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Abstract

Background Blood pressure is a vital hemodynamic marker during the neonatal period. However, normative values
are often derived from small observational studies. Understanding the normative range would help to identify

ideal thresholds for intervention to treat hypotension or hypertension. Therefore, the aim of this study was to assess
observed blood pressure values in neonates who have not received any blood-pressure modifying treatments

from birth to three months postnatal age and whether these vary according to birth weight, gestational age

and postnatal age.

Methods This was a systematic review. A literature search was conducted in MEDLINE, PubMed, Embase, Cochrane
Library, and CINAHL from 1946 to 2017 on blood pressure in neonates from birth to 3 months of age (PROSPERO ID
CRD42018092886). Unpublished data were included where appropriate.

Results Of 3,587 non-duplicate publications identified, 30 were included (one unpublished study). Twelve studies
contained data grouped by birth weight, while 23 contained data grouped by gestational age. Study and clinical
heterogeneity precluded meta-analyses thus results are presented by subgroup. A consistent blood pressure rise
was associated with increasing birth weight, gestational age, and postnatal age. In addition, blood pressure seemed
to rise more rapidly in the most preterm and low birth weight neonates.

Conclusion Despite blood pressure increasing with birth weight, gestational age, and postnatal age, there

was marked blood pressure variability observed throughout. To better define hypotension and hypertension, future
studies should develop consistent approaches for factors related to blood pressure variability, including the method
and timing of measurement as well as statistical control of relevant patient characteristics.
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Background
Blood pressure (BP) is one of the vital parameters meas-
ured after birth to assess how a neonate is adjusting to
extrauterine life. Normative data for term and late pre-
term neonates has generally been derived from small
observational studies in which BP values were obtained
using a variety of methods over a relatively narrow
time frame [1, 2]. A previous assessment found that the
number of patients included in these studies ranged
from as little as 16 to 608, whilst our review has found
studies ranging from 4 to 3079 [3]. For the last three
decades, “normal” BP values for extremely preterm
neonates have commonly been defined as a mean arte-
rial BP value in millimeters of mercury (mmHg) that is
numerically above the neonate’s gestational age (GA) at
birth (in weeks) — even though there is little evidence
this definition is indicative of circulatory compromise
[4]. There are no well-defined thresholds for clinically
relevant low BP (hypotension) for which any thera-
peutic intervention has been shown to consistently
improve outcome in neonates. This may also be at least
partly because low BP may be a sub-optimal marker
for hemodynamic assessment and end-organ perfusion
[5, 6]. In addition, neonatal hypertension is defined by
elevated BP percentiles extrapolated from definitions
in older children and not from established associations
with any cardiovascular or patient outcomes in the
neonatal period or further [7]. While other measures of
cardiovascular assessment in neonates are being inves-
tigated and, in some instances, utilized to direct care,
BP (along with heart rate) remain the most frequently
measured assessment of the cardiovascular system in
the neonatal intensive care unit (NICU) [1, 2].
Challenges exist regarding how to best measure BP
in the neonate accurately and reliably [2]. Intra-arterial
measurement is considered the “gold-standard”, but is
invasive and not practical for many neonates. There-
fore, less reliable methods are often utilized — most
commonly the oscillatory method. With oscillomet-
ric devices, variability can occur based on integrated
algorithms, cuff placement, state (i.e., sleeping, crying)
during measurement and whether one-off or repeated
measurements are taken. In addition to these chal-
lenges, preterm neonates and those admitted to the
NICU are an inherently abnormal population with typi-
cal “observed” values that may deviate from “normal”
readings within the healthy term population. Notably,
there are established discrepancies between the previ-
ously established normative ranges within the neona-
tal period [3]. This is due to the prevalence of multiple
small heterogeneous studies, whilst larger reviews have
more commonly focused on longer term associa-
tions between blood pressure, neonatal parameters,

(2024) 10:9

Page 2 of 21

and disease rather than determining normative values
[8-11].

The purpose of this study was to develop population
based normative BP data derived from published original
data. From these calculations, high and low BP values for
various populations of neonates can be identified. These
values could then be used to identify potential thresh-
olds for therapeutic interventions directed to correcting
hypertension or hypotension in both term and preterm
neonates in future clinical drug trials. This systematic
review examined the question: What are the ranges of BP
values observed in neonates who have not received any
blood-pressure modifying treatments based on the fol-
lowing: birth weight (BW), gestational age (GA), postna-
tal age (PNA)?

Methods

A literature search was conducted for studies published
from January 1946 to December 2017 that contained
data regarding blood pressure measurements for neo-
nates between birth and 3 months PNA that were not
hemodynamically compromised or requiring BP modify-
ing agents. Unpublished data from research undertaken
by consortium members was also considered for inclu-
sion. All studies were reviewed by at least two independ-
ent reviewers and all co-authors were involved in study
review and data extraction. Planned analysis of extracted
data was descriptive as formal statistical comparisons
were not possible. Summary statistics were extracted for
systolic blood pressure (SBP), diastolic blood pressure
(DBP) and mean arterial pressure (MAP). In addition to
this, data regarding BW, GA, and PNA were collected
and grouped for presentation. Additional files have been
provided with a detailed methodology (Additional File 1)
and the PRISMA 2020 Standard (Additional File 2). The
protocol for this review is registered on the PROSPERO
website with ID CRD42018092886.

