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Background: Extrapulmonary manifestations including cardiac dysfunction have been dem-

onstrated in children with respiratory syncytial virus (RSV) infection requiring intensive care. 

The aim of this study was to examine cardiac function in hospitalized children with moderate 

RSV infection admitted to a regular pediatric ward.

Methods: We used echocardiography to determine cardiac output, and right and left ventricular 

function in 26 patients (aged 2 weeks to 24 months) with RSV infection. The echocardiographic 

results were compared with s-troponin, the need for supplementary oxygen or noninvasive 

respiratory support, and capillary refill time.

Results: The number of measured s-troponins (ten [38%] of the included children) was too low 

to assess differences between children with elevated levels and those with normal levels. There 

were no differences in cardiac function between patients receiving oxygen treatment or respiratory 

support and those who did not. Capillary refill time did not correlate with any of the echocardio-

graphic parameters. Both left and right ventricular output (mL/kg/min) was higher than published 

reference values. All other echocardiographic parameters were within the reference range.

Conclusion: Children with moderate RSV infection had an increased left and right ventricular 

output, and cardiac function was well maintained. We conclude that routine cardiac ultrasound 

is not warranted in children with moderate RSV infection. The role of an elevated s-troponin 

in these patients remains to be determined.

Keywords: bronchiolitis, capillary refill time, child, echocardiography, respiratory syncytial 

virus

Plain language summary
Because children with critical respiratory syncytial virus (RSV) infection have been found to 

have a reduced heart function, we wanted to investigate if this was also the case in children 

with less severe RSV infection. In this situation, drug treatment that increases the heart’s per-

formance and function may be warranted. We performed cardiac ultrasound (echocardiography) 

in children admitted with RSV infection to our pediatric department. In ten (38%) of the 26 

included children, we performed the blood test s-troponin that may indicate strain on the heart. 

We found that children with RSV infection did not have signs of reduced heart function on 

echocardiography. We conclude that routine cardiac ultrasound is not warranted in children 

with less severe RSV infection. The number of s-troponin samples was too low to conclude on 

the usefulness of this marker.

Background
RSV is one of the most frequent causes of viral lower respiratory tract infection in 

children and is associated with approximately 600,000 annual deaths worldwide.1 
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In children with RSV infection requiring intensive care, 

extrapulmonary consequences including cardiac arrhythmias 

and primary mechanical myocardial dysfunction have been 

described.2–5 Elevated levels of s-troponin have been found in 

children with RSV infection,6 and the proposed mechanism 

has been pulmonary hypertension leading to right ventricular 

dysfunction.7

There is a lack of knowledge about extrapulmonary mani-

festations including cardiac dysfunction in children with less 

severe RSV infection, who are admitted to a regular pediatric 

ward. However, many children with moderate RSV infection 

admitted to regular pediatric wards have clinical signs of hypo-

perfusion. Symptoms of cardiac failure, for example, tachy-

pnea, tachycardia, prolonged capillary refill time, and mottling 

of the skin, may be difficult to distinguish from the symptoms 

of RSV bronchiolitis itself.8 Thus, Caplow et al8 suggested 

that CO as a measure of cardiac function should be assessed 

in hospitalized infants with RSV infection. The aim of this 

study was to investigate a predefined set of echocardiographic 

functional parameters, including right and left ventricular 

output, in relation to s-troponin, the need for supplementary 

oxygen or noninvasive respiratory support, and capillary refill 

time in children with RSV infection admitted to a regular 

pediatric ward. We hypothesized that children with moderate 

RSV infection have some degree of myocardial dysfunction.

Methods
Ethics statement
The Regional Committee for Medical and Health Research 

Ethics approved the project. Participation in the study was 

voluntary, and written informed consent was obtained from 

the parents or guardians of participating children. Blood 

samples for the project were only drawn if the child was 

scheduled to have blood samples taken for assessment and 

treatment in general.

Setting
This was an observational cohort study performed at the 

level II Department of Pediatric and Adolescent Medicine, 

Akershus University Hospital in Norway.

Patients
Inclusion criteria were hospitalization with confirmed RSV 

infection diagnosed by real-time PCR of genes for the RSV 

nucleocapside in nasopharynx secretions, and availability of 

the echocardiographer. At the time of data collection, chil-

dren with mild RSV disease, defined as having a modified 

respiratory distress assessment instrument9 score ≤8 were not 

admitted, but treated as outpatients and were thus excluded 

from the study. Other protocolled exclusion criteria included 

severe chronic disease, congenital heart disease, including 

cardiac shunts, or structural abnormalities found during 

examination. According to the admission criteria, all hos-

pitalized children with RSV infection had moderate disease 

with the majority requiring supplemental oxygen and/or 

noninvasive respiratory support (CPAP or HFNC).

