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Abstract
Background: Extremely preterm infants, < 28 week of 
gestational age, (ELGANs) continue to need high levels of 
health-care post-discharge from the NICU. We studied post-
NICU hospital contacts of this highly vulnerable population 
and present data from infants treated in our health network.

Method: Retrospective cohort study of ELGANs treated at the 
tertiary NICU of Monash Health (2010-2013) and discharged 
within our network’s catchment area. Demographics, inpatient, 
and outpatient information (initial NICU and subsequent admis-
sion up to 18 months of corrected age) were collated. Compar-
ative analyses were performed for infants who were readmitted 
compared to those who were not.

Results: 41 of 76 (54%) infants required hospitalization with 
92 admission episodes. 81 episodes were general pediat-
ric ward admissions while 11 were to the PICU/HDU. Viral 
bronchiolitis was the leading cause for admissions. Menin-
gitis in neonatal period was more common among patients 
who required hospital re-admission.

Conclusions: Ex-ELGAN required readmission primarily 
due to viral bronchiolitis. In our study population, neonatal 
meningitis was more common in patients who required post 
NICU discharge hospital re-admission.

Keywords
Extremely Low Gestational Age Neonate (ELGAN), Hospital 
readmission, Long term follow up
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Unit; PDA: Patent Ductus Arteriosus; RSV: Respiratory Syn-
cytial Virus; PHT: Pulmonary Hypertension; ROP: Retinopa-
thy of Prematurity; V-P Shunt: Ventriculo-Peritoneal Shunt

Introduction

Re-hospitalization after initial discharge from NICU 
for preterm infants has been examined in various set-
tings across the world [1-13]. Reasons for re-hospitaliza-
tions in extreme preterm infants can be related either 
to medical (bronchiolitis, lower-respiratory tract infec-
tion, asthma, reflux disease) or to surgical (PEG related 
problems, V-P shunt related issues, hernia repair) caus-
es. Researchers have attempted to ascertain neonatal 
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or from inpatient admission records was used to judge 
eligibility of a neonate for this study.

Study period

Neonates born during the period of July 2010 to 
March 2013.

Study design

Retrospective cohort.

Exclusion criteria

1) Neonates born out of defined geographic location 
and 2) Neonates with major congenital malformations, 
as defined by AIHW [20].

Data collection

Demographic and neonatal course of the study 
population: After obtaining data from unit’s ANZNN da-
tabase we used our health network’s Scanned Medical 
Record (SMR) to collect clinical and demographic data. 
Standard ANZNN data definitions were used. Birth de-
tails such as mode of delivery, gestational age, APGAR 
scores, birth weight, twin or higher order pregnancy 
were recorded from the neonatal discharge summary. 
Information on neonatal course such as duration of in-
vasive mechanical ventilation required in NICU, diag-
nosis of Bronchopulmonary Dysplasia (BPD), presence 
or absence of Patent Ductus Arteriosus (PDA) or Pul-
monary Hypertension (PHT), and Intraventricular Hem-
orrhage (IVH) were recorded from observation charts, 
echocardiography reports and ultrasound reports. Dis-
charge details such as duration of stay at MMC, mode 
of feeding, discharge weight and use of home oxygen 
were obtained from the discharge summary. Diagnosis 
of PDA and presence of pulmonary hypertension were 
based on the documented opinion of pediatric cardiolo-
gists. Presence of IVH and its grading were based on the 
cranial ultrasound assessment by the pediatric radiolo-
gist using the Papile classification [21]. Neonatal menin-
gitis was diagnosed on the basis of abnormal Cerebro-
spinal Fluid (CSF) results and documented opinion from 
the pediatric infectious diseases specialists.

Inpatient admission: The health network’s scanned 
medical record which is used across all three hospitals was 
used to review inpatient medical records. Data collected 
until corrected age of 18 months included: Number of ad-
missions, admitting hospital, admitting team, admitting 
ward (Paediatric ICU, Paediatric HDU or Paediatric ward), 
any need for escalation of respiratory support, final diag-
nosis by the treating team, total days required for each 
admission, mortality if any and cause of death. Nasopha-
ryngeal aspirates were sent in selected cases at the discre-
tion of the treating physician. Viral identification is usually 
performed in our laboratory by PCR. We aimed to identify 
neonatal risk factors for re-hospitalization by comparing 
neonatal demographic for patients who were admitted to 
those who were not admitted.

