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Abstract

Respiratory morbidity in the first two years of life, including recurrent
symptoms and frequent hospitalizations, is a common problem in very preterm
and very low birth weight (VLBW) infants. We conducted a retrospective
cohort study aiming to describe the respiratory morbidity at 2 years of
corrected age for very preterm and VLBW infants and to identify potential
risk factors for its development in a Portuguese based population born in a
tertiary referral center between 2009 and 2011. Data were collected from
patient’s clinical files and using a standardized questionnaire-based clinical
interview for parents. A total 59 children were included. Thirteen (22.0%)
had recurrent respiratory symptoms and 12 (20.3%) were using chronic
respiratory medication. Health care utilization for respiratory causes was
frequent (57.6%), particularly emergency department attendance (50.8%).
Twenty seven (45.8%) had additional outpatient visits for respiratory
causes and hospital admission was necessary for 8 (13.6%) patients. Factors
associated with increased recurrent respiratory symptoms included maternal
hypertensive disorders during pregnancy, umbilical artery flow disturbances,
being small for gestational age, bronchopulmonary dysplasia, retinopathy of
prematurity, intraventricular hemorrhage and a weight percentile below 3 at
6, 12 and 24 months of corrected age. Premature rupture of membranes was
negatively associated with respiratory morbidity. Respiratory morbidity at
2 years of age is a common problem in very preterm and VLBW children
from our population. Several perinatal and developmental risk factors were
identified for respiratory morbidity. Further studies are needed to clarify
the importance of these factors, as they can lead to changes in healthcare
guidelines.
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Introduction

Preterm birth has increased over the last 20 years
and survival rates have improved [1-4]. Chronic
respiratory problems remain a common complication
of prematurity, and very preterm [1, 2, 4] and very
low birth weight (VLBW) [5, 6] infants are especially
vulnerable.

These children often experience recurrent
respiratory symptoms, with wheezing being the
most frequently described outcome. Recurrent cough
is also common, as is the need for bronchodilators
and inhaled corticosteroids. Rates of hospitalization
are considerably higher in this population, with
respiratory illnesses being the most common cause
of admission [5-10].

Several perinatal, neonatal and familial factors, as
well as early life exposures have also been associated
with increased respiratory morbidity in the first years
of life [7, 11-17].

Hospitalization rates usually decline after the
second year of life and by school age symptoms
typically become mild [1, 2]. However, in some
individuals recurrent wheezing and pulmonary
function impairment may persist throughout
childhood and early adulthood [18-21].

The aim of this study is to describe the respiratory
morbidity at 2 years of corrected age for very preterm
and VLBW infants and to identify potential risk
factors for its development in a Portuguese based
population born in the modern neonatal care era.

Patients and methods

This retrospective cohort study was conducted in
a neonatal intensive care unit (NICU) of a tertiary
referral center hospital in Porto, Portugal — “Centro
Hospitalar de Sdo Jodo”.

All children born at our hospital between
January 1, 2009 and December 31, 2011 with less
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than 32 weeks of gestational age or less than 1,500
g at birth, and admitted to the NICU of the hospital
were included. Exclusion criteria were: major
malformations, chromosomal disorders, congenital
TORCH infection, death during NICU stay and
transfer to another hospital before completing 7
days at the local NICU.

All information was collected retrospectively.
Patients’ clinical files were consulted and data about
demographics, perinatal and neonatal characteristics
were recorded (Appendix A).

Gestational age was defined by menstrual age
(women with regular menstrual cycles), ultrasound
examination (in the absence of a menstrual date
or when a difference of two or more weeks
existed between menstrual age and that derived
sonographically), or by the New Ballard Score (in
the absence of obstetrical indexes) [22, 23]. Small
for gestational age (SGA) was defined as a birth
weight below the 10" centile of Fenton’s fetal
growth charts [24].

Histological chorioamnionitis was classified
according to Blanc [25] (stage I: intervilositis;
stage II: chorionitis; stage III: chorioamnionitis,
funisitis [polymorphonuclear leukocytes in the
Wharton’s jelly or umbilical vessel walls], vasculitis
[polymorphonuclear leukocytes in chorionic or
umbilical blood vessel walls]).

Diagnosis of respiratory distress syndrome
(RDS) was made using clinical and radiological
criteria [26]: (1) PaO, < 50 mmHg in room air,
central cyanosis in room air, a requirement for
supplemental oxygen to maintain PaO, > 50
mmHg or a requirement for supplemental oxygen
to maintain a pulse oximeter saturation over 85%
within the first 24 h of life and (2) a chest radiograph
consistent with RDS (reticulogranular appearance
to lung fields with or without low lung volumes
and air bronchograms) within the first 24 h of life.
RDS was classified as light, moderate or severe
according to X ray appearance ranging from a light
reticulogranular pattern with air bronchograms to
white lungs, an adaptation from the classification
by Couchard et al. [27].

