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Background: Left vocal cord paralysis (LVCP) is a known complication of patent

ductus arteriosus (PDA) surgery in extremely preterm (EP) born neonates; however,

consequences of LVCP beyond the first year of life are insufficiently described. Both voice

problems and breathing difficulties during physical activity could be expected with an

impaired laryngeal inlet. More knowledge may improve the follow-up of EP-born subjects

who underwent PDA surgery and prevent confusion between LVCP and other diagnoses.

Objectives: Examine the prevalence of LVCP in a nationwide cohort of adults born

EP with a history of PDA surgery, and compare symptoms, lung function, and exercise

capacity between groups with and without LVCP, and vs. controls born EP and at term.

Methods: Adults born EP (<28 weeks’ gestation or birth weight <1,000 g) in Norway

during 1999–2000 who underwent neonatal PDA surgery and controls born EP and at

term were invited to complete questionnaires mapping voice-and respiratory symptoms,

and to perform spirometry and maximal treadmill exercise testing. In the PDA-surgery

group, exercise tests were performed with a laryngoscope positioned to evaluate

laryngeal function.

Results: Thirty out of 48 (63%) eligible PDA-surgery subjects were examined at mean

(standard deviation) age 19.4 (0.8) years, sixteen (53%) had LVCP. LVCP was associated

with self-reported voice symptoms and laryngeal obstruction during exercise, not with

lung function or peak oxygen consumption (VO2peak). In the PDA-surgery group, forced

expiratory volume in 1 second z-score (z-FEV1) was reduced compared to EP-born

controls (n = 30) and term-born controls (n = 36); mean (95% confidence interval)

z-FEV1 was −1.8 (−2.3, −1.2), −0.7 (−1.1, −0.3) and −0.3 (−0.5, −0.0), respectively.
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For VO2peak, corresponding figures were 37.5 (34.9, 40.2), 38.1 (35.1, 41.1), and 43.6

(41.0, 46.5) ml/kg/min, respectively.

Conclusions: LVCP was common in EP-born young adults who had undergone

neonatal PDA surgery. Within the PDA-surgery group, LVCP was associated with

self-reported voice symptoms and laryngeal obstruction during exercise, however we did

not find an association with lung function or exercise capacity. Overall, the PDA-surgery

group had reduced lung function compared to EP-born and term-born controls, whereas

exercise capacity was similarly reduced for both the PDA-surgery and EP-born control

groups when compared to term-born controls.

Keywords: infant: extremely premature, infant: extremely low birth weight, vocal cord paralysis, cohort studies,

patent ductus arteriosus, ligation, bronchopulmonary dysplasia, exercise test

INTRODUCTION

Extreme preterm (EP) birth is associated with a number of
perinatal complications causing short- and long-term morbidity
(1, 2). A patent ductus arteriosus (PDA) is diagnosed in
∼40% of very low birth weight (<1,500 g) neonates and in
66% of EP-born neonates (3, 4). This shunt may give rise
to cardiovascular dysfunction with pulmonary overcirculation
and systemic hypoperfusion associated with worsening of
lung disease, prolonged mechanical ventilation, increased
risk of pulmonary hemorrhage, necrotizing enterocolitis, and
intraventricular hemorrhage (5). Treatment options for PDA
include a conservative symptomatic approach, pharmacological
intervention, or surgical closure, the latter option usually
representing a last resort (3, 6).

The left recurrent laryngeal nerve loops around the aorta
in close proximity to the ductus arteriosus and left-sided
vocal cord paralysis (LVCP) caused by iatrogenic nerve injury
is a recognized complication of PDA surgery (7). Affected
neonates may present with a weak cry, stridor, hoarseness,
aspiration, and feeding problems (8, 9). Symptoms may be
vague, and the condition can therefore pass unrecognized
unless particularly examined for (10). Studies on EP-born
neonates that report routine post-operative laryngoscopy
have found incidences of LVCP ranging from 11 to 67%
(7, 11).

Long-term consequences of LVCP in EP-born subjects beyond
the first year of life are insufficiently described. A previous small
study on EP-born adults who underwent neonatal PDA surgery
discussed the possibility that LVCP occurring in the neonatal
period may contribute to the long-term development of airway
obstruction in this population (12), however, further research
is needed on this topic. Moreover, both voice problems and
breathing difficulties during physical activity could be expected
with an impaired laryngeal inlet (13). More knowledge on long-
term consequences of LVCP in the preterm population may
prevent confusion between LVCP and other diagnoses with
similar symptoms such as asthma or exercise-induced laryngeal
obstruction (EILO).

