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ABSTRACT

Objectives To describe the characteristics of
rehospitalisation in Vietnamese preterm infants and to
examine the time-to-first-readmission between two
gestational age (GA) groups (extremely/very preterm (EVP)
vs moderate/late preterm (MLP)); and further to compare
rehospitalisation rates according to GA and corrected age
(CA), and to examine the association between potential
risk factors and rehospitalisation rates.

Design and setting A cohort study to follow up preterm
infants discharged from a neonatal intensive care unit
(NICU) of a tertiary children’s hospital in Vietnam.
Participants All preterm newborns admitted to the NICU
from July 2013 to September 2014.

Main outcomes Rates, durations and causes of hospital
admission during the first 2 years.

Results Of 294 preterm infants admitted to NICU (all
outborn, GA ranged from 26 to 36 weeks), 255 were
discharged alive, and 211 (83%) NICU graduates were
followed up at least once during the first 2 years CA, of
whom 56% were hospital readmitted. The median (IQR)
of hospital stay was 7 (6—10) days. Respiratory diseases
were the major cause (70%). Compared with MLP infants,
EVP infants had a higher risk of first rehospitalisation
within the first 6 months of age (p=0.01). However, the
difference in risk declined thereafter and was similar
from 20 months of age. There was an interaction in
rehospitalisation rates between GA and CA. Longer
duration of neonatal respiratory support and having older
siblings were associated with higher rehospitalisation
rates. Lower rates of rehospitalisation were seen in infants
with higher cognitive and motor scores (not statistically
significant in cognitive scores).

Conclusions Hospital readmission of Vietnamese preterm
infants discharged from NICU was frequent during their
first 2 years, mainly due to respiratory diseases. Scale-up
of follow-up programmes for preterm infants is needed in
low-income and middle-income countries and attempts to
prevent respiratory diseases should be considered.

INTRODUCTION

Preterm infants (born before 37 completed
weeks of gestation) are at high risk of morbid-
ities immediately after birth and during child-
hood."' * While long-term neurodevelopment,
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Strengths and limitations of this study

» The cohort represents one of the largest and longest
follow-ups of preterm infants in Vietnam and similar
settings.

» This study addressed several aspects of hospital
readmission of Vietnamese preterm infants with a
wide range of gestational age.

» A single centre-based study may limit the gener-
alisation of findings to the broader population of
preterm infants.

» The criteria for hospital admission may be varied
among paediatricians and healthcare centres.

» The International Classification of Diseases code
assignments may be varied among paediatricians.

especially disability and handicap, is of major
concern and thoroughly studied, short-term
morbidities in infancy draw less attention
and are not widely understood. Studies in
high-income countries have demonstrated
that preterm infants are more prone to
morbidities requiring hospitalisation in early
childhood.”” Data in low-income and middle-
income countries (LMICs) are of major
interest as an increasing number of preterm
infants now survive and are discharged from
neonatal intensive care.

Rates and causes of hospitalisation are indi-
cators of major child morbidities. The rate of
hospitalisation among preterm infants was
reported to be highest in the first years of life
and decreased over time.® Preterm infants
with a lower gestational age (GA) are at a
higher risk, possibly due to a higher rate of
respiratory problems, for example, chronic
lung disease (CLD).*¥ Other neonatal
morbidities including brain injuries (intra-
ventricular haemorrhage or periventricular
leucomalacia), retinopathy of prematurity
(ROP) and necrotising enterocolitis (NEC)
are also known risk factors for later hospital
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readmission in the first years of life."’ The susceptibility
of preterm infants is possibly attributed to the early inju-
ries of immature organs and relative immunodeficiency."
Further, the influence of deprived living conditions such
as suboptimal nutritional status, high prevalence of infec-
tious diseases and contaminated environments could
result in even higher morbidity rates among preterm
infants in LMICs."

The South of Vietnam consists of 32 provinces and
cities with a population of approximately 50.1 million,
half of the country’s population, and Ho Chi Minh City is
the largest city. Neonatal care in the public health sector
is free of charge through the social insurance system and
is provided by a system of maternity hospitals, children
hospitals, tertiary hospitals and primary care clinics.
There are two major maternity hospitals (Tu Du Hospital
and Hung Vuong Hospital), with approximately 13000
preterm births in a total of 110000 births annually. The
two major children hospitals without obstetric care (Chil-
dren’s Hospital 1 and Children’s Hospital 2) receive
approximately 11000 newborns annually from all health-
care facilities in the catchment area covering the South
of Vietnam. Among these newborns, about 700 preterm
newborns are admitted to the neonatal intensive care unit
(NICU) (annual reports and personal communication,
2018). For preterm newborns with birth weight less than
1000 g, the need for resuscitation at delivery room and
NICU referral is discussed in the consultation with the
parents on a case-by-case basis.

