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Background: Most of the skin disorders that occur 
in neonatal intensive care units are due in part to the 
immaturity and vulnerability of the neonatal skin. Various 
iatrogenic diagnostic and therapeutic procedures are also 
conducive to iatrogenic damage. This study was to review 
the neonates admitted to our neonatal intensive care unit 
who needed wound management, and to assess the most 
common skin injuries and wounds, and their aetiology.

Methods: Data were extracted from medical records of 
neonates who needed wound management in our Neonatal 
Intensive Care Unit between January 31, 2012 and January 
31, 2013. Information about gestational age, sex, birth 
weight, area of involvement, wound aetiology, and therapy 
were collected.

Results: Among the 211 neonates observed, wound 
management was required in 10 cases of diaper dermatitis, 
7 epidermal stripping, 6 extravasation injuries, 5 pressure 
ulcers, 1 surgical wound and infection, 1 thermal burn, and 
5 other lesions.

Conclusions: International guidelines in neonatal 
wound care practice are not available, and further 
research concerns are clearly needed. Dressings and 
antiseptic agents should be chosen with great care for 
application to neonates, with particular attention to the 
prevention of adverse events in this sensitive population. 
Team work among dermatologists, neonatologists and 
nurses is crucial for the successful treatment of neonates.

World J Pediatr 2017;13(2):165-172

Key words: epidermal stripping;
                   extravasation injury;
                   neonatal intensive care unit;
                   surgical wound;
                   wound care in neonates

Introduction

With the increase in the survival rate of premature 
neonates in recent years, the skin care and 
wound management in this special patient 

group poses an ever greater challenge to practitioners. 
Skin and wound complications remain a significant 
source of morbidity and mortality in these vulnerable 
infants. The basic structural differences between preterm 
neonate, term neonate and adult skin play a considerable 
role in clinical practice.[1-7] The immaturity of the stratum 
corneum, and hence of the epidermal barrier function of 
preterms results in a number of clinical consequences, 
including a high epidermal water loss, which may lead 
to a fluid and electrolyte imbalance, instability of the 
core temperature and a high potential for evaporative 
heat loss. Furthermore, the compromised skin barrier, 
coupled with a high body surface area to weight ratio, 
significantly increases the risk of the percutaneous 
absorption of applied chemicals and potential systemic 
adverse events. Preterm infants are more susceptible 
to infection, and septic complications are a relatively 
frequent cause of mortality.[2-5,7-12] The dermoepidermal 
junction is fl at, but ridged, anchoring fi brils, anchoring 
filaments and hemidesmosomes are fewer and smaller 
in premature infants, which results in a decreased 
resistance to shear forces. The skin is therefore fragile 
and prone to be affected by inadvertent cutaneous 
injury. The dermis is also thinner, less collagenized 
and more gelatinous and this gives to an increased risk 
of edema, resulting in the risk of an ischemic injury. 
Moreover, due to the thin layer of subcutaneous fat and 
the immature eccrine glands, premature infants have a 
compromised thermoregulatory capability.[1-4,8,13-15]

The above-mentioned anatomical and functional 
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characteristics appreciably increase the possibility of 
the development of skin injuries and wounds, and also 
significantly influence the wound healing processes 
in premature and severely ill term neonates. There 
are many additional factors that affect the formation 
of wounds and wound healing, such as congenital 
disorders and accompanying conditions (protein-calorie 
malnutrition, hypotension requiring inotropic therapy, 
edema, and physiological instability that prevents 
the safe redistribution of pressure). It is important to 
consider that the current diagnostic and therapeutic 
procedures have reduced the morbidity and mortality in 
this special patient group on one hand, but also pose a 
signifi cant risk of iatrogenic skin injuries and can delay 
the healing of an already extant wound.[1-3,10,16-18]

To date, there have been no publications on lesions 
requiring wound management in a neonatal intensive care 
unit (NICU) during an exact and comparatively long-term 
study period. The purpose of our study was to conduct 
regular dermatological examinations in our NICU, in 
order to review the preterm and term neonates who 
needed wound management, and to assess the most 
common skin injuries and wounds, and their etiology. 
This article presents our results and the therapeutic 
methods we apply.