As a group, premature infants who undergo PDA surgery
may be particularly vulnerable to long-term health problems.
PDA surgery has been associated with both bronchopulmonary

dysplasia (BPD) and poor neurological outcomes (5, 8).
Furthermore, several studies have found EP-born subjects to have
reduced exercise capacity compared to term-born peers (14).
We hypothesized that EP-born adults with a neonatal history
of PDA surgery are at increased risk of impaired pulmonary
and cardiorespiratory function, and that LVCP is associated with
poorer outcomes.

We aimed to investigate the prevalence of LVCP in young
adults born EP who underwent open PDA surgery in Norway
during 1999–2000. Secondly, we aimed to compare self-reported
voice and breathing symptoms, lung function, exercise capacity,
and laryngeal obstruction during exercise between subjects with
and without LVCP. Finally, we aimed to compare the lung
function and exercise capacity in those who underwent PDA
surgery with those of comparable EP-born controls and term-
born controls.

METHODS

Subjects and Study Design
This was a nationwide observational follow-up study of all
individuals born in Norway at gestational age (GA) <28
weeks or birth weight (BW) <1,000 gram during 1999–2000
(15). The inclusion process, data collection, and outcome
at discharge from the neonatal intensive care unit (NICU)
have been described in previous reports (16). PDA surgery
was performed at four different hospitals. The indication for
surgery was determined at the discretion of the neonatologists
responsible for neonatal care and was based on clinical signs and
echocardiographic evaluation.

The present study was conducted during 2018–2020, enrolling
three groups (Figure 1):

(1) PDA-surgery: All individuals who had undergone
neonatal PDA surgery and were enrolled in the
nationwide cohort described above. This PDA-surgery
group has two subgroups: those with and those
without LVCP.

(2) EP-born controls: A regional sub-sample (Western Norway)
of the same nationwide cohort from which the PDA-surgery
group was recruited; however, with no history of neonatal
PDA surgery.
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FIGURE 1 | Flow chart of the follow-up study of adults born extremely preterm with a neonatal history of patent ductus arteriosus surgery. CLE, continuous

laryngoscopy exercise; CPET, cardiopulmonary exercise test; EP, extremely preterm (gestational age <28 weeks or birth weight <1,000 g); PDA: patent ductus

arteriosus.

TABLE 1 | Early characteristics of the extremely preterm born adults enrolled in the national follow-up study on long-term consequences of neonatal patent ductus

arteriosus surgery.

PDA-surgery

assessed

PDA-surgery

not assessed

EP-born

controls

Characteristics n = 30 n = 18 pa n = 30 pb

Female gender, n (%) 14 (47) 4 (22) 0.13 17 (57) 0.61

Birthweight, grams, mean (SD)1 792 (178) 781 (169) 0.83 845 (165) 0.24

Age of gestation, weeks, median (range)2 26 (23–29) 25 (23–27) 0.94 27 (24–31) <0.001

Small for gestational age, n (%) 4 (13) 3 (17) 1.00 13 (43) 0.02

Prenatal steroids, n (%) 20 (67) 13 (72) 0.76 27 (90) 0.06

Surfactant, n (%) 27 (90) 18 (100) 0.28 24 (80) 0.47

Postnatal steroids, n (%) 20 (67) 14 (78) 0.52 8 (27) 0.004

Invasive ventilation, n (%) 29 (97) 17 (94) 1.00 25 (83) 0.20

Invasive ventilation, days, median (range)2 13 (1–87) 24 (1–52) 0.65 4 (1–21) 0.003

CPAP treatment, days, median (range)2 28.5 (0–92) 18 (4–58) 0.33 26 (0–72) 0.53

Patent ductus arteriosus, n (%) 30 (100) 18 (100) 1.00 11 (37) <0.001

Age patent ductus arteriosus surgery, median (range)2 11 (4–34) 10 (2–36) 0.61 – – –

Bronchopulmonary dysplasia, n (%) 24 (80) 15 (83) 1.00 11 (37) 0.001

Normal neonatal cerebral ultrasound, n (%) 18 (60) 5 (28) 0.04 24 (80) 0.16

CPAP, continuous positive airway pressure; EP, Extremely preterm (gestational age <28 weeks or birthweight <1,000 g); PDA: patent ductus arteriosus. Bronchopulmonary dysplasia

defined by oxygen supply and/or ventilatory support at gestational age 36 weeks. Prenatal steroids were recorded if given at least 24 h before delivery. Small for gestational age was

defined as under the 10th percentile for gestational age (26). p) Fisher’s exact test were used unless 1 independent t-test (equal variance not assumed) or 2Mann-Whitney U-test is

specified. aDifferences between the group of subjects assessed and not assessed among those who had undergone PDA surgery; bDifferences between the assessed PDA-surgery

group and EP-born controls.

