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Summary
OBJECTIVE: To assess the association of patient and
transport characteristics with mortality and morbidity of
neonates who require interfacility transport in central
Switzerland.

METHODS: We conducted a retrospective single-centre
cohort study including neonates transported by the neona-
tal transport service of the Bern University Children՚s Hos-
pital between January 2019 and December 2022. We re-
viewed the transport protocols and electronic patient
charts of the hospitalisation after transport, and investi-
gated the association of patient characteristics, clinical
management before transport and transport characteris-
tics (transport mode, transport times, adverse events) with
outcomes. The primary outcome was death or impairment;
secondary outcomes were lengths of stay in the intensive
care unit and hospital, inotrope-free days and respiratory
support-free days following transport.

RESULTS: Of 807 neonates who were included, 105
(13%) showed an unfavourable outcome (death: 25 pa-
tients, impairment at time of discharge: 80). We observed
a significant association between patients’ diagnosis and
primary outcome (p <0.001). Patients with a primary neu-
rological disorder (n = 120, 14.9%) had a significantly
higher risk of an unfavourable outcome (odds ratio [OR]: 5,
95% confidence interval [CI]: 2.46–10.9) compared to pa-
tients with a cardiac diagnosis. Death or impairment (pri-
mary outcome) was more likely to be observed in ground-
transported patients than in air-transported patients (crude
OR: 2.12, 95% CI: 1.20–4.07, p = 0.009). This effect re-
mained significant after adjustment for the potential con-
founding effect of a selection of patient and administrative
characteristics (adjusted OR: 2.23, 95% CI: 1.14–4.68, p
= 0.018). Emergency transports, extended medical sup-
port before transport, a five-minute APGAR score <6 and
a Sarnat score ≥2 were associated with an unfavourable
outcome in the crude analysis, but not in the adjusted
analysis. There was no significant association between
stabilisation time or total transport time and primary out-
come.

CONCLUSIONS: Our study illustrates potential risk fac-
tors for morbidity and mortality in neonates requiring trans-

port from the birth facility to a specialised neonatal care
centre. The relevance of the primary diagnosis should in-
fluence logistical transport decision-making in the future.
In particular, children with neurological diseases require
special attention. As ground transport showed a worse
outcome than air transport, the helicopter service might
be considered more frequently. Transport times seem to
be of less importance in regions with short transport dis-
tances, but optimising dispatch and call to arrival times
would probably improve transport efficiency.

Introduction

Neonatal transport is a high-risk procedure due to the in-
trinsic vulnerabilities of the patient population and the dis-
tinct physiological characteristics of neonates, such as their
compromised ability to adapt to hypoxia and changes in
barometric pressure, humidity, temperature, noise and vi-
bration [1, 2]. Additionally, neonates with respiratory sup-
port are particularly susceptible to complications like hy-
potension, hypoglycaemia, intraventricular haemorrhage
and pneumothorax. Prenatal risk factors, perinatal health
conditions (e.g. respiratory distress and perinatal asphyxia)
and congenital malformations (such as congenital heart de-
fects) can further influence transport outcomes [1]. Con-
sequently, neonatal transport demands specialised admin-
istrative and medical resources to ensure efficient and safe
transfer [3, 4]. There is limited data on the impact of trans-
portation times, safety and specific risk factors on neonatal
transport outcomes. In Switzerland, approximately 1500
neonatal transports are conducted annually from regional
maternity units to specialised neonatal care centres (per-
sonal communication, Swiss working group of neonatol-
ogy and paediatric intensive care [IGPNI]). Of these, the
neonatal transport service of the Bern University Chil-
dren’s Hospital is responsible for around 230 transports
each year. All transports are carried out by a dedicated
team trained in neonatal transport. To date, systematic as-
sessment of outcomes and transport-associated risk factors
remains lacking. The objective of our study was to find po-
tential risk factors for morbidity and mortality in neonates
requiring transport. These included selected patient char-
acteristics as well as selected transport characteristics, that
have been associated with the outcome of neonates in pre-
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vious studies [5–7]. The results serve as a basis for reflec-
tion on potential actions that can be taken to improve pa-
tient outcomes and transport efficiency.

