort and the metabolic cost of
gas conditioning); and facilitation of mucus expulsion
(decreasing atelectasis and airway resistance thanks to
improved mucocilary function).

Despite the comorbidities and severity of the clinical
picture as measured by the Wood-Downes scale, the
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lengths of stay in the PICU were similar. Franklin et al.
and Riese et al. found that the use of this therapy did
not produce significant changes in terms of hospital
and PICU stay, the need for IMV or 30-day
readmission (13,14). Furthermore, Morosini et al., in a
retrospective descriptive study in Latin America, had
similar findings, reporting that this therapy is effective
in terms of decreasing associated complications.
However, it is important to clarify that this study
included more diseases which cause acute respiratory
failure (10).

Our study identified an SpO2/FiO2 cut-off point for
each assessment point. The three cut-off points were
shown to be sensitive for lack of deterioration on the
Wood-Downes severity scale and to have an NPV
greater than 90% for predicting deterioration on the
scale. No articles were found in the literature which
specified an SpO2/FiO2 cut-off point in children or
adults as a predictor of delayed response to the
treatment. In our experience, an SpO2/FiO2 less than
180 at 12 hours has a 95% sensitivity for predicting
delayed response to HFNC.

No studies were found evaluating the ROX index in
pediatric patients. Roca et al.’s study evaluates the
ROX index as a predictor of HFNC success in adults
with hypoxemic respiratory failure secondary to
pneumonia, finding that levels less than 3, 3.5 or 4 at
one hour, six hours or 12 hours predict the need for
intubation, and a value greater than 4.88 is a
determinant of success in these patients (15). In our
study, a value greater than 4.0 at 12 hours was also a
good predictor of good progression in children with
bronchiolitis receiving HFNC support.

We consider that our study has some limitations.
First, it is the experience of a single center which cares
for highly complex patients, and does not have a
comparison group with another type of oxygen therapy.
This limits our findings to the population of patients
with bronchiolitis who receive HFNC support. In
addition, as it is a retrospective study, there could be
information bias, for which we tried to control by
reviewing not just the primary information source
recorded in the electronic clinical chart, but also the
digital and manual data from the nursing notes. The
observational nature of the study allows hypotheses to
be made regarding the role of HFNC in modifying the
natural course of the disease, which should be
confirmed in controlled clinical trials.

Conclusion

The use of rescue HFNC in children with moderate
to severe bronchiolitis was associated with a modified
clinical course of the disease, avoiding progression to
acute respiratory failure which would require invasive
or non-invasive MV. Twelve-hour cut-off points for
SpO2/Fi02 and the ROX index were identified as
indicators of patients with delayed response to this
treatment, but who nevertheless do not require more
advanced measures for managing respiratory failure.

Volume 30 July-August 2022

Acknowledgments

We would like to thank the medical, nursing and
respiratory therapy team of the Pediatric ICU for their
kind cooperation, as well as the clinical laboratory of
the Fundacién Cardioinfantil-IC and all the institutions
which participated in patient inclusion.

Conflict of Interest

The author(s) declared no potential conflicts of
interest with respect to the research, authorship, and/or
publication of this article.

References

1. Kou M, Hwang V, Ramkellawan N. Bronchiolitis:
from practice guideline to clinical practice. Emerg
Med Clin North Am. 2017;36(2):275-86.
[DOI:10.1016/j.emc.2017.12.006] [PMID]

2. Ghazaly M, Nadel S. Overview of prevention and
management of acute bronchiolitis due to
respiratory syncytial virus. Expert Rev Anti Infect
Ther. 2018;16(12):913-28.
[DOI:10.1080/14787210.2018.1543589] [PMID]

3. Estrada N, Vesga P, Restrepo J. Bronquiolitis: una
perspectiva actual. Pediatr Integr. 2017;8(1):49-
56.

4. Guo C, Sun X, Wang X, Guo Q, Chen D. Network
meta-analysis comparing the efficacy of
therapeutic treatments for bronchiolitis in
children.J Parenter Enter Nutr.2018;42(1):186-95.

5. Beggs S, Wong ZH, Kaul S, Ogden KJ, Walters
JAE. High-flow nasal cannula therapy for infants
with bronchiolitis. Cochrane database Syst Rev.
2014;(1):CD009609. [PMID]
[DOI:10.1002/14651858.CD009609.pub2]

6. Fainardi V, Abelli L, Muscara M, Pisi G, Principi
N, Esposito S. Update on the role of high flow
nasal cannula in infants with bronchiolitis.
Children. 2021;8(66):1-12. [PMCID]
[DOI:10.3390/children8020066] [PMID]

7. NICE Guidelines. Bronchiolitis in children:
diagnosis and management. 2015;(NG9):1-21.

8. Wood DW, Downes JJ, Lecks HI. A clinical
scoring system for the diagnosis of respiratory
failure: preliminary report on childhood status
asthmaticus. Am J Dis Child 1972;123(3):227-8.
[DOI:10.1001/archpedi.1972.02110090097011]
[PMID]

9. Vasquez-Hoyos P, Jiménez-Chaves A, Tovar-
Velasquez M, et al. Factors associated to high-flow
nasal cannula treatment failure in pediatric
patients with respiratory failure in two pediatric
intensive care units at high altitude. Med Intensiva.

