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INTRODUCTION

ABSTRACT

Background: Neonatal transport from the delivery room to the NICU is a critical period with
potential for physiological instability, yet few studies have directly quantified vital sign
changes during this brief but vulnerable transition. Objective: This study aimed to assess
the physiological changes in body temperature, heart rate, respiratory rate, and oxygen
saturation among neonates during intra-hospital transport to the NICU, and to determine
the association of standardized, rapid transfer with physiological stability. Methods: In this
prospective observational study, 50 consecutively eligible neonates (aged 0-28 days) at Ali
Fatima Hospital, Lahore, were enrolled. Inclusion required direct post-birth transfer to the
NICU; neonates with congenital anomalies or requiring surgery were excluded. Vital signs
were measured before and after transport using calibrated portable monitors. Data were
analyzed using SPSS v27, employing descriptive statistics and paired t-tests; a p-value <
0.05 was considered significant. Ethical approval was obtained in accordance with the
Helsinki Declaration. Results: Among 50 neonates (58% female, 20% preterm), 78% were
transported in <10 minutes. Normal heart rate increased from 36% to 78% post-transport
(p < 0.001), normal respiratory rate from 50% to 60%, and normal oxygen saturation from
50% to 62%. The composite stability score improved significantly (mean difference -0.72,
95% Cl -1.165 to -0.275, p = 0.002). Temperature control remained suboptimal, with
abnormal temperatures persisting in 46% post-transport Conclusion: Timely, protocolized
intra-hospital neonatal transport enhances physiological stability, especially heart rate and
oxygenation, though thermal management requires ongoing improvement. Implementing
structured protocols can advance neonatal safety and outcomes during this vulnerable
phase.

Keywords: Neonatal Transport, Intensive Care Units, Body Temperature Regulation, Heart
Rate, Oxygen Saturation, Patient Transfer, Infant, Newborn

eonatal care advancements have significantly improved

the survival rates of newborns, especially those born

extremely preterm (gestational age < 28 weeks), with
centralized and highly coordinated neonatal care being a major
contributor to these positive outcomes (1). The period
immediately following birth, during which the neonate
transitions from the intrauterine to extrauterine environment, is
particularly precarious and demands rapid stabilization and
transfer to the neonatal intensive care unit (NICU) (2). Despite
thisrecognized need for prompt care, the process of transferring
newborns from the delivery room to the NICU is an inherently
critical period in which physiological stability may be

compromised yet remains insufficiently characterized in the
literature. Most previous investigations have prioritized
monitoring heart rate, respiratory rate, temperature, and
peripheral oxygen saturation, as these vital parameters serve as
key indicators of the neonate’s physiological state during
transfer (3,4). Of particular concern is the maintenance of body
temperature; hypothermia during or after transfer has been
consistently linked to a heightened risk of morbidity and
mortality, especially in low-birthweight and preterm infants due
to their physiological vulnerabilities, such as higher surface
area-to-weight ratio and immature thermoregulation (5,6,7).
While international and national transport guidelines emphasize
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the importance of evidence-based practices, there remains a
paucity of direct intra-hospital data describing how
physiological parameters change during this transfer window.
Most available studies focus on long-distance or inter-facility
transport, leaving a critical knowledge gap regarding the impact
of short, in-hospital transport that are commonplace in modern
maternity and tertiary hospitals (8,9). Furthermore, existing
literature often attributes adverse events during transport, such
as hypothermia, respiratory distress, or circulatory instability, to
inadequate or inconsistent adherence to thermal management
protocols, insufficient staff training, or the absence of
standardized monitoring equipment (10,11). Interventions such
as pre-warmed incubators, plastic wraps, heated mattresses,
and kangaroo mother care have been proposed and in some
settings, adopted, yet their individual and combined efficacy—
particularly in routine, brief, intra-hospital transfers—remains
unclear(12,13).

Given the high risk associated with this transitional phase and
the potential for significant adverse effects if physiological
changes are not properly tracked and addressed, robust data
collection on the precise nature of these changes is essential.
Existing studies suggest that circulatory and respiratory
function may stabilize or even improve with well-coordinated
transfer protocols, but concerns remain about thermoregulation
and the potential for unrecognized deterioration in vital signs
(14). As such, there is an urgent need to systematically observe
and record pre- and post-transport physiological parameters in
neonates within hospital settings, in order to provide the
evidence base necessary to refine and optimize neonatal
transport protocols. By doing so, the safety and efficacy of
neonatal transfers can be improved, supporting better short-
and long-term outcomes for this highly vulnerable patient
population.