Results

The systematic search identified 5299 reports. After
removing duplicates, 3587 titles and abstracts were
reviewed by 11 members of the working group, with 623
articles extracted for in-depth review. Of these, 123 were
assessed and found to specifically apply to the review
question that is the focus of the current manuscript. In
total, 29 published studies and 1 unpublished study were
included. Twenty-three studies contained extractable
data grouped by GA [1, 12-33]. Twelve studies contained
extractable data grouped by BW [1, 16, 25, 26, 32, 34—40].
The selection process is illustrated in Fig. 1 (PRISMA
flow chart). Generally, risk of bias was low with minimal
concerns reported in the qualitative assessment, par-
ticularly for descriptive BP data — therefore all included
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Fig. 1 PRISMA Flowchart

studies have been presented. A brief description of each
included study is provided in Additional File 3, with
extracted data presented in Additional File 4.

Blood pressure and gestational age at birth

Term neonates

Summary results

Figure 2 shows that MAP appears similar at<1 h of age
with mean values between 45-55 mmHg. Despite some
variability, this appears to rise demonstrably over the first
7-days of life but further increases were not noted as neo-
nates approached 1 month of life. Figure 3 demonstrates
that SBP appears to increase with increasing PNA for
term neonates. Figure 4 demonstrates that DBP appears
similar within 1 day of life but then demonstrated a grad-
ual increase with increasing PNA.

Study descriptions

Eighteen studies were identified as investigating BP in
term neonates including a total of 14,557 neonates. Of
these, five used Doppler methods of BP measurement
with three Doppler studies examining BP within the first
72 h of life. Schachter et al. reported 392 term neonates
on postnatal day 3 [29]. Earley et al. monitored SBP in
99 infants between postnatal day two and six weeks of
age [17]. They demonstrated a rise in SBP of 14 mmHg
in the first two weeks with a further rise of 9 mmHg by
six weeks of age. Kang et al. used doppler ultrasound to
measure brachial artery pressures in 76 term neonates
with patent ductus arteriosus in the first 72 h of life [20].
De Swiet et al. published two studies relating to BP in
term neonates over a longer time period [14, 15]. The
1980 study repeatedly measured systolic BP by Doppler
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Fig. 2 MAP in term babies by postnatal age. Mean BP (mmHg) and 90% reference ranges (1.64SD) for term and post-term infants. Results reported
from <1 hto 1 month postnatal age. Results are sorted in ascending order of PNA. The labels on the vertical axes give the following information:
author & year_(subgroup, if applicable)_GA_PNA_method where method is method of BP measurement used (D=doppler, |=intra-arterial,
O=oscillometric, C=noninvasive photoplethysmographic cuff, S=Sphygmomanometer)
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Fig. 3 SBP in term babies by postnatal age. Mean BP (mmHg) and 90% reference ranges (1.64SD) for term and post-term infants. Results reported
from <1 hto 1 month postnatal age. Results are sorted in ascending order of PNA. The labels on the vertical axes give the following information:
author & year_(subgroup, if applicable)_GA_PNA_method where method is method of BP measurement used (D=doppler, |=intra-arterial,
O=oscillometric, C=noninvasive photoplethysmographic cuff, S=Sphygmomanometer)



Dore et al. Maternal Health, Neonatology and Perinatology

(2024) 10:9

Page 6 of 21

Menghetti 1988_Term_1m_O
Samanta 2015b_Term_2w_O_AGA -
Samanta 2015b_Term_2w_O -
Samanta 2015b_Term_2w_O_SGA 4
Samanta 2015b_30-36w_2w_O_AGA -

Mz

Mitolo 1956_Vaginal_Term_10d
Mitolo 1956_Forceps_Term_10d -

Mitolo 1956_C-section_Term_10d

poL

Samanta 2015b_Term_7d_O_AGA -
Samanta 2015b_Term_7d_O
Samanta 2015b_Term_7d_O_SGA -
Samanta 2015b_30-36w_7d_O_AGA
Pejovic 2007_Term_7d_O -

Gemelli 1990_females_Term_7d_O
Gemelli 1990_males_Term_7d_O 7

PL

Menghetti 1988_Term_5d_O -

pPS

Samanta 2015b_Term_4d_O_AGA
Samanta 2015b_Term_4d_O -
Samanta 2015b_Term_4d_O_SGA
Pejovic 2007_Term_4d_O -

