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1. Introduction 

 

Preterm birth is one of the most significant perinatal health problems worldwide. According 

to the WHO data for 2007, the highest rates of preterm birth are observed in Africa and North 

America (11.9% and 10.6% of all births, respectively), and the lowest in Europe (6.2%), 

especially in the Scandinavian countries (3-4%).1 Unfortunately, despite extensive obstetrical 

and public health efforts, the preterm birth rates remain stable or are even increasing, and 

impose a considerable burden on both families and society throughout the world. Preterm 

birth, defined as childbirth occurring before 37 completed weeks of pregnancy or 259 days of 

gestation, is a major determinant of neonatal mortality and morbidity and has long-term 

adverse consequences for health. In Hungary, the prevalence of premature birth in the past 

few years has been estimated as 8-10 % (8.6% in 2010).2 Although the prevalence of preterm 

birth has not been reduced, there has been a marked change in the survival rates of neonates 

born prematurely or with low birthweight (LBW). The survival rate of infants treated in 

neonatal intensive care units (NICUs) in Hungary is currently over 95%.1 

In fact, neonatology is one of the most spectacularly developing disciplines of medicine: the 

recent technological advances and diagnostic and therapeutic innovations have revolutionized 

the perinatal care of preterm infants and resulted in an impressive improvement in the survival 

of even very low birth weight (VLBW) infants. The treatment of prematures is performed in 

NICUs, which are centres that combine advanced technology, diagnostic and therapeutic 

modalities, and well-trained health-care professionals specializing in the treatment of 

premature and low birth weight infants and neonates who have medical conditions requiring 

special medical care. The first NICU was established in 1962, and such centres have 

contributed markedly to significantly higher rates of survival of preterm infants worldwide. 

The treatment of premature and severely ill neonates can be carried out in NICUs with 

different progressivity levels; basically, three levels can be differentiated. The management of 

neonates born with LBW or extremely low birthweight (ELBW) or who are critically or 

severely ill is performed in level III. progressivity NICUs. In Hungary, approximately 6500-

7000 infants are admitted to level III. NICUs yearly. 

Prematurity involves the immaturity of all organs and organ systems. All of the anatomic 

elements of the skin are fully developed by weeks 22 to 24 of gestation, whereas functional 

and biochemical maturity requires a much longer time. At gestational week 24, the epidermis 

is immature, with the stratum corneum consisting of only one to two cell layers. In preterm 
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infants, the full thickness of the skin (0.9 mm) is much less than that in term infants (1.2 mm), 

and this is also the case for the thickness of the epidermis and stratum corneum. The 

uppermost layer of the epidermis, the stratum corneum, which consists of corneocytes, plays a 

considerable role in the protecting barrier function of the skin. The physical barrier of the skin 

represented by the stratum corneum is mainly determined by its thickness and integrity. By 

weeks 33 to 34 of gestation, the stratum corneum has attained structural and functional 

maturity, although the active adaptation and maturation processes continue after birth. 

Changes in the skin pH, development of the protecting acid envelope and continuous 

colonization of the apathogenic microbes play a crucial role in the adaptation process.3 

(Figure 1.) 

The basic structural differences between the skin of a preterm neonate, a term neonate 

and an adult skin are of considerable importance in clinical practice. The structure of the skin 

of a full-term neonate is similar to that of an adult, but it is much thinner and more vulnerable. 

The skin of a term neonate is structurally and functionally more ready to adapt to an air 

environment than the skin of a premature infant, which is in homeostasis with a fluid 

environment. After delivery, premature skin matures rapidly over 2 to 8 weeks, but this 

process takes significantly longer for the most premature neonates.4-7 

 

 

 

 

Figure 1. Development of the epidermis during embryonic and foetal life 



3 

In premature infants, the structural and functional maturation of the epidermis accelerates 

significantly, taking approximately 2 weeks after birth. As a consequence of this accelerated 

maturation period, the epidermis of an extremely premature infant undergoes a dramatic 

development during this 2 weeks, resulting in a markedly decreased transepidermal water loss 

(TEWL) and a reduced possibility of absorption of various toxic agents.3,6,8,9 Preterm 

neonates are obviously highly vulnerable during this 2-week window period. Septic 

complications mainly occur in the first few days or the first 2 weeks of life and are the most 

common cause of mortality in this special population. The compromised epidermal barrier 

function results in an enhanced susceptibility to severe, invasive infections, high rates of 

TEWL, thermal instability, an electrolyte imbalance, an increased percutaneous absorption of 

chemicals and drugs, and easily induced skin traumas; these clinical complications are 

relevant determinants of high morbidity and mortality rates for preterm infants in the NICU. 

In extremely premature infants, the TEWL can be as much as 10-15 times more than in full-

term infants; a neonate born at 24 weeks of gestation can lose even 13% of the body weight 

on the first day of life, as a consequence of the high fluid loss due to the practical absence of 

the epidermal barrier.4,5,9-16 

Another anatomical-structural difference is that the dermoepidermal junction is flat, anchoring 

fibrils, anchoring filaments and hemidesmosomes are fewer and smaller in premature infants, 

which results in a decreased resistance to shear forces. Due to the immaturity of the 

dermoepidermal junction, the epidermis and dermis can easily separate from each other; 

moreover, bullae can develop much more easily after thermal or mechanical impacts. The skin 

is therefore fragile and prone to be affected by an inadvertent cutaneous injury. The dermis is 

also thinner, less collagenized and more gelatinous, and this gives rise to an increased risk of 

oedema, resulting in the risk of an ischaemic injury. Moreover, in consequence of the thin 

layer of subcutaneous fat and the immature eccrine glands, premature infants have a 

compromised thermoregulatory capability.4,5,10,13,17-20 (Table 1.) 
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  ADULT 
TERM 

NEONATE 

PRETERM 

NEONATE 

Skin surface dry vernix caseosa vernix gelatinosa 

Thickness of the skin 2.1 mm 1.2 mm 0.9 mm 

Thickness of the stratum 

corneum  
9-15 μm 9-10 μm 4-5 μm 

Dermoepidermal junction 
ridged, antigen 

expression 

slightly ridged, 

antigen expression 

totally flat, 

reduced antigen 

expression 

Anchoring filaments, fibrils 

and hemidesmosomes 
mature mature fewer, smaller 

Dermal collagen and elastic 

fibres 
mature 

smaller size, 

immature structure 

even smaller size, 

immature structure 

 

Table 1. Main anatomical differences in the skin between adults, term and preterm neonates 

(Buonocore, Bracci, Weindling’s Neonatology textbook) 

 

It can be seen that the immaturity not only of the internal organs, but also of the skin can 

result in various clinical consequences during the intensive care of neonates. A thorough 

knowledge and the exact diagnosis and identification of risk factors of dermatologic disorders 

in neonates have proved to be extremely important, just as are their correct and professional 

treatment and prevention. 

Premature infants are at high risk of subsequent chronic medical problems. Neurologic, 

cardiovascular and respiratory diseases, gastrointestinal, metabolic and haematologic 

problems, developmental abnormalities, the immature immune system and frequent infections 

demand numerous invasive diagnostic and therapeutic procedures. The treatment and 

prevention of organ impairments resulting from prematurity and various neonatal diseases are 

enormous challenges in neonatal care. In consequence of the use of modern invasive 

diagnostic and therapeutic procedures, respiratory therapy techniques and technical devices 

ensuring the continuous monitoring of vital parameters, the incidence of iatrogenic events has 

also increased significantly. The various skin injuries constitute a significant proportion of 

iatrogenic complications. 

Naturally, other severe dermatological disorders besides iatrogenic injuries can also develop 

in neonates. Serious viral, bacterial or fungal infections, inherited keratinization disorders or 

dermatologic diseases with the formation of bullae can significantly impair the first and most 
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important protecting line of the body, and at the same time the function of all the organs. The 

treatment of these premature or severely ill infants must be performed in highly qualified 

intensive centres.  

 

 

2. Aims 

 

2.1. The aim of the current survey was to investigate the prevalence of dermatological 

disorders among preterm and severely ill term infants in our level III. progressivity NICU. As 

far as we are aware, these are the first literature data on the prevalence of skin disorders in a 

tertiary NICU during an exact and comparatively long-term study period. 

 

2.2. As most of the dermatological disorders observed in our NICU in the first year of the 

study period proved to be skin injuries that developed as a consequence of the immaturity of 

the skin and iatrogenic interventions, we paid particular heed to the prevalence of these 

injuries in the two years of the study period. We also made a detailed assessment of the 

aetiology, type and therapeutic possibilities of lesions requiring wound management.  

 

2.3. We also reviewed factors of possible relevance as concerns the development of skin 

disorders resulting from the immaturity of the skin, and various iatrogenic complications in 

neonates requiring intensive care. The following factors that may influence (directly or 

indirectly) the general condition of neonates were analysed: gender, gestational age, birth 

weight, use of a central venous line, respiratory (mechanical or continuous positive airway 

pressure ventilation (CPAP)) and circulatory support, positive microbiology culture results, 

the appearance of early complications (pneumothorax, pulmonary haemorrhage, intracranial 

haemorrhage or respiratory distress syndrome (RDS)), surgical interventions and the length of 

NICU stay. 
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3. Patients and Methods 

 

3.1. Patients and dermatological examinations 

 

Our prospective cross-sectional cohort survey was carried out in the level III. NICU at the 

Department of Paediatrics at the University of Szeged between 31 January 2012 and 31 

January 2014 after approval and permission had been obtained from the Institutional Review 

Board of Albert Szent-Györgyi Medical Centre. This NICU is a 17-bed tertiary, university-

affiliated centre, 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 consecutive 

newborn term and preterm infants hospitalized in the NICU during the 2-year study period 

were included in the study. Each of them participated in whole-body skin examinations, 

always carried out by the same two experienced dermatologists from the Department of 

Dermatology and Allergology at the University of Szeged. The dermatologists took part in the 

visits at the NICU twice weekly and, if needed, unscheduled visits were also made. Decisions 

relating to diagnoses and therapies were made in consultation with neonatologists. In view of 

the relatively high number of surgical procedures required among the NICU patients, 

paediatric surgeons also make a ward round daily in the NICU. The treatment of iatrogenic 

skin lesions and wound care is carried out with the collaboration of dermatologists and 

paediatric surgeons.  

The gestational age, sex, birth weight, area of involvement, aetiology of the disorder, 

causative factors, diagnosis at admission and comorbidities were recorded, together with the 

nature of the management (dressings, ointments, medications and surgical interventions).  

