
AOGS MAIN RESEARCH ARTICLE

The validity of the variable “NICU admission” as an out-
come measure for neonatal morbidity: a retrospective
study
MELANIE M.J. WIEGERINCK1,2,*, NORA A. DANHOF1,*, ANTON H. VAN KAAM3, PIETER
TAMMINGA3 & BEN WILLEM J. MOL1

1Department of Obstetrics and Gynecology, Academic Medical Center, 2Department of Obstetrics and Gynecology, Onze

Lieve Vrouwe Gasthuis Hospital, and 3Department of Neonatology, Emma Children’s Hospital, Academic Medical Center,

Amsterdam, the Netherlands

Key words

Neonatal morbidity, neonatal intensive care

unit, validation, outcome measure, birth

setting

Correspondence

Melanie M.J. Wiegerinck, Onze Lieve Vrouwe

Gasthuis, Department of Obstetrics and

Gynaecology, Postbus 95500, 1090 HM

Amsterdam, the Netherlands.

E-mail: m.m.wiegerinck@amc.uva.nl

Conflicts of interest

The authors have stated explicitly that there

are no conflicts of interest in connection with

this article.

*These authors contributed equally to this

study.

Please cite this article as: Wiegerinck MMJ,

Danhof NA, Van Kaam AH, Tamminga P, Mol

BWJ. The validity of the variable “NICU

admission” as an outcome measure for

neonatal morbidity: a retrospective study.

Acta Obstet Gynecol Scand 2014; 93:603–

609.

Received: 29 October 2013

Accepted: 20 March 2014

DOI: 10.1111/aogs.12384

Abstract

Objective. To determine whether “neonatal intensive care unit (NICU) admis-

sion” is a valid surrogate outcome measure to assess neonatal condition in

clinical studies. Design. Retrospective study. Setting. Tertiary hospital in the

Netherlands. Population. Neonates admitted to NICU during a 10-year period.

Inclusion was restricted to singletons born beyond 37 weeks of gestation, and

admitted to NICU in the first 24 h for delivery-related morbidity. Meth-

ods. Patient characteristics and admission data were compared for four groups

based on the line of care during delivery, i.e. home birth (Ia), midwife-led hos-

pital delivery (Ib), secondary care (II), tertiary care (III). Main outcome mea-

sures. Percentage of neonates/infants that died during NICU admission,

diagnosis on admission, treatment received and a Neonatal Therapeutic Inter-

vention Score System (NTISS). Results. We studied 776 newborns (Ia 52, Ib

25, II 160, III 512, 27 unknown). The mortality rate differed significantly

(Ia 15%, Ib 12%, II 22%, III 1%, p < 0.01), as did the NTISS morbidity scores

at admission [Ia 12.0 (6.0–23.0), Ib 8.5 (6.3–10.0), II 21.0 (15.0–30.0), III 6.0
(4.0–9.0); p < 0.01], diagnosis at admission, received treatment and the dura-

tion of admission. Conclusions. The severity of neonatal illness after 37 weeks

of gestation differed depending on the line of care in which they were born,

with neonates born in secondary care consistently having the highest morbid-

ity, and those born in tertiary care having the lowest. NICU admission should

not be used as an outcome measure for neonatal morbidity, specifically not

when comparing different birth settings.

Abbreviations: IQR, interquartile range; NICU, neonatal intensive care unit;

NTISS, Neonatal Therapeutic Intervention Score System.

Introduction

In perinatal research, the definition of poor neonatal out-

come is an important issue. Many studies use neonatal

intensive care unit (NICU) admission as a surrogate out-

come for neonatal morbidity. For example, we have viewed

all reviews, published by the Cochrane Pregnancy and

Childbirth group, manually. We found 207 reviews with
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neonatal morbidity as an outcome measure, in which the

majority (73%) used “NICU admission” as an outcome

measure (http://pregnancy.cochrane.org/our-reviews). The

validity of this outcome parameter, however, was not men-

tioned in any of these studies, nor did we find any relevant

literature regarding the validity of NICU admission when

performing a literature search on PubMed (using NICU –
neonatal intensive care unit – admission, and various syn-

onyms for outcome measure as both text words and MESH

headings). The assumption is that the admission criteria

are standardized, implying that neonates with identical

severity of disease have a similar chance of NICU admis-

sion. However, it is unclear whether this is in fact the case,

especially when NICU admission is compared for neonates

born in different birth settings (such as line of care and

location of birth) with different access and barriers for

admission to the NICU.