Samanta 2015b_30-36w_4d_O_AGA -
Mitolo 1956_Vaginal_Term_4d -

Mitolo 1956_Forceps_Term_4d
Mitolo 1956_C-section_Term_4d -

Schachter 1982_black_Term_3d_D
Schachter 1982_white_Term_3d_D
Menghetti 1988_Term_3d_O
Menghetti 1993 Term_3d_O
Menghetti 1995b_Term_3d_O -
Menghetti 1995a_Term “3d_O_Rome -
Pejovic 2007_Term_3d_O

Menghetti 1995a_Term_3d_O_Pesaro -

Study result identifier

Kang 2076_Term_3d_S I

Menghetti 1988_Term_2d_O -
Pejovic 2007_Term_2d_O -

Kang 2016_Term_2d_S

Vilarim 2000_Term_1d_O 4
Menghetti 1988_Term_1d_O -
Pejovic 2007_Term_1d_O -

Gemelli 1990_females_Term_1d_O -
Gemelli 1990_males_Term_1d_O -
Kang 2016_Term_1d_S -

pL

Kang 2016_Term_12-23h_S
Kang 2016_Term_6-11h_S

Kang 2016_Term_1-5h_S 1

uye>

30 toaue Jam <

yr>

alirogiu

20

30 40 50 60 70
Mean DBP (mm Hg)

Fig. 4 DBP in term babies by postnatal age. Mean BP (mmHg) and 90% reference ranges (1.64SD) for term and post-term infants. Results reported
from <1 hto 1 month postnatal age. Results are sorted in ascending order of PNA. The labels on the vertical axes give the following information:
author & year_(subgroup, if applicable)_GA_PNA_method where method is method of BP measurement used (D=doppler, |=intra-arterial,
O=oscillometric, C=noninvasive photoplethysmographic cuff, S=Sphygmomanometer)
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ultrasound in 391 sleeping and awake term neonates at
4—6 days and then again at 5—7 weeks. In sleeping neo-
nates, a rise in BP was noted over this time frame from
70.7 mmHg+0.3 mm Hg to 89.7 mmHg+0.9 mmHg. A
similar rise was also seen in neonates who were awake.
Observed BP values during both time frames seemed to
be related as neonates with higher values at 4—6 days
also had higher values at 5—7 weeks. De Swiet et al’s
later study reported on both doppler and sphygmoma-
nometer BP measurements for 1740 term neonates (both
asleep and awake) between four days and one year of age.
Extractable data were identified for those in the first week
with an increasing trend over this time.

Thirteen studies used oscillometric measurements
to examine BP. Eight of these studies only contained
extractable data within the first 72 h of life. Salihoglu
et al. measured BP in the delivery room for 982 neo-
nates [26]. Demestre et al. measured BP between 30 and
60 min after birth for 4496 neonates [16]. Vilarim and
Alves measured BP in 634 neonates between 12 and 36 h
of age [30]. Satoh et al. measured BP in an arm and leg
for 3088 neonates on day 3 [28]. Menghetti et al. pub-
lished four studies of BP measurements in term neo-
nates: 1) 160 neonates with BP measured at one month,
2) 105 neonates with BP measured within 72 h of birth,
3) 150 neonates with BP measured over the first 72 h
after birth, 4) 16 neonates who were less than four days
old [21-24]. Five studies used oscillometric measure-
ments and contained extractable data beyond the first
72 h of life. Samanta et al. reported BP values for 1427
term infants on days four, seven, and 2 weeks [27, 33]. BP
values were significantly higher in this group compared
to the preterm cohort and increased with PNA. Pejovic
et al. recorded BP values for 81 term neonates through
the first 30 days after birth and also reported an increase
in BP with advancing PNA. [1] Gemelli et al. measured
BP in 514 neonates between birth and 12 months [18].
They noted a statistically significant increase in diastolic
and systolic BP from birth to six months of age (mean
differences of 29 mmHg and 21 mmHg respectively),
with minimal differences between BP at 6 months and
1 year. Mitolo and Grassi provided measurements for 46
neonates within the first 10 days of life [25].

Preterm neonates

Summary results

Within Fig. 5, MAP appears to consistently increase with
increasing PNA and generally with increasing GA. SBP
also appears to increase with increasing GA and PNA as
shown in Fig. 6. Within both Figs. 5 and 6, data from the
28%7-31%7 week categories at postnatal age>2 weeks is
higher than both more and less preterm categories. This
is notably due to Witcombe et al’s study demonstrating
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higher BP readings at 2—4 weeks PNA and 2-3 months
PNA - this is especially true for measurements of neo-
nates within an active state. Similarly, Fig. 7 shows that
DBP appears to increase with increasing PNA. DBP also
appears to increase with increasing GA, although this dif-
ference is less distinct between the 28°7-31%7 weeks and
32%7-36%7 weeks categories.

Studies reporting medians rather than means were
collated for visual presentation. Figure 8 shows MAP
appears to increase consistently with increasing postnatal
age and with increasing GA. These differences between
GA subgroups are still evident at both 7 days and 2 weeks
postnatal age. Similarly, both SBP and DBP demonstrate
a similar increase with increasing GA and postnatal age
as shown in Figs. 9 and 10.