 

3.2. Investigation of the prevalence of iatrogenic dermatological lesions requiring wound 

management among neonates 

 

During the first year of the study period, a great proportion of the dermatological disorders 

proved to be lesions associated with immaturity of the skin and consequences of iatrogenic 

injuries which require special wound management. 

We laid special emphasis on the investigation of lesions requiring wound care, among other 

dermatological conditions. All wound-care objectives, management plans and wound 

assessment details were documented precisely, including the aetiology, the type (acute or 
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chronic) and exact localization of the wound, the wound dimensions (width, length and depth) 

in centimetres, the nature of the wound bed, the status of the surrounding skin, the exudate 

characteristics (amount, colour, consistency and odour), and the presence of infection. 

Photodocumentation was made at every, or every second examination. Follow-up visits were 

made 1, 3 and 6 months after wound healing. 

 

3.3. Investigation of the factors of possible relevance as concerns the development of 

iatrogenic injuries  

 

During the 2-year study period, we investigated the prevalence of lesions associated with skin 

immaturity and as a result of iatrogenic injuries, such as epidermal stripping (ES), 

extravasation injuries (EIs), pressure ulcers (PUs), diaper dermatitis (DD), macerations in skin 

folds, infection-induced cutaneous eruptions, thermal and chemical burn injuries, surgical 

wounds, UV light-induced exanthema and haematomas. 

To analyse the data on the patients’ characteristics and case history, the official medical 

records were used. We investigated the potential role of the following factors in the 

background of iatrogenic injuries: gender, gestational age, birth weight, length of hospital 

stay, intensive therapeutic interventions (ventilation and circulation support, surgical 

interventions), complications (pulmonary haemorrhage, pneumothorax and intracranial 

bleeding), factors influencing attendance and prognosis (patent ductus arteriosus (PDA), 

bronchopulmonary dysplasia (BPD) and infections). 

 

3.4. Statistical analysis 

 

Data were collected and documented through the use of Excel tables, and SPSS 22.0 was used 

for statistical analysis. The correlations between the prevalence of cutaneous injuries and the 

demographics and patient characteristics, and data relating to intensive therapeutic 

interventions, complications, factors influencing the attendance and the prognosis were 

calculated by using Pearson’s chi-squared test and Fischer’s exact test. All p values calculated 

were 2-sided, and a significance level of 0.05 was assumed.  
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4. Results 

 

4.1. Patient characteristics and demographics 

 

During the 2-year study period, a total of 460 neonates of Caucasian origin were admitted to 

the NICU (mean birth weight: 2236.86 ± 965.53 (SD) g, range: 500-5470 g, mean gestational 

age: 33.83 ± 4.39 (SD) weeks, range: 22-41 weeks, gender distribution: 250 males and 210 

females). (Figure 2.) Distribution by birth weight: 16 (3.48 %) neonates with high birth 

weight (HBW, > 4000 g), 159 (34.56 %) with appropriate weight for gestational age (i.e. 

normal birth weight, NBW, 2500-4000 g), 154 (33.48 %) with LBW (1500-2499 g), and 131 

(28.48 %) weighing less than 1500 g: 81 (17.61 %) with very low birth weight (VLBW, 1000-

1499 g) and 50 (10.87%) with extremely low birth weight (ELBW, <1000 g), of whom 17 

(3.7 %) weighed < 750 g (Figure 3.). The mean birth weight of the admitted male infants 

(2360.7 ± 990.87 (SD) g was significantly higher than that of the female infants (2089.4 ± 

915.13 (SD) g. (p=0.003). 

40.7 % of the infants were born after 36 weeks of gestation, 29.5 % of them between 32 and 

35 weeks, 19.16 % of them between 28 and 31 weeks, 9.69 % of them between 24 and 27 

weeks, and 2 infants before 24 weeks of gestation. There was no significant difference 

between the mean gestational ages of male (34.02 weeks) and female (33.59 weeks) infants. 

(Figure 4. A-B.)  
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250

210
male

female

 

Figure 2. Distribution of all newborn patients by gender who were hospitalized in the NICU 

during the 2-year study period (N=460) 
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Figure 3. Distribution of all newborn patients by birth weight, who were hospitalized in the 

NICU during the 2-year study period (N=460) 



10 

0,4%

9,8%

19,7%

29,5%

40,6%

<24 weeks

24-27 weeks

28-31 weeks

32-35 weeks

35< weeks

Figure 4. A. Distribution of all newborn patients by gestational age, who were hospitalized in 

the NICU during the 2-year study period (N=460) 
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Figure 4. B. Distribution of all newborn patients by gestational age (weekly) who were 

hospitalized in the NICU during the 2-year study period (N=460) 
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4.2. Dermatological disorders observed in the NICU during the first year of the study 

period 

 

During the first year of the study period, 211 neonates of Caucasian origin were admitted to 

the NICU (mean birth weight 2353.6 ± 981.6 g, mean gestational age 34.5 ± 4.3 weeks [range 

23–41 weeks], 125 male, 86 female). Seven (3.3%) neonates had HBW (>4000 g), 86 (40.6%) 

had NBW (2500–4000 g), 66 (31.3%) had LBW (1500–2499 g), and 52 (24.6%) weighed less 

than 1500 g: 32 (15.2%) with VLBW (1000–1499 g) and 20 (9.5%) with ELBW (<1000 g) of 

whom 5 (2.4%) weighed less than 750 g. 

Sixty-four neonates (30.3%; 30 male, 34 female; mean birth weight 2139.1 ± 1159.4 g, mean 

gestational age 33.1 ± 5.4 weeks [range 23–41 weeks] ) of the 211 infants admitted to the 

NICU exhibited some kind of dermatologic disorder; 15 (7.1 %) had two and 5 (1.42 %) had 

three different dermatologic conditions during their hospitalization.  

Overall, 89 different dermatologic cases were detected, 63 of whom needed some form of 

dermatologic treatment, whereas in 26 cases the conditions were merely closely followed. As 

regards the distribution of the diseases, significantly intercorrelated iatrogenic injuries and 

dermatologic conditions associated with the immaturity of the skin were observed in the great 

majority (67/89, 75.3%) of the dermatologic disorders. The average gestational age of these 

neonates was 32.6 weeks. Thirty-five (39.3%) cases of iatrogenic injuries and complications 

were treated, such as ES (n = 7), EIs (n = 6), PUs (n = 5), thermal burns (n = 1), surgical 

wound infection (n = 1), blue light–induced exanthema (n = 2), contact dermatitis (n = 2) and 

mechanical impact-induced suffusion (n = 1). Skin reactions presumed to be induced by 

infection were observed in 8 neonates, manifested as erythematous macules, papules, 

pustules, or in one severe case of purpura fulminans. (Figure 5.) 
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Figure 5. Acute infectious purpura fulminans due to extended-spectrum beta-lactamase–

producing Klebsiella pneumoniae in a neonate born in gestational week 29, with a lethal 

outcome 

 

Cutis marmorata was diagnosed in a hypoxic neonate treated by using transient hypothermia. 

One neonate was born in a polytraumatic condition after an intrauterine infection, in whom 

disseminated intravascular coagulopathy developed and resulted in extensive purpurae and 

haematomas. Other common conditions that developed as a result of the immaturity of the 

neonatal skin (n = 32, 36.0%) were dry, scaly skin (n = 18), DD (n = 10) and maceration in 

the skin folds (n = 4). One neonate who had anti-human platelet antigen-la-induced neonatal 

alloimmune thrombocytopenia had purpura and petechiae over the entire surface of the body; 

it was treated effectively with intravenous (iv) immunoglobulin and a special thrombocyte 

infusion. One neonate had petechiae on the neck and face, caused by the umbilical cord 

curling around the neck. Of the common transient benign neonatal skin conditions, erythema 

toxicum neonatorum developed in 5 neonates. (Figure 6.) Vascular malformations were 

diagnosed in 4, vascular tumours (Figure 7.) in 8, and other benign congenital tumours in 3; 

no treatment was needed in these cases, but only observation. One neonate was born with 

dermal melanocytosis in the lumbosacral region. (Figure 8.) 
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Figure 6. Erythema toxicum neonatorum 

 

 

 

Figure 7. Infantile haemangioma in the right retroauricular region of a preterm infant born 

in gestational week 28. 
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Figure 8. Dermal melanocytosis in the lumbosacral region 

 

The neonates had various diagnoses at the time of admission to our NICU, such as respiratory 

disorders and RDS, prematurity, intrauterine infection, resuscitation, meconium aspiration, 

anal atresia, duodenal atresia, choanal atresia, oesophageal atresia, hypothermia, Down 

syndrome, polytraumatization, hydrocephalus, coagulation disorder and disseminated 

intravascular coagulation, and myelomeningocele. The most common comorbidities of 

neonates with dermatological disorders observed in the NICU during the 1-year study period 

were pneumonia and other infections, anaemia, ductus Botalli persistens, BPD, cerebral or 

intraventricular haemorrhage, icterus, RDS, pneumothorax and pulmonary hypertension.22 

 

4.2.1. Lesions requiring wound management during the first year of the study period 

 

32 (17%; 17 male, 53.1%; 15 female, 46.9%) of the 211 infants admitted to the NICU 

required special therapy for at least 1 wound, 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 between 23 

and 41 gestational weeks (mean: 33.02 ± 4.9 (SD) g). 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. 
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The 35 wounds were grouped on the basis of the causative factors: ES in consequence of the 

removal of adhesive dressings, EIs, surgical wounds and infections, burns due to thermal or 

chemical agents, excoriation in the diaper area, PUs and others. The most common wounds 

(10 cases, 28.6%) were erosions and excoriations that developed in the gluteal region because 

of irritative contact dermatitis due to urinal or faecal irritation. 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. 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. Another common type of 

wounds was PUs, which were observed in 5 (14.3%) critically ill neonates (with congenital 

heart disorders, after resuscitation, or with intrauterine infection); these developed mainly in 

the occipital region, but 1 occurred in the nose due to a nasal CPAP cannula. PUs were staged 

on the basis of the National Pressure Ulcer Advisory Panel (NPUAP) Staging Guidelines: 2 

patients had a stage I PU ulcer, and 3 ulcers were in stage II. We observed 1 neonate with a 

deep surgical wound (2,8%) in the lumbo-sacral region, which developed after a closing 

operation for myelomeningocele23, and 1 neonate with a thermal burn (2.8%) caused by a 

pulse oxymeter. There were 5 other iatrogenic lesions (14.3%), which could not be classified 

into the previous groups: 4 cases of maceration in the folds (12.5%), and 1 suffusion (2.8%). 