Methods
Patients
The study was carried out at NICU of the Department 
of Pediatrics in the University of Szeged between 
January 31, 2012 and January 31, 2013, after approval 
and permission had been obtained from the Institutional 
Review Board of Albert Szent-Györgyi Medical 
Center. NICU of the Department of Pediatrics is a 
17-bed tertiary center, which annually admits 200-
270 neonates in severe perinatal conditions from the 
south-eastern region of Hungary (with a population 
of almost 1.5 million). All skin wounds were referred 
to the dermatologists who conducted dermatological 
examinations twice a week, with additional unscheduled 
visits if necessary. All infants hospitalized in the NICU 
during the 1-year study period were included in the 
study, undergoing whole-body skin examinations, 
always carried out by the same two experienced 
dermatologists. The gestational age, sex, birth weight, 
area of involvement, etiology of the wound, causative 
factors, diagnosis at admission and comorbidities were 
recorded, together with the nature of the management 
(dressings, ointments and surgical interventions).

Therapeutic methods
All wound care objectives, management plans and 

wound assessment details were documented precisely, 
including the etiology, the type (acute or chronic) and 
exact location of the wound, the wound dimensions 
(width, length and depth) in centimeters, the nature of 
the wound bed, the status of the surrounding skin, the 
exudate characteristics (amount, color, consistency and 
odor), and the presence of infection.

During the different steps and stages of the wound 
management, modern wound care methods were used, 
with close regard to the anatomical and physiological 
characteristics of neonates. The wound management 
included both conventional and modern dressings. The 
frequency of dressing changes was always determined 
individually, depending on the wound type and base, 
the amount of wound exudate, signs of infection and the 
type of dressing. Swabs were always taken from wound 
exudates for microbiology, and parenteral antibiotics 
were commenced in accordance with the bacterial 
sensitivity if the laboratory fi ndings or skin signs were 
indicative of systemic infection. Photodocumentation 
was made at every, or every second examination. 
Follow-up visits occurred 1, 3 and 6 months after 
wound healing.

Results
During the 1-year study period, a total of 211 neonates 
were admitted to the ward [mean birth weight: 
2353.6±981.6 (SD) g, mean gestational age: 34.5±4.3 
(SD) weeks, range: 23-41 weeks, gender: 125 male 
and 86 female neonates]. As regards the birth weight: 
7 patients were born with high birth weight (HBW, 
>4000 g), 86 with normal birth weight (NBW, 2500-
4000 g), 66 with low birth weight (LBW, 1500-2500 
g), 52 newborns weighted less than 1500g: 32 had very 
low birth weight (VLBW, 1000-1500 g) and 20 had 
extremely low birth weight (ELBW, <1000 g), 5 of 
whom weighted less than 750 g.

Totally 32 [17%; 17 males (53.1%)] of the 211 
infants admitted to the NICU required special therapy 
for at least 1 wound; and 3 of the 32 suffering 2 
wounds, i.e. a total of 35 wounds were detected and 
treated. The gestational age of these 32 neonates 
varied from 23 and 41 gestational weeks (mean±SD: 
33.02±4.9). One of the 32 was born with HWB (3.1%), 
10 (31.2%) with NBW, 8 (25.0%) with LBW, 4 (12.5%) 
with VLBW, and 8 (25.0%) with ELBW. The mean 
birth weight was 2037±1055 (SD) g.

The 35 wounds were grouped on the basis of 
the causative factors: epidermal stripping (ES) in 
consequence of the removal of adhesive dressings, 
extravasation injuries (EIs), surgical wounds and 
infections, burns due to thermal or chemical agents, 
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excoriation in the diaper area, pressure ulcers (PUs) 
and others. Erosions due to ES were observed in 7 
neonates (20.0%), in whom injuries developed after 
the removal of a tape used for cannula fixation (Fig. 
1). Extravasation wounds were also frequent (6 
cases, 17.1%) after paravasation of parenteral feeding 
solutions such as amino acid, glucose and fatty acid 
infusions or inotropic drugs such as dobutamine and 
adrenaline (Fig. 2). PUs were staged on the basis of 
the National Pressure Ulcer Advisory Panel Staging 
Guidelines: two were in stage I, and three were in stage 
II. We observed one neonate with a deep surgical wound 
(2.8%) in the lumbo-sacral region, which developed 
after a closing operation for myelomeningocele, and 
one neonate with a thermal burn (2.8%) caused by a 
pulse oxymeter. There were 5 other iatrogenic lesions 

(14.3%), which could not be classifi ed into the previous 
groups: 4 cases of maceration in folds (12.5%), and one 
suffusion (2.8%).