Bronchopulmonary dysplasia (BPD) was defined
according to the National Institute of Child Health
and Human Development consensus criteria [28,
29]. Patent ductus arteriosus (PDA) was considered
when a hemodynamically significant defect was
diagnosed on echocardiography. Diagnosis and
staging of necrotizing enterocolitis (NEC) was made
using the modified Bell criteria [30]. Retinopathy
of prematurity (ROP) was staged according to the
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International Classification [31]. Proven neonatal
sepsis was defined as any systemic bacterial or
fungal infection documented by a positive blood
culture. Intraventricular hemorrhage (IVH) was
classified according to Papile et al. [32] (grade I:
germinal matrix hemorrhage; grade II: IVH without
ventricular dilation; grade I1I: IVH with ventricular
dilation; grade IV: germinal matrix hemorrhage or
IVH with parenchymal involvement).

Afterwards, information about respiratory
morbidity, care and evolution during the first 2
years of life (Appendix B) was collected in a single
interview with the patients’ parents conducted at a
routine hospital visit for the child or telephonically
for those who had no scheduled visits or missed
their appointments.

Weight percentiles at 6, 12 and 24 months of
corrected age were defined according to the World
Health Organization Child Growth Standards [33].
Socioeconomical status was graded using the
Graffar classification as adapted to the Portuguese
population [34].

Written or oral consent was obtained after the
parents were fully informed about the study’s
design and purpose.

This study was approved by the Centro Hospitalar
de Sdo Joao’s ethics committee.

Statistical analysis was performed using
SPSS® 19 (IBM®, New York, USA). Categorical
variables were described using absolute and
relative frequencies. Continuous variables (with
non symmetrical distribution) were described
using median and range. We used Chi square test
to explore associations for categorical variables
and Mann Whitney test for continuous variables.
Results are presented as odds ratio (OR) with the
respective 95% confidence intervals (95% CI). A p
value < 0.05 was considered significant.

Results

A total of 119 patients met the inclusion criteria.
Thirteen were excluded for malformations, 5 for
chromosomal disorders, 13 for death during NICU
stay and 16 for transfer to another hospital before
completing 7 days at the local NICU. Additionally,
12 children were excluded for loss of follow up and
1 for parents’ refusal to participate. In the end, a
total of 59 children were included.

The populations’ demographics, perinatal and
neonatal data are summarized in Tab. 1. Tab. 2
describes the participants’ care and evolution after
discharge, social and familiar characteristics.

Respiratory morbidity in very preterm and VLBW infants
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According to Tab. 3, in the first 2 years of life,
13 (22.0%) had recurrent respiratory symptoms
and 12 (20.3%) were using chronic respiratory
medication. Health care use for respiratory causes
was frequent (57.6%), particularly emergency
department attendance (50.8%). Hospital admission
was necessary for 8 (13.6%) patients. Twenty
seven (45.8%) had additional outpatient visits for
respiratory causes. Eighteen (30.5%) parents had to
miss at least 1 day at work for their child’s respiratory
problems (Tab. 3).

Table 1. Demographics, perinatal and neonatal
characteristics of the study population (continues on the
next page).

| Total (n=59)
DEMOGRAPHICS
Female, n (%) 36 (61.0)
Gestational age (weeks), median (range) 30 (25-37)
Birth weight (g), median (range) 1,195 (520-2,435)
SGA (small for gestational age), n (%) 26 (44.1)
Asymmetrical SGA (small for gestational age),
n (%) 7 (11.9)
GESTATION
Multiple gestation, n (%) 21 (35.6)
Prenatal corticosteroids, n (%) 54 (91.5)
Incomplete cycle, n (%) 9 (15.3)
Complete cycle, n (%) 45 (76.3)
Smoking during pregnancy, n (%) 9 (15.3)
Gestational diabetes, n (%) 5 (8.5)
Chronic maternal hypertension, n (%) 3 (5.1)
Hypertensive disorders of pregnancy, n (%) 11 (18.6)
Pre eclampsia, n (%) 9 (15.3)
Eclampsia, n (%) 1 (1.7)
HELLP syndrome, n (%) 2 (3.4)
Histological chorioamnionitis, n (%) 19 (82.2)
Funisitis and/or chorionic vasculitis, n (%) 10 (16.9)
Clinical chorioamnionitis, n (%) 2 (3.4)
Placental abruption, n (%) 3 (5.1)
Umbilical artery flow disturbances?, n (%) 14 (23.7)
DELIVERY
Cesarean section, n (%) 49 (83.1)
Premature rupture of membranes, n (%) 10 (16.9)
Hours of membrane rupture, median (range) 62 (3-1,992)
Intrapartum antibiotics for premature rupture of
membranes, n (%) 6 (102)
APGAR (1% minute)
0-3, n (%) 6 (10.2)
4-6,n (%) 15 (25.4)
7-10, n (%) 38 (64.4)
APGAR (5" minute)®
0-3, n (%) 1 (1.7)
4-6, n (%) 6 (10.2)
7-10, n (%) 51 (87.9)
Need for resuscitation, n (%) 30 (50.8)
Early CPAP, n (%) 27 (45.8)

alncludes umbilical artery flow absence or inversion; °n = 58.
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Table 1. Demographics, perinatal and neonatal
characteristics of the study population (continues from
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Table 2. Care and evolution after discharge from NICU.

