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ABSTRACT
Context: The birth process and the moments thereafter are a crucial time for newborns as
they adapt to extra uterine life. The adaptive process begins immediately and can take a
number of days to complete. The process involves initiating and maintaining respirations,
thermoregulation, and the change from foetal circulation to newborn circulation. The majority
of newborns successfully adapt to extra uterine life, some experience difficulty. Early
warning tools may assist clinicians identify early signs of failure to adapt and/or deterioration
but these are dependent on ‘Normal’ vital sign reference ranges for triggering an escalation of
care. Age-matched early warning tools may improve the sensitivity of tools.
Objective: To identify physiological vital sign reference ranges for newborns ≥ 34 weeks
gestation from two hours of age.
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Design: Systematic Review

Data Sources: Between August 2016 and January 2017, PubMed, CINAHL, Embase, The
Cochrane Library databases, and conference abstracts were searched for primary studies
published between 1946-2017. Reference lists of retrieved articles were reviewed for
potential studies.

Review methods: Primary studies published in English that reported physiological vital sign
reference ranges pertaining to well newborns born from 34 weeks gestation were selected.
Two authors independently assessed eligibility of studies for inclusion. Titles and abstracts
were matched with the inclusion criteria: studies investigating heart or respiratory rate,
temperature, blood pressure and oxygen saturations in well newborns greater than 34 weeks
gestational age.

Assessment of quality and grading of level of evidence were assessed using National Health
and Medical Research Council level of Evidence Hierarchy Table and the Quality Assessment
Tool for Quantitative Studies. Any disagreements were resolved by consensus. Data were
extracted by two reviewers

Results: A total of 1497 primary studies were retrieved. Following screening and removal of
duplicates and screening, 10 primary studies investigating heart rate (n=1), respiratory rate
(n=1), temperature (n=1), blood pressure (n=4) and oxygen saturations (n=3) were eligible for
inclusion in this review. The populations studied included term (n=6) or both preterm and
term newborns (n=4). No reference ranges for any vital sign measurements could be
identified from the included literature. In addition, inconsistencies between vital sign
parameters of newborns were identified between the studies.

Conclusion There is paucity of normal vital sign data in the late preterm >34 weeks and post
term gestational age cohorts despite literature suggesting differences in physiological maturity
between these cohorts.

Introduction
Following birth, the newborn undertakes a significant adaptive process called the
transition to extra uterine life.1 Transition is one of the greatest challenges a newborn
must overcome and can take up to 2-4 weeks to complete.2 The process involves
initiating and maintaining respirations, thermoregulation, and the change from foetal
(shunt dependent) circulation to newborn circulation.1,3, Factors such as gestational
age at delivery, mode of delivery, a significant intrapartum event, a congenital defect
2

or infection can delay this process.4 Even though the majority of newborns
successfully adapt to extra uterine life, some experience difficulty.1,4-6 Therefore, if
delay or compromise during this time is not recognised in a timely manner, the
newborn can experience a serious adverse event.

Due to changes in health systems and care and management of postnatal
mother/newborn dyads, there is an expectation that all well newborns will ‘room in’
with their mothers.7 Therefore, it is not uncommon that newborns as young as 34
weeks gestation (late preterm) to be cared for in the postnatal ward of the maternity
setting with their mother.7 However, it is important to note that these newborns are
still premature and are physiologically immature compared to their term
counterparts.8, 9 Thus, we have chosen newborns from the late preterm gestational age
of ≥ 34 weeks for the focus of this review.

Recent patient safety mandates have prompted improvements in the care of newborns
in health care settings in Australia and overseas.8-10 Early Warning Tools have been
implemented in healthcare settings for the identification of early signs of deterioration
in all ‘patients’ including newborns cared for postnatally in the maternity setting. It
has been proposed that the use of an early warning tool might assist clinicians to
identify and respond to clinical deterioration by providing a systematic process to
document physiological observations using pre-defined vital sign parameters.8