For instance Evers et al. (1) compared term deliveries

that started in primary care under the supervision of a

midwife and those starting in secondary care under the

supervision of an obstetrician. It was remarkable that

although a significantly higher mortality rate was reported

in the first group, NICU admission rates did not differ

between the groups (1). This raises the question whether

the severity of disease on admission to the NICU was

comparable. Infants admitted to a NICU from different

care settings may have a different burden of disease.

Therefore, the purpose of this study was to determine the

validity of NICU admission as a surrogate outcome for

neonatal morbidity in clinical studies, by comparing the

severity of disease of infants admitted at the NICU ward

who were born in different birth settings.

Material and methods

We performed a retrospective study in the Academic

Medical Center of Amsterdam, which is an academic hos-

pital with a perinatal center and a level 3 NICU. All neo-

natal data used in this report were prospectively collected

as part of a nationwide digital database (Dutch Perinatal

Registry), using predefined standardized criteria. Data

were entered in the database by two experienced neona-

tologists. The admission diagnosis was made by the duty

neonatologist on admission of the baby, also using the

same predefined standardized criteria. If there was uncer-

tainty about diagnoses, the case was discussed by two

neonatologists until consensus was achieved. A final check

was performed before transfer of data to the Dutch Peri-

natal Registry database by one of the two neonatologists.

In this database there are some cross-checks for validity

of the data. Data regarding pregnancy and birth were

retrieved from medical records, which also included

information from primary care (if applicable).

We studied all neonates admitted to the NICU

between January 2000 and December 2010. Inclusion

was restricted to infants born from singleton

pregnancies, with a minimum gestational age of

37+0 weeks, who were admitted to the NICU within

24 h after birth for delivery-related problems. Included

diagnoses were asphyxia, respiratory problems, perinatal

infections and birth trauma. We excluded infants who

were considered at risk before the start of labor, such

as those with congenital and chromosomal disorders,

exposition to drugs during pregnancy (except for

antenatal glucocorticoids) and maternal human

immunodeficiency virus infection.

The patient population was divided into four groups

based on line of care during delivery. The first group (Ia)

was born at home, the second group (Ib) was born under

supervision of a midwife in a hospital, the third group

(II) was born under supervision of an obstetrician in sec-

ondary care and the fourth group (III) was born in a

perinatal center providing tertiary care. In the Nether-

lands, women with uncomplicated pregnancies may opt

for a home or hospital delivery in primary care, whereas

women with a need for additional care or monitoring are

transferred to secondary or tertiary care at any given

point during pregnancy or labor. As we only included

infants who were considered healthy before the onset of

labor, the indications for receiving secondary or tertiary

care were based on maternal factors (such as diabetes,

hypertension) or labor-specific factors (such as request

for analgesia, prolonged labor, insufficient labor activity).

We retrieved the clinical and laboratory data from the

NICU database and missing variables were obtained from

the electronic medical records. For the mother we

collected information on date of birth, whether or not

there was meconium-stained amniotic fluid and mode of

delivery. For the infants, we collected information on ges-

tational age, birthweight and Apgar score after 1 and

5 min.

With regard to the NICU admission, we collected

relevant information from the database previously men-

tioned, on date and time, origin and diagnosis on

admission. Diagnoses on admission included respiratory

insufficiency defined as respiratory distress syndrome,

transient tachypnea of the newborn, and the need for

respiratory support without a confirmed diagnosis,

meconium aspiration syndrome, suspected perinatal

infection including sepsis, meningitis and encephalitis,

necrotizing enterocolitis, persistent pulmonary hyper-

tension of the newborn, liver and kidney problems,

neonatal abstinence syndrome, hypoxic ischemic cerebral

abnormalities, hypotension, neonatal convulsions, air

leak syndrome, anemia, intracranial hemorrhage or

infarction, birth trauma, macrosomia (birthweight above
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the 90th centile for gestational age), small-for-gesta-

tional-age (birthweight below the 10th centile for

gestational age) and congenital abnormalities. Only the

top eight most frequent diagnoses upon admission were

analyzed and reported.

In addition, data on the following therapeutic

interventions were collected: invasive mechanical ventila-

tion, continuous positive airway pressure, supplemental

oxygen; inhaled nitric oxide, exogenous surfactant;

central venous catheter or arterial line use, antibiotics,

inotropes (stimulants that increase the myocardial

contractility, such as dobutamine or dopamine), intra-

vascular volume expansion and anticonvulsants. Finally,

we recorded mortality before NICU discharge and length

of NICU stay.