Clinical information and blood sample 
analysis
Capillary refill time is routinely recorded on admission and 

once per nursing shift for all children admitted to our depart-

ment. This information, together with information about the 

need for supplementary oxygen and/or noninvasive respira-

tory support, was retrospectively collected from the patient 

electronic records. S-troponin was measured by Troponin T 

hs electrochemiluminescence immunoassay (Cobas e 602 

analyzer; Roche Diagnostics, Basel, Switzerland). According 

to Eisenhut et al,10 we considered troponin to be elevated if 

values were >10 pg/mL.

Echocardiography
We used a Vivid 9E ultrasound scanner (GE Vingmed, Horten, 

Norway) with a 5S standard phase array multi-frequency 

transducer probe (2.0–5 MHz) and a predefined protocol 

for all patients. Aortic and pulmonary annulus diameter 

was measured in the parasternal long axis view, whereas left 

ventricular FS was measured in the parasternal short axis 

projection. Flow measurements over the mitral and tricuspid 

valve were made in the apical four-chamber projection. In 

the apical four-chamber projection, we also measured TAPSE 

by placing an M-mode cursor through the tricuspid lateral 

annulus and measuring the amount of longitudinal (base 

to apex) motion in millimeters of the tricuspid annulus at 

peak systole. MAPSE was also measured using the standard 

M-mode technique with the cursor placed at the lateral side of 

the annulus from the apical four-chamber view. Left ventricu-

lar end diastolic and systolic dimension from the four- and 

two-chamber view was measured to calculate LVEF using 

the biplane Simpson’s formula.11

Cardiac output
2D ultrasound and Doppler measurements are used together 

to calculate CO. 2D measurement of the diameter of the aortic 

or pulmonary valve annulus allows calculation of the flow 

cross-sectional area, which is then multiplied by the VTI 

of the Doppler flow profile across the valve to determine 
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the flow volume per beat. The result is then multiplied by 

the HR to obtain CO.12 In this study, we measured the VTI 

derived from at least three consecutive pulsed wave Doppler 

signals over the aortic valve in the five-chamber projection to 

calculate left ventricular CO. Pulsed wave Doppler flow over 

the pulmonary valve in the parasternal short axis projection 

was used for calculating right ventricular CO.

Data processing and statistical analyses
The echocardiographic recordings were analyzed offline 

using the EchoPac software version 113 (GE Vingmed, 

Horten, Norway). The investigator performing all the analy-

ses (TH) was blinded to the clinical information about the 

patients. Linear regression analyses were performed to cal-

culate Spearman’s rho (r
s
) for correlation between different 

parameters. Differences between groups were assessed with 

independent samples t-test and Mann–Whitney U test for 

normally and non-normally distributed parameters, respec-

tively. A p-value <0.05 was considered significant. Statistical 

analyses were performed with IBM SPSS for Mac Version 

22 (IBM Corporation, Armonk, NY, USA).

Results
We enrolled a prospective convenience sample of 26 patients, 

aged 2 weeks to 24 months, from February 2012 to March 

2014. One cardiologist (TH) examined all but two patients. 

Characteristics of the included children are summarized 

in Table 1. Seven patients received CPAP or HFNC treat-

ment. One of these patients was subsequently treated with 

mechanical ventilation in the neonatal intensive care unit. The 

patients who required noninvasive respiratory support had a 

longer hospital stay compared to patients who did not need 

such treatment (p<0.001). No other differences were found 

between patients receiving respiratory support and those who 

did not. Children receiving oxygen treatment had a trend 

toward a longer capillary refill time and hospital stay than 

those who did not require supplementary oxygen (Table 2). 

No other differences were found between patients receiving 

oxygen treatment and those who did not.

S-troponin was measured in ten of the 26 patients. Six 

(60%) of these patients had elevated levels of s-troponin, and 

four had levels below the detection level. The patients with 

elevated s-troponin had a median (interquartile range) level 

of 28.0 (24.5–33.3) pg/mL. Characteristics of patients with 

elevated s-troponin vs. patients with undetectable levels of 

s-troponin are presented in Table 3.