Early Warning Tools are designed to indicate when physiological observations
deviate from predefined ‘normal’ reference ranges. Potential clinical deterioration is
often indicated by a colour coded zone or aggregate numerical score8 and alerts the
clinician to ‘escalate care’. However, the authors of a previous study reviewing early
warning tools in newborns ≥ 34 weeks gestation who were deemed well and cared for
in the maternity setting, reported that the ineffectiveness of three neonatal early
warning tools was attributed in part to differences in reference ranges of identified
‘normal’ physiological parameters.9 That is, each tool had different cut-off points for
vital signs with the exception of respiratory rate. The researchers concluded that this
influenced whether an escalation of care was required and resulted in inconsistencies
in care escalation. In addition, differences were noted for gestational age indicating
that a single universal tool may not be appropriate for the newborn population given
that physiological maturity is inversely related to gestational age.9,10
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In view of the identified limitations with the early warning tools previously tested, we
hypothesise that their effectiveness may be improved with age-specific vital sign
parameters. Therefore, this review sets out to identify the normal physiological
reference ranges for five vital signs (heart rate, respiratory rate, temperature, blood
pressure, and oxygen saturation) following the initial stabilisation period for well
newborns cared for in the maternity setting: late preterm (34+0- 36+6), early term
(37+0- 38+6), term (39+0- 41+6) and post term (≥42+0).11

Objective
To examine the literature to identify vital sign reference ranges for newborns ≥ 34
weeks gestation from two hours of age.

Methods
We conducted a systematic review, which we report according to the PRISMA
guidelines.12 Between August 2016 and January 2017, PubMed, CINAHL, Embase,
The Cochrane Library databases, and conference abstracts were searched for primary
studies published between 1946-2017. All primary studies published in English that
reported physiological vital sign reference ranges of well newborns born from 34
weeks gestation were selected. Search terms used were: “Neonate/Infant” AND “vital
sign*” OR “heart rate” OR “respiratory rate” OR “temperature” OR “blood pressure”
OR “oxygen saturation*”. Medical Subject Headings (MeSH) included: Infant,
newborn.

Primary studies
Primary studies of all study designs pertaining to well newborns following birth ≥34
weeks gestational age during the first week of life and included either: heart or
respiratory rates, temperature, blood pressure, and oxygen saturations were retrieved.
Literature was limited to the English language and human subjects. Reference lists in
retrieved articles were reviewed for potential studies.

Study selection and extraction
Two reviewers (MP, KN) independently screened the titles and abstracts. Full text
articles from databases and additional sources were assessed for inclusion by two
reviewers (MP, KN) and discrepancies were resolved by discussion or by involving a
third person (FB). A data extraction spreadsheet was designed and data extraction,
quality and grading of level of evidence was completed independently by two
4

reviewers (MP, KN) for each of the included studies. Due to the heterogeneity of the
included studies meta-analysis could not be performed. Sample size, outcome
measures and study design were synthesised narratively and are presented in Table 1.

Results
The initial search identified 1497 references. Following removal of duplicates and
review of titles and abstracts, 1335 were excluded. The remaining 162 full text
articles were reviewed for eligibility and, of these, 154 were subsequently excluded
(see Figure 1). Two additional primary studies were identified from the reference lists
of reviewed articles and were eligible for inclusion resulting in a total of 10 primary
studies included in this review

The Ten studies were assessed for Level of evidence and risk of bias using the
National Health and Medical Research Council level of Evidence Hierarchy Table13
and the Quality Assessment Tool for Quantitative Studies14. The studies included in
this review were either an interrupted time series without a parallel control group
(n=8)15,16,18-21, 23, 24, cohort study (n=1)22 or case series (n=1)17 and received evidence
levels of III-3 (N=10).15-24 The quality of the quantitative studies varied with seven of
the ten indicating ‘weak’

15,16,18-20,22,24

quality; two of moderate17,21 quality and the

remaining study of strong23 quality.

The five vital signs have been investigated by researchers in ten primary studies: heart
rate (n=1),15 respiratory rate (n=1),16 temperature (n=1),17 blood pressure (n=4)18-21
and oxygen saturation (n=3).22-24 These are presented in Table 1.