(3) Term-born controls: At 11 years of age, term born children
were recruited as controls for the regional subsample
of the EP-born children. The term born children were
identified from birth protocols at the maternity ward and

were invited as the next-born child of the same gender
as the EP born child, with GA >37 weeks and BW
>3,000 grams, corresponding to the Norwegian 10th-centile
for BW.
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Pulmonary Function
Vyntus R© PNEUMO spirometer (Vyaire Medical GmbH,
Leibnizstrasse, Hoechberg, Germany) was used to perform
spirometry according to guidelines (17). Forced vital capacity
(FVC), forced expiratory volume in 1 second (FEV1) and
FEV1/FVC were recorded. Raw data were transformed to z-
scores using the reference equations of the Global Lung Function
Initiative (18).

Cardiopulmonary Exercise Test
Peak exercise capacity was determined using a computerized
incremental treadmill (Woodway PPS 55 Med, Weil am Rhein,
Germany) exercise test according to a modified Bruce protocol
(19) using a Vyntus CPX unit powered by SentrySuite software
(Vyaire Medical GmbH, Hoechberg, Germany). Speed and
elevation were increased every 90 s from an initial slow-walking
phase. The test was stopped when the subject indicated severe
exhaustion, preferably supported by a respiratory exchange ratio
(RER) exceeding 1.05 or heart rate exceeding 95% of predicted
maximal heart rate (20).

Variables of gas exchange and airflow were measured breath
by breath and averaged over 10 s. The highest values for oxygen
uptake determined during the last 60 s were recorded as peak
values (VO2peak). VO2peak was reported as ml/kg/min and as
the percentage of predicted using reference equations from a
large sample of Norwegian subjects of relevant age (21). Exercise
performance was described by the completed distance (meters)
on the treadmill. The percentage inspiratory time to total time in
a respiratory cycle (Ti/Ttot%) was used to describe the breathing
pattern. Breathing reserve was the difference between maximal
voluntary ventilation (FEV1 x 35) and peak minute ventilation
reported as the percentage of maximal voluntary ventilation.

Continuous Laryngoscopy Exercise (CLE)
Test
CPET in the PDA-surgery group was performed with
concomitant continuous transnasal flexible video-laryngoscopy
(ENF TYPE V2, video processor CV-170, OLYMPUS, Tokyo,
Japan) as described previously (22). LVCP was identified and
later verified by laryngeal stroboscopy. The video recordings
of the laryngeal inlet during treadmill running were assessed
and rated for laryngeal obstruction according to a modified
version of the classification described by Maat et al. (23).
Because of laryngeal asymmetry in subjects with LVCP, a
modified CLE-score (0–24 points) was developed, assessing
the right and left glottic and supraglottic areas separately.
The visually assessed medial rotation of the aryepiglottic
folds and medialization of the vocal folds were scored
ranging from normal (0 points) to maximal (3 points) at
moderate (fast walking) and at maximal effort. The left
and right sides were scored separately. The total modified
CLE-score was the sum of the sub-scores at moderate and
maximal exercise.

Questionnaires
All participants were asked to complete an online questionnaire
mapping several health issues. The PDA-surgery group filled in
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TABLE 3 | Self-reported respiratory- and voice symptoms between groups of adults born EP with- or without LVCP and EP-born controls.

PDA-surgery EP-born controls

Symptoms
LVCP

N = 14

No LVCP

N = 13

OP

N = 3 pa N = 23 pb

Hoarse voice, n (%) 8 (57) 1 (8) 3 (100) 0.01 3 (13) 0.09

Voice affects participation in singing, n (%) 8 (57) 1 (8) 3 (100) 0.01 –

Voice that cracks when shouting, n (%) 7 (50) 2 (15) 3 (100) 0.10 –

Weak or unclear voice which limits the possibility for

being heard in a noisy environment, n (%)

8 (57) 4 (31) 3 (100) 0.25 –

Voice affects participation in school-work or social

activities, n (%)

4 (29) 3 (23) 3 (100) 1.00 –

None of the symptoms above, n (%) 2 (14) 9 (69) 0 (0) 0.006 –

Asthma medications last 12 months, n (%) 3 (21) 1 (8) 1 (33) 0.60 4 (17) 1.00

Breathing problems beyond normal during normal

physical exertion, n (%)