Left ventricular function and CO
MAPSE, a measure of left ventricular contractility, was within 

published reference values.13 Left ventricular CO (mL/kg/min) 

was slightly higher than the upper reference level.14,15 As there 

was a significant positive correlation between HR and CO 

(r
s
=0.43, p=0.023), the higher CO could largely be explained 

by a high HR in the patients (Table 1). FS was within the refer-

ence range10 and LVEF in the lower reference range16 (Table 

1), with no difference between patients with an elevated and 

those with a normal s-troponin (Table 3). There was a weak 

negative correlation between s-troponin and CO (p=0.11).

Right ventricular function and CO
In patients in different age categories, TAPSE, a measure of 

right ventricular contractility, was comparable to published 

reference values17 (Table 1). Right ventricular output was 

higher than the upper reference level (Table 1).14

Capillary refill time
Capillary refill time did not correlate with any of the echo-

cardiographic parameters. However, there was a trend toward 

a longer capillary refill time in children who needed supple-

mentary oxygen (p=0.08).

Discussion
In this study, we examined whether children with RSV infec-

tion admitted to a regular pediatric ward had signs of myo-

cardial dysfunction as measured by, for example, decreased 

right and left ventricular CO and/or elevated s-troponin. This 

is one of very few published studies on myocardial function in 

children with RSV infection not admitted to an intensive care 

unit. Even though a high proportion of measured s-troponins 

Table 1 Characteristics of the study population (n=26)

Male/female 15/11

Age (months)‡ 2 (1–24)
Weight (kg)‡ 5.4 (4.5–7.6)
Length of stay (days)‡ 5 (2–13)
Day examined# 2 (2–3)
Oxygen requirement* 18 (69)
CPAP/HFNC* 7 (27)
S-troponin T (pg/mL)# 28 (25–33)
Left ventricular output (mL/kg/min)# 240 (190–270)
Right ventricular output (mL/kg/min)# 362 (324–408)
Ejection fraction (biplane) (%)# 60 (55–64)
Fractional shortening (%)# 38 (34–41)
TAPSE (mm)# 11.9 (10.8–13.9)
MAPSE (mm)# 8.0 (6.9–8.6)
Heart rate (bpm)# 146 (128–164)

Notes: ‡Median (range). #Median (interquartile range). *Number (%).
Abbreviations: CPAP, continuous positive airway pressure; HFNC, high flow nasal 
cannula; TAPSE, tricuspid annular plane systolic excursion; MAPSE, mitral annular 
plane systolic excursion; bpm, beats per minute.
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were slightly elevated, the number of samples was too low to 

draw any conclusions about the usefulness of this parameter. 

Both right and left ventricular outputs were higher than the 

reference range, and all other echocardiographic parameters 

were within the reference range. No echocardiographic param-

eters were associated with the need for supplementary oxygen 

or respiratory support, or a prolonged capillary refill time.

S-troponin
As pulmonary hypertension with an elevated right ventricular 

afterload might lead to cardiac dysfunction, physiological 

plausibility points to the right ventricle as the origin of the 

elevated s-troponin measured in children with RSV infec-

tion. Thus, the s-troponin level may be an indicator of the 

severity of the pulmonary disease. As opposed to the find-

ings of Moynihan et al6 that s-troponin is a predictor of need 

for respiratory support, we found no difference in troponin 

levels between children with and without a need for respira-

tory support, likely due to a lack of power for this parameter.

Cardiac output
Although commonly used in clinical medicine, echocar-

diographic CO measurements have wide test–retest vari-

ability. Sources of variability include the 2D measurement 

of the aortic valve diameter12,18 and beat-to-beat variation in 

stroke volume, and even slight differences in probe position 

affect the measured VTI.18 An alternative to measuring left 

ventricular output is measuring right ventricular CO, as in 

the absence of significant intracardiac shunting they should 

be similar. Tsai-Goodman et al14 compared measurements 

of left and right ventricular output. They measured a mean 

left ventricular output of 241 mL/kg/min and a mean right 

ventricular output of 255 mL/kg/min, a difference of 6%, 

which is less than the substantial difference between left and 

right CO we found in our study. Tsai-Goodman et al14 argue 

that since the right ventricular outflow tract is a more elastic 

structure than the aortic root, and thus tends to expand more 

during systole, repeatability and reliability of right ventricular 

output may be poor compared to left ventricular output.14 

This may explain the relatively large difference between the 

right and left ventricular output in our study. However, as the 

same person performed almost all the data collection and 

analyses, and since our intention was to compare subgroups 

of patients, not to assess their absolute values, we argue that 

our conclusions are still valid.