Of particular importance, the results reported by many of the researchers, did not
quantify gestational age, but reported the newborn population as term and/or preterm.
The populations studied included term (n=6)
newborns (n=4).18,

22-24

15-17,19,20

or both preterm and term

In addition, the researchers reported results as means or

percentiles.15-22, 24 Only one study in which the researchers investigated peripheral
capillary oxygen saturations at varying altitudes, indicated a reference range.23

Heart rate
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Sadoh and Sadoh15 investigated heart rate for the first day following birth. The
researchers conducted a study that used the average of three heart rate measurements
taken over a three-minute period (right arm) from 473 term African newborns. The
median heart rate overall was 133 beats per minute when asleep, awake or calm. No
range was identified. There were no differences noted for sex (133 beats per minute
male; 133 beats per minute female).

Respiratory rate
Tveiten, Diep, Halvorsen and Markestad16 investigated respiratory rate up to 24 hours
of age. The researchers conducted a prospective study which investigated the
respiratory rates of 953 term newborns, measured via stethoscope for a 60 second
period at two hourly intervals, for 24 hours following birth. The mean respiratory
rates were: two hours: 47.3 breaths per minute, four hours: 43.1 breaths per minute,
eight hours: 43.2 breaths per minute, 16 hours: 44.7 breaths per minute, and 24 hours:
44.8 breaths per minute, although standard deviations were not reported. The authors
report no significant associations between respiratory rate and mode of delivery.
However, differences were reported between sex, with term male newborns having
higher respiratory rates than their female term counterparts, although, the actual
difference was not stated. Respiration rate differed by as much as five breaths per
minute between wake and sleep.

Temperature
Takayama, Teng, Uyemoto, Newman and Pantell17 investigated temperature beyond
two hours of age in term newborns. Retrospective axillary temperature data obtained
from medical charts of 203 newborns were taken at 30, 60, 90 minutes, and at two,
four, six, and eight hours following birth. The authors reported mean temperature at
birth was 36.5°C and by two to three hours the mean was 0.2°C higher than at birth.
By 15-20 hours, axillary temperatures in the newborns were 0.3°C higher than the
mean. Although the researchers proposed hypothermic and hyperthermic ranges, no
normal temperature ranges for term or preterm newborns were reported.

Blood pressure
The authors of four primary studies reported blood pressure for various periods
between one and 14 days.17-21 Samanta et al18 conducted a study investigating noninvasive blood pressure of both term and preterm newborns up to 14 days of life. The
researchers calculated the average of three blood pressure measurements taken at two6

minute intervals and found that term newborns have higher systolic, diastolic and
mean blood pressure than those born preterm. No differences were reported between
sex, however, the researchers reported that birth weights correlated with mean arterial
pressure rather than gestational age and increased with postnatal age. These findings
are similar to Tan21 who conducted a study on term newborns (n=46) and concluded
that blood pressure increased with postnatal age and peaked on day five.
Similar findings were observed in studies conducted by Kent et al20 and Sadoh and
Ibhanesebhor,19 who investigated normal blood pressure in term newborns using the
average of three non-invasive blood pressure readings of varying study lengths from
one day to up to six days respectively.20, 19 The researchers reported no statistical
differences between sex or gestational age groups. However, the researchers reported
that blood pressure increased with advancing postnatal age. Normal ranges for
systolic, diastolic, or mean arterial pressure blood pressures were not presented in any
of the studies.

Oxygen saturation/s
The researchers of three primary studies investigated peripheral capillary oxygen
saturations of newborns between 48 and 72 hours following birth.22, 24 Shah et al22
conducted a study on late preterm (n=20) and term newborns (n=40) to identify the
newborn peripheral capillary oxygen saturation profile during the first 48 hours of
life. Continuous readings of up to six hours were measured via pulse oximeter placed
on the newborn’s hand or foot if <3kgs or thumb or big toe if >3kgs. The researchers
did not state whether readings were pre or post ductal. In addition, normal peripheral
capillary oxygen saturation ranges for both late preterm and term newborns were not
presented, however, mean peripheral capillary oxygen saturations for all newborns
was 96.5%. No differences in peripheral capillary oxygen saturation were identified
between sex (males, 95%; females 95%). The researchers reported data in ‘time
spent’ in peripheral capillary oxygen saturation range and found that late preterm
newborns spent 93% of the study time in saturations greater than 90% compared to
term newborns that spent 96% of the time in saturations greater than 90%.
Ravert et al23 conducted a multicentre study on late preterm (n=46) and term (n=764)
newborns to identify normal peripheral capillary oxygen saturations between 4498 to
8150 feet elevation. Two to three readings of up to six seconds in duration were taken
7