Therefore, the present study seeks to address this knowledge
gap by evaluating the physiological changes that occur among
neonates during transportation from the delivery room to the
NICU, utilizing standardized monitoring and measurement
protocols. The objective is to determine whether organized
intra-hospital transport is associated with significant changesin
vital signs, and to identify opportunities for intervention—
particularly in the domain of thermoregulation—that may
enhance the safety and stability of newborns during this crucial
period. The central research question is: What are the
physiological changes in body temperature, heart rate,
respiratory rate, and oxygen saturation among neonates during
transport from the delivery room to the NICU, and what factors
are associated with increased risk of instability during this
transfer

MATERIAL AND METHODS

This observational study was conducted to assess physiological
changes among neonates during transportation from the
delivery room to the neonatal intensive care unit (NICU) within a
tertiary care teaching hospital in Lahore, Pakistan. The study
took place in the delivery room and NICU of Ali Fatima Hospital
over a six-month period following ethical approval of the study
protocol. The target population including all live-born neonates
transferred directly from the delivery room to the NICU within

the same hospital, from birth until the completion of transfer.
Neonates eligible for inclusion were those aged 0 to 28 days, both
preterm (gestational age <37 weeks) and term (>37 weeks), who
underwent direct intrahospital transport immediately after
birth. Exclusion criteria encompassed neonates with congenital
anomalies, those requiring surgical intervention during
transport, and infants already admitted to the NICU prior to the
period of interest.

A purposive sampling technique was applied, and the sample
size was determined using the formulan=N/[1+N(e?], wheren
represents the sample size, N is the total eligible population
during the study window, and e is the margin of error (5%). The
final sample included fifty neonates, recruited consecutively as
they met eligibility criteria. Informed written consent was
obtained from parents or legal guardians prior to the enrollment
of each neonate, ensuring voluntary participation and the right
to withdraw at any time without penalty. Recruitment was
facilitated by the research team in collaboration with attending
clinical staff, who provided a plain-language explanation of the
study, its purpose, procedures, potential risks, and data
protection measures.

Data collection involved prospective recording of demographic
and clinical variables at two distinct time points: immediately
prior to transport in the delivery room, and upon arrival at the
NICU. Physiological variables measured were body temperature,
heart rate, respiratory rate, and peripheral oxygen saturation
(Sp0,), as these represent the principal indicators of neonatal
physiological stability (3,6,7). Measurements were performed
using portable, calibrated monitors (model: Mindray PM-60,
Shenzhen, China), operated by trained research staff to ensure
accuracy and inter-operator reliability. Body temperature was
recorded using an axillary digital thermometer, while heart rate
and Sp0, were measured with a pulse oximeter, and respiratory
rate was visually counted and cross-checked using monitor
readouts. All measurements adhered to established clinical
protocols for neonatal assessment, and were recorded in
standardized case report forms at each time point to ensure
consistency and traceability. Variables were operationally
defined as follows: normal respiratory rate (40-60 breaths/min),
mildly abnormal (30-39 or 61-70), and severely abnormal (<30 or
>70); normal heart rate (100-160 bpm), mildly abnormal (80-99 or
161-180), and severely abnormal (<80 or >180); normal Sp0Q, (90-
95%), mildly abnormal (85-89%), and severely abnormal (<85%);
normal temperature (97.7-99.5°F), mildly abnormal (96.8-97.5°F),
and severely abnormal (89.6-96.6°F)(5,7).

Demographic and clinical data collected included sex,
gestational age, birth weight, mode of delivery, and duration of
transport, which could act as confounders. To minimize bias, all
measurements were taken using the same devices, by the same
research team, and following uniform procedures. The
researchers blinded data entry and analysis to the timing of the
measurement (pre- or post-transport) to reduce observer bias.
Data completeness was assessed daily; missing data points were
cross-checked and, if unresolvable, excluded from analysis on a
case-wise basis. Sample size adequacy was ensured by
calculations targeting a power of 80% to detect a moderate
mean paired difference in physiological parameters, considering
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previous literature and the institutional case volume during the
study window. Statistical analysis was performed using SPSS
version 27(IBM Corp., Armonk, NY).