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 the 

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 findings or skin 

signs were indicative of systemic infection.23 

A lower gestational age and a lower birth weight proved to be factors predisposing to ES (5/7, 

71.4%) and DD (6/10, 60%). Data on all patients and wounds during the first year are 

presented in Table 2.24
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AETIOLOGY 

NUMBER 

OF 

CASES 

GENDER 

(M/F) 

GESTATIONAL 

AGE (weeks) 

(median, range) 

BIRTH 

WEIGHT (g) 

(median, range) 

LESION LOCALISATION 
CAUSATIVE 

FACTORS 
THERAPY 

LENGTH OF 

STAY 

(days; 

median, 

range) 

OUTCOME 

Diaper 

dermatitis 
10 7/3 35  (27-41) 

2102.5 

(910-4340) 

erythema (10), 

erosion (9), papules 

(1) 

gluteal region (10) irritation (10) 
barrier creams, liquid 

barrier film dressing (10) 
43 (11-66) TSNICU (4), 

home (6) 

Epidermal 

stripping 
7 3/4 28 (23-38) 

955 

(530-3600) 
erosion (7) 

umbilicus (3), right cheek 

(1), left cheek (1), left 

nipple (1), right foot (1) 

tape removal (7) 
epithelizing cream, foam 

dressing (7) 
47 (11-49) 

TSNICU (5), 

home (1), 

death (1) 

Extravasation 

injury 
6 3/3 36  (31-36) 

2042.5 

(1225-2990) 

haematoma (2), 

superficial ulcer (4), 

deep ulcer (2), bulla 

(2) 

right wrist (3), left hand 

(1), left upper arm (1), left 

gluteal region (1) 

fatty acid, lipid and 

amino acid infusion 

(4), glucose (1), 

dobutamine (1) 

epithelizing ointment (3), 

hydrogels (2), surgical 

necrectomy (1), 

observation (1) 

26 (18-41) 
TSNICU (4), 

home (1), 

surgery (1) 

Pressure 

ulcers 
5 2/3 38  (26-40) 

3440 

(700-3980) 

erythema (2), 

haemorrhagic erosion 

with crust (3) 

occipital region (4), nasal 

orifice (1) 
pressure (5) 

herb-containing gel (2), 

epithelizing ointment (2), 

hydrogels (1) 

47 (28-103) TSNICU (4), 

death (1) 

Thermal burns 1 0/1 32 1650 ulcer forearm pulse oxymeter epithelizing ointment 12 TSNICU 

Surgical 

wounds 
1 0/1 39 3250 ulcer lumbo-sacral region 

postoperative wound 

infection 

hydrofibre dressing, 

gelling foam dressing 
25 TSNICU 

Others 5 2/3 31  (26-37) 
1650 

(1300-1805) 

erosion (4), suffusion 

(1) 

neck folds (3), right foot 

(1), inguinal region (1) 

mechanical irritation 

(4), grabbing the arm 

(1) 

epithelizing ointment (4), 

observation (1) 
12 (10-20) TSNICU (5) 

           

 

Table 2.  Wounds occurring in the NICU during the first year of study period. Wound characteristics and relevant data on the patients  

(TSNICU: transfer to secondary neonatal intensive care unit)  

 



17 

4.3. Investigation of lesions associated with skin immaturity and iatrogenic injuries and 

factors of their development during the 2-year study period 

 

Altogether 83 (18.04%; 41 male and 42 female (Figure 8.); mean birth weight: 2055.6 ± 

1045.95 (SD) g, mean gestational age: 32.85 ± 5.2 (SD) weeks, range: 23-41 weeks) neonates 

exhibited some kind of iatrogenic skin disorder, 66 of them suffering from 1, 15 of them from 

2, 1 of them from 3, and 1 of them from 4 different dermatological conditions during the 

period of hospitalization. Distribution by birth weight (Figure 9.): 4 (4.8 %) neonates with 

HBW (> 4000 g), 25 (30.1 %) with NBW (2500-4000 g), 19 (22.9 %) with LBW (1500-2499 

g), and 35 (42.2 %) weighing less than 1500 g: 16 (19.3 %) with VLBW (1000-1499 g) and 

19 (22.9 %) with ELBW (< 1000 g), of whom 5 (6 %) weighed < 750 g.  

37.8 % of the infants were born after 36 weeks of gestation, 19.51 % of them between 32 and 

35 weeks, 23.17 % of them between 28 and 31 weeks, 19.52 % of them between 24 and 27 

weeks, and none before 24 weeks of gestation. (Figure 10.) 

 

4142

male

female

 

Figure 8. Distribution of newborn patients by gender with iatrogenic skin injuries (N=83) 
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Figure 9. Distribution of newborn patients by birth weight with iatrogenic injuries (N=83) 

 

19,5%

23,2%

19,5%
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24-27 weeks
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32-35 weeks

35< weeks

 

Figure 10. Distribution of newborn patients by gestational age with iatrogenic skin injuries 

(N=83) 
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The iatrogenic skin injuries were grouped on the basis of the aetiology and causative factors 

(Table 3; Figure 11.) ES in consequence of the removal of adhesive dressings, EIs, surgical 

wounds, infection-induced cutaneous eruptions, burns due to thermal or chemical agents, 

excoriation in the diaper area, macerations and erosions in the folds (Figure 12.), PUs, 

petechiae, haematoma and polytrauma, irritative contact dermatitis, mechanical impact-

induced suffusion (Figure 13.), hypothermia-induced livedo reticularis and blue-light 

phototherapy-induced transient rashes. Only one dopamine-related extravasation injury with 

severe tissue necrosis and ischaemia was recorded during the 2-year study period, which 

resulted in deep gluteal skin necrosis as a consequence of umbilical arterial catheterization.  

 

 

Iatrogenic skin injuries 

Number 

of 

infants 

% 

Diaper dermatitis 25 24.27 

Infection induced cutaneous eruptions 14 13.59 

Maceration and erosion in neck folds 13 12.62 

Epidermal stripping 11 10.68 

Petechiae, haematoma 9 8.74 

Pressure ulcers 9 8.74 

Extravasation injuries 8 7.77 

UV light-induced exanthema 5 4.85 

Contact dermatitis 4 3.88 

Thermal burns 2 1.94 

Cutis marmorata /livedo reticularis 1 0.97 

Polytrauma 1 0.97 

Surgical wounds 1 0.97 

 

Table 3. Distribution of iatrogenic skin disorders in our NICU patients during the 2-year 

interval. 
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eruptions
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Pressure ulcers

Extravasion injuries
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Thermal burns
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Polytrauma

Surgical wounds

Figure 11. Distribution of iatrogenic skin disorders in our NICU patients during the 2-year 

interval. 

 

 

Figure 12. Maceration on the neck as a consequence of mechanic friction 
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Figure 13. Mechanical impact-induced suffusion on the left arm after a cannule insertion 

 

The mean gestational age of the neonatal infants with any of the iatrogenic skin injuries was 

significantly lower than that of the infants without any skin trauma. The mean birth weights in 

the two groups were not statistically different, but the prevalence of iatrogenic skin injuries 

was significantly higher among the infants with a birth weight of <1000 g as compared with 

infants with a birth weight of >1000 g. The length of NICU stay was significantly longer for 

neonates with iatrogenic skin injuries. The mortality rate of the infants with an iatrogenic skin 

injury was 9.64 %, while in the infants without skin injuries it was 8.22%; the difference 

between the two groups was not statistically significant. (Table 4.) 

 

 
All newborn 

infant 

Neonates with 

iatrogenic 

skin injuries 

Neonates 

without 

iatrogenic 

skin injuries 

p-value 

Number of patients  

(male, female) 
460 (250, 210) 83 (41, 42) 377 (209, 168)  

Mean gestational age (weeks)  33.83 32.85 34.04 0.027* 

Mean birthweight (g)  2236.6 2055.6 2276.5 0.059 

Mean length of hospital stay in 

the NICU (days)  
20.80 32.18 18.29 0.001* 

Mortality (%) 8.48 9.64 8.22 0.664 

Table 4. Patient characteristics, demographics and outcome (*= statistically significant 

difference) 
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The following factors, interventions and conditions proved to be associated significantly with 

the development of iatrogenic skin injuries: use of the INSURE (intubation, surfactant, 

extubation) technique, surfactant use, mechanical ventilation, insertion of an umbilical arterial 

catheter (UAC), circulatory/cardiac support with dopamine or dobutamine, PDA, pulmonary 

haemorrhage, intracranial haemorrhage, BPD and positive microbiology culture results. 

(Pearson’s chi-squared test and Fischer’s exact test). (Table 5.)21 

 

 

Intensive therapeutic 

interventions, complications, 

factors influencing attendance 

and prognosis 

Total N (%) 

Neonates 

with 

iatrogenic 

skin injuries 

N (%) 

Neonates 

without 

iatrogenic skin 

injuries N(%) 

p-value 

INSURE  85 (16.27) 24 (29.27) 61 (16.27) 0.006 * 

Surfactant  164 (35.96) 41 (50.00) 123 (32.89) 0.003 * 

nasal-CPAP 211 (46.27) 43 (52.44) 168 (44.92) 0.216 

Mechanical ventilation  204 (44.74) 45 (54.88) 159 (42.51) 0.041 * 

Umbilical arterial catheter  27 (5.92) 9 (10.98) 18 (4.81) 0.04 * 

Umbilical venous catheter 366 (80.09) 68 (82.93) 298 (79.7) 0.478 

Dopamine and/or Dobutrex  96 (21.05) 24 (29.27) 72 (19.25) 0.044 * 

PDA  134 (29.39) 35 (42.68) 99 (26.47) 0.004 * 

Pneumothorax 29 (6.36) 7 (8.54) 22 (5.88) 0.372 

Intrapulmonary haemorrhage  28 (6.14) 10 (12.20) 18 (4.81) 0.02 * 

Intracranial haemorrhage  46 (10.09) 14 (17.07) 32 (8.56) 0.02 * 

BPD  23 (5.04) 9 (10.98) 14 (3.74) 0.012 * 

Operation 99 (21.71) 21 (25.61) 78 (20.86) 0.344 

Positive microbiology culture 

results 
214 (46.93) 52 (63.41) 162 (42.32) 0.001 * 

 

Table 5. Factors concerning the development of iatrogenic skin injuries (*= statistically 

significant difference) 
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5. Discussion 

 

Preterm birth rates have increased in the past two decades in many countries, in contrast with 

reports of decreasing rates of preterm deliveries in Finland and The Netherlands.25 This 

tendency can be explained by many reasons, e.g. increasing multiple pregnancy rates 

associated with the use of in vitro fertilization, later maternal age at childbirth and an increase 

in maternal body mass index (BMI). Moreover, there are further factors that can increase the 

risk of premature birth, such as a previous preterm birth, cervical insufficiency, maternal 

diabetes, renal disease, hypertension and smoking. While the rate of preterm births for 

singleton deliveries is 5-10%, the rate for preterm multiples is 40-60%.26 

The survival rate of premature neonates has risen markedly in recent years due to medical 

advances in perinatal care, such as the use of antenatal corticosteroids and surfactants. 