via a pulse oximeter on the newborns’ right arm between 12-24, 36-48 and 60-72
hours. The authors reported significant differences between peripheral capillary
oxygen saturation and altitude, with higher altitude normal peripheral capillary
oxygen saturation range being 91-96%. Data for other gestational age groups such as
the post term newborn were not reported in the study findings.
Rosvik24 conducted a larger study in 6805 well newborns from late preterm to term
(≥34 weeks gestational age). Post ductal peripheral capillary oxygen saturation
readings of up to two minutes in duration, during the initial 24 hours of life were
taken via the foot at four to five hours post birth.24 No recommended normal
peripheral capillary oxygen saturation range was reported for late preterm to term
newborn population. However, the mean peripheral capillary oxygen saturation
reading for all newborns was 98%. Differences were reported between sex with male
newborn mean peripheral capillary oxygen saturation lower (97.9%) than female
(98.1%) and via mode of delivery, with caesarean section readings higher (98.5%)
than vaginal delivery (98%).

Discussion

The purpose of this review was to examine primary studies to identify vital sign
reference ranges for five vital signs (heart rate, respiratory rate, temperature, blood
pressure, and oxygen saturation). The population consisted of newborns ≥ 34 weeks
gestation which comprised of late preterm (34+0- 36+6), early term (37+0- 38+6), term
(39+0- 41+6) and post term (≥42+0) following the initial stabilisation period.11 To the
best of our knowledge this is the first systematic review that attempts to collectively
identify physiological vital sign ranges in the newborn population ≥ 34 weeks
gestation, who are premature but are cared for in the maternity setting.

Newborn vital signs during the immediate stabilisation period (up to two hours
following birth) have been explored in a number of studies.25-29 It has been reported
that peripheral capillary oxygen saturations take up to 15 minutes to stabilise,25 heart
rate up to one hour6 and, up to three days for functional closure of the four circulatory
ducts.1,3 However, there is paucity in data for the remaining transition period, which
takes approximately 12-72 hours.1,3 This is surprising considering the important
changes that occur during this time and the potential for failure to adapt. It is the
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newborn’s potential for deterioration that has been the impetus for the development
and implementation of neonatal early warning tools. 8-10

The researchers of the included studies investigated a range of vital signs, using
intermittent data sampling measurements or averages of several readings to determine
normal values. The data capture period in the majority of these studies occurred
between one and six days following birth.15-24 Rather than presenting normal ranges
which would be useful in the clinical setting, the studies presented results as means,
which makes their interpretation into clinical practice or for the purpose of early
warning tools difficult. Interestingly, textbooks present definitive vital sign parameter
ranges,6, 35, 47 although the evidence or sources for these ranges is difficult to ascertain
in many of these publications.

While the data sampling methods varied between the studies, the majority sampled
data at intermittent points in time. For example, in one study15 the average of three
heart rate measurements taken over three minute intervals were conducted. However,
these brief data sampling sessions may not be sufficient to capture variability during
the transition period or the effect of normal newborn behaviour such as crying, quiet
state, unsettled, or sleep on vital sign parameters6, 29. This is important in the context
of defining normal ranges which are applied to early warning tools. It may be that
some early warning tools may trigger an escalation of care for a normal baseline heart
rate, for example, in a sleeping post term newborn.

The triggering of an escalation of care has implications for families and the hospital.
For example, a false positive trigger would result in unnecessary separation of the
newborn from the mother and increase staff workload due to unnecessary
investigations for the newborn. Conversely, the outcome for a false negative newborn
may be notably different had deterioration been identified earlier or at all. Therefore,
it is important to identify ranges appropriate for gestational ages in order to improve
the sensitivity of neonatal early warning tools.
Improvements in the standards of care have allowed well newborns to ‘room in’ with
their mothers31 resulting in well newborns as young as 34 weeks to be cared for by
their mothers in the postnatal ward within the maternity setting.9 However, there is
growing evidence that suggests late preterm infants are not just small term infants and
that there are significant physiological differences between the newborn
9

populations.30 Thus generalising the data provided from term newborns, which has
been the focus population in nine of the studies included in this review, to all
gestation age groups, particularly on early warning tools could potentially effect the
sensitivity and specificity of early warning tools. Incidentally, this has been the case
as identified in a recent study examining a number of neonatal early warning tools.9