Methods

This retrospective cohort study aims (a) to describe the
clinical and transport characteristics of patients transported
by the service of the Bern University Children’s Hospital
from birth facilities to our hospital, (b) to assess their out-
comes, and (c) to investigate the association between pa-
tient and transport characteristics and patient outcomes.

The following outcomes were considered:

– primary outcome: death or impairment,

– secondary outcomes: acidosis at admission, days in the
intensive care unit (ICU), length of hospital stay (days),
days without inotrope use, days without respiratory
support.

In order to cover all the neonates, who in our study at the
time of discharge needed any kind of support in daily life,
we defined “impairment” as: neurological deficits (e.g.
neurodevelopmental deficits or muscle weakness), func-
tional deficits (e.g. feeding difficulties), need for medical
support (e.g. feeding tube or home care services) or need
for medication other than vitamin D or iron supplementa-
tion (e.g. anticongestive or anticonvulsive therapy).

Length of stay in the ICU was evaluated within the first
20 days post-transport. Hospital length of stay was as-
sessed within the first 50 days, and days without respirato-
ry or inotropic support were evaluated within the first 14
days. When analysing hospital ICU stays, we observed that
a small number of patients had exceptionally long stays.
Specifically, 12 patients (1.5% of the study population) had
a hospital stay of more than 50 days and 12 patients (1.5%)
had an ICU stay of more than 20 days. In this study, we
decided to focus on the factors influencing the duration
of a “typical” stay. Therefore, we set the threshold at 50
days for hospitalisation and 20 days for ICU stays, cover-
ing 98.5% of the stays. For days without respiratory and
without inotropic support, the choice to focus on a normal
period of 14 days was guided by the clinical context: the
time-to-event was expected to occur within 14 days in the
majority of patients.

Study population and variables

We analysed the 926 transports carried out by the neonatal
transport service of the Bern University Children’s Hos-
pital from birth facilities to our hospital between January
2019 and December 2022. The referral centres covered by
our neonatal transport service included 19 hospitals at that
time. Transport distance ranged from 3.1 km to 63.5 km
by ground transport, while air transport distance ranged
from 34.7 km to 80.2 km flight distance. Transports were
coordinated by the paediatric intensive care unit (PICU)
team and conducted by a nurse and a doctor from the new-
born intensive care unit (NICU). Air transport was organ-
ised in cooperation with the Swiss Air Ambulance Rega.
In case of bad weather conditions, longer distances had to
be covered by ground transport. After arrival, the patients
were admitted to the NICU, the PICU, neonatal intermedi-
ate care (IMC) or the regular neonatal unit.

The exclusion criteria were: transport destination other
than Bern University Children’s Hospital, repatriation
transports, transports of patients not transferred from a
birth facility, death prior to the transport team’s arrival, in-
conclusive data or lack of documentation, elective trans-
ports (planned for the next day or later), patients not indi-
cated for transport and parents’ refusal to provide general
consent. We reviewed transport protocols and electronic
patient charts of the hospital stay following transport. Ac-
cording to the decision of the Bern Regional Ethics Com-
mittee (Human Research Ordinance [HRO]), ethical ap-
proval was not required as they considered this study to be
merely a quality assessment study and therefore not sub-
ject to articles 2 and 3 of the Human Research Act (HRA).

The patient data from handwritten standardised transporta-
tion protocols, from the patients’ discharge letters and data
from the patients’ medical records in the ICU Patient Data
Management System (Centricity Critical Care by GE,
Anandic Medical Systems AG, Feuerthalen ZH, Switzer-
land) or the Hospital Information System (ipdos) were en-
tered in a coded manner in a password-protected Excel file.
Access to the coded data was restricted to the principal in-
vestigators and the statistician of the study team only. The
entered data were checked for queries by two independent
investigators. The transportation protocols were filled out
by the medical transport team in charge, and stored in the
archive of the Division for Paediatric Intensive Care of the
Inselspital University Hospital Bern.

Exposures

The patient characteristics selected for analysis included:

– 5 min APGAR [8] score,

– Sarnat score [9] for the assessment of hypoxic-is-
chaemic encephalopathy (No asphyxia | Sarnat score <2
| Sarnat score 2–3),

– need for extended medical support before transportation
(Yes | No; extended support was defined as the need for
resuscitation, or use of inotropic agent or need for intu-
bation for respiratory support),

– primary diagnosis category (Cardiac | Infectious | Neu-
rological | Respiratory | Other),

– gestational age (<37 | 37–40 | ≥41 weeks).