From a public health perspective, increased child
morbidity following the rising number of preterm survi-
vors could impose substantial constraints on the health-
care system."” The burden of perinatal care for preterm
births has been investigated extensively.'*'® However,
to our knowledge, the morbidities of these infants after
discharge from the NICU in Vietnam and similar LMICs
have not been well documented.'’

In this exploratory study, we estimated the rehospital-
isation rates and assessed the association between these
rates and several risk factors, including neurodevelop-
mental scores, for Viethamese preterm infants in the
first 2years of life. First, we estimated and compared the
rehospitalisation rates according to GA and corrected age
(CA). Further, we compared the time-to-first-readmission
between the two GA groups, extremely/very preterm
(EVP) versus moderate/late preterm (MLP) infants.
Second, we described the total numbers, durations and
causes of rehospitalisation according to the GA groups
(EVP and MLP). Third, we examined the association
between neonatal and demographic factors, plus neuro-
developmental scores, and rates of rehospitalisation.

METHODS

The cohort study was conducted at the NICU at Chil-
dren’s Hospital 1, Ho Chi Minh City, Vietnam. The study
hospital is one of two major tertiary centres responsible
for neonatal intensive care in the South of Vietnam. The

unit has 30 beds and 1200 admissions annually, of which
the majority are transferred from healthcare facilities
providing obstetrical care and a few are directly admitted
to the emergency room from home. Written parental
consent was obtained.

All preterm newborns admitted to the unit from July
2013 to September 2014 were eligible for enrolment
if they fulfilled the criteria: <37 completed weeks of
gestation at birth, age at admission <29 days, and no
congenital brain malformation or chromosome anomaly.
Newborns admitted to NICU less than 72 hours only, or
for treatment of ROP, were excluded. Gestational age
was defined as completed weeks of gestation and was
determined using one of the three following methods in
order of priority: antenatal ultrasound before 20 weeks
of gestation, the last menstrual day or clinical examina-
tion using the New Ballard Score.'® Enrolled newborns
were classified by GA, including EVP (GA <32 completed
weeks) and MLP (GA from 32 to 36 completed weeks).
They were discharged when being able to oral feed and
showing steadily appropriate weight gain and clinical
stability for at least 3 days. Then they were followed up
until 24 months CA, with the scheduled visits at 3, 12 and
24 months. CA in months was calculated by subtracting
the weeks remaining to complete 40 weeks from the
chronological age.' Demographic characteristics and
neonatal morbidities were collected during neonatal
hospitalisation and at follow-up visits (see online supple-
mental appendix).

A child health notebook was provided to the parents
to record all child healthcare facility contacts, supple-
menting the review of medical events with the parents at
follow-up visits. Follow-up was free of charge and transpor-
tation was provided if needed. The maximum distance to
the study hospital among the participants was nearly 450
km. Rehospitalisation was defined as hospital admission
requiring at least one overnight stay in a hospital after
first discharge from NICU. All hospital readmissions were
recorded, regardless of which hospital. Data on rehospi-
talisation were collected from the notebook, discharge
papers and interviews with caregivers. Data included age
in months at hospital readmission and duration (in days)
of hospital stay, main symptoms, primary diagnosis, and
treatments. Repeated hospital admission within 2 days was
considered as a single hospitalisation. Discharge papers
given to the parents by the healthcare clinics were used to
verify information in most cases. Only primary diagnosis
was recorded for each hospital readmission. The main
diagnosis was classified into one of five categories: respira-
tory diseases, digestive diseases, infectious diseases (other
than respiratory and gastrointestinal infections), surgical
intervention and others. Data on rehospitalisations of
no-shows or deceased infants were obtained by telephone
interviews with the parents but were finally excluded due
to possible recall biases.

Further, at 24 months CA, neurodevelopment of the
infants was assessed using subtests of Bayley Scales of
Infantand Toddler Development-3rd Edition (Bayley-III),
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including cognitive, fine motor and gross motor scores
(see online supplemental appendix).?’