The authors of the included primary study that explored temperature recommended a
mean normal temperature of 36.5°C17. This value was compared to other reference
literature such as textbooks, and still, inconsistencies in what is considered normal
were identified. For example, knowing that newborns have difficulty maintaining a
normo-thermic state,32 and that hypothermia is an independent risk factor for
mortality32, two textbooks presented normal temperature ranges for preterm newborns
as 36.2-37.2°C34 and 36.3-36.9°C.6 Yet, both ranges overlap with the World Health
Organization classification of mild hypothermia (36.0-36.4°C).35 This highlights
inconsistencies in recommended normal vital sign reference ranges between primary
studies, textbooks and key health organisations. In addition, the primary study was a
retrospective study of term newborns.17 Retrospective chart reviews have inherent
methodological shortcomings that, if not addressed, can influence the generalisability
of findings and quality of research produced.36 Similarly, the quality of a prospective
trial depends on the type and amount of data collected.37

Most of the studies included in this review used intermittent data sampling as part of
the study methodology. However, this method may not provide an accurate
representation of normal vital sign ranges. For example, vital signs, such as the heart
and respiratory rates of newborns have been reported to be higher in the three days
prior to deterioration secondary to late onset sepsis38 yet can be physiologically
acceptable during periods of being unsettled, awake or in a quite state.16,

29

In

addition, newborn physiological vital signs vary during activities such as feeding and
sleeping.16, 29 Newborn behaviour is worth taking into consideration when designing
an early warning tool.9 A recent study testing the effectiveness of early warning tools
in the postnatal ward reported clinicians escalated care based on judgement of
abnormal neonatal behavioural signs such as vomiting, lethargy, and poor feeding –
which were unable to be escalated on two of the three early warning tools tested
because they were not included in the design of the early warning tools.9
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Whilst the researchers of three primary studies that examined normal mean blood
pressure values of newborns,18-21 non-invasive blood pressure is not routinely
conducted as part of daily newborn assessment in the health care setting.

19,39

In

addition, the accuracy of non-invasive blood pressure monitoring has been questioned
due to errors in measurement performance.40,41 Yet, measuring blood pressure in the
newborn is clinically important to identify a congenital disorder, a patent cardiac duct,
or complications resulting from maternal recreational drug use.42 These conditions
manifest with either high or low blood pressure. Therefore, it is important to identify
the normal postnatal-age blood pressure ranges in order to easily identify these
potential problems.

In recent years, there has been a focus on the immediate stabilisation of oxygen
saturations following birth until approximately two hours of age. This has resulted in
the introduction of a random peripheral capillary oxygen saturation reading prior to
transfer or discharge to detect congenital heart defect.43 Similarly, recent studies have
reported differences in peripheral capillary oxygen saturation readings between night
and day44 and between wake and sleep states45. In addition, other inconsistencies were
identified between the primary studies as to what was considered normal peripheral
capillary oxygen saturation with the authors of one study conducted at >4400 Feet
elevation22 reporting normal as 91%. Other reference literature present varying
‘normal’ peripheral capillary oxygen saturation values for term and preterm
newborns.46-49 These findings question current peripheral capillary oxygen saturation
values and it seems that a universal value for normal peripheral capillary oxygen
saturation range is problematic when trying to determine cut-off points for peripheral
capillary oxygen saturation on an early warning tool.

It is important to note that literature revealed differences in normal vital sign
reference ranges for term newborns and highlighted paucity in empirical data
supporting current values for the well preterm newborns. That is, the authors of only
two studies examined late preterm population and only one examined newborns >30
weeks gestation. It has been documented that there are several variables which
contribute to physiological variation in vital signs such as gestation age,

30, 45,50

sex,16,18 vital signs,15-24 and activity.16,29,51 This suggests that a universal reference
range for newborns is problematic, as it does not reflect the complex interplay of
variables that impact on clinical wellbeing. For example, a low heart rate in a late
preterm newborn may be associated with compromise such as bradycardia secondary
11

to infection; while this may be a normal physiological finding in the post term
newborn.9, 10 The differences in physiological maturity30, 45,46 should be reflected in
vital sign parameter ranges.