A lower gestational age and a lower birth weight 
proved to be factors predisposing to ES (5/7, 71.4%) 
and diaper dermatitis (DD) (6/10, 60%). Data on all 
patients and wounds are presented in Table 1. The 
diagnoses at admission and comorbidities of these 
patients in the NICU are presented in Fig. 3.

Discussion
Most of the skin disorders that occur in NICUs develop 
as a consequence of the immaturity and vulnerability of 
the neonatal skin. Despite the novel techniques utilized 
in neonatal care leading to a significant reduction in 

Fig. 1. A&B: Epidermal stripping around the umbilicus in twins as a result of tape removal; C&D: After epithelizing local treatment with a cooling 
ointment.

Fig. 2. A: Extravasation injury in the left gluteal region as a consequence of dobutamine infusion; B: After surgical necrectomy; C: After 72 days 
of treatment, a functionally non-disturbing scar in the left gluteal region.

A B C
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neonatal mortality, especially in premature infants, the 
various iatrogenic diagnostic and therapeutic procedures 
may also be conductive to iatrogenic damage, skin 
traumas and wounds.[19-22] This is the first assessment of 
the etiology and frequency of iatrogenic skin injuries 
and lesions that needed wound management in preterm 
and term neonates during an exact and relatively long 
study period.

Thirty-two of the 211 neonates (17%) observed in 
the NICU required wound care for at least 1 wound, 
but 3 of the 32 neonates suffered 2 wounds during 
hospitalization; i.e. a total of 35 wounds were noticed 
and cured. Data on the overall prevalence of iatrogenic 
skin injuries in hospitalized neonates are lacking. In an 
observational, prospective study, Ligi et al[21] assessed 
the incidence, nature, preventability and severity 
of iatrogenic events in a tertiary neonatal centre in 
France. A total of 388 neonates were enrolled in the 
study, with a total of 10 436 patient-days. A total of 
267 iatrogenic events were recorded in 116 neonates, 
with an iatrogenic event incidence of 25.6 per 1000 
patient-days. Cutaneous events were most common, with 
a prevalence of 24% in the study population.[21] In contrast, 
our study indicated a much lower rate of iatrogenic 
injuries, 32 per 211 neonates (15%) in the NICU, i.e. a 
prevalence of 150 per 1000 infants hospitalized.

In order to gain an overall picture of the dermatologic 
disorders in preterm and severely ill full-term infants, 
we additionally recorded the neonatal skin disorders 
observed in the same study population. Overall, 89 
different dermatologic cases were detected, 35 of 
whom needed some form of wound management. In 
conclusion, a great majority (39.3%) of the dermatologic 
disorders observed in the NICU proved to be various 
iatrogenic skin injuries requiring special wound care.[23]

The most common acquired wound types in NICUs 

have been demonstrated to be ES, EIs, surgical wounds, 
thermal and chemical burn injuries, DD and PUs.[5,16,20,24] 
DD is one of the most common dermatological conditions 
in infants and children, with a prevalence of 14%-42%.
[6] We found skin breakdown caused in the gluteal region 
by urinal or fecal irritation to be the most common skin 
lesions in our NICU (10/211, 4.73%). The prevention 
of DD includes maintenance of a dry skin surface with 
frequent diaper changes and gentle skin cleansing with 
warm water. Wipes are not recommended because they 
contain unnecessary chemicals. The use of zinc-oxide 
paste, hydrocolloid paste or diaper creams provides a 
good barrier on the skin. Mild corticosteroids can be 
applied if infl ammation is signifi cant. Fungal and bacterial 
superinfections can be resolved with local antifungal or 
antibacterial products.[3-5] It is also relevant to protect skin 
folds, e.g. the inguinal, axillar or neck regions, which are 
prone to maceration and erosion.

