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Introduction and goals
The content of this report will mainly focus on the preliminary results
obtained during the first years (2004 until 2006) of nearly full
participation of the Belgian NICUs to the NICaudit® project. To start
with, the recent history of the Colleges of Physicians and their goals are
briefly summarized here.

Figure 1. Major tasks of College of Physicians.

The Colleges of Physicians were established by a Royal Decree on the
15th of February 1999. The College ‘NIC’ was inaugurated secondarily
at the end of 1999. The main tasks of the colleges are the definition of

indicators of quality of care within the discipline concerned, the itregistration of quality-related medical data resulting in a national
annual report that should be supplied as a feedback to the participants
(Fig. 1).
The ultimate goal is the achievement of an overall increase in quality of

care by peer reviewing.
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The College ‘NIC’ (2000-04) decided to set up an audit program for all
Belgian NICUs. To this end 40 perinatal items were isolated as
indicators of the quality of neonatal care.

Each item was strictly

defined by the members of the College and the invited experts from the
Belgian Society of Neonatologists (BVN/GBN; former BVNPI/GBNPI).

etc ...

Since April 2005 an ‘on line’ feedback is organized through the website

www.colnic.be. All Belgian NICUs have access by a private login and
password, not only to their own data, but also to globalized and
anonymized data, benchmark profiles, trend and survival analyses.
Every unit can export anonymized data as an excel- or xml-file for
further evaluation and study.
Health Authorities have their own access to the site where all
compilated data and anonymized benchmark profiles are available
(universal login = min and password = health authority).
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Methodology
From a pragmatic point of view, it was decided to start with the
evaluation of a rather small number of specific NICU patients.
This led to the gathering of pertinent data on quality of care in the
smallest newborn infants treated in our NICUs: The so-called EPIBEL
cohort (1999-2000) of extremely preterm infants with a gestational age
of less than 27 weeks. All Belgian NICUs (19/19) did participate to this
first population-based ‘quality of care’ study. The primary scientific
data were published in Pediatrics (2004; 114: 663-675). Follow-up data
at the median age of 3 years were published very recently in Obstetrics

and Gynaecology (2007; 110: 855-864).
The second stage in our plan of action was limited to the study of all (±
1000) very-low-birthweight infants (i.e., VLBW-infants, newborn
infants with a birthweight less than 1500 grams) born in a Belgian
NICU during the “millennium year”. This second stage analysis led to a
formal data presentation by several BSN-members during the Annual
Meeting of the Belgian Society of Neonatology in 2003. The
participation of virtually all NICUs for the second time made us very
enthousiastic about the potential success of an overall audit of all NICU
patients in the years to come.

Figure 2. NICaudit® participation of 19 Belgian NICUs.
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Our NICaudit® database and www.colnic.be website were build up during
the years 2003 and 2004. In april 2004 it was decided by the (former)
College ‘NIC’ to start the 3th stage of our plan of action, namely, the
yearly audit and benchmarking of all NICU admissions in Belgium. The
global record load was estimated at or around 6000 records per year for
all 19 NICUs in Belgium.
Today (30-05-2008) 17, 18 and 15 units did participate to the overall
data gathering on infants hospitalized in a Belgian NICU during 2004,
2005 and 2006, respectively (Plan of action 3th phase).

Figure 3. Neonatal dataset XLS-EXP40 and validation report.

Some methodological issues concerning the NICaudit® and the website

www.colnic.be will be discussed here very briefly.
A neonatal dataset called XLS-EXP40 was constructed for the yearly
feedback to the participating NICUs. A dutch and french edition was
made available to all Belgian NICUs and Health Authorities.

All 40

‘quality-of-care’ items are explained and clearly defined in this booklet.
All uploadable data were organized ‘numerically’ for language
independency (Fig. 3).
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A predefined “comma-separated-value”-file (*.csv file) can be extracted
from any locally existing electronic registration system. The NICUs are
invited to upload yearly the *.csv file of all their NICU-admitted patients
on the website www.colnic.be. This upload can be done gradually or can
be overwritten.

A validation error report - if any - is sent to the

participant by e-mail within minutes and suggestions for correction of
the numbered non-validated records are given. This validation report is
also made available on the website for each unit specifically (Fig. 3).

Figure 4. Definitions and 'upload' procedure.

The neonatal dataset with the definitions of the 40 items and the

scenario (‘info about uploading’) for the upload procedure are also
downloadable from the homepage of the website (Fig. 4). Customers can
choose between a french, dutch or english interface.
Up to now the “NICaudit 2005 file” - downloadable by all NICUs from the
website www.colnic.be as a *.csv- or *.xml-file - contains 229.400
multiple choice data on 5.735 NICU-admitted patients.
This 2005 NICaudit® database is estimated to be representative for at
least 95 % of all NICU-admitted newborn infants in Belgium during
2005.
12

Figure 5. Annual and multi-annual reports for data, benchmarking and trend
analysis.

The participants can download an annual or (cumulative or noncumulative) multi-annual report from their own data, as well as a global
anonymized report of data on all participating units.
A benchmark profile report and trend analysis report (2006-07) is also
available. Each unit can compare his personal profiles and trends with
those of the participating peers. Health authorities have also on line
access to all cumulative anonymized annual, benchmark and trend
reports (login = min and password = health authority).
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Figure 6. Dowloading of ‘csv’-files or ‘xml’-files.

All NICU participants, as well as health authorities can export all
uploaded records as a *.csv file or a *.xml file for further study and data
mining of the NICaudit® database.

Figure 7A. First stage of website development 2003 – 2004.

The website www.colnic.be was developed in several stages over a 5year period 2003-2007. At the start we were left with no option but to
evaluate the database with fictive data or non-validated data from a few
‘pilot’ units. First of all raw output data were assembled and organized
in various tables and charts (2003-04) (Fig. 7A). Every specific output
table can be generated separately. An annual report (69 pages) of all
tables and charts is automatically generated on demand. Apart from
the starting year and final year, the participant can incorporate data
from the own unit only or data from all participants. All admissions or
only VLBW-infants can be incorporated, separately. And lastly, a fullcolor or printer-friendly gray-scale edition is facultative.

14

Figure 7B. Second stage of website development 2005 – 2006.

During 2005-06 benchmark profiles were constructed and a complete

benchmark report (66 pages) can be generated along the instructions
previously explained (Fig. 7B). The interpretation of Box-and-Whisker
plots and benchmark profiles is clarified in the next 2 figures (Fig. 8-9).

Figure 7C. Third stage of website development 2006 – 2007.

In 2006-07 trend analysis was set up (Fig. 7C, left-sided diagram).
Starting from the same 40 XLS-EXP data yearly trend histograms were
designed and led to the assembly of a 3rd report of trend analysis (38
pages). Units can evaluate their own progression over years.
Authorities and peer experts can estimate present needs and anticipate
future requirements in health care provision and costs. Lastly, during
2007 several “birthweight-for-gestational age” survival diagrams were
developed in order to evaluate and compare the overall quality of care
in Belgian NICUs (Fig. 7C, right-sided diagram). A large number of ‘à la
carte’ figures can be assembled in relation to e.g., gender, origin,
multiple pregnancy, specific congenital malformations et cetera.
This new part of the website is still in progress at the moment and other
relevant possibilities will be added soon.
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AT/IUT VLBW-infants

Figure 8. Interpretation of the X-Y axes of benchmark profiles.

The benchmark profiles show the relative ranking of each NICU
according to the Y1-axis (Fig. 8). The Y1-axis is related to the relative
value (i.e., %) of the item considered and the data are sorted ascending
by this relative value (small orange squares). The (non-sorted) gray
histograms show the absolute number (Y2-axis) within the category
considered. In the example here the percentage of VLBW-infants that
were born as prenatal transfers (AT/IUT) in a particular perinatal
center is shown as an orange square and the corresponding number of
VLBW’s is shown as a grey pillar.
In the “private” benchmark reports the histogram of the specific unit is
shown in blue. Health authorities have access to all benchmark profiles
without specification of a particular participating unit.
It is important for the correct interpretation of the figures to
understand that the NICU-specific relative ranking position may thus be
different for each other benchmark profile.

16

Figure 9. Interpretation of the Box-and-Whisker plots.

The benchmark profiles are summarized on the graphs in “Box-andWhisker” plots for relative data (orange color), as well as for absolute

data (gray color). The ranking position of the specific NICU is shown by
a small arrow (Fig. 8-9).
Data are divided into 4 equal parts or “quartiles” (Fig. 9). Q1 and Q3
correspond to the 25th and 75th centile. The box contains 50 percent of
all the data.
The median and interquartile range (Q3 - Q1 = IQR) is displayed
numerically. The whiskers equal 1,5 times the IQR.
This is one of the most widely spread methods for representation of
B&W-plots.
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Results
Chapter 1 NICaudit 2005 (18 NICUs)
During 2005 eighteen of the 19 Belgian NICUs were actively involved in
the NICaudit® project, 16 of them for all admissions to the neonatal
intensive care unit and two other units for very-low-birthweight
(VLBW) infants (i.e., newborn infants with birthweight < 1500 grams)
only.
5735 newborn infants were admitted to the 16 NICUs during 2005.
These data represent more than 95% of all NICU admissions in Belgium.
49% (n = 2809) of the infants admitted were low-birthweight (LBW)

infants (i.e., newborn infants with birthweight < 2500 grams) (Fig.
10.1.A.) and 54% of them (n = 3092) were preterm infants (i.e.,
newborn infants with a gestational age less than 37 weeks) (Fig.
10.1.B.).

A.
ENM = early neonatal mortality; LNM = late neonatal mortality and IHM = in-hospital mortality.

B.
Figure 10.1. Infants admitted to 16 Belgian NICUs during 2005: A. subdivided in
classes of birthweight and B. subdivided in classes of gestational age (pie chart and
table with survival rates).
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1037 infants of this "2005 cohort" are VLBW-infants (n = 908 + 129).
They represent nearly 18% (1037/5864) of all NICU admissions in
2005.
There were 339 extremely-low-birthweight (ELBW) infants (i.e.,
newborn infants with birthweight < 1000 grams) admitted in 18 of the
19 units during the year 2005.

Figure 10.2. Benchmarking of ELBW-infants NICaudit® 2005 (18 NICUs).

Figure 10.2. (left-sided diagram) shows the benchmark profile for these

ELBW-infants. The numbers are small for all units with a median value
of 18 and a range from 4 to a maximum of 36 ELBW-infants.
The median value for the number of extremely preterm infants (EPTinfants, i.e., infants with a gestational age less than 26 weeks) is 4,
ranging from nil to 15 EPT-infants during the year 2005 (Fig. 10.2.,
right-sided benchmark).

