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ABSTRACT

Aim To compare the short-term clinical outcomes of NIDCAP® (Newborn Individualized 

Developmental Care and Assessment Program) and conventional care.

Methods A prospective phase-lag cohort study was performed in a Dutch tertiary level 

neonatal intensive care unit (NICU). Infants born before 30 weeks of gestational age 

(GA) were included, 26 in the conventional and 25 in the NIDCAP group. Outcomes were 

respiratory status, cerebral ultrasound findings, growth and length of NICU stay.

Results At study entry NIDCAP infants had a lower birth weight (mean [SD] 1043 [191] 

vs. 1154 [174] grams, p = 0.044), were more often small for GA (8 vs. 2, p = 0.038), 

had smaller head circumferences (mean [SD] 25.1 [1.3] vs. 26.1 [1.8] cm, p = 0.041), and 

were less often multiples (6 vs. 14, p = 0.029) than conventional care infants. During 

NICU stay more infants in the NIDCAP group developed pneumonia (9 vs. 3, p = 0.040), 

due to nosocomial infections. After adjustment for these differences a decreased risk for 

more severe cerebral damage in favour of NIDCAP was seen (Odds ratio: 0.12, 95% CI: 

0.03-0.46, p = 0.002). No differences were observed for the other outcomes.

Conclusions We conclude with precaution that in this phase-lag cohort study NIDCAP 

may have resulted in less severe cerebral damage but was not associated with other 

clinical outcomes. In light of these findings NIDCAP deserves further exploration.
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INTRODUCTION

The brain of preterm infants is still immature and rapidly developing in the neonatal 

and post neonatal period.1,2 The Neonatal Intensive Care Unit (NICU) environment, 

with its constant noise, light, procedures and activity, is completely different from the 

intrauterine environment. Several studies on the effect of the stressful NICU environment 

on developmental outcome showed that the sensory impact of the NICU adversely 

affects maturation and organization of vision, hearing, sleeping pattern, growth and 

consequently neurodevelopment.3-6

The focus of care for very low birth weight infants has shifted from lowering mortality to 

improving outcome in the last decades. Therefore, developmental care interventions have 

been designed in order to create a NICU environment that minimizes stress experienced 

by the infant. The Newborn Individualized Developmental Care and Assessment Program 

(NIDCAP®) involves sequential, formalized, naturalistic observations of the infant’s 

behaviour.7,8 Caregiving recommendations are formulated to diminish stress and to 

support the individual infantś  competence and development.

Two systematic reviews found limited evidence for the benefit of NIDCAP on 

ventilatory support, chronic lung disease (CLD), length of hospital stay and costs, and 

neurodevelopmental outcomes at 24 months corrected age.9,10 No major adverse effects 

have been reported. 

As medical, socio-economic and cultural circumstances differ between units in 

different countries and even between units within one country, the objective of the 

present prospective study was to implement NIDCAP® and to compare short-term clinical 

outcome with a control group in the pre-implementation period in our tertiary NICU.

PATIENTS AND METHODS

A prospective, phase-lag cohort study was performed. In the first phase, a cohort of 

neonates receiving conventional care was enrolled, and assigned as the control group. 

This phase was followed by a NIDCAP introduction phase during which five nurses were 

NIDCAP trained and certified as NIDCAP observers. All other NICU nursing and medical 

staff was introduced in theoretical principles and practical skills necessary to be able 

to apply the NIDCAP intervention.11 After this introduction phase, a second cohort of 

neonates receiving NIDCAP was enrolled. (Figure I)

Infants born before 30 weeks of GA and admitted to the level III NICU of the Emma 

Children’s Hospital / Academic Medical Center in Amsterdam, the Netherlands, were 

consecutively included within 3 days after birth after parental informed consent, between 

August 2001 and January 2002 (conventional care group) and between October 

2002 and April 2003 (NIDCAP group). Infants with congenital abnormalities or with 
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congenital infections were excluded, as well as infants with parents who were not able to 

communicate in either Dutch or English. 

The conventional group received the standard care practiced in the NICU at that time. 