[1,3,9,12] and socioeconomic risk factors [9,12,13] to 
establish at risk groups for readmission postneonatal 
discharge for very preterm and extremely preterm in-
fants.

Within Australasia there are few studies highlighting 
subsequent outcomes of infants born preterm [1,2,9,14-
18]. Some of these papers were from the pre-surfactant 
era where neonatal care was significantly different from 
current neonatal care [15-18]. Others included very pre-
term infants (born before 32 weeks of gestation) and 
late preterm infants [2,9]. Some of them were based on 
weight rather than gestation age [1]. Hospital readmis-
sions as an outcome of ELGAN is only reported in one 
study so far within Australasia [14].

We are presenting data from a geographically de-
fined population in metropolitan Melbourne highlight-
ing various aspects of re-hospitalizations including PICU 
admissions. Our main aim was to look for possible neo-
natal risk factors leading to postdischarge readmission. 
We aim to obtain data that will help us to counsel par-
ents at the time of discharge from NICU.

Methodology

Setting

This study was carried out in Monash Children’s 
Hospital, Clayton (MMC), which is a part of the Monash 
Health network. It is a tertiary care pediatric and peri-
natal referral centre in the south-east of Melbourne. 
Monash Health has a catchment area of six local govern-
ment councils caring for a population of over one million 
Victorians. Monash Newborn is a tertiary perinatal and 
surgical unit where over 1000 newborns are admitted 
each year. Monash Children’s provides tertiary pediatric 
care through Monash Medical Centre, Clayton (MMC) 
and secondary pediatric care through Dandenong Gen-
eral Hospital (DGH) and Casey General Hospital (CGH) 
and has over 30,000 yearly pediatric in patient episodes. 
MMC offers a full range of general pediatric, pediatric 
subspecialty and pediatric surgical inpatient and outpa-
tient services including pediatric intensive care services. 
DGH and CGH offer general pediatric inpatient services 
mainly, while pediatricians review outpatients in their 
private rooms.

Study population

We included all newborns born on or before 27 + 6 
weeks of gestational age (Extremely low gestational age 
neonates) at MMC or transferred to our neonatal unit 
from the catchment area of Monash Health. Patients 
were identified using our neonatal database, which 
contributes prospective data to the Australia and New 
Zealand Neonatal Network (ANZNN) registry [19]. Pa-
tients were eligible for inclusion if they survived to dis-
charge home and resided within our geographic catch-
ment area. The most recent available address from ei-
ther emergency department visits or outpatient visits 
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discharged to the geographical catchment area were 
included for this study (See the flow chart). Their clinical 
profile is summarized in Table 1.                                      

Total number of patients -

 

127

 

Reasons for exclusion  

                                        Still inpatient - 1  

                          Congenital malformation - 1  

                           No neonatal data available - 1  

                     Outside of geographical catchment area - 48 

                       

                                                                                                        
76 patients were included as they were                        

                                                                                                             

residents of our catchment area

 

Features of re-admission episodes

Important features are highlighted in Table 2. 41 
patients had 92 re-admission episodes which summed 
to a re-admission rate of 54%. Out of these 19 (44%) 
patients had just 1 admission, 8 patients had 2 admis-
sions and 14 patients had 3 or more admissions within 
18 months of their corrected age. The highest recorded 
number of admission episodes by a single patient was 6.

Admission diagnosis, admitting team and proce-
dures performed during admissions

Final diagnosis as recorded by treating team has been 
displayed in Figure 1. Respiratory causes were the lead-
ing discharge diagnosis (71/92, 68%), with bronchiolitis 
the most common diagnosis. Nasopharyngeal swab or 
aspirates were sent in 48 episodes of admissions related 

Corrected age at which oxygen was completely 
weaned off oxygen: Corrected age when home oxy-
gen therapy was completely ceased was obtained from 
scanned medical records. Immunisation records and re-
cords regarding Palivizumab were also obtained.