the previous page). Total (n = 59)
Breastfeeding, n (%) 34 (57.6)
| Total (n =59) Duration of breastfeeding (months), median (range) 3  (1-27)
NEONATAL PERIOD (NICU STAY) Isolation during first winter season, n (%) 17  (28.8)

SNAPPE Il score® Other preventive measures, n (%) 35 (59.3)
0-9, n (%) 32 (54.2) Antipneumococcal vaccine, n (%) 57 (96.6)
10-19, n (%) 6 (10.2) Palivizumab, n (%) 47 (79.7)
20-29, n (%) 8 (13.6) Influenza vaccine, n (%) 20 (33.9)
30-39, n (%) 3 (5.1) Weight percentile at 6 months of corrected age*

40-49, n (%) 2 (3.4) <3,n (%) 12 (20.7)
50-59, n (%) 1 (1.7) =3,n (%) 46 (79.3)
60-69, n (%) 1 1.7) Weight percentile at 12 months of corrected age®

70-79, n (%) 0 (0.0) <3,n (%) 9 (16.1)
=80, n (%) 0 (0.0) =3, n (%) 47 (83.9)

CRIB score® Weight percentile at 24 months of corrected age°®
0-5, n (%) 47 (79.7) <3,n (%) 5 (8.8)
6-10, n (%) 6 (10.2) =3, n (%) 52 (91.2)
11-15, n (%) 0 (0.0 SOCIAL AND FAMILIAR CHARACTERISTICS
=16, n (%) 0 (0.0) Socioeconomical status (Graffar classification)

RDS (respiratory distress syndrome), n (%) 29 (49.2) Class I, n (%) 17  (28.8)
Mild, n (%) 13 (22.0) Class Il, n (%) 20 (33.9)
Moderate, n (%) 11 (18.6) Class I, n (%) 18 (30.5)
Severe, n (%) 5 (8.5) Class IV, n (%) 4 (6.8)

Surfactant administration, n (%) 29 (49.2) Class V, n (%) 0 (0.0

Conventional mechanical ventilation, n (%) 27 (45.8) Number of people in the household, median (range) 4 (2-7)
Invasive ventilation only, n (%) 1 (1.7) Preschool aged siblings, n (%) 24 (40.7)
Invasive ventilation and nCPAP, n (%) 26 (44.1) Stayed at home during the first two years of life, n (%) 44 (74.6)

nCPAP only, n (%) 24 (40.7) Day care attendance, n (%) 15  (25.4)

Days of conventional mechanical ventilation, Age at beginning of day care attendance, median

median (range) 7 (1-59) (range) o (020

Days of nCPAP, median (range) 27 (2-62) Any smokers in the household, n (%) 27 (45.8)

Supplemental oxygen, n (%) 29 (49.2) Fireplace in the household, n (%) 26 (44.1)
Maximal fraction of inspired O,, median (range) | 0.21 (0.21-1.00) Family history of asthma, n (%) 24 (40.7)
Days of supplemental oxygen, median (range) 7 (1-121) Maternal, n (%) 13 (22.0)

Supplemental oxygen on discharge, n (%) 1.7) Family history of atopy, n (%) 22 (37.3)

BPD (bronchopulmonary dysplasia), n (%) (10.2) Maternal, n (%) 12 (20.3)
Mild, n (%) (3.4)

Moderate, n (%) 1.7)
Severe, n (%) (5.1)
PDA (patent ductus arteriosus), n (%) 14 (23.7)

W= [N|O|=

NEC (necrotizing enterocolitis) (= 2A), n (%) 3 (5.1)
ROP (retinopathy of prematurity) (= Il), n (%) 8 (13.6)
IVH (intraventricular hemorrhage) (= lll), n (%) 3 (5.1)
Hydrocephalus, n (%) 2 (3.4)
Periventricular cystic leukomalacia, n (%) 6 (10.2)
Sepsis, n (%) 23 (39.0)
Days at the NICU, median (range) 43 (7-154)

Weight on discharge (g), median (range) 1,920 (848-2,800)

Weight percentile on discharge

<3,n (%) 43 (72.9)
=3,n (%) 16 (27.1)
Season of discharge
Spring, n (%) 22 (37.3)
Summer, n (%) 14 (23.7)
Autumn, n (%) 8 (13.6)
Winter, n (%) 15 (25.4)
°n =53.
4/12

an = 58; °n = 56; °n = 57.

Being SGA was significantly associated with
the presence of recurrent respiratory symptoms
(OR: 3.84, 95% CI: 1.02-14.37), as were maternal
hypertensive disorders during pregnancy (OR:
4.17, 95% CI: 1.02-17.05) and umbilical artery
flow disturbances (OR: 10.67, 95% CI. 2.61-
43.64). Premature rupture of membranes (PROM)
was negatively associated with the presence of
respiratory symptoms in the first 2 years of life
(Tab. 4).