9 (64) 6 (46) 3 (100) 0.45 7 (30) 0.09

“Scraping” sound or abnormal sounds during

physical exertion, n (%)

6 (42) 2 (15) 2 (67) 0.21 2 (9) 0.09

EP, extremely preterm (gestational age <28 weeks and/or birthweight <1,000 g); LVCP, left vocal cord paralysis; OP, other pathology; PDA, patent ductus arteriosus. p) Fisher’s exact

test aLVCP vs. no LVCP; bPDA-surgery group (LVCP + no LVCP) vs. EP-born controls.

an additional paper-based questionnaire adapted from the Voice
Handicap Index with questions regarding voice symptoms (24).
The question on physical activity was adapted from the European
Community Respiratory Health Survey II questionnaire (25).
The questions “Do you have breathing problems beyond normal
during physical exertion?” Do you make scraping sounds or other
abnormal sounds from the throat during physical exertion? Is
your voice hoarser than in others of the same age? and “Does
your voice affect participation in singing?” were custom-made for
the project.

Statistical Methods
Data were analyzed using the statistical software SPSS version
26 (IBM SPPS Statistics, NY, USA) and MedCalc version 19.5.3
(MedCalc Software Ltd, Osted, Belgium). Group comparisons
were performed using the independent samples t-tests (equal
variance not assumed) with 95% confidence intervals (95% CI),
Mann-Whitney U-tests, or Fisher’s exact tests, as appropriate.
Analysis of covariance was used when the outcome for completed
distance and VO2peak was adjusted for gender and self-reported
physical activity (hours of exercise per week) and to adjust
for bronchopulmonary dysplasia (BPD) when comparing lung
function variables between the PDA-surgery group and the
EP-born control group. To examine whether the difference in
VO2peak between all EP-born and term-born controls differed
by gender, an interaction term for gender and group affiliation
was included. Linear regression with the modified CLE-score and
gender as predictors was used to investigate whether VO2peak
was associated with the CLE-score after adjusting for gender.
P-values ≤ 0.05 was characterized as statistically significant.

Ethics
The Regional Committee for Medical and Health Research
Ethics in Western Norway approved the study. Informed written

consents were obtained from all participants, or their parents if
subjects were not competent to give consent.

RESULTS

Thirty of 48 (63%) eligible subjects in the nationwide
PDA-surgery cohort consented to participate (Figure 1). One
participant was unable to perform spirometry, and two were
unable to run on the treadmill because of neurodevelopmental
disability. Neonatal and demographic characteristics are given in
Tables 1, 2.

Left Vocal Cord Paralysis
In the PDA-surgery group, sixteen (53%) subjects were diagnosed
with LVCP. Two subjects (7%) had laryngeal stenosis in addition
to LVCP, and one subject (3%) presented right-sided arytenoid
prolapse with overlying left-sided arytenoid fold making vocal
cord assessment during phonation difficult, and LVCP could
therefore not be determined (these three subjects are referred
to as other pathology and they were excluded from further
analysis). Thirteen subjects (43%) had a normal laryngeal exam
(no LVCP or major anatomic pathology). One subject with LVCP
and all three subjects with other pathology were aware of their
laryngeal pathology before entering this study, the remaining
12 were not. Within the PDA-surgery group, those with LVCP
had more often received postnatal steroids compared to those
with a normal larynx, whereas other neonatal characteristics were
similar (Supplementary File).

Only 14% of those with LVCP compared to 69% of those
without LVCP reported no voice-related symptoms (p = 0.006)
(Table 3). Around 50% reported abnormal sounds from the
throat and breathing problems during physical exertion, with
no differences between the groups with and without LVCP. All
three subjects with other pathology reported voice symptoms and
breathing problems during physical exertion.
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Lung Function
The three participants with other pathology were excluded
from the analyses of lung function and exercise capacity.
Within the PDA-surgery group, we did not find statistically
significant differences in spirometry values between subjects
with or without LVCP. However, clinically relevant differences
could not be excluded given the wide the confidence intervals
(Table 4).

The PDA surgery group had reduced z-FVC, z-FEV1, and z-
FEV1/FVC, compared to the EP-born controls and the term-born
controls (Table 4; Figure 2; Supplementary File). Neonatal BPD
was present in 80% of the PDA-surgery group and in 37% of the
EP-born controls, and BPD was associated with reduced z-FVC
and z-FEV1. Adjusting for BPD, z-FEV1 was still significantly
lower in the PDA-surgery group compared to the EP-born
group with a mean (95%CI) difference of 0.89 (1.17, 1.61),
p= 0.02.

