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Neonatal transports are essential for providing access to advanced intensive care treatment for sick and premature neonates. There
is a lack of consensus of which core physiological variables, clinical parameters and quality metrics to report for clinical guidance
during transport and clinical governance of transport systems. We performed a systematic literature review to identify which data
variables are reported during neonatal transports and assess whether these variables are uniform and transferable across studies. In
the final data extraction and quality appraisal, 108 studies were included. The studies were heterogenous, presented a large
variation of registered variables and frequently lacked uniform definitions. Reaching consensus on a set of defined variables for
registration and implementation internationally will enhance the opportunity to improve the safety, effectiveness and quality of
care for these vulnerable neonates.
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INTRODUCTION
Following an increased centralization of neonatal intensive care,
neonatal transport services have become an integral part of the
chain of care for neonates in need of advanced intensive care
treatment and surgery. Although neonatal transports are often
essential for providing access to specialised care, the transporta-
tion of premature neonates, or neonates with other critical
conditions may potentially increase the burden on the patient
[1, 2]. Factors including discontinuation of treatment, the
competence of transport personnel and environmental exposure
may all adversely affect clinical outcomes and negatively impact
on patient trajectories [3, 4].
In order for neonatal transport services to be an integrated part

of the intensive care pathway of the neonate it is imperative to
ensure that the quality of care provided during transport mirrors
the standard of care in the neonatal intensive care units [5]. This
requires not only high standards of competency among transport
personnel, but also conscientious evaluation of clinical signs and
close attention to physiological variables monitored during
transport [6]. Neonatal transports are often challenged by
limitations such as confined spaces, continuous movement, and
fluctuating environmental conditions. The inherent risks asso-
ciated with transporting premature infants and those with critical
conditions underscores the need for systematic and consistent
evaluation of transport services [7].
There is a lack of consensus regarding which core physiological

variables, clinical parameters and quality metrics should be reported
in order to help clinical guidance during transport and clinical
governance of transport systems. Variation in study design and the
absence of uniform templates to define core quality metrics within

neonatal transport makes the interpretation of results and
evaluation of transport services difficult [8]. Benchmarking is
increasingly used as a governance tool within healthcare and may
stimulate to quality improvement [9]. Identifying a core set of
variables that can be repeatedly measured over time is an important
first step in quality improvement initiatives [10].
In this study, we performed a systematic literature review to

identify which variables that are most commonly reported during
neonatal transports. Furthermore, we aimed to investigate
whether the reported variables are consistent and transferable,
to inform the development of a uniform, universally accepted
template for data reporting of neonatal transport.

METHODS
This review is based on a systematic literature search following the
Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines [11]. For PRISMA 2020 Checklist, see
Appendix 1.

Eligibility criteria
We included literature describing data variables reported during
neonatal transports. Original manuscripts, written in English or any
of the Scandinavian languages and published after 1990 were
included. Papers were excluded if they were without an abstract,
editorials, comments and letters to the editors and book chapters.

Literature search strategy
We conducted a systematic search of MEDLINE/Pubmed, Embase,
The Cochrane database of systematic reviews, Cochrane Library,

Received: 27 June 2025 Revised: 18 September 2025 Accepted: 24 October 2025
Published online: 5 November 2025

1Division of Prehospital Services, Air Ambulance Department, Oslo University Hospital, Oslo, Norway. 2Department of Research and Development, Norwegian Air Ambulance
Foundation, Oslo, Norway. 3Institute of Clinical Medicine, Faculty of Medicine, University of Oslo, Oslo, Norway. 4Division of Paediatric and Adolescent Medicine, Department of
Neonatology, Oslo University Hospital, Oslo, Norway. ✉email: marit.bekkevold@norskluftambulanse.no

www.nature.com/jp Journal of Perinatology

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41372-025-02483-y&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41372-025-02483-y&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41372-025-02483-y&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41372-025-02483-y&domain=pdf
http://orcid.org/0000-0003-3290-9465
http://orcid.org/0000-0003-3290-9465
http://orcid.org/0000-0003-3290-9465
http://orcid.org/0000-0003-3290-9465
http://orcid.org/0000-0003-3290-9465
http://orcid.org/0000-0002-6796-7668
http://orcid.org/0000-0002-6796-7668
http://orcid.org/0000-0002-6796-7668
http://orcid.org/0000-0002-6796-7668
http://orcid.org/0000-0002-6796-7668
https://doi.org/10.1038/s41372-025-02483-y
mailto:marit.bekkevold@norskluftambulanse.no
www.nature.com/jp