Administrative transport characteristics selected for analy-
sis included:

– shift type, i.e. regular (8pm to 5pm, Monday to Friday)
or on-call (other times),

– type, i.e. ground or helicopter.

Further assessed patient and transport characteristics are
shown in tables 1 to 3 and tables S1–S3 in the appendix.
The time from the emergency call to departure was defined
as “dispatch time”, that from arrival at the referral centre
to departure as “stabilisation time” and that from the emer-
gency call to the transport team’s return to Bern University
Children’s Hospital as “total transport time”. Transport ur-
gency was categorised as “Emergency transport” if the
child exhibited impaired vital signs at the time of the emer-
gency call or “Urgent transport” if the child had stable vital
signs expected to deteriorate.
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Statistical methods

Patient and transport characteristics, and outcomes are de-
lineated in tables stratified by the primary outcome (death
or impairment), without any formal statistical testing. Cat-
egorical variables are summarised as counts and propor-

tions, while continuous variables are described using medi-
ans with interquartile ranges (IQR) or means with standard
deviations (SD), as appropriate. Transport times, including
dispatch time, departure-arrival time, stabilisation time, re-
turn time and total transport time are depicted in boxplots.

Table 1:
Selected patient and transport characteristics.

Death or impairmentCharacteristic Overall (n = 807)

Yes (n = 105) No (n = 702)

<37 137 (17%) 21 (20%) 116 (17%)

37–40 543 (67%) 71 (68%) 472 (67%)

≥41 126 (16%) 12 (12%) 114 (16%)

Gestational age in weeks, n (%)

Missing2 1 1 0

Median (IQR) 8.0 (7.0–9.0) 7.0 (4.0–9.0) 8.0 (7.0–9.0)5 min APGAR score3

Missing2 7 1 6

No asphyxia 739 (92%) 73 (70%) 666 (95%)

<2 29 (3.6%) 10 (9.5%) 19 (2.7%)

Sarnat score4, n (%)

2–3 39 (4.8%) 22 (21%) 17 (2.4%)

Cardiac 66 (8.2%) 11 (10%) 55 (7.8%)

Infectious 196 (24%) 9 (8.6%) 187 (27%)

Neurological 120 (15%) 60 (57%) 60 (8.5%)

Respiratory 251 (31%) 10 (9.5%) 241 (34%)

Primary diagnosis category, n (%)

Other5 174 (22%) 15 (14%) 159 (23%)

Urgent6 285 (35%) 20 (19%) 265 (38%)Urgency of transport, n (%)

Emergency7 522 (65%) 85 (81%) 437 (62%)

Air transport 175 (22%) 13 (12%) 162 (23%)Transport mode, n (%)

Ground transport 632 (78%) 92 (88%) 540 (77%)

Yes 556 (69%) 77 (73%) 479 (68%)On-call transport8, n (%)

No 251 (31%) 28 (27%) 223 (32%)

Yes 97 (12%) 31 (30%) 66 (9.4%)

No 706 (88%) 72 (70%) 634 (91%)

Extended medical support9 before transportation, n (%)

Missing2 4 2 2

Median (IQR) 43.5 (35.0–55.0) 41.0 (30.3–52.8) 45.0 (35.0–55.0)Dispatch time10 in min

Missing2 71 7 64

Median (IQR) 69.0 (55.0–82.0) 65.0 (48.0–78.0) 69.0 (55.0–82.3)Call to arrival in min

Missing2 70 8 62

Median (IQR) 57.0 (45.0–69.0) 61.0 (43.5–76.5) 57.0 (45.0–68.0)Stabilisation time11 in min

Missing2 19 3 16

0–45 201 (26%) 27 (26%) 174 (25%)

46–60 264 (34%) 23 (23%) 241 (35%)

61–90 270 (34%) 40 (39%) 230 (34%)

>90 53 (6.7%) 12 (12%) 41 (6.0%)

Stabilisation time11 in min, n (%)

Missing2 19 3 16

Median (IQR) 155.0 (131.0–180.0) 156.5 (123.5–181.0) 155.0 (131.0–180.0)Total transport time12 in min

