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ABSTRACT

Aims: Despite increasing evidence in the literature regarding the impact of late prematurity
on subsequent developmental impairment, the developmental outcome of late preterm in-
fants who undergo major surgery remains unclear. The aim of this study therefore was to
determine the developmental outcome for a cohort of late preterm surgical population.

Methods: Late preterm infants with a gestational age from 34-36 weeks inclusive who were
enrolled in the state-wide prospective Development After Infant Surgery (DAISy) study and
who had undergone non-cardiac major surgery within the first ninety days of life were eligi-
ble for inclusion. Infants were assessed at one and three years of ages.

Results: Forty-six infants were enrolled in the study, of which 38 infants had a complete de-
velopmental assessment at one year of age. Of these infants, late preterm infants scored
significantly lower than the standardized norms of the assessment on the expressive lan-
guage and gross motor subscales. At three years of age 26 infants were reassessed: late
preterm infants who underwent major surgery only scored significantly lower than the
standardized norms on the cognitive subscale (p<0.001).

Conclusions: These data provide the evidence that late preterm infants who undergo major
non-cardiac surgery are at risk of developmental impairment and consideration should be

given to enrolling this cohort in multi-disciplinary developmental follow-up clinics.
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INTRODUCTION

It is well recognised that extremely preterm in-
fants, defined as less than 28 weeks gestation,
are at risk of developmental impairment [1],
which justifies their eligibility in neonatal de-
velopmental follow-up programs. There is now
increasing evidence in the literature that late
preterm infants of 34 to 36 weeks of gestation
are also at a higher risk of developmental delay,
including cerebral palsy, than term infants. [2-
5] This may result in long term developmental
sequelae.[4,6] Moreover, the infants who un-
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dergo major surgery within the first few months
of life are at risk of developmental delay.[7,8] It
would seem logical that late preterm infants
would be at equal or greater risk when under-
going major surgical procedures in early in-
fancy.

Despite increased awareness of late preterm
infants and the outcomes of surgery, there re-
mains a paucity of data documenting the devel-
opmental outcomes of preterm infants who
have undergone major surgery. Thus we aimed
to investigate this question and describe the
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developmental outcome for a cohort of late
preterm surgical infants.

MATERIALS AND METHODS

Late preterm infants with a gestational age
from 34-36 weeks inclusive who were enrolled
in the state-wide prospective Development After
Infant Surgery (DAISy) study and who had un-
dergone non-cardiac major surgery within the
first ninety days of life were eligible for inclu-
sion. Non-cardiac major surgery was defined as
opening of a body cavity. Infants with a known
chromosomal anomaly, which caused develop-
mental impairment, were excluded, as were
those who required neurosurgery. Surgical in-
fants enrolled in this study were recruited from
the three Children’s Hospitals in New South
Wales (NSW). No other surgery to our
knowledge is performed at other hospitals in
New South Wales.

Table 1: Surgical conditions

(Gastoschisis 11
Intestinal atresias '
Tracheo-esophageal fistula/
esophageal atresia

Congenital diaphragmatic hernia
Meconium ileus/ intestinal obstruction
Idiopathic hypertrophic pyloric stenosis
Exomphalos

Biliary atresia

Teratoma
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At one year of age (corrected for prematurity)
and then again at three years of age, the chil-
dren were assessed using the Bayley Scales of
Infant & Toddler Development, Version-III
(Bayley III). This assessment is currently the
developmental assessment of choice, used in all
neonatal follow-up clinics in NSW. It consists of
five scales: cognition, receptive and expressive
language, and gross and fine motor. This
standardized test of child development is age-
normed to have a mean of 10 and a standard
deviation (SD) of 3 for each subset. Mild
developmental delay was defined as a score
between 1 to <2 SD below the mean; moderate
delay, as 2 to < 3 SD below the mean; and

severe delay, as 3 SD below the mean. The
children were assessed on each of the
subscales and the mean scores compared with
the standardized norms of the assessment.

Ethics approval was obtained from each re-
cruitment site and informed consent obtained
from the parents or guardian. Statistical analy-
ses were performed using SPSS version 21 and
consisted of comparing the mean scores be-
tween the groups using one sample t-tests with
p<0.05 considered statistically significant.

RESULTS

Forty-six infants with a gestational age from
34-36 weeks inclusive were enrolled in the sur-
gery group and were eligible for inclusion in
this study. Five infants were lost to follow-up,
one died prior to assessment, one was with-
drawn and one infant with Trisomy 21 was ex-
cluded, leaving 38 infants who had complete
developmental assessments. More infants were
female (22 vs 16) with a mean maternal age of
27.3 years (range 15-51 years). The majority of
infants required surgery for gastrointestinal
conditions such as gastroschisis and atresias
(Table 1). Half of the infants were born by Cae-
sarean section, four had instrumental deliveries
and the remaining 15 were born by a normal
vaginal delivery.