Patient and public involvement

The idea and development of this study were informed by
the lack of standardised follow-up of preterm infants in
Vietnam. In our clinical practice, families expressed the
need for better understanding of child morbidity after
discharge from neonatal intensive care, including risks
of hospital readmission. Families were directly involved
in data collection, as they monitored and documented
their infant’s health during the study period. Medical
history and examination findings were shared at regular
follow-up consultations to inform plans for the individual
infant. Further, the overall study results and conclusions
will be disseminated to the families having preterm
infants at subsequent follow-up visits.

Statistical analysis
Demographic and clinical characteristics are summarised
as mean (SD) for continuous variables and absolute
count (%) for categorical variables, except for the length
of respiratory support and the length of neonatal hospital
stay being presented as median (IQR) due to a skewed
distribution.

Rehospitalisation rates were calculated as the number
of hospital readmissions per month after the first
neonatal discharge. The lengths of hospital stays are

Total infants in the cohort
NICU 294

presented as median (IQR) in days. The total number of
rehospitalisation, the number of infants having at least
one rehospitalisation and the causes of hospital read-
missions are presented as absolute count (%). X2 test
for independence was used to identify the difference
in rehospitalisation causes between the two GA groups,
EVP versus MLP (hence we did not correct for repeated
hospitalisations within an individual). The distribution of
time-to-first-readmission was examined and illustrated by
Kaplan-Meier curves according to the two GA groups. We
tested for differences between the two GA groups using
the log-rank test with follow-up time restricted to 3, 6, 12
and 24 months to take account of non-proportionality in
the hazard over ages. We used a Poisson regression model
with generalised estimating equation to estimate the
overall rate of rehospitalisation related to potential risk
factors including gender, GA, need of mechanical venti-
lation, duration of respiratory support, neonatal morbid-
ities (NEC, sepsis and surgery), maternal factors (age
and educational level), having older siblings at home,
and cognitive and motor Bayley-III scores. These candi-
date covariates were identified by a review of the litera-
ture on risk factors for morbidities in infancy.® ' 122! 2
The Bayley scores were based on our hypothesis and were
not included together, but one at a time due to a strong
correlation (r=0.6) between them. We used generalised
estimating equations to correct for repeated events

\4

Infants died at NICU
39

A\ 4
A\ 4
Infants discharged from NICU

Disch
ischarge 255

\ 4

Infants lost to follow-up at 3 months

Infants died < 3 months
3

41

N
A 4 /

Infants followed-up at 3 months
3 months 211

Infants died between 3 — 12 months

- 5
Infants lost to follow-up at 12 months Duration of follow-up
v 13
A\ 4
12 th Infants followed-up at 12 months 3 months 17 infants
months 193 5 months 1infant
: 12 months 6 infants
Infants died betwe4en 12 — 24 months 13 months 2 infants
> 21 months 1infant
Infants lost to follosvvfup at 24 months 23 months 38 infants
J \ 4 24 months 119 infants
2 th Infants followed-up at 24 months 25 months 26 infants
months 184 26 months  1infant
Figure 1 Flow chart of preterm infants from NICU discharge to 24-month follow-up. Actual follow-up time was less than 24

months in some patients. The reasons for attrition of 32 infants were listed as being unable to contact (11), travel problems (7),
languages of minor ethnics (3), living abroad (3), well-being status (4) and unspecified (4). NICU, neonatal intensive care unit.
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Table 1 Demographic and clinical characteristics of Vietnamese preterm infants followed up during 2 years after NICU
discharge

n (%) or mean (SD) or median (IQR)

