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1 Introduction

In the early 1970's high-risk neonates were gen-
erally referred from obstetric clinics to neonatal
units with insufficient support after birth and dur-
ing transport. To counter this, pediatricians estab-
lished neonatal transport services. Due to the en-
thusiasm of pediatricians and pediatric nurses
these services still operate. Although articles have
been published on the structure, organization and
the equipment of transport systems [1, 7, 10, 12,
13, 17, 19], reports about their effectiveness have
been few in number [3,11, 18, 21]. There are both
obstetricians as well as pediatricians who claim
that critically ill infants who are transferred have
the same prognosis as "inborn" infants at perin-
atal centers, if expert care after delivery is followed
by safe transport with skilled neonatal intensive
care. Sometimes this may be true, but it is not
applicable to newborn care in general.
It is the object of the following evaluation to
survey the effectiveness of regional neonatal trans-
port systems.
Definition of effectiveness: Evaluating the quality
of medical care (effectiveness) is one part of the
concept of quality. It is defined as the ratio of an
actually achieved result of a diagnostic and/or

Abbreviations used:
BPS Bavarian Perinatal Survey
IS B Institute for Medical Statistics and Biomathe-

matics, University of Munich
LBW low birth weight
NICU neonatal intensive care unit
RD respiratory distress
RDS respiratory distress syndrome
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therapeutic medical action to the expected one. A
medical activity is "effective", if it contributes a
patient-specific success which could not be ob-
tained without the professional services rendered.
We have to find out whether the program does
more good than harm when implemented under
normal field conditions [21]. There are, however,
difficulties in the definition and measurement of
the outcome even in the field of neonatal trans-
port. Since this is partly due to the lack of valid
and process-specific outcome indices, the assess-
ment of effectiveness must focus upon the medical
process; this can be done using criteria described
below.

2 Materials and methods

The following analysis is based on data of the
ARVO-YLPPÖ study. Its aims, structure,
methods and some results have been described
elsewhere [15]. In this report all neonates with
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birth weights below 2000 grams delivered in
Southern Bavaria (approximately 58,000 deliver-
ies per year in 163 obstetric units) between 1979
and 1981 and referred to one of 19 children's
hospitals within the first ten days of life were
considered.
Data of health condition, clinical course, diag-
nosis, therapy and outcome was collected using a
questionnaire. Anonymity was guaranteed to both
participating hospitals and patients. The data were
evaluated centrally at the ISB.
Obstetric data were obtained from the Bavarian
Perinatal Survey (BPS) which required documen-
tation of the course of pregnancy and delivery
of the corresponding mothers. Not all obstetric
departments participated in this survey. As the
two surveys were run independently and personal
data had to be plotted out, matching mothers and
infants questionnaires was only possible in 85%
of the cases in the Munich area and 50% of the
cases in the South Bavarian area [15]. Regional
perinatal care cases can be divided into three cat-
egories:
1. The child was born at a perinatal center —

i. e. a level III hospital, and was subsequently
referred to the attached NICU (N = 3). One
NICU also admitted babies from obstetric de-
partments in the Munich area. Before 1982
the Munich perinatal centers were the only
perinatal centers in Southern Bavaria.

2. The child was born at an obstetric clinic in the
Munich area (radius 30 km) and referred to a
NICU in a pediatric hospital in Munich
(N = 5).

3. The child was born at an obstetric clinic in
Southern Bavaria (outside the Munich area)
and was referred to a NICU in one of the
regional children's hospitals (N = 11).

Primary neonatal care can be classified by the
presence or absence of a pediatrician 1) at birth,
2) after birth, and 3) during transport. In clinical
practice the following combinations are of impor-
tance:
— A pediatrician trained in neonatalogy attended

delivery and accompanied the subsequent
neonatal transport to NICU (PAT). In areas
without a perinatal center transfer was carried
out by regional neonatal transport teams.

— A pediatrician arrived after birth in the refer-
ring hospital and performed the neonatal
transport to NICU (PT).

— Primary care in the delivery room and neo-
natal transport to NICU were organized and
performed by obstetric units (i. e. obstetricians,
midwives, nurses, etc.) (T).