Data analysis

For continuous data, if data was not distributed nor-
mally than outcome was presented as median and range 
quartile or else mean and standard deviation was used. 
For categorical data frequency and percentage were 
used. Comparisons of binary outcomes were made by 
using Fisher’s exact test. Comparisons of continuous 
data among 2 groups were made by using Mann-Whit-
ney U test. P value was considered significant if it is be-
low 0.05. We did not conduct Bonferroni’s test to ad-
dress the problem of mass significance.

Ethics approval

This study was approved by the hospital ethics com-
mittee (Ref No-14404 Q).

Results

Study population

A total of 127 ex-ELGAN patients were discharged 
alive during the prescribed study period. One baby was 
excluded in view of his associated complex congenital 
heart disease requiring transfer to a cardiac surgical 
hospital; one baby was not discharged from NICU even 
at 18 months of corrected age; and one baby was trans-
ferred to another tertiary care hospital and hence fur-
ther neonatal data were not available. 48 babies were 
discharged to geographic regions outside of our hospi-
tal’s catchment area. Finally, 76 newborns who were 

Table 1: Neonatal and demographic data for study population.

Total number of patients in the study 76
M: F 44:32:00
Number of twin or part of twin (%) 15/76 (19.73%)
Number of doses of antenatal steroid

(number)

2 doses 59/76
1 dose 9/76
no dose 8/76

Median gestational age at birth (weeks)

26 (range quartile 2)
23-24 weeks- 16
25-26 weeks- 40
27 weeks- 20

Median birth weight (grams) 818.5 (range quartile 237)
Less than 500 grams - 2
≥ 500 to < 750 grams - 26
≥ 750 - < 1000 grams - 34
≥ 1000 grams - 14

Median duration of invasive ventilation (days) 25.5 (range quartile 41)
Number of patients requiring PDA ligation 5/76 (6.5%)
Diagnosed Bronchopulmonary dysplasia (number) 46/76 (60.5%)
Number of babies with major intraventricular bleed 5/76 (6.5%)
Median Length of stays in MMC (days) 102.5, (range quartile 65.5)
Median gestation at time of discharge from NICU (weeks) 40 (IQR 7)
Number of patients discharge with oxygen 36/76 (47.3%)
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to respiratory causes, hence in 23 admission episodes 
swabs were not considered. Picornavirus was the most 
frequent virus isolated (20/48, 42%) followed by Respi-
ratory Syncytial Virus (RSV) (12/48, 25%). Parainfluenza 
(3/48), Adenovirus (3/48), Influenza (1/48) and Borde-
tella Pertussis (1/48) were the other pathogens isolat-
ed. Samples were negative in 8 out of 48 samples. 20 
elective procedures were recorded during 22 elective 
admission episodes as illustrated in Figure 2.

Most admissions occurred at MMC (82%) while CGH 
(10%) and DGH (8%) provided a minor contribution. Nearly 
half (47 out of 92) of the patients were admitted under the 
general paediatric unit, followed by paediatric respiratory 
unit (25/92). Paediatric surgery (3/92), pediatric gastroen-

terology (3/92), paediatric urology (2/92), ENT (4/92) and 
neonatology (4/92) were the other admitting units.

Admissions with bronchiolitis

A significant proportion of our admissions were related 
to bronchiolitis (38/92, 41%). 25 patients had 38 admission 
episodes related to bronchiolitis, with 11 requiring two or 
more admissions. Median corrected age for admission re-
lated to bronchiolitis was 4.7 months (Range quartile 5.5). 
Median duration of admission for all the patients with 
bronchiolitis was 4 days (range 1 to 79 days, range quartile 
6). Seven of these 38 required ICU admissions. RSV was iso-
lated in 10, while Picornavirus was isolated in 13. In 14 out 
of 38 (37%) episodes, patients were still receiving home 

Table 2: In-patient admissions for study population.