Study descriptions

Eight studies were identified investigating BP in pre-
term neonates plus an additional unpublished data set
that was also available for analysis resulting in a total of
1334 patients. Five studies included data for late preterm
neonates. Demestre et al. reported oscillometric BP val-
ues at 30 — 60 min of age in 198 neonates born at 36°7
to 36°7 weeks GA, with increasing BP with GA [16]. Sali-
hoglu et al. reported delivery room BP values in 46 neo-
nates born at 34%7 to 36%7 weeks GA [26]. Samanta et al.
published BP data on postnatal days 4, 7, and 1 days
from 190 preterm neonates born at 327 to 36%7 weeks
GA [27, 33]. Centile charts from this cohort demon-
strated increased BP values with both increasing GA and
PNA. Pejovic et al. examined oscillometric BP measure-
ments over the first month after birth in 292 preterm
neonates grouped into three cohorts, including 81 born
33%7 to 36%7 weeks GA [1]. Both systolic and diastolic
BP increased over the month with a higher rate of rise
seen in preterm neonates compared to the >37%7 group.
Zachman et al. reported BP values within the first hour
of life for a cohort of 225 neonates born from 30%7 weeks
GA to term subdivided based on receipt of antenatal cor-
ticosteroids [32]. Although they also reported higher BP
values with increasing GA at birth, BP values were not
significantly different based on antenatal corticosteroid
exposure.

Two published studies included data for very to mod-
erately preterm neonates born at 28%7 to 32%7 weeks GA.
Witcombe et al. examined BP using a photoplethysmo-
graphic cuff for 25 preterm neonates at 2—4 weeks and
2 -3 months of age: BP pressure remained static over this
time period, but increased when neonates were in an
active versus quiet state [31]. Pejovic et al. studied 146
neonates born at 29%7 to 327 weeks GA, with further
data collected for 62 neonates <29%7 weeks GA. Unpub-
lished data were available from Iwami (unpublished
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Fig.5 MAP in preterm babies by postnatal age. Mean BP (mmHg) and 90% reference ranges (1.64SD) for preterm infants with GA 22°-23% weeks,
24%-275 weeks, 28°-31° weeks, and 32°-36.° weeks. Results report from 1 h to 2-3 months postnatal age, sorted in descending order of prematurity,
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where method is method of BP measurement used (D=Doppler, |=intra-arterial, O = oscillometric, C=noninvasive photoplethysmographic cuff,
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Fig. 6 SBP in preterm babies by postnatal age. Mean BP (mmHg) and 90% reference ranges (1.64SD) for preterm infants with GA 220-236 weeks,
24%-275 weeks, 28°-31° weeks, and 32°-36.° weeks. Results report from 1 h to 2-3 months postnatal age, sorted in descending order of prematurity,
and within those by PNA. The labels on the vertical axis give the following information: author & year_(subgroup, if applicable)_GA_PNA_method
where method is method of BP measurement used (D=Doppler, |=intra-arterial, O = oscillometric, C=noninvasive photoplethysmographic cuff,
S=Sphygmomanometer)
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Fig. 7 DBP in preterm babies by postnatal age. Mean BP (mmHg) and 90% reference ranges (1.64SD) for preterm infants with GA 220-236 weeks,
24%-27° weeks, 28°-31° weeks, and 32°-36.° weeks. Results report from 1 h to 2-3 months postnatal age, sorted in descending order of prematurity,
and within those by PNA. The labels on the vertical axis give the following information: author & year_(subgroup, if applicable)_GA_PNA_method
where method is method of BP measurement used (D=Doppler, |=intra-arterial, O = oscillometric, C=noninvasive photoplethysmographic cuff,

S=Sphygmomanometer)
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Fig. 8 MAP in term and preterm infants by postnatal age (medians). Median BP (mmHg) and 10th-90th centile range for preterm and term infants
with GA < 26° weeks, 32° - 36° weeks, > 37° weeks. Results reported from 1 h to 2 weeks postnatal age and sorted in ascending order of prematurity

and within those by PNA. The labels on the vertical axis give the following information: author & year_(subgroup, if applicable)_GA_PNA
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Fig.9 SBP in term and preterm infants by postnatal age (medians). Median BP (mmHg) and 10th-90th centile range for preterm and term infants
with GA < 26° weeks, 32° - 36° weeks, > 37° weeks. Results reported from 1 h to 2 weeks postnatal age and sorted in ascending order of prematurity
and within those by PNA. The labels on the vertical axis give the following information: author & year_(subgroup, if applicable)_GA_PNA
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Fig. 10 C: DBP in term and preterm infants by postnatal age (medians). Median BP (mmHg) and 10th-90th centile range for preterm and term
infants with GA < 26° weeks, 32° - 36° weeks, > 37° weeks. Results reported from 1 h to 2 weeks postnatal age and sorted in ascending order
of prematurity and within those by PNA. The labels on the vertical axis give the following information: author & year_(subgroup, if applicable)_GA_
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data from the PLASE database described by Toyoshima
et al.) for 62 neonates between 287 to 297 weeks GA
over the first 2 weeks of life [19]. BP values were obtained
using both invasive and oscillometric measurements. An
increase in BP was seen with increasing GA at birth and
advancing PNA.