Exercise Capacity
All participants ran to perceived maximal exhaustion and all
achieved RER above 1.05 or heart rate above 95% predicted.
Within the PDA-surgery group, we did not find statistically
significant differences in completed distance, VO2peak
(ml/kg/min as well as the percentage of predicted), or self-
reported physical activity for subjects with and without LVCP
(Table 5; Supplementary File). However, clinically relevant
differences could not be excluded given the wide confidence
intervals. Ti/Ttot% was higher in the participants with LVCP
compared to those without LVCP, and also higher than in the
EP-born controls and the term-born controls. Mean (95% CI)
difference between those with LVCP vs. all the other groups
combined was 2.8% (1.6, 4.1) p < 0.001.

The PDA-surgery group had similar exercise capacity and
self-reported physical activity as the EP-born control group.
All EP-born participants combined (PDA-surgery and EP-
born controls), ran a shorter distance, had lower VO2peak
(ml/kg/min), and reported less physical activity compared to
term-born controls (Table 5; Figures 2, 3; Supplementary File).
Adjusted for gender, mean (95% CI) difference in completed
distance and VO2peak between all the EP-born participants
combined vs. the term-born controls was 218 (114, 322) meters,
p < 0.001, and 4.9 (1.8, 8.0) ml/kg/min, p = 0.002, respectively.
There was no significant interaction effect between gender and
group affiliation (all EP-born and term-born) on VO2peak
(p = 0.16). After additional controlling for physical activity,
the completed distance on the treadmill was still shorter for
EP-born participants compared to the term-born control group
[mean (95% CI) difference 150 (39, 260) meters, p = 0.009].
Moreover, VO2peak difference was slightly reduced [3.2 (−0.2,
6.7) ml/kg/min] and no longer statistically significant (p= 0.07).

Continuous Laryngoscopy Exercise
Findings (PDA-Surgery Participants Only)
In the PDA-surgery group, 27/30 participants performed a CLE
test. Among these, the modified CLE-score at moderate and
maximal effort could not be determined in three subjects, and the
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TABLE 5 | Comparison of cardiopulmonary exercise measures in the group of adults born EP with- or without LVCP, EP-born controls and term-born controls.

PDA-surgery EP-born controls Term-born controls

Total

N = 25

(12 females)

LVCP

n = 13

(5 females)

No LVCP

n = 12

(7 females)

n = 30

(17 females)

n = 36

(13 females)

CPET variables Mean 95%CI Mean 95%CI Mean 95%CI pa Mean 95%CI pb Mean 95%CI pc pd

Peak heart rate, beat/min 191 185, 197 191 181, 201 191 183, 199 0.98 193 190, 196 0.54 195 191, 198 0.27 0.43

RER at peak exercise, units 1.24 1.21, 1.28 1.22 1.16, 1.27 1.27 1.22, 1.31 0.16 1.27 1.23, 1.30 0.24 1.26 1.24, 1.28 0.36 0.65

Ti/Ttot, % 51.0 49.9, 52.1 52.4 51.2, 53.6 49.4 47.8, 51.0 0.004 49.7 48.7, 50.7 0.09 49.5 48.6, 50.3 0.03 0.75

Breathing reserve, % 17 11, 23 20 13, 28 13 3, 23 0.19 16 11, 22 0.93 11 6, 16 0.12 0.11

Peak respiratory rate, breaths/min 46 42, 50 43 38, 48 49 42, 55 0.13 48 44, 51 0.47 54 50, 58 0.003 0.01

Females 47 41, 53 44 35, 53 50 40, 60 0.27 46 42, 51 0.76 51 45, 57 0.36 0.19

Males 44 39, 50 43 35, 50 47 34, 61 0.42 49 44, 54 0.18 56 50, 61 0.004 0.06

Peak minute ventilation, L/min 89 74, 99 90 74, 105 89 75, 103 0.94 101 92, 110 0.07 134 123, 144 <0.001 <0.001

Females 77 67, 86 72 51, 93 80 66, 94 0.43 90 80, 99 0.07 102 93, 110 <0.001 0.03

Males 101 86, 115 101 80, 121 101 68, 135 0.95 118 106, 129 0.06 152 141, 162 <0.001 <0.001

Distance, meter 892 805, 978 935 783, 1,086 835 779, 890 0.19 858 763, 953 0.59 1,117 1,017, 1,216 0.001 <0.001