Premature infants are generally at higher risk of mortality and morbidity. This is especially 

true for the very preterm neonates (< 32 weeks), but moderate (32-33 weeks) and late (34-36 

weeks) preterm neonates may also have worse neurodevelopmental and educational outcomes 

as compared with neonates born after at least 37 weeks of gestation.1 A notably high 

proportion of neonates therefore require care in NICU in their early extrauterine life. In 

Hungary, 6500-7000 infants are admitted to level III. NICUs yearly. NICUs are centres 

specialized for the treatment of premature and low birth weight infants, or newborns who 

have conditions requiring special medical care. Such centres have made a marked contribution 

to the significant improvement of the survival rate of preterm infants throughout the world. 

As one of the largest and most important organs, the skin has various functions: it takes part 

in the fluid-electrolyte homeostasis and thermoregulation, and provides protection against 

mechanical impacts, the colonization and penetration of pathogenic microorganisms, 

ultraviolet irradiation, and the absorption of various toxic agents. Moreover, the skin 

comprises a basic and significant part of the immune system. Like other organs, the skin 

develops continuously during embryonic and foetal life. A review of the steps of development 

of the skin and the physiological consequences of the immaturity of the skin clearly 

demonstrates that the status of the epidermal barrier significantly influences the general health 

status of neonates.  

The mortality rate of infants is one of the most important quality indicators of paediatric and 

public health. Premature neonates or infants who are born with severe diseases or 

developmental disorders and who are treated in intensive care units nowadays account for a 
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great majority of the neonatal or infant mortality in developed countries. While there have 

been numerous thorough studies on adaptation and disorders of many organs and organ 

systems, neonatal dermatology is a much less well studied and reviewed field of medicine.  

 

5.1. Dermatological disorders among neonates requiring intensive care 

 

Our primary aim in this study was to investigate a large population of preterm and severely ill 

term infants, with a view to acquiring a better understanding of the relationships between 

dermatological and internal diseases, and an overall picture of the frequency of these skin 

disorders in the NICU. A survey of comprehensive investigations of dermatologic 

manifestations in preterms is lacking in the literature. This is the first comprehensive study of 

dermatological disorders and diseases in neonates observed in a NICU during a 1-year study 

period. The majority of the review articles survey the aetiology of the typical iatrogenic skin 

injuries in NICUs (thermal burns, chemical burns, light burns, scalp injuries, EIs, PUs, ES, 

e.t.c.).27-30 Peralta et al. reported on the prevalence of severe, inherited or acquired 

dermatological disorders in NICU patients.31 Our own survey has revealed that 

dermatological conditions may be accompanied by a wide spectrum of clinical symptoms, 

ranging from transient, benign manifestations such as erythema toxicum neonatorum or 

naevus simplex to extremely severe, rapidly progressing purpura fulminans with a lethal 

outcome. A considerable proportion (67%) of the disorders that were seen was the results of 

the immaturity of the skin and various iatrogenic complications, these factors obviously being 

strictly intercorrelated. Later, we present these skin injuries and disorders in detail. 

A compromised epidermal barrier function results in an increased susceptibility to severe, 

invasive infections, high rates of TEWL, thermal instability and an electrolyte imbalance, the 

increased percutaneous absorption of chemicals and drugs, and easily induced skin traumas; 

these clinical complications are relevant determinants of high morbidity and mortality rates 

for preterm infants in the NICU. 

A relevant limitation of our study is the potentially missed observation of transient benign 

neonatal skin conditions, i.e. mainly erythema toxicum neonatorum. The individual lesions of 

erythema toxicum neonatorum disappear rapidly, usually within a few hours or days; the rapid 

and spontaneous regression of the lesions cannot facilitate the determination of the exact 

prevalence of the skin condition. The prevalence of erythema toxicum neonatorum is 

generally lower among preterm infants. Other benign conditions, such as naevus simplex, 

infantile haemangioma, or haemangioma precursor lesions cannot be recognized in the first 
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few days of life, and in these cases reexamination of the infants is therefore recommended. 

Overall, the exact time of the skin examination in detecting these transient or not fully 

developed skin lesions is very important. Neonates with higher birth weight or in a less severe 

general condition usually spend shorter times in the ward as compared with infants with lower 

birth weight or severe comorbidities; these latter infants are usually reexamined several times 

during hospitalization. Moreover, it should be emphasized that in the case of some critically 

ill infants, who can be mobilized only with difficulty, the whole-body skin examination 

cannot easily be performed. 

The prevalence of birthmarks varies between races, and only limited data are available 

concerning birthmarks in preterm neonates. Enjoras and Mulliken concluded that preterm 

neonates are more prone than full-term neonates to present with vascular birthmarks, though 

other studies did not confirm this finding.32 We found the prevalence of salmon patch in the 

NICU to be 1.8% (4/211), which is much lower than previously reported in Caucasians.32 

Haemagiomas were observed in 3.8%, and Mongolian spot in 0.5% of the cases. 5 infants 

(2.4%) were seen with erythema toxicum neonatorum, somewhat surprisingly, 4 of them were 

premature, the prevalence having been found earlier to be lower in preterm neonates.22,33,34 

 

5.1.1 Lesions requiring wound management 

 

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 neonatal mortality, especially in premature infants, the 

various diagnostic and therapeutic procedures may also be conductive to iatrogenic damage, 

skin traumas and wounds.27,28,35-39 This is the first assessment of the aetiology and frequency 

of iatrogenic skin injuries and lesions that needed wound management in preterm and term 

neonates during a relatively long study period. 

32 of the 211 infants (17%) admitted to the NICU needed special therapy for at least 1 wound, 

but 3 of the 32 neonates suffered 2 wounds during hospitalization, i.e. a total of 35 wounds 

were detected and treated during the first year of the study. 

The most common acquired wound types in NICUs have been demonstrated to involve ES, as 

a consequence of the removal of adhesive tapes and dressings used to secure life support and 

monitoring devices, EIs, surgical wounds, thermal and chemical burn injuries, DD and 

PUs.11,35,40-42 Data on the overall prevalence of these disorders in hospitalized neonates are 

lacking. In a prevalence study, Noonan et al. observed that 43% of the infants and children 



26 

admitted had a wound and/or surgical incision, but most of the wounds needed only nursing 

observations.43 In contrast, our study indicated 32 cases among 211 neonates (17 %; 17 male, 

53.1 %; 15 female, 46.9 %) in the NICU, i.e. a prevalence of 170 per 1000 infants 

hospitalized.  

Most skin injuries observed in our NICU proved to be erosions or superficial ulcers, and 

healed in a short time without any complications or sequelae following the use of local 

epithelizing ointments or non-adhesive silicone, foam or hydrogel dressings. Fortunately, we 

did not detect any worsening 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 a limitation of our study.24 

In the following part of the thesis, the most common wound types of preterm infants will be 

characterized. 

 

5.1.1.1 Diaper dermatitis 

 

DD is one of the most common dermatological conditions in infants and children, with a 

prevalence of 14-42 %.43 The prevalence has decreased significantly following the use of 

disposable diapers with a high hygroscopic capability. We found skin breakdown caused in 

the gluteal region by urinal or faecal irritation to be the most common skin lesions in our 

NICU (25/460, 5.43 %).  

The symptoms typically occur in the gluteal, perianal and genital regions, but in extensive 

cases the upper part of the thighs and the lower abdomen are also affected. (Figure 14. A-B.) 

Excoriation of the diaper area may be caused by various factors. Wet skin, occlusion, an 

elevated skin pH, exposure to urine and faeces and the secondary activation of faecal enzymes 

all break down the stratum corneum, making the skin vulnerable to the colonization of 

pathogenic microorganisms, especially Candida albicans.5,44 
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Figure 14. A: Severe extensive erosive DD in a neonate born with myelomeningocele and 

faecal incontinence. 

 

 

 

Figure 14. B. Erosive DD in a preterm neonate. 

 

The prevention of DD includes maintenance of a dry skin surface, with frequent (every 4-6 

hours) diaper changes to minimize the exposure to faeces and urine, and occasional 

ventilation of the affected areas is also advised, even in the incubators. Cleansing of the 

region and the removal of the remaining faeces or diaper creams are highly important, but 

B 

A 
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should be careful and gentle so as not to cause further skin injuries. Lukewarm tap water 

should be utilized. Wipes are not recommended because they contain unnecessary chemicals. 

After cleansing, the region should be dried carefully, and the use of zinc oxide paste, 

hydrocolloid paste or diaper creams then provides a good barrier on the skin. Mild 

corticosteroids can be applied if inflammation is significant. Fungal and bacterial 

superinfections can be resolved with local antifungal (clotrimazole, ketoconazole, nystatin or 

miconazole) or antibacterial products (mupirocin or bacitracin).4,5,12-14,41,45 

It is also relevant to protect skin folds, e.g. the inguinal, axillary or cervical regions, which are 

prone to maceration and erosion. Barrier film products may be used, such as Cavilon 3M 

spray, an acrylate copolymer and siloxane-containing fluid, that dry easily, are not sticky, do 

not contain alcohol and provide a colourless, transparent barrier film on the skin with good 

moisture vapour permeability.13,21,22,24,46,47 

 

5.1.1.2. Epidermal stripping  

 

ES is often encountered when the epidermis separates partly or completely from the dermis, 

following removal of the fixation of intravenous lines, catheters, blowpipes, tubes, electrodes, 

pulse oxymeters or urine-collecting bags.4,5,13,14 (Figure 15.) The background of the 

phenomenon involves the significant immaturity of the dermoepidermal junction: the 

connection between the epidermis and dermis is weaker than the connection between the 

plaster and the epidermis. 
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Figure 15. Mechanism of the development of ES: the epidermis separates partly or 

completely from the dermis as a consequence of the removal of adhesive tapes and dressings 

used to secure life support and monitoring devices 

 

 

ES has been reported to be the most common cause of skin breakdown in hospitalized 

neonates 48, and especially in neonates born before a gestational age of 27 weeks.14 However, 

the prevalence data on ES in paediatric care are somewhat controversial, varying from 8% to 

17%.43 In our NICU, 11 of 460 infants (2.4 %) suffered ES. The most common localizations 

for the development are the wrist, foot, umbilicus and the angle of the mouth, i.e. the common 

sites for cannulae and tubes in neonates. (Figure 16-17.)  

