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Abstract

Objectives: Extrapulmonary manifestations of bronchiolitis have been previously studied,

with some identifying right ventricle (RV) diastolic/systolic dysfunction. We hypothesized

that severe cases of bronchiolitis would have cardiac dysfunction resulting an increase in

N‐terminal pro‐hormone B‐type natriuretic peptide (NT‐proBNP) values and worse

outcomes. Therefore, the objective was to evaluate the existence of cardiac dysfunction

and to determine its association with severe bronchiolitis.

Methods: This prospective cohort study included children hospitalized for

bronchiolitis under 1‐year old between January 2019 and March 2020. At admission,

an echocardiography was performed and plasma levels of NT‐proBNP were

measured. To analyze outcomes, the cohort was divided into two groups based on

the need for positive pressure respiratory support (PPRS), and both were compared

to healthy infants. Statistics: bivariant analysis, significant differences p < 0.05.

Results: One hundred eighty‐one patients were included; median age was 2 months.

Seventy‐three patients required PPRS. Compared to controls, patients requiring

PPRS showed worse RV systolic function, with lower tricuspid annular‐plane systolic

excursion (p = 0.002) and parameters of worse right and left diastolic function (trans‐

tricuspid E and A wave [p = 0.004 and p = 0.04, respectively] and tricuspid tissue

doppler imaging [TDI] e′ [p = 0.003], trans‐mitral E and mitral TDI a′ [p = 0.02 and

p = 0.005, respectively]). An NT‐ProBNP greater than 3582 pg/dl predicts the need

for longer necessity of PPRS in patients younger than 2 months.

Conclusions: In addition to the expected RV systolic dysfunction, patients with

severe bronchiolitis have parameters of global diastolic worse function possibly

secondary to intrinsic myocardial involvement. NT‐ProBNP values at admission had

strong discriminatory power to predict worse outcomes.

K E YWORD S

diastolic cardiac dysfunction, NT‐proBNP, systolic cardiac dysfunction

Pediatric Pulmonology. 2022;1–9. wileyonlinelibrary.com/journal/ppul © 2022 Wiley Periodicals LLC. | 1

Abbreviations: BROSJOD, Sant Joan de Deu bronchiolitis severity score; EF, ejection fraction; FiO2, fraction of inspired oxygen; HFNC, high flow nasal cannula; HR, heart rate; IQR,

interquartile range; LOS, length of stay; LV, left ventricle; MAPSE, mitral annular systolic excursion; MPI, myocardial performance index; MV, mechanical ventilation; NC, nasal cannula; NIV,

noninvasive mechanical ventilation; NT‐proBNP, N‐terminal pro‐hormone B‐type natriuretic peptide; PICU, pediatric intensive care unit; PPRS, positive pressure respiratory support; RSV,

respiratory syncytial virus; RV, right ventricle; SF, shortening fraction; SO2, oxygen saturation; S/F, oxygen saturation/fraction of inspired oxygen ratio; TAPSE, tricuspid annular systolic

excursion; TDI, tissue Doppler imaging; TR, tricuspid regurgitation.
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1 | INTRODUCTION

Bronchiolitis is the most common lower respiratory tract infection in

children under 2 years old, accounting for up to 18% of hospital

admissions.1 Of these, three‐quarters require respiratory support in

the form of noninvasive ventilation (NIV) or mechanical ventilation

(MV).2,3 Up to 200,000 children die annually from bronchiolitis

worldwide, making it the second leading cause of death in children

under 1 year of age.1 Respiratory syncytial virus (RSV) is the

responsible agent in up to 75%–80% of cases.4

Extrapulmonary manifestations of bronchiolitis have been

studied in the past.5 Cardiac arrhythmias and troponin leak

associated with RSV bronchiolitis have been described, but overall,

data about cardiac dysfunction during bronchiolitis is scant.6–11

Previous studies have focused on the evaluation of right ventricle

(RV) function, suggesting RV dysfunction possibly secondary to

pulmonary hypertension.10,12–14

Both echocardiography and cardiac serum biomarkers are

typically used to assess cardiovascular involvement in systemic

diseases.15,16 N‐terminal (NT)‐pro‐hormone B‐type natriuretic pep-

tide (NT‐proBNP), a nonactive pro‐hormone with no known biologi-

cal activity, is released into the bloodstream mainly by ventricular

myocardial cells in response to cell stretching due to volume overload

and is considered an indicator of heart failure. Some studies suggest

that hypoxia‐inducing pulmonary vasoconstriction and hypertension

could also be responsible for the release of NT‐proBNP.17

NT‐proBNP bloodstream levels have been used to identify heart

failure induced by respiratory distress.18,19 Moreover, several studies

use elevated NT‐proBNP values as an early predictor for poor

outcomes in patients with acute lung disease in the absence of

previous cardiac disease.15,20,21 This association might reflect some

degree of masked cardiac dysfunction, which could be due to

cardiopulmonary interactions.14,22

We hypothesized that infants admitted to the hospital with

moderate or severe bronchiolitis have cardiac dysfunction, primarily

but not limited to the RV. Therefore, the main objective of this study

was to analyze the existence of cardiac dysfunction in patients with

bronchiolitis using echocardiographic parameters, and to determine if

this dysfunction correlated with increased NT‐proBNP levels. As a

secondary objective, we sought to determine whether cardiac

dysfunction, measured by echocardiography and NT‐proBNP at

admission, was associated with the severity of bronchiolitis.

2 | METHODS

This prospective cohort study included children under 1 year of age

admitted to the hospital with a diagnosis of bronchiolitis between

January 2019 and March 2020. Pre‐existing pulmonary disease,

genetic syndromes, congenital or acquired heart disease, and

concomitant infections such as sepsis or pneumonia were considered

exclusion criteria. Patients were included after obtaining consent

from their parents or legal guardians. The study was approved by the

local Institutional Review Board and followed the recommendations

of the Helsinki declaration (CEIC PIC‐143‐18).

Echocardiographic data obtained from age‐matched healthy

infant group enrolled during a routine heart murmur visit was used

as the control group.

2.1 | Setting

The study was carried out at a pediatric tertiary‐level hospital with

320 inpatients and 28 pediatric intensive care unit (PICU) beds.

2.2 | Clinical information and biological samples

Clinical data were collected from the patients' medical records and

included: gender, age, weight and height, oxygen saturation (SO2),

requirement of nasal cannula (NC), high flow nasal cannula (HFNC),

NIV, MV, duration of supplemental oxygen requirement and the

maximum fraction of inspired oxygen (FiO2) required at admission.

The correlation between SO2/FiO2 (S/F) was calculated. Additional

data recorded included: requirement of bronchodilators, diuretics,

inotropic medications, and their duration, and hospital and ICU length

of stay (LOS). Institutional PICU admission criteria included but were

not limited to apnea, need for ventilatory support (NIV or MV), or

associated severe systemic disease (seizures, low cardiac out-

put, etc.).