The total number of EPT-infants was 89

during 2005 (in 18 of 19 NICUs).
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Figure 11. Survival rate of ELBW-infants NICaudit® 2005 (18 NICUs).

The median survival rate of the extremely-low-birthweight infants (i.e.,
newborn infants with a birthweight less than 1000 grams) is 72% with
a maximal range from 54 to 100% and an interquartile range (IQR)
from 66 to 83% (Fig. 11).

Figure 12. Early (ENM) and Late Neonatal Mortality (LNM) and In-Hospital Mortality
(IHM) in VLBW-infants of different classes for birthweight and gestational age.

1037 very-low-birthweight-infants (VLBW-infants, i.e., newborn infants
with a birthweight less than 1500 grams) were admitted to the 18
participating units. They represent more than 95% of all VLBW-infants
admitted to a NICU of Belgium during 2005.
The figures above (Fig. 12) show the various classes of birthweight and

gestational age of the VLBW-infants. Early versus late neonatal
mortality and in-hospital mortality are displayed separately for each
category.
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Causes of death
Congenital malformation
Peripartal asphyxia and consequences
Birth trauma
Major systemic infection
Intracranial haemorrhage
Leukomalacia
Immaturity (GA < 26 wks and/or BW < 750 g)
Shock
Respiratory insufficiency
Inborn error of metabolism
Fetal hydrops
Peroperative complication
Iatrogenic cause
Unexpected death
Unexplained death
Other cause
Total

IB

AT/IUT

OB

All

2
1
0
8
5
2
16
3
5
0
0
1
1
0
0
1

5
1
0
4
16
0
21
5
12
1
1
0
1
1
0
3

0
3
0
1
3
0
3
1
2
0
0
0
0
0
0
0

7
5
0
13
24
2
40
9
19
1
1
1
2
1
0
4

45

71

13

129

Figure 13. Primary cause of death in 129 of 1037 VLBW-infants: inborn (IB) infants,
antenatal or intrauterine transfers (AT/IUT) and outborn (OB) infants (12.4%)
(2005 – 18 NICUs).

The most frequent primary causes of death in these VLBW-infants are

immaturity, intracranial haemorrhage, respiratory insufficiency and
systemic infection (Fig. 13). These four causes explain 75% (96/129) of
the overall in-hospital mortality of VLBW-infants.

Figure 14. External referrals of VLBW-infants: AT/IUT versus OB (2005 – 18 NICUs).
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The numbers of external referrals (i.e., outborns) of VLBW-infants
differ remarkably from one unit to the other (Fig. 14). Fortunately
overall numbers [mean (IQR)] of outborn VLBW-infants are small [8 (114)] in comparison with prenatally transferred VLBW-infants [20 (1140)] in Belgian NICUs.

Figure 15. Hyaline membrane disease (HMD) in VLBW-infants (2005 – 18 NICUs).

The median (range) number of VLBW-infants with hyaline membrane

disease is 36 (7 - 71). 80% of them survive (maximal range 70 - 95%).

Figure 16. Duration of IPPV and nasal CPAP in VLBW-infants with hyaline membrane
disease (2005 – 18 NICUs).

The median duration of endotracheal ventilation in VLBW-infants with
hyaline membrane disease is 7 days (IQR 4 - 11 days).
The median duration of nasal CPAP is 6 days for the same category of
VLBW-infants (IQR 1 - 15 days).

22

Figure 17. Duration of hospital stay for surviving inborn VLBW-infants and ELBWinfants, respectively (2005 – 18 NICUs)1.

The median duration of hospital stay for surviving inborn VLBW-infants
is 57 days with a maximal range from 32 to 78 days.
The median duration of hospital stay for surviving inborn ELBW-infants
is 84 days with a maximal range from 50 to 175 days.
The number of surviving VLBW-infants and even more the number of
surviving ELBW-infants cared for in a specific unit will thus
significantly influence the overall median duration of hospital stay in a
NICU.

1 PS. Ordinate scales are different for both plots of fig. 17: the Y-scale of the left-sided plot for VLBW-infants
ranges from 0 to 100 days; the right-sided graph for ELBW-infants from 0 to 250 days.
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Chapter 2 NICaudit® 2004-06 (14 NICUs)
A. Benchmarking & trend analysis
A.1. Benchmarking
The recent availability of audit data from newborn patients admitted to
at least 14 Belgian NICUs over a consecutive period of 3 years is a
worthwhile opportunity to demonstrate the ‘virtual’ strength in
performance of the NICaudit® program. In the first part of Chapter 2 an
overview of benchmark profiles and trend analyses is proposed,
pertaining to validated NICaudit® data from this 3-year period from
2004 to 2006.

13710 newborn infants are involved in this data mining (cfr. table and
pie chart above).
566 (4.1%) of them died during the primary NICU stay. 62% of the inhospital mortality (351/566) occurs during the 1st week of life (i.e., so
called 'early neonatal mortality') and 24% during the 'late neonatal
period' (i.e., between 7 and 28 days of life). 76 deaths (14%) occur after
28 days of life.
Almost all subsequent figures, unless specified otherwise, are directly
related to these cumulative “real” and “genuine” Belgian NICaudit® data
over the recent 3-year period (data available on www.colnic.be since
16th of november 2007).
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Sixty-two percent [interquartile range (IQR) 45-74%] of all NICU
admissions are ‘inborn’ infants’ (i.e., newborn infants of mothers booked
locally and delivering at the local maternity hospital) (Fig. 18). About
30.000 liveborn infants (i.e., more than one fourth of all liveborn
infants in Belgium per year) are born in one of the NICU-related
maternity hospitals.

Figure 18. Origin of the NICU admissions (NICaudit® 2004-2006).

This high proportion of ‘inborn’ infants – about 2 in 3 - among the NICUadmitted neonates implies that not only neonatal “intensive”2 care is
provided within the Belgian NICU setting, but also for a large amount
“high-dependency”3 and/or “special”4 neonatal care.

2 ‘intensive care’ is care for newborn infants 1. receiving any respiratory support via a tracheal tube and in
the first 24 hours after its withdrawal, 2. receiving nasal CPAP for any part of the day and less than five
days old, 3. below 1000 grams current weight and receiving nasal CPAP for any part of the day and for 24
hours after withdrawal, 4. less than 29 weeks gestational age and less than 48 hours old, 5. requiring major
emergency surgery, for the pre-operative period and post-operatively for 24 hours, 6. requiring complex
clinical procedures: full exchange transfusion, peritoneal dialysis, infusion of an inotrope, pulmonary
vasodilator or prostaglandin and for 24 hours afterwards, 7. any other very unstable baby considered by the
nurse-in-charge to need 1:1 nursing, 8. a baby on the day of death.
3 ‘high-dependency care’ is care for newborn infants 1. receiving nasal CPAP for any part of the day and not
fulfilling any of the criteria for intensive care, 2. below 1000 grams current weight and not fulfilling any of
the criteria for intensive care, 3. receiving parenteral nutrition, 4. having convulsions, 5. receiving oxygen
therapy and below 1500 grams current weight, 6. requiring treatment for neonatal abstinence syndrome, 7.
requiring specified procedures that do not fulfil any criteria for intensive care: care of an intra-arterial
catheter or chest drain, partial exchange transfusion, tracheostomy care until supervised by a parent, 8.
requiring frequent stimulation for severe apnoea.
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The definitions of levels of care used here are those proposed by the
British Association of Perinatal Medicine (BAPM) as the standards for
hospitals providing neonatal intensive and high dependency care5.
One fifth [21% (IQR 11-36] are ‘outborn’ infants (i.e., newborn infants
postnatally transferred to the NICU from an external maternity
hospital). 16% (IQR 7-25] are prenatal or ‘intrauterine transfers’. As
will be demonstrated in coming figures (e.g., in-hospital mortality rates,
VLBW-rate, congenital malformations, major neonatal surgery, etc ...)
these 2 latter categories of newborn infants represent the very major
part of the highest level of care in the NICUs.
The 3 profiles (Fig. 18) show the relative proportion for the origin of
NICU admissions in the participating units. The rather steep slope of
these profiles illustrates that Belgian NICUs are comparatively different
in relation to the origin of their NICU patients. Inborn origin ranges
from about 25% to as high as nearly 90%.

The fraction of outborn

infants ranges from 2 to 48%. Intrauterine transfers from less than 5%
to 34%.
Since not only 'intensive care', but probably also almost all 'highdependency neonatal care' is provided in the existing NICUs in Belgium,
the sometimes heard request proposing the introduction of supplementary level II units in Belgium will obviously lead to a second echelon
of excess supply, if not accompanied by a redefinition and restriction of
levels III neonatal 'intensive care' units.

It is proposed that these

figures should be taken into account by health authorities for the
definition and allocation of ‘justified’ NICU-bed supplies.

4 ‘special care’ is defined as care that is provided for all other babies (i.e., after exclusion of highdependency and intensive care babies) who could not reasonably be expected to be looked after at home by
their mother.
5 www.bapm.org/media/documents/publications/hosp_standards.pdf) (2nd edition 2001).
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A. ELBW-infants (birthweight < 1000 grams)

B. VLBW-infants (birthweight < 1500 grams)

C. LBW-infants (birthweight < 2500 grams)

Figure 19. Number and survival rate of (A) ELBW-infants, (B) VLBW-infants and
(C) LBW-infants (NICaudit 2004-2006 14 NICUs).
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The benchmark profiles of Figure 19 show the numbers and mean
survival rate of extremely-low-birthweight infants (i.e., infants with a
birthweight less than 1000 grams), very-low-birthweight infants (i.e.,
infants with a birthweight less than 1500 grams) and low-birthweight

infants (i.e., infants with a birthweight less than 2500 grams) in 14
Belgian NICUs over the 3-year period 2004-06.
The median overall survival rate of VLBW-infants is 87% (1772 out of
2037 VLBW-infants) with a rather weak slope for the inter-NICU
difference and an ensuing narrow IQR (85 - 89%) (Fig. 19. B.). On the
safe side, these data lead us to conclude that the survival rate of VLBWinfants is high in all participating NICUs of Belgium in comparison with
population-based data from other industrialized countries abroad. As
far as survival of high risk VLBW-infants is concerned, an overall high
standard of patient care is thus presumable in all participating Belgian
NICUs6.
The median survival rate of ELBW-infants is 69% with an IQR 65 to 79%
for the same 3-year period (Fig. 19. A.). This figure is 95% with an
small IQR from 93 to 98% for all NICU-admitted LBW-infants.