The elevated right and left CO can largely be explained 

by the higher HR in the patients. An elevated-to-normal 

CO has also been demonstrated in animal models of severe 

Table 2 Comparison of patients with and without a need for oxygen treatment

Oxygen treatment (n=18) No oxygen treatment (n=8) p-value

Length of stay (days) 6 (5–9) 4 (3–7) 0.080
Capillary refill time (s) 2.2 (0.4) 1.9 (0.4) 0.080
Left ventricular output (mL/kg/min) 230 (178–273) 250 (200–250) 1.000
Right ventricular output (mL/kg/min) 362 (346–446) 336 (307–408) 0.432
Ejection fraction (biplane) (%) 57 (55–62) 63 (55–64) 0.315
Fractional shortening (%) 39 (35–41) 37 (33–40) 0.400
TAPSE (mm) 11 (11–13) 14 (10–16) 0.595
MAPSE (mm) 8 (4–9) 7 (6–8) 0.161
Heart rate (bpm) 145 (126–163) 146 (133–166) 0.630

Note: Results are presented as median with interquartile range in parentheses, except capillary refill time which is presented as mean with standard deviation in parentheses.
Abbreviations: TAPSE, tricuspid annular plane systolic excursion; MAPSE, mitral annular plane systolic excursion; bpm, beats per minute.

Table 3 Comparison of patients with elevated and non-elevated s-troponin

Elevated troponin (n=6) Undetectable troponin (n=4) p-value

Length of stay (days) 8 (6–11) 5 (3–11) 0.257
Capillary refill time (s) 2 (2–2) 2 (2–2) 0.762
Left ventricular output (mL/kg/min) 275 (215–333) 270 1.00
Right ventricular output (mL/kg/min) 400 (376–488) 362 0.286
Fractional shortening (%) 38 (34–43) 40 (39–ND) 0.643
Ejection fraction (biplane) 61 (53–64) ND 0.667
TAPSE (mm) 11 (11–14) 12 (11–ND) 1.000
MAPSE (mm) 8 (7–8) 9 (9–) 0.071
Heart rate (bpm) 147 (122–157) 140 (116–ND) 1.000

Note: Results are presented as median with interquartile range in parentheses.
Abbreviations: TAPSE, tricuspid annular plane systolic excursion; MAPSE, mitral annular plane systolic excursion; bpm, beats per minute; ND, not determined.
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respiratory distress syndrome.19 de Vroomen et al20 dem-

onstrated in a lamb model that in the newborn heart, the 

right ventricle is able to maintain its output by improving 

contractile performance, through the so-called homeometric 

autoregulation and not by increasing end-diastolic volume 

(Frank–Starling mechanism). A possible mechanism of 

homeometric autoregulation could be release of endogenous 

catecholamines in response to an increased right ventricular 

afterload,21 which might explain that also left ventricular 

output was modestly increased in our patients, that is, through 

an increase in HR.

Capillary refill time
Our concern was that children hospitalized with RSV infec-

tion with clinical signs of poor peripheral circulation, as 

assessed by prolonged capillary refill time, had a reduced 

myocardial function. In this situation, drug treatment that 

increases myocardial contractility may be warranted, while 

excessive fluid therapy may be contraindicated. Adrenergic 

stimulation that leads to peripheral vasoconstriction may also 

be a potential mechanism for a prolonged capillary refill time. 

None of the patients in our study had a capillary refill time 

exceeding 3 s at the time of examination, possibly making 

the interpretation of the correlation between capillary refill 

time and cardiac mechanical parameters less reliable.

Limitations
Limitations of this study include the low number of included 

patients. Especially, the number of patients where s-troponin 

was measured was low.

Conclusion
Results from the present study indicate that children with 

moderate RSV bronchiolitis do not have cardiac dysfunc-

tion. In these patients, CO is likely maintained through the 

so-called homeometric autoregulation. Although our study 

is too small to conclude on the value of s-troponin alone, it 

might be useful to identify patients where echocardiographic 

examination may be warranted.

Abbreviations
2D – two-dimensional

CO – cardiac output

CPAP – continuous positive airway pressure 

FS – fractional shortening

HFNC – high flow nasal cannula

HR – heart rate

LVEF – left ventricular ejection fraction

MAPSE – mitral annular plane systolic excursion

RSV – respiratory syncytial virus

TAPSE – tricuspid annular plane systolic excursion

VTI – velocity time integral
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