Data for the extremely preterm group had been
obtained using a mixture of invasive arterial monitoring
and oscillometric measurements. Iwami’s unpublished
data reported a further 98 infants born 23%7 to 27°7 [19].
Batton et al. published BP data over the first postnatal
week for 86 neonates born at 23%7 to 257 weeks GA who
did not receive treatment for hypotension [12, 13]. They
demonstrated a rise in mean arterial BP by 0.3 mmHg/
hour in the first 24 h and 0.1 mmHg/hour between 24
and 48 h with minimal changes noted between 48 h and
7 days. A second study by Batton presented hourly BP
data for the first 24 h after birth from 164 neonates born
at 23%7 to 26°7 weeks who also did not receive anti-hypo-
tensive therapy. Mean BPs and rate of rise between 4 and
24 h were presented.

Blood pressure and birthweight

Summary results

Figure 11 demonstrates that MAP in lower BW categories
appears to increase with increasing PNA. While MAP
does appear to increase with increasing BW, the <0.6 kg
BW category demonstrate higher MAPs than the<1 kg
category. Figure 12 also does not demonstrate a clear
trend between SBP and PNA in normal BW neonates
within 2 days of life — but does rise by 3 months of age.
All low BW categories appear to demonstrate increasing
SBP with increasing PNA. Additionally, SBP appears to
consistently increase with increasing BW. Finally, Fig. 13
demonstrates increasing DBP with increasing PNA for all
BW categories. The normal BW neonates show a slight
decline in DBP at one day PNA before rising. Addition-
ally, DBP appears to increase consistently with increasing
BW.

Study descriptions

Overall, twelve studies included BW data with a total of
7247 neonates. Six studies included BP data for neonates
with a BW >2500 g. Demestre et al. reported oscillomet-
ric BP values in the first hour after birth in 4,850 neo-
nates (>2500 g) [16]. Salihoglu et al. included 937 normal
weight neonates with a focus on their delivery room BPs
[26]. Zachman et al. reported doppler method BP meas-
urements in the first hour after birth for 43 neonates who
were exposed to antenatal corticosteroids compared to
30 neonates who were not (>2500 g) and found no sig-
nificant difference between these groups, albeit this may
have been underpowered [32]. Nwokoye et al. examined

(2024) 10:9
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oscillometric BP values in 310 term neonates (>2500 g)
in the initial 48 h after birth and reported a statistically
significant correlation between BW and SBP during
the first 48 h of life (r=0.29 $0.37 at 0-24 & 25-48 h
respectively) [38]. Scroggie et al. examined BP values at
2—3 months of age and 1 -2 years of age obtained using
the Doppler method in 66 neonates (2600 — 4000 g) [39].
While they reported higher BP values in the humeral
versus tibial artery at 2 -3 months of age, these values
were reversed with increasing PNA. Lurbe et al. reported
oscillometric BP values at 2 days of postnatal age for 126
infants (>2500 g) [36].

Six studies included BP data for low BW neonates
(<2500 g). Demestre et al. reported values for 146 neo-
nates with a BW of 2000-2500 g and Zachman et al.
reported 61 neonates without antenatal corticosteroid
exposure and 59 with antenatal steroids (1500-2500 g)
shortly after birth [16, 32]. Later BP values up until 3 days
of life were reported by Low et al. in 15 neonates (1500-
2000 g) and by Lurbe et al. in 23 neonates (<2500 g) [35,
36]. Lurbe et al. found that preterm neonates had a lower
initial BP but greater increase in BP over the first month
of life with a significant association between BW and
BP at birth; each additional 125 g was associated with a
1 mmHg rise in SBP. There was also some evidence of a
continued effect into the first month of life. Thereafter
BP remained similar between preterm and term neo-
nates from 1—12 months of age. There were 46 neonates
(<2500 g) in the Salihoglu et al. study which identified a
weak positive correlation between BW and BP (r=0.2)
[26]. Mitolo and Grassi reported oscillometric BP val-
ues over the first postnatal week for 7 neonates (2000 —
2500 g) [25].