Upon admission, patients were classified according to a

previously validated bronchiolitis severity score (BROSJOD) as mild

(0–5), moderate (6–10), and severe (11–16) corresponding to the

patient's clinical status within the first hours of admission.23 To

further analyze patient outcomes, the cohort was divided into two

groups based on the level of respiratory support required: those who

needed high‐level respiratory support (either NIV or MV), and those

with no or low‐grade respiratory support (NC and HFNC). Of note,

HFNC is routinely administered on the inpatient ward during

bronchiolitis season at our institution.

Plasma levels of NT‐proBNP were measured in those children

who required blood tests due to their clinical condition within the

first 48 h of admission. NT‐proBNP levels were analyzed by

electrochemiluminescent immunoassay using the Alere NT‐proBNP

for Alinity and Reagent Kit.

2.3 | Echocardiography

Echocardiographic studies were performed using either a Philips

iE33 xMatrix ultrasound system (Philips Healthcare) with a 2‐ to

10‐MHz phased‐array transducer or a Vivid IQ system (GE

Medical Systems) with a 6S‐RS or 3Sc‐RS probe. Echocardio-

graphic studies were carried out within the first 48 h of admission

by the same operator following a standardized acquisition

protocol.

2 | ROSSI ET AL.
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Systolic function evaluation included heart rate (HR), right and

left stroke volumes (SV) and ejection fraction (EF), cardiac output

(CO), left ventricle (LV) shortening fraction (SF), tricuspid and mitral

annular‐plane systolic excursion (TAPSE and MAPSE, respectively),

peak systolic myocardial velocities (S′) and ejection times. The LV

ejection fraction (LVEF) was measured by volumetry according to

Simpson mode and in M mode in the long parasternal axis with the

Teichholz method.24,25 The fractional area change (FAC) of the RV

was calculated.26

Diastolic function assessment included: ventricular inflow peak

velocities in early diastole (E) and atrial contraction (A), E/A ratio and

ventricular inflow timings, peak myocardial velocity in early diastole

(E′) and atrial contraction (A′), and early diastolic velocity ratio (E/E′).

Systolic (S) and diastolic (D) velocities at the junction of the left

atrium with the pulmonary veins were also measured.27,28 The

isovolumic relaxation, isovolumic contraction, and ejection times

were measured for the calculation of the myocardial performance

index (MPI).29

The presence of pulmonary hypertension (PH) was indirectly

assessed by calculating the maximum velocity of regurgitation in

those patients with tricuspid regurgitation (TR) and the LV

eccentricity index (EI) in systole. PH was considered based on the

presence of any of the following criteria: (i) TR velocity that allows to

estimate more than 25mmHg of pulmonary systolic pressure or (ii)

EI ≥ 1.1.30–33

Echocardiographic data analysis was performed offline, blind

from clinical data, using Philips IntelliSpace Cardiovascular, Konink-

lijke Philips N.V.®

2.4 | Database and statistical analysis

Data were anonymized and stored using the local institution

license of REDCap electronic data capture tools.34 Statistical

analysis was performed using the IBM SPSS Statistics version 23

statistical package (IBM Corp.) and STATA v13 package. Categor-

ical variables were expressed as frequencies and percentages,

and continuous variables as median and interquartile range (IQR).

Although some values followed a normal distribution, the data

were analyzed with nonparametric tests, using Chi‐square or

Fisher's exact test as appropriate to compare categorical

variables and the Mann–Whitney U test for quantitative vari-

ables. Spearman's rank correlation coefficient (rs) was used to

assess the associations between NT‐proBNP and echocardio-

graphic and clinical parameters. Logistic regression was used to

assess the predictive potential of selected variables, results were

expressed with area under the curve (AUC), sensitivity (Se), and

specificity (Sp), and confounding factors were considered. The

cutoff points with the highest discriminatory power were

assessed according to the Youden index. A p value of <0.05 was

considered statistically significant.

3 | RESULTS

3.1 | Demographics and patient characteristics

One hundred eighty‐one patients were included, 77 (42%) of whom

were female. The median age was 2 [1–4] months (34 (18%) were

neonates <1 month of age), with a median weight of 5 [4.1–6.0] kg.

The majority (89%) were RSV positive. According to the BROSJOD,

23 (12%) were mild cases, 124 (69%) were moderate, and 35 (19%)

were severe. None of the included patients died.

Seventy‐three patients (40%) required positive pressure respira-

tory support (PPRS) during hospitalization (high‐level respiratory

support), either NIV (55/73) or MV (18/73), and PPRS was initiated

within the first 24 h of admission in 70 patients (NIV 66/70 and MV

4/70). Sixty‐two patients (34%) required PICU admission. Three

patients (1.6%) required inotropic support. The median PICU LOS

was 6 [4–10.5] days, and the median hospital LOS was 9.5

[7–14] days.

The remaining 108 patients received low support with NC (56/

108), HFNC (42/108), or no respiratory assistance (10/108). The

median hospital LOS in this group was 4 [3–5.7] days. Table 1

analyzes the demographic characteristics and clinical data of each

group.

3.2 | Echocardiographic findings

Echocardiographic data are shown in Table 2. Compared to healthy

infants, patients with bronchiolitis had an overall preserved cardiac

function; no statistically significant differences were found regarding

systolic or diastolic function parameters.

Patients who required PPRS, when compared to controls, had

worse RV systolic function measured by TAPSE (11 vs. 12.5 mm,

p = 0.002), and worse RV diastolic function: trans tricuspid E and A

wave (58 vs. 70 cm/seg, p = 0.004 and 59 vs. 65 cm/seg, p = 0.04,

respectively) and TDI e′ wave (9.5 vs. 11.1 cm/seg, p = 0.03). In

addition, this group also demonstrated parameters of worse LV

diastolic function including trans mitral E and TDI a′ waves (77 vs.

83 cm/seg, p = 0.02 and 8.2 vs. 10.7 cm/seg, p = 0.005, respectively).

When comparing patients requiring PPRS to those with low or no

respiratory support, there were no differences in LV ejection or

shortening fraction, however, MAPSE (7.2 vs. 7.7, p = 0.04) and TDI s′

wave (6.7 vs. 6.9, p = 0.03) were reduced in the more severe group.

Regarding LV diastolic function, the rapid filling phase was more

affected in the group with PPRS as measured by the velocity of the

mitral TDI e′ wave (8 vs. 8.8 cm/seg, p = 0.002). In concordance with

this finding, the E wave in trans‐mitral Doppler revealed lower

velocity and the E/e′ ratio trended higher (77 vs. 82 cm/seg, p = 0.14

and 9.7 vs. 8.8, p = 0.1, respectively). There was no difference in LV

end‐diastolic volume, E wave deceleration time, or E/A ratio between

groups.

