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Abstract 

The long-term scarring burden of preterm infants undergoing modern neonatal 

intensive care is not known.  This observational cohort study aimed to document the 

presence and pattern of scarring in children born < 30 weeks’ gestation or < 1,500 

grams birth weight and cared for at the National Women’s Health neonatal intensive 

care unit, Auckland, New Zealand.  Children were examined at 7 years’ corrected 

age and the presence, size, number and distribution of scars documented.  Scarring 

was seen in 90% of 129 children assessed, with 81% having multiple scars, 60% 

having large scars (85% of whom had no history of major neonatal surgery) and 75% 

having more than one body area scarred. Scarring was more common in boys and in 

children of non-European ethnicity. Despite modern neonatal intensive care 

practices, children born very preterm are frequently and extensively scarred at 

school age.  
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PRESENCE AND PATTERN OF SCARRING IN CHILDREN BORN VERY 
PRETERM 

Background 
Fetal skin trauma may resolve without scar development due to the presence of 

epidermal growth factors, fluid immersion and sterility of the uterine environment1. 

Skin injury is common in neonatal intensive care, but the long-term consequences of 

injury to very preterm skin are not well studied.  The authors of the only longitudinal 

study of neonatal scarring concluded that iatrogenic neonatal skin damage was 

common but that scarring burden was greatly reduced by the age of 9 years2. 

Aims 

We aimed to determine the incidence of scarring in a multi-ethnic cohort of 7 year old 

children born very preterm in the era of modern neonatal intensive care, to describe 

the number, size and distribution of scars on the body, and to determine any 

relationships between indicators of neonatal illness severity and scarring at 7 years. 

Methods 

Participating children were born at < 30 weeks’ gestation or < 1,500g birth weight, 

admitted to the neonatal intensive care unit at National Women’s Hospital, Auckland 

from 2005-2008 and recruited to a follow-up research study.  At 7 years’ corrected 

age their skin was examined by a paediatrician to determine the presence of scarring 

in each of 9 body areas (head/neck, face, chest, abdomen, back, arms, legs, hands, 

and feet).  Scars were further classified by size (large defined as ≥ 2 cm in any 

direction) and whether single or multiple scars were visible within each body area.  

Information regarding the neonatal course was obtained from the electronic medical 
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record, including a standardised score of neonatal illness (CRIB-II score), the 

occurrence of culture-positive neonatal sepsis and major neonatal surgery (involving 

the opening of a body cavity). Information about hospital readmissions and ethnicity 

were obtained from caregiver questionnaires.  

Statistical analyses were performed using JMP 10.0.0 (SAS Institute Inc, N.C., USA).  

Categorical data were compared using Chi-square, with Fisher’s Exact Test where 

appropriate.  Continuous data were compared using ANOVA with Dunnett’s post hoc 

testing, or Wilcoxon’s rank test as appropriate.  Neonatal factors associated with 

scarring at 7 years were explored using logistic regression.  The level of significance 

was taken as 0.05.  Data are presented as median (range), number (%) or odds 

ratios (OR), and 95% confidence intervals (CI). 

Ethical approval for this study was obtained from the Northern B ethics committee 

(NTY/12/05/035).  Caregivers gave written informed consent and children gave 

verbal assent to the study. 
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Results 

A total of 129 of 221 (58%) eligible children were assessed at 7 years of age (20 

(9%) had died, 24 (11%) were overseas or lost, 42 (19%) declined to participate and 

6 (3%) were outside the required age window).  Of those assessed, 90% (116/129) 

had scarring present (Table 1). Boys were more likely to have scarring present than 

girls (67/69 (97%) vs. 49/60 (82%), Odds Ratio (OR) (95% confidence interval) 7.52 

(1.91–50.02), P=0.01). Scarring was also more common in children of non-European 

ethnicity (72/76 (95%) vs. 44/53 (83%), OR 3.68 (1.12–14.24), P=0.03).  However, 

the incidence of scarring was not associated with gestational age, receipt of 

antenatal steroids, birth weight, birth weight z-score, neonatal sepsis, duration of 

respiratory support, CRIB-II score or post-neonatal hospital re-admission (data not 

shown). 