Gestational age (GA) Total
Characteristics GA <32 weeks (n=100) GA >32 weeks (n=111) (N=211)
Boys, n (%) 62 (62) 72 (65) 134 (64)
Birth weight (g), mean (SD) 1410 (258) 2088 (388) 1767 (475)
GA (weeks), mean (SD) 29.6 (1.4) 33.6 (1.4) 31.6 (2.4)
GA distribution (weeks), n (%)
<28 12 (12) - 12 (6)
28-32 88 (88) - 88 (42)
32-34 - 62 (56) 62 (29)
34-37 - 49 (44) 49 (23)
Multiple births (all twins), n (%) 17 (17) 17 (15) 34 (16)
Mother’s age at birth (year), mean (SD) 28.7 (5.8) 28.8 (6.1) 28.8 (5.9)
Maternal education®, n (%)
Junior high school or less (<9 years) 62 (62) 76 (68) 138 (65)
Senior high school or higher (>9 years) 38 (38) 35 (32) 73 (35)
Maternal occupation, n (%)
Skilled jobt 9(19) 19 (17) 38 (18)
Housewife 31 (31) 30 (27) 61 (29)
Farmer 5 (15) 11 (10) 26 (12)
Otherst 35 (35) 51 (46) 86 (41)
Primary care by parents§, n (%) 90 (90) 101 (91) 191 (91)
Older siblings at home, n (%) 55 (55) 66 (59) 121 (57)
Ethnic minority (non-Kinh)q], n (%) 1(1) 3 () 4 (2)
Major birth defects, n (%) 4/100 (4) 23/110 (21) 27/210 (13)
Mechanical ventilation, n (%) 53/100 (53) 53/110 (48) 106/210 (50)
Length of respiratory support (day), median (IQR) 22 (12-44) 7 (4-12) 11 (6-24)
Chronic lung disease, n (%) 32/99 (32) 6/110 (5) 38/209 (18)
With postnatal corticosteroids, n (%) 7 (22) 2 (33 9 (24)
Without postnatal corticosteroids, n (%) 25 (78) 4 (67) 29 (76)
Sepsis, n (%) 78/99 (79) 62/110 (56) 140/209 (67)
Positive blood culture 12 (15) 14 (23) 26 (19)
Negative blood culture** 66 (85) 48 (77) 114 (81)
Necrotising enterocolitis, n (%) 11/99 (11) 3/110 (3) 14/209 (7)
Surgerytt, n (%) 13/100 (13) 23/110 (21) 36/210 (17)
Laser ROP, n (%) 15/96 (16) 1/56 (2) 16/152 (11)
Length of stay (days), median (IQR) 48 (36-69) 22 (15-34) 34 (19-50)

Data on income status were not available due to indeterminate responses from parents’ perspective.

Missing data: one for mother’s age at birth and two for length of respiratory support.

Because of rounding, percentages may not total 100.

*The first 9 years includes 5 years in elementary school and 4 years in junior high school. Higher educational level includes 3 years in senior

high school, college, undergraduate and postgraduate education.

1Skilled job refers to professional and intellectual work.
FOther jobs refer to unskilled labour and shopkeeper.

§Other primary caregivers were grandparents or other relatives.

Y|Ethnic minority includes Khmer and Chinese.

**Suspected sepsis based on clinical signs and biomarkers for septicaemia.
TtSurgery includes repairs of congenital malformations (26), volvulus from intestinal malrotation (1), peritonitis due to gastrointestinal

perforation (5) and patent ductus arteriosus ligation (4).

NICU, neonatal intensive care unit; ROP, retinopathy of prematurity.
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within individuals. The duration of respiratory support
was log-transformed with base 2 to make its distribution
less skewed (see online supplemental appendix). We
modelled GA and follow-up time (ie, CA) via restricted
cubic splines and included an interaction term between
both variables. We tested whether the interaction term
and the non-linear term improved model fit. Finally, we
excluded the non-linear components of the interaction
between GA and CA (p=0.35), and only used a linear
interaction term (p=0.007) in the model.

All statistical analyses were performed using R V.3.5.0
software.

RESULTS

Of 294 preterm infants (all outborn) enrolled during the
study period, 255 were discharged alive, and 211 (83%)
NICU graduates were followed up at least once in the first
2 years (figure 1). Among these infants, GA ranged from
26 to 36 completed weeks. The mean (SD) birth weight
and GA of follow-up infants were 1767 (475) g and 31.6
(2.4) weeks compared with birth weight of 1877 (473) g
and GA of 32.7 (2.4) weeks of 32 out of 255 (183%) infants
lost to follow-up. None received oxygen therapy at home
after discharge.

Table 1 presents the demographic and clinical charac-
teristics of the studied infants by GA groups (EVP and
MLP). The demographic characteristics were similar
between the two groups. Of the clinical characteristics
at discharge after birth, MLP infants had higher birth
weight and higher percentage of major birth defects and
thus neonatal surgery, whereas EVP infants had longer
respiratory support, longer neonatal hospital stay, and
higher percentages of morbidities including CLD, NEC,
ROP and sepsis. Of note, the percentages of infants in

100

75

50

Probability of being free from hospitalisation

need of mechanical ventilation were similar between the
two groups (see online supplemental appendix table A).