ROSSI ET AL. | 3
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Regarding RV systolic function analysis, TAPSE values were

significantly lower in those patients with high respiratory support (11

vs. 13mm, p < 0.001), with lower velocities in the S wave of tricuspid

TDI (9.3 vs. 10 cm/seg, p = 0.005). There were no differences in RV

diastolic function. The complete echocardiographic analysis is

described in Table 3.

There were no differences in the echocardiographic analysis

between patients requiring NIV and MV.

3.3 | Pulmonary pressure assessment

In those patients with TR, the estimated pulmonary pressure was

normal. LV EI was ≥1.1 in 50/160 (31%) cases. There was no

difference in abnormal LV EI between high and low respiratory

support groups (20/65 vs. 30/95, p = 0.91).

3.4 | NT‐ProBNP value

NT‐proBNP was measured in 47 patients, 37 of which belonged to

the PPRS group. Patients requiring PPRS had increased NT‐proBNP

values compared to those with low respiratory support (1615

[763–3716] vs. 510 [243–1269] pg/ml; p = 0.007).

NT‐proBNP at admission had a negative correlation with both,

TAPSE (rs = 0.496, p < 0.001), and MAPSE (rs = 0.452, p < 0.001) and a

positive correlation with hospital LOS (rs = 0.553, p < 0.001) and PICU

LOS (rs = 0.401, p = 0.02; Figure 1).

Considering patients under 2 months old that required PPRS, the

NT‐proBNP value at admission is a great tool to predict a duration of

PPRS of 5 days or more, with an AUC = 0.86364 (95% CI: 0.67–0.96).

The analysis was adjusted by age as a confounder factor. The cutoff

point with the highest discriminatory power was 3582 pg/dl (Se of

80%, Sp of 77%; Figure 2). In patients older than 2 months there were

no strong predictors of worse outcome.

4 | DISCUSSION

In this study, we have found that patients with moderate and

severe bronchiolitis requiring high respiratory support have worse

RV systolic function, parameters of worse RV and LV diastolic

function, and higher NT‐proBNP values within the first 48 h of

admission. We also demonstrate that higher levels of NT‐proBNP

at admission have a discriminatory power to predict worse

outcomes.

Similar to what previous studies have shown, our study found

signs of worse RV function in severe cases of bronchiolitis that

TABLE 1 Demographic and clinical

data according to respiratory support

requirements classificationVariable

High respiratory support

(PPRS), n = 73

Low respiratory support

(NC, HFNC, None), n = 108

Median [IQR] Median [IQR] p

Weight (kg) 4.6 [3.6–5.4] 5.8 [4.4–7.3] <0.001

Age (months) 1 [0–2] 2 [1–5] <0.001

Sat O2 (%) at

admission

95 [92–97] 96 [93–97] 0.09

BROSJOD 9 [8–11] 7 [6–8] <0.001

FiO2 (%) 35 [30–40] 24 [22–30] <0.001

S/F 270 [246–313] 393 [321–431] <0.001

PICU admission 62 (85%) 0 –

Inotropic support 3 (4%) 0 –

Diuretics 9 (12%) 0 <0.001

NIV duration (days) 4 [3–5] – –

MV duration (days) 9.5 [6–11] – –

LOS (days) 9.5 [7–14] 4 [3–5.7] <0.001

PICU LOS (days) 6 [4–10.5] – –

Mortality 0 0 –

Abbreviations: BROSJOD, Sant Joan de Deu Bronchiolitis Score; FiO2, fraction of inspired oxygen;

HFNC, high flow nasal cannula; IQR, interquartile range; LOS, length of stay; MV, mechanical

ventilation; NC, nasal cannula; NIV, noninvasive ventilation; PICU, pediatric intensive care unit; PPRS,

positive pressure respiratory support; SAFI, hemoglobin saturation/fraction of inspired oxygen

relation; Sat O2, oxygen hemoglobin saturation.
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required higher respiratory support. Thorburn et al. analyzed cardiac

function in 34 ventilated children with severe bronchiolitis and

described reduced RV function (measured byTei index).12 In addition,

we found echocardiographic evidence of worse LV systolic function

(lower MAPSE and TDI mitral's wave) in those patients requiring

higher respiratory support but we did not confer clinical significance

since other parameters of LV systolic function were normal and with

no differences between groups.

Interestingly, to our knowledge, this is the first study showing LV

diastolic compromise in patients with severe bronchiolitis. The utility

of some echocardiographic parameters of left diastolic function, such

as TDI e′ mitral and the E/e′ ratio, has been previously described in

patients with acute systemic disease, and it has been previously

associated with a higher respiratory support requirement and difficult

respiratory weanings.35

Physiological diastolic dysfunction has been described in

healthy infants. The LV relaxation capacity at birth is limited,

prolonging the isovolumic relaxation time and compromising early

ventricular filling. This pattern normalizes during the first 2 months

of life, when significant ventricular filling changes from late

diastole to early phase diastole. With echocardiography we can

assess diastolic function by measuring transvalvular flow with

pulsed Doppler (PW) or TDI, being the early phase of ventricular

filling represented by the E wave and the rapid phase with A wave,

considering normal E > A. Because of the age of our cohort,

patients and controls alike had abnormal PW transmitral E/A ratio,

TABLE 2 Echocardiographic analysis for patients and controls.

Variable

Bronchiolitis

patients, n = 181

Control

group, n = 25

High respiratory

support, n = 73

Median [IQR] Median [IQR] p Median [IQR] p

Age (months) 2 [1–4] 2 [1–4.5] 0.11 1 [0–2] 0.001

LV systolic function

LVEF (%) 67 [63–71] 67 [63–68] 0.46 68 [63–73] 0.3

LVSF (%) 35 [33–36] 35 [32–38] 0.58 35 [32–39] 0.47

Simpson (%) 65 [60–69] 62 [59–67] 0.1 64 [60–70] 0.1

MAPSE (mm) 7.6 [6.7–8.6] 8.1 [7–9] 0.18 6.5 [5.7–7.5] 0.06

TDI S (cm/seg) 6.9 [5.9–7.9] 6.8 [5.7–8.1] 0.79 6.7 [5.6–7.4] 0.27

LV diastolic function

TDI e′ (cm/s) 8.5 [7.3–12.8] 8.7 [7.6–9.3] 0.93 8 [6.7–8.9] 0.21

TDI a′ (cm/s) 8.3 [6.8–9.8] 10.7 [7.7–12.8] 0.003 8.2 [6.8–10] 0.005

Trans‐mitral E (cm/s) 80 [68–92] 83 [76–98] 0.07 77 [64–90] 0.02

Trans‐mitral A (cm/s) 68 [60–80] 75 [60–92] 0.15 67 [57–76] 0.05

Ratio E/A 1 [0.9–1.1] 0.99 [0.92–1.1] 0.62 1.1 [1–1.3] 0.78

Ratio E/e′ 9.2 [7.9–10.9] 9.3 [8.5–12.9] 0.20 9.7 [8.4–10.9] 0.49

RV systolic function

TAPSE (mm) 12 [10–14] 12.5 [11–14] 0.17 11 [9.7–13] 0.002

TDI S (cm/s) 9.8 [8.6–10.8] 10 [8.3–11] 0.91 9.3 [7.9–10.3] 0.32

RV diastolic function

TDI e′ (cm/s) 9.7 [8.1–11.3] 11.1 [8.6–13.2] 0.09 9.5 [7.7–10.9] 0.03

TDI a′ (cm/s) 10.7 [8.4–13] 11 [8.4–13] 0.66 10.5 [8.6–12.3] 0.53

Trans‐tricuspid E

(cm/s)