Nursing Reference Centre Plus and SveMed + . A librarian set up
and performed the literature search. The most recent update to
the search was performed January 6th, 2025.
The two Medical Subject Headings (MeSH) entry terms, “Infant,

Newborn” and “Transport” was used and combined. The first and
second set of entry terms were combined using the Boolean
operator AND. Detailed search strategy is provided in Appendix 2.

Selection process
The records from the literature search were imported into
Covidence (www.covidence.org) [12]. All titles and abstracts were
screened independently by two of the authors (MB and TSO).
Publications that clearly did not meet the inclusion criteria based on
title and abstract were excluded. Potentially eligible articles were
subject to independent screening by two authors in random pairs
(MB, TSO, AL andMR). These articles were evaluated in full text using
the inclusion and exclusion list. Articles not meeting the inclusions
criteria were excluded with a reason. Disagreements were solved
through discussion until consensus was reached (MB, TSO and MR).

Data collection process and data items
Data extraction was performed in Covidence (www.covidence.org)
by the first author (MB) [12]. The predefined variables were based
on previous templates in prehospital medicine and customized for
neonatal transport [13, 14]. In case of uncertainty, TSO and MR
were consulted. Disagreements were solved through discussion
until consensus. A list of all variables collected are presented in
Appendix 3.

Quality appraisal
For quality appraisal, we used a predefined checklist imported into
Covidence (www.covidence.org) [12]. The checklist was based on
the authors assumptions of what is important to report in
neonatal transport studies, inspired by previous literature studies
in prehospital medicine, the quality appraisal checklist in
Covidence and the Critical Appraisal Skills Programme (CASP)
checklists [15]. Quality appraisal of the included articles was
conducted by two authors (MB and JH, MB and TSO or MB and
MR). Uncertainty was solved through discussion until consensus.

Bias assessment
To reduce risk of selection bias, two authors screened title,
abstract and full text, and independently conducted quality
appraisal.
The heterogeneity of the extracted data made them unsuitable

for quantitative synthesis and meta-analysis was therefore not
performed [16].
The authors declare they have no conflicts of interests.

RESULTS
Study selection
The literature search resulted in 2868 studies relevant for
screening of title and abstract. Of these, 511 were selected for
full text review. In total, 108 studies were included in the final data
extraction and quality appraisal. The main reason for exclusion
was lack of reported data from the transport phase (n= 219).
Literature selection, including reasons for exclusion, are presented
in the PRISMA flow chart (Fig. 1). Included studies were conducted
in Europe (n= 27, 25%), USA (n= 21, 19.4%), Australia (n= 16,
14.8%), Scandinavia (n= 13, 12%), UK (n= 11, 10.2%), Canada
(n= 6, 5.6%) and 14 (12.7%) from other countries. They were
published between 1991 and 2024. A complete reference list of all
included studies is presented in Appendix 4.

Data extraction
Study characteristics: The most frequently used study design
was cohort, with 101 (93.5%) studies. Cross sectional study designs

were used in four studies, a randomized comparative study design
in one study and a quantitative non-experimental design in one
study. One randomized controlled trial met the inclusion criteria in
this review. Most of the studies were retrospective (n= 80, 74%)
while 28 (26%) were prospective. In 60 studies (55,6%) compar-
isons were made between two or more transported groups,
whereas two studies (1.9%) compared transported neonates with
inborn neonates. A complete list of all included studies and their
characteristics is presented in Appendix 5.