ES developing as a consequence of the removal of 
adhesive tapes and dressings used to secure life support 
and monitoring devices was earlier determined to be the 
most common cause of skin breakdown in hospitalized 
neonates,[25] especially in neonates born before a gestational 
age of 27 weeks.[9] However, the prevalence data on ES in 
pediatric care cases are somewhat controversial, varying 
from 8% to 17%.[6] In our NICU, 7 of 211 infants (3.3%) 
suffered ES. For the prevention of ES, the use of adhesive 
tapes should be minimized, preference being given to 
non-bonding skin dressings, such as silicone dressings, 
film dressings, hydrogels and hydrocolloids. Moreover, 
adhesives should be removed slowly and carefully after 
at least 24 hours of use, with a warm water-soaked cotton 
ball in a horizontal plane.[3-6,8,9,16,26]

It is noteworthy that premature neonates have smaller, 
thinner and hence vulnerable vessels, and the lack of 
subcutaneous tissue support can inevitably lead to EIs, 

Fig. 3. A: Diagnoses at the time of admission to NICU for patients requiring wound management; B: Comorbidities of patients requiring wound 
management.
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in spite of the most careful preventive action.[27] Quick 
recognition and action to minimize further injury are 
essential, as is regular observation of the intravenous (iv) 
cannula site and the surrounding skin, which can be easily 
visualized with transparent film dressings.[5,10,11,16,24,26] The 
reported incidence of EIs varies signifi cantly. Wilkins and 
Emmerson[28] estimated the prevalence of such injuries to 
be 38 per 1000 infants, and 70% of the injuries recorded 
developed in neonates born at 26 gestational weeks or 
less. Similarly, we observed 6 EIs (2.9%), 2 of which 
were severe, and the other 4 only moderate. It is well 
known that EIs are mostly caused by inadvertent 
leakage from vessels to the surrounding tissue of iv 
administered glucose (>10%), calcium gluconate 
or total parenteral nutrition, particularly when this 
is supplied through a peripheral line. Additionally, 
hypertonic solutions, ionic or alkaline solutions, or 
inotropic drugs (dopamine, dobutamine or adrenaline), 
which lead to vasoconstriction, can also cause skin 
damage.[5,29,30] We observed 1 case of the extravasation 
of dobutamine, and 1 with glucose- and 4 with lipid and 
amino acid infusion-induced EIs. There is no general 
agreement as to the best practice for the treatment 
of EIs in preterm infants. There have been various 
publications on the successful management of EIs, 
which can be divided into operative and non-operative 
groups,[27] or expectant, topical care and extravasant 
removal types.[30] Observation alone until the total 
area involved is demarcated can be an option, and 
this is the most common practice in injuries without 
any obvious skin damage. A number of different 
topical agents have been applied with good results, 
including antiseptic creams with silver sulfadiazine, 
with or without 0.2% chlorhexidine, nitroglycerine or 
enzymatic debridement with an ointment containing 
fibrinolysin and deoxyribonuclease[27,30] or even herbal 
mixtures.[31] Additionally, fi lm dressings, hydrocolloids 
and hydrogels can be used in occlusive dressings, and 
hydrogels even in a sterile polythene bag.[8,28] Operative 
solutions involve removal of the extravasant by saline 
flushing, liposuction or skin puncturing and saline 
infi ltration either alone or in some areas combined with 
hyaluronidase.[27,28,30]