59 [51–67] 70 [61–77] 0.003 58 [51–65] 0.004

Trans‐tricuspid A

(cm/s)

61 [53–73] 65 [59–79] 0.06 59 [51–70] 0.04

Ratio E/A 0.95 [0.84–1.1] 1 [0.8–1.1] 0.57 0.97 [0.84–1.1] 0.8

Ratio E/e′ 6 [4.7–7.3] 6.3 [4.5–8.3] 0.67 6.4 [5.8–7.3] 0.8

Abbreviations: IQR, interquartile range; LV, left ventricle; LVEF, left ventricle ejection fraction, LVSF, left ventricle shortening fraction; MAPSE, mitral

annulus systolic excursion; PPRS, positive pressure respiratory support; RV, right ventricle, TAPSE, tricuspid annulus systolic excursion; TDI, tissue

Doppler imaging.
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as expected.29 In turn, elevated HR due to young age, acute

disease, and treatment in most cases, shorten the period of

diastole, compromising even more the rapid ventricular filling, and

in many cases, the E and A waves are fused. In this situation,

Doppler's assessment of E wave deceleration time was not always

measurable or representative in this young cohort.

The literature maintains that the analysis of TDI is very sensitive

in discriminating differences in diastolic function at this age36 In our

TABLE 3 Echocardiographic analysis according to respiratory support requirements classification.

Variable

High respiratory support

(PPRS), n = 73

Low respiratory support

(NC, HFNC, None), n = 108

Median [IQR] Median [IQR] p

LV systolic function

LVEF (%) 68 [63–73] 66 [63–71] 0.39

LVSF (%) 35 [32–39] 34 [32–39] 0.70

SIMPSON (%) 64 [60–70] 65 [60–69] 0.57

TDI S (cm/s) 6.7 [5.6–7.4] 6.9 [6–8.1] 0.03

MAPSE (mm) 7.2 [6.2–8.7] 7.7 [7–8.6] 0.04

MPI INDEX 0.63 [0.55–0.68] 0.62 [0.56–0.7] 0.96

LV diastolic function

LV EDV (mm3/BSA) 29.3 [26.3‐33.8] 28.1 [23.7–33.3] 0.13

LA EDV (mm3/BSA) 14 [11.9–16.7] 13.5 [12–16.6] 0.46

TDI e′ (cm/s) 8 [6.7–8.9] 8.9 [7.5–10.7] 0.002

TDI a′ (cm/s) 8.2 [6.8–10] 8.4 [6.9–9.7] 0.97

E wave DT (ms) 120 [95–130] 120 [103–130] 0.10

Trans mitral E (cm/s) 77 [64–90] 82 [71–92] 0.14

Trans mitral A (cm/s) 67 [57–76] 69 [62–83] 0.06

Ratio E/A 1.1 [1–1.3] 1.1 [1–1.2] 0.98

Ratio E/e′ 9.7 [8.4–10.9] 8.8 [7.6–10.8] 0.19

Ratio S/D 1 [0.84–1.18] 1 [0.89–1.16] 0.69

RV systolic function

TAPSE (mm) 11 [9.7–13] 13 [11.0–14] <0.001

FAC (%) 0.51 [0.45–0.58] 0.52 [0.44–0.56] 0.73

TDI S (cm/s) 9.3 [7.9–10.3] 10 [9.3–11] 0.005

RV diastolic function

TDI e′ (cm/s) 9.5 [7.7–10.9] 9.8 [8.4–11.5] 0.21

TDI a′ (cm/s) 10.5 [8.6–12.3] 10.7 [9–13] 0.49

Trans tricuspid E (cm/s) 58 [51–65] 60 [50–69] 0.8

Trans tricuspid A (cm/s) 59 [51–70] 63 [54–74] 0.4

Ratio E/A 0.97 [0.84–1.1] 0.95 [0.85–1.1] 0.55

Ratio E/e′ 6.4 [5.8–7.3] 5.7 [4.5–7.2] 0.04

Pulmonary hypertension

LV EI systolic 1.06 [1–1.14] 1.06 [1–1.13] 0.67

LV EI ≥ 1.1 20/65 30/95 0.91

Abbreviations: BSA, body surface area; DT, deceleration time; EDV, end‐diastolic volume; EI, eccentricity index; FAC, fractional area change; IQR,

interquartile range; LA, left atrium; LV, left ventricle; LVEF, left ventricle ejection fraction; LVSF, left ventricle shortening fraction; MAPSE, mitral annulus

systolic excursion; MPI, myocardial performance index; PPRS, positive pressure respiratory support; RV, right ventricle; TAPSE: tricuspid annulus systolic

excursion; TDI, tissue Doppler imaging.
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cohort, LV early filling velocities inTDI between patients and controls

was significantly worse. Therefore, we infer that TDI measurements

could be specific in discriminating the level of dysfunction con-

tributed by the acute disease. These results allow us to establish that

milder cases of bronchiolitis present with almost normal cardiac

function. In contrast, patients with severe bronchiolitis show

parameters of worse cardiac function. Therefore, all patients with

bronchiolitis should be rigorously evaluated at admission by

comprehensive echocardiography to best predict the clinical course

and tailor the therapeutical strategy in those with worse echocardio-

graphic parameters.

Previous investigators have demonstrated the association between

elevated values of the NT‐proBNP and acute pulmonary involvement in

patients without pre‐existing heart disease. Some studies confer an

early predictive value of clinical worsening of patients.14,20,21 These

findings are confirmed in our patients with bronchiolitis, with NT‐

proBNP being significantly higher in patients requiring PPRS. There is

also a strong positive correlation between the initial NT‐proBNP value

and LOS and a negative correlation with TAPSE.

The mechanism of cardiac dysfunction could be explained by

myocardial injury secondary to hypoxia and release of inflammatory

mediators.37–39 Likewise, left diastolic dysfunction could contribute to

an increase in pulmonary pressure, triggering an increase in the

synthesis and release of NT‐proBNP. Although previous investigators

have associated cardiac dysfunction with pulmonary hypertension, in

our cohort, we were not able to confirm this association since we found

no differences in pulmonary pressure assessment between groups. Even

though almost one third of patients had parameters suggesting PH, this

finding was not associated with adverse clinical outcomes.