Five studies included very low BW (<1500 g) neonates.
Zachman et al. and Moscoso et al. reported small cohorts
of VLBW at 34 infants (23 with and 11 without antenatal
steroids) and 10 infants respectively [32, 37]. Low et al.
observed an average increase in mean BP of 7 mmHg
over the first 96 h after birt8h in a cohort of 20 infants
(<1500 g). Two studies reviewing VLBW infants reported
BP values beyond the first postnatal week. Pejovic et al.
recorded oscillometric BP values over the first 30 days in
a cohort of 373 infants, including 216 with BW <1500 g
[1]. They reported a steady increase in BP over the first
month (average MBP increases of 22-51% depending
on GA) that was influenced by both GA and BW. Pre-
term neonates showed a more rapid increase compared
to term and higher BW neonates. In a cohort of 45 very
preterm neonates, Tan recorded oscillometric BP val-
ues over the first 10 weeks and found that BP increased
over the course of the first postnatal week, declined dur-
ing the second week, then increased steadily through the
remainder of the study period [40].
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Fig. 11 A: MAP according to BW and PNA. Mean BP (mmHg) and and 90% reference ranges (1.64SD) for neonates with normal weight
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Two studies reported BP values for BW in neo-
nates< 1,000 g. Cordero et al. reviewed a mixture of
oscillometric and invasive BP values over the first 24 h of
life for 36 “hemodynamically stable” neonates (<600 g)
compared to “unstable” neonates — only the former were
included in this review [34]. Linear regression failed to
demonstrate that GA or BW correlated with BP values,
although this may have been underpowered. Moscoso
et al. invasively monitored 9 extremely low BW neonates
(<1000 g) over the first 12 h of life. They found that these
neonates experienced a notable upward trend in mean
arterial BP values beginning around seven hours after
birth [37].

Discussion

Blood pressure remains one of the most commonly
measured vital signs for the cardiovascular system in
neonates. While BP alone is an insufficient assessment
of neonatal hemodynamic status, it is an important com-
ponent of cardiovascular assessment. Understanding the
range of BP values observed and the potential impact of
numerous factors on BP is important for ensuring the
appropriate incorporation of BP values into assessment
of hemodynamic stability which inform the provision of
interventions for both hypotension and hypertension.
This systematic review of 30 identified studies is unique
from previous investigations in its comprehensive review
of the available literature for systolic, diastolic, and mean
arterial BP, exclusion of infants who were reported to
have received BP modifying therapies, and subgrouping
of neonates.

Similar to previous investigations, this review demon-
strated that BP increases with increasing BW, GA, and
PNA. Also consistent with previous studies, BP appears
to rise more rapidly after birth for preterm and low BW
infants as compared to those who are term or not low
BW [1, 36]. Whilst a previous study found a decrease in
BP for extremely preterm infants, this finding was not
generally recapitulated in this systematic review [41].
Given the wide range in observed BP values after birth for
infants of all GA, BW, and PNA ranges and the numer-
ous factors impacting BP values, reliable “normative”
data that could assist with therapeutic decision-making
will likely require development of a complex algorithm
involving machine learning which incorporates these
and other variables. This data could feasibly be com-
bined with additional techniques that provide informa-
tion about underlying cardiac output and intravascular
volume, such as echocardiogram, as well as measures of
end-organ function to determine a more accurate assess-
ment of hemodynamic status [42].

This review demonstrates the complexity in addressing
the observed range of BP in these neonates, considering
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the presence of substantial variability within the data.
Comparison between studies demonstrates this variabil-
ity even when BPs are measured in neonates of a similar
GA, BW, and PNA. Thus, supporting the suggestion that
a “normal” BP for any given GA, BW, or PNA likely falls
within a broad range and definitions based on a solitary
value in a particular time period are questionable. This
is further complicated by the dynamicity of BP readings
within the neonate which has been shown to fluctuate
with repeated readings. These can also fluctuate with the
state of the neonate; are they asleep, awake, or unsettled.
Additionally, different formats of BP monitoring were
included such as intra-arterial, Doppler, and oscillomet-
ric methods which may result in differing readings [2].
Intra-arterial measurements are expected to be the most
accurate and this was utilized for many of the extremely
preterm neonates. However, oscillometric measurement
was the most common method utilized within studies.
Whilst this method is less accurate, it does have more
ecological validity considering that for many neonates
there is no clinical requirement for intra-arterial cannula-
tion and thus the risks associated with cannulation could
not be justified. Some studies have even utilized both
methods and combined their results despite recognition
of their incongruence [19, 34].

Multiple studies were excluded from this systematic
review due to limited access to original data or sum-
mary statistics, rather than purely graphical depictions of
results which often did not present data reliably. Despite
this, multiple limitations remain within the broad range
of studies that did meet inclusion criteria. Many of
these studies have small sample sizes with opportunis-
tic sampling methods and there is marked heterogeneity
between sampling methods, time of sampling, method
of sampling, and grouping of reported summary statis-
tics. Despite there being general consensus regarding
subgrouping by GA (i.e. term, late preterm, very pre-
term, extremely preterm) and BW (i.e. normal, low BW,
very low BW, extremely low BW), these categories are
not consistently represented within the studies’ data.
This may partially be related to collating of groups with
low numbers of neonates. Despite attempting to exclude
studies that had hemodynamic instability or critical dis-
ease, it is still possible that neonates affected by PDAs,
sepsis, SGA, and other underlying undetected cardiac
and/or renal anomalies could have been included con-
sidering the paucity of descriptive data in most studies.
Furthermore, it is not necessarily clear in multiple stud-
ies whether non-arterial BP measures were pre- or post-
ductal despite inclusion of neonates with a patent ductus
arteriosus but without hemodynamic instability. The
degree of respiratory support is another area which has
found to have an effect on BP, but which was typically not



Dore et al. Maternal Health, Neonatology and Perinatology

comprehensively reported within the literature. In addi-
tion to this, biases pertaining to BP measurement such as
neonatal state, cuff size, limb use, assessment frequency,
and assessor status were typically not reported and
could indeed have a contributory effect on BP measure-
ments [2]. Notably, these parameters may variably affect
neonates that fall into different prematurity or weight
subgroups.