Figure 2 depicts the Kaplan-Meier curves for the time-
to-first-readmission according to GA groups (EVP vs
MLP). In comparison with MLP infants, EVP infants had
initially a higher risk of hospital readmission (p value log-
rank test until 3 months 0.004 and until 6 months 0.01),
but the risk difference decreased over time and the esti-
mates coincide after 20 months (p value log-rank tests
until 12 months and until 24 months 0.2).

Table 2 shows the numbers, durations and causes of
rehospitalisation during the first 2 years of life. A total of
231 events were recorded for 211 preterm infants in the
cohort, equivalent to a follow-up of 4581 patient-months.

Among 193 infants who completed 1-year follow-up, 90
(47%) were readmitted at least once in the first year. Of
184 infants who completed 2-year follow-up, 41 (22%)
were readmitted at least once in the second year and 81
(44%) were not hospitalised throughout the first 2 years.
Specifically, two infants were readmitted 10 and 13 times
throughout the first 2 years. The median (IQR) hospital
stay was 7 (6-10) days, with the longest stay being 91 days.
Respiratory diseases accounted for 70% of all causes (74%
in the first year and 60% in the second year), followed
by other infectious diseases (15%) and digestive diseases
(9%). A small percentage of rehospitalisations were due
to surgery and other causes (6%). The causes of rehospi-
talisation between EVP and MLP infants were mostly the
same (p=0.2).

Figures 3 and 4 present the rates of rehospitalisation
per month according to represented GAs (27, 31 and
35 weeks GA). It shows the interaction of rehospitalisa-
tion rates between GA and CA. Specifically, while the
CI showed large overlaps and the rehospitalisation rates

H— e
25
0 p=03
0 3 6 9 12 15 18 21 24
Corrected Age in month

g Number at risk
©
g GA < 32 weeks 100 70 53 48 45 40 40 40 30
S
© GA>=32weeks{ 111 91 78 71 62 53 50 46 32
173
& 0 3 [ ) 12 15 18 21 24

Corrected Age in month

Gestational age =+ GA <32 weeks =i= GA >=32 weeks

Figure 2 Kaplan-Meier curves for the time-to-first-readmission according to two gestational age (GA) groups. The 95% Cls are

illustrated by the shaded areas in the corresponding colours.
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Table 2 Numbers, durations and causes of rehospitalisation of Viethamese preterm infants during the first 2 years of life

n (%) or median (IQR)
Gestational age (GA)

GA <32weeks GA >32weeks
(n=100) (n=111) Total (N=211)*
Rehospitalisation, n (%) 109 122 231
0-6 months, n (%) 59 (54) 43 (35) 102 (44)
6-12 months, n (%) 31 (28) 30 (25) 61 (26)
12-24 months, n (%) 9(17) 49 (40) 68 (29)
Number of infants having at least one rehospitalisation, n (%)t 49/86 (57) 54/98 (55) 103/184 (56)
Only once 27 (55) 26 (48) 53 (51)
Twice 9(18) 15 (28) 24 (23)
>3 times 13 (27) 13 (24) 26 (25)
Causes of rehospitalisation, n (%)% n=231
Respiratory diseases 78 (72) 83 (63) 161 (70)
Infectious diseases 13 (12) 21 (17) 34 (15)
Digestive diseases 10 (9) 11 (9) 21 (9)
Surgical diseases 8 (7) 4 (3) 12 (5)
Others 0(0) 32 3(1)
Duration of rehospitalisation (days), median (IQR) 7 (6-11) 7 (6-9) 7 (6-10)

Because of rounding, percentages may not total 100.

*Among 211 infants, 193 infants completed 1-year follow-up and 184 infants completed 2-year follow-up.

tData from 184 infants completed 2-year follow-up.

FCauses of rehospitalisation: respiratory diseases (apnoea, bronchiolitis, pneumonia, croup, suspected asthma), infectious diseases (other
than respiratory and gastrointestinal diseases including viral infection (Dengue, hand-foot-mouth, unspecified), neonatal infection, meningitis,
urinary tract infection), digestive diseases (diarrhoea, enterocolitis, gastro-oesophageal reflux, conjugated hyperbilirubinaemia), surgical
diseases (retinopathy of prematurity, closure of stoma (ileostomy or colostomy), inguinal hernia repair, cleft lips closure, ventricular septal

defect closure), and others (cyanotic spells, febrile convulsion).