Late preterm infants who had major surgery
scored significantly lower than the standardized
norms of the assessment on two of the sub-
scales at one year of age: expressive language
and gross motor (p<0.05, Table 2).

Of these 38 infants assessed at one year of age,
10 children were subsequently lost to follow-
up, one was withdrawn and one child died,
leaving 26 infants who returned for a three-year
assessment. There was no difference between
those infants who returned for assessment and
those who did not, in terms of socio-demo-
graphic and clinical factors. At three years of
age, the late preterm infants who underwent
major surgery only scored significantly lower
than the standardized norms for the cognitive
subset (p<0.001, Table 2).
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Table 2: Comparison of developmental assessments at 1 year and 3 years of age

Cognition .146 NS 10.61 -.22 1.43
Receptive language .823 NS 10.11 -.84 1.05
Expressive language  .015 p<.05 9.03 -1.75 -.20
Fine motor .065 NS 9.26 -1.52 .05
Gross motor .003 p<.05 7.82 -3.57 -.79

Cognition .000 p<.001 8.88 -1.56 -.67
Receptive language .346 NS 10.38 -.44 1.21
Expressive language  .570 NS 10.32 -.83 1.47
Fine motor .859 NS 10.08 -.81 .96
Gross motor 137 NS 9.04 -2.25 .33

*One sample T-test, NS: Non-significant

Table 3: Developmental assessment at 1 year of age (3 year cohort)

Cognition .300 NS 10.54 -.51 1.59
Receptive language .704 NS 10.23 -1.01 1.47
Expressive language .111 NS 9.23 -1.73 .19
Fine motor 341 NS 9.50 -1.56 .56
Gross motor .030 p<.05 7.96 -3.86 -.22

NS: Non-significant
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This finding at three years was unexpected, so
we then reviewed the one year outcomes for the
26 infants who were re-assessed at three years
of age and found that, at one year of age, these
children were only significantly lower than the
normative mean in the gross motor subtest.
(p<0.05, Table 3).

DISCUSSION

This is the first prospective study that we have
found in the English language literature that
focuses on the late preterm infant group who
have undergone major non-cardiac surgery. We
have shown that late preterm infants who
undergo non-cardiac surgery in the newborn
period are at increased risk of developmental
impairment at one year of age especially in
language and motor skills. Some of these
problems persist or change over time: cognition
remained significantly delayed at three years of
age whereas expressive language and gross
motor skills improved.

The delay in language at one year of age is con-
cerning. A paper by DeMauro et al has ex-
pressed concern that late preterm infants have
more oro-motor dysfunction at one year of
age.[9] Infants who undergo major surgery, who
may experience prolonged periods of total par-
enteral nutrition and the inability to feed orally,
are also known to have poor oro-motor func-
tion. This may be associated with oral aversion
and an increased risk of language delay at one
year in term infants.[7] Therefore, the combi-
nation of being preterm and undergoing major
surgery might be expected to impact even more
on future language development. Among the 26
infants who were followed to three years, lan-
guage scores were within the average ranges,
although the Bayley III does not assess difficul-
ties with pronunciation and articulation that
become more obvious at this age.

Cognitive delay at three years of age was con-
cerning as poor cognitive skills can be prob-
lematic for later school entry. Late preterm in-
fants who have not undergone surgery already
are at risk of worse educational outcomes and
need for learning support at school.[10-13]
Gross motor skills were delayed at one year

which is consistent with findings in term in-
fants who require surgery.[7] Interestingly,
gross motor skills were not delayed at age
three. This may be because infants who had
gross motor difficulties at age one are usually
enrolled in community or outpatient physio-
therapy programmes which may improve their
skills before being reassessed, however only
three infants had been enrolled in physiother-

apy.

Surgery and anaesthesia may play a part in
increasing an infant’s risk of poor develop-
mental outcomes, although it is likely that the
aetiological pathophysiology has multiple con-
tributing factors. There has been increasing
interest in the possible neurotoxic effects of an-
aesthetics on the developing brain, however the
evidence remains disputed.[14,15] Certain
studies have shown that term infants are at
increased risk of neurodevelopmental problems
following non-cardiac major surgery.[7] There-
fore, the combination of both prematurity and
need for surgery would seem likely to place in-
fants even more at future risk of neurodevel-
opmental impairment. It is unclear whether
these outcomes are related to surgery, the un-
derlying congenital anomaly or late preterm
birth, thus further research is required.