6 Phibbs CS et al. Level and volume of neonatal intensive care and mortality in very-low-birth-weight infants.
N Engl J Med 2007; 21: 2165-75.
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Figure 20. Major cardiac and abdominal neonatal surgery
(NICaudit 2004-2006 14 NICUs).

Besides very low birthweight (i.e., birthweight less than 1500 g), major

surgery in newborn infants is another important high-risk group within
the NICU setting. It also adds significantly to the overall nursing and
medical workload in the individual NICU.
Most of these infants are operated on within the specialities of cardiac
or thoraco-abdominal surgery.

Cardiac surgery (108 patients/year for the 3-year period in 14 NICUs
during 2004-06) is nowadays performed regularly in 4 NICUs in
Belgium (2 of them are included in the NICaudit® participants of 200406)7. Ductal ligation is reportedly not included in these numbers.

Major abdominal surgery (172 patients/year for the 3-year period)
consists mainly of intestinal (443/516) and urogenital surgery (54 of
516 cases of neonatal abdominal surgery). 225 newborn infants (50%)
had intestinal surgery for a congenital bowel malformation and 104
others (23%) because of necrotising enterocolitis and/or intestinal
perforation(s).
From these 2 benchmark profiles one can roughly conclude that major
abdominal surgery (Fig. 20, right-sided diagram) is performed in nearly
every NICU in Belgium.

At variance major cardiac surgery (after

exclusion of duct ligation) is only performed in a restricted number of
hospitals concerned (Fig. 20, left-sided diagram).
7 From the NICaudit® data 2005 (18/19 NICUs) it is feasible to estimate by extrapolation a total number of
approximately 200 newborn infants who underwent cardiac surgery for congenital heart disease during the
primary NICU stay (i.e., surgery for patent ductus arteriosus not included).
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A.2. Trend analysis
In the section of trend analysis developed during 2006 and 2007, a
choice for 22 different subdivisions can be made (Fig. 21).

Figure 21. Trend analysis on the www.colnic.be website

Again the website customer can determine a number of search criteria
such as language interface, starting year and final year, data from all
NICUs or from own NICU only, all admissions or VLBW-infants only.
Furthermore a color or printer-friendly black & white display are
available.
The succeeding trend diagrams illustrate a number of relevant issues
detectable by the analysis of the available data from Belgian NICUs over
the last 3 years 2004 to 2006. Still, the now available trend span of 3
years is too short for definite conclusions. However, on the other hand
the rather ‘expected’ invariability of most data is comforting for the
quality of the gathered peer review data sofar.
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Origin of NICU admissions

Figure 22. Trend analysis of origin for all NICU-admissions versus origin of VLBWinfants (NICaudit® 2004-2006).

In industrialized countries more or less 1% of all live births are verylow-birthweight infants (i.e., newborn infants with birthweight less than
1500 grams). However, they represent nearly half the neonatal
mortality (i.e., mortality of newborn infants during the first 28 days of
life) and a large proportion of perinatally acquired long term morbidity.
In a high-quality perinatal care system it is anticipated that whenever
possible most of this vulnerable group of VLBW-infants should be born
in a maternity hospital with prenatal and neonatal intensive care
facilities (MIC/NIC or P* function).
In the left-sided diagram of Fig. 22 it is shown that only about 40% of
the NICU-admissions are outborn infants or newborns admitted after
intrauterine transfer (IUT).
In contrast, approximately 85% of the VLBW-infants are born in a
maternity hospital with intensive care facilities (as inborn or
intrauterine transfer) (Fig. 22, right-sided histogram).
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Classes of gestational age

Figure 23. Trend analysis of classes of gestational age
(NICaudit® 2004-2006).

Sixty percent of all NICU admissions are preterm infants (i.e., infants
with a gestational age (GA) equal or less than 37 weeks)(Fig. 23, leftsided upper diagram).

Fortunately, two thirds of them are only

moderately preterm with a gestational age ranging from 33 to 37 weeks
(Fig. 23, right-sided upper diagram). In the category of very preterm

infants (i.e., infants with a gestational age from 26 to 32 weeks) about
55% have a gestational age of 26 to 30 weeks (Fig. 23, left-sided lower
diagram). Extremely preterm infants (i.e., infants with a gestational
age less than 26 weeks) represent only 0.2% of all liveborn infants and
2 % of all preterm NICU-admitted infants (Fig. 23, right-sided lower
diagram). Nevertheless, they continuously occupy at least 10% of all
available NICU-beds in Belgium (data not shown and derived from the
EPIBEL study8).

8 Vanhaesebrouck P, Allegaert K, Bottu J, Debauche C, Devlieger H, Docx M, François A, Haumont D, Lombet
J, Rigo J, Smets K, Vanherreweghe I, Van Overmeire B, Van Reempts P for the EPIBEL Study Group. The
EPIBEL study: outcomes to discharge from hospital for extremely preterm infants in Belgium. Pediatrics
2004; 114: 663-675.
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Classes of birthweight

Figure 24. Trend analysis of classes of birthweight
(NICaudit® 2004-2006).

NICU admissions categorized for birthweight shows that half of all
admissions are low-birthweight infants (LBW-infants, i.e., infants with a
birthweight of less than 2500 grams).
About 17% are very-low-birthweight infants (VLBW-infants, i.e., infants
with a birthweight of less than 1500 grams) and 5% are extremely-low-

birthweight infants (ELBW-infants, i.e., infants with a birthweight of
less than 1000 grams).
By extrapolation from the NICaudit® data of 2005 (18/19 participating
NICUs) one could calculate that in Belgium roughly 1100 VLBW-infants
must be cared for yearly. And 30 % of them are ELBW-infants (n = ±
330).
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Prenatal versus postnatal malnutrition in high-risk preterm infants

Figure 25. Trend analysis of birthweight and body weight at discharge in 2 groups of
survivors with a gestational age of 24 to 26 weeks and 31 to 32 weeks, respectively
(NICaudit® 2004-2006).

Both trend diagrams of Figure 25 compare the centile ranking for
birthweight and weight at discharge for extremely preterm infants with
a gestational age of 24 to 26 weeks (left-sided diagram) and for very

preterm infants with a gestational age of 31 to 32 weeks (right-sided
diagram), respectively9.
In the former category (24-26 weeks) prenatal malnutrition or
intrauterine growth failure is multiplied by a factor 6 during their
hospital stay. In the latter group (31-32 weeks) prenatal stunting is
multiplied by a factor 4 postnatally. In other words, the number of
small-for-gestational-age infants (SGA-infants, i.e. infants with a
birthweight below the 10th centile for gestational age) is increased 4 to 6
times postnatally during the primary NICU stay.
This is a major issue in the perception of quality of care. The earlyonset adoption of a sufficient caloric parenteral nutrition and newer
enteral nutritional techniques are probably high priorities in the quality
of care in most of our NICUs. It is suggested that this topic should be
examined more rigourously and appropriately.

9 The centile rankings p
10 and p90 are derived from the SPE birthweight-for-gestational age diagrams (De
Vlieger H et al. 1996).
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Artificial reproduction technology and multiple birth infants

Figure 26. A. Trend in application of ART in NICU-admitted infants (2004-06).

About one third of all multiplets in the NICUs are the result of artificial

reproduction technology (ART) (right-sided diagram of Fig. 26. A.).

Figure 26.B. Hospital days in Belgian NICUs during the years 2004 to 2006.

Figure 26. B. shows the increasing percentage of NICU days spent on
care of multiple birth infants over the years 2004-06. The proportion of
these multiple birth infants attributable to ART is also slightly
increasing from 27 to 33%, despite of the recent SET-policy10
implemented by Royal Decree in Belgium from mid 2003. Although
there is undoubtedly a proportional decrease of multiple embryo
transfers (≥ 3) in favour of SET over recent years11, the three-quarter
increase in IVF-cycli treatments in the 31 Belgian IVF-centers from
9462 in 2001 to 16832 in 2005 (RIZIV/INAMI data) is at least partially
responsible for the further increase of ART-pregnancies in Belgium
and/or Flanders (SPE 2006: 4,8% of all pregnancies are ART-mediated).
10
11

SET-policy = Single Embryo Transfer policy
Report of the College of Physicians for Artificial Reproduction Therapy 2005, page 36 (www.belrap.be).
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Multiple births among all NICU-admissions and VLBW-infants

Figure 27. Trend analysis of the proportion of multiple birth infants for all NICUadmissions and for VLBW-infants, respectively (NICaudit® 2004-2006).

20% of all NICU admissions are multiple birth newborn infants (Fig. 27,
left-sided upper diagram). Multiple birth infants represent about 3.5%
of all newborn infants in Belgium, but they account for a fifth of all NICU
admissions and for at least a quarter of the global occupation of NICU
beds (see Fig. 26. B). Fortunately, high order multiplets12 represent
only 5 percent of all NICU-admitted multiplets. As shown previously
VLBW-infants represent one of the major categories of high-risk
newborns. Not less than 35% of them are part of a multiple pregnancy.
These figures also underscore the urgent need to analyse these
demographic data in more detail in order to evaluate the real impact of
various techniques of artificial reproduction on the prevalence of highrisk VLBW-neonates. However, the - albeit incomplete - data shown
here do not exhibit a relative downward trend in the numbers of
multiplets admitted to our Belgian NICUs so far.

12

High order multiplet = multiple pregnancy with more than 2 infants.
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Time of admission

Figure 28. Trend analysis of the time of admission in NICU-patients
(NICaudit® 2004-2006).

Most of the NICU admissions (85%) in Belgium take place before the
infant is 24 hours old (Fig. 28). This fact points very strongly to the

intimate interrelationship between the mother’s medical history and
the risk of admission of her offspring(s).

This simple observation

should induce a highly anticipatory strategy in the planning of perinatal
care provisions by health authorities.
Over the years only a negligible proportion of the NICU admissions took
place beyond the neonatal period (i.e., admission after the age of 28
days). This clearly means that Belgian NICUs are doing the medical job
within the limits they were conceived for. This is another mark for an
overall high standard of quality of care in neonatal medicine committed
in Belgian NICUs.

37

Pulmonary disorders in NICU-admitted newborn infants

Figure 29. Trend analysis of acute lung disorders (NICaudit® 2004-06).