BPD (OR: 9.78, 95% CI: 1.55-61.73), ROP
(stage = II) (OR: 5.00, 95% CI: 1.03-24.30)
and IVH (grade > III) had significant positive
associations with respiratory morbidity, as did a
weight percentile below 3 at 6, 12 and 24 months of
corrected age (Tab. 4).
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Table 3. Respiratory morbidity in the first two years of
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Table 4. Factors associated with respiratory morbidity

life. in the first two years of life (continues on the next page).
Total (n =59) How to read Tab. 4: the percentages represent the proportion of children
SYMPTOMS in each category that developed recurrent respiratory symptoms. For
example, in the case of “Chronic maternal hypertension”: 3 children
Recurrent respiratory symptoms, n (%) 13 (22.0) had a maternal history of chronic hypertension, of whom 2 developed
o recurrent respiratory symptoms (2/3 = 66.7%); on the other hand, of the
Recurrent cough, n (%) 4 68) 56 children with no maternal history of chronic hypertension, only 11 went
Recurrent wheeze, n (%) 3 (5.1) on to develop recurrent respiratory symptoms (11/56 = 19.6%). The same
. N applies for the other variables. We didn’t include the “n” for each category
Recurrent respiratory symptoms on exertion,n (%) | 10  (16.9) in Tab. 4 as they can be found in Tables 1 and 2.
Waking with cough, n (%) 4 (6.8)
Waking with wheeze, n (%) 3 (5.1)
Recurrent
Waking with dyspnea, n (%) 4 (6.8) respiratory OR
Respiratory symptoms with respiratory illness only, symptoms, (95% CI) g
o 30 (50.8) n (%)
n (%)
Cough, n (%) 33  (85.9) Overall 13 (22.0)
Wheeze, n (%) 28  (47.5) Sex
NEED FOR RESPIRATORY MEDICATION Female 9(25.0) 100 (re) | 0.49
Male 4(17.4) | 0.63(0.17-2.36)
Chronic respiratory medication?, n (%) 12 (20.3) SGA (small for gestational age)
Long acting B agonists, n (%) 0 0.0 No 4(12.1) 1.00 (ref) 0.04
Daily inhaled corticosteroids, n (%) 5 (85 Yes 9(34.6) |3.84(1.02-14.37)
- - - Assymetrical SGA (small for
Daily short acting B agonists, n (%) 2 (3.4) gestational age)
0.58
Frequent inhaled antimuscarinics use, n (%) 2 (3.4) No 12 (23.1) 1.00 (ref)
Daily leukotriene antagonists use, n (%) 2 (3.4) pES 1(143) 0.56 (0.06-5.08)
Prenatal corticosteroids
Frequent antihistamines use, n (%) 5 (8.5) No 0(0.0) 1.00 (ref)
Respiratory medication for respiratory iliness only®, 25 (42.4) 1 dose 3(33.3) na. o.21
o .
() 2 doses 10 (22.2) na.
HEALTH CARE UTILIZATION Smoking during pregnancy
Health care utilization for respiratory causes, n (%) 34 (57.6) No 12 (24.0) 1.00 (ref) 0.36
Additional outpatient visits for respiratory causes, | (458) Yes 1(11.1) | 0.40(0.05-3.49)
n (%) ) Gestational diabetes
Emergency department attendance for respiratory 30 No 13 (24.1) 1.00 (ref) 0.11
A% (50.8)
causes, n (%) Yes 0(0.0) n.a.
Emergency department attendance for " y
bronchiolitis, n (%) 16 (27.1) Ch'r‘lonlc maternal hypertension — — 006
Emergency department attendance for 5 (3.4) 0 (19.6) .00 (ref) ’
pneumonia, n (%) - Yes 2(66.7) |8.18(0.68-98.62)
Emergency department attendance for other 7 (88) Hypertensive disorders of
respiratory causes, n (%) : pregnancy 0.04
Hospital admission for respiratory causes, n (%)? 8  (13.6) No 8(16.7) 1.00 (ref) ’
Hospital admission for bronchiolitis, n (%) 7 (11.9) Yes 5(455 |4.17(1.02-17.05)
Placental disorders?
Hospital admission for pneumonia, n (%) 1 1.7) No 9(23.1) 1.00 (ref) 0.79
Hospital admission for other respiratory causes, 3 (5.1) Yes 4(20.0) | 0.83(0.22-3.14)
o .
() Umbilical artery flow
IMPACT ON PARENTS’ LIFE disturbances®
0.001
Any missed days at work, n (%) 18 (30.5) No 5(11.1) 1.00 (ref)
Number of days missed at work by parents, 7 (2-10) AL - 8(57.1) |1067 (2:61-43.64)
median (range) Cesarean section
No 0 (0.0) 1.00 (ref) 0.02
aIncludes inhaled long and short acting 3 agonists, inhaled Yes 13 (26.5) na.
antimuscarinics, inhaled corticosteroids, oral leukotriene antagonists and PROM o o P
oral antihistamines; “includes inhaled long and short acting 3 agonists, b (premature rupture o
inhaled antimuscarinics, inhaled corticosteroids, and oral antihistamines; membranes) 0.02
%in the subsection “Emergency department attendance for respiratory No 13 (26.5) 1.00 (ref)
causes”, 30 refers to the number of children who had any (= 1) emergency Yes 0(0.0) n.a.
department attendance for respiratory causes during their first two years APGAR (5" minute)
of life; since some of these children had more than one attendance, and
those attendances were frequently for different ilinesses, the sum exceeds 0-6 2(28.6) 1.00 (ref) 0.68
30 (for example, if a child had one attendance for bronchiolitis and another =7 11(21.6) | 0.69 (0.12-4.04)
for pneumonia, they were considered as having “emergency department Need for resuscitation
attendance for respiratory causes”, “emergency department attendance No 5(17.2) 1.00 (ref) 0.38
for bronchiolitis” and also “emergency department attendance for - - ’
pneumonia”); %the same applies to the subsection “Hospital admission for Yes 8(267) 1.75 (0.50-6.14)