Total number of admissions 92 (Range: 0-6; Median 1 and range quartile-2)
Number of patients with 0 admission 35/76 (-46.05%)
Number of patients with 1 admission 19/76 (-25%)
Patients requiring 2 and more admissions 22/76 (28.94%)
Median corrected age (months) of admission 5 (range quartile 8.7)
Type of admission Elective admission -22 (23.9%)

Emergency department -70 (76.1%)
Number of episodes where Paediatric Emergency Transport Services (PETS) 
were used by

8 (8.6%)

Number of admission to General Ward 81/92 (88%)
Number of admission to ICU/HDU 11/92 (11.9%)
Escalation of respiratory support Invasive ventilation -3, required CPAP -2, High flow -4
Mortality during admission 0

         

Final diagnosis
Abdominal distension

Observation
Febrile Convulsion

Fracture
Pertusis

UTI
Croup

Acute Gastro Entritis
Feeding issues/growth

Hydrocephallus and shunt related issue
Apnoea

Subglottic stenosis
Lower respiratory tract infection

URTI
Asthma

Procedure surgical/elective
Bronchiolitis

0       5      10      15     20     25      30     35     40

Figure 1: Final diagnosis during admission.
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oxygen therapy prior to their hospital admission related to 
bronchiolitis. Information about the immune prophylaxis 
for RSV was not consistently documented.

Features of ICU admissions

Features of ICU admissions have been described in 
Table 3. Nine patients required 10 ICU admissions (11% 
of total admissions). Of the seven bronchiolitis admis-
sions, 3 patients required invasive mechanical ventila-
tion, 2 patients required CPAP and other 2 were man-
aged with high flow.

Two out of 10 admissions were for subglottic stenosis 
and both of them required high flow as respiratory sup-
port. One admission was diagnosed to have severe pertus-
sis and was managed with nasal high flow support.

Risk factor for admission

Possible risk factors and comparison of the demo-
graphic features have been displayed in Table 4. Pa-

         

Laser therapy
for ROP, 1

Neuroimaging
under GA, 2

Hearing
assessment
under GA, 1

Hypospadia
repair, 3

VP shunt
related, 3

Peg insertion, 3

Bronchoscopy, 
5Hernia

repair, 2

Figure 2: Various procedure performed during admissions.

Table 4: Possible risk factors for admission.

No admission Admitted p Value
N = 35 N = 41

Gestational age (weeks) 25.8 25.46 0.25*

(SD 1.0) (SD 1.2)
Average weight (grams) 820.28 837 0.88*

(SD 151.1) (SD 208.2)
Male child (number) 19/35 25/41 0.64#

Twin pairs (number) 13/35 Feb-41 0.005#

Meningitis in neonatal period 0 7 0.02#

Duration of Mechanical ventilation (days) 20.85 31.7 0.09*

(SD 20.53) (SD 25.82)
BPD (number) 19/35 27/41 0.35#

Average stay in NICU (days) 103.74 125.48 0.22*

(SD 43.5) (SD 67.8)
#Fisher’s exact test; *Mann-Whitney U test.

Table 3: Features of patients requiring PICU admission.

Number of patients requiring PICU 
admissions

 9

Mean gestation of the admitted patients  26.1 (SD 1)
Mean birth weight in grams  990.4
Number of male infants requiring PICU
admissions

 7/9 (77.7%)

Twin pair  0/9
Number of patients diagnosed with
neonatal meningitis

 1

Number of patients diagnosed with BPD 
at discharge from NICU

 5/9

Diagnosis of admitted patients in PICU Bronchiolitis-7, 
Subglottic 
stenosis-2, 
Pertussis-1

Median age (months) for admission (IQR)  3.25 (4.87)
Median duration of stay (days) in PICU
(IQR)

 7 (1.5)

Number of patients discharged on home
oxygen from NICU

 6/9
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Risk factors for hospital re-admission