Criteria of effectiveness for regional neonatal
transport activities should reflect not only the
effects of primary care but also the risks of neo-
natal morbidity. The following parameters were
chosen for risk:
— Referral during the first day of life: The Mu-

nich Perinatal Survey [20] demonstrated that
newborns referred within the first 24 hours of
life contribute 92% of neonatal mortality.

— Unfavorable conditions after birth are de-
scribed by the following findings on admission:

Apgar score below 8,
body temperature below 36 °C,
Silverman score of 3 or more,
intubation and mechanical ventilation.

— Early neonatal mortality was used as a global
outcome index.

3 Results
Table I summarizes the data of 248 patients from
the Munich perinatal centers and compares them
with the other regions. These babies demonstrate
a higher incidence of unfavorable conditions on
admission to the NICU and a lower mortality
rate. Half of the infants were intubated (58.8%)
and ventilated (50.8%); half of the rest suffered
from RD (25.8%). Nevertheless, the mortality was
low (6%).
In the group receiving continuous care by neona-
tologists (PAT, I) the highest accumulation of risks
is combined with the lowest mortality rate (4.8%).
This also emphasizes the necessity for the effec-
tiveness of primary care by pediatricians. This was
provided in only 75% of referred babies. The data
of neonates receiving primary care by obstetrici-
ans are listed in column T, I. One quarter of these
had a low Apgar score on admission and 2/3 of
them were hypothermic (64%). Only half of 47%
intubated infants were ventilated. These findings
were associated with a remarkably higher mortal-
ity (8.5%).
Sevenhundred and thirty-six infants were referred
to pediatric hospitals in the Munich area (table
I). Approximately 6 out of 10 newborns (64.5%)
were initially cared for, and transferred by, a pedi-
atrician (PAT, II). Every fifth patient (20.5%) re-
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Table I. "Morbidity" and early neonatal mortality of referred infants (birth weight < 2000 g).

Categories of primary care* PAT PT Total

Regions of perinatal care
No. of infants

I
186

II
475

III
260

I
3

II
151

III
168

I
59

II
110

III
253

I
248

II
736

III
681

Transfer on first day
of life

At admission:
Condition impaired/
bad
Apgar score < 8
Temperature < 36°
Silverman score ^ 3
Intubation
Mech. ventilation

Early neonatal
(7-day) mortality

(%) 90,5 92,8 97,8 (67) 93,4 97,8 98

(%) 46,2 54,4 51,5 (100) 51,0 43,0 37

(%) 16,7 24,2 18,8 (33) 23,2 16,7
(%) 38,7 33,0 36,6 (67) 37,1 28,0
(%) 32,8 13,5 34,6 - 13,2 25,0
(%) 61,8 53,5 35,4 (67) 45,7 26,2
(%) 60,7 52,0 33,5 (33) 43,0 24,5

(%) 4,8 14,1 21,2 (33) 12,6 11,9

61,8

40,9

9,1
24,6
10,0
5,5
3,6

96,4

43,5

22,9
47,8
31,2
4,7
5,5

91,5

44,8

19,0
45,2
25,8
58,8
50,8

88,3

51,8

21,7
32,6
13,2
44,7
42,9

97,2

46,2

19,8
38,8
31,0
21,7
20,9

25
64

5
47
22

8,5 5,5 12,3 6,0 12,5 15,6

I: "Inborn" infants born in perinatal centers and transferred after delivery to the attached NICU.
II: Infants transferred after delivery in the Munich area to children's hospitals in Munich.