could be similar among GAs in the first months after NICU
discharge, the point estimates of rates were higher for
those with lower GA. Following that, these rates of infants
with lower GA reduced markedly over time, whereas these
rates of infants with higher GA reduced moderately. In
the second year, these rates became positively associated
with GA (see online supplemental appendix table B).
Table 3 presents unadjusted and adjusted rate ratios
and 95% CI of various factors for hospital readmission.
We found a clear relation between GA and the rate of
readmission (overall p value for GA=0.007), as well as
between current age and readmission rate (overall p
value for CA <0.001). To quantify the relation between
GA and CA and rate of readmission, taking account of
the interaction between GA and CA, we report the rate
ratio for GA 35 vs 27 at two values of CA as well as the rate
ratio of CA for two values of GA. Girls were less likely to
be rehospitalised compared with boys in the first 2 years,
but it was not statistically significant (RR 0.76, 95% CI
0.51 to 1.12, p=0.16). The duration of neonatal respira-
tory support and older siblings at home increased the
risk of rehospitalisation both in univariate analysis and in
multivariable analysis. Specifically, when the duration of
neonatal respiratory support doubled, the rate of rehospi-
talisation increased by 26% (RR 1.26, 95% CI 1.08 to 1.48,

p=0.004). Living with older siblings at home increased
rehospitalisation rates by 69% (RR 1.69, 95% CI 1.12 to
2.56, p=0.013). Infants with higher cognitive and motor
Bayley-III scores were less likely to be rehospitalised. Each
15-point (1 SD) increase in cognitive and motor scores
resulted in a decrease of 26% (RR 0.74, 95% CI 0.53 to
1.05, p=0.092) and 29% (RR 0.71, 95% CI 0.54 to 0.94,
p=0.015) in the point estimates of rehospitalisation rates
(see online supplemental appendix table C).

DISCUSSION

In this exploratory study of rehospitalisation of Viet-
namese preterm infants discharged from the NICU, we
found that the majority of these infants (56%) were read-
mitted to hospitals during the first 2years (47% in the first
year and 22% in the second year). Respiratory diseases
were the major cause (70%). Compared with MLP infants,
EVP infants had a significantly higher risk of first hospital
readmission within the first 6 months of age. However, the
difference in risk declined thereafter and became similar
from 20 months. Among known risk factors, longer dura-
tion of neonatal respiratory support and having older
siblings at home were associated with higher rates of
rehospitalisation within the first 2 years. Further, higher
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Figure 3 Rehospitalisation rates of represented gestational age during the first 2 years. Data are derived from 211 Vietnamese
preterm infants with gestational ages ranging from 26 to 36 weeks. Rehospitalisation rates are estimated using a Poisson
regression model using generalised estimating equations and are illustrated by solid lines with 95% Cls as shaded areas. The
selected gestational ages of 27, 31 and 35 weeks are shown in red, blue and green, respectively.

cognitive and motor Bayley-III scores showed a tendency
towards lower rates of rehospitalisation.

The high risk of rehospitalisation (at least once) among
our preterm infants is similar to some studies in high-
income countries,” but is much higher than those
among preterm published by Underwood et al® (15%
in the first year) and by Laugier et al'® (22% in the first
year). Our preterm infants were three times more likely
to be rehospitalised in the first year compared with only
10%-15% of full-term infants reported by Slimings et al.®
This higher risk could be due to prematurity and severe
neonatal condition among our study infants. Further,
preterm infants may be viewed as vulnerable children by
healthcare providers; thus, lower thresholds for hospital
admission are probably common practice. Of note,
17% of infants were readmitted within the first month
following NICU discharge, which is much higher than
those found in full-term infants (1.8%-3.7%).° % Such
high rates, however, show a similar trend from previous
studies.” On the one hand, this notifies paediatricians
and caregivers of a high probability of morbidities within
the first months caring at home. On the other hand, this
raises concerns about discharge planning as well as a
broad indication for hospital readmission.