In addition, mothers of late preterm infants are
more likely to undergo Caesarean sections and
have other antenatal complications,[2,16] with
increased risk of medical complications and the
need for ventilator support.[2,4,16,17] These
insults impact on the late preterm infant dur-
ing a period of critical brain development and
growth, with increased risk of poor develop-
mental outcomes.[10,18] As a significant pro-
portion of infants (56.7%) are delivered for non-
evidence-based reasons, reasons for late pre-
term birth thus need to be re-evaluated and
balanced against risks of mortality with delayed
births at term.[19,20]

It is clear from our results that late preterm
infants would benefit from multidisciplinary
follow-up to identify early any developmental
problems, so they can be linked into appropri-
ate community services. We and others have
previously recommended that term infants un-
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dergoing surgery should be enrolled in devel-
opmental follow up programmes.[7,21-23] At
risk infants streamlined into early intervention
programmes have been shown to have im-
proved cognitive development by up to 25% in
addition to reducing adverse social outcomes
such as school absenteeism, delinquency, and
long-term unemployment.[24] Thus, it is vitally
important that late preterm infants are also
given this opportunity to improve their long
term outcomes.

Limitations: As we and others have reported
previously, the Bayley Scales of Infant and
Toddler Development (version-III) may
underestimate developmental delay in the
Australian population, therefore the results for
this cohort may actually be worse than the
scores reflect.[25-27] The Bayley III, like other
developmental tests, may also have limited
sensitivity at one year of age. Another limitation
is the fact that we did not have a non-surgical
late preterm group for comparison. As is found
in many longitudinal studies we had a
considerable loss to follow-up (reference
attrition), however there was no difference
between the groups in demographics and clini-
cal factors.

CONCLUSION

In conclusion, late preterm infants who require
major surgery in infancy are a potentially ne-
glected group of intensive care admissions.
These data provide the evidence that they are at
risk of long-term developmental impairment
and consideration should be given to enrolling
this cohort in multi-disciplinary developmental
follow-up clinics. The decision to deliver an in-
fant early should be made cautiously examin-
ing carefully the need for preterm birth and
bringing evidence based medicine into the fore-
front. As these are early developmental out-
comes, the problems reported may reflect de-
velopmental delay rather than long-term im-
pairment, thus follow-up into childhood is es-
sential.

REFERENCES

1. Roberts G, Burnett AC, Lee KJ, Cheong J, Wood
SJ, Anderson PJ, et al. Quality of life at age 18

Journal of Neonatal Surgery Vol. 4(1); 2015

10.

11.

12.

13.

14.

15.

16.

years after extremely preterm birth in the post-
surfactant era. J Pediat. 2013; 163:1008-13.

Cheng YW, Kaimal AJ, Bruckner TA, Hallaron DR,
Caughey AB. Perinatal morbidity associated with
late preterm deliveries compared with deliveries
between 37 and 40 weeks of gestation. BJOG.
2011; 118:1446-54.

Boyle EM, Poulsen G, Field DJ, Kurinczuk JJ,
Wolke D, Alfirevic Z, et al. Effects of gestational
age at birth on health outcomes at 3 and 5 years
of age: population based cohort study. BMJ. 2012;
344:e896.

Teune MJ, Bakhuizen S, Gyamfi Bannerman C,
Opmeer BC, van Kaam AH, van Wassenaer AG et
al. A systematic review of severe morbidity in
infants born late preterm. Am J Obstet Gynecol.
2011; 205:374.e1-9.

ACPR Group. Report of the Australian Cerebral
Palsy Register, Birth Years 1993-2003, Dec 2009.

Engle WA. Morbidity and mortality in late preterm
and early term newborns: a continuum. Clin
Perinatol. 2011; 38:493-516.

Walker K, Badawi N, Halliday R, Stewart J, Sholler
GF, Winlaw DS, et al. Early developmental
outcomes following major noncardiac and cardiac
surgery in term infants: a population-based study.
J Pediatr. 2012; 161:748-752.el.

Walker K, Badawi N, Holland AJ, Halliday R.
Developmental outcomes following major surgery:
what does the literature say? J Pediatr Child
Health. 2011; 47:766-70.

DeMauro SB, Patel PR, Medoff-Cooper B,
Posencheg M, Abbasi S. Postdischarge feeding
patterns in early- and late-preterm infants. Clin
Pediatr. 2011; 50:957-62.

Chyi LJ, Lee HC, Hintz SR, Gould JB, Sutcliffe TL.
School outcomes of late preterm infants: special
needs and challenges for infants born at 32 to 36
weeks gestation. J Pediatr. 2008; 153:25-31.