This study was limited by its nature as a single‐center study with

a relatively small sample, though we were able to report significant

differences among groups. Furthermore, NT‐proBNP values were

only available in severely ill patients; therefore, this finding might be

not generally applicable for milder cases. A larger sample size,

inclusive of all patient groups and controls, would be helpful to clarify

the results as well as determine the predictive value of this biomarker

in patients older than 2 months.

5 | CONCLUSIONS

Patients with severe bronchiolitis requiring PPRS have worse cardiac

function measured by echocardiography and NT‐ProBNP values. NT‐

proBNP values at admission had strong discriminatory power to

predict worse outcomes in patients under 2 months of age.

Moreover, this study shows that patients with severe bronchiol-

itis have signs of LV diastolic worse function. A comprehensive

echocardiogram, including a systematic assessment of diastolic

function, and NT‐proBNP measurement should be carefully con-

sidered in all patients with bronchiolitis since it can help to identify

patients at risk of deterioration and to foster a more tailored

treatment strategy.

F IGURE 1 Correlation graphics for NT proBNP/TAPSE and NT proBNP/LOS.

F IGURE 2 ROC curve with NT proBNP values predicting PPRS

longer than 5 days in children under 2 months of age.
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Future studies should focus on determining whether cardiac

compromise reflects a direct myocardial viral effect. Understanding

the underlying mechanisms of cardiac dysfunction in patients with

bronchiolitis will contribute to improve treatment strategy and

prevent deterioration.
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Abstract

Pulmonary hypertension has been reported as a crucial factor in the pathophysiology of severe bronchiolitis. The aim of this 

study was to evaluate pulmonary artery pressure (PAP) in patients with bronchiolitis and to analyze their correlation with 

clinical outcomes. This prospective cohort study examined children admitted for bronchiolitis. PAP was assessed by right 

ventricle (RV) acceleration/ejection time ratio (AT/ET), isovolumic relaxation time, eccentricity index, and the presence of 

a pulmonary systolic notch. Pulmonary hypertension (PH) was considered if at least two altered parameters were present. 

Severity of clinical course was established by higher N-terminal (NT)-prohormone BNP (NT-proBNP) values, the need 

for positive pressure respiratory support (PPRS), and the duration of hospital admission. One hundred sixty-nine children 

were included in analysis. Sixty-eight patients (40%) required PPRS, and those patients had increased NT-proBNP values 

and worse tricuspid annular systolic excursion (TAPSE) compared to mild cases (p < 0.001and p < 0.001, respectively). 

Twenty-two (13%) cases had at least two altered parameters of PAP and met criteria for presumed PH, with no differences 

in NT-proBNP values, TAPSE, need for PPRS or hospital length of stay compared to normal PAP group (p = 0.98, p = 0.07, 

p = 0.94 and p = 0.64, respectively). We found no correlation between altered RV AT/ET and worse cardiac function, NT-

proBNP values or hospital length of stay. In our cohort, the presence of echocardiographic findings of PH were not associ-

ated with worse clinical outcomes. Patients with severe bronchiolitis had higher values   of NT-proBNP but, interestingly, no 

clear association with PH.

Keywords Bronchiolitis · Pulmonary hypertension · Cardiac function · Right ventricle · NT-proBNP
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MV  Mechanical ventilation

NC  Nasal cannula

NIV  Non-invasive ventilation

NT-proBNP  N-terminal fraction of pro-B-type natriu-

retic peptide

PICU  Pediatric intensive care unit

PPRS  Positive pressure respiratory support

PH  Pulmonary hypertension

PAP  Pulmonary Artery pressure

RSV  Respiratory syncytial virus

RV  Right ventricle

RVOT  Right ventricle outflow tract

TAPSE  Tricuspid annular systolic excursion

TDI  Tissue Doppler imaging

TVRJ  Tricuspid valve regurgitation jet

Introduction

Bronchiolitis is the most common cause of admission to the 

pediatric intensive care unit (PICU) due to respiratory failure 

in infancy and the second leading cause of death in children 

under 12 months. Up to 18% of pediatric hospitalizations 

involve bronchiolitis [1, 2]. Almost all hospitalized children 

require some form of respiratory support; modalities such as 

bi level positive airway pressure (BiPAP), continuous posi-

tive airway pressure (CPAP), and high flow nasal cannula 

(HFNC) are increasingly being used to treat infants with 

bronchiolitis. [3–5]. By far the most common viral cause 

continues to be respiratory syncytial virus (RSV) [6].

Pulmonary hypertension (PH) has been observed in 

moderate-to-severe bronchiolitis in up to 75% of cases [7]. 

Congenital heart disease, chronic lung disease, prematurity, 

and Trisomy 21 are known risk factors for developing or 

worsening preexistent PH in the setting of bronchiolitis [8, 

9]. However, several studies report PH in previously healthy 

infants as well [1, 10–12].

Even in cases where PH has been reported as mild, 

some studies have shown association with severe clinical 

courses, including longer length of stay, increased levels of 

N-terminal fraction of pro-B-type natriuretic peptide (NT-

proBNP), and impaired gas exchange [8–14]. Interestingly, 

other investigators found no relation between PH and poor 

outcomes [11, 15].

Pulmonary artery pressure can only be truly measured by 

invasive hemodynamic tools. However, echocardiography 

is the most important non-invasive instrument to estimate 

PH [16–18]. An important limitation in nearly all previous 

studies is that assessment of pulmonary pressure by tricus-

pid valve regurgitation jet (TVRJ) velocity is not always 

possible due to the low rate of an appropriate TVRJ (2 to 

50% of cases) [9]. As a result, more recent studies have uti-

lized parameters such as right ventricle (RV) acceleration 

time (AT) and left ventricle (LV) eccentricity index (EI) 

to approximate pulmonary pressures, regardless of TVRJ 

presence [15, 19–21].

The main objective of this study was to estimate the pres-

ence of pulmonary hypertension in a large cohort of patients 

with bronchiolitis using multiple echocardiographic param-

eters, and to determine correlation, if any, with severity of 

clinical course.

Methods

This was a prospective cohort study of children under 

12 months of age admitted with bronchiolitis to a pediat-

ric tertiary-level hospital between January 2019 and March 

2020. Exclusion criteria included genetic syndromes, prema-

turity, pre-existing pulmonary disease including pulmonary 

hypertension, congenital or acquired heart disease, and con-

comitant infections such as sepsis or pneumonia. The study 

was approved by the local Institutional Review Board and 

followed the recommendations of the Helsinki declaration 

(CEIC PIC-143–18). Consent was obtained from parents or 

legal guardians of patients prior to inclusion.

Setting

The study was performed at a pediatric tertiary-level hospital 

with 320 inpatient and 28 PICU beds in Barcelona, Spain.