Large scars were seen in 77/129 children (60%), including all of the 12 (9%) who 

had undergone major neonatal surgery.  Large scars most frequently affected the 

abdomen and arms, and were least likely to occur on the hands and head / neck 

(Table 2).  The presence of large scars was not associated with gestational age, 

birth weight or ethnicity, but was more common in boys than girls (OR 2.13 (1.05–

4.41), P=0.04), and was more common in children who had been readmitted to 

hospital following discharge from the neonatal unit (OR 2.64 (1.19–6.00), P=0.02). 

Multiple scars were seen in 104/129 (81%) children (Table 1), most frequently 

affecting the hands and feet (Table 2).  Gestational age and ethnicity were not 

associated with the presence of multiple scars, but infants in the lowest quartile of 

birth weight were more likely to have multiple scars than those in the heaviest 

quartile (OR 4.03 (1.09–19.50), P=0.04).  Multiple scars were more common in boys 

than in girls (OR 3.80 (1.51–10.50), P=0.01) and the likelihood of having multiple 
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scars increased with each additional day requiring respiratory support (OR 1.02 

(1.01–1.04), P=0.01). 

Scarring affecting more than one area of the body was present in 97/129 (65%) 

children, with a median of 4 body areas affected (Table 1).  One child had scarring in 

all 9 body areas examined.  Boys were more likely than girls to have scarring on 

multiple body areas (OR 2.38(1.06–5.53), P=0.04), as were children of non-

European ethnicity (OR 2.28(1.02–5.21), P=0.05).  The likelihood of having scarring 

on multiple body areas increased with each additional day requiring respiratory 

support (OR 1.02(1.00–1.03), P=0.01). The number of body areas scarred also had 

a significant but weak association with decreasing gestational age (β = -0.25 (0.09) 

body areas/week, P=0.01). 

Discussion and conclusions 

We found that 90% of children born very preterm were scarred at 7 years of age, 

comparable to the 87% of adults who display scarring following intensive care 

admission3.  Further, most children had multiple scars and multiple body areas 

affected.   

We found that boys were more frequently and more heavily scarred than girls.  

Children of non-European ethnicity were also more likely to be scarred and to have 

multiple body areas scarred than those of European ethnicity, but ethnicity was not 

associated with large or multiple scars.  The mechanisms behind the differences in 

scarring between pigmented and non-pigmented skin are not clear.  However, post-

inflammatory hyper- and hypo-pigmentation and keloid scar formation are known to 

complicate injury to pigmented skin, with the incidence increasing with darker skin 

pigmentation.  Although keloid formation does not generally occur in early childhood, 



 

7 
 

the phenomenon of dyspigmentation has been observed in the newborn and is 

associated with increased visibility of scarring4, which may contribute to the 

increased incidence of scarring in children of non-European ethnicity. 

There were no relationships between the presence of scarring and birth weight or 

gestational age in this cohort, possibly because the overall incidence of scarring was 

so high.  However, the pattern of scarring did vary with neonatal characteristics; 

lower birthweight was associated with multiple scars, and increased duration of 

respiratory support was associated with multiple scars and multiple body areas 

affected.  Our findings contrast with those of a previous study of scarring in school 

aged children exposed to neonatal intensive care2, which reported much lower 

scarring rates, and might be explained  by  the lower median gestational age (26 vs. 

32 weeks) and longer median duration of neonatal intensive care (88 vs. 9 days) of 

infants in our study.   