respiratory causes”, in which 8 is the number of children who had any (= 1)
hospital admission for respiratory causes, and some children had more
than one admission, for different reasons.

Respiratory morbidity in very preterm and VLBW infants

ancludes histological chorioamnionitis, funisitis and chorionic vasculitis;
bincludes umbilical artery flow absence or inversion.
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Table 4. Factors associated with respiratory morbidity
in the first two years of life (continues from the previous

Table 4. Factors associated with respiratory morbidity
in the first two years of life (continues from the previous

page). column).
Recurrent Recurrent
respiratory OR respiratory OR
symptoms,|  (95%Cl) P symptoms,|  (95%Cl) P
n (%) n (%)
Early CPAP Breastfeeding
No 10 (31.3) 1.00 (ref) 0.06 No 7 (28.0) 1.00 (ref) 0.35
Yes 3(11.1) 0.28 (0.70-1.13) Yes 6(17.6) 0.55 (0.16-1.91)
RDS (respiratory distress Isolation during first winter
syndrome) 0.38 season
No 8(26.7) 1.00 (ref) ' No 10 (23.8) 1.00 (ref) 0.60
Yes 5(17.2) | 057(0.16-2.02) Yes 3(17.6) | 0.67(0.16-2.88)
Surfactant administration " .
T ; Antipneumococcal vaccine
o 7 (23.3 1.00 0.81
(233 (ref) No 2 (40.0) 100 (ref) | 0.34
Yes 6(20.7) | 0.86(0.25-2.95)
- - Yes 11(20.4) | 0.38 (0.06-2.59)
Conventional mechanical
ventilation Palivizumab
No 7(219) 1.00 (ref) 0.97 No 4 (33.3) 1.00 (ref) 0.31
Yes 6(22.2) | 1.02(0.30-3.51) Yes 9(19.1) | 0.47(0.12-1.93)
nCPAP only Influenza vaccine
No 10 (28.6) 1.00 (ref) 0.13 No 8(18.6) 1.00 (ref) 0.31
Yes 3(125) | 0.36 (0.09-1.47) Yes 5(31.3) | 1.99 (0.54-7.35)
Supplemental oxygen Weight percentile at 6 months of
No 6 (20.0) 1.00 (ref) 0.70 corrected age
Yes 7(@41) | 1.27 (0.37-4.37) <3 7(583) 100 (refy  |9-002
BPD (bronchopulmonary =3 6 (13.0) 0.11 (0.03-0.45)
dysplasia) 0.01 Weight percentile at 12 months
No 9(17.0) 1.00 (ref) of corrected age
Yes 4(66.7) |9.78 (1.55-61.73) <3 6 (66.7) 1.00 (ref) 0.001
PDA (patent ductus arteriosus) =3 6(12.8) 0.07 (0.01-0.37)
No 10 (22.2) 1.00 (ref) 0.95 Weight percentile at 24 months
Yes 3(21.4) 0.96 (0.22-4.10) of corrected age
NEC (necrotizing enterocolitis) <3 4(80.0) 100 (refy 0004
(=24) 0.64 =3 9(17.3) | 0.05(0.01-0.53)
No 12 (21.4) 1.00 (ref) . - -
Socioeconomical status (Graffar
Yes 1(33.3) | 1.83(0.15-21.98) classification)
ROP (retinopathy of prematurity) Class | 4(23.5) 1.00 (ref)
(=) 0.35
| [} 2(10.0 0.36 (0.06-2.2 :
No 8(16.7) 100 (ref) | 205 Gless (10.0 ( ®)
Yes 4(50.0) |5.00 (1.03-24.30) Gl 6(333) | 1.63(037:7.20)
IVH (intraventricular Class IV 1(25.0) | 1.08 (0.09-13.54)
hemorrhage) (= lll) Preschool aged siblings
0.01
No 11(19.3) 1.00 (ref) No 10 (28.6) 1.00 (ref) 0.13
Yes 2(100.0) n.a. Yes 3(125) | 0.36 (0.09-1.47)
Hydrocephalus Day care attendance
No 12(21.1) 1.00 (ref) 0.38 No 11250) 1,00 (ref) 033
Y 1(50.0 3.75 (0.22-64.44
es : (50.9 ( ) Yes 2(133) | 0.46(0.09-2.37)
Periventricular cystic -
leukomalacia Any smokers in the household
No 12 (24.0) 1.00 (ref) 0.36 No 7(21.9) 1.00 (ref) 0.97
Yes 1(11.1) 0.40 (0.05-3.49) Yes 6 (22.2) 1.02 (0.30-3.51)
Sepsis Fireplace in the household
No 6 (16.7) 1.00 (ref) 0.22 No 9(27.3) 1.00 (ref) 0.27
Yes 7(304) | 2.19(0.63-7.62) Yes 4(15.4) | 0.49(0.13-1.80)
Weight percentile on discharge Family history of asthma
<3 10 (23.3) 1.00 (ref) 0.71 No 8(22.9) 1.00 (ref) 0.85
=3 3(18.8) | 0.76 (0.18-3.22)
- Yes 5(20.8) | 0.89(0.25-3.14)
Season of discharge T o
Spring 4(182) 1.00 (ref) ATy Woory of STonY
Summer 4(286) | 1.80(0.37-8.80) | 0.90 L0 6(162) 1.00 (ref) 017
Autumn 2(25.0) | 1.50 (0.22 10.36) Yes 7(31.8) | 2.41(0.69-8.44)
Winter 3(200) | 1.13(0.21-5.95) cIncomplete immunization (1 or 2 doses) or no immunization.
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We found no significant associations for
gestational age, birth weight, SNAPPE II and CRIB
scores, maximal fraction of inspired O, during
NICU stay, duration of NICU stay, duration of
breastfeeding, number of people in the household
and age at beginning of daycare attendance (data
not shown).