One of the most frequent reasons for NICU admission is neonatal

respiratory failure. An acute lung disorder is present in at least 40% of
all NICU admissions. Among them hyaline membrane disease (60%)
and ‘transient tachypnea of the newborn’ syndrome (30%) (TTN, also
called RDS type II or ‘wet lung’ syndrome) are the 2 most frequently
encountered pulmonary disorders in newborns, followed by pneumonia
(acquired or congenital) and meconium aspiration syndrome.
Infants delivered by elective caesarean section (CS) near-term have an
increased risk of overall and serious respiratory morbidity (i.e., mainly
RDS type II) and this relative risk increases significantly with
decreasing gestational age13. 45% of Belgian NICU-admissions (6211 of
13710 newborn infants) registered during the 3-year period are term
infants. Among them 9,8, 12,1 and 9,7% were afflicted by TTN
syndrome during 2004, 2005 and 2006, respectively (data not shown).
More than half of them had a gestational age of less than 39 completed
weeks (54, 54 and 61%, respectively).
Since the number of elective CS is high in Belgium (i.e., more than 11%),
postponing elective CS until at least 39 completed weeks of gestation
may reduce neonatal respiratory morbidity in term infants. This is
most likely an important topic in the evaluation of quality of perinatal
care.
13 Hansen AK et al. Risk of respiratory morbidity in term infants delivered by elective caesarean
section: cohort study BMJ; 11 Dec 2007; doi:10.1136/bmj.39405.539282.BE)
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Hyaline membrane disease and pneumothorax in VLBW-infants

Figure 30.A. Trend analysis of hyaline membrane disease and pneumothorax in
VLBW-infants (NICaudit® 2004-2006).

In spite of a virtually generalized policy of prenatal steroid lung
maturation still sixty percent of all VLBW-babies suffer from hyaline

membrane disease in this 3-year cohort of NICU-admitted infants. The
prevalence of HMD was 65% (561/857), 59% (614/1045) and 59%
(236/401) in inborn, outborn and intrauterine transfer VLBW-infants,
respectively. About 8 percent of them develop a pneumothorax during
the NICU stay.
This observation – HMD in 60% of the VLBW-group - is an extra
argument for the a priori prenatal transfer of all VLBW-infants,
whenever possible. Indeed a large majority of these high-risk newborn
infants suffering from HMD need a specific respiratory supportive
treatment as soon as possible after birth, preferably starting off in the
delivery room.
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Hyaline membrane disease and gestational age

Gestational age
(wks)

numbers of
infants
(n = 15234)

% with HMD

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

149
232
310
391
418
599
631
889
1026
1262
1296
1111
1271
1545
1488
1930
633
51

87
87
84
75
68
58
49
35
22
18
12
10
6
3
0,7
0,4
0,3
0

Figure 30. B. Table and XY-plot showing the percentage of NICU-admitted infants
with hyaline membrane disease in relation to gestational age (total = 15.232 NICUadmissions 2004-2006 with a gestational age 25 - 42 weeks).

Gestational age is much more tightly related to the incidence of hyaline
membrane disease (HMD) than birthweight. More than 15000 NICUadmitted newborn infants are included in figure 30. B. The risk of HMD
is more than one in three for neonates with a gestational age ≤ 32
weeks. The incidence is at least two in three for those with a gestational
age ≤ 30 weeks. The risk of HMD increases to at least 75% for preterm
infants with a gestational age less than 29 weeks.
Inasmuch as prenatally birthweight is at least unknown and at the best
rather difficult to predict precisely, it is suggested that any a priori

recommendation for prenatal transfer in case of preterm birth should
primarily be linked to gestational age rather than to any forecasted
birthweight. The high risk of HMD (> 1/3) for very prematurely born
infants and the urgent need for highly specialized therapeutic
management in most of them justifies the widely accepted proposal for a
systematic prenatal transfer of newborn infants with a gestational age

less than or equal to 32 weeks to a qualified perinatal centre.
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Surfactant therapy in neonates with hyaline membrane disease

Figure 31. Trend analysis of surfactant use in newborn infants with hyaline
membrane disease (NICaudit® 2004-2006).

Surfactant therapy is used at least once in approximately 50% of all
newborn infants with hyaline membrane disease (HMD)(Fig. 31, leftsided upper diagram). More than three quarters of the endotracheally
ventilated newborn infants suffering from HMD are treated by
surfactant (Fig. 31, right-sided upper diagram).

However from a

number of benchmark profiles it is observed that individual Belgian
NICUs are quite different as far as surfactant use is concerned. For
instance, in very preterm (i.e., gestational age < 32 weeks) babies with
HMD one unit uses surfactant in 30% of those infants, while on the
opposite another NICU utilizes it in more than 75% of them. These are
the outer limits.

The median figure for surfactant therapy is 40%

(interquartile range 33 to 46%) (lower diagram of Fig. 31). However,
early introduction of nasal CPAP in infants at risk of HMD can modify
other respiratory supportive techniques and associated surfactant use.
It is suggested that these differences should be studied further as a
major unexplored topic in the evaluation of quality of care.
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Respiratory assistance in NICU-admitted newborn infants

Figure 32. Trend analysis of respiratory assistance in NICU-admitted infants
(NICaudit® 2004-2006).

Neonatal respiratory assistance has become less ‘invasive’ over the last
decade. Sixty percent of the NICU admitted infants who need
respiratory assistance are treated by nasal continuous positive airway
pressure technique (nasal CPAP or nCPAP). In most of them this is the
only respiratory support they get. For now, the available 3-year overall
trend is too short to demonstrate this drift towards less invasive
interventions in respiratory care of high-risk newborn infants.
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Trends in endotracheal ventilation and application of nasal CPAP

A.

B.

Figure 33. A. Trend analysis of ventilation days and number of ventilated patients
in Belgian NICUs - BVN/GBN (1996-2006); B. Trend analysis of endotracheal
ventilation (IPPV) versus nasal CPAP in one unit 2001-2007.

Data gathered on behalf of the Belgian Society for Neonatology during
the last decade shows a significant tendency towards less patients in
need of endotracheal ventilation (so-called IPPV patients) (Fig. 33, leftsided diagram)14. The number of endotracheal ventilation days (socalled IPPV days) has diminished by one third over the last ten years
(from 14602 in 1998 to 10590 ventilation days in 2006).
As an example, trend analysis of one NICU over 7 consecutive years
from 2001 to 2007 shows this gradual drift towards the increasing use
of the nasal CPAP procedure instead of endotracheal ventilation (IPPV),
while the absolute number of infants treated remains stable over the
years considered. This inclination towards less invasive therapeutic
options for newborn respiratory care is also observed by many other
neonatal units in Belgium (personal communication, formal data not yet
available).

14

by courtesy of Prof. dr. G. Verellen (UCL St-Luc).
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Chronic lung disease (CLD) at postmenstrual age of 36 weeks

Figure 34. Trend analysis for chronic lung disease at postmenstrual age of 36 weeks
(CLD) in newborn infants with a gestational age less than 33 weeks
(NICaudit® 2004-2006).

Chronic lung disease (CLD) is one of the major chronic sequelae of
preterm neonates with respiratory insufficiency.
Eight percent of all very preterm infants (i.e., preterm infants with a
gestational age equal or less than 32 weeks) suffer from CLD at the
postmenstrual age (PMA)15 of 36 weeks (Fig. 34, left-sided diagram).
Most (80%) of these infants with CLD at the PMA of 36 weeks are
treated by extra oxygen only. Ten to fifteen percent are still CPAPdependent. Endotracheal ventilation is rather exceptional and probably
decreasing over years (Fig. 34, right-sided diagram). This latter
assumption should be confirmed by longer trend spans.

15 i.e., PMA = postmenstrual age = summation of gestational age (GA) and postnatal
age (PNA).
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Presence and type of major systemic infections

Figure 35. Trend analysis of major systemic infections in NICU-admitted newborn
infants (NICaudit® 2004-2006).

Major systemic infection is still an important cause of morbidity and

mortality in the setting of neonatal (intensive) care.
Twenty percent of all infants admitted to the NICU are confronted with

at least one episode of serious infection during the NICU stay (Fig. 35,
left-sided diagram).
Episodes of perinatal infection occurring within the first 3 days of life
(50-60%) and nosocomial infection (40%) (i.e., serious – mainly
horizontally transmitted - infection occurring after the first 3 days of
life) are the most predominant types of infection.

Congenital infections (4-8%) and community-acquired infections (3%)
are less frequently observed in the NICU.
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Major congenital malformations

Figure 36. Trend analysis of a selected group of specific major congenital
malformations (NICaudit® 2004-2006).

Trend analysis of NICaudit® data 2004-06 shows that the prevalence of
a selection of major congenital malformations remains singularly stable
over the years. At this time, the data are still incomplete and concern
16 units in 2004 and 2005 and 13 units in 2006. From this kind of
diagram, it will be possible to calculate by extrapolation the number of
NICUs required in Belgium where specific surgery for these exceptional,
nonetheless treatable anomalies should be performed under conditions
of high quality care. For instance, from the data here available, the
number of newborn infants with a congenital heart defect symptomatic
during the neonatal period can be estimated at 300 to 350 per year for
Belgium of whom about 200 will need palliative or curative cardiac
surgery during their NICU stay (see also page 28). However in Belgium
an unknown number of neonates undergoing cardiac surgery are at
least temporarily hospitalized outside the NICU. Unbiased trend data in
neonatal surgery are of utmost importance in the decision making about
specific supply and allocation of NICU beds for 'surgical neonates'.
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Short term morbidities in very preterm infants (GA ≤ 32 weeks)

Figure 37. Trend analysis of short term morbidity in newborn infants with gestational
age ≤ 32 weeks (NICaudit® 2004-2006).

Four of the major long-term complications typically observed in very
preterm ‘graduates’ of neonatal intensive care are displayed in Fig. 37.

Cerebral haemorrhage (ICH) and white matter disease (WMD) are the 2
major neurologic sequelae seen in these infants. ICH is observed in 15%
of the surviving very preterm infants and WMD in 8% of them (Fig. 37,
left- and right-sided upper diagrams, respectively).

Chronic lung

disease at 36 weeks of postmenstrual age occurs in 8% of these infants
(see above). Necrotizing enterocolitis (Bell’s stage ≥ III) and/or gastro-

intestinal perforation(s) (GIP’s) occur in 4% of these high-risk infants.
As expected, these figures of morbidity are very stable over the short 3year period. This observation adds also to the degree of confidence by
which the overall quality of data gathering in the NICaudit® can be
trusted.
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Destination at discharge

Figure 38. Trend analysis of destination at discharge for all NICU-admitted infants
and for inborn NICU-admitted infants (NICaudit® 2004-2006).