Interestingly, we found an interaction between GA
and CA in terms of rehospitalisation rates per month,
whereas several studies reported GA inversely associated
with rehospitalisation rates until school age or adoles-
cence.”®®* 3! In our study, infants with lower GA experi-
enced higher rehospitalisation rates only in the first few
months. Thereafter, the relation reversed, with higher
rates found in infants with higher GA. This could be scru-
tinised by reference to the criteria of NICU admission.
While EVP newborn is a criterion per se, newborns with
higher GA are not admitted to our NICU unless in severe
conditions and in need of intensive care, including
mechanical ventilation. The gradual stability together
with the steady improvement of health status has been
seen among EVP infants over time. At the same time, the
early injury to the lung due to severe neonatal morbid-
ities and invasive intervention could result in enduring
functional respiratory disorders. Specifically, two infants
with the highest rehospitalisation events (10 and 13
times) were both 36weeks GA, in need of mechanical
ventilation, having prolonged respiratory support in
NICU, and 21 of their total 23 hospital admissions were
due to respiratory diseases. The synergic effect of prema-
turity and neonatal interventions on long-term outcomes
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Figure 4 Rehospitalisation rates of represented corrected age during the first 2years. Data are derived from 211 Vietnamese
preterm infants with gestational ages ranging from 26 to 36 weeks. Rehospitalisation rates are estimated using a Poisson
regression model using generalised estimating equations and are illustrated by solid lines with 95% Cls as vertical bars. The
selected corrected ages of 3, 6 and 20 months are shown in black, orange and blue, respectively.

could explain this interaction and needs to be explored
in further work.

Boys are at higher risk of rehospitalisation compared
with girls in several reports,® ? 122" #7 * and we found a
similar result. This could be attributable to biological
vulnerability or cultural trait of Confucianism in Viet-
namese families, which entitles boys to get more privi-
lege than girls. We did not find the differences in rates
of rehospitalisation among infants by maternal age and
education, similar to a report by Ralser ¢t a’’ but incon-
sistent with others."” '* On-hand access to healthcare
services and free of charge for infants less than 6 years
old in Vietnam could lessen the impact of these factors.
Meanwhile, living with older siblings at home was asso-
ciated with higher rehospitalisation rates in our study.
Older siblings in contact with pathogens in day-care
centres or schools may cause an increased risk of expo-
sure for the younger child at home.” Importantly, we
demonstrated that mechanical ventilation and prolonged
respiratory support were associated with higher rehospi-
talisation rates similar to previous reports.”’ * This may
be plausible in the context of a high proportion of respi-
ratory diseases. Besides, we found an inverse correlation
between cognitive and motor Bayley-III scores at 2 years

and rehospitalisation rates. This could indicate the higher
susceptibility of the child with poorer neurodevelopment
to major morbidities in the early stage of life. However,
the literature is sparse, and whether this finding is a
causal relationship needs to be clarified in future studies.

Respiratory illness is the major cause of rehospital-
isation in our cohort, which is in line with most of the
previous studies.”® 2% 231 However, this high percentage
of respiratory cause (70%) among other causes is notice-
able and is higher than most studies previously reported
(from 40% to 50%)."*?" % Pneumonia and other respi-
ratory diseases remain the leading cause of childhood
morbidity and are among the most common reasons
for hospital admission in LMICs.** Similarly, studies on
Vietnamese infants found that acute respiratory infec-
tion remains the leading cause of childhood morbidity
and mortality.” " Nearly 10% of Vietnamese infants are
hospitalised in the first 6 months due to pneumonia.”
Bhutta et al® suggested that undernutrition, zinc defi-
ciency and lack of exclusive breast feeding are risk factors
for pneumonia, together with crowding and air pollu-
tion, which are common in urban areas of Vietnam. As a
preventive measure, WHO and UNICEF recommend that
breast feeding, nutrition, vaccination and WASH (water,
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Table 3 Rate ratios of risk factors for rehospitalisation of Viethamese preterm infants in the first 2 years of life

Univariable analysis

Multivariable analysis

Variables Crude rate ratio (95%Cl) P value Adjusted rate ratio (95% Cl) P value
Gender* 0.74 (0.48 to 1.12) 0.15 0.76 (0.51 to 1.12) 0.16
GA (in weeks)t 0.007

GA 35 vs 27 (at 6 months CA) - - 1.40 (0.71 t0 2.78) 0.33

GA 35 vs 27 (at 20 months CA) - - 7.40 (1.53 to 35.78) 0.013
CA (in months)t <0.001

CA 20 vs 6 (at 27 weeks GA) - - 0.14 (0.06 to 0.35) <0.001

CA 20 vs 6 (at 35 weeks GA) - - 0.75 (0.47 to 1.19) 0.22
Mechanical ventilation* 1.61 (1.06 to 2.43) 0.024 1.24 (0.84 to 1.85) 0.28
Duration of respiratory support (days)