Discussion

We aimed to describe the respiratory morbidity at
2 years of corrected age in a Portuguese population
of very preterm and VLBW infants. The prevalence
of recurrent respiratory symptoms was 22.0%, with
symptoms on exertion being the most frequent
manifestation (16.9%). Twelve patients (20.3%)
required chronic respiratory medication and 57.6%
had health care utilization for respiratory causes in
the first 2 years of life.

The prevalence of respiratory symptoms and
chronic respiratory medication use in our population
is lower than that described in most studies [4, 8, 9, 13,
35, 36]. The great variability among studies’ inclusion
and exclusion criteria, definition of outcomes and age
at evaluation makes it difficult to compare results.
Still, the fact that our population is highly selected,
excluding outborn patients with potentially more
severe neonatal disease justifying their transfer to a
tertiary center, could explain some of the differences
observed. Also, the low prevalence of BPD in our
population (10.2%), although comparable to a pre-
vious Portuguese study (12.9%) [37], could contribute
to the overall low respiratory morbidity. However,
rates described for preterm children without BPD are
still higher than those we found [8, 36]. Differences in
prescription criteria could explain some variations in
medication use as well.

The rate of hospital admissions for respiratory
causes was also lower than that found in previous
studies, although similar rates have been described
[1, 8, 35, 36, 38]. Once again, differences in inclusion
and exclusion criteria, age at evaluation and admission
criteria make any conclusive comparisons difficult.

We found a significant association between
being SGA and recurrent respiratory symptoms.
While some have found a significant association
between intrauterine growth restriction (IUGR)
and persistent wheezing, others failed to confirm it
[14, 39]. Still, our results are supported by animal
studies showing an association between IUGR and
persisting alterations in lung structure and function
and by findings of abnormal lung function in school-
aged children born SGA [40, 41].

Respiratory morbidity in very preterm and VLBW infants
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While no studies have described an association
between umbilical artery flow disturbances and
respiratory morbidity during infancy, we believe
our results to be consistent with those by Hartung
et al. [42] describing a positive association between
absent or reversed end diastolic umbilical artery
flow and BPD. Also, our findings of a positive
association between hypertensive disorders of
pregnancy and recurrent respiratory symptoms are
in line with those by Rusconi et al. [43].

It is possible that IUGR, hypertensive disorders
of pregnancy and umbilical artery flow abnormalities
represent to some extent a common pathway of
placental insufficiency and altered angiogenesis, as
proposed by others [44, 45]. However, more studies
are necessary to confirm this.

Cesarean section has been associated with the
development of asthma and recurrent wheezing
[46, 47]. The lack of exposure to vaginal flora could
alter immune system development in these children,
with a subsequent increased risk for asthma and
atopy [46, 47]. Because we studied a very young
population, we didn’t include asthma diagnosis as
a respiratory outcome; follow up of this population
is crucial to clarify whether those with recurrent
respiratory symptoms during infancy are diagnosed
with asthma in the future [47, 48].

We found a negative association between PROM
and recurrent symptoms. Teune et al. [11] found
the opposite and Williams et al. [49] described
an increased incidence of hospital admissions for
respiratory causes in these infants. However, PROM
has been associated with a reduced risk of RDS.
The proposed biological mechanism behind this
association states PROM as an inflammation inducer
that accelerates lung maturity [1, 50]. Therefore,
although lacking support from epidemiological
studies, we believe that our findings are biologically
plausible as infants with PROM may present with
less RDS and need less aggressive respiratory
interventions, and therefore develop less respiratory
morbidity.

Our findings of a positive association between
BPD and respiratory morbidity during infancy are
in line with what has been described [3, 8, 14, 15].