Journal of Advances in Medical and Biomedical Research


https://doi.org/10.1016/j.emc.2017.12.006
https://www.ncbi.nlm.nih.gov/pubmed/29622322
https://doi.org/10.1080/14787210.2018.1543589
https://www.ncbi.nlm.nih.gov/pubmed/30381972
https://www.ncbi.nlm.nih.gov/pubmed/24442856
https://doi.org/10.1002/14651858.CD009609.pub2
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7909574
https://doi.org/10.3390/children8020066
https://www.ncbi.nlm.nih.gov/pubmed/33498527
https://doi.org/10.1001/archpedi.1972.02110090097011
https://www.ncbi.nlm.nih.gov/pubmed/5026202

346 Bronchiolitis and high-flow nasal cannula support

10.

11.

12.

13.

2019;45(4):195-204.
[DOI:10.1016/j.medin.2019.10.005] [PMID]

Morosini F, Machado K, Rompani E, Taboada R,
Castelli X. Noninvasive ventilation and high-flow
oxygen therapy in children in moderate care
wards. Experience in the Special Acute
Respiratory Care Unit of the CHPR Pediatric
Hospital during 2013-2016. Arch Pediatr Urug.
2018;89(2):78-85.

Sztrymf B, Messika J, Mayot T, Lenglet H,
Dreyfuss D, Ricard JD. Impact of high-flow nasal
cannula oxygen therapy on intensive care unit
patients with acute respiratory failure: A
prospective observational study. J Crit Care.
2012;27(3):324.69-324.e13.
[DOI:10.1016/j.jcrc.2011.07.075] [PMID]

Frat JP, Thille AW, Mercat A, et al. High-flow
oxygen through nasal cannula in acute hypoxemic
respiratory failure. N Engl J Med 2015; 372
(23):2185-96. [DOI:10.1056/NEJM0al503326]

[PMID]
Riese J, Porter T, Fierce J, et al.Clinical outcomes

of bronchiolitis after implementation of a general
ward high flow nasal cannula guideline.Hosp

How to Cite This Article:

14.

15.

Pediatr. 2017;7(4):197-203.
[DOI:10.1542/hpeds.2016-0195] [PMID]

Franklin D, Dalziel S, Schlapbach LJ, et al. Early
high flow nasal cannula therapy in bronchiolitis, a
prospective randomised control trial (protocol): A
paediatric acute respiratory intervention study
(PARIS). BMC Pediatr. 2015;15(183):1-8.
[DOI:10.1186/512887-015-0501-x] [PMID]

[PMCID]

Roca O, Messika J, Caralt B, et al. Predicting
success of high-flow nasal cannula in pneumonia
patients with hypoxemic respiratory failure:The
utility of the ROX index. J Crit Care. 2016;35:200-
5. [DOI:10.1016/j.jcrc.2016.05.022] [PMID]

Duran Ochoa N, Edel Nudelman T, Mulett Hoyos H, Bastidas A, Diaz Ritter C A, Fernandez-Sarmiento J.

Description of the Clinical Course and Severity Score Progression in Critically Il Children with Acute
Bronchiolitis on High-Flow Nasal Cannula Support, J Adv Med Biomed Res. 2022; 30(141): 340-6.

Download citation:
BibTeX | RIS | EndNote | Medlars | ProCite | Reference Manager | Ref\Works

Send citation to:
@ Mendeley O Zotero ©@%tvors RefWorks

o

Volume 30, July-August 2022

Journal of Advances in Medical and Biomedical Research


https://doi.org/10.1016/j.medin.2019.10.005
https://www.ncbi.nlm.nih.gov/pubmed/31826812
https://doi.org/10.1016/j.jcrc.2011.07.075
https://www.ncbi.nlm.nih.gov/pubmed/21958974
https://doi.org/10.1056/NEJMoa1503326
https://www.ncbi.nlm.nih.gov/pubmed/25981908
https://doi.org/10.1542/hpeds.2016-0195
https://www.ncbi.nlm.nih.gov/pubmed/28292850
https://doi.org/10.1186/s12887-015-0501-x
https://www.ncbi.nlm.nih.gov/pubmed/26572729
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4647636
https://doi.org/10.1016/j.jcrc.2016.05.022
https://www.ncbi.nlm.nih.gov/pubmed/27481760
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5931-1&sid=1&slc_lang=en&type=BibTeX
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5931-1&sid=1&slc_lang=en&type=ris
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5931-1&sid=1&slc_lang=en&type=EndNote
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5931-1&sid=1&slc_lang=en&type=Medlars
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5931-1&sid=1&slc_lang=en&type=ProCite
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5931-1&sid=1&slc_lang=en&type=Reference_Manager
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5931-1&sid=1&slc_lang=en&type=RefWorks
http://www.mendeley.com/import/?url=http://zums.ac.ir/journal/article-1-6518-en.html
http://www.mendeley.com/import/?url=http://zums.ac.ir/journal/article-1-6518-en.html
http://www.mendeley.com/import/?url=http://zums.ac.ir/journal/article-1-6518-en.html
http://www.mendeley.com/import/?url=http://zums.ac.ir/journal/article-1-6518-en.html
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5931-1&sid=1&slc_lang=en&type=ris
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5931-1&sid=1&slc_lang=en&type=ris
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6518-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6518-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6518-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6518-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6518-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html

	title
	Abstract
	Introduction
	MaterialsandMethods
	Results
	tab1
	tab2
	fig1
	fig2
	Conclusion
	Acknowledgments
	Conflict
	disclosur
	References