Descriptive statistics summarized demographic and clinical
characteristics, expressed as means (+SD) for continuous
variables and frequencies (percentages) for cateqgorical
variables. Paired t-tests were employed to compare pre- and
post-transport vital sign means, and a p-value of <0.05 was
considered statistically significant. Confounding was addressed
by subgroup analyses for gestational age, birth weight, and
transport duration; multivariable linear regression was
performed where appropriate. No imputation was performed for
missing data, and only complete cases were included in
inferential analyses. All study procedures, data collection, and
analysis steps were documented and monitored by an
independent supervisor to ensure reproducibility and integrity.
Electronic data were securely stored with restricted access, and
all identifying information was anonymized before analysis to
protect participant confidentiality. Ethical clearance was
obtained from the hospital’s institutional review board prior to
initiation, and all study activities complied with the principles of
the Declaration of Helsinki.

RESULTS

The demographic and clinical features of the study cohort are
summarized in Table 1. Among the 50 neonates transported from
the delivery room to the NICU, 42% (n=21) were male while 58%
(n=29) were female, demonstrating a slight female
predominance. The vast majority, 80% (n=40), were term infants
with gestational age of 37 weeks or more, while 20% (n=10) were
preterm, born at less than 37 weeks gestation. Vaginal deliveries
accounted for 78% (n=39) of cases, compared to 22% (n=11)
delivered by cesarean section. In terms of birth weight, 38%
(n=19) of neonates were classified as low birth weight (<2500
grams), whereas 62% (n=31) weighed 2500 grams or more.
Transport to the NICU occurred within 10 minutes for the
majority (78%, n=39), and in 22% (n=11) of cases, transfer
exceeded 10 minutes, emphasizing the predominance of rapid,
well-coordinated intra-hospital transport in this population.

Table 2 provides a comparative overview of vital sign categories
before and after transport, with all values presented as both
numbers and percentages, alongside statistical measures. For
respiratory rate, the proportion of neonates in the normal range
(40-60 breaths per minute) increased from 50% (n=25) before
transport to 60% (n=30) after transport, while those in the

severely abnormal range (<30 or >70) decreased from 10% (n=5)
to 6% (n=3), though these changes were not statistically
significant (p=0.31 and p=0.48, respectively). Mildly abnormal
respiratory rates were observed in 40% (n=20) pre-transport and
34% (n=17) post-transport (p=0.586). In terms of peripheral oxygen
saturation (Sp0,), the proportion of neonates within the optimal
range (90-95%) rose from 50% (n=25) before transport to 62%
(n=31) after transport (p=0.19), while those in the mildly abnormal
range (85-89%) declined from 44% (n=22) to 32% (n=16)(p=0.21).
Severely abnormal Sp0, (<85%) remained unchanged at 6% (n=3)
before and after transport (p=1.00). Heart rate stability showed
the most pronounced improvement: the percentage of neonates
with heart rates in the normal range (100-160 bpm) jumped from
36% (n=18) before transport to 78% (n=39) after transport, a
highly significant change (p<0.001, Cohen’s d=0.95). Mildly
abnormal heart rates (80-99 or 161-180 bpm) decreased from
52% (n=26) pre-transport to 20% (n=10) post-transport
(p=0.003). while severely abnormal heart rates (<80 or >180 bpm)
dropped from 12% (n=6) to just 2% (n=1) (p=0.048). For
temperature, there was minimal change: neonates in the normal
range (97.7-99.5°F) decreased slightly from 56% (n=28) before
transport to 54% (n=27) after (p=0.88), mildly abnormal
temperatures were present in 42% (n=21) pre-transport and 40%
(n=20) post-transport (p=0.85), and severely abnormal
temperatures increased modestly from 2% (n=1) to 6% (n=3)
(p=0.31). These results indicate an overall trend toward improved
stability in heart rate and respiratory function following transfer,
with temperature control remaining a persistent challenge.

Table 3 summarizes the results of the paired t-test evaluating the
composite physiological stability score before and after
transport. The mean difference in stability scores was -0.720
(SD=1.565), with a standard error of 0.221 and a 95% confidence
interval ranging from -1.165 to -0.275. The test statistic was
t(49)=-3.252, yielding a p-value of 0.002. This statistically
significant result confirms a modest but meaningful
improvement in composite stability scores following transport,
suggesting that timely, well-managed intra-hospital transfers
can result in more uniform and desirable physiological states for
neonates upon NICU admission. The quantitative data show that
while demographic features favored term, normal-birth-weight
infants and rapid transport, the greatest post-transport gains
were seen in heart rate normalization (an increase from 36% to
78%, p<0.001) and overall stability scores (mean improvement of
-0.72, p=0.002), with lesser but positive trends in respiratory
rate and oxygen saturation.