In regard to destination at discharge of NICU-admitted infants, it is
concluded from Figures 38-39 that participating Belgian NICUs amply
fulfill the criterium concerning referral of external transfers as decreed
by health authorities.

Figure 39. Trend analysis of destination at discharge for outborn NICU-admitted
infants and for prenatal transfer NICU-admitted infants (NICaudit® 2004-2006).

Indeed surviving infants transferred to the NICU after birth (so called
‘outborns’ infants), as well as those transferred to the perinatal center
(P*) after prenatal transfer of the high-risk mother (so called
“intrauterine transfers” or AT/IUT) are referred back to the original
neonatal unit (mostly N* function) in at least 60% of the cases (Fig. 39,
left-sided and right-sided diagram, respectively).
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Duration of hospital stay and destination at discharge

Figure 40. Trend analysis of hospital stay for all NICU-admissions and for NICUadmitted infants with a gestational age < 32 weeks (NICaudit® 2004-2006).

The above diagrams (fig. 40) show trends and differences in hospital

stay (mean values) for all admissions (left-sided diagram) and for
admissions of infants with a gestational age less than 32 weeks (rightsided diagram) over the 3-year period.
For surviving very preterm infants (GA < 32 weeks) shortening of the
NICU hospital stay can be achieved by retransferring the infants to the

internal N* setting (i.e., so-called internal transfer). For outborn and
prenatal high-risk referrals the most efficient way of all is by
retransferring the infants to the original external setting after the
intensive care period. This is clearly demonstrated by the right-sided
plot of figure 40 showing a shortening of stay from 60 days on average
to less than 30 days for these very preterm babies. As shown earlier,
Belgian NICUs reach this goal in at least 60% of the (surviving)
referrals.
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In-hospital mortality of NICU-admitted infants

Figure 41. Trend analysis of in-hospital mortality for NICU-admitted infants
(NICaudit® 2004-2006).

The in-hospital mortality (i.e., NICU-admitted infants dying during their
primary hospital stay) amounts to approximately 4% of all infants
admitted to the participating Belgian NICUs (Fig. 41).
About 220 newborn infants die each year in one of the NICUs of Belgium
(extrapolation from NICaudit® data 2005).
Further survival analysis (cfr. infra) will show that most deaths take
place in a restricted number of NICUs, particularly those with a high
load of outside intensive care referrals (i.e., outborn or prenatal
referrals).
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In-hospital mortality in various classes of preterm infants

Figure 42A. Trend analysis of in-hospital mortality for NICU-admitted preterm
infants subdivided in different classes of gestational age: <=25 weeks, 26-28 weeks, 2932 weeks and 33-37 weeks (NICaudit® 2004-2006).

The in-hospital mortality for preterm infants is primarily dependent on
the gestational age (GA) of the babies concerned (Fig. 42A).
Half of the extremely preterm infants (i.e., newborn infants with a
gestational age less than 26 weeks) die during their initial hospital stay
(Fig 42A, left-sided upper diagram).
20% of the infants with a gestational age of 26 to 28 weeks die during
the NICU stay (Fig. 42A, rigth-sided upper diagram).
In-hospital mortality falls off to 4% for infants with a GA between 29
and 32 weeks (Fig. 42A, left-sided lower diagram).
For near-term infants (GA 33-37 weeks) mortality is curtailed to less
than 2%.

This is still three times higher than the global neonatal

mortality of term infants (Fig. 42A, right-sided lower diagram).
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In-hospital mortality in subclasses of VLBW-infants

Figure 42B. Trend analysis of in-hospital mortality for NICU-admitted VLBW-infants
subdivided in different classes of birthweight: 500-749 g, 750-999 g, 1000-1249 g and
1250-1449 g (NICaudit® 2004-2006).

The diagrams above (Fig. 42B) show trends for in-hospital mortality in

relation to birthweight category of VLBW-infants admitted to the
participating NICUs over the 3-year period 2004-2006.
In-hospital mortality is approximately 40% for the smallest category
(i.e, infants with a birthweight between 500 ad 749 grams) (Fig. 42B,
left-sided upper diagram).
It drops down to 20% for those weighing between 750 and 999 grams at
birth (Fig. 42B, right-sided upper diagram).
In-hospital mortality is about 6% and 3% for newborn infants weighing
1000 to 1249 and 1250 to 1449 grams, respectively (Fig. 42B, leftsided and right-sided lower diagram, respectively).
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Causes of death and type of care provided

Figure 43. Trend analysis of causes of death and type of care provided in NICUadmitted infants (NICaudit® 2004-2006).

Congenital

malformation,

peripartal

asphyxia,

immaturity

(i.e.,

gestational age less than 26 weeks) and major infection are the four

predominant causes explaining nearly 70% of the global in-hospital
mortality in the participating NICUs over the 3-year period 2004-2006
(Fig. 43, left-sided diagram). Curative (intensive) care was withdrawn
or withheld in more than half the NICU-deaths (Fig. 43, right-sided
diagram).
A possible declining trend in the relative contribution of congenital

malformation as a cause of death seems apparent from the left-sided
histogram. The incompleteness of our data at this time and the
corresponding relatively short period of trend analysis should refrain
from too early conclusions. Nevertheless, in the light of the very fast
progression of prenatal diagnosis and early detection of major
congenital anomalies by ultrasonographic and other imaging techniques
(such as MRI) this preliminary observation deserves further thorough
investigation over time. It is proposed here as a major topic related to
the quality of perinatal care.
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B. BW-for-GA survival analysis (NICaudit® 2004-06 14 NICUs)
In the second part of chapter two of the results’ section a preliminary
analysis of several survival graphs related to birthweight and
gestational age is proposed.

Figure 44. Operator-dependent construction of a “birthweight-for-gestational age
survival analysis” diagram.

The fourth analytic part of our NICaudit® database called “survival” was
developed during 2007. It is still in progress. This survey goes further
into the survival analysis of specific subgroups of infants admitted to
the participating NICUs.
Again the website visitor can largely decide on the content and layout of
the diagrams constructed (Fig. 44). The basic skeleton or frame of the
survival figures is a simple “birthweight-for-gestational age survival” XY graph (cfr. infra).
Starting year and final year are the primary choices to be made, besides
NICUs involved (all or own only).
available.

Various color displays are made

Basically, the range for gestational age and birthweight

subclasses can be refined by the examiner.
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Figure 45. Additional choices for the construction of a “birthweight-for-gestational
age” survival analysis diagram.

Recently a number of new items were added to the survival analytic
graphs such as gender, origin of the infants, multiple pregnancy,
specific congenital malformations, conception, Apgar score (5'),
respiratory disorders, air leak syndromes, infection, intracerebral
haemorrhage, thoracic and abdominal surgery (Fig. 45).
In the following figures some of the possibilities of this analytic method
will be illustrated. It must be particularly clear to all participants, as
well as to health authorities that definite conclusions should only be
drawn from a complete set of validated data. Therefore, it is of crucial
importance to reach an as large as possible participation of all NICUs
over the years to come. Meanwhile all members of the Belgian Society
of Neonatology (BVN/GBN) and others are kindly invited to look at the
data analysis possibilities available on the website www.colnic.be and to
submit a research protocol to the college.
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birthweight (grams)

survival rate (%)

number of infants

gestational age (weeks)

Figure 46. Birthweight-for-gestational age survival rate of all NICU-admitted infants
(NICaudit® 2004-06).

Figure 46 shows a typical “birthweight-for-gestational age survival” X-Y
diagram of all infants admitted to the participating NICUs during the
years 2004 up to 2006.
The X-axis shows gestational age as completed weeks from 20 to 43
weeks.

The

Y-axis

sets

out

operator-choosen

subdivisions

of

birthweight. A multicolor ‘incremental survival scale’ from black
(survival less than 25%) to dark green (survival more than 96%) is
displayed.
In each “BW-for-GA” box 2 numbers are displayed diagonally. The

absolute number of infants concerned for the given box is shown in the
right upper corner. The survival rate (%) for the infants in the case
concerned is presented in the left lower corner.
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Figure 47. Different displays of birthweight-for-gestational age survival diagrams
(NICaudit® 2004-06).

Different layouts are choosen by the website visitor.

Several color

subdivisions are available. Fine-tuning is still in progress in accordance
with the suggestions of the members of the College. Figure display with
and without numbers is possible (Fig. 47).

Figure 48. Fine-tuning of BW-for-GA survival diagrams per 100 grams of body weight
and per 1 week of gestation.

The “BW-for-GA survival” figures can be subdivided up to categories of
100 grams of birthweight and 1 week of gestational age (Fig 48).

57

Figure 49. Seven-color graded display of the BW-for-GA survival diagram.

Previous figure can be displayed in a seven-color graded display of
survival percentage (Fig. 49) instead of a 3-color pattern (Fig. 48).
From those figures it is obvious that not only being born too
“prematurely” is gradually more life-threatening, but also newborn
infants too “tiny” and too “heavy” for their fetal age (i.e., small- and
large-for-gestational age infants, respectively) are at a higher mortality
risk, even near term. This clearly underscores that all-encompassing
improvement of global newborn well-being can only be achieved by
further advances in the quality of prenatal care.
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BW-for-GA survival diagrams in individual NICUs

Figure 50. BW-for-GA survival diagrams of 13 Belgian NICUs
(NICaudit® 2004-2006).

In this figure BW-for-GA survival diagrams of the 13 NICUs
participating for all admissions during the 3-year period 2004 - 2006
are compared to the all-inclusive diagram of all participating units (Fig.
50, middle-upper diagram). As expected the “tail” of the diagram turns
red and black for the groups with the lowest gestational age in all
diagrams. Besides this, one can discern an obviously variable pattern
for the “central body” of these diagrams.
The red framed diagrams show an important discoloration of the central
body of the figure towards yellow, orange and even red boxes. In the

green framed diagrams this color changes are not or only scarcely
present.
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BW-for-GA survival diagrams and origin of the referrals

Figure 51. Two-by-two opposite BW-for-GA survival diagrams (NICaudit 2004-2006).

These 2-by-2 opposite diagrams are brought together in figure 51. The
different “central body” color pattern is explained by a dissimilar load of

external transfer of high-risk infants. The right-sided diagrams with a
high central mortality pattern are those of NICUs with a typically high
number of pre- and/or postnatal referrals of high-risk pregnancies
and/or infants, respectively. The left-sided diagrams are those from
NICUs with a mainly inborn recruitment with less external high-risk
referrals.
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BW-for-GA survival diagrams in preterm VLBW-infants

Figure 52. BW-for-GA survival diagrams for NICU-admitted infants with BW < 1500
grams and GA < 34 weeks (NICaudit® 2004-2006).