ROP and IVH were also significantly associated
with recurrent respiratory symptoms. We found
no studies describing a relation between these
disorders and respiratory morbidity in the first years
of life. However, they appear to share common risk
factors and an association between ROP and BPD
has been described [37, 51-53]. Also, because we
didn’t exclude children with neurological disorders,
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it is possible that infants with ROP and particularly
IVH represent those with the worst neurological
outcome, which may account for their increased
respiratory morbidity [54-56].

Having a weight percentile below 3 at 6, 12 or 24
months was significantly associated with respiratory
morbidity. Most studies have described the negative
effects of rapid weight gain or being overweight
on pulmonary function and the development of
asthma and recurrent wheezing [57-59]. However,
these findings are not universal [60] and a study
by Zhang et al. [61] found that being overweight
during the first 2 years of life was associated with
a decreased risk of asthma and better lung function.
Proposed explanations emphasized the influence
of a well nourished state in promoting maximal
postnatal lung development at an age when great
alveolar development and multiplication occurs
[61]. Because we chose to focus on the effects of
poor weight evolution and underweight persistence,
the extent to which our results may be compared to
previous reports is limited.

We chose to define outcomes as reported by
parents, a method frequently used in other studies
[3]; however, it creates the potential for information
bias. Also, the study’s retrospective design creates
the possibility of recall bias.

Still, the small number of participants is one of our
study’s major limitations and it may justify the lack of
significant associations between respiratory morbid-
ity and several of the factors we tested for. Many such
factors have been associated, albeit inconsistently,
with increased respiratory morbidity in the first
years of life. These include the duration of stay at
the NICU [3, 10], the use and duration of mechanical
ventilation [6, 14] and ventilator parameters such
as a high peak inspiratory pressure [35]. Pre- and
postnatal exposure to maternal tobacco smoke during
pregnancy [1, 4,7, 10, 11, 15], having preschool aged
siblings or attending daycare [15, 16] and having a
lower socioeconomical status [7, 17] have all been
associated with recurrent respiratory symptoms; a
positive association with family history of atopy
has also been described [14, 15, 17], although there
is conflicting evidence [7, 16]. On the other hand,
breastfeeding has been described by many as having a
protective effect on pulmonary outcomes [6], reducing
the severity of lower respiratory tract infections and
the incidence of clinical asthma [62]; however, its
benefits on recurrent respiratory symptoms during
the first year of life haven’t been confirmed by all [4].
Palivizumab administration is recommended for very
preterm infants, as they are at increased risk for severe
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respiratory syncytial virus (RSV) lower respiratory
tract illness [63]. RSV infection has been associated
with both short- and long-term respiratory morbidity,
including recurrent wheezing, and there is evidence
that palivizumab may also have a protective effect on
these outcomes [64, 65].

Future studies with larger samples are needed to
clarify the significance of our findings. Particularly, it
would be of great value to include multiple Portuguese
NICU’s in a similar study. Also, the creation of pre-
dictive models for respiratory morbidity in the first
years but also later in life would be an interesting goal,
allowing a more accurate identification of children
who might benefit from closer follow up and specific
preventive measures, and therefore promoting better
allocation of health resources.
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Appendix A. Questionnaire about demographic, perinatal and neonatal data.

RESPIRATORY MORBIDITY IN VERY PRETERM AND VERY LOW BIRTH WEIGHT INFANTS — THE FIRST TWO YEARS OF LIFE
ID:

DEMOGRAPHICS

Birth date: _
Sex WF, g M,
Gestational age: days

Birth weight: g

Small for gestational age (SGA) 1 no Jyes
Assymetrical SGA dno, Hyes

/

GESTATION

Multiple gestation d no o J yes "

Prenatal corticosteroids dno, 4 incomplete cycle (one betamethasone administration) o 9 Complete cycle (two betamethasone administrations) @

Smoking during pregnancy 4 no, 4 yes,
Gestational diabetes 4 no, U yes,
Chronic maternal hypertension 1 nog, 4 yes,,
Pre-eclampsia 4 no, 4 yes,
Eclampsia 4 no, U yes,
HELLP syndrome 4 no, 4 yes,
Placental histology
Histological chorioamnionitis ] no, 1 stage | " 1 stage Il @ 1 stage Il o
Funisitis 4 no, H yes,
Chorionic vasculitis Hd o, 4 yes,
Clinical chorioamnionitis a no, a yes,
Placental abruption ] no, ] yes,
Umbilical artery flow disturbances (absence, inversion) Hdno, 4 yes,
DELIVERY
Type of delivery (1 eutocic o [J cesarean section "
Premature rupture of membranes 4 no, 4 yes,
Intrapartum antibiotics 4 no, 4 yes, Justification:
APGAR (1% and 5" minutes): / /
Resuscitation 1 nog, d yes,
NEONATAL PERIOD
SNAPPE-II: CRIB:
Respiratory distress syndrome dno o light 1 moderate , 1 severe
Surfactant administration dno U yes,
Conventional mechanical ventilation (> 12 h) H nog, U yes, Duration: days
nCPAP (>12h) 4 no, 4 yes, Duration: days
Higher FiO, (> 24 h):
Duration of oxygen supplementation: days
Bronchopulmonary dysplasia 4 no ] Iightm a moderate(g) 1 severe,
Persistent ductus arteriosus  nog, 4 yes,
Necrotizing enterocolitis (grade = 2A Bell) Hno,, H yes,
Retinopathy of prematurity (higher stage) a no, J stage | @ [ stage Il @ (J stage Il @ [ stage IV ® J stage V ©
Intraventricularv hemorrhage 4d no o 1 stage | " 1 stage Il @ (J stage Il ® 1 stage IV @
Hydrocephalus (with ventriculoperitoneal derivation)  no, U yes,
Periventricular leukomalacia Hd o, 4 yes,
Sepsis o nog, U yes,
Days at NICU:
Weight on discharge:
Weight percentile on discharge (Fenton curves) 4 <3 o =3 "
Season of NICU discharge 4 Spring 1 Summer 4 Autumn o Winter