This included primary care nursing, skin-to-skin holding, promoting breastfeeding, early 

use of clothing, use of sheepskins, hammocks, provision of pacifiers and stuffed animals 

or toys. Parents were motivated to take part in daily care procedures. The NIDCAP group 

received adjustment and individualizing of care and environment based on the results 

of the behavioural observation belonging to the NIDCAP.7,8 This observation visualizes 

the way of communication used by the preterm born infant. The infant is observed by 

a NIDCAP certified person. A caretaking interaction like suctioning, diaper change or 

blood sampling is observed. Included are a 10 minutes pre-activity and 20 minutes post-

activity observation period. The observed behaviour is subdivided into five subsystems: 

autonomic, motor, state, attention/interaction and self regulatory system. Following the 

observation a case report is written assessing the infants’ current ability to organize and 

modulate the subsystems. Current goals and caregiving recommendations to diminish 

stress and to support the individual infants’ competence and development are formulated. 

Parents, nurses and doctors were coached by the NIDCAP trained nurses to use these 

recommendations in care of the infant observed. The observations start within 3 days 

after birth and are repeated every 7- 10 days or when major changes occur, and NIDCAP 

care ended at discharge from the NICU.

Neonatal characteristics were collected on gender, GA, birth weight, small for gestational 

age (SGA, <P10
12), mode of delivery, Apgar score, the Neonatal Therapeutic Intervention 

Scoring System score (NTISS) on day 113, treatment with surfactant, treatment with 

post-natal steroids, presence of a patent ductus arteriosus (PDA), infections, cerebral 

ultrasound findings before day three of life and infections (sepsis, meningitis, pneumonia, 

and necrotizing enterocolitis). Infants were screened and classified for retinopathy of 

prematurity (ROP) and a hearing screening was performed with the Automated Auditory 

Brainstem Response method (AABR).14,15 

Multiple outcome parameters were taken into consideration: respiratory support 

status, cerebral ultrasound findings, growth, and length of NICU stay. 

Respiratory support was defined as the number of days with at least 1 hour of 

respiratory support. This support could be mechanical ventilation, continuous positive 

airway pressure (CPAP) or nasal prongs. CLD was diagnosed as the need for supplemental 

oxygen at 36 weeks post-menstrual age. Cerebral ultrasounds were performed on day 

3, 7, and before discharge, and on indication. Findings were independently classified by 

a radiologist and a neonatologist. Cerebral ultrasound findings were classified based on 

the most abnormal finding, normal: no haemorrhage, no ischaemia and no ventricular 

dilatation. Moderately abnormal: grade 1 or 2 haemorrhage2 and/or grade 1 ischaemia16 

and/or grade 1 ventricular dilatation17. Severely abnormal: grade 3 or 4 haemorrhage and/
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or grade 2 or 3 ischaemia and/or grade 2 ventricular dilatation. Weight was measured 

weekly, and height and head circumference biweekly until discharge as well as at term 

age. 

The study was approved by the Research and Ethics Committee of our hospital.

Statistical Analysis

Results for continuous variables are expressed as means, standard deviations (SDs) and 

ranges for normally distributed variables and as medians and ranges in case of non–

normal distributions. Chi-square statistics (Fisher’s exact test when appropriate) and the 

Student’s t-test or the Mann Whitney U-test, when appropriate, was applied for group 

comparisons.18  Subsequently stepwise multivariate linear regression analysis was employed 

to adjust the effect of type of care on, respiratory support, growth, and length of NICU 

stay outcomes for differences in neonatal background characteristics. These characteristics 

were entered next to the type of care in a second step with a forward selection strategy, 

using the F-statistics with p=0.05 on the criterion level for inclusion. In case of a skewed 

distribution of the outcome measure, a natural log transformation was applied. To search 

for violations of necessary assumptions in multivariate regression analysis, normal plots 

of the residuals were produced as well as plots of the residuals versus predicted values by 

the model. Multivariate ordinal logistic regression analysis, using the proportional odds 

model, was used for the three level outcome cranial ultrasound findings. As numbers 

were small, only neonatal background characteristics that differed significantly between 

both care groups and that were univariately significantly associated with cerebral damage 

were introduced as an independent variable next to the type of care. The odds ratio (OR) 

can be interpreted as an estimation of the relative risk of having more severe cerebral 

damage (severe vs. moderate, moderate vs. no damage). All statistical analyses were 

performed using SPSS 12.0 software (SPSS, Chicago, IL, USA).

RESULTS

Fifty-one infants (26 conventional group and 25 NIDCAP group infants) were included in 

the study. Twenty-seven infants who met the study criteria were not included for various 

reasons. Flow of patients is visualized in Figure I.