In Fig. 52 we look selectively to the “tail” pattern limited to infants with
birthweight of less than 1500 g and gestational age less than 34 weeks.
Here are displayed all those NICU-admitted preterm infants of 14
participating NICUs over the 3-year period 2004-06. It concerns more
than 2350 very-low-birthweight infants. Detailed numbers per BW-forGA box are given in the left-sided diagram. One can observe a gradual
‘discoloration’ pattern progressing diagonally from the upper-right to
the lower-left corner.

Figure 53. Survival zones for NICU admissions of at least 50 and 90%, respectively
(NICaudit® 2004-2006).

In Figure 53 two relevant “survival zones” can be delimited.

It is

concluded that at least 50% of the preterm infants with gestational age
above 25 weeks weighing more than 500 grams at birth survive in the
participating Belgian NICUs. The second zone (i.e., birthweight at least
1000 grams and gestational age not less than 29 weeks) delimits
infants with a survival rate of at least 90%.
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BW-for-GA survival diagrams in ELBW-infants

Figure 54. BW-for-GA survival diagrams for NICU-admitted infants with BW < 1000
grams and GA < 28 weeks (NICaudit® 2004-2006).

A number of BW-for-GA survival diagrams from different NICUs - called
here NICU A, B and C - are compared here with the all-inclusive diagram
for all ELBW-babies (i.e., newborn infants with a birthweight less than
1000 grams) with a GA less than 28 weeks of the 14 participating units
during 2004 to 2006 (Fig. 54).
The color patterns of these 3 units are comparatively different for the
same class of ELBW-infants. In NICU "A" black and red are the
predominant colors, while at variance orange and green prevail in NICU
C. Bearing in mind quality of care, it seems certainly worthwhile to
analyze these observations more thoroughly, certainly for infants with
a gestational age above 25 weeks.
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BW-for-GA survival diagrams in extremely preterm infants

Figure 55. BW-for-GA survival diagrams for NICU-admitted infants with BW < 1000 g
and GA 22-25 weeks (NICaudit® 2004-2006).

Figure 55 probably illustrates that not only quality of care is involved in
the survival rate of extremely preterm infants, but at least partially
also some ethical considerations that could be quite different from one
unit to another, as far as previable infants are concerned.

This is

illustrated here by different BW-for-GA survival diagrams for extremely

preterm infants at the borderline of viability. The diagrams comprise
only newborn infants with a gestational age of 22 up to 25 weeks and a
birthweight below 1000 grams. The all-in diagram of the 14 units is
compared with that of 4 different NICUs. Here again the survival “tail”
turns from a ‘gangrenous’ black (NICU W) to ‘lawn’ green (NICU Z).
Quality of care and ethical thoughts are very closely entangled at the
extremes of human life span and particularly at the borders of viability.
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Gender specific BW-for-GA survival diagrams

Figure 56. BW-for-GA survival diagrams for NICU-admitted infants subdivided into
boys and girls (NICaudit® 2004-2006).

The last figures focus on “BW-for-GA survival rates” in specific

subgroups such as gender, origin and various types of major congenital
malformations. As mentioned earlier this part of the software is still
‘under construction’ and new items will be added soon.
We here give some examples in order to illustrate the potentials of the
most recent part of the database development.
The enigm of the recurrently observed higher survival rate of female
patients in all branches of medicine is whortwhile studying also in
neonatal medicine (Fig. 56). Some clues towards a higher quality of
care could be elucidated by solving the ‘mystery’ of the female survival
strength.
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BW-for-GA survival diagrams according to origin

Figure 57. BW-for-GA survival diagrams for all NICU-admitted infants subdivided
according to origin (NICaudit® 2004-2006).

Subdividing all the NICU-admitted newborn infants into 3 groups
according to their origin is enough to generate very different color
frames of the central body in the respective BW-for-GA survival graphs
(Fig. 57).
This observation once again illustrates that - with the exception of very
preterm infants (i.e., those with a gestational age less than 32 weeks) the largest amount of intensive care workload originates from postnatal
and prenatal external referrals (Fig. 57, right-sided and left-sided lower
diagrams, respectively).
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BW-for-GA survival diagrams according to plurality

Figure 58. BW-for-GA survival diagrams for all NICU-admitted infants subdivided
according to plurality (NICaudit® 2004-2006).

The 3 figures above (Fig. 58) show the BW-for-GA survival diagrams for

singletons, twins and high order multiplets, respectively.
These data illustrate clearly that a very large part of NICU-admitted
twins and almost all high-order multiplets are born before term. Again
this underscores ‘real’ prevention of ART-related multiple pregnancies
as one of the most urgent priorities in high-standard perinatal care.
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BW-for-GA survival diagrams and major congenital malformations

Figure 59. BW-for-GA survival diagrams for NICU-admitted infants subdivided
according to the presence of major congenital malformations (NICaudit® 2004-2006).

Separating NICU-admitted newborn infants with and without major
congenital malformations is another very relevant procedure in
differentiating high-risk from low-risk newborn infants by visual
perception in these BW-for-GA survival diagrams (Fig. 59).

Figure 60. BW-for-GA survival diagrams for NICU-admitted infants with a specific
congenital malformation(NICaudit® 2004-2006).

The above BW-for-GA graphs (Fig. 60) were constructed for one specific

congenital anomaly encountered in the 14 participating NICUs during
the 3-year period.

Spina bifida, congenital heart defect, congenital

diaphragmatic hernia and oesophageal atresia are displayed here
separately.
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BW-for-GA survival diagrams and omphalocoele/gastroschisis

Figure 61. BW-for-GA survival diagrams for NICU-admitted infants with omphalocoele
and gastroschisis (NICaudit® 2004-2006).

Figure 61 shows a BW-for-GA survival diagram including all infants
with omphalocoele and gastroschisis in the upper graph. Both
malformations are shown separately in the two lower diagrams.
A possible dichotomic presentation of omphalocoele is apparent from
the lower left-sided graph.

At this time no clear explanation is

available.
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BW-for-GA survival diagrams and karyotype anomalies

Figure 62. BW-for-GA survival diagrams for NICU-admitted infants with a karyotype
anomaly (NICaudit® 2004-2006).

Karyotype anomalies are spread over the whole range of the gestational
age scale (Fig. 62). Precise analysis of this group of 218 infants with a
chromosomal anomaly may be useful in terms of prevention by prenatal
screening and thus in terms of quality of medical care.
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BW-for-GA survival diagrams and peripartal asphyxia

Figure 63. BW-for-GA survival diagrams for NICU-admitted infants with an Apgar
score at 5 minutes of less than 4 points compared to those with a score of at least 4
(NICaudit® 2004-2006).

In Fig. 63 the NICU-admitted infants over the 3-year period 2004-2006
are subdivided by their Apgar score at 5 minutes of life. Infants with

peripartal asphyxia (i.e., newborn infants with an Apgar score of less
than 4 at 5 minutes of life) are represented in the left-sided diagram.
The remaining infants (i.e., newborn infants without peripartal
asphyxia and thus an Apgar score at 5 minutes of at least 4) are
represented in the right-sided diagram of fig. 63.

This simple

subdivision leads to a very contrasting color pattern for both ‘BW-forGA’ plots to the disadvantage of the asphyxiated newborns.

Again

overall quality of newborn care at large spotlights the care provided in
the perinatal and immediate postnatal period.
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BW-for-GA survival diagrams and cerebral haemorrhage in VLBW-infants

A.

B.

C.

D.

Figure 64. BW-for-GA survival diagrams for preterm (GA ≤ 32 weeks) VLBW-infants
subdivided in groups with and without intracranial haemorrhage (ICH): A. no ICH, B.
grade 1-2, C. grade 3 and D. grade 4.

In the drawings of Fig. 64 all NICU-admitted VLBW-infants with a
gestational age ≤ 32 weeks during the 3-year period 2004-2006 are
subdivided in 4 categories depending on the presence and grading of an
intracranial haemorrhage. All VLBW-infants without an intracranial
haemorrhage (ICH) are displayed in part A of Fig. 64. Those with an
ICH grade 1 (i.e., subependymal haemorrhage) and grade 2 (small
intraventricular haemorrhage without ventricular dilatation) are
represented in diagram B of Fig. 64. VLBW-infants with an ICH grade 3
(i.e., large intraventricular haemorrhage with ventricular dilatation)
and grade 4 (i.e., an ICH with intraparenchymatous extension) are
shown in part C and D of Fig. 64, respectively.
By visual inspection it is obvious that the survival outcome of infants
without ICH (A) compared to those with a grade 1 or 2 ICH (B) is not
different. At variance, VLBW-infants with a grade 3 haemorrhage and
even more pronounced in those with a grade 4 ICH have a much more
fateful outcome, in the latter group probably also highly influenced by
decisions of withdrawal of intensive care provision.
71

BW-for-GA survival diagrams and retrograde downloading of audit data

A.

gastroschisis and omphalocoele

B.

Figure 65. A. BW-for-GA survival diagram for NICU-admitted infants with
gastroschisis or omphalocoele; B. downloaded csv-file of all selected infants with
gastroschisis or omphalocoele.

The website visitor and data researcher can now also download in
reverse a complete csv-file of all 40 XLSEXP-items of any group of
newborn infants specifically selected in any kind of specific BW-for-GA
survival diagram. This procedure is illustrated here in figure 65 for all
newborn infants with gastroschisis or omphalocoele now available in
the database. For reasons of confidentiality and data protection this
backwards download procedure is password protected. However the
College of Physicians for 'Mother and Newborn' (newborn section)
encourages any further fine tuned analysis of the NICaudit® data. The
specific "reverse download" password will be obtained on written
demand addressed to the president of the College and after approval of
the research protocol by the college members. Only the administrator
can identify each infant individually in all boxes of any BW-for-GA
diagram for data cleaning purposes only (e.g., identification of outliers).
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NICaudit® SYNOPTIC REPORT 2000-2007

- 15 conclusions 01. National audit program.
Full participation of all Belgian NICUs to a national audit program (i.e.,
NICaudit®) is a technically feasible and accessible goal. It must be particularly
clear to all participants, as well as to the Health Authorities that definite
conclusions should only be drawn from a complete set of validated data.
Therefore, it is of paramount importance to reach an as large as possible
participation of all NICUs over the years to come. Participation grew gradually
from 2002 on up to 18 Belgian NICUs out of 19 in 2005 and full participation
will probably be acquired for the first time in 2008 (Fig. 2). Meanwhile, all
members of the Belgian Society of Neonatology (BVN/GBN), participants to the
audit and Health Authorities are kindly invited to start any explorative study
on the data available now at the website www.colnic.be.