Patients: A total of 25,405 patients were included across the
studies, with sample sizes ranging from 12 to 2402 patients.
Baseline characteristics of the included patients were reported in
104 studies (96.3%), with gestational age being the most
documented variable (n= 89, 82.4%). Diagnosis or medical
problem were reported in 90 studies (83.3%). Other frequently
reported variables were birth weight (BW), weight at day of
transportation and gender (Fig. 2).

Transport characteristics and team composition: Among studies
reporting on interhospital transports, the majority (n= 105, 97,2%)
described transports to higher level of care. Transfers to lower
level of care were reported in eleven studies (10.2%) and primary
transfers were reported in six studies (5.6%). Of the 108 studies
included, 98 (90.7%) reported the mode of transportation. In the
remaining ten studies (9.3%), the type of transport vehicle was not
specified.
Team composition was reported in 86 studies (79.6%). A

physician was reported present in 71 (65.7%) studies and a nurse
in 79 (73,1%). Fifteen studies reported transfers with a nurse and/
or a paramedic present without a physician. Other professions
reported to take part in neonatal transfers included respiratory
therapist, paramedic, cardiopulmonary technician, medical tech-
nician, advanced nurse practitioners, neonatal nurse practitioners,
transport specialist, surgery room or anaesthesiology technician,
emergency technician, emergency care practitioners, fire rescue
services and health care providers (unspecified).

Physiological data: Physiological data variables reported during
transport were respiratory rate, oxygen saturation, end tidal CO2,

transcutaneous CO2, heart rate, heart rate variability, blood
pressure, and temperature (Fig. 3). How and how often a
parameter is measured was heterogeneously reported. Ventilator
settings were seldom reported in detail, except in studies focusing
on different ventilator strategies during transport. Continuous
automated data capture during transport was reported to be used
in 10 studies, of which n= 5, (4.6%) reported on ventilator
parameters.

Medications and procedures: Use of medication(s) was reported
in 47 (43.5%) of the studies. Medications were reported both as
pharmacological categories (n= 19, 17.6%) or as the specific drug
(n= 9, 8.3%). Nineteen studies (17.6%) reported medications both
as pharmacological categories and separate drugs. The most
frequently reported pharmacological categories were sedation,
analgesia, inotropes, vasopressors, neuromuscular blockers, anti-
biotics and anticonvulsants. Prostaglandin E and inhaled nitric
oxide, reported in 13 studies (12%) and 6 studies (5.6%),
respectively.
Medical procedures performed during transport were described

with considerable heterogeneity across the included studies, with
intubation being the most commonly reported procedure. Some
studies reported procedures performed by the transport team but
did not specify when they were done.

Scoring tools: Use of any scoring tool was reported in 14 (13%)
of the included studies, and three studies reported using two
scoring tools. A wide range of scoring tools were reported, with
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the Transport Risk Index of Physiologic Stability (TRIPS) being most
frequently used (n= 6, 5.6%). Other scoring tools reported are
presented in Table 1.

Time variables: One or more time variables were reported in 67
(62%) of the studies. The most frequent time variable reported

was transportation time (n= 54, 50%). The other time variables
reported were dispatch/reaction time (n= 13, 12%), mobilisation
time (n= 7, 6.5%), stabilisation time (n= 29, 26.9%) and total time
(n= 12, 11.1%) (Fig. 4). In 34 studies (31.5%) the time variables
were clearly defined, yet these definitions were not uniform across
studies.

Fig. 1 PRISMA flow chart.
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Adverse events and complications: Adverse events were
reported in 74 (68.5%) of the included studies. Clinical complica-
tions and clinical deterioration like temperature instability, hypo-
or hyperthermia, desaturation, hypo- or hyperglycaemia, seizures,
bradycardia, tachycardia, hypo- or hypertension, extubation, hypo-
or hypercapnia, apnoea, and pneumothorax were reported in 63
(58.3%) studies. Equipment complications were reported in 31
(28.7%) studies, with the most frequent being ventilator complica-
tions. Other complications were related to oxygen supply,
disconnections, battery failure or power loss. Transport complica-
tions like delay, vehicle problems, logistical and organisational
problems were reported in 16 (14.8%) of the included studies.
Included studies reported 10 deaths in total, during transport. This
constitutes 0.04% of the 25,405 patients included in this review.