For the prevention of ES, the use of adhesive tapes should be minimized, preference being 

given to non-bonding skin dressings of appropriate quality, 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 or with 

emollient products in a horizontal plane.4,5,13,14,41,43,49,50 The use of alcohol or organic 

solvents is absolutely contraindicated, as it is well known that these products can cause 

chemical burn injuries on the skin; furthermore, the toxic adverse events due to percutaneous 

absorption should be considered.21,22,24,47  
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Figure 16. A-B. ES developed as a result of the removal of adhesive tape 
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Figure 17. A-B.: ES around the umbilicus as a result of tape removal in a premature twin pair. C-D.: After epithelizing local treatment

A B 

C D 
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5.1.1.3. Extravasation injuries 

 

EIs develop as a result of the leakage of iv administered drugs into the surrounding tissues, 

most often inotropes (dopamine, dobutamine or adrenaline) (Figure 18.), products used for 

parenteral nutrition and fluid replacement (dextrose in high concentrations, calcium, 

potassium, bicarbonate, aminoacids and lipids), and also certain particular medications 

(acyclovir or vancomycin). In preterm neonates, the walls of the veins are much more 

vulnerable and fragile, while iv lines are often required for long periods of time, and EIs may 

therefore occur in spite of the greatest care and circumspection.51 The degree of tissue damage 

depends on the physicochemical characteristics (composition, concentration, osmolality and 

pH) of the extravasated solutions; osmotic damage, ischaemia secondary to an impaired 

circulation, direct cellular toxicity, mechanical compression and secondary infections are 

responsible for the development of EIs at a cellular level. The extravasation of calcium 

gluconate can result in iatrogenic calcinosis cutis. 51 

 

 

 

Figure 18. Necrotic ulcer on the left foot as a result of extravasation of aminoacid and lipid 

solution 

 

A survey of regional NICUs by Wilkins et al. indicated a prevalence of EIs that caused skin 

necrosis in 38 per 1000 neonates. Most injuries occurred in infants born at 26 weeks of 
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gestation or less.52 Similarly, we observed 8 EIs (1.7 %), 2 of which proved to be severe, and 

the other 6 only moderate. In 2 cases in the literature, the leakage of parenteral nutrition from 

a percutaneous long line was reported.10 We observed 1 case of the extravasation of 

dobutamine, and 1 patient with glucose- and 4 patients with lipid and amino acid infusion-

induced EIs. (Figure 19. A-B-C.) 

Since EIs occur so frequently in this special patient group, an effort to devise protocols 

promoting the early recognition and provision of such injuries can be observed on the part of 

NICUs. The most important objectives are the early recognition and continuous control of the 

position of intravenous lines, in which the use of transparent fixing dressings may 

assist.11,15,41,42,50,53,54 

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 groups51, or expectant, topical care and 

extravasant removal types54. 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 (expectant treatment). 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 deoxyribonuclease54. In a report from Korea, a combination of antibacterial 

and herbal ointments was applied.55 Additionally, film dressings, hydrocolloids and hydrogels 

can be used in occlusive dressings, and hydrogels even in a sterile polythene bag.13,52 

Operative solutions involve removal of the extravasant by saline flushing, liposuction or skin 

puncturing and saline infiltration either alone or in some areas combined with 

hyaluronidase.52,54 In cases of vasoconstrictor drug extravasation, infiltration of the skin with 

phentolamine can be advised.56 

In conclusion, the most important suggestions laid down in the protocols include immediate 

line removal, elevation of the limb, a saline flush via small incisions/punctures around the 

extravasation site, the use of hyaluronidase, and the local application of phentolamine or 

nitroglycerine following the extravasation of inotropic agents.16,21,22,24,41,42,47,49,50 
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Figure 19. A. EI in the left gluteal region in consequence of a dobutamine infusion. B. Deep 

wound after surgical necrectomy. C. After 72 days of treatment, a functionally non-disturbing 

scar on the left gluteal region. 
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5.1.1.4. Pressure ulcers 

 

PUs still present a problem in neonatal care: particularly sedated, paralysed 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 fibres, there is a high water content in the immature 

neonatal dermis. This oedema can reduce the blood flow, and increases the risk of ischaemic, 

pressure-related injuries.13 According to a Japanese study, neonates who are nursed in 

incubators are at a special risk of the development of PUs, because of the high temperature 

and humidity in incubators and specific intrinsic factors such as the size, physical shape and 

skin immaturity of premature infants.57 The prevalence of PUs has been reported to be 27 % 

in paediatric intensive care units and 23 % in NICUs.40 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.36 In a multisite prospective cohort study, Fujii et al. 

observed that the cumulative incidence rate of PUs in NICUs was 16 %. The most frequent 

site of pressure sores was the nose (50 %) (Figure 20.), the explanation of which was 

presumed to be that CPAP or nasal directional positive airway pressure was applied in most 

cases57, these being risk factors for the development of nasal deformations and PUs.58 Our 2-

year survey revealed 9 patients (1.95 %) with PUs, 6 of which occurred in the occipital region 

(Figure 21. A-B.), and all 9 in critically ill neonates. Despite the frequent use of monitoring 

or therapeutic devices, we noted only three device-related PUs, obviously thanks to the good 

nursing care.  

To prevent PUs, patients should be repositioned and turned at least once every 2 hours, 

medical equipment (cuffs, nasal CPAP equipment, the fixations of endotracheal tubes, the 

tubes themselves, catheters, cannulae and pulse oxymeters) 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.14,21,22,24,41,47,49 
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Figure 20. A PU on the nose after artificial ventilation. 

 

 

 

 

Figure 21. A: A stage I. PU in the occipital region. 
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Figure 21. B: Stage III. PUs with crusts in the occipital region. 

 

 

5.1.1.4. Burn injuries 

 

Even the relatively low surface temperatures of devices (pulse oxymeters, phototherapy 

blankets, fluorescent bulbs without plexiglass shielding, infrared heating lamps, alcohol 

lamps, laryngoscopes, transillumination devices, various electrodes and warming bottles) 

applied during various diagnostic and therapeutic procedures may cause burn injuries in 

premature neonates.11,59 (Figure 22. A-B.) Our survey detected 2 neonates with thermal burn 

injuries, caused by a pulse oxymeter. (Figure 23.) Close control during the application of 

heating lamps or monitoring devices is indispensable for averting thermal burns.41 
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Figure 22. Burn injury on the right feet (A.) and on the left hand (B.) as a consequence of 

pulse oymeter use. 

 

 

Antiseptic solutions, including alcohol, or alcohol-based solutions of chlorhexidine gluconate 

or povidone-iodine, may cause chemical burns in premature infants. Skin disinfectants and 

antiseptics should be used only with strict adherence to the indications. Consideration must be 

given not only to their local toxic effects, but also to their systemic side-effects resulting from 
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absorption, and they may lead to the drying-out and irritation of the skin, or to further 

impairment of the barrier function. In connection with the use of antiseptics containing 

alcohol, haemorrhagic skin necrosis or (due to the increased absorption) alcohol intoxication 

can develop.50,60 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. 21,22,24,47 

 

 

Figure 23. Thermal burn injury on the right feet as a consequence of pulse oximeter use 

 

 

5.1.1.5. Surgical interventions and wounds  

 

Surgical interventions frequently become necessary in neonates treated in NICUs. Most of the 

developmental disorders which may be diagnosed in foetal life (diaphragmatic hernia, 

oesophageal, duodenal, anus atresia, myelomeningocele, ectopic urinary bladder, and heart 

developmental disorders) require surgical interventions after birth. However, disorders that 

need invasive interventions or even operations (pneumothorax, haemothorax or necrotizing 

colitis) can also develop in the postnatal period. 
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Surgical wounds develop mostly after suture opening as a result of infection or mechanical 

stretches. (Figure 24. A-B.) To prevent surgical wounds, sutures should be observed carefully 

for signs and symptoms of infection by applying transparent dressings. 23,41,50 

 

 

 

 

Figure 24. A. Necrotic, superinfected, exudating ulcer with inflamed surroundings that 

developed in the lumbosacral region after closing surgery for myelomeningocele. B. After 72 

days of treatment: an epithelized wound with a residual scar 1 cm in diameter. 
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5.2. Characteristics of wound care in neonates 

 

With the increase in the survival rate of premature neonates in recent years, the skin care and 

wound management in this special patient group pose an ever greater challenge to 

practitioners. Skin and wound complications remain a significant source of morbidity and 

mortality in these vulnerable infants.  

The principles of wound care management are relatively new, and are not known widely. Due 

to the researches and studies performed in the last two decades, moist wound healing 

principles have become the main evidence-based treatment modality. Numerous types of 

modern dressings have been introduced. These modern dressings have many advantages, such 

as decreased tissue damage and the lower possibility of infections and pain accompanying 

dressing changes. Furthermore, they provoke the removal of discharge, tissue regeneration 

and epithelization, and reduce the hospitalization time, which is essential for the normal 

psychosocial development of neonates. The clinical practice of wound care in adults cannot 

be applied directly to neonates in view of the anatomical and physiological differences of 

their skin10,11,50 

Wound management usually starts with a precise description and documentation of the 

wound, including the aetiology, the type (acute or chronic) and the exact localization of the 

wound, the wound dimensions (width, length and depth) in centimetres, the nature of the 

wound bed, the status of the surrounding skin, the exudate characteristics (the amount, colour, 

consistency and odour), and the presence or not of infection. In cases of special wound types, 

the stage of the wound should be determined on the basis of various staging guidelines, such 

as the NPUAP guidelines for the staging of PUs.43 

Wound cleansing should be gentle, with sterile saline irrigation alone or following the use of 

antiseptic solution. Disinfectants and antiseptic products can be used only in the case of the 

strict observation of indications. Extensive and unjustified use of these products is not only 

unnecessary, but can also result in several adverse events. Besides the local toxic effects, the 

systemic complications should be taken into consideration in consequence of the possibility of 

their absorption, or they may even cause dryness and irritation of the skin, or impairment of 

the barrier function. 10 % povidone-iodine, Prontosan solution (polyhexanide) and Octenisept 

solution (0.1 % octenidine dihydrochloride + 2.0 % phenoxyethanol) are currently available 

as potentially good solutions in wound and skin disinfection. It should be emphasized that 

antiseptic agents should be thoroughly washed off with sterile, lukewarm saline solution or 

distilled water after the necessary action time. After the topical use of povidone-iodine, an 
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increase in the serum iodine level and the development of hypothyroidism and transient 

hypothyroxinaemia have been observed in neonates. Alcohol, hexachlorophene-containing 

products and hydrogen peroxide should be avoided. The guidelines recommend that 0.5-2 % 

chlorhexidine solution can be used most safely for skin disinfection with a broad spectrum of 

antiseptic effects against both Gram-negative and Gram-positive bacteria.4,5,14,45,49 

The surrounding skin should be protected with hydrophobic creams or non-alcohol liquid 

barrier films, such as Cavilon 3M, an acrylate copolymer and siloxane-containing fluid. The 

latter can also be successfully applied to prevent ES or DD as it provides a colourless, 

transparent barrier film on the skin with good moisture vapour permeability. Mechanical or 

chemical debridement or surgical necrectomy demands appropriate experience. 24 The steps of 

wound care in neonates are presented in Figures 25 and 26. 