Missing2 75 9 66

Yes 142 (18%) 32 (30%) 110 (16%)Transport complications13, n (%)

No 665 (82%) 73 (70%) 592 (84%)

1 Neurological deficits, functional deficits, need for medication or need for medical support at time of discharge after hospital stay following neonatal transport.
2 Not documented.
3 APGAR score: a score to evaluate the neonate in the first 10 minutes of life using the five criteria activity (tone), pulse, grimace, appearance and respiration (each 0 to 2 points,
max. 10).
4 Sarnat score: a classification score for hypoxic-ischaemic encephalopathy of the newborn, where grade 1 = mild, grade II = moderate, grade III = severe.
5 Other malformations, prematurity, perinatal acidosis, metabolic disorders.
6 Urgent transport: vital signs stable at time of emergency call but expected to deteriorate.
7 Emergency transport: impaired vital signs at the time of emergency call.
8 On-call transport: transport in time period 5pm–8am or during the weekend or on a public holiday.
9 Extended medical support = need for cardiopulmonary resuscitation (CPR), or use of inotropic agents or need for intubation.
10 Dispatch time = time from call to departure.
11 Stabilisation time = intervention time at referral site.
12 Total transport time = time from call to return to Bern University Children’s Hospital.
13 Technical complications were present in two transports (0.2%); other complications were medical adverse events including apnoea, desaturations, arterial hypotension, brady-
cardia or seizures.
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The association between total transport time and patient
outcomes was analysed for each outcome separately using
both crude and adjusted models. Binary outcomes, such
as death or impairment and acidosis upon admission, were
evaluated using logistic regression models. The impact of
transport time on the length of stay was assessed using Ac-
celerated Failure Time (AFT) models, under the assump-
tion of a log-logistic distribution for time to discharge,

with censoring applied to patients who died at the event
time. For days in the ICU, days without inotrope use and
days without respiratory support, ordered logistic regres-
sion models were used to evaluate the effect of transport
time on the probability of increasing the outcomes. Crude
models included the outcome as the dependent variable
and total transport time (continuous, in 10-minute incre-
ments) as the independent variable. Effect measures are

Table 2:
Association of total transport time with primary and secondary outcomes (effects measures are presented by 10 minutes transport time).

Crude Adjusted

Characteristics Odds ratio 95% CI p -value Odds ratio 95% CI

Primary outcome Binary Death or impairment* 0.99 0.94–1.03 0.6 1.02 0.96–1.08

Binary Acidosis at admission 1.03 0.96–1.09 0.4 1.06 0.98–1.15

Length of ICU stay, first 20 days following transport 0.96 0.93–0.99 0.009 0.96 0.93–0.99

Inotrope-free days, first 14 days following transport 1.02 0.97–1.08 0.5 0.94 0.88–1.00

Ordinal

Days without respiratory support, first 14 days following transport 1.00 0.97–1.04 0.8 1.00 0.96–1.03

Secondary outcomes

Time to event Length of stay in-hospital, first 50 days following transport AFT coef:1.00 0.98–1.01 0.5 AFT coef: 1.00 0.99–1.01

AFT coef: accelerated failure time coefficient; CI: confidence Interval; ICU: intensive care unit; LOS: length of stay (days).

* Impairment = neurological deficits, functional deficits, need for medication or need for medical support at time of discharge after hospital stay following neonatal transport.

Table 3:
Association of patient and transport characteristics with primary outcome. An odds ratio (OR) <1 indicates that as the variable increases, the event is less likely to occur; an OR
= 1 indicates that as the variable increases, the likelihood of the event does not change.