Females 856 627, 1,084 932 305, 1,558 780 682, 878 0.50 777 667, 887 0.49 917 810, 1,024 0.59 0.06

Males 914 840, 988 936 809, 1,063 879 820, 937 0.35 964 801, 1,127 0.55 1,230 1,104, 1,355 <0.001 0.01

Peak VO2, ml/kg/min 37.5 34.9, 40.2 38.5 33.6, 43.4 36.5 33.9, 39.0 0.43 38.1 35.1, 41.1 0.76 43.6 41.0, 46.5 0.002 0.007

Females 35.8 31.0, 40.5 38.1 23.9, 52.3 34.1 31.8, 36.4 0.48 36.4 32.6, 40.2 0.82 38.5 35.0, 42.0 0.32 0.40

Males 39.2 36.1, 42.3 38.8 33.7, 43.9 39.8 35.6, 44.0 0.70 40.4 35.2, 45.5 0.67 46.6 43.3, 49.9 0.001 0.04

Peak VO2, % of predicted 79.6 73.5, 85.8 80.3 68.1, 92.4 79.0 74.9, 79.3 0.83 83.1 76.5, 89.6 0.44 90.2 85.5, 94.9 0.007 0.08

Females 85.0 73.6, 96.4 90.6 56.3, 124.9 81.0 75.5, 86.6 0.49 87.4 78.1, 96.6 0.73 92.2 83.9, 100.4 0.28 0.41

Males 74.7 68.8, 80.5 73.8 64.1, 83.5 76.1 68.3, 83.9 0.65 77.4 67.8, 87.1 0.60 89.1 82.9, 95.3 0.001 0.04

CPET, cardiopulmonary exercise test; EP, Extremely preterm (gestational age <28 weeks and/or birthweight <1,000 g); LVCP, left vocal cord paralysis; PDA, patent ductus arteriosus; RER, respiratory exchange ratio; Ti/Ttot, Inspiratory

time/Total inspiratory and expiratory time ratio; VO2, oxygen consumption; 95% CI, 95% confidence interval. Breathing reserve is the difference between maximal voluntary ventilation (FEV1 x 35) and peak minute ventilation reported

as the percentage of maximal voluntary ventilation. (p) Independent sample t-test (equal variance not assumed); aLVCP vs. no LVCP; bPDA-surgery group vs. EP-born controls; cPDA-surgery group vs. term-born controls; dEP-born

controls vs. term-born controls.
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FIGURE 2 | Comparison of lung function and oxygen consumption between EP adults who underwent neonatal patent ductus arteriosus surgery, EP-born controls,

and term-born controls. Error bars of mean with 95% CI for FEV1 z-score and peak oxygen consumption (ml/kg/min) for the PDA-surgery group, EP-born controls,

and term-born controls stratified by gender. Abbreviations: EP: extremely preterm (gestational age <28 weeks and/or birth weight <1,000 g); PDA: patent ductus

arteriousus.

FIGURE 3 | Self-reported physical activity among the EP-born participants who underwent neonatal PDA surgery, EP-born controls and term-born controls. Answer

to the self-reported question “How many hours per week do you attend sports, exercise, or exert yourself so much that you get out of breath and/or sweat?”

Response rate: PDA-surgery: n = 30/30, EP-born controls: n = 25/30, Term-born controls: n = 29/36 p) Chi-square test. EP, extremely preterm (gestational age <28

weeks and/or birth weight <1,000 g); PDA, patent ductus arteriousus.

total score was derived from the sub-scores at rest and maximal
effort, or at rest and moderate effort.

In the group with LVCP, all but one had a modified
CLE-score >4, indicating laryngeal obstruction during
exercise. In those with no LVCP, only three subjects had
a modified CLE-score >4 (Figure 4), which suggests they
had the specific diagnosis of EILO as all had normal larynx
at rest (27). Figure 5 demonstrates the laryngeal inlet

in three participants, one with a normal larynx and two
with LVCP.

The group of subjects reporting breathing difficulties during
exercise and those reporting abnormal sounds from the throat
during exercise did not have a higher modified CLE-score
than those without these symptoms (Supplementary File).
Furthermore, the modified CLE-score was not associated with
VO2peak after adjusting for gender (p= 0.40).
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FIGURE 4 | Laryngeal obstruction during exercise graded by a modified continuous laryngoscopy exercise (CLE) score in the adults born EP with or without left vocal

cord paralysis (LVCP). The median CLE-scores are indicated by horizontal lines. p) Mann-Whitney U-test.

FIGURE 5 | Images of the larynx during exercise in EP-born individuals who had undergone neonatal PDA surgery.