02. Prematurely born infants.
Two thirds of the NICU admissions in Belgium are prematurely born infants16
and half of these admissions are low-birthweight infants17.

Most of them

(60%) are only moderately preterm18.

03. Extremely preterm infants.
The number of extremely preterm infants admitted per NICU is comparatively
small in Belgium. Extremely preterm (EPT) infants19 represent only 2 % of all
preterm infants admitted, yet they occupy at least 10% of the available NICUbeds in Belgium (Fig. 23-24, footnote 7). The median survival rate of ELBWinfants20 is as high as 72% [interquartile range (IQR) 66-83] in the 2005
cohort (Fig. 10-11). However, birthweight-for-gestational age survival
diagrams for individual NICUs show large differences in survival patterns for
infants at the borderline of viability21. Quality of care and ethical thoughts are
very closely entangled in decision making at the extremes of human life span
and probably could both explain the differences in survival observed (Fig. 55).

Prematurely born infants are newborn infants with a gestational age (GA) less than 37 weeks.
Low-birthweight infants are newborn infants with a birthweight of less than 2500 g.
18 Moderately preterm infants are newborn infants with a gestational age between 33 and 366/7 weeks.
19 Extremely preterm infants or EPT-infants are newborn infants with a gestational age less than 26 weeks.
20 Extremely-low-birthweight or ELBW-infants are newborn infants with a birthweight of less than 1000 g.
21 Infants at the borderline of viability are defined here as extremely preterm infants with a gestational age
of 22 to 25 weeks and birthweight less than 1000 g.
16
17
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04. Very-low-birthweight infants.
The number of NICU-admitted very-low-birthweight-infants22 in Belgium
amounts to approximately 1100 VLBW-infants per year23 (Fig. 10.1). The
median survival rate for NICU-admitted VLBW-infants in Belgium is as high as
87% (i.e., 1772 of 2037 VLBW-infants) during the 3-year period 2004-2006.
The inter-NICU differences in survival rate are small (IQR 85-89%) (Fig. 19B).
The four most important primary causes of death in VLBW-infants are
immaturity24, intracranial bleeding, respiratory failure and perinatal infection
(Fig. 13). Cerebral haemorrhage and white matter disease are the two major
neurologic sequelae seen in very preterm infants (i.e., newborn infants with a
gestational age of less than 33 weeks). Intracranial haemorrhage is observed
in 15% of the surviving very preterm infants and white matter disease in 8%
of them (Fig. 37).

05. Prenatal transfer.
In a high quality perinatal care system it is anticipated that most VLBWinfants should be born in a maternity hospital with maternal and newborn
intensive care facilities (MIC/NIC or P* function).

Over the 3-year period

analyzed, at least 85% of the VLBW-infants in Belgium are born in a perinatal
center with intensive care facilities for the mother and her offspring. Fifty
percent of these VLBW-infants are ‘inborn’ babies25 and the other half are
offspring of prenatally transferred high-risk mothers (so-called ‘intrauterine
transfers’) (Fig. 22). Large population studies show that probably one fifth of
mortality in VLBW-infants can be avoided by increased regionalisation of their
perinatal care26.

06. In-hospital mortality.
By extrapolation from our NICaudit® data (2005) it is estimated that about
220 newborn infants die each year in one of the NICUs of Belgium. This is
around 4 percent of all NICU admissions (Fig. 41). Congenital malformation,
peripartal asphyxia, immaturity and systemic infection are the four
predominant causes of death explaining nearly 70% of the global in-hospital

Very-low-birthweight (VLBW) infants are newborn infants with a birthweight less than 1500 grams.
This figure takes into account the data from the one nonparticipating unit in 2005.
24 Immaturity is used for infants with a gestational age < 26 weeks and/or birthweight < 750 grams.
25 Inborn babies are newborn infants of mothers booked locally and giving birth at the local maternity.
26 Phibbs CS et al. Level and volume of neonatal intensive care and mortality in very-low-birth-weight
infants. NEJM 2007, 356: 2165-75.
22
23
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mortality, irrespective of birthweight or gestational age. A possible declining
trend in the relative contribution of congenital malformation as a cause of
death seems apparent. The incompleteness of our data for the time being and
the corresponding relatively short period for trend analysis should refrain
from too early conclusions.

Nonetheless, in the light of the very fast

progression of prenatal diagnosis and early detection of major congenital
anomalies by incessantly improving ultrasonographic and other imaging
techniques,

this

preliminary

observation

deserves

further

thorough

investigation over time. It is proposed here as a major topic related to the
quality of perinatal care (Fig. 43).

The in-hospital mortality for preterm

infants is primarily dependent on their gestational age and secondarily on
birthweight. This mortality ranges from 50% for EPT-infants (i.e., newborn
infants with a gestational age less than 26 weeks) to less than 2% for
moderately preterm infants (i.e., newborn infants with a gestational age from
33 to 37 weeks) admitted to the NICU. The mortality ranges from 40% for the
smallest ones (i.e., newborn infants with birthweight 500 to 749 grams) to
only 3% for infants with birthweight between 1250 and 1449 grams)(Fig. 42A
and Fig. 42B).

07. Origin of NICU admissions.
Over 60 percent of all NICU-admissions in Belgium are ‘inborn’ babies. This
proportionally high number reflects the provision of special and high-

dependency neonatal care, besides newborn intensive care in a large number
of Belgian NICUs.

External referrals (including prenatal and postnatal

transfers) represent about 40 percent of the NICU admissions. The inter-NICU
differences for the number of external referrals are large for all admissions,
but also for VLBW-infants separately (Fig. 14). This observation should be
taken into account when efficient allocation of neonatal care supplies in our
country is discussed (Fig. 19). Birthweight-for-gestational age survival
analysis for different NICUs shows large differences in survival patterns for
term and near-term infants mainly due to this dissimilar load of external
transfer of high-risk infants (Fig. 49-50). Concordantly, subdividing NICUadmitted newborn infants according to their origin generates very different
survival patterns in BW-for-GA survival graphs. This observation once again
illustrates that - with the exception of very preterm infants - most intensive
care workload (i.e., those with the highest risk of mortality and morbidity)
originates from selective prenatal and postnatal external referrals (Fig. 57).
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On the other hand as far as quality of care is concerned, it has been shown that
the 'volume' of the NICU (i.e., number of VLBW-infants cared for annually) is
more strongly associated with survival in high-risk VLBW-infants than is the
volume of the delivery hospital (i.e., number of annual births). The impact on
survival is largest for infants with a gestational age less than 29 weeks27.
Since not only 'intensive care', but probably also almost all 'high-dependency
neonatal care' is provided in the existing NICUs in Belgium, the sometimes
heard and recurrent request proposing the introduction of supplementary
"level II units" in Belgium will obviously lead to a second echelon of excess

supply, if not accompanied by an inevitable reconversion of level III neonatal
'intensive care' units. It is proposed that these figures should be taken into
account by health authorities for the definition and allocation of ‘justified’
NICU-bed supplies.

08. Major neonatal surgery.
Perioperative care for newborn infants requiring major cardiac surgery (i.e.,
duct ligation excluded) is now performed in a restricted number (probably 4?)
of NICUs in Belgium. The total number of newborn infants requiring major
heart surgery during the primary NICU stay can be estimated at 200 per year
(cfr. page 29 and Fig. 20). Separating newborn infants with and without major
congenital malformations is very discriminating in dividing high-risk from
lower-risk newborn infants admitted to the NICU (Fig. 59). Trend analysis of
specific congenital malformations may probably lead to the calculation of the
number of centers required for specific surgery in very exceptional, nevertheless treatable anomalies under conditions of high quality care (Fig. 36).

09. Postnatal growth.
Intensive care for high-risk very preterm infants leads in many instances to

postnatally acquired growth failure, sometimes additional to already
prenatally established growth retardation. Future physical and neuromental
development is in a large proportion co-dependent on optimal nutrition and
growth during this very vulnerable but pre-programmed period of tremendous
intrauterine growth during the 3rd trimester of pregnancy. This is a major
issue in the perception of quality of care. A more energetic adoption of early
onset sufficient caloric parenteral nutrition and newer enteral nutritional
27 Bartels DB et al. Hospital volume and neonatal mortality among very low birth weight infants. Pediatrics
2006; 117: 2206-14.
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techniques is a high priority in the quality of care in most of our NICUs. It is
suggested that this topic should be examined more rigourously and
appropriately (Fig. 25).

10. Multiple birth pregnancy.
About one third of all multiple birth infants admitted to the NICU are the result
of artificial reproduction treatment (ART). This figure does not decrease over
the 3-year-period 2004 – 2006 in the 14 participating NICUs. Not less than
35% of the high-risk VLBW-infants are the result of a multiple pregnancy. At
present, multiple birth infants represent on average 3.5% of all liveborn
infants in Belgium28, although they still account for at least one quarter of the
global NICU bed occupation in our country.
These figures undoubtedly underscore the urgent need of preventing ARTrelated multiple pregnancies as one of the highest priorities in good perinatal
practice. The - albeit incomplete - data available do not exhibit a relative
downward trend in the numbers of multiplets admitted to the Belgian NICUs so
far (Fig. 26-27). Fortunately the epidemic of high order multiplets as seen
during the nineties now seems to belong to the past.

Birthweight-for-

gestational age survival diagrams for NICU-admitted singletons, twins and
high-order multiplets clearly illustrate that a very large part of twins and
almost all high-order multiplets are born before term. Again this observation
does focus on the absolute and not on a comparative prevention of artificial
multiple pregnancy as a major concern in reaching high standard perinatal
care (Fig. 58).

11. Timing of NICU admission.
The fact that more than 85% of the NICU admissions take place within the first

24 hours after birth strongly reveals the intimate interrelationship between
the mother’s medical history and the risk of admission of her offspring. This
simple observation should induce a high anticipatory medical strategy in the
planning of perinatal care provisions by health authorities (Fig. 28).
Belgian NICUs are doing the medical task within the limits they were
conceived for.

Virtually all admissions to the NICU take place during the

neonatal period, i.e., below 29 days postnatally.

28

The “natural” prevalence for multiple birth infants is approximately 2 percent or less.
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12. Neonatal respiratory failure.
One of the most frequent reasons for NICU admission is neonatal respiratory

failure.

An acute lung disorder is present in at least 40% of all NICU

admissions.