Crude Adjusted

Characteristics Odds ratio 95% CI p -value Odds ratio 95% CI p -value

On-call transport1 0.3 0.5

No – – – –

Yes 1.28 0.82–2.06 1.23 0.72–2.13

Transport mode 0.009 0.018

Air transport – – – –

Ground transport 2.12 1.20–4.07 2.23 1.14–4.68

Urgency <0.001 0.11

Urgent2 – – – –

Emergency3 2.58 1.58–4.40 1.70 0.89–3.29

Stabilisation time4 1.11 1.01–1.22 0.021 1.08 0.96–1.22

Primary diagnosis category <0.001 <0.001

Cardiac – – – –

Infectious 0.24 0.09–0.61 0.39 0.13–1.12

Neurological 5.00 2.46–10.9 5.52 2.35–14.0

Respiratory 0.21 0.08–0.52 0.23 0.09–0.63

Other 0.47 0.21–1.11 0.89 0.35–2.41

5 min APGAR score5 0.75 0.69–0.82 <0.001 0.92 0.81–1.05 0.2

Sarnat score6 <0.001 >0.9

No asphyxia – – – –

1 4.80 2.07–10.5 1.01 0.36–2.67

2–3 11.8 6.02–23.5 0.92 0.36–2.35

Extended medical support7 before transportation <0.001 0.3

No – – – –

Yes 4.14 2.51–6.73 1.51 0.70–3.16

Gestational age in weeks 0.4 0.2

37–40 – – – –

<37 1.20 0.70–2.01 1.44 0.74–2.76

≥41 0.70 0.35–1.29 0.67 0.30–1.37

CI: confidence interval.
1 On-call transport: transport in the period 5pm – 8am or during the weekend or on a public holiday.
2 Urgent: vital signs stable at time of emergency call but expected to deteriorate; an OR >1 indicates that as the continuous variable increases, the event is more likely to occur.
3 Emergency: impaired vital signs at time of emergency call.
4 Effects measures are presented per 10 minutes stabilisation time.
5 APGAR score: a score to evaluate the neonate in the first 10 minutes of life using the 5 criteria activity (tone), pulse, grimace, appearance and respiration (each 0 to 2 points,
max. 10).
6 Sarnat score: a classification score for hypoxic-ischaemic encephalopathy of the newborn, where grade 1 = mild, grade II = moderate, grade III = severe.
7 Need for cardiopulmonary resuscitation (CPR), or use of inotropic agents or need for intubation.
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presented with the associated 95% CI and p-values. Effects
measures are presented per 10 minutes transport time. For
binary outcomes, we used logistic regression models and
present the effect measure as an odds ratio (OR); for con-
tinuous outcomes, we used linear regression models and
present the model coefficient as effect measure. Adjusted
models additionally accounted for potentially confounding
factors including the 5-minute APGAR score, Sarnat score,
need for extended medical support prior to transport, pri-
mary diagnosis category and gestational age. Administra-
tive transport characteristics included whether the transport
occurred during regular working hours (8 am – 5 pm, Mon-
day to Friday) or an on-call shift, and the mode of transport
(ground or helicopter).

To investigate the effects of the stabilisation time, as well
as patient and transport characteristics on the primary out-
come, we used both crude and adjusted logistic regression
models. The crude models include the primary outcome
as the dependent variable and the characteristic of interest
as the independent variable. As before, for the analysis
of the association between total transport time and patient
outcomes, the adjusted models include the effects of the
5-minute APGAR score, Sarnat score, need for extended
medical support prior to transport, primary diagnosis cate-
gory, gestational age, whether the transport occurred dur-
ing an on-call shift and the mode of transport.

Results

From January 2019 to December 2022, a total of 926 pa-
tients were transported by the neonatal transport service of
the Bern University Children’s Hospital. Of these, 807 met

the inclusion criteria. These patients were transferred from
19 different referral hospitals to Bern University Chil-
dren’s Hospital. Patient selection is shown in figure 1. Pa-
tient and transport characteristics are summarised in tables
S1–S3 in the appendix.

Of the 807 patients, 105 (13%) experienced an un-
favourable outcome, with 25 patients succumbing to death
and 80 patients exhibiting impairment at time of discharge.
Lengths of stay in the ICU were longer in the group of
patients with unfavourable outcomes, with a median of 4
days (IQR: 2.0–10.0), compared to a median of 0 days
(IQR: 0–2.3) in the group of patients with favourable out-
comes. The median length of stay in the hospital was
16 days (IQR: 7.0–28.0) for the unfavourable outcome
group and 5 days (IQR 4.0–8.0) for the favourable out-
come group.

The median number of days without respiratory support
within the first 14 days following transport was 9 days
(IQR: 0–13.0) in the group with poorer outcomes and 14
days (IQR 12.0–14.0) in the group with more favourable
outcomes. There was no difference in the number of days
without inotropic support between the two groups, with a
median of 14 days in both groups.