In addition, we used the Neonatal Therapeutic Inter-

vention Score System (NTISS) on admission to score the

severity of illness and resource use. The NTISS is a ther-

apy-based severity-of-illness index, which was constructed

by an expert panel in 1992 and was derived from the

adult intensive care score (Therapeutic Intervention Score

System) of Cullen et al. (2,3). The NTISS is based on

received therapy during the first 24 h of life and assigns

score points from 1 to 4 for a total of 63 intensive care

therapies (4). These 63 therapies are subcategorized into

eight items: respiratory, cardiovascular, drug therapy,

vascular access, monitoring, metabolic/nutrition, transfu-

sion and procedures (5). For mutually exclusive items,

only the most heavily weighted item is included. For

instance in the respiratory category the item “supplemen-

tal oxygen” scores 1 point, continuous positive airway

pressure 2 points, mechanical ventilation 3 points and

mechanical ventilation with muscle relaxation or high-fre-

quency ventilation 4 points. Only the most heavily

weighted item will be scored, therefore the maximum

number of points will be 4 for these five therapies (4).

No ethical approval was needed for this observational

study according to the Code of Conduct for the use of

data in Health Research (Dutch Federation of Biomedical

Scientific Societies, www.federa.org).

Statistical analysis

The statistical analysis was performed with SPSS version

21.0 for Windows (IBM Corp., Armonk, NY, USA). For

the categorical variables the chi-squared test was used or

when minimum expected count was <5 the Fisher exact

test was applied. In case of continuous variables the

Kruskal–Wallis test was used. If between all groups a

significant difference was found, we performed post-hoc

analysis to compare differences between the individual

groups, using p-values adjusted for multiple testing with

the Bonferroni correction.

Results

Between 2000 and 2010 a total of 1872 neonates born

after 37 weeks of gestation were admitted to the NICU of

the Academic Medical Center of Amsterdam. We

excluded 417 infants with congenital and chromosomal

disorders, 566 infants who were considered at risk before

delivery for various reasons (growth restriction, maternal

substance abuse and arrhythmia) and 113 infants who

were admitted more than 24 h after birth. Of the remain-

ing 776 infants the place of birth was missing in 27, leav-

ing a total of 749 infants for the final analysis (Figure 1).

Of these, 52 were born at home, 25 under supervision of

a midwife in hospital, 160 in secondary care and 512 in

tertiary care.

Patient characteristics are presented by the group in

Table 1. Maternal age and birthweight were comparable

between groups, whereas gestational age at birth differed

(highest in group II with a median of 40.6 weeks and an

interquartile range (IQR) of 39.1–41.6 weeks). Also, the

incidence rates of premature rupture of membranes,

meconium-stained amniotic fluid, ventouse delivery and

cesarean section differed between groups. It should be

noted that these are all indications for referral to second-

ary or tertiary care, hence the low frequencies in primary

care.

The number of neonates with a 5-min Apgar score <7
was higher in the secondary care group compared with

the other groups (Ia 32% vs. Ib 36% vs. II 56%, III 22%;

p < 0.01). These and other baseline characteristics are

shown in Table 1. The basic characteristics of the 27

patients with missing data were comparable with the

overall analyzed patient cohort.

Figure 1. Flowchart patient selection.
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The eight most frequently reported diagnoses in this

population are presented in Table 2. A total of 730 (97%)

infants had at least one of the following eight diagnoses:

respiratory insufficiency (462), suspected infection (262),

hypotension (171), neonatal convulsions (95), persistent

pulmonary hypertension of the newborn (81), meconium

aspiration syndrome (77), liver or kidney problems (74),

or hypoxic ischemic cerebral abnormalities (65). The

remaining 19 infants were admitted with the primary

diagnosis “suboptimal clinical condition” in the presence

of meconium-stained amniotic fluid (n = 9), due to birth

trauma (n = 3), or other causes (n = 7). All diagnoses

except for respiratory insufficiency (Ia 65%, Ib 76%, II

54%, III 59%; p = 0.24) showed a significant difference

in frequency between the four groups (Table 2). Hypo-

tension, neonatal convulsions, meconium aspiration,

persistent pulmonary hypertension of the newborn, liver

or kidney problems and hypoxic–ischemic cerebral abnor-

malities were all most frequently present in infants born

in secondary care. In contrast, suspected infection was

least often present in the secondary care group and was

overrepresented in infants born in tertiary care (Ia 19%,

Ib 32%, II 7%, III 46%; p < 0.01).