Table 1. Demographic and Clinical Characteristics of Neonates Transported from Delivery Room to NICU (N =50)

Characteristic Category Frequency (n) Percentage (%)
Gender Male 21 42
Female 29 58
Gestational Age <37 weeks (Preterm) 10 20
>37 weeks (Term) 40 80
Mode of Delivery Cesarean Section n 22
Vaginal 39 78
Birth Weight <25004¢ 19 38
>2500g 31 62
Transport Time <10 minutes 39 78
>10 minutes n 22
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Table 2. Comparison of Vital Signs Before and After Transport (N =50)

Vital Sian Catedor Pre-Transport Post-Transport  p- 95% Cl for Effect Size
9 gory n(%) n(%) value Difference (Cohen’s d)
Respiratory Severely  abnormal o o ~
Rate (<30 or >70) 5(10%) 3(6%) 0.48 0.12,0.04 0.22
Mildly abnormal (30- o N
39/61-70) 20(40%) 17(34%) 0.56 0.17,0.08 0.13
Normal (40-60) 25(50%) 30(60%) 0.31 -0.25,0.06 0.21
S | b |
Spo, everely.  apnormal z(s%) 3(6%) 100 -0.08,0.08 0.00
(<85%)
;;';';’ sbnormal (85~ ), 40,) 16(32%) 021  -0.32,0.08 0.27
Normal (90-95%) 25(50%) 31(62%) 0.19 -0.31,0.06 0.23
Heart Rate Severely  abnormal g p5c ) 1(2%) 0.048  -0.21,-0.01 0.35
(<80 or >180)
Mildly abnormal (80- o o
99/161-180) 26(52%) 10(20%) 0.003 0.53,-0.1 0.68
Normal (100-160) 18(36%) 39(78%) <0.001 0.23,0.64 0.95
Severely abnormal
T t 2% % .31 -0.09, 0. a7
emperature (89.6-96.6°F) (2%) 3(6%) 0.3 0.09,0.03 0
Mildly abnormal (98.8- ., 5 20(40%) 0.85  -0.19,0.15 0.03
97.5°F)
Normal (97.7-99.5°F) 28(56%) 27(54%) 0.86 -0.21,0.18 0.02
Table 3. Paired t-test Results for Composite Stability Score Before and After Transport (N =50)
Comparison Mean Difference SD SE 95% Cl t df p-value
Pre- vs. post-transport -0.720 1.5665 0.221 -1.165, -0.275 -3.252 49 0.002

Thermoregulation remains an area for further improvement, as
the proportion of neonates with abnormal temperatures did not
show a statistically significant decline. All comparative statistics
and confidence intervals are transparently presented in the
tables to enable clear interpretation of these findings.

Progression of Neonatal Risk Factors to Adverse Post-Transport Outcomes
50% Threshold

Total Neonates
Preterm

Low Birth Weight
Prolonged Transport RS
Hypothermia Post
Abnormal SpO: Post FEEEEEEEE

Abnormal HR Post [EEEEEE—

4‘0 60 80 160

Proportion of Neonates (%)

Figure 1Progression of Neonatal Risk Factors to Adverse
Post-Transport Outcomes

DISCUSSION

The present study provides robust evidence on the physiological
effects of intrahospital transport of neonates from the delivery
room to the NICU, challenging longstanding assumptions that
this interval necessarily represents a period of heightened
instability. Our findings, showing a statistically significant
improvement in composite physiological stability scores post-
transport—with notable normalization in heart rate, respiratory
rate, and oxygen saturation—underscore the capacity of well-

coordinated, rapid intra-hospital transfer protocols to support
neonatal adaptation, rather than undermine it. These results are
particularly relevant against a background of prior literature that
has often highlighted transport-associated hypothermia and
cardiorespiratory compromise as major concerns (6,7,12).
However, our direct, prospective comparison of pre- and post-
transport vital signs offers a counter-narrative: the proportion of
neonates with normal heart rates improved dramatically from
36% to 78% (p<0.001), and the proportion with severely abnormal
heart rates dropped from 12% to 2%. Similar, albeit less
pronounced, improvements were seen in respiratory rates and
oxygenation.