Clinical Information and Biological Samples

All clinical data were extracted from the patients' medical 

records. Bronchiolitis Score of San Joan de Deu (BROS-

JOD), a validated bronchiolitis severity score, was used to 

categorize the clinical status of patients within the first hours 

of admission as mild (0–5), moderate (6–10), and severe 

(> 10) [22]. Patients were further grouped by respiratory 

support requirements, with severe cases requiring non-

invasive ventilation (NIV), including CPAP and BiPAP, or 

mechanical ventilation (MV), and mild cases requiring no 

assistance, nasal cannula (NC), or HFNC. PICU admission 

criteria included apnea, most cases of high-level ventilatory 

support requirement (NIV or MV), or associated severe sys-

temic disease (seizures, low cardiac output, etc.). Notably, 

at the study institution, HFNC and occasionally CPAP are 

typically administered on the inpatient floor during bron-

chiolitis season.

Plasma levels of NT-proBNP were analyzed by electro-

chemiluminescent immunoassay kit: Alere NT-proBNP for 

Alinity and Reagent Kit. These measurements were only 

performed on children who required blood samples due to 

their clinical status within the first 48 h of admission. The 

normal NT-proBNP value was established according to 
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published data for patients of comparable ages to those in 

our study, with a normal median of 141 pg/ml and a 95th% 

upper limit of normal of 646 pg/ml [23]. We considered 

“altered NT-proBNP values” those above 646 pg/ml.

Severity of clinical course was established by elevated 

NT-proBNP values, worse cardiac function, the need for 

positive pressure respiratory support (PPRS), and the dura-

tion of hospital admission.

Echocardiography

An echocardiogram was performed within the first 48 h of 

admission. At the time the exam was performed, all patients 

in the PPRS group were already utilizing the given support 

(NIV or MV). A Philips iE33 xMatrix ultrasound system 

(Philips Healthcare, Andover, MA, USA) with a 2–10 MHz 

phased array transducer or a Vivid IQ system (GE Medi-

cal Systems, Milwaukee, WI, USA) with a 6S-RS or 3Sc-

RS probe were used for all echocardiographic studies. For 

consistency of results, the same examiner performed all 

echocardiograms following a standardized protocol,.

Pulmonary artery pressure (PAP) was indirectly assessed 

with multiple echocardiographic parameters. Systolic PAP 

was estimated by calculating the maximum velocity TVRJ 

in min/sec using the simplified form of Bernoulli’s equa-

tion and an estimate of the right atrium pressure (RAP): 

sPAP = 4 ×  TVR2 + RAP [17, 24]. The RV AT was meas-

ured in a pulsed wave (PW) doppler measurement with the 

sample just below the pulmonic cusp in the RV outflow tract 

(RVOT) [25]. Since high heart rates may reduce accuracy, 

the AT/ejection time (ET) ratio was used [17, 26]. This ratio 

has been defined as the most sensitive parameter, consider-

ing an AT/ET ratio < 0.3 suggestive of PH [9, 16, 17, 20]. 

The presence of a pulmonary systolic notch in the PW Dop-

pler at the RVOT was considered a marker of raised PAP 

[21, 27]. The isovolumic relaxation time (IVRT) of the RV 

was measured using tissue doppler imaging (TDI) with the 

sample positioned at the lateral tricuspid valve annulus; a 

value < 40 ms was considered to have high negative predic-

tive value for PH [27, 28]. The LV EI was measured at end-

systole and end-diastole in a short-axis view at the mid-LV 

level; a measurement ≥ 1.1 was defined as abnormal [10. 

25, 29].

Since all these parameters individually are non-specific 

and not always measurable in each patient, we considered 

high PAP for the purposes of this study as having at least two 

altered parameters, similar to definitions used in the previous 

studies [25, 30].

Cardiac function evaluation included LV ejection frac-

tion (EF) and shortening fraction (SF) calculated with the 

Simpson method and M-mode. Tricuspid and mitral annular

plane systolic excursion were also obtained using an apical 

4 chambers view with an M-mode line at the lateral annulus 

(TAPSE and MAPSE, respectively). RV functional assess-

ment also included end-diastolic volume, end-systolic vol-

ume, and fractional area change (FAC) measured in apical 

4 chambers view [31, 33].

Echocardiographic data analysis was performed offline, 

blind from clinical data, using Philips IntelliSpace Cardio-

vascular, Koninklijke Philips N.V.®

Database and Statistical Analysis

REDCap electronic data capture tool was used for all data 

storage and anonymization. IBM SPSS Statistics version 23 

statistical package (IBM Corp., Armonk, NY, USA) was 

used to perform the statistical analysis.

Medians and interquartile ranges (IQRs) were calculated 

for continuous variables, and categorical variables were 

expressed as frequencies and percentages. The data were 

analyzed with non-parametric tests using the Mann–Whit-

ney U test for quantitative variables. For categorical vari-

ables, the Chi-Square test or Fisher's exact test was used, 

as appropriate. To assess the risk of poor clinical outcome, 

we calculated odds ratios and 95% confidence intervals 

(CI). Logistic regression was used to assess the predictive 

potential of selected variables; results were expressed as area 

under the curve (AUC), sensitivity (Se), and specificity (Sp), 

and confounding factors were considered. Spearman's rank 

correlation coefficient  (rs) was used to assess the associations 

between AT/ET values with echocardiographic and clinical 

parameters. A p value of < 0.05 was considered statistically 

significant.

Results

Patient Characteristics

One hundred sixty-nine patients were included, 97 (57%) 

of whom were male. The median age was 2  months 

[1–4  months] and 36 (21%) patients were neonates 

(< 1 month of age). Median weight was 7 kg [5–8]. The 

majority (89%) tested positive for RSV. On admission, 22 

patients (13%) were mild cases, 115 (68%) moderate, and 32 

(19%) severe according to the BROSJOD score. None of the 

included patients died.

Sixty-eight patients (40%) required PPRS during hospi-

talization (NIV (51/68) or MV (17/68)). Fifty-eight patients 

(34%) required PICU admission. Three patients (1.7%) 

required inotropic support. None of the patients received 

PH treatment. The median PICU length of stay (LOS) was 

6 days [4–11 days] and the median hospital LOS was 11 days 

[8–15 days].

One hundred and one patients were considered mild cases 

and received support with NC (52/101), HFNC (39/101), or 
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no respiratory assistance (10/101) with a median hospital 

LOS of 4 days [3–6 days]. Table 1 shows the demographic 

characteristics and clinical data of each group.

NT-ProBNP Data

NT-proBNP was measured in 45 patients, 36 of which 

belonged to the PPRS group. Those requiring PPRS had 

increased NT-proBNP values compared to those with low 

respiratory support (86% with values > 646 pg/ml vs 33%; 

p =  < 0.001).

Echocardiographic Data

Less than 10% of the cohort had a quantifiable TVRJ, and 

all values able to be measured were within normal range 

(lower than 25 mmHg). AT/ET was measured in 148 patients 

(87%), and for 53/148 (36%) the ratio was lower than 0.3. 