The median age at admission was 7 hours (IQR: 3–18).
The primary diagnosis was respiratory in 251 cases (31%),
infectious in 196 cases (24%) and neurological in 120
cases (15%). The majority of transports were emergency
transports (n = 522, 65%) and on-call transports (n = 556,
69%; see table 1).

The diagnosis category was significantly associated with
the primary outcome (p <0.001; table 3). A neurological

Figure 1: Patient selection. Elective transport = transport planned for the next day or later; impairment = neurological deficits, functional
deficits, need for medication or need for medical support at time of discharge after hospital stay following neonatal transport; unfavourable out-
come = death or impairment.
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diagnosis was associated with a significantly increased risk
of an unfavourable outcome compared to a cardiac diag-
nosis (OR: 5, 95% confidence interval [CI]: 2.46–10.9).
Extended medical support before transport was associated
with an unfavourable outcome in the unadjusted regression
analysis; however, this association was not statistically sig-
nificant in the adjusted analysis (table 3). Similarly, emer-
gency transports were associated with an unfavourable out-
come in the unadjusted analysis (OR: 2.58, 95% CI:
1.58–4.40, p <0.001), but this association was not signifi-
cant after adjustment (p = 0.11, table 3). Five-minute AP-
GAR scores were lower in the patient group with worse
outcome (IQR: 4–9 vs 7–9) and significantly associated
with the primary outcome in the crude (OR: 0.75, 95%
CI: 0.69–0.82, p <0.001 ) but not the adjusted analysis.
A Sarnat score ≥2 was also associated with a worse out-
come (p <0.001) only in the crude analysis. Gestational
age was not associated with the primary outcome. Patients
transported by ground (n = 632, 78%) had a significantly
worse outcome than those transported by helicopter (n =
175, 22%) in the adjusted analysis (OR: 2.23, 95% CI:
1.14–4.68, p = 0.018; table 3). Transport times are pre-
sented in table 1 and figure 2. Longer stabilisation times
were associated with an increased risk of death or impair-
ment in the unadjusted regression analysis (OR: 1.11, 95%
CI: 1.01–1.22, p = 0.021), but this association was not sig-
nificant in the adjusted analysis (table 3). Among patients
with stabilisation times >60 minutes, 16.1% (52/323) expe-
rienced an unfavourable outcome compared to 10.8% (50/
465) of those with stabilisation times <60 minutes (table
1). We also found that longer transport times may slightly
reduce length of ICU stay (OR per 10 minutes transport
time: 0.96, 95% CI: 0.93–0.99, p = 0.015). Nevertheless,
the effect size is small. The crude OR indicates no associ-
ation between transport time and inotrope-free days, while
the adjusted OR indicates a marginally significant reduc-

tion in inotrope-free days with longer transport time (OR
per 10 minutes transport time: 0.94, 95% CI: 0.88–1.00, p
= 0.052). No other outcomes, including death or impair-
ment, acidosis at admission, inotrope-free days, days with-
out respiratory support or overall length of hospital stay,
showed a significant association with transport time (table
2).

Discussion

This single-centre cohort study systematically investigated
for the first time the outcomes and transport-associated risk
factors for morbidity and mortality in 807 neonates re-
quiring neonatal transport in central Switzerland. To our
knowledge, this study includes the largest study population
compared to similar works, and the most comprehensive
evaluation on outcomes and risk factors from Europe [10].
Following the characterisation of the neonatal transport
systems of western and eastern Switzerland by Leemann
et al. [11] and McEvoy et al. [12], our study provides an
extended and detailed analysis of the central Swiss neona-
tal transport system, thereby contributing to a comprehen-
sive evaluation of neonatal transport across Switzerland.
The patient characteristics in our study cohort did not sig-
nificantly differ from those reported by Leemann et al. and
McEvoy et al. [11, 12]. As expected, respiratory diseases
remained the most common reason for neonatal interfa-
cility transfer. However, in contrast to their findings, we
observed a higher percentage of suspected neonatal infec-
tions, making infections the second most frequent indica-
tion for transport. Reasons for this finding remain unclear.
But given the birth statistic of the region of Bern alone
(39,415 children were born in the years 2019 to 2022), the
number of neonatal transports indicated for a neonatal in-
fection (n = 196) appears reasonable [13].