Ill: Infants transferred after delivery in the Southern Bavaria area to regional children's hospitals.
* for definitions see text

ceiving primary care by an obstetrician was later
referred for care supervised by a pediatrician (PT,
II). We assume that in these cases the Munich
transport team was called too late, or arrived
too late, to provide primary care and could only
accompany the postnatal transfer. Approximately
88% of referrals took place during the first day
of life. Since the presence of a pediatrician at
delivery may be considered as an indicator of
neonatal risk, one would expect an accumulation
of unfavorable conditions in the groups receiving
primary care from a pediatrician.
Yet, there is no difference in the status and mortal-
ities of groups PAT and PT. The risks seem to
be equally distributed in the two groups. The
mortality rates (14.1% and 12.6%) are about
double that of infants born and cared for in Mu-
nich level III hospitals, even though the "cardio-
respiratory morbidity" on admission was lower in
the groups of infants not born at perinatal care
centers. One hundred and ten LBW infants
(14.9%) were born in maternity hospitals without
pediatric (and some without medical) attendance
(T, II). Nearly 40% of them were referred after
the first day of life. One could question whether
these babies, who had a tendency to develop
hypoglycemia and hypocalcemia, were adaequa-
tely cared for at these obstetric clinics.

Fewer transports to regional pediatric hospitals
were accompanied by pediatricians in Southern
Bavaria than in the Munich area. Four hundred
and twenty-eight of 681 referrals (62.8%) were
carried out by pediatric transport teams. In
38.2%, the pediatrician was present at delivery
(PAT, III). In 24.6% of high-risk deliveries with
subsequent postnatal transfer, the pediatrician
was called or arrived too late (PT, III); every
fourth infant was intubated (26.2%) and venti-
lated (24.5%); and a quarter (25%) suffered from
RD.

Two hundred and fifty-three infants (27.2%) were
transported without a pediatrician in attendance
(T, III). Their general condition was impaired in
about 40% of the cases. Hypothermia and RD
were present in 47.8% and 31.2% respectively,
and their mortality rate was high (12.3%). We
can assume that both risks at birth and during
transport were underestimated.

The evaluation of care in perinatal departments
outside of Munich demonstrated a correlation
between the mode of primary medical services and
the conditions of the infants on admission. An
accumulation of unfavorable conditions were
found in the PAT-group (continuous pediatric
care). Every third infant (33.5%) was already ven-
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tilated on admission, another third (34.6%) suf-
fered from RD. Infants, who received primary
care at an obstetric unit and were then transferred
under the supervision of a pediatrician (PT), dem-
onstrated a lower incidence of impaired condition
(43%), hypothermia (28%), RDS (25%) and
mechanical ventilation (24.5%). Similarly the
mortality rate (11.9 vs. 21,2%) was significantly
lower.
From these results we can conclude: A LBW in-
fant who has to be transported from an obstetric
department to a pediatric clinic receives no benefit
from continuous pediatric care starting at deliv-
ery. Or in other words: it seems to be insignificant
whether primary neonatal care is performed by
obstetricians or pediatricians as long as the post-
natal transfer is organized by a pediatric transport
team.
A comparison of data for infants transported to
pediatric hospitals in Munich and in Southern
Bavaria shows some differences between these two
regions.
1. Upon admission to Munich hospitals, 42.9%

of infants were ventilated, 13.2% of the non-
ventilated infants had RD, i. e., more than 50%
suffered from respiratory problems and two
thirds of these required ventilatory support.
Although the incidence of neonatal respiratory
failure in the region of Southern Bavaria was
equally high (51.9%) and "morbidity" on
admission was also similar the incidence of
ventilatory support was much lower (20.9%).
Apparently the policy for artificial ventilation
in the therapy of babies with RD varied from
region to region.

2. The mortality of the PAT-group in Munich
was lower than in Southern Bavarian (14.1 vs.
21.2%). This may perhaps be related to the
available resources, as well as obstetric per-
formance, pediatric skill, and distance from
maternal to neonatal departments. These as-
pects could not be analyzed in this retrospective
study.