The NIDCAP and conventional care groups differed with respect to some background 

neonatal characteristics (Table I). NIDCAP infants had a significantly lower birth weight 

(mean [SD] 1043 [191] g vs. 1154 [174] g, p = 0.044), were more often SGA (8 vs. 2, p = 

0.038) and had a significantly smaller head circumference compared to the conventional 

care group (mean [SD] 25.1 [1.8] cm vs. 26.1 [1.3] cm, p = 0.041). In the conventional care 

group, significant more multiples were included (14 vs. 6, p = 0.029). During admittance 
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at the NICU, significantly more infants in the NIDCAP group developed pneumonia (9 

vs. 3, p = 0.040), which could be attributed to an outbreak of a nosocomial infection 

(i.c. Klebsiella oxytoca) in the entire NICU (i.e. also involved neonates not cared for by 

NIDCAP). 

Two conventional care group infants died in the third week of life after treatment 

withdrawal based on poor neurologic condition. Except for cranial ultrasound findings, 

these infants could not be evaluated for outcome measures studied. None of the infants 

in the NIDCAP group died. 

At inclusion none of the NIDCAP infants presented with cerebral haemorrhage as 

compared to four neonates of the conventional group (p = 0.110). During NICU stay one 

out of 25 NIDCAP infants (4.0%) newly developed severe cerebral damage, whereas in 

Figure I Individualized Developmental Care Study

46 Eligible Infants 26 Infants assigned to
conventional care

24 Infants completed
the study

Individualized Developmental Care Study

9 Participating in other studies
2 Mothers IC treatment
9 Infants died before consent

2 Infants died

33 Eligible Infants
25 Infants assigned to

NIDCAP care
25 Infants completed

the study

4 Infants participating in other studies
1 Mothers IC treatment
2 Infants died before consent
1 Infant NO treatment

5 Nurses NIDCAP trained
Nursing and medical staff introduced in theoretical and practical skills

Twice a week sessions of reflection and discussion

Phase 1
Conventional

Care

 Introduction
Phase

Phase 2
NIDCAP care

5 months

8 months

6 months
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Table I Neonatal Background Characteristics 

Conventional group NIDCAP group p

All subjects at inclusion N=26 N=25

Birth weight (g) 1154 (760-1465, 174) 1043 (615-1325, 191) 0.044

Gestational age (wk) 28.3 (26-29.9, 1.2) 28.3 (25.6-29.9, 1.2) 0.644

SGA (<P10) 2 8 0.038

Caesarean section 6 11 0.113

Apgar Score

5 min (median, range) 8 (5-10) 9 (3-10) 0.117

Sex (male) 15 9 0.121

Multiples 14 6 0.029

Length (cm) 36.8 (27.0-41.5, 3.2) 35.8 (30.0-39.0, 2.4) 0.121

Head circumference (cm) 26.1 (21.8-28.0, 1.3) 25.1 (21.5-29.7, 1.8) 0.041

Antenatal Steroids 19 16 0.489

NTISS

(1st 24 hours of life) 25.5 (11 – 32, 4.8) 24.6 (17 – 37, 5.1) 0.171

Cerebral Haemorrhage* 0.110

Haemorrhage gr 1 2 0

Haemorrhage gr 2 2 0

Mortality 2 0 0.161

Neonatal survivors N=24 N=25

Surfactant 17 14 0.493

Postnatal Steroids 5 3 0.703

PDA 11 12 0.683 

Sepsis and/or Meningitis 8 9† 0.692 

Pneumonia 3 9 0.040

NEC|| 1 3 0.350

ROP (≥ stage 3) 1 0 0.490

AABR (refer) 3 1 0.349

Values are either mean (range, SD) or number of patients, statistical analysis was performed using 
Chi-square statistics (or Fisher’s exact test) and Student’s t-test (or Mann Whitney U-test), see 
statistical analysis
* Before day 3 of life 
† 2 infants ≥ 3 periods of sepsis
NTISS=Neonatal Therapeutic Intervention Scoring System; PDA=patent ductus arteriosus; 
NEC=necrotizing enterocolitis; ROP=retinopathy of prematurity; AABR=automated auditory 
brainstem response
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the conventional group nine out of 26 infants (35%) had severe cerebral damage (rate 

difference:  -31%, 95% CI: -50 to -9%, p = 0.011) (Table II).  Only in one of them cerebral 

haemorrhage was already present at inclusion (grade 2) which deteriorated into a grade 3 

bleeding during NICU stay. The other eight cases developed severe cerebral damage after 

inclusion. Subsequent multivariate ordinal logistic regression also showed a significant 

decreased risk for cerebral damage in favour of NIDCAP (OR: 0.12, 95% CI: 0.03 to 0.46, 

p = 0.002). Confining the analysis to neonates without cerebral damage at inclusion 

yielded more or less similar results (OR: 0.2, 95% CI: 0.04 to 0.65, p = 0.01). Out of the 

neonatal background characteristics that differed significantly between both type of care 

groups, birth weight was the only covariate that was significantly associated with cranial 

ultrasound findings next to type of care.