Peacock PJ, Henderson J, Odd D, Emond A. Early
school attainment in late-preterm infants. Arch
Dis Child. 2012; 97:118-20.

Lipkind HS, Slopen ME, Pfeiffer MR, McVeigh KH.
School-age outcomes of late preterm infants in
New York City. Am J Obstet Gynecol. 2012;
206:222.e1-6.

Quigley MA, Poulsen G, Boyle E, Wolke D, Field D,
Alfirevic Z, et al. Early term and late preterm birth
are associated with poorer school performance at
age 5 years:a cohort study. Arch Dis Child Fetal
Neonatal Ed. 2012; 97:167-73.

Rappaport B, Mellon RD, Simone A, Woodcock J.
Defining safe use of anesthesia in children. N Engl
J Med. 2011; 364:1387-90.

Hansen TG, Pedersen JK, Henneberg SW,
Pedersen DA, Murray JC, Morton NS, et al.
Academic performance in adolescence after
inguinal hernia repair in infancy: a nationwide
cohort study. Anesthesiol. 2011; 114:1076-85.

Khashu M, Narayanan M, Bhargava S, Osiovich H.
Perinatal outcomes associated with preterm birth
at 33 to 36 weeks' gestation: a population-based
cohort study. Pediatr. 2009; 123:109-13.



17.

18.

19.

20.

21.

22.

23.

The Impact of Surgery on the Developmental Status of Late Preterm Infants - A Cohort Study

Leone A, Ersfeld P, Adams M, Schiffer PM, Bucher
HU, Arlettaz R. Neonatal morbidity in singleton
late preterm infants compared with full-term
infants. Acta Paediatr. 2012; 101:e6-10.

Scher MS, Johnson MW, Ludington SM, Loparo K.
Physiologic brain dysmaturity in late preterm
infants. Pediatr Res. 2011; 70:524-8.

Gyamfi-Bannerman C, Fuchs KM, Young OM,
Hoffman MK. Nonspontaneous late preterm birth:
etiology and outcomes. Am J Obstet Gynecol.
2011; 205:456.e1-6.

Iams JD. Late preterm birth: more and better data
needed. Am J Obstet Gynecol. 2011; 205:395.

Gischler SJ, Mazer P, Duivenvoorden HJ, van Dijk
M, Bax NMA, Hazebroek FWJ et al.
Interdisciplinary structural follow-up of surgical
newborns: a prospective evaluation. J Ped Surg.
2009; 44:1382-9.

Holland A, Fitzgerald DA. Oesophageal atresia and
tracheo-oesophageal fistula: current management
strategies and complications. Paediatr Respir Rev.
2010; 11:100-6.

Friedman S, Chen C, Chapman JS, Jeruss S,
Terrin N, Tighiouart H, et al. Neurodevelopmental

Address for correspondence

Dr. Amit Trivedi,
Grace Centre for Newborn Care,

The Children’s Hospital at Westmead,
Locked Bag 4001
WESTMEAD NSW 2076

Australia

E mail: Amit.Trivedi@health.nsw.gov.au

Submitted on: 24-11-2014

Accepted on:

25-12-2014

Conflict of interest: None
Source of Support: Funded by March of Dimes Birth Defects Foundation, Project Grant #12-FY06-232

24.

25.

26.

27.

outcomes of congenital diaphragmatic hernia
survivors followed in a multidisciplinary clinic at
ages 1 and 3. J Pediatr Surg. 2008; 43:1035-43.

Anderson LM, Shinn C, Fullilove MT, Scrimshaw
SC, Fielding JE, Normand J, et al. The
effectiveness of early childhood development
programs. A systematic review. Am J Prev Med.
2003; 24:32-46.

Chinta S, Walker K, Halliday R, Loughran-Fowlds
A, Badawi N. A comparison of the performance of
healthy  Australian  3-year-olds with  the
standardised norms of the Bayley Scales of Infant
and Toddler Development (version-III). Arch Dis
Child. 2014; 99:621-4.

Walker K, Badawi N, Halliday RJ, Laing S. Brief
Report: Performance of Australian children at one
year of age on the Bayley scales of infant and
toddler development (Version III). Australian
Educational and Developmental Psychol. 2010;
27:54-8.

Anderson PJ, De Luca C, Hutchinson E, Roberts
G, Doyle LW. Underestimation of developmental
delay by the new Bayley-III scale. Arch Pediatr
Adol Med. 2010; 164:352-6.

Journal of Neonatal Surgery Vol. 4(1); 2015