DISCUSSION

This is the first study to report the prevalence of LVCP in a
national cohort of young adults with a history of EP birth and
surgical closure of PDA during their neonatal period. Within
the PDA-surgery group, more than half of the participating
subjects were diagnosed with LVCP, which was associated with
characteristic voice symptoms, prolonged inspiratory to total
respiratory time, and laryngeal obstruction during exercise. We
did not find an association between LVCP and lung function or

exercise capacity, however, the power to detect such associations
was low due to the limited sample size. Overall, the PDA-surgery
group had impaired lung function compared to EP-born as well
as term-born controls, whereas exercise capacity was similarly
reduced for both PDA-surgery and EP-born controls compared
to term-born controls.

Studies examining LVCP after PDA surgery in EP-born
neonates have mainly been performed in the immediate
postoperative period or during infancy (28). Our group
has previously identified LVCP in 7 of 11 EP-born adults
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participating in a small local cohort study (12). In this national
study, the prevalence of LVCP was 53%, compared to the 32%
reported in a meta-analysis of studies examining all infants
after PDA surgery (28). Performing laryngeal examinations on
neonates is challenging, and pathology may be overlooked (29).
Thismay explain the high prevalence of LVCP in studies assessing
adults who are easier to examine. We do not have complete
information on whether clips or ligature were used for PDA
closure; hence, we could not assess a possible influence from the
mode of surgery.

Dysphonia is a known long-term complication of preterm
birth and is associated with extreme prematurity, emergency
intubations, andmultiple intubations, as well as PDA surgery (13,
30, 31). Unilateral vocal cord paralysis is associated with social
and physical limitations and reduced health-related quality of life
(32). There were more reports of voice symptoms in the subjects
with LVCP; however, about one-third of subjects without LVCP
also reported voice symptoms. Several of the subjects with LVCP
in our study reported that their voice affected their participation
in singing, social activities, and schoolwork. Surgical treatment
and voice therapy may improve voice quality, and we encourage
that a laryngeal examination is performed after neonatal PDA
surgery (33).

Local traumas related to intubation and prolonged time
on invasive mechanical ventilation are known risk factors
for laryngeal injury (34). We found that 3/30 (10%) of the
participants who underwent laryngoscopy had major laryngeal
pathology other than LVCP. All three reported voice symptoms
and breathing problems during exercise and all were aware
of their malfunctioning larynx prior to study enrollment,
contrasting the participants with LVCP, where only one had
been aware of their pathology in advance. This certainly
underlines the importance of suspecting laryngeal pathology in
EP-born individuals with voice or respiratory complaints and to
include an upper airway assessment to achieve a comprehensive
understanding of their symptoms.

BPD and PDA
In the PDA-surgery group in this present study, more had BPD
and the lung function was poorer in adulthood, compared to
the EP-born control group. There is convincing evidence that
preterm-born survivors with or without BPD have an increased
risk for poor adult lung function (35). The association between
PDA surgery and BPD has been reported earlier (8, 36), and
may be explained by more severe neonatal respiratory illness,
as PDA surgery tends to be performed as “rescue therapy”
in infants with already advanced lung disease and/or failed
pharmacological treatment of PDA (5, 37). However, population-
based observational studies have suggested that early surgical
ligation is an independent risk factor for BPD (38, 39). A re-
examination of the only randomized controlled trial investigating
the effects of prophylactic PDA ligation vs. delayed ligation
revealed a significant increase in BPD incidence in those who
were ligated prophylactically (40). Animal studies support a
link between PDA ligation and the development of chronic
lung disease by increased expression of genes involved in
pulmonary inflammation and decreased alveolar fluid clearance
(41). However, these issues are incompletely understood.

Exercise Capacity, Physical Activity, and
Laryngeal Obstruction During Exercise
In individuals with LVCP, the para-median position of a
paralyzed left vocal cord would be expected to interfere with
the normal exercise-induced dilation of the glottis, and thus
potentially compromise airflow capacity and exercise capacity.
We found that subjects with LVCP had prolonged inspiration and
a tendency for a lower peak respiratory rate at peak exercise. By
laryngoscopy, we observed severe laryngeal obstruction during
exercise in several individuals affected with LVCP (Figure 5).
However, LVCP and the modified CLE-score were not associated
with VO2peak. This finding is in line with our previous study,
where no association between VO2peak and LVCP was found in
EP-born adults (12). The results from these two studies suggest
that it is possible to obtain average exercise capacity despite a
relatively severe laryngeal obstruction.