Table 2 also shows the treatments received by the new-

borns. Except for continuous positive airway pressure

(12% vs. 4% vs. 15% vs. 11%; p = 0.35) a significant dif-

ference was observed between the four groups for all

treatment options. All of these treatments were more fre-

quently received in the secondary care group (group II)

compared to either the primary care groups (Ia and Ib),

the tertiary care groups (III) or both (p < 0.01).

We also calculated the time between birth and NICU

admission and the length of stay in all groups, which

both showed a significant difference between the four

groups (Table 2). The median time between birth and

NICU admission was 3 h for primary care (Ia 3.0, inter-

quartile range (IQR) 1.0–7.0); Ib 3.0, IQR 1.0–8.5), 4 h

for secondary care (4.0, IQR 3.0–9.0) and 1 h for tertiary

care (1.0, IQR 0.0–1.0). The median length of stay was

longest in neonates born in secondary care (Ia 60.5 h; Ib

59.0 h; II 106.0 h, III 22.5 h; p < 0.01).

Table 3 shows the total number of deaths (49/776;

6.3%) during NICU admission. Mortality differed signifi-

cantly by birth setting, with eight deaths in group Ia

(15%), three in group Ib (12%), 35 in group II (22%)

and three in group III (1%; p < 0.01). NTISS morbidity

scores at admission were significantly higher in the sec-

ondary care group (21.0, IQR 15.0–30.0) compared with

the other three groups (Ia 12.0, IQR 6.0–23.0; Ib 8.5, IQR

6.3–10.0; III 6.0, IQR 4.0–9.0; p < 0.01).

Discussion

In our study the severity of illness at NICU admission

differed between neonates born in different birth settings.

Neonates born in secondary care consistently had the

highest morbidity when looking at received treatment,

length of admission, mortality rate and NTISS scores. For

diagnosis on admission a similar pattern was seen. All

diagnoses except for respiratory distress and suspected

infection were most frequently present in the secondary

care group.

We also observed a striking difference between the

number of deaths and NTISS rates in secondary and ter-

tiary care. A possible explanation could be that in a ter-

tiary care hospital infants that are in an unstable

Table 1. Patient characteristics.

Primary care (Ia, Ib)
Secondary care (II) Tertiary care (III)

p-valueHome n = 52 Hospital n = 25 n = 160 n = 512

Age mother 32.0 (28.8–35.3) 31.0 (22.0–32.5) 31.0 (28.0–34.0) 31.0 (26.0–35.0) 0.12

GA 40.0 (38.9–40.9) 39.9 (38.7–40.8) 40.6 (39.1–41.6) 40.0 (39.0–41.0) 0.01

PROMa 2 (4%) 1 (4%) 5 (3%)III 63 (12%) <0.01

MSFa 15 (29%) 5 (20%) 82 (51%)Ia, Ib, III 190 (37%) <0.01

Breecha 0 (0%) 0 (0%) 5 (3%) 12 (2%) 0.51

Vacuuma 0 (0%) 0 (0%) 34 (21%)Ia 95 (19%)Ia <0.01

Forcepsa 0 (0%) 0 (0%) 6 (4%) 6 (1%) 0.09

Cesarean sectiona 0 (0%) 0 (0%) 77 (48%)Ia, Ib 275 (54%)Ia, Ib <0.01

Birthweight 3400 (3165–3875) 3525 (3223–3900) 3600 (3300–4028) 3480 (3210–3879) 0.07

APGAR <7 after 5 min 15 (32%) 9 (36%) 86 (56%)Ia, III 113 (22%) <0.01

Continuous variables are given as median with interquartile-range (25th–75th centile); categorical variables are given as number (%); The reported

p-value is based on a comparison between all four of the groups. In an additional analyses we compared the groups separately (with Bonferroni

correction for multiple testing), and if a statistical difference was found we report in superscript the groups that showed the significant difference

with that particular finding.