Various studies across the world have tried to as-
certain the neonatal risk factor for post NICU discharge 
hospital re-admission [1-3,8-13]. Ambalavanan, et al. in 
their recent publication using classification and regres-
sion tree analysis concluded that neonates who spent 
> 120 days during their NICU admission for pulmonary 
reasons had a 66% re-hospitalization rate compared to 
42% without such stay [3]. Among studies from Austral-
asia, Elder, et al. found diagnosis of chronic lung dis-
ease during NICU admission as a significant risk factor 
for hospital re-admission [9], while Gray, et al. in their 
prospective analysis, though concluded that preterm in-
fants required higher rate of hospital readmission, they 
were unable to find any specific neonatal risk factor 
responsible for higher re-admission rate. In our cohort 
we found meningitis in neonatal period was more com-
mon in patients who required hospital re-admission. 
This finding can be explained by the fact that meningitis 
in neonatal period will certainly prolong the NICU stay 
which is an established risk factor for subsequent post 
NICU discharge re-admission. However, as we had a 
smaller number of patients in our cohort, we would like 
to interpret this finding with caution. We also find that 
twins were less likely to require re-admission in com-
parison to singleton, we believe this finding is a result of 
smaller number of twin included in the study.

Corrected age when home oxygen was completely 
weaned off

Home oxygen therapy in preterm infants is an inter-
esting and perhaps under-reported outcome. Within 
Australasia, we could find 3 studies highlighting this out-
come [24-26]. Complete weaning off home oxygen ther-
apy varied between 4.5 to 6 months of corrected age in 
these studies. This is quite comparable with our study.

Strengths and Limitation of the Study

Study was conducted at a tertiary referral centre 
with availability of almost all pediatric specialties mak-
ing data more reliable. Though our sample size was also 
small our findings are consistent with findings report-
ed from elsewhere. Viral isolation for respiratory di-
agnosis is strength of this study. The limitations of our 
study were its retrospective design of chart review. Al-
though this can be subject to bias [27]. We attempted 
to minimize this by structured, reproducible methodol-
ogy and restricting data collection to reliably recorded 
outcomes. Many patients were discharged out of our 
health service’s geographical catchment area; these ex-
cluded patients may reduce the external validity of our 
results. Unfortunately, socio-economic data and RSV 
immune prophylaxis were not consistently recorded for 
many patients. We did not consider the effect of mass 
significance in our analysis this perhaps could affect the 
overall result.

tients treated for meningitis in the neonatal period and 
singleton in comparison to twins was more likely to re-
quire hospital readmissions.
Corrected age when oxygen was completely ceased 
post NICU discharge

We have got data of 34 patients out of 36 patients 
who were discharged with home oxygen therapy from 
NICU. Median corrected age when oxygen was com-
pletely ceased was 4.5 months (range quartile - 5.5). 
Out of 34 patients 2 patients were still on home oxygen 
therapy even at 18 months of corrected age. One infant 
required high flow oxygen support at home.

Discussion

Features of in-patients

Our re-admission rate of 54% is quite similar to pre-
viously reported rates from various international set-
tings 50% [1,3,14]. Previous Australasian data describes 
a readmission rate of 42% for VLBW infants [9] and 55% 
for very preterm infants [2].

Admission diagnosis

Respiratory aetiologies as the predominant cause for 
hospital re-admission has been reported by many re-
searchers  [1,2,13]. Interestingly, bronchiolitis related to 
Picornavirus was more common in our study than RSV 
- a different pattern to previous reports [21,22]. RSV re-
lated bronchiolitis is an established outcome in infants 
born preterm. Unfortunately, we did not have reliable 
data on RSV immune prophylaxis, so we are unable to 
draw firm conclusions regarding its effect in our NICU 
graduate population.

In our cohort, procedure-related elective admissions 
were common as reported in other publications [13].