A number of long-term sequelae of EP birth may affect
subsequent exercise capacity, such as cardiopulmonary and
neuromuscular impairment, reduced skeletal muscle mass, and
behavioral issues such as less participation in physical activity
(2). A review of 22 studies on exercise capacity concluded that
children and adults born preterm have 13% lower VO2peak
(ml/min/kg) than term-born, in line with the ∼11% (-4.9
ml/kg/min) lower VO2peak observed for all our EP-born
participants combined (14). Similar to previous reports, we found
that a lower amount of physical activity may be an explanatory
factor for the relatively modest deficit in VO2peak (42). It is
still not determined if an increased level of physical activity will
lead to improved exercise capacity in EP-born adults. Morales
Mestre et al. conducted a randomized intervention study on EP-
born children diagnosed with BPD and found that a structured
exercise program improved exercise capacity (43). We encourage
more research to be invested in this area to expand the knowledge
on participation in physical activity and trainability in the EP-
born population.

Strengths and Limitations
The strengths of this study were a population-based design with
several centers responsible for the PDA surgery, and a high rate
of participation. It was a limitation that only the PDA-surgery
group was examined with laryngoscopy. Undiscovered LVCP or
other laryngeal pathology might have been present in the EP-
born control group, due to e.g., pressure from a large PDA or
a large pulmonary trunk (44). Furthermore, laryngoscopy was
not performed in the neonatal period and preoperative pathology
or spontaneous postoperative improvement of LVCP could not
be assessed. Cardiopulmonary exercise data for the PDA-surgery
group were obtained from CLE-tests, which we have shown can
be used interchangeably with data obtained from a regular CPET
(22). Information on physical activity was self-reported and not
determined by a more objective method like accelerometry or
diary. Furthermore, the question on physical activity did not
include aspects of mode and intensity, factors that may have
affected the correlation between VO2peak and physical activity.

The number of eligible subjects was determined by the
number of EP-born infants who underwent PDA surgery in
Norway during 1999–2000. The sample size was relatively small
with large variation within the groups, resulting in a reduced
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power to detect differences in the subgroup analyses. About
one-third of the eligible EP-born adults who had undergone
PDA surgery were lost to follow-up (Figure 1). Recruiting young
adults with a busy schedule is challenging and individuals with
voice or breathing symptoms might have been more motivated
to participate than individuals without such symptoms. The
estimated prevalence of LVCP in this cohort lies within the
range of 16/48 (33%) to 34/48 (71%) if no one or all non-
participating subjects were diagnosed with LVCP. Furthermore,
the study protocol requested treadmill running whichmight have
motivated those able to and familiar with running to participate.
More subjects in the participating group had a normal neonatal
cerebral ultrasound compared to the non-participating group,
implying a selection of subjects with less neurological sequela
(Table 1).

Management of PDA in EP-born individuals is still under
debate (45). Reports suggesting associations with negative post-
operative outcomes have contributed to a decline in the rate
of PDA surgery in the last decade (46). However, selection by
indication represents a challenge and may not have been fully
accounted for when reporting on outcomes (5, 47). Choice of
surgical procedure may also affect outcomes. Surgical ligation has
been associated with higher rates of LVCP than surgical clipping
(48). Unfortunately, we did not have complete information
on surgical methods in our data set. New catheter-based
procedures add options for PDA closure also for infants<1,000 g
(49). Irrespective of future guidelines for PDA management, a
population of EP-born subjects with a history of neonatal PDA
surgery already exists. Therefore, clinicians caring for EP-born
children and adults should be aware of symptoms and long-
term outcomes associated with PDA-surgery and LVCP to ensure
proper follow-up.

CONCLUSIONS

In this nationwide study, LVCP was present in 53% of EP-born
young adults who had undergone neonatal PDA surgery. Within
the PDA-surgery group, LVCP was associated with self-reported
voice symptoms and laryngeal obstruction during exercise. We
did not find an association between LVCP and lung function and
exercise capacity, however; the power to detect such associations
was low. Overall, the PDA-surgery group had impaired lung
function compared to EP-born and term-born controls, whereas
exercise capacity was similarly reduced for both PDA-surgery and
EP-born controls compared to term-born controls.

Clinicians caring for EP-born children and adults should
be aware of possible laryngeal sequelae after PDA surgery.
Furthermore, EP-born subjects with a history of PDA surgery
represent a population that needs follow-up to monitor lung
function. Despite a high-risk start to life, EP-born individuals
who underwent PDA surgery seem to achieve an exercise capacity
only modestly decreased compared to term born individuals.
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