PUs present a problem in neonatal care; particularly 
sedated, paralyzed or immobilized neonates are at 
high risk. Besides a low peripheral blood flow, as a 
consequence of the low amount of dermal collagen 
and elastic fibers, there is a high water content in the 
immature neonatal dermis. This edema can reduce the 
blood fl ow, and increases the risk of ischemic, pressure-
related injuries.[8,32] A Japanese study found that 
neonates nursed in incubators are at a special risk of the 
development of PU, because of the high temperature 
and humidity in incubators and specifi c intrinsic factors W
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such as the size, physical shape and skin immaturity of 
premature infants.[33] The prevalence of PU has been 
reported to be 27% in pediatric intensive care units and 
23% in NICUs.[16] These wounds mostly occur in the 
occipital region or on the ear, nose or even the knees 
if the neonate is nursed prone, but medical devices can 
also cause PUs.[22] In a multisite prospective cohort 
study, Fujii et al[33] observed that the cumulative 
incidence rate of PUs in NICUs was 16%. The most 
frequent site of pressure sores was the nose (50%), 
the explanation of which was presumed to be that 
continuous positive airway pressure or nasal directional 
positive airway pressure was applied in most cases, 
these being risk factors for the development of nasal 
deformations and PUs.[34] Our survey revealed 5 patients 
(2.37%) with PUs, 4 of which occurred in the occipital 
region, and all in critically ill neonates. Despite the 
frequent use of monitoring or therapeutic devices, we 
noted only one device-related PU, obviously thanks to 
the good nursing care. To prevent PUs, patients should 
be repositioned and turned at least once every 2 hours, 
medical equipment (cuff, saturation probes, tubes, etc) 
should be checked and replaced frequently, and the 
use of special weight-relieving gel pillows and foam 
mattresses for infants is recommended. Even if these 
rules are carefully observed, skin damage can easily 
develop in very preterm and unstable infants.[5,8,26]

Burn injuries fortunately occur only rarely in 
NICUs; they usually develop following the use of pulse 
oxymeters, ultraviolet light or infrared heating lamps, 
various electrodes, fi ber optic cold light, alcohol-based 
skin cleansers or warming bottles.[5,13,35] Our survey 
detected only 1 neonate with a mild thermal burn 
injury caused by a pulse oxymeter. Through the use of 
aqueous skin preparations and disinfectant products, 
and the rinsing of alcohol-based ones with saline water 
immediately after use, chemical burns can be prevented. 
Close control during the application of heating lamps 
or monitoring devices is indispensable for averting 
thermal burns. To prevent surgical wounds, sutures 
should be observed for signs and symptoms of infection 
by applying transparent dressings.[5,16]

For the early recognition of wound infection, 
swabs were always taken from wound exudates 
for microbiology, and we carefully examined for 
laboratory and clinical skin signs indicative of systemic 
infections. All microbiological cultures from wound 
exudates were negative, with no need for antibiotics, 
with the exception of one case of postoperative 
infection after myelomeningocele closing surgery, 
when systemic inflammatory symptoms appeared 
on the day after surgery, the sutures opened and a 
purulent and necrotic ulcer with infl amed surroundings 
developed in the lumbo-sacral region. ESBL-producing 

Klebsiella pneumoniae was cultured, and with regard 
to the antibiogram, systemic antibiotic therapy was 
introduced. Finally, together with the antiseptic 
wound care, the combinational therapy resulted in the 
infl ammation ceasing within a few days.

Most skin injuries observed in our NICU proved to 
be erosions or superficial ulcers, and healed in a short 
time without any complications or sequels following 
the use of local epithelising ointments or non-adhesive 
silicone, foam or hydrogel dressings. Fortunately, we 
did not detect any progression in wound healing, even 
in the more severe cases. Besides the use of modern 
wound dressings suitable for wound stages, the good 
efficacy of wound healing in neonates is also a factor 
contributing to a good prognosis. Naturally, the 
relatively small number of neonates involved is one 
limitation of our study.