Dressings applied to neonates should protect the wound and its surroundings, should be easily 

applicable and removable, and should not need to be changed too frequently. If transparent 

dressings are used, the wound can readily be observed for inflammation and the nature and 

quantity of wound exudates.11,50,61 The literature recommends non-adhesive and non- 

interactive dressing products, such as hydrogels, soft silicone wound contact layers, 

hydrocolloids, foams, hydrofibres and semipermeable films for routine use. In the daily 

routine, modern, intelligent dressing products should be used in this special population, as we 

preferred. All of them meet the requirements of moist wound healing principles and also 

result in autolytic debridement. Silver-sulfadiazine creams, iodine or ionic silver-containing 

dressings, which are widely utilized in adults, should be avoided, especially in preterm 

neonates. When wounds are superinfected and odorous, extreme care must be taken regarding 

the systemic absorption of chemical agents used on wounds, and consequently their toxicity 

as concerns the increased circulation of the wound.50,61 Dressing should be gently fixed with 

gauze or elastic conforming bandages, avoiding adhesive dressing. 

The frequency of change of dressings should always be determined individually, depending 

on the wound type and base, the amount of wound exudates, signs of infection and the type of 

dressing. Swabs always have to be taken from wound exudates for microbiology, and 

parenteral antibiotics are commenced in accordance with the bacterial sensitivity if the 

laboratory findings or skin signs are indicative of systemic infection. Dressing changes should 

be performed under appropriate pain control.23 
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Figure 25. A: After cleansing of the wound, the wound surroundings are protected with 

hydrophobic cream. B: Aquacell Ag hydrofibre dressing is placed on the cleaned wound base. 

C: A sterile covering with gauze and dressing fixation. 
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Figure 26. A: Haematoma and erosion in the right foveola radalis. B: A hydrogel dressing is placed on the wound. C: A yellowish discharge on 

the wound base. D: A small, non-disturbing scar remains. 

 A 

A 

 A 

D 

 A 

B 

 A 

C 

 A 

D 



45 

5.4. Iatrogenic skin injuries 

 

The impressive improvement of neonatal care during recent decades has led to a significant 

improvement in the survival of very low birth weight infants.62-65 Neonatal intensive care is a 

relevant risk factor for the development of iatrogenic cutaneous injuries. An iatrogenic event 

may be defined as any event that occurs during hospitalization that compromises the safety of 

the patient, even if the patient is not harmed.28,37-39 

The enhanced susceptibility to iatrogenic skin lesions in infants of very low birth weight or in 

a critical condition is multifactorial. Overall, it may be stated that all diagnostic or therapeutic 

interventions and manoeuvres can potentially promote iatrogenic skin injuries. The more 

premature and smaller a neonate, the more immature the organs and the more severe the 

developmental abnormalities, the higher the numbers of general problems, infections, 

essential interventions and procedures. Only a few literature data are available concerning the 

prevalence of iatrogenic events and iatrogenic skin injuries in this special patient population. 

There has been no literature survey of comprehensive investigations of dermatologic 

manifestations in preterms. Most review articles tend to summarize and describe the aetiology 

of the typical iatrogenic skin injuries in NICUs.27,30,38 

In an observational, prospective study, Ligi et al. assessed the incidence, nature, preventability 

and severity of iatrogenic events in a tertiary neonatal centre in France. 388 neonates were 

enrolled in the study, with a total of 10 436 patient-days. 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. An extremely 

low gestational age, a low birthweight, a longer length of hospital stay, a longer duration of 

respiratory support or conventional ventilation, and a longer duration of venous 

catheterization were all associated with a significantly higher prevalence of iatrogenic 

events35. The retrospective, multicentre study by Srulovici et al. reported that the frequency of 

iatrogenic events was associated with a lower gestational age, exposure to mechanical 

ventilation, total parenteral nutrition and morbidities, including intraventricular haemorrhage, 

patent ductus arteriosus, RDS, infection, jaundice and bronchopulmonary dysplasia. 

Multivariate logistic regression analysis revealed that the length of hospital stay was 

significantly and independently associated with iatrogenic events.66 

A wide variety of medical procedures may be utilized during the routine care of neonates in 

the NICU, including heel prick blood sampling, endotracheal suction, iv cannula insertion, 
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peripheral venous blood sampling, intubation, venous long line insertion, peripheral arterial 

line insertion, umbilical catheter insertion, lumbar puncture and chest drain insertion. 

In 100 consecutive children at 16-29 months of age, Cartlidge et al. investigated the 

prevalence of scars attributable to intensive therapeutic procedures performed during the 

neonatal period. Surprisingly, scars (needle marks, EIs, 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 children these lesions were cosmetically or functionally 

significant. The number of lesions was inversely related to the child’s gestational age and 

directly related to the length of intensive care received.67  

The patients with the lowest birth weight, who require complex interventions and substantial 

physiological support and invasive procedures, are more likely to undergo iatrogenic events. 

In the survey by Barker and Rutter, the pattern and frequency of invasive procedures were 

investigated in 54 consecutive infants admitted to a NICU. Over 3000 procedures were 

recorded; one infant (born in the 23rd gestational weeks, birth weight 560 g) underwent 488 

procedures.68 

The most common iatrogenic skin injuries include thermal, chemical and ultraviolet burns, 

ES, EIs, heel prick injuries, PUs, and umbilical and peripheral arterial catheter-related 

injuries.42 ES develops most frequently as a consequence of the removal of adhesive tapes and 

dressings used to secure life support and monitoring devices such as cannulae, tubes, probes, 

catheters, electrodes and pulse oxymeters. (Figure 27.) All neonates treated or nourished via 

iv lines may suffer extravasation injuries. Low peripheral blood flow, long-standing 

immobilization, artificial ventilation and an insufficient calorie intake can all lead to an 

increased development of PUs. (Figure 28. A-B.) Moreover, heel prick injuries, the insertion 

of central lines, iv catheters, thoracic drains, umbilical, central or peripheral vein 

catheterization or arterial blood sampling may result in scarring or anetoderma of prematurity 

(monitoring devices may also induce pressure resulting in hypoxaemia). Multiple heel pricks 

can induce iatrogenic calcinosis cutis of the heels. Other procedures, such as resuscitation, can 

provoke the development of haematoma, suffusion or maceration, and the use of diaper wipes 

may result in contact dermatitis. 
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Figure 26. ES developed as a consequence of the removal of adhesive tape used to secure 

intratracheal tube 

 

 

 

 

Figure 27. A. PU developed as the consequence of nasal-CPAP cannule use 
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Figure 27. B. Stage III. PUs developed in the occipital region of the newborn infant 

 

In the course of our study, significant differences were found between the characteristics of 

the neonates with and without iatrogenic skin injuries. The gestational age of the neonates 

who suffered iatrogenic injuries was significantly lower, their birth weight was lower (limit of 

significance), and the length of their hospital stay proved to be significantly longer. 

Obviously, the gestational age, the birth weight and the length of hospital stay correlate 

strongly with each other; the more premature and smaller the neonate, the longer the care and 

the more complex the interventions required; the likelihood of injuries developing therefore 

increases. The parameters relating to the necessary therapeutic interventions and the frequent 

early complications during the intensive care can be used well for the purpose of 

characterizing the condition of the neonate. Neonates requiring INSURE usage, surfactant 

application, mechanical ventilation, umbilical arterial catheter insertion and circulatory 

support with inotropes significantly more frequently sustained iatrogenic skin injuries. 

Positive microbiological culturing results relevant in terms of the condition of the neonates 

were also found in significantly more cases in this patient group. Among the neonates with 

intracranial or pulmonary haemorrhage, PDA and BPD iatrogenic injuries were likewise 

higher. Severe congenital disorders and accompanying diseases, complications and infections 

necessitate further diagnostic and therapeutic interventions, resulting in a further increase in 

the chance of various skin injuries developing. 
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A significant proportion of the iatrogenic injuries that occur in NICUs results from skin 

injuries. A majority of these complications are of a minor character, but in severe cases the 

functional impairment of the epidermal barrier may result in important physiological 

consequences and induce significant pain in these fragile and vulnerable premature infants 

and may lead to prolonged hospitalization. Intensive, prospective surveillance methods are 

demanded with a heightened awareness of iatrogenesis. Every effort should be made to 

achieve the prevention or at least the early recognition of iatrogenesis and to devise and 

adhere to the skin care and wound management guidelines in the NICU with meticulous care. 

Further investigations should be conducted on the dermatological disorders that occur in 

NICUs worldwide in order to assess the exact prevalence data of iatrogenic dermatological 

complications, which are also certainly much less frequently reported and registered than 

other adverse events.21 

 

5. 5. Prevention of iatrogenic skin injuries  

 

The treatment of dermatological disorders emerging during hospital care of preterm or 

severely ill neonates is particularly challenging, and skin care and wound management in 

neonates are also complicated. Most of the injuries suffered by neonates are iatrogenic, and a 

recent study concluded that the majority (83 %) of such iatrogenic events are preventable.30,40 

The first step in the prevention is the investigation and precise knowledge of the types, 

causative factors and prevalence rate of skin injuries that occur in NICUs. It can be seen that 

the prevention and treatment of each type of skin injury are very complex problems. 

The introduction of the new generation of minimally or non-adhesive dressings led to a 

significant reduction in the development of ES, while the use of transparent film dressings 

facilitates regular observation of the iv cannula site9,11,27,48 Superficial erosions, the early 

stage of PUs are relatively easy to manage, partly because of the excellent regeneration and 

repairing ability of the neonatal skin. The treatment of stage III-IV PUs, EIs and infected 

surgical wounds with deep tissue necrosis is very complicated; adequate wound care methods 

and evidence-based protocols are essential for the prevention of permanent functional 

disabilities and aesthetic damage. 