Each doubling in days 1.14 (1.00 to 1.29) 0.046  1.26 (1.08 to 1.48) 0.004
Sepsis* 0.82 (0.51 to 1.33) 0.43 0.72 (0.46 to 1.14) 0.16
Necrotising enterocolitis* 1.08 (0.40 to 2.93) 0.89 1.14 (0.45 to0 2.90) 0.79
Surgery* 1.44 (0.83 to 2.50) 0.19 1.13 (0.66 to 1.93) 0.67
Maternal age

Each 5-year increment 0.98 (0.81 to 1.18) 0.82 0.96 (0.80 to 1.15) 0.64
Maternal education* 0.96 (0.61 to 1.50) 0.86 1.23 (0.83 t0 1.82) 0.31
Older siblings living together* 1.55 (1.03 to 2.34) 0.034 1.69 (1.12 to 2.56) 0.013
Composite cognitive scorest

Each 15-point (1 SD) increase 0.75 (0.54 to 1.02) 0.070  0.74 (0.53 to 1.05) 0.092
Composite motor scorest

Each 15-point (1 SD) increase 0.78 (0.60 to 1.00) 0.054 0.71 (0.54 to 0.94) 0.015

*Rate ratios were estimated as follows: for gender, girls relative to boys; for mechanical ventilation, sepsis, necrotising enterocolitis, surgery,
older siblings living together, yes relative to no; for maternal education, higher level relative to lower level.
TInteractions between GA and CA were significant in the multivariable analysis with linear interaction term and cubic splines for main effects

of GA and CA.

FDue to a strong correlation of cognitive and motor scores (r=0.6), we added each score at a time in the multivariable model to obtain

estimates and Cl.
CA, corrected age; GA, gestational age.

sanitation and hygiene) should become common prac-
tices. Noticeably, half of our infants required mechan-
ical ventilation and one in every five required prolonged
respiratory support. These factors could superimpose to
the innately immature lung and increase vulnerability
to later respiratory infection, partly explained for such a
high percentage of respiratory diseases.

Strengths and limitations
The prospective design is one of the strengths of our
study and the cohort represents one of the largest and
longest follow-up groups of preterm infants in Vietnam
and similar LMICs. We conducted a study on several
aspects of hospital readmission across the full spectrum
of GA using currently recommended preterm definitions.
Nevertheless, we acknowledge several limitations,
including the lack of robustness inherent in a single
centre-based study and a cohort with the most severe
outborn newborns in the South of Vietnam. These factors
may limit the representativeness of our findings to the
broader population of children born prematurely. In this

exploratory study, our approach was pragmatic. The small
sample size of 211 infants could limit the power of our
statistical analyses. The number of infants who were lost to
follow-up or died in the 2-year period accounted for 17%
(44 of 255) of NICU graduates. This potentially results in
selection bias due to probably more severe illness in dead
infants or less readiness to hospital visits in the group lost
to follow-up. Risk factors of hospital admission including
socioeconomic status, living conditions and other risks
of respiratory infection (parental smoking and day-care
attendance) were not available in our cohort. The indica-
tions for hospital admission were varied among healthcare
facilities, although Integrated Management of Childhood
Illness practice has been disseminated in the region.
Further, there is no linked system to record admissions
or discharges between hospitals in the South of Vietnam;
therefore, data had to be collected from discharge papers
and by interviews with caregivers, which was potentially
prone to recall bias. Although we have taken measures to
reduce spurious information, including check-recheck
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queries, to what extent this bias affects our results is
unknown. The practice of International Classification of
Diseases-10th coding is not standardised and there may
be some variability in the assignment of the primary diag-
nosis, but this type of error could be lessened by grouping
diagnoses into broader categories. Finally, we did not take
secondary diagnosis into account, which may have under-
estimated the impact of secondary issues.

CONCLUSION

In this study, Vietnamese preterm infants discharged
from NICU experienced a high rate of hospital read-
mission during the first 2years of life, with respiratory
diseases being the most common cause. Prolonged
neonatal respiratory support and living with older
siblings were associated with higher rehospitalisa-
tion rates. Further, neurodevelopmental scores were
also potential indicators showing an inverse relation.
Scale-up of standard follow-up programmes of preterm
infants in LMICs is needed, especially after NICU
discharge. It could be considered to include infor-
mation to parents about the likelihood of emerging
illnesses during the first few months after discharge and
possible preventive practices should be explained, espe-
cially in relation to respiratory diseases. These could
improve the health of preterm infants and reduce the
rates of hospital admission.
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