4 Discussion

The study demonstrated that patterns of primary
care of high-risk infants differ from region to
region especially in regard to availability of a
skilled pediatrician at birth. There is, however, no
alternative to unbroken and expert care for the

baby from the time of delivery until discharge. We
believe that a pediatrician trained in neonatalogy
is best able to provide all the needs of neonatal
care.
The data in the table show that neonatal transport
teams often arrived at the maternity hospitals
after delivery had taken place. In the Munich area
this happened in about 25% of cases, and in
the Southern Bavaria in about 40%. This is not
surprising. Neonatal transport systems were not
established to take care of emergencies in obstetric
departments. The longer the distance between the
obstetric and the pediatric clinic, the earlier the
transport team has to be informed. Even in a
perinatal center it takes about 15 minutes for the
pediatrician to arrive in the delivery room and to
prepare the essential facilities for resuscitation. It
is clear that a pediatric transport team must either
wait around in the delivery room for minutes to
hours, or risk arriving too late occasionally. The
fact that the Munich transport team arrived in
time more often than the regional rescue teams
can be explained by the shorter distances to the
maternity hospitals. In Munich, they are within a
radius of 30 km and can be reached within about
30 minutes. In the other regions, rescue teams
have to cover distances up to 103 km. It is evident
that it is frequently impossible to arrive on time
in emergency cases.

Neonates born in perinatal centers in Munich had
a better outlook for survival than babies referred
from outside, regardless of whether they had had
continuous care by a pediatrician or not. Al-
though morbidity on admission was lower in the
"outborn" group, the neonatal mortality was at
least twice that of the "inborn" group. The high
incidence of RDS in "outborns" may perhaps
reflect a lower standard of obstetric care, which
later led to increased neonatal mortality. An un-
published assessment of pediatric clinics in South-
ern Bavaria revealed deficits in the size and qualifi-
cation of medical and nursing staffs. Even in Mu-
nich with three University pediatric hospitals,
mortality rates of LBW infants are high. We must
assume that the risks of transportation of LBW
infants are fairly high. Our data support the con-
clusion that LBW infants benefit from antenatal
maternal transport and birth in a perinatal center
[4, 5, 6, 8, 9, 14, 15].
It is interesting that continuous pediatric care
from the time of delivery did not improve survival
rates of "outborn" infants transported to a Mu-
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nich hospital or to a regional pediatric department
after birth. This is surprising since in Munich
perinatal centers the presence of pediatric staff at
birth contributed to decreased mortality rates.

This can be explained in two ways: The skill of
the pediatricians in the transport teams did not
exceed that of the obstetricians. This might be
true in some cases: It is impossible to send the
most experienced neonatologist to all high risk
deliveries in outlying hospitals. However, in gen-
eral the staffing and skill of neonatal transport
teams are quite good.
It is more likely that the benefits which can be
provided by a pediatrician at birth have been
overestimated and the risks of transport have been
underestimated. Environmental and/or unpredict-
able influences affecting the neonate during transit
may undo the work of the pediatrician in the
delivery room [2, 16]. Although in the last few
years there has been an improvement in the moni-
toring of infants in the ambulance, there has been
no change in the specific environmental factors of

transportation (i.e., ambulance cars, incubators,
traffic, road conditions) which could make trans-
port safer for vulnerable LBW infants. However,
it is possible that the neonatal outcome would
have been even more unsatisfactory without pri-
mary pediatric care.

5 Conclusions

The present study demonstrates that the effective-
ness of neonatal rescue systems is limited. When
high risk is predictable, especially in cases of
threatened birth before 33 weeks of gestation, the
mother must be referred to a perinatal center early
enough to arrive before birth. In these centers
comprehensive maternal-fetal-neonatal services
are available around the clock. Special transport
systems are, nevertheless, necessary for unpredict-
able emergencies, i. e., deliveries of sick or mal-
formed newborns. All services should be regional-
ized to improve effectiveness. A system of regional
perinatal centers must be established before a high
risk maternal transport system can be installed.

Summary

In order to assess the effectiveness of neonatal transport
systems, morbidity on admission and early neonatal
mortality of low birth weight infants below 2000 gm
were studied. All infants referred to a neonatal depart-
ment in Munich or Southern Bavaria from 1979 to 1981
were included. The data of infants born in Munich
perinatal centers were compared to those of infants
delivered in hospitals in the Munich area (radius 30 km)
and in other hospitals in Southern Bavaria. Ninety-
four percent of 248 LBW neonates born in the Munich
perinatal centers, 87.5% of 736 infants and 84.4% of
681 LBW infants from the Munich area and Southern

Bavaria respectively survived the first week of life al-
though the morbidity risks of inborn infants were higher
than those of the outborn. The presence of a pediatrician
at birth and during neonatal transport to an NICU did
not improve survival rates of infants delivered outside
the perinatal centers.
The effectiveness of neonatal transport systems is li-
mited. They should be complemented by a maternal
transport system, i.e., an infant transport in utero for
cases in which the necessity for intensive neonatal care
is expected.