Limitations
Publications unable to be retrieved electronically were not included.

Conclusion
We could not identify reference ranges for any vital sign measurements from the
literature included in this review. In addition, inconsistences between primary studies
were identified regarding vital sign parameters of newborns. There is paucity of
normal vital sign data in the late preterm >34 weeks and post term gestational age
groups despite literature suggesting differences between physiological maturity
between these groups. In the absence of robust data, generalising vital sign parameters
to other gestational age groups, especially on early warning tools, will not be
appropriate and will not capture subtle changes in wellness, but result in delayed
identification and response to deterioration.

Considering this, there are likely differences in vital sign parameters within the
newborn population and these changes extend throughout the transition period.
Therefore, additional research such as an observation study incorporating longer
duration of data capture that is prospectively collected is needed to determine whether
there are differences during the first seven days of life amongst well newborns ≥34
weeks gestational age.

Recommendations for research
This review has highlighted the importance of and the need for further robust studies
into the normal physiological parameters of newborns from 34 weeks gestational age
throughout the newborn transition period.

Recommendations for practice
Midwives and neonatal nurses should continue to assess newborns as per hospitalbased policies. No recommendations on standard normal physiological parameters
can be made at this stage until a prospective observation study incorporating a longer
duration of data capture or an expert consensus group validating normal neonatal
physiological parameters based on primary evidence has been undertaken.
12

Contribution of the Paper
What is already known?


Well newborns as young as 34 weeks gestation are often cared for in the
maternity setting alongside their mothers



Late preterm newborns are still premature and are often viewed as small term
newborns despite being physiologically immature compared to their term
counterparts.



Early warning tools are being used to identify signs of compromise in well
newborns cared for in the maternity setting

What this paper adds


There is paucity and inconsistency in vital sign reference ranges of newborns
greater than 34 weeks gestation



Current early warning tool reference ranges may not be sensitive or specific to
identify compromise in newborns of all gestational age groups



Further research is needed into the physiological vital sign ranges of the
newborn population
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Quality Assessment:

were taken for the

(Awake/Asleep)

Moderate

first six days.
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Journal: Journal of
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Weak
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for 6 hours.
Pre/post ductal
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in article.
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2011

Dickinson23

Newborn

812

(T, LPT)

Up to 72

Oxygen

hours

Saturation

Country: United
States of America

(Pre/post

Journal: Advances in

Device: Pulse

Mean SpO2 of newborns born at higher

oximeter

altitudes are lower 91-96% than those born

(Make/model

lower altitudes 97%.

unknown)

ductal)

Neonatal Care

91-96%

4498 feet: 95-96.67%;
Right upper limb; left

6800 feet: 93.91-95.36%;

lower limb for 6

7851 feet: 91.80-94.37%;

Level of Evidence:

seconds of stable

7890 feet: 93.44-96.10%; and

III-3

waveform.

8150 feet: 93.69 – 96.25%.
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Strong

2-3 readings between
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Rosvik, Oymar,

Device: RAD-SV

Mean SpO2

pulse oximeter

All cohort: 98%;

Journal: Journal of

Post ductal readings

Mean levels lower in male (97.9%) than

Perinatal Medicine

via foot between 4-5

female (98.1%) neonates

Kvaloy & Berget24

2009

Newborn
(>34K)

6805

Up to 24

Oxygen

hours
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n/s

Country: Norway

hrs post birth (2 and
Level of Evidence:

24 hours permitted)

Mean levels higher in caesarean section

III-3

for at least 2 minutes

(98.5%) than vaginal delivery (98.0%)

20

Quality Assessment:

of stable waveform.

Weak

Table 1: Newborn physiological vital sign reference ranges by publication
Legend: T – Term; LPT – Late Preterm; ‘n/s‘- not stated; ^ - once stabilized; > - supplementary document for this policy; #
model unknown; * applies to all healthy newborns; respiratory rate (bpm) – breaths per minute; heart rate (bpm) beats per
minute; SBP – Systolic blood pressure; DBP – diastolic blood pressure; MAP – mean arterial pressure; GA – Gestational age; kg
– kilogram; BWt – birth weight
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