GA, gestational age; PROM, premature rupture of membranes; MSF, mecomium-stained fluid.
aThese are all indications for referral to secondary care.
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condition directly after birth are primarily monitored on

the NICU before being transferred to medium care

facilities, because the tertiary care center also fulfils a

secondary care function for patients living in the direct

neighborhood of the hospital with tertiary care. In

comparison, unstable infants born in a secondary care

Table 3. Neonatal outcome after neonatal intensive care unit admission.

Primary care
Secondary care Tertiary care

pHome n = 52 Hospital n = 25 n = 160 n = 512

Death, n (%) 8 (15%) 3 (12%) 35 (22%) 3 (1%)Ia <0.01

Home n = 42 Hospital n = 20 n = 125 n = 484

NTISS, median (IQR) 12.0 (6.0–23.0) 8.5 (6.3–10.0) 21.0 (15.0–30.0)Ia,Ib,III 6.0 (4.0–9.0) Ia <0.01

The reported p-value is based on a comparison between all four of the groups. In additional analyses we compared the groups separately (with

Bonferroni correction for multiple testing) and if a statistical difference was found we report in superscript the groups that showed the significant

difference with that particular finding.

IQR, interquartile-range (25th–75th centile); NTISS, Neonatal Therapeutic Intervention Score System

Table 2. Diagnoses at neonatal intensive care unit (NICU) admission, treatment during stay and outcome by line of care during delivery.

Diagnoses

Primary care (Ia, Ib)
Secondary care (II) Tertiary care (III) Total

p-valueHome n = 52 Hospital n = 25 n = 160 n = 512 n = 749

Respiratory insufficiency 34 (65%) 19 (76%) 87 (54%) 302 (59%) 442 0.24

Suspected infection 10 (19%) 8 (32%) 11 (7%)III 233 (46%)Ia 262 <0.01

Hypotension 19 (37%) 6 (24%) 102 (64%)Ia,Ib,III 44 (9%)Ia 171 <0.01

Neonatal convulsions 6 (12%) 5 (20%) 68 (43%)Ia,Ib,III 16 (3%)Ib 95 <0.01

PPHN 7 (13%) 1 (4%) 57 (36%)Ia,Ib,III 16 (3%) 81 <0.01

Meconium aspiration 7 (14%) 0 (0%) 50 (31%)Ia,Ib,III 20 (4%) 77 <0.01

Liver/kidney problems 8 (15%) 5 (20%) 46 (29%)Ia,,III 15 (3%)Ia,Ib,II 74 <0.01

Hypoxic cerebral abnormality 5 (10%) 4 (16%) 47 (29%)Ia, III 9 (2%) 65 <0.01

Treatment Home n = 52 Hospital n = 25 n = 160 n = 512 n = 749

IPPV 22 (43%) 8 (32%) 141 (89%) 49 (10%) 220 <0.01

CPAP 6 (12%) 1 (4%) 24 (15%) 57 (11%) 88 0.35

Oxygen 19 (37%) 8 (32%) 57 (36%)III 123 (24%) 207 0.13

iNO 5 (10%) 0 (0%) 34 (21%)Ia,Ib,III 10 (2%) 49 <0.01

CVC 22 (42%) 6 (24%) 131 (82%)Ia,Ib,III 61 (12%)Ia 220 <0.01

Arterial line 20 (38%) 6 (24%) 123 (77%)Ia,Ib,III 42 (8%)Ia 191 <0.01

Intravascular volume expansion 19 (37%) 6 (24%) 83 (52%)Ib,III 44 (9%)Ia 152 <0.01

Antibiotics 39 (75%) 16 (64%) 153 (96%)III 323 (63%)Ia 531 <0.01

Anti-convulsants 9 (17%) 5 (20%) 67 (42%)Ia,Ib,III 16 (3%)Ia 97 <0.01

Surfactant 6 (12%) 0 (0%) 42 (26%)Ia,Ib,III 9 (2%) 57 <0.01

Outcome Home n = 52 Hospital n = 25 n = 160 n = 553

Duration between birth and admission

(in hours), median (IQR)

3.0 (1.0–7.0) 3.0 (1.0–8.5) 4.0 (3.0–9.0) 1.0 (0.0–1.0)Ia, Ib, II <0.01

Duration of admission (in hours), median (IQR) 60.5 (22.0–142.5) 59.0 (26.5–130.0) 106.0 (49.3–184.0)Ia 22.5 (12.0–51.0)Ia,, II <0.01

Multiple diagnoses possible in one neonate.