Figure 2: Transport times: Each box in the boxplot represents the interquartile range (IQR), encompassing the central 50% of all values. The
lower boundary of the box corresponds to the first quartile (Q1), while the upper boundary corresponds to the third quartile (Q3). Within the
box, the solid line denotes the median value and the red cross signifies the mean value. The whiskers extend to the furthest data point within
1.5 times the IQR from the quartiles.
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In our analysis of diagnosis categories, neonates presenting
with a primary neurological diagnosis demonstrated sig-
nificantly poorer prognoses. The majority of patients were
neonates with asphyxia; the remaining neurological diag-
noses included intraventricular haemorrhage, cerebral in-
farction, neonatal seizures, muscular hypotension, en-
cephalopathy/leukencephalopathy among others. A trend
towards adverse outcomes was observed in neonates with
a five-minute Apgar score below 6 and a Sarnat score ex-
ceeding 2. Although the association did not reach statis-
tical significance, a high percentage of unfavourable out-
comes was also noted among neonates requiring cardiopul-
monary resuscitation or inotropic support. Consequently,
we recommend that neonates exhibiting these risk factors
should be transported by the most experienced and spe-
cialised transport teams.

There are limited reference data regarding optimal trans-
port times for neonates. Previous studies suggest that he-
licopter transport is safe for critically ill neonates and that
longer transport times may lead to a deterioration in neona-
tal condition [5–7]. In our study, most neonates underwent
ground transport and had significantly worse outcomes
compared to those transported by helicopter. In our region,
the indication for helicopter transport is typically defined
by a transport distance exceeding 55 km independent of
urgency or patient diagnosis. As air transport has been
shown to be a safe mode of neonatal transport [14, 15],
we recommend increasing the use of helicopter transport
for neonates when clinically indicated. The potential time
advantage appears to play a less significant role, but the
reasons for this advantage cannot be determined from this
study. Factors such as stress or shearing forces exerted on
the newborns are conceivable.

The length of ICU stay (first 20 days) shows a small but
statistically significant reduction with increasing transport
time. The reason for this finding remains unclear, as we
would have expected a worse outcome with longer trans-
port times. Despite the size of the study population, the
subgroups may still be too small and, most likely, biased by
the number of deaths. Our results suggest a potential reduc-
tion in inotrope-free days with longer transport time, which
fits more into our understanding of transport times and out-
comes. Nevertheless, no other outcomes, including death
or impairment, acidosis at admission, days without respi-
ratory support or overall hospital length of stay, showed a
significant association with transport time.

Previous studies have demonstrated the impact of the time
from emergency call to specialised care at the receiving fa-
cility on patient outcomes [16–18]. Given the “first golden
hour” after birth [16, 17], our transport team arrives at the
referral centre too late, after 69 minutes only (65 minutes
in the group of patients with worse outcome). To improve
this time interval, (a) the team needs to be ready faster in
order to reduce the dispatch time, or (b) cover the distance
faster to arrive earlier. This could imply a more frequent
choice of helicopter transport [16]. Leemann et al. advised
that the time interval from emergency call to transport team
departure should not exceed 30 minutes [11]. The median
dispatch time in our study was 43.5 minutes, which is no-
tably longer than the dispatch times reported by centres in
Zürich (35 minutes) and Lausanne (34 minutes) [11, 12].
This delay may be attributable to the fact that during on-

call hours our transport team first has to arrive at our cen-
tre as opposed to the neonatal transport service of Zürich
with a transport team on-site around the clock. And a high-
er proportion of transports of our centre occurred during
on-call hours (69%), compared to the centres in Zürich and
Lausanne [11, 12]. The implementation of a 24/7 stand-by
transport team based in the hospital could potentially im-
prove dispatch times, the efficiency of neonatal transport
and patient outcomes.

Stabilisation time is influenced by the number of proce-
dures performed at the referral site, and therefore, inter-
ventions should be minimised [19]. The Canadian Neona-
tal Transport Network (CNTN) recommends a stabilisation
time of less than 120 minutes [19]. In our study, the median
stabilisation time was 57 minutes, suggesting that a target
of 60 minutes is feasible. The goal of an optimal stabilisa-
tion time would be to concentrate on the necessary mea-
sures to stabilise the neonate in order to guarantee a safe
but fast transport to a specialised centre for neonatal care.
The decisions for the kind of support are merely orientat-
ed on the clinical problem of the patient. Naturally, spe-
cific transport-related factors need to be considered, e.g.
intubation for flights in higher altitude in already respirato-
ry-distressed patients. We advocate for a prompt and gen-
tle transport of neonates to increase efficiency and reduce
costs.