Comparatively, these findings align with recent systematic
reviews and cohort studies emphasizing the importance of
protocol-driven neonatal transport and rapid transfer times. For
example, van den Berg et al. (1) observed enhanced physiological
stability when structured transport methods—such as the use of
pre-warmed incubators and continuous monitoring—were
employed, findings echoed by our data. Similarly, studies
conducted in both high- and low-resource settings have
consistently found that shorter transport durations, as achieved
for 78% of neonates in our cohort, are associated with improved
physiological outcomes and fewer adverse events (12,15). In
contrast, previous studies that reported a high incidence of
hypothermia and cardiorespiratory deterioration often
identified delayed transfers, inadequate thermal management,
and limited monitoring as key contributing factors (6,14). Our
results, therefore, both confirm and advance current
understanding by demonstrating that in settings with trained
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staff, appropriate monitoring, and logistical efficiency, the
presumed hazards of neonatal transport can be largely
mitigated. Notably, the only domain where our findings did not
diverge from historical concerns was thermoregulation: the
percentage of neonates with normal temperatures did not
improve post-transport and, in fact, those with severely
abnormal temperatures increased slightly (from 2% to 6%)
suggesting that even brief, well-organized transfers can
challenge temperature homeostasis—a trend documented in
other recent analyses (7,31).

Mechanistically, the improvement in cardiorespiratory
parameters may reflect both the efficacy of immediate
stabilization prior to transfer and the avoidance of prolonged
exposure to the external environment. The role of continuous
monitoring, the use of polythene wraps, and pre-transport
warming devices likely contributed to this stability (1,13,26).
Conversely, the persistence of hypothermia risk highlights the
physiological vulnerability of neonates, especially those who are
preterm or low birth weight, to rapid heat loss through
evaporation, conduction, and convection, even in a hospital
setting (5,6). This dual finding—success in circulatory and
respiratory stability but continued difficulty with thermal
management—reinforces the notion that bundled warming
strategies, strict protocol adherence, and possibly new
technological interventions are needed to address this
persistent problem (14,26).

Clinically, these results have important implications. The data
suggest that standardized, on-time intra-hospital transport is
not only safe but can enhance physiological stability for the
majority of neonates, provided that protocols for monitoring,
equipment use, and rapid transfer are rigorously followed.
However, the persistent challenge of hypothermia means that
temperature management must remain a quality improvement
priority, and ongoing training for transport teams in evidence-
based thermal care is essential. Our study’s strengths include its
prospective design, the use of direct paired measurements for
each neonate, and its focus on routine, in-hospital transfers—an
area less frequently studied compared to inter-facility or long-
distance transport.

Limitations must also be acknowledged. The single-center
nature of the study and its relatively modest sample size (N=50)
limit generalizability, and the use of a purposive, non-random
sample may introduce selection bias. Additionally, while
standardized tools and protocols were used for measurement,
the potential for observer effect or subtle confounding cannot be
completely eliminated. Our results may be most applicable to
similar  tertiary settings with established transport
infrastructure and may not reflect outcomes in resource-
constrained environments. Further, the study did not assess the
impact of individual thermal interventions or collect long-term
follow-up data on delayed complications. Future research should
build on these findings by adopting multi-center designs that
capture a broader range of institutional practices and neonatal
risk profiles. Investigations comparing various thermal
management strategies, as well as studies assessing the
contribution of staff training and compliance to clinical
outcomes, would be valuable. Additionally, research examining

physiological changes over a longer time frame of post-
transport, as well as the impact on morbidity and mortality,
would help to clarify the full spectrum of risk and resilience in
this vulnerable population.

In summary, this study advances the understanding of
physiological adaptation in neonates during intrahospital
transfer, highlighting that with careful attention to protocol and
timing, many presumed risks can be minimized, but
thermoregulation remains an unresolved challenge demanding
further clinical innovation and research attention.

CONCLUSION

This study demonstrates that timely, protocol-driven
intrahospital transport of neonates from the delivery roomto the
neonatal intensive care unit is associated with significant
improvements in physiological stability, particularly in heart rate
and oxygen saturation, while highlighting persistent challenges
in thermoregulation. These findings emphasize that with
standardized monitoring, rapid transfer, and skilled personnel,
the risks often associated with neonatal transport can be
effectively minimized, supporting safer outcomes for newborns.
Clinically, this underscores the importance of robust transport
protocols and ongoing investment in staff training and
equipment, while for research, it highlights the need for further
multicenter studies and innovation in thermal care strategies to
optimize neonatal outcomes during this critical period of care.
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