Among them hyaline membrane disease (60%) is the most

frequently encountered pulmonary disorder, especially in (very) preterm
infants. Transient tachypnea of the newborn (TTN) syndrome is also a highly
prevalent pulmonary disorder (30%) leading to a striking number of NICUadmissions of near-term and term newborn infants in Belgium.
caesarean section (ECS)

29

Elective

before a gestational age of at least 39 weeks is

reached is known to significantly induce this type of lung disorder. Nearly 12
percent (7.644/65.933) of all newborn infants in Flanders are born by ECS.
66.5% (5.081/7.644) of these ECS are performed before 39 completed weeks
of gestation30. Therefore carrying out ECS whenever possible only after ‘full’
term (i.e., at least 39 completed weeks) has been reached may significantly
reduce neonatal respiratory morbidity in term infants and could probably
result in a major enhancement of the quality in overall perinatal care. Careful
analysis of the interrelationship between ECS and early neonatal respiratory
morbidity leading to a noticeable high number of NICU admissions is proposed
as an important topic in the evaluation of quality of perinatal care (see also
Fig. 29).
In Belgian NICUs the use of surfactant therapy in very preterm infants with
hyaline membrane disease (HMD) seems largely different from one NICU to
the other. It is suggested that these differences should be studied further as a
major unexplored topic of quality of care (Fig. 31). Trend analysis over time
suggests a gradual drift towards an increasing use of nasal CPAP as a less
invasive respiratory procedure replacing endotracheal ventilation (with or
without surfactant therapy) (Fig. 32-33). This procedural change may at least
partially explain some of the differences in surfactant use in infants with
HMD. Sixty percent of all VLBW-babies suffer from hyaline membrane disease
in this 3-year cohort of NICU-admitted infants.

About 8 percent of them

develop a pneumothorax during the NICU stay. This observation (60%
incidence of HMD) is an additional argument for the a priori prenatal transfer
of all VLBW-infants, whenever possible (Fig. 30). Inasmuch as prenatally
birthweight is at least unknown and at the best rather difficult to predict
29 Elective cesarean section (ECS) = ECS refers to a caesarean section (CS) that is done on a pregnant
woman who is not in labour, either on the basis of an obstetrical or medical indication (e.g., repeat CS,
placenta previa, abnormal presentation, multiple pregnancy, ...) or at the request of the pregnant patient.
30 SPE data 2006, by courtesy of Mr. Guy Martens, director SPE (04-01-2008).
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precisely, it is suggested that any a priori recommendation for prenatal

transfer should primarily be linked to gestational age rather than to any
prenatally forecasted birthweight.

The high risk of HMD (> 1/3) for very

prematurely born infants and the urgent need for highly specialized
therapeutic management in most of them justifies the widely accepted
proposal for a systematic prenatal transfer to a qualified perinatal centre of

newborn infants with a gestational age less than or equal to 32 weeks.

13. Systemic infection.
Systemic infection is still an important cause of morbidity and mortality in
neonatal (intensive) care. Twenty percent of all infants admitted to the NICU
are confronted with at least one episode of systemic infection during their
NICU stay. Episodes of perinatal infection (50-60%) occurring within the first
3 days of life (i.e., mainly vertically mother-child transmitted infection) and

nosocomial infection (40%) (i.e., serious – mainly horizontally transmitted infection occurring after the first 3 days of life) are the most predominant
types of infection (Fig. 35). Forty percent of the VLBW-infants suffer from at
least one episode of systemic infection. Sixty percent of these infections are
nosocomial in origin (data not shown).

This type of hospital acquired

infections - although inherent to the application of intensive care to immunocompromized infants - are at least partially avoidable. In order to evaluate the
real impact of nosocomial infections on the quality of neonatal care in highrisk neonates, it is advised to give priority to more appropriate definitions of
the different types of perinatal infection.

14. NICU stay.
The median duration of NICU stay is 57 and 84 days for VLBW-infants and
ELBW-infants, respectively (Fig. 17). The most efficient strategy to diminish
the duration of NICU stay for high-risk infants is obtained by retransferring
the infants to the internal N* setting for inborn babies and to the external
original setting after the intensive and/or high-dependency care period. The
Belgian NICUs amply fulfill the criterion concerning the referral of external
transfers as determined by health authorities.

Indeed surviving infants

transferred postnatally, as well as those transferred as ‘intrauterine’ transfers
are referred back to the original neonatal unit in at least 60% of the cases (Fig.
39-40). This extra load of ‘special newborn care’ by a growing number of
newborn back-transfers to the N* function should be counterbalanced by
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additional supplies in medical and nursing manpower, as well as in basic
equipment, now obviously lacking due to the unadapted legislation regarding
the N* function (Royal Decree August 20th 1996). There should also be a
carefull appraisal of the allocation of the number of NIC-beds and N* facilities
in the 19 Belgian NIC services according to the balance between NIC and N*
workload, which is very heterogeneous among units.

15. Quality of prenatal care.
At least 50% of the preterm infants with a birthweight of more than 500 grams
and with a gestational age above 25 weeks do survive in Belgian NICUs.

Survival rate gets up to no less than 90% for infants with a birthweight of at
least 1000 grams and a gestational age above 28 weeks (Fig. 52-53). As a
newborn infant being born too “early” is life-threatening, so are newborn
infants too “tiny” and too “heavy” for their fetal age (i.e., small- and large-forgestational age infants, respectively) at a much higher mortality risk, even
near-term. Therefore, all-encompassing improvement of global newborn wellbeing can predominantly be achieved by further advances in the quality of

prenatal care (Fig. 49).

____________________________________________________
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- 5 recommendations 1. Audit and benchmarking of the Neonatal Intensive Care Units.
Neonatal Intensive Care Units (NICUs) should be obliged by law to
participate in a nationwide audit. This task can be performed locally on the
condition of a fair financial support allocated yearly by the health authorities.
The in-hospital audit should be extended to a standardized outpatient followup of high-risk NICU 'graduates'31. A very recent Royal Decree32 stipulates
that the NICU is responsible for the organization of a standardized follow-up of
high-risk neonates with a birthweight less than 1500 grams or neonates
delivered after a gestational age of less than 32 weeks. It is suggested that this
proclamation should be proposed as a study project to the Belgian Health Care
Knowledge Centre (www.kce.fgov.be) in order to evaluate the conventional
organization of this ambulatory medical observation and to estimate the
financial repercussions of the formal implementation of the above resolution
issued by the legal authority.
2. Larger maternity units and "justified" NICU-beds.
A high proportion of all NICU-admissions in Belgium are ‘inborn’
babies33. This proportionally high number reflects the provision of special and
high-dependency neonatal care, besides newborn intensive care in a large
number of Belgian NICUs (cfr. pages 25-26). Since not only 'intensive care',
but probably also almost all 'high-dependency neonatal care' is provided in the
existing NICUs in Belgium, the demand proposing the introduction of
supplementary "level II units" in Belgium will obviously lead to a second
echelon of excess supply, if not accompanied by an inevitable reconversion of
level III neonatal 'intensive care' units. On the other hand, a progressive
upward rescaling of the birth rate in Belgian maternity units34 will ensure the
best promises for the highest quality in basic and intermediate perinatal care
of mother and child.
Secondly, as in most other hospital departments, it is highly recommended to allocate neonatal intensive care facilities relative to the number of
"severity-scale" dependent “justified” NIC-beds, instead of the actual
assignment of resources in proportion to the number of NIC-beds proclaimed35.
A global agreement about this issue is already largely reached among the
professionals concerned.

31 i.e. mainly very-low-birthweight infants (newborn infants with a birthweight less than 1500 grams)
and/or very preterm infants (gestational age < 32 weeks), high-risk infants after significant perinatal
asphyxia and infants with major congenital and/or hereditary disorders.
32 Moniteur Belge/Belgisch Staatsblad 07-04-2008 Royal Decree 10-03-2008, pages 18457-58.
33 Inborn babies are newborn infants of mothers booked locally and giving birth at the local maternity.
34 On health economic grounds it is proposed to gradually rescale the birthrate of our maternity hospitals to
a minimum of 1.250 live births per year.
35 Case severity scales: e.g., APR-DRG scale, MVGII-RIMII guidelines and/or triple N-score or others.
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3. Prenatal transfer of very preterm infants and reappraisal of backtransfer workload.
The recommendation for an a priori prenatal transfer should primarily
be linked to gestational age rather than to the predicted birthweight. The high
risk of hyaline membrane disease and respiratory failure (at least 1/3) for
very prematurely born infants and the urgent need for highly specialized
therapeutic management in most of them justifies the widely accepted
proposal for a standardized prenatal transfer of all newborn infants with a
gestational age less than or equal to 32 weeks to a qualified perinatal centre.
The extra load of ‘special newborn care’ by the progressive upscale of
the birth rate in our maternity units and the growing number of newborn
back-transfers to the N* function should be counterbalanced by additional
supplies in medical and nursing manpower, as well as in basic equipment in
the N* units. These human and logistic resources are now apparently lacking
in the local N* function due to unadapted legislation (Royal Decree August
20th 1996). Therefore, it is warmly advised to adapt regulations in agreement
with the ever changing medical practice for the better. The most fair way to
achieve this goal is the implementation of a severity-scale related reimbursement of special newborn care in the N* function as well.

4. Prevention of artificial multiple birth.
A powerful plan of action designed to further reduce the high number of
artificially induced multiple pregnancies is urgently needed. The ‘single
embryo transfer’ precautionary policy was implemented in Belgium from mid
2003. This first step undoubtedly led to a notable reduction of ART-related
multiple birth infants relative to the number of ‘successfully’ realized ARTpregnancies. However, the presumed decrease in neonatal intensive care for
iatrogenically conceived preterm infants and related costs on which IVF
refunding was mainly argued has not been realized so far. Therefore a
jurisprudential reorientation of the preventive strategy is advised in order to
actually reduce the absolute number of high-risk ART-mediated multiple
births in Belgium.
5. Regionalisation and/or networking for major newborn surgery.

"Spontaneous" supraregionalisation in major neonatal heart surgery
was gradually implemented over the last 2 decennia and is still in progress in
Belgium. In order to reach a high standard of global neonatal care, there is no
valuable scientific reason not to evolve into a similar trend for other (very)
exceptional, nevertheless surgically treatable congenital anomalies. Progressive regionalisation of this type of highly specialized neonatal surgical
care is well advised after reciprocal consultation of the responsible medical
caregivers. Networking of neonatal-paediatric surgeons and specific mobile
surgical teams is an alternative and valuable way of thinking about the
proficient management of these vulnerable infants encountered in any basic
neonatal intensive care unit.
_____________________________________________________________
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