Epidermal stripping, erosive diaper dermatitis or 
erosions in skin folds usually heal without scarring 
as a consequence of the epidermal damage being 
only superficial. However, all other types of wounds 
with extensive damage of the dermis, subcutis or 
deeper layers leave scars with lifetime duration and 
even cosmetically or functionally disturbing scar can 
sometimes remain. In 100 consecutive children at 16-
29 months of age, Cartlidge et al[36] investigated the 
prevalence of scars attributable to intensive therapeutic 
procedures performed during the newborn period. 
Surprisingly, scars (needle marks, extravasation 
injuries, heelprick marks, adhesive tape damage, or 
lesions related to the application of central venous 
catheters or chest drains) were present in every child, 
and in 11 lesions were cosmetically or functionally 
significant. In our study, 24 of the 35 (68.6%) skin 
injuries detected (epidermal stripping, diaper dermatitis, 
erosions and first-degree pressure ulcers) healed 
without scar formation; 11 wounds (31.4%) were 
accompanied by scars, 9 (25.7%) of which proved to 
be small and visible, but cosmetically and functionally 
non-disturbing. One extravasation injury with a deep 
necrotic ulcer in the left gluteal region that resulted 
from a malpositioned umbilical arterial catheter 
left a cosmetically significant scar, as did a surgical 
wound that developed in the lumbo-sacral region as 
a consequence of postoperative wound infection after 
myelomeningocele closing surgery. To reduce the high 
rate of scar formation, points of particular importance 
to be stressed are the prevention of iatrogenic injuries 
with special care during medical procedures, the 
identification of risk factors, the early recognition of 
iatrogenic events and modern wound care strategies 
(use of non-adhesive dressings, alcohol-free antiseptic 
solutions, and weight-relieving anti-decubitus 
mattresses).
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The average length of hospital stay of the infants 
suffering from wounds was 34 days, in contrast with 
the infants without wounds, who spent an average of 
16 days in the NICU. However, most of the wounds 
observed in our NICU were fortunately minor, with 
the exception of two extravasation injuries and one 
surgical wound with extensive soft tissue damage and 
subsequently a longer wound healing time. Moreover, 
the longer time an infant needs to be hospitalized as a 
result of prematurity or a severely ill status, the greater 
the possibility of iatrogenic injuries developing due 
to various diagnostic or therapeutic interventions. In 
conclusion, the hospitalization time is significantly 
longer in the case of infants with iatrogenic cutaneous 
injuries, as the wound management of severe iatrogenic 
wounds may be accompanied by a longer hospital stay.

Previous studies demonstrated that the lower the 
gestational age at birth and the lower the birth weight, 
the higher was the risk of occurrence of iatrogenic 
events.[17,21] More than half of the infants with wounds 
in our study population (59%) were born prematurely, 
most often between gestational weeks 28 and 31. A 
lower gestational age and lower birth weight were 
factors predisposing to ES (71.4%) and DD (60%).

Skin care and wound management in term and 
preterm neonates are complicated, and pose a great 
challenge to practitioners during neonatal care. Most 
of the injuries suffered by neonates are iatrogenic, and 
a recent study concluded that the majority (83%) of 
such iatrogenic events are preventable.[17] It is important 
to emphasize the roles of preventive skin care and the 
adequate treatment of dermatological conditions during 
neonatal intensive care, since the integrity of the skin is 
essential for the stabilization of severely ill or preterm 
newborns. To maintain skin integrity, at least daily skin 
assessment is advised, using valid and objective score 
systems.[25,26] Identifi cation of risk factors for skin injury 
and regular skin care are also important as concerns 
the smallest infants. Furthermore, we aim to carry 
out a comparative interventional study in the future 
in order to investigate the prevalence of iatrogenic 
cutaneous injuries requiring wound management after 
the introduction of modern wound care principles and 
different preventive strategies in the NICU.

In conclusion, the prevalence of wounds occurring 
in the premature and ill neonate population is quite 
high, and can pose appreciable problems. The 
clinical practice of wound care in adults cannot be 
applied directly to neonates due to the anatomical 
and physiological differences of their skin. Evidence-
based guidance for neonatal wound care practice is 
severely limited, in part because of the ethical problems 
of conducting clinical studies on this population. 
International guidelines are not available; mainly 

regional customs and recommendations are to be 
found. For the safe use of suitable dressings, drugs and 
adjunctive treatments in neonates, further investigations 
and research studies on wound management are 
necessary in order to gain evidence-based data and to 
establish reliable practical guidelines. More clinical 
studies must be performed to obtain exact data on 
the prevalence of wounds and on the different wound 
management modalities in this special patient group.

Severe skin injuries were rather rare in our study, 
thanks to the appropriate daily skin care routine, 
involving careful observation and prevention. It is 
important to emphasize that team work and cooperation 
among dermatologists, neonatologists and the NICU 
nurses are crucial for the prevention of injuries and for 
the successful treatment of preterm and term neonates.
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