While the provision of meta-analysed results was part
of the a priori research plan, this was not considered
possible nor appropriate considering the degree of vari-
ation present within the studies. Therefore, a quantita-
tive bias assessment was also not undertaken. Studies
typically did not include power/sample size calculations
to support claims associated with any statistical testing.
Therefore, it was not surprising when a study appeared
to be underpowered to find a significant contribution of
BW or GA to BP [34]. In view of this, future presenta-
tion of summary statistics that use universally accepted
subgroups and standard postnatal timepoints for meas-
urement would ensure that appropriate statistical analy-
ses could be implemented more effectively. Finally, whilst
this review has been undertaken as part of an interna-
tional consortium, it is worth noting that there have been
further studies evaluating neonatal blood pressure since
this review which demonstrate agreement with our over-
all findings [43, 44].

Additionally, while this review’s criteria ensured the
exclusion of neonates clinically deemed to be hemody-
namically instable, it is worth noting that difficulty in
defining hypotension may have resulted in inappropri-
ate exclusions being applied. Similarly, the concept of
neonatal hypertension has been recognized since the
1970s, yet its identification has been complicated by the
lack of effective nomograms, despite the NICU popula-
tion being at increased risk [45]. Adequate identification
of the upper limits of normality remains challenging and
current advice recommends the use of standardized per-
centile cut-offs (i.e., considering treatment when consist-
ently above the 99th percentile). Between one quarter
and one half of identified hypertension in neonates using
this method is not treated [46, 47]. This may be related to
uncertainty regarding the expected BP values or possible
treatments available to neonates. Ideally, the provision of
representative nomograms will guide therapeutic inter-
ventions, investigation of underlying etiology, and appro-
priate short and long-term monitoring [7]. Furthermore,
it has been recognized that the commonest etiology for
hypertension seems to differ between preterm neonates
where perinatal factors are typically implicated, and term
neonates where underlying systemic diseases appear to
be most contributory [48]. This variable etiology demon-
strates the importance of distinguishing between these
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sub-groups to determine not only the prevalence of
hypertension, but also to understand any differences in
both acute and chronic outcomes.

Conclusions

Overall, this review demonstrates that BW and GA are
both positively correlated with higher BP values which
continue to increase throughout the postnatal period.
We have shown that there is high variation both within
and between studies that have attempted to assess the
observed range of BP values in neonates — demonstrating
the dynamic nature of BP and the variability within pop-
ulations. Future collaborative research should develop
a standard approach to subgrouping of BW/GA and an
appropriate statistical plan and analysis of multi-cen-
tre patient data to provide reliable, collatable, and thus
informative observed ranges.

Abbreviations

BP Blood pressure(s)

BW Birth weight

DBP Diastolic BP

GA Gestational age

MAP Mean arterial pressure

NICU Neonatal intensive care unit(s)
PNA Postnatal age

SD Standard deviation

SBP Systolic BP

mmHg  Millimeters of mercury

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540748-024-00180-w.

Additional file 1. Detailed Methods.
Additional file 2. PRISMA 2020 Checklist.
Additional file 3. All studies included in the systematic review.

Additional file 4. Extracted study data.

Acknowledgements

This work was completed on behalf of the International Neonatal Consortium.
The authors thank Igor Brbre (clinical librarian) for his help with the systematic
searches, Akshdeep Sandhu (biostatistical analyst) for help with statistical
analysis, and Suzannah Lane (medical student) for her help with data extrac-
tion. The authors would like to dedicate the manuscript to the memory of our
group member Dr. Varsha Mehta, who sadly passed away in February 2023.

Authors’ contributions

Substantial contributions to conception and design, acquisition of data, or
analysis and interpretation of data: all authors. Drafting the article or revising
it critically for important intellectual content: all authors. Final approval of the
version to be published: all authors.

Funding

Funding was provided by INC through member dues and in part by the Food
and Drug Administration through grant (U18 FD 005320). Views expressed do
not necessarily reflect the official policies of the Department of Health and
Human Services; nor does any mention of trade names, commercial practices,
or organization imply endorsement by the United States Government.


https://doi.org/10.1186/s40748-024-00180-w
https://doi.org/10.1186/s40748-024-00180-w

Dore et al. Maternal Health, Neonatology and Perinatology

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
No patient consent was required for this study.

Consent for publication
Not applicable.

Competing interests

Two co-authors are employees of pharmaceutical companies, as noted in

the list of affiliations. No products are discussed in this article. None of the
individuals listed in the Acknowledgments section have any conflicts of inter-
est to declare. The consortium aims to improve methods that can be applied
to evaluating the safety and effectiveness of any medical product for neonates
and is consequently drug agnostic.