Quality appraisal. A summary of the results of the quality
appraisal is depicted in Fig. 5. A clear aim or objective was
reported in 107 (99.1%) of the included studies and 102 (94,4%)
were considered to have a clearly described study design.
Conflicts of interest were addressed in 71 (65.7%) of the studies,
with 6 (5.6%) explicitly reporting a conflict. Seventy-four (68,5%) of
the studies had either received approval from an ethics committee
or were reported no to require an ethical approval according to
the regulations. Handling of missing data were reported in 60
(55.6%) studies. None of the included studies used imputation
techniques. Of the included studies, 90 (83.3%) studies we
considered to be transferable to a high-income country setting.
Those who did not meet these criteria were from low resource
settings with a very different organisation of their services and
equipment available. The full quality appraisal of all included
studies is available in Appendix 6.

DISCUSSION
This systematic literature review identified 108 studies reporting
data variables during neonatal transports. Our main finding is that
the studies are heterogenous, presenting a large variation of
registered variables and frequently lack uniform definitions. This
represents an obstacle when it comes to evaluating and
comparing studies within this field.
Many transport studies only report data recorded before

transport at the referring hospital and/or after arrival at the
receiving hospital, 219 studies were excluded from the present
analysis due to the absence of data from the actual transport
phase. The absence of clinical data recorded during transport
limits the ability to extract clinically relevant information for health
care personnel involved in neonatal transport. Similarly, the
opportunity to use the existing literature for clinical governance,
evaluation and further development of the transport services is
hampered by lack of uniformly reported and standardised data.
The majority of the studies included in this analysis reported

baseline patient characteristics, which are essential for evaluating
study transferability and external validity. The setting and
organisation of the service, including description of transport
vehicle and team composition were inconsistently described in
the included studies. This can affect transferability of the results to
other services and settings. Some studies did not report on type of
transport vehicle or team composition. Service specific team
composition, skills, equipment set-up, protocols, training and
evaluation routines vary within each country and between
countries [17–21]. The heterogeneous organisation of transport
services complicates comparison of services and transports.
Transport of sick and preterm neonates is conducted within a

challenging environment [22, 23]. Clinical assessment during
transport can be difficult. Space and access to the neonate is
limited and there are fewer health care personnel present than in
the hospital. Clinical and physiological parameters are essential for
the clinician to evaluate and guide treatment of the neonate and
can also be used as a tool for clinical governance to see trends
over time. Our study shows that physiological data during
transport are not uniformly reported. There was variation in the
level of detail provided regarding the frequency and the
description of these physiological data, including both tempera-
ture and blood pressure. Consensus on standardised reporting of
core physiological variables is essential to improve the evaluation
of neonatal transports. To evaluate quality and identify areas for
improvement within neonatal transport, it is imperative to
measure data variables that are uniformly recorded throughout
the entire trajectory, that is before transport at the delivering
hospital, during transport and after transport at the receiving
hospital. Transport should be considered an integrated part of
clinical care, aiming for continuous treatment and consistent
quality of documentation. To monitor trends in e.g. physiological

Fig. 3 Physiological data variables.

Fig. 2 Baseline patient characteristics.

Table 1. Scoring tools.