Only 7 (4%) patients showed a notch in the RVOT PW Dop-

pler. RV IVRT was > 40 ms in 14 patients (10%) and LV EI 

was considered altered in 50/160 cases (31%). Ninety-six 

patients (57%) had at least one parameter altered, but only 

22 (13%) had more than one abnormal parameter. The most 

frequent combination of two altered parameters was AT/ET 

lower than 0.3 and EI ≥ 1.1 (14/22, 63%).

When comparing patients requiring PPRS to those with 

little or no respiratory support, there were no differences in 

any of the PAP parameters analyzed.

When analyzing the RV, there was no difference in BSA-

indexed RV end-diastolic and end-systolic volumes or FAC. 

TAPSE was significantly lower in the group requiring PPRS. 

Table 2 shows the echocardiographic data and analyzes the 

differences between groups.

Pulmonary Hypertension and Outcomes Analysis

In our cohort, 22 cases (13%) had at least two altered PAP 

parameters and met echocardiographic criteria to consider 

PH. No differences were found when comparing PH with 

normal PAP groups regarding age (p = 0.9) or severity at 

admission, defined by BROSJOD score and NT-proBNP val-

ues (p = 0.71 and p = 0.98, respectively). Either difference 

was found regarding the cardiac function echocardiographic 

parameters analyzed.

Patients considered to have PH did not have a worse clini-

cal course during hospitalization based on PPRS require-

ment or PICU admission (p = 0.94 and p = 0.77, respec-

tively), PICU LOS or total hospital LOS (p = 0.28 and 

p = 0.64, respectively). The complete analysis comparing 

patients with presumed PH to those with normal PAP is 

described in Table 3.

When analyzing the AT/ET ratio separately, we found no 

correlations with TAPSE, NT-proBNP values, or total LOS 

(p = 0.09, p = 0.9, and p = 0.06, respectively).

None of the echocardiographic parameters of PH individ-

ually, nor the combination of two factors, was a significant 

risk factor to predict poor clinical outcomes.

We were not able to identify specific cutoff points for PAP 

parameters that could better predict poor clinical outcomes 

in our cohort. None of the individual parameters analyzed 

showed an acceptable AUC (AT/ET: AUC 0.435, EI: AUC 

0.519, TRIV: AUC 0.492). The combination of altered 

NT-proBNP values and AT/ET was associated with PPRS 

requirement with an AUC of 0.85, however, with no differ-

ence that NT-proBNP alone (AUC: 0.85, p = 0.1), conclud-

ing that AT/ET does not provide a better predictive power.

Discussion

In our study, pulmonary hypertension was suspected in 22 

patients (13%) according to our echocardiographic criteria. 

No differences were found regarding the presence of PH in 

relation to age or patient severity at admission defined by 

BROSJOD or NT-proBNP values. Similarly, patients with 

presumed PH were not more likely to have poor clinical 

outcomes based on the need for PPRS, PICU admission or 

longer LOS.

While measurable TVPJ was scant in our cohort, of the 

50/160 cases that had an EI in systole ≥ 1.1, no patients 

had bowing of the septum into the LV cavity, meaning that 

Table 1  Demographic and clinical data according to respiratory sup-

port requirements

PPRS: positive pressure respiratory support, NC: nasal cannula, 

HFNC: high-flow nasal cannula, IQR: interquartile range, BROSJOD: 

Sant Joan de Deu Bronchiolitis Score, Sat O2: oxygen hemoglobin 

saturation, FiO2: fraction of inspired oxygen, NT-proBNP: N-termi-

nal (NT)-prohormone BNP, PICU: pediatric intensive care unit, LOS: 

length of stay

Variable PPRS

n = 68

NC, HFNC, None

 = 101

p value

Median [IQR] Median [IQR]

Weight (Kg) 5 [3–6.5] 7 [6.1–8]  < 0.001

Age (months) 1 [0–2] 2 [1–4.7]  < 0.001

BROSJOD 9 [8–11] 7 [6–8]  < 0.001

Sat O2 (%) at admis-

sion

95 [92–97] 95 [92–97] 0.21

FiO2 (%) 35 [30–40] 24 [21–28]  < 0.001

NT-proBNP > 649 pg/

ml

31/36 3/9  < 0.001

PICU admission 58(85%) 0 –

Inotropic support 3 (4%) 0 –

PICU LOS (days) 6 [4–11] – –

LOS (days) 11 [8–15] 4 [3–6]  < 0.001

Mortality 0 0 –
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PH, when present, was at most mild or moderate. Of note, 

our cohort included only previously healthy patients who 

represent a low-risk population of infants, since patients 

with syndromes and underlying heart and/or lung disease 

were excluded.

Contrary to the existing literature, only 13% of patients 

in our cohort had suggested PH. This may be due to our 

stricter criteria to define PH, requiring at least 2 altera-

tions of the defined echocardiographic criteria such as 

TRVJ, RV AT/ETLV EI, among others [25, 30]. Most of 

the literature that concludes that patients with bronchiolitis 

have PH only measure one of these parameters. When we 

analyzed our cohort, 57% of patients had one criterion, 

similar to previously reported frequencies by others. How-

ever, these patients with just one PH criterion similarly did 

not have worse outcomes.

The RV AT assessment has been suggested to be more 

sensitive than TVPJ velocity to detect early or latent pul-

monary vasculopathy, but it is also known that high heart 

rates may reduce accuracy [17, 21, 25]. Mallery et al. 

described that for heart rates higher than 160 beats per 

minute, the AT does not lower, even in the presence of 

severe PH [26]. The AT/ET ratio takes heart rate into con-

sideration and is more appropriate for pediatric studies 

[16]. In our cohort, 35% of cases had an AT/ET lower than 

0.3, with no variance by severity and no correlation with 

worse echocardiographic parameters (TAPSE), higher NT-

proBNP values or longer LOS.

Based on our findings, we think that is important to use 

at least two criteria to better define which patients truly have 

presumed PH. Considering that only 13% of patients of a 

relatively large cohort of patients had at least two echocar-

diographic criteria for PH, it was impossible for us to create 

a score to give value to each of these parameters. Larger 

studies are needed to confirm our findings and to propose a 

score for PH evaluation.

Rodriguez et al. recently reported a prospective cohort 

study including 93 healthy infants admitted with RSV infec-

tion, with an incidence of PH of 22%. Infants with PH had 

a worse clinical course in terms of PICU admission, time 

of supplemental oxygen, and longer LOS. In addition, they 

found that plasma NT-proBNP values were an accurate bio-

marker for PH (AUC 0.93) [10]. Our results were not con-

sistent with these findings. While we agree that obtaining an 

echocardiogram early into admission improves the predictive 

value of current clinical scores to identify high-risk patients, 

our results suggest that mild PH, when present, likely does 

not explain worse clinical outcomes or higher NT-proBNP 

values.