Regular examination of the skin, the largest organ, can be easily performed without medical 

devices. Thorough skin care, cleansing of the skin, use of emollient agents, care of the 

umbilical cord stump and the diaper-covered gluteal and genital regions are all significant 

parts of the daily routine and thus of the prevention of skin injuries. 
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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 neonates. To maintain skin integrity, at 

least daily skin assessment is advised, using valid and objective score systems.48,49 

The introduction and application of modern, standardized skin care management strategies 

can result in a significant improvement in the barrier function and in the integrity of the skin 

and a decrease in the frequency of iatrogenic injuries, and can therefore increase the overall 

efficacy of neonatal intensive care. Maintenance of well-defined, evidence-based, optimized 

neonatal skin care clinical guideline for the NICU continues to demand the collaboration of 

well-trained neonatologists, dermatologists and pharmacists, and it is important to take into 

consideration the regional characteristics of the neonatal intensive care.21,22,24,47 

 

 

6. Summary 

 

The survival rate of premature infants has recently increased significantly as a consequence of 

the advances made in neonatalogical care. In Hungary, as elsewhere worldwide, a large 

proportion of neonates need intensive care for various durations in their initial extrauterine 

life. Not only does the immaturity of the lungs or other internal organs pose a significant 

problem during neonatal intensive care; the immaturity of the skin also 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. These clinical complications are relevant determinants of high morbidity and 

mortality for preterm infants in the NICU.  

The management of dermatological disorders frequently comprises a great challenge to 

practitioners during neonatal care. The immaturity of the neonatal skin is a significant risk 

factor in terms of the development of iatrogenic injuries, while impairment of the skin barrier 

may result in such important physiological consequences as detailed above. The anatomical 

and functional 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. Skin injuries can induce appreciable pain; their 

treatment requires further interventions and prolongs the length of hospitalization, and in 

serious cases, permanent aesthetic and functional complications may occur. The prevention of 
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iatrogenic skin injuries, the careful consideration of risk factors, and the creation of protocols 

ensuring efficient treatment are therefore indispensable for a further increase in the standard 

of neonatal intensive care. 

Complete neonatal skin care protocols should include recommendations relating to a neonatal 

skin assessment, bathing, emollient treatment, cord care, care of the diaper area, use of 

disinfectants, and neonatal wound care protocols integrating guidance for the treatment of ES, 

PUs, EIs, surgical wounds and chemical or thermal burn injuries48. The treatment of 

dermatological disorders emerging during the hospital care of preterm or severely ill neonates 

is particularly challenging, and it is therefore important to emphasize the role of prevention 

and early detection. The introduction and application of modern, standardized skin care 

management strategies can result in significant improvements in the barrier function and in 

the integrity of the skin, and a decrease in the frequency of iatrogenic injuries, and can 

therefore increase the overall efficacy of neonatal intensive care. Well-defined, evidence-

based, optimized neonatal skin care clinical guidelines for the NICU demand the constant co-

operation of well-trained neonatologists, dermatologists, nurses and pharmacists.  

 

 

7. Declaration 

 

All clinical pictures originate from our own clinical photo database. Photos were taken with 

the written permission of the parents or the legal representatives. 

Figure 1 and Figure 15 were made by Dr. Zoltán Tóbiás. 



52 

8. Acknowledgements 

 

First of all, I would like to thank Dr. Zsanett Csoma, my supervisor, for providing me with 

the opportunity to accomplish my scientific work.  I owe her my deepest gratitude for her 

never-ending enthusiasm, humaneness, patience, wisdom and invaluable advice relating to 

both my scientific and my personal life, and for always being so ready to help me in the 

turning points of my clinical work.  

I greatly acknowledge the continuous support, encouragement and help of Professor Lajos 

Kemény, who provided me with the opportunity to begin my work at the Department of 

Dermatology and Allergology.  

I am especially grateful to Dr. Gyula Tálosi from the Department of Paediatrics and 

Professor Hajnalka Orvos from the Department of Obstetrics and Gynaecology, who have 

provided me with the opportunity to perform my work in their departments and for their 

support and cooperation in my scientific work. 

I am obliged to my colleague and friend, Judit Vasas, for her fruitful cooperation in practical 

wound management and dressing changes. 

I would especially like to thank Klára Molnárné Rónyai for her great help in taking photos 

of the neonates. 

I am also extremely grateful for the technical help of Dr. Rita Ábrahám and our librarian, 

Andrea Gyimesi. 

I would like to thank Dr. Péter Doró from the Department of Clinical Pharmacy for his 

technical help and helpful advices.  

I am thankful to all nurses working in the neonatal intensive care unit for helping in the 

examinations of neonates. 

Finally, I am most indebted to my family and especially to my husband, for creating such a 

very peaceful, well-balanced atmosphere for my scientific career. Their support cannot be 

overestimated. 



53 

 

 



54 

References 

 

 1  Beck S, Wojdyla D, Say L, Betran AP, Merialdi M, Requejo JH, et al.  The worldwide 

incidence of preterm birth: a systematic review of maternal mortality and morbidity. 

Bull World Health Organ 2010; 88: 31-38. 

 2  Born Too Soon: The Global Action Report on Preterm Birth.  2012.  WHO.  

 3  Afsar FS.  Physiological skin conditions of preterm and term neonates. Clin Exp 

Dermatol 2010; 35: 346-350. 

 4  Darmstadt GL, Dinulos JG.  Neonatal skin care. Pediatr Clin North Am 2000; 47: 757-782. 

 5  Lund C, Kuller J, Lane A, Lott JW, Raines DA.  Neonatal skin care: the scientific 

basis for practice. J Obstet Gynecol Neonatal Nurs 1999; 28: 241-254. 

 6  Darmstadt GL, Nawshad Uddin Ahmed AS, Saha SK, Azad Chowdhury MA, Alam 

MA, Khatun M, et al.  Infection control practices reduce nosocomial infections and 

mortality in preterm infants in Bangladesh. J Perinatol 2005; 25: 331-335. 

 7  Cartlidge P.  The epidermal barrier. Semin Neonatol 2000; 5: 273-280. 

 8  Blume-Peytavi U, Hauser M, Stamatas GN, Pathirana D, Garcia BN.  Skin care 

practices for newborns and infants: review of the clinical evidence for best practices. 

Pediatr Dermatol 2012; 29: 1-14. 

 9  Rutter N.  The immature skin. Eur J Pediatr 1996; 155 Suppl 2: S18-S20. 

 10  Costa S, De Carolis MP, Fusco FP, Savarese I, Tesfagabir MG, Romagnoli C.  Skin 

ulceration in a preterm infant: a warning sign of a percutaneous long line 

complication. Arch Dermatol 2011; 147: 512-514. 

 11  Iriving V, Bethell E, on behalf on a Neonatal Advisory Group.  Neonatal wound care 

minimising: trauma and pain. Wounds 2006; 2: 33-41. 

 12  Lyon VB.  Approach to procedures in neonates. Dermatol Ther 2005; 18: 117-123. 

 13  Irving V.  Skin problems in the pre-term infant: avoiding ritualistic practice. Prof 

Nurse 2001; 17: 63-66. 

 14  Afsar FS.  Skin care for preterm and term neonates. Clin Exp Dermatol 2009; 34: 855-858. 

 15  Tobin C.  Managing an extravastion wound in a premature infant. Wounds 

International 2007; 3: 90-91. 

 16  Skin/Wound care guidelines. Liverpool Womens NHS Foundation Trust. [February 

15th 2011 (version 7-NICU83)]. 2011.  

 17  Rolfe KJ, Grobbelaar AO.  A review of fetal scarless healing. ISRN Dermatol 2012; 

Epub 2012 May 17., 698034. 



55 

 18  Hardwicke J, Richards H, Jagadeesan J, Jones T, Lester R.  Topical negative pressure 

for the treatment of neonatal post-sternotomy wound dehiscence. Ann R Coll Surg 

Engl 2012; 94: e33-e35. 

 19  Rutter N.  The dermis. Semin Neonatol 2000; 5: 297-302. 

 20  LeFevre A, Shillcutt SD, Saha SK, Ahmed AS, Ahmed S, Chowdhury MA, et al.  

Cost-effectiveness of skin-barrier-enhancing emollients among preterm infants in 

Bangladesh. Bull World Health Organ 2010; 88: 104-112. 

 21  Csoma Zs, Meszes A, Ábrahám R, Kemény L, Tálosi Gy, Doró P.  Iatrogenic skin 

disorders and related factors in newborn infants. J Perinatol 2015; submitted for 

publication  

 22  Csoma Z, Meszes A, Mader K, Kemeny L, Talosi G.  Overview of dermatologic 

disorders of neonates in a central regional intensive care unit in Hungary. Pediatr 

Dermatol 2015; 32: 201-207. 

 23  Meszes A, Talosi G, Mader K, Kiss J, Santa C, Kemeny L, et al.  Successful 

postoperative treatment of a lumbosacral ulcer in a neonate after myelomeningocele. 

Case Rep Dermatol 2014; 6: 54-58. 

 24  Meszes A, Tálosi Gy, Mader K, Orvos H, Kemény L, Csoma Zs.  Lesions requiring 

wound management in a central tertiary neonatal intensive care unit. World J Pediatr 

2015; accepted for publication  

 25  Jakobsson M, Gissler M, Paavonen J, Tapper AM.  The incidence of preterm 

deliveries decreases in Finland. BJOG 2008; 115: 38-43. 

 26  Zeitlin J, Szamotulska K, Drewniak N, Mohangoo AD, Chalmers J, Sakkeus L, et al.  

Preterm birth time trends in Europe: a study of 19 countries. BJOG 2013; 120: 1356-1365. 

 27  Sardesai SR, Kornacka MK, Walas W, Ramanathan R.  Iatrogenic skin injury in the 

neonatal intensive care unit. J Matern Fetal Neonatal Med 2011; 24: 197-203. 

 28  Sekar KC.  Iatrogenic complications in the neonatal intensive care unit. J Perinatol 

2010; 30 Suppl:S51-6.: S51-S56. 

 29  Nikkels PG.  Iatrogenic damage in the neonatal period. Semin Neonatol 2004; 9: 303-310. 

 30  Metzker A, Brenner S, Merlob P.  Iatrogenic cutaneous injuries in the neonate. Arch 

Dermatol 1999; 135: 697-703. 