Scoring tool Used in n
studies

Transport Risk Index of Physiologic Stability
(TRIPS)

6

National advisory Committee for Aeronautics
(NACA)

2

Premature Infant Pain Profile-Revised (PIPP-R) 2

Stratification of Air Medical Transport by
Expression of Symptoms in Patients (STEP)

1

Therapeutic Intervention Scoring System (TISS) 1

Paediatric Early Warning System (PEWS) 1

Temperature Oxygenation Perfusion Blood
sugar score (TOPS)

1

Respiratory Severity Score (RSS) 1

Comfort Behaviour Scale (CS) 1

Score for Neonatal Acute Physiology with
Perinatal Extension-II (SNAPPE-II)

1

M. Bekkevold et al.

9

Journal of Perinatology (2026) 46:6 – 11



parameters, a uniform set of valid variables with reliable data
capture should be obtained.
Ten studies reported using automated data capture during

transport, most of these were ventilator parameters. Automated
data capture from ventilators and monitors has the potential to
record continuous data more precisely than a human and is of
particular importance when the clinician’s attention is focused on
the care of the sick or preterm patient. The integration of artificial
intelligence in patient monitoring has the potential for future
improvement of both clinical guidance and governance.
Scoring tools are developed to evaluate the severity of the

clinical condition of the neonate and to help predict morbidity
and mortality at a group level [24–26]. Our review demonstrates
infrequent and inconsistent use of these tools. Fourteen of the
included studies reported using a scoring tool, but ten different
scoring tools were identified.
Time variables for neonatal transport can provide important

information in the evaluation of transport services yet need to be
standardised to compare and merge data. Our review reveals
great variation in the reporting of time variables. Furthermore, as
previously described, these variables were heterogeneously
defined, which further complicates comparison [21].
Adverse events are unwanted incidents or complications during

transport ranging from minor organisational challenges to clinical
deterioration of the neonate. It is important to thoroughly monitor
these situations to be able to learn from them and aim for safer
transports. Adverse events are previously reported to occur
frequently on neonatal transports, both in hospital and out of
hospital [4, 27, 28]. A wide spectrum of adverse events was
reported during transport in the 74 (68.5%) studies who reported
adverse events.
Neonates in need for transport represent a heterogenous case

mix of patients [2]. Medical conditions and severity of illness vary,
ranging from healthy neonates being returned to a lower level of
care, to severely ill neonates in need of intensive care during

transport. This variabilty represents an obstacle when comparing
transport services. To avoid selection bias, case mix adjustment is
pivotal. The neonatal patient population can be categorised into
gestational age groups, by clinical condition or clinical risk indexes
such as the CRIB score [29]. It has been suggested that neonatal
transports can be stratified by level of care and categorised
according to primary clinical and operational reason for transfer
and required transfer timescale [30].
Several initiatives have aimed to establish a set of quality

indicators and data variables for neonatal transport [31–33].
Evaluation and benchmarking transport services have been
performed in some countries and show differences between the
transport teams´ outcome [34]. Using a set of metrics to evaluate
neonatal transports has been shown feasible [35]. Some transport
services have addressed this issue by developing data sets to be
reported by the included transport services, but to our knowledge,
none of these templates are widely used outside the centres or
countries where they were developed [30]. After development and
consensus of data variables to be registered, we need to aim for
implementing it internationally, across different transport services.

Limitations
This study, like most systematic reviews, carries inherent limita-
tions. Despite independent screening of titles, abstracts, and full
texts by two reviewers, some eligible studies may have been
inadvertently excluded. Additionally, the development of the data
extraction form and quality appraisal criteria, based on various
sources and team discussions, may have led to the omission of
relevant variables and reporting bias. Studies published in other
languages than English or Scandinavian were excluded, which
may have led to the omission of relevant studies published in
other languages.
The studies included in this review span a prolonged time-

period, which may have contributed to the heterogeneity
observed across studies. We did not aim to assess temporal
trends or convergence in the reporting of data variables over time.

CONCLUSIONS
Data variables reported in studies of neonatal transports are
inconsistent and not uniformly defined. This lack of consistency
represents an obstacle in the evaluation of the studies itself but
also limits the ability to evaluate transport services and impose
quality improvement initiatives. To agree on a set of defined
variables to be registered and to implement such a template
internationally would enhance the opportunity to learn from the
transports and improve the safety, effectiveness and quality of
care for these vulnerable neonates.

DATA AVAILABILITY
The data are available from the corresponding author upon request. A complete
reference list of all included studies is presented in Appendix 4.
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