Previous studies that focused on the assessment of cardiac 

function in patients with bronchiolitis have concluded that 

PH leads to RV dysfunction secondary to increased afterload 

and hypothesized that observed LV dysfunction is due to 

interventricular interactions [15, 19]. In our cohort, patients 

requiring PPRS had increased NT-proBNP values and lower 

TAPSE (though still within normal Z scores) compared to 

Table 2  Comparative 

echocardiographic analysis 

according to respiratory support 

requirements

PPRS positive pressure respiratory support, NC nasal cannula, HFNC high-flow nasal cannula, IQR inter-

quartile range, AT acceleration time, ET ejection time, RVOT right ventricular outflow track, RV right ven-

tricle, IVRT isovolumic relaxation time, LV left ventricle, EI eccentricity index, TAPSE tricuspid annulus 

systolic excursion, FAC fractional area change, EDS end-diastolic volume, BSA body surface area, ESV

end-systolic volume

Variable Bronchiolitis patients

n = 169

PPRS

n = 68

NC, HFNC, None

n = 101

Median [IQR] Median [IQR] Median [IQR] p value

AT/ET 0.31 [0.27–0.36] 0.32 [0.26–0.34] 0.31[0.27–0.38] 0.18

AT/ET < 0.3 53/148 24/60 29/88 0.38

RVOT notch 7/144 4/58 3/86 0.35

RV IVRT (msec) 30 [20–35] 20 [17.5–40] 30 [17.5–35] 0.87

RV IVRT > 40 ms 14/144 6/55 8/89 0.68

LV EI systolic 1.06 [1–1.13] 1.06 [1–1.14] 1.06 [1–1.13] 0.67

LV EI diastolic 1.04 [1–1.08] 1.05 [1–1.09] 1.04 [1–1.06] 0.23

LV EI ≥ 1.1 50/160 20/65 30/95 0.91

One altered parameter 96/169 43/68 53/101 0.09

Two altered parameters 22/169 9/68 13/101 0.95

TAPSE (mm) 12 [10–14] 11 [9.7–13] 13 [11–14]  < 0.001

FAC (%) 52 [45–58] 51 [45–58] 52 [45–57] 0.77

RV EDV/BSA 15.4 [13.3–17] 15.5 [13.1–16.8] 15.4 [13.5–17.4] 0.68

RV ESV/BSA 7.3 [6.2–8.2] 7.1 [5.8–8.3] 7.3 [6.2–8.2] 0.59
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those with low respiratory support. In agreement with Thor-

burn et al., we did not find any association between PH and 

parameters of worse cardiac function [11].

These findings reinforce the hypothesis that direct myo-

cardial damage by RSV is the most likely cause for the car-

diovascular manifestations observed, possibly explained 

by myocardial injury secondary to hypoxia and release of 

inflammatory mediators [1, 11, 34–37].

Limitations

This study was limited in nature as a single center study. 

Although the study was prospective, the analysis of PH 

was performed offline, and the measurements were already 

recorded. Furthermore, we could not assess TVRJ in most 

of the cohort, likely because the majority of patients were 

not sedated, and a long and comprehensive echocardiogram 

was poorly tolerated. Moreover, NT-proBNP values were 

only available in 26% of the cohort.

Conclusions

Pulmonary hypertension, defined by the presence of two or 

more markers of elevated pulmonary artery pressure on echo-

cardiography, was detected in 13% of our cohort admitted with 

bronchiolitis. PH was not a risk factor for poor clinical out-

comes and had no association with parameters of worse car-

diac dysfunction, even in severe cases of bronchiolitis. While 

obtaining an echocardiogram and NT-proBNP levels upon 

admission may allow for improved identification of high-risk 

patients, our results suggest that mild PH may not be a key 

driving factor for worse clinical outcomes.

What is Known on This Subject

Some studies describe pulmonary hypertension in severe cases 

of bronchiolitis, but information is limited and heterogeneous 

regarding its real contribution to poor outcomes.

What This Study Adds

BY analyzing pulmonary pressure with several echocardio-

graphic parameters, we did not identify significant pulmonary 

hypertension in our cohort. There was no difference regarding 

the presence of pulmonary hypertension between mild and 

severe cases of bronchiolitis.

Acknowledgements To Marta Camprubi Camprubi MD, PhD, who 

supervised the statistical analysis.

Author Contribution Dr. Rossi conceptualized and designed the study, 

collected data, analyzed echocardiograms, performed the statistical 

analyses, and drafted the manuscript. Dr. Escobar-Díaz drafted and 

critically reviewed the manuscript for important intellectual content. 

Dr. Hadley designed the data collection instruments, and reviewed and 

revised the manuscript. Dr. Randanne participated in collecting data 

and analyzed echocardiograms. Drs. Jordan and Sanchez de Toledo 

conceptualized and designed the study, coordinated and supervised 

data collection, and critically reviewed the manuscript for important 

intellectual content.

Funding The article was done with no funding or support.

Declarations 

Conflict of interest The authors have no conflicts of interest relevant to 

this article to disclose.

Ethical Approval Patients were included after obtaining consent from 

their parents or legal guardians. The study was approved by the local 

Institutional Review Board and followed the recommendations of the 

Helsinki declaration (CEIC PIC-143–18).

Table 3  Statistical analysis according to pulmonary hypertension 

classification

PH pulmonary hypertension, PAP pulmonary artery pressure, IQR

interquartile range, BROSJOD Sant Joan de Déu Bronchiolitis Score, 

NT-proBNP N-terminal (NT)-prohormone BNP, LVEF left ventricle 

ejection fraction, LVSF left ventricle shortening fraction, MAPSE

mitral annulus systolic excursion, TAPSE tricuspid annulus systolic 

excursion, RV right ventricle, EDV end-diastolic volume, BSA body 

surface area, ESV end-systolic volume, FAC fractional area change, 

PPRS positive pressure respiratory support, PICU pediatric intensive 

care unit, LOS length of stay

Variable PH

n = 22

Normal PAP

n = 147

p value

Median [IQR] Median [IQR]

Data at admission

 Age (months) 2 [1–4] 2 [1–4] 0.9

 BROSJOD 7 [6–10] 8 [7–9] 0.71

 NT-proBNP > 649 pg/

ml

2/8 28/37 0.98

Cardiac function

 LVEF (%) 67 [61.5–71] 67 [63–71] 0.83

 LVSF (%) 35 [30–39] 34 [32–38] 0.99

 Simpson (%) 65 [62–71] 64 [60–69] 0.3

 MAPSE (mm) 7.5 [6.8–8.6] 7.6 [6.6–8.7] 0.88

 TAPSE (mm) 13 [11–14] 12 [10–14] 0.07

 RV EDV/BSA 15.1 [12.8–16.8] 15.4 [13.5–17.1] 0.65

 RV/ESV/BSA 7.2 [6.1–8.8] 7.3 [6.2–8.1] 0.67

 FAC (%) 51 [43–59] 52 [45–57] 0.72

Outcomes

 PPRS 9/22 59/147 0.94

 PICU 6/22 52/147 0.77

 PICU LOS (days) 11 [4–12] 6 [4–10] 0.28

 Hospital LOS (days) 6 [3–13] 6 [3–9] 0.64
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