ICU admissions

Data about ICU admission in ex-ELGANs are not well 
reported in the literature. Mourani, et al. concluded 
that small preterm infants have substantial risk of re-ad-
mission in ICU [23]. In their study 30% of total admis-
sions resulted in PICU and two thirds of these required 
mechanical ventilation for an average 11.6 days. Our pa-
tient cohort had a rate of ICU admission of 11% of total 
admissions and among these 30% of episodes required 
mechanical ventilation. The predictor of ICU admission 
in Mourani, et al. study was male sex and intraventric-
ular hemorrhage. We had a higher number of males in 
patients admitted to the ICU (77.7%), however, none 
of our patients requiring ICU admission had persistent 
abnormalities of their head ultrasounds. Four out of 10 
(40%) of ICU admissions in our study were related to 
RSV infection. Greenough, et al. in their retrospective 
review concluded that RSV hospitalization in patients 
with chronic lung disease is associated with increased 
ICU admission, and longer duration of ICU stay [6].
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14. Stephens AS, Lain SJ, Roberts CL, Bowen JR, Nassar N 
(2016) Survival, Hospitalization, and Acute-Care Costs of 
Very and Moderate Preterm Infants in the First 6 Years of 
Life: A Population-Based Study. J Pediatr 169: 61-68.e3.

15. Ford GW, Rickards AL, Kitchen WH, Lissenden JV, Keith CG, 
et al. (1985) Handicaps and health problems in 2 year old chil-
dren of birth weight 500 to 1500 g. Aust Paediatr J 21: 15-22. 

16. O’Callaghan MJ, Burns Y, Gray P, Harvey JM, Mohay HI, et 
al. (1995) Extremely low birth weight and control infants at 
2 years corrected age: A comparison of intellectual abilities, 
motor performance, growth and health. Early Hum Dev 40: 
115-128.

17. Bowman E, Yu VY (1988) Continuing morbidity in extreme-
ly low birthweight infants. Early Hum Dev 18: 165-174. 

18. Cunningham CK, McMillan JA, Gross SJ (1991) Rehospi-
talization for respiratory illness in infants of less than 32 
weeks’ gestation. Pediatrics 88: 527-532.

19. Chow SSW, Le Marsney R, Hossain S, Haslam R, Lui K 
(2015) Report of the Australian and New Zealand Neonatal 
Network 2013. ANZNN, Sydney, 1-100. 

20. Abeywardana S, Sullivan EA (2008) Congenital anomalies 
in Australia 2002-2003. Birth anomalies series no. 3 Cat. no. 
PER 41. AIHW National Perinatal Statistics Unit, Sydney, 
1-165.

21. Papile LA, Burstein J, Burstein R, Koffler H (1978) Inci-
dence and evolution of subependymal and intraventricular 
hemorrhage: a study of infants with birth weights less than 
1,500 gm. J Pediatr 92: 529-534. 

22. Li QH, Gao WJ, Li JY, Shi LA, Hao XJ, et al. (2016) [De-
tection of respiratory viruses in children with acute lower 
respiratory tract infection: an analysis of 5,150 children]. 
Zhongguo Dang Dai Er Ke Za Zhi 18: 51-54. 

23. Calvo C, Pozo F, García-García ML, Sanchez M, Lo-
pez-Valero M, et al. (2010) Detection of new respiratory vi-
ruses in hospitalized infants with bronchiolitis: A three-year 
prospective study. Acta Paediatr 99: 883-887. 

24. Mourani PM, Kinsella JP, Clermont G, Kong L, Perkins AM, 
et al. (2014) Intensive care unit readmission during child-
hood after preterm birth with respiratory failure. J Pediatr 
164: 749-755.e3. 

25. Saletti A, Stick S, Doherty D, Simmer K (2004) Home oxy-
gen therapy after preterm birth in Western Australia. J Pae-
diatr Child Health 40: 519-523. 

26. Silva DT, Hagan R, Sly PD (1995) Home oxygen manage-
ment of neonatal chronic lung disease in Western Australia. 
J Paediatr Child Health 31: 185-188. 

27. Gilbert EH, Lowenstein SR, Koziol-McLain J, Barta DC, Stein-
er J (1996) Chart reviews in emergency medicine research: 
Where are the methods? Ann Emerg Med 27: 305-308.

Conclusion

Hospital re-admission for infants born at extremely 
low gestational age is common. Respiratory conditions 
are the most common reason for re-admission to the 
ward and PICU. The majority of PICU admissions are 
related to respiratory conditions, particularly bronchiol-
itis. Neonatal meningitis was more common in patients 
who required re-admission following NICU discharge. 
We propose a case registry or a prospective study to 
address ongoing uncertainty relating to predictors of 
outcomes for ELGANs.
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