 31  Peralta L, Rocha G, Morais P, Mota A, Magina S, Lisboa C, et al.  Skin disorders in 

the neonatal intensive care unit of a central hospital. Eur J Dermatol 2012; 22: 88-92. 

 32  Shih IH, Lin JY, Chen CH, Hong HS.  A birthmark survey in 500 newborns: clinical 

observation in two northern Taiwan medical center nurseries. Chang Gung Med J 

2007; 30: 220-225. 



56 

 33  Monteagudo B, Labandeira J, Cabanillas M, Acevedo A, Toribio J.  Prospective study 

of erythema toxicum neonatorum: epidemiology and predisposing factors. Pediatr 

Dermatol 2012; 29: 166-168. 

 34  Liu C, Feng J, Qu R, Zhou H, Ma H, Niu X, et al.  Epidemiologic study of the predisposing 

factors in erythema toxicum neonatorum. Dermatology 2005; 210: 269-272. 

 35  Ligi I, Arnaud F, Jouve E, Tardieu S, Sambuc R, Simeoni U.  Iatrogenic events in 

admitted neonates: a prospective cohort study. Lancet 2008; 371: 404-410. 

 36  Hogeling M, Fardin SR, Frieden IJ, Wargon O.  Forehead pressure necrosis in 

neonates following continuous positive airway pressure. Pediatr Dermatol 2012; 29: 

45-48. 

 37  Ligi I, Millet V, Sartor C, Jouve E, Tardieu S, Sambuc R, et al.  Iatrogenic events in 

neonates: beneficial effects of prevention strategies and continuous monitoring. 

Pediatrics 2010; 126: e1461-e1468. 

 38  Reddy K, Kogan S, Glick SA.  Procedures and drugs in pediatric dermatology: 

iatrogenic risks and situations of concern. Clin Dermatol 2011; 29: 633-643. 

 39  Ramachandrappa A, Jain L.  Iatrogenic disorders in modern neonatology: a focus on 

safety and quality of care. Clin Perinatol 2008; 35: 1-34, vii. 

 40  Kugelman A, Inbar-Sanado E, Shinwell ES, Makhoul IR, Leshem M, Zangen S, et al.  

Iatrogenesis in neonatal intensive care units: observational and interventional, 

prospective, multicenter study. Pediatrics 2008; 122: 550-555. 

 41  Gangopadhyay AN, Pandey A, Upadhyay VD, Sharma SP, Gupta DK, Kumar V.  

Neonatal necrotising fasciitis--Varanasi experience. Int Wound J 2008; 5: 108-112. 

 42  Irving V.  Wound care for preterm neonates. J Neonat Nursing 2006; 2: 102-106. 

 43  Noonan C, Quigley S, Curley MA.  Skin integrity in hospitalized infants and children: 

a prevalence survey. J Pediatr Nurs 2006; 21: 445-453. 

 44  Skincare guidelines for babies in NICU. Neonatal Intensive Care Unit. [5. 3. 9]. 2011. 2011.  

 45  Evens K, George J, Angst D, Schweig L.  Does umbilical cord care in preterm infants 

influence cord bacterial colonization or detachment? J Perinatol 2004; 24: 100-104. 

 46  Hoath SB, Narendran V.  Adhesives and emollients in the preterm infant. Semin 

Neonatol 2000; 5: 289-296. 

 47  Csoma Z, Meszes A, Doró P, Kemény L, Tálosi Gy.  A koraszülött ápolás 

bőrgyógyászati vonatkozásai. Gyermekgyógyászat 2014; 65: 269-274. 

 48  Lund CH, Osborne JW, Kuller J, Lane AT, Lott JW, Raines DA.  Neonatal skin care: 

clinical outcomes of the AWHONN/NANN evidence-based clinical practice guideline. 

Association of Women's Health, Obstetric and Neonatal Nurses and the National 

Association of Neonatal Nurses. J Obstet Gynecol Neonatal Nurs 2001; 30: 41-51. 



57 

 49  National Guideline Clearinghouse (NGC).  Neonatal skin care, second edition. 

Evidence-based clinical practice guideline. Association of Women's Health, Obstetric 

and Neonatal Nurses AWHONN.  2007.  Rockville MD,  Agency for Healthcare 

Research and Quality (AHRQ). 2007.  

 50  Baharestani MM.  An overview of neonatal and pediatric wound care knowledge and 

considerations. Ostomy Wound Manage 2007; 53: 34-6, 38, 40, passim. 

 51  Kumar RJ, Pegg SP, Kimble RM.  Management of extravasation injuries. ANZ J Surg 

2001; 71: 285-289. 

 52  Wilkins CE, Emmerson AJ.  Extravasation injuries on regional neonatal units. Arch 

Dis Child Fetal Neonatal Ed 2004; 89: F274-F275. 

 53  Tiraboschi IC, Niveyro C, Mandarano AM, Messer SA, Bogdanowicz E, Kurlat I, et 

al.  Congenital candidiasis: confirmation of mother-neonate transmission using 

molecular analysis techniques. Med Mycol 2010; 48: 177-181. 

 54  Reynolds BC.  Neonatal extravasation injury: Case report. Infant 2007; 3: 230-232. 

 55  Cho KY, Lee SJ, Burm JS, Park EA.  Successful combined treatment with total 

parenteral nutrition fluid extravasation injuries in preterm infants. J Korean Med Sci 

2007; 22: 588-594. 

 56  Treadwell T.  The management of intravenous infiltration injuries in infants and 

children. Ostomy Wound Manage 2012; 58: 40-44. 

 57  Fujii K, Sugama J, Okuwa M, Sanada H, Mizokami Y.  Incidence and risk factors of 

pressure ulcers in seven neonatal intensive care units in Japan: a multisite prospective 

cohort study. Int Wound J 2010; 7: 323-328. 

 58  Fischer C, Bertelle V, Hohlfeld J, Forcada-Guex M, Stadelmann-Diaw C, Tolsa JF.  

Nasal trauma due to continuous positive airway pressure in neonates. Arch Dis Child 

Fetal Neonatal Ed 2010; 95: F447-F451. 

 59  Rimdeika R, Bagdonas R.  Major full thickness skin burn injuries in premature 

neonate twins. Burns 2005; 31: 76-84. 

 60  Harpin V, Rutter N.  Percutaneous alcohol absorption and skin necrosis in a preterm 

infant. Arch Dis Child 1982; 57: 477-479. 

 61  Issues in Neonatal Wound Care: Minimising Trauma and Pain. Mölnlycke Health 

Care.  2005.  

 62  Schieve LA, Handler A.  Preterm delivery and perinatal death among black and white 

infants in a Chicago-area perinatal registry. Obstet Gynecol 1996; 88: 356-363. 

 63  Hack M, Fanaroff AA.  Outcomes of children of extremely low birthweight and 

gestational age in the 1990's. Early Hum Dev 1999; 53: 193-218. 



58 

 64  Lefebvre F, Glorieux J, Laurent-Gagnon T.  Neonatal survival and disability rate at 

age 18 months for infants born between 23 and 28 weeks of gestation. Am J Obstet 

Gynecol 1996; 174: 833-838. 

 65  Meadow W, Mendez D, Makela J, Malin A, Gray C, Lantos JD.  Can and should level 

II nurseries care for newborns who require mechanical ventilation? Clin Perinatol 

1996; 23: 551-561. 

 66  Srulovici E, Ore L, Shinwell ES, Blazer S, Zangen S, Riskin A, et al.  Factors 

associated with iatrogenesis in neonatal intensive care units: an observational 

multicenter study. Eur J Pediatr 2012; 171: 1753-1759. 

 67  Cartlidge PH, Fox PE, Rutter N.  The scars of newborn intensive care. Early Hum Dev 

1990; 21: 1-10. 

 68  Barker DP, Rutter N.  Exposure to invasive procedures in neonatal intensive care unit 

admissions. Arch Dis Child Fetal Neonatal Ed 1995; 72: F47-F48. 



59 

Publications directly related to the subject of the thesis  
 

I. Meszes A, Tálosi G, Mader K, Sánta C, Kemény L, Csoma Z: Successful postoperative 

treatment of a lumbo-sacral ulcer in a neonate after myelomeningocele; Case Rep Dermatol. 

; 6(1): 54-8, 2014. doi: 10.1159/000360128. e Collection 2014 Jan. 

II.  Meszes A, Tálosi G, Mader K, Orvos H, Kemény L, Csoma Z: Lesions requiring wound 

management in a central tertiary neonatal intensive care unit.  World J Pediatr (accepted for 

publication)           IF: 1,236 

III.  Csoma Z, Meszes A, Mader K, Kemeny L, Talosi G.: Overview of dermatologic disorders 

of neonates in a central regional intensive care unit in Hungary. Pediatr Dermatol 32 

(2):201-207, 2015.          IF: 1,015 

IV.  Csoma Zs, Meszes A, Doró P, Kemény L, Tálosi Gy: A koraszülött- ápolás bőrgyógyászati 

vonatkozásai; Gyermekgyógyászat, 65 (4): 269-274,  2014.  

V.  Csoma Zs, Meszes A, Kemény L, Nagy N, Széll M, Gyurkovits Z, Bakki J, Orvos H: 

Epidermolysis bullosa simplex diagnosztikája és kezelése újszülött osztályon. 

Gyermekgyógyászat, 65 (1): 46-48, 2014. 

VI.  Csoma Zs, Meszes A, Máder K, Tálosi Gy: Koraszülött generalizált papulopustulosus 

exanthémája- congenialis cutan candidiasis esete; Gyermekgyógyászat, 64 (3): 106, 2013.  

VII.  Csoma Zs, Meszes A, Ábrahám R , Bakki J , Gyurkovits Z , Kemény L , Orvos H: Születési 

jegyek, újszülöttkori bőrelváltozások: az Angyalcsóktól az epidermolysis bullosáig; Orvosi 

Hetilap 155:(13): 500-508. 2014. 

VIII.  Csoma Zs, Meszes A, Ábrahám R, Kemény L, Tálosi Gy, Doró P: Iatrogenic skin disorders 

and related factors in newborn infants. J Perinatol, 2015 (submitted for publication) 

 



60 

 

 

 

 

 

        I. 



61 

 

 

 

 

 

        II. 



62 

 

 

 

 

 

        III. 



63 

 

 

 

 

 

        IV. 



64 

 

 

 

 

 

        V. 



65 

 

 

 

 

 

        VI. 



66 

 

 

 

 

 

       VII. 



67 

 

 

 

 

 

       VIII. 

 

 
 

 

 