Surviving NIDCAP infants had significantly more days of respiratory support as 

compared to infants in the conventional care group: median (range): 53 (0-406) days 

versus 22 (2-134) days (p = 0.021) (Table II). This difference could be partly attributed 

to one NIDCAP child with severe CLD who had 406 days of respiratory support as well 

as to the differences in background neonatal characteristics (birth weight, SGA, head 

circumference, multiples and pneumonia, see above). Taking these aspects into account 

in multivariate analysis, no difference in days of respiratory support was seen between 

Table II Clinical Outcome of Surviving Infants

Conventional group
N=24

NIDCAP group
N=25

p

Days on respiratory support 22 (2-134) 53 (0-406) 0.021

Days on ventilator 3.5 (0-26) 3.0 (0-36) 0.738

Days on CPAP 11 (1-43) 24 (0-45) 0.082

CLD 6 11 0.162

Cranial ultrasound findings* 0.019

Normal 11 17

Moderately abnormal 6 7

Severely abnormal 9† 1

Weekly weight gain (g) ‡ 72 (-93-141) (N=23) 81 (-23-208) (N=22) 0.183

Weekly length growth (cm) ‡ 0.8 (0.0-2.7) (N=20) 0.6 (0.1-1.1) (N=21) 0.820

Weekly head growth (cm) ‡ 0.6 (0.0-0.9) (N=22) 0.7 (0.0-1.0) (N=22) 0.291

Days in NICU 35 (9-99) (N=24) 46 (13-123) (N=25) 0.131

Values are either number of patients or median and range, statistical analysis was performed using 
Chi-square statistics (or Fisher’s exact test) and Mann Whitney U-test, see statistical analysis
* deceased infants included 
† 2 infants treatment withdrawn 
‡ Only patients with data at birth and NICU discharge were analyzed
CLD=chronic lung disease
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both care groups (mean [95% CI] difference NIDCAP vs. conventional: - 2.5 [-19.5 to 14.5] 

days, p = 0.766). The respective median (range) values for days on CPAP were 24.0 (0-45) 

days versus 11.0 (1-43) days (p = 0.072).  After adjustment for the significant differences 

in neonatal background characteristics again, no difference in days on CPAP between 

both groups was observed (mean [95% CI] difference NIDCAP vs. conventional: 1.1 [-6.1 

to 8.3] days, p = 0.753). Restricting the analysis to days on mechanical ventilation only, 

also no difference was observed between the NIDCAP and conventional care groups 

(NIDCAP vs. conventional, median [range]: 3.0 [0 to 36] days vs. 3.5 [0 to 26] days) both 

on a univariate and multivariate level. 

In Table II growth during the NICU period is displayed for all infants with data at 

birth and discharge. Weekly weight gain, head and length growth were not statistically 

significantly different between NIDCAP and conventional care infants, both on a 

univariate and multivariate level after adjustment for the significant differences in previous 

mentioned background neonatal characteristics. 

In the NIDCAP group median length of NICU stay was 46 days (range 13-123) as 

compared to 35 days (range 9-99) in the conventional care group (p = 0.131) (Table 

II). Also after adjustment in multivariate analysis for significant differences in previous 

mentioned neonatal background characteristics, no significant difference in NICU days 

was observed (mean [95% CI] difference NIDCAP vs. conventional: -2.0 [-15 to 11] days 

[p=0.795]). 

Of the neonatal background characteristics that differed significantly between both 

type of care groups, a lower birth weight and pneumonia were significantly related to 

more days of respiratory support outcomes and more days of NICU stay. None of these 

neonatal background characteristics was significantly associated with growth variables 

(data not shown).

DISCUSSION 

In this study, we compared the effect of individualized developmental care (NIDCAP) 

and conventional care on short term clinical outcomes of preterm neonates admitted 

to a tertiary NICU. Interestingly, NIDCAP infants had a lower incidence of cerebral 

damage during the NICU period as compared to infants in the conventional care group. 

This effect could neither be explained by differences between both groups in presence 

of cerebral haemorrhage at inclusion nor by other differences in neonatal background 

characteristics, nor by a secular trend of lower cerebral damage incidence in our NICU. 