The reported p-value is based on a comparison between all four of the groups. In an additional analyses we compared the groups separately

(with Bonferroni correction for multiple testing), and if a statistical difference was found we report in superscript the groups that showed the

significant difference with that particular finding.

Respinsuf, respiratory insufficiency; hypoxic cerebral abn, hypoxic cerebral abnormalities; PPHN, persistent pulmonary hypertension of the new-

born; IPPV, intermittent positive pressure ventilation; CPAP, continuous positive airway pressure; iNO, inhaled nitric oxide therapy; CVC, central

venous catheter; IQR, interquartile range (25th–75th centile).
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hospital will primarily be monitored on the pediatric

ward and will only be transferred to the NICU in case of

severe morbidity. Furthermore, the barrier for NICU

referral in these secondary care hospitals is probably

higher, meaning that only the infants with the highest

morbidity are transferred to the NICU (provided that the

neonatal condition allows transportation). Some of the

findings in this study seem to support this explanation.

First, the time between birth and NICU admission is lon-

gest for neonates born in secondary care. Apparently,

there is in most instances an attempt to manage the situ-

ation in secondary care, and only the sickest infants are

referred. Whether this delay is potentially harmful cannot

be concluded from our data. Second, mortality and mor-

bidity were lowest in the tertiary care group. These

infants received the least invasive treatment and more

than half of the neonates born in tertiary care were

discharged from the NICU within 24 h of admission.

It is important to realize that neonates born in a ter-

tiary center and admitted to the NICU will receive both

level 2 and level 3 neonatal care, depending on their con-

dition. Many of these neonates need level 2 care on

admission (observation of an unstable condition follow-

ing birth), which may or may not progress to level 3 neo-

natal care. In this study we did not differentiate NICU

admissions into different levels of neonatal care. It is

likely that the number of infants needing only level 2

neonatal care is higher in the tertiary care compared with

the secondary care group. Nevertheless, in clinical practice

and in most studies reporting on the outcome variable

NICU admission, no differentiation is made between level

2 and level 3 neonatal care. For example, the Cochrane

Pregnancy and Childbirth group has published 150

reviews with NICU admission as an outcome variable. In

46 (31%) of these a distinction was made between level 2

and level 3 neonatal care (www.cochrane.org). For this

reason, we feel that our research question is valid and rel-

evant.

This study has a number of strengths and limitations

that need to be considered. A strength is the long time

frame, allowing us to study a relatively large number of

infants. As this is a single center study our finding may

have limited generalizability. On the other hand the large

differences found even within one hospital (where one

expects consistent management) might also strengthen

our results.

Another limitation is the relatively small primary care

group, which is probably a reflection of clinical practice,

as it is very unusual for a midwife to refer a child directly

to the NICU without consulting secondary care first.

Also, we were unable to retrieve information on how

many of the children born in secondary care had actually

been transferred from primary care during labor.

The use of NTISS as an indicator for severity of disease

is based on the treatments received by an infant, rather

than physiological variables that are often used in other

scoring systems, such as the Morbidity Assessment Index

for Newborns (MAIN) score (6,7). We chose to include

NTISS in our analysis for practical reasons because these

data were available in the database, whereas information

for calculating other morbidity scores were incomplete.

One can argue that NTISS is less reliable because treatment

depends on policy and practice in units, which can vary

greatly. However, the present study only included patients

from a single hospital thereby limiting the risk of bias.

This study was designed to validate the outcome mea-

sure “NICU admission”, and not to compare safety of

different birth settings. Since we had no information

available on whether patients in the secondary and ter-

tiary group had been referred from primary care during

labor, we are unable to draw any conclusions regarding

the safety of birth in the different lines of care (which

would have been very interesting but was not our

research question).

The consequences of using NICU admission as an out-

come measure when comparing different birth settings

can be significant. If the severity of morbidity is not com-

parable for the included groups, as we showed in this

study, invalid conclusions may be drawn. For instance if

a research project is trying to ascertain the safety of cer-

tain interventions or the prognostic value of patient char-

acteristics for neonatal outcome and would include

neonates from different birth settings, the use of NICU

admission as an outcome measure would lead to bias in

the results, because a higher rate of admission does not

implicate a higher incidence of morbidity. Our study

shows that NICU admission is an invalid outcome mea-

sure for neonatal morbidity when comparing different

birth settings. Outcome measures for reporting neonatal

morbidity should be tailored to the specific research ques-

tion and validated for the targeted population (6).
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