Many more children had large scars than had undergone major surgery in the 

neonatal period.  Large scars were predominantly found on the abdomen, but the 

arms were also frequently affected, perhaps reflecting complications of intravenous 

line insertion and peripheral venous drug and fluid delivery. It is also possible that 

children born very preterm were more likely to require surgery after discharge from 

the neonatal unit and we have not captured this in our data.  The hands and feet 

were the body areas most frequently affected by scarring and although the majority 

of this scarring was small in size, multiple scars were common in these areas, as 

reported previously2.  

Strengths of this study are the inclusion of only very preterm children and the 

inclusion of Polynesian and Asian ethnicities.  We did not formally classify skin 
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colour and have used ethnicity as a proxy for skin pigmentation, a crude measure 

given that ethnic identification encompasses many factors not reliant upon skin 

colour. 

We did not differentiate between scars resulting directly from iatrogenic skin injury, 

neonatal care or post-neonatal insults.  This was because there were no reliable 

records of non-surgical skin damage to which a scar could be attributed, nor were 

parental memories sufficiently detailed to reliably determine whether an individual 

scar was related to neonatal care or not. In addition, preterm birth alters 

developmental trajectories of many organ systems, and it is possible that the skin of 

very preterm babies may be more susceptible to injury beyond the neonatal period. 

The major limitation of our study is a lack of data on the scarring of 7-year-old 

children born at term with which to compare our findings.  A control group in a large 

study of skin complications following childhood cancer reported 8-10% incidence of 

scarring.  However, the controls were predominantly white and only 30% were 5-20 

years of age5 and, thus, comparison with our cohort is unlikely to be meaningful. 

Children born very preterm and subject to modern neonatal intensive care are 

frequently and extensively scarred at 7 years of age. Practitioners should be mindful 

that skin injury in the neonatal period results in scars that persist into childhood.   
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What is already known on this topic 

• Neonates receiving intensive care are at risk of skin injury 

• Scars resulting from neonatal intensive care may persist into childhood 

• The incidence of scarring increases with decreasing gestational age 

What this study adds 

• Ninety percent of very preterm infants are scarred at 7 years of age 

• Boys and children of non-European ethnicity are most likely to be scarred 

• Scarring involving multiple scars and affecting multiple body areas is 

associated with lower birth weight and prolonged respiratory support 
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Tables 
Table 1: Neonatal characteristics and scarring visible at 7 years in 129 7-year-old 
children born very preterm 

Gestational age (weeks) 26 (23 – 32) 

Male sex 69 (53) 

Received antenatal steroids 118 (91) 

Birth weight (g) 870 (520 – 1560) 

Birth weight z-score 0.16 (-2.09 – 2.28) 

CRIB-II Score a 10 (3 – 16) 

Ethnicity  

Māori 39 (30) 

Pacific Island 19 (15) 

Asian 18 (14) 

European/ Other 53 (41) 

Post-menstrual age at neonatal 

discharge (weeks) 
38 (33 – 50) 

Major neonatal surgery 12 (9) 

Days of respiratory support  51 (0 – 112) 

Sepsis 24 (19) 

Ever readmitted to hospital b  81 (69) 

Any scar 116 (90) 

At least one large scar 77 (60) 

Multiple scars 104 (81) 

Scarring in ≥ 2 body areas 97 (75) 

Number of body areas affected 4 (2 – 9) 

Data are number (%) of children or median (range). 

a: n = 127  

b: n = 117  
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Table 2: Distribution of scars in 7-year-old children born very preterm 

 Head/ 
neck Face Chest Back Abdomen Arms Legs Hands Feet 

Any 
scarring 8 (6) 24 (19) 36 (28) 22 (17) 39 (30) 56 (43) 50 (39) 97 (75) 70 (54) 

Large 
scars 2 (25) 9 (38) 14 (39) 9 (41) 34 (87) 25 (45) 24 (48) 6 (6) 17 (24) 

Multiple 
scars 4 (50) 10 (42) 19 (53) 14 (64) 32 (82) 40 (71) 38 (76) 86 (89) 60 (86) 

Data are number (%) of children 
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