The fact that NIDCAP is aimed at a reduction of stress and a better match between 

environment and brain development might be an explanation.  As study numbers were 

small, this result needs to be interpreted cautiously and needs to be confirmed by further 

larger studies. Former studies only assessed incidence of intraventricular haemorrhage 
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(IVH) and not ischaemia and ventricular dilation. Evidence from these studies regarding 

IVH is conflicting, both a beneficial effect and no effect on incidence of IVH have been 

reported for NIDCAP as compared to conventional care.19,20

No significant differences were observed between NIDCAP and conventionally cared 

infants in terms of respiratory support, growth and length of NICU stay. With respect to 

respiratory support, results from previous studies are not consistent: two trials found a 

beneficial effect of NIDCAP20,21 on days of mechanical ventilation while another trial22 

could not demonstrate an effect which is in accordance with our findings. The same 

applies for days on CPAP: one study found a favourable effect of NIDCAP whereas 

another study, in agreement with our study, did not observe a difference in days on CPAP 

between both type of care groups.22,23 This discrepancy may be explained by differences 

in study populations as well as by the fact that comparison of respiratory outcomes 

between studies is complicated because they are flexible decisions.24 

Also in accordance with our results previous studies reported no differences in growth 

during NICU stay.21,22 In a previous three centre randomized controlled trial NIDCAP 

resulted in fewer ICU days; however, we could not confirm this beneficial effect in our 

study.20 A possible explanation may be the fact that our conventional care contained 

already more developmental care aspects than the control care in the three-centre trial 

and the fact that our infants were initially relatively ‘less sick’. Namely, in the three-centre 

trial only infants weighing < 1250 g and aged < 28 weeks, with a need for mechanical 

ventilation during at least 24 h within the first 48 h after birth were included, whereas in 

our study preterm infants born before < 30 weeks of GA were included without further 

restrictions regarding birth weight or need of ventilatory assistance. This is also supported 

by the fact that the beneficial effect of NIDCAP on ICU days in the three-centre trial was 

most outspoken in the centre with the initially sickest and socio-culturally most challenged 

families.20 Additionally, comparison with other studies is difficult since in the Netherlands 

infants are transferred to referral hospitals as soon as intensive care is no longer required 

and consequently NIDCAP care ends. In previous studies from other countries infants 

stayed in the NICU and received NIDCAP care until discharge for home or at least until 36 

weeks post-conceptional age.19,20,22,25,26 

Some limitations of the present study need mentioning. Firstly, the present study 

concerned a non-randomized comparison. In our opinion a randomized design was not 

applicable because NIDCAP entails modification of nursing care that causes irreversible 

changes to caregivers’ behaviour and environmental modifications and therefore may lead 

to contamination of the control care. Unfortunately, a cluster randomized controlled trial 

in many NICU’s nationwide, was not an alternative option, because implementation of 

NIDCAP is expensive, labour intensive, and time consuming (training NIDCAP observers, 

modification of NICU environment, and caregiving activities). For this reason, many 

NICU’s were not able or willing to invest this amount of money. Therefore, we chose a 

prospective phase-lag study design. Differences in background neonatal characteristics 

were accounted for in multivariate analysis. However, control for unknown confounders 
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is not possible with multivariate analysis and therefore may have influenced the study 

outcomes. Also the number of variables that could be accounted for was limited due 

to the relatively small sample size. Furthermore, a phase-lag design carries the risk of 

possible changes in medical and nursing care over time that may influence the outcomes. 

But we are not aware of important changes in medical and nursing care during our study 

period. On the other hand, a phase-lag design has the advantage over a parallel group 

design that potential spill over of developmental care aspects to the control group is 

avoided. Inherent to the complex nature of NIDCAP, it is extremely difficult to achieve 

a standard experimental design in this kind of study, as has been acknowledged by 

others.24 Recently qualitative research and continuous quality assessment benchmarking 

have been advocated to help evaluate the benefits of developmental care and offer a 

better understanding of the impact of this care.27

Keeping in mind these limitations, we conclude with precaution that in our study 

NIDCAP may have resulted in less severe cerebral damage. This result needs confirmation 

by further studies in large patient numbers. We recently reported that parents of 

infants cared for by NIDCAP were significantly more satisfied with this type of care than 

parents of infants cared for by conventional care.28  In light of our findings, and in line 

with others24, we conclude that NIDCAP deserves further exploration, including cost-

effectiveness analysis.
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