In our study, transport complications were documented in
18% (n = 142/807) of transports. Most complications in-
volved mild, uncomplicated changes in vital signs in terms
of desaturations (63%) or arterial hypotension (26%),
treatable with increase of flow or FiO2 or volume bolus,
respectively. Other complications included apnoea, brady-
cardia, seizures, technical problems or ventilation prob-
lems. We observed no instances of CPR during transport
and no transport-related mortality, which has been reported
to be as high as 12–40% in some studies [19]. There were
no major interventions necessary during transport. Tem-
perature instability is the most common vital sign anomaly
reported in the literature [19]; however, temperature was
not documented in 63% of our patients, precluding direct
comparison. There were no reported communication- or
system-related problems. The early identification and
treatment of neonatal infections are emphasised in Canadi-
an neonatal transport metrics [22]. In our cohort, only 77%
of patients treated with antibiotics received them on-site.
While there were cases where additional laboratory results
were not available, and clinical symptoms varied and were
non-specific, early initiation of antibiotics when in doubt is
justified. However, delayed initiation of antibiotics pend-
ing laboratory results did not appear to worsen outcomes.

Overall, the neonatal transport system of Bern University
provides safe and efficient care and transport, although
there are areas for improvement. To address the significant
percentage of incomplete documentation, we are imple-
menting a REDCap database to reduce the incidence of
missing or incomplete records. The TRIPS-II score has
proven valuable for risk assessment in neonatal transport
[5, 23, 24] and will be incorporated into the database. The
establishment of regional databases across Switzerland is
likely to be a cornerstone for quality assessment and im-
provement of the Swiss neonatal transport system and the
foundation for implementing national quality metrics [11,
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22, 25]. We advocate for the development of a national
database for the Swiss neonatal transport system to en-
sure safety and efficiency, and to enhance educational pro-
grammes.

Limitations

Our study analysed the neonatal transport system of one
tertiary centre in central Switzerland. This setting gener-
ates certain limitations of this study. The size of the patient
population and the specific geographic and logistical cir-
cumstances reduce the generalisability of our findings. Pa-
tient selection was influenced by the exclusion of a num-
ber of patients who had an elective transport planned one
or more days after the call. Some patients were exclud-
ed because of improper documentation. As the study de-
sign did not include control groups (e.g. neonates with
the same diagnosis who were not transported), we cannot
make any clear statement about the transport-dependency
of the prognosis.

Conclusions

Our study identifies potential risk factors for morbidity and
mortality in neonates requiring transport. Our findings do
not demonstrate a significant association between transport
time and the most important clinical outcomes, including
mortality, neurological impairment, length of hospital stay
or duration without inotropic or respiratory support. Con-
sequently, in regions with short transport distances, trans-
port time may be less relevant than the primary diagnosis
and the initial resuscitation measures taken at the referring
facility. Improvement in transport efficiency could proba-
bly be achieved by optimising dispatch and call to arrival
times.

Particular attention should be directed toward neonates
with a primary neurological diagnosis, as these conditions
are associated with a higher risk of adverse outcomes. As
ground transport showed a worse outcome than air trans-
port in our investigation, the helicopter service might be
considered more frequently as it has been proven safe for
neonates in previous studies. To ensure the highest stan-
dards of neonatal transport and to optimise training and ed-
ucation, we advocate for the creation of a national database
for the Swiss neonatal transport system and the imple-
mentation of national quality metrics specific to neonatal
transport. This would allow for critical incident reporting,
assessment of high-quality data and regular neonatal trans-
port audits.

Data sharing statement

In accordance with the International Committee of Medical
Journal Editors (ICMJE) recommendations, data sharing is
not mandatory for retrospective cohort studies. Although
the data are anonymised, we still see a potential risk that, if
shared publicly, individual patients could be re-identified
through the combination of age, transport time and diagno-
sis, especially due to the small number of patients located
in a small region.
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