Respiratory morbidity in very preterm and VLBW infants 1112
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Appendix B. Questionnaire about social and familiar data and follow-up in the first two years of life.

RESPIRATORY MORBIDITY IN VERY PRETERM AND VERY LOW BIRTH WEIGHT INFANTS — THE FIRST TWO YEARS OF LIFE
ID:

Date at two years of corrected age:

FOLLOW-UP AFTER NICU DISCHARGE (FIRST TWO YEARS OF LIFE)

1. CARE AND EVOLUTION
Breastfeeding (= one month) HJ nog, 4 yes, Duration: months
Isolation during first winter season  nog, 4 yes,

Other preventive measures after discharge (avoidance of crowded spaces, avoidance of tobacco smoke exposure, adequate hand hygiene) 1 no, Wyes,

Antipneumococcal vaccine Hd o, 1 complete (3 administrations) 1 incomplete (< 3 administrations)

Palivizumab Hd o, 4 yes,
Influenza vaccine 1 no, Jyes,

(1) @)

Weight percentile at 6 months of corrected age (WHO curves) <3, 0 =23,
Weight percentile at 12 months of corrected age (WHO curves) 0 <3, d=3
Weight percentile at 24 months of corrected age (WHO curves) d <3, =3

()
)
2. SOCIAL AND FAMILIAL FACTORS

Number of people in the household (patient included):
Any preschool aged siblings Hdno, U yes,
Attended daycare a no, ] yes,

Age at beginning of daycare attendance: ____ months
Any smokers in the household ] no, a yes,

Fireplace in the household oy, 4 yes,,

Graffar classification (according to: Amaro F. A classificagao das familias segundo a
Escala de Graffar. Lisboa: Fundag&o Nossa Senhora do Bom Sucesso, 2001): d Class|, W Classll, [ Classlll, [ ClasslV, [ ClassV,

Family history of asthma Hdno, 1 yes

Maternal asthma dnog,

U}

) a yesm

Family history of atopy a no, a yes,

Maternal atopy 4 no, 4 yes
3. RESPIRATORY MORBIDITY

3.1) SYMPTOMS

Frequent cough 4 nog, 4 yes,

Frequent wheeze - no, U yes,

Cough, wheeze or dyspnea with exertion 1 no,
Waking with cough dno, H yes,,
Waking with wheeze 4 no, 4 yes,
Waking with dyspnea a no, a yes,,

0 H yes,

Cough with respiratory illness only 4 no, dyes,

Wheeze with respiratory illness only 4 no, H yes,
3.2) MEDICATION

Inhaled long acting 3 agonists 1 nog, [ chronic use,, [ use for respiratory illness only,,,
Inhaled corticosteroids Hdno, 4 chronic use,,, I use for respiratory illness only ,,
Inhaled short acting B agonists d no, Id chronic use, [ use for respiratory illness only(z)
Inhaled antimuscarinics Hdno,, (A chronic use

© 1)
0 [ use for respiratory iliness only(z)

Oral antihistamines a no, (d chronic use, (1 use for respiratory illness only(z)

Leukotriene antagonists o, U yes,

3.3) HEALTH CARE UTILIZATION

Any health care utilization for respiratory causes 1 nog, 4 yes,
OUTPATIENT VISITS

Additional outpatient visits for respiratory causes H nog, 1 yes,
EMERGENCY DEPARTMENT (ED)

Any ED attendance for respiratory causes a no, a yes,
Any ED attendance for bronchiolitis 4 nog, 4 yes,
Any ED attendance for pneumonia ] no, a yes,

Any ED attendance for other respiratory causes [ no
HOSPITAL ADMISSIONS

Any hospital admission for respiratory causes dno, 1 yes,
Any hospital admission for bronchiolitis d o, 4 yes,
Any hospital admission for pneumonia 4 nog, 4 yes,

Any hospital admission for other respiratory causes 4 nog, L yes,
3.4) IMPACT ON PARENTS’ LIFE

Any days missed at work for the child’s respiratory problems 4 no,
Number of days missed at work for the child’s respiratory problems: days

o U yes,

a yes,
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