Keywords: ARVO-YLPPÖ-study, effectiveness of neonatal care, neonatal transport systems, perinatal care region-
alization.

Zusammenfassung

Effektivität von Neugeborenen-Transportdiensten
Anhand von Kriterien zur „Morbidität bei stationärer
Aufnahme" sowie der Frühsterblichkeit wurde bei ver-
legten untergewichtigen Neugeborenen die Effektivität
von Neugeborenen-Transportdiensten geprüft. Alle dys-
maturen Kinder mit Geburtsgewichten unter 2000 g, die
in den Jahren 1979 — 1981 in eine Münchner bzw. eine
südbayerische Kinderklinik eingewiesen wurden, gingen
in die Untersuchung ein. Die Daten der „intern Verleg-

ten" in den Münchner Perinatalzentren wurden mit de-
nen auswärtiger Zuweisungen im Großraum München
bzw. dem restlichen Südbayern verglichen.
Von 248 Kindern aus den Perinatalzentren überlebten
trotz höchster „Aufnahmemorbidität" 94%. Bei auswär-
tigen Einweisungen nach München (n = 736) oder in
eine südbayerische Abteilung (n = 681) lagen die Über-
lebensziffern mit 87,5 bzw. 84,4% erheblich niedriger;
eine durchgehende pädiatrische Betreuung ab Geburt
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und auf dem Transportweg ließ keine positiven Auswir-
kungen auf die Ergebnisse erkennen. Die Effektivität
von Neugeborenen-Transportdiensten ist beschränkt.
Letztere sollten ergänzt werden durch Transporteinrich-

tungen für Hochrisikoschwangere, d. h. eine zeitgerechte
„in utero-Verlegung" gefährdeter Feten in leistungsfä-
hige Perinatalzentren.

Schlüsselwörter: ARVO-YLPPÖ-Studie, Effektivität der Neugeborenenversorgung, Neugeborenen-Transportdien-
ste, perinatalmedizinische Regionalisierung.

Resume

Efficacite des systemes de transport neonatal
Nous avons etudie les risques de morbidite ä l'admission
et la mortalite neonatale precoce des enfants de faible
poids de naissance (inferieur ä 2000 g), dans l'optique
d'evaluer Fefficacite des systemes de transport neonatal.
Ont ete inclus tous les enfants rattaches ä un department
neonatal ä Munich et dans le sud de la Baviere au cours
des annees 1979 ä 1981. Les donnees concernant les
enfants nes ä Munich dans les centres perinataux ont
ete comparees ä celles des enfants nes dans l'aire de
Munich (rayon de 30 kms) et dans les autres hopitaux
du sud de la Baviere. 94% des 248 nouveaux-nes de
faible poids de naissance nes dans un centre perinatal et

87,5 des enfants de faibles poids de naissance nes dans
l'aire de Munich et le sud de la Baviere ont survecu
apres la premiere semaine de vie bien que les risques de
morbidite des enfants nes sur place soient plus eleves
que ceux nes a Fexterieur. La presence d'un pediatre
ä la naissance qui ulterieurement prend en charge la
transport neonatal vers le centre n'ameliore pas les resul-
tats concernant les enfants nes en dehors des centres
perinataux. L'efficacite des systemes de transport neona-
tal est limitee. Ils devraient etre associes a un Systeme
de transport des meres a haut-risque, c'est-ä-dire un
transport de l'enfant in utero, lorsque des soins intensifs
neonataux sont prevus.

Mots-cles: Efficacite des soins neo-nataux, etude ARVO-YLPPÖ, regionalisation des soins perinataux, systemes
de transport neonatal.
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