Author details

"Royal London Hospital, Barts Health NHS Trust, London, UK. 2Department

of Neonatology, University Hospitals Sussex, Brighton, UK. >Brighton and Sus-
sex Medical School, University of Sussex, Brighton, UK, Eastern Road, BN2 5BE.
“Osaka City General Hospital, Osaka, Japan. *Pauls Stradins Clinical Univer-
sity Hospital, Riga, Latvia. ®Southern Illinois University School of Medicine,
Springfield, IL, USA. “University College Cork, Cork, Ireland. 8Gazi University,
Ankara, Turkey. °Health Canada, Ottawa, Canada. '°DUCK FLATS Pharma LLC,
Flemington, New Jersey, USA. " British Columbia Children’S Hospital, Vancou-
ver, Canada.

Received: 12 January 2024 Accepted: 23 February 2024
Published online: 01 May 2024

References

1. Pejovic B, Peco-Antic A, Marinkovic-Eric J. Blood pressure in non-critically
ill preterm and full-term neonates. Pediatr Nephrol. 2007;22:249-57.

2. Dionne JM, Bremner S, Baygani S, Batton B, Ergenekon E, Bhatt-Mehta V,
et al. Method of Blood Pressure Measurement in Neonates and Infants: A
Systematic Review and Analysis. J Pediatr. 2020,221:23-31.e5.

3. Lalan SP, Warady BA. Discrepancies in the normative neonatal blood pres-
sure reference ranges. Blood Press Monit. 2015,20(4):171-7.

4. Levene MI. Development of audit measures and guidelines for good
practice in the management of neonatal respiratory distress syndrome.
Report of a Joint Working Group of the British Association of Perinatal
Medicine and the Research Unit of the Royal College of Physicians. Arch
Dis Child. 1992,67:1221-7.

5. Kooi EMW, Richter AE. Cerebral Autoregulation in Sick Infants. Clin Perina-
tol. 2020;47:449-67.

6. Dempsey EM. What Should We Do about Low Blood Pressure in Preterm
Infants. Neonatology. 2017;111:402-7.

7. Dionne JM, Abitbol CL, Flynn JT. Hypertension in infancy: diagnosis,
management and outcome. Pediatr Nephrol. 2012;27:17-32.

8. Zhang, Li H, Liu SJ, Fu GJ, Zhao Y, Xie YJ, Zhang Y, Wang YX. The
associations of high birth weight with blood pressure and hyperten-
sion in later life: a systematic review and meta-analysis. Hypertens Res.
2013;36(8):725-35.

9. Huxley RR, Shiell AW, Law CM. The role of size at birth and postnatal
catch-up growth in determining systolic blood pressure: a systematic
review of the literature. J Hypertens. 2000;18(7):815-31.

10. Fenton TR, Elmrayed S, Scime NV, Tough SC, Pinto J, Sabet F, Wollny K,
Lee Y, Harrison TG, Alladin-Karan B, Kramer MS, Ospina MB, Lorenzetti DL,
Madubueze A, Leung AA, Kumar M. Small for date preterm infants and
risk of higher blood pressure in later life: A systematic review and meta-
analysis. Paediatr Perinat Epidemiol. 2023;37(5):458-72.

11. Fenton TR, Elmrayed S, Scime NV, Tough SC, Pinto J, Sabet F, Wollny K,
Lee Y, Harrison TG, Alladin-Karan B, Kramer MS, Ospina MB, Lorenzetti DL,
Madubueze A, Leung AA, Kumar M. Small for date preterm infants and

(2024) 10:9

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

Page 20 of 21

risk of higher blood pressure in later life: A systematic review and meta-
analysis. Paediatr Perinat Epidemiol. 2023;37(5):458-72.

. Batton B, Batton D, Riggs T. Blood pressure during the first 7 days in pre-

mature infants born at postmenstrual age 23 to 25 weeks. Am J Perinatol.
2007;24:107-15.

. Batton B, Zhu X, Fanaroff J, Kirchner H, Berlin S, Wilson-Costello D, et al.

Blood pressure, anti-hypotensive therapy, and neurodevelopment in
extremely preterm infants. J Pediatr. 2009;154.

. de Swiet M, Fayers P, Shinebourne EA. Value of repeated blood

pressure measurements in children—the Brompton study. Br Med J.
1980;280:1567-9.

. de Swiet M, Fayers P, Shinebourne EA. Blood pressure in first 10 years of

life: the Brompton study. BMJ : British Medical Journal. 1992,304:23.

. Demestre P, Raspall X, Vila F, Martinez-Nadal C, Elizari S, Alvarez M, et al.

Valors de tensi¢ arterial en nadons sans. Pediatr Catalana. 2015;75:107-18.

. Earley A, Fayers P, Ng S, Shinebourne EA, de Swiet M. Blood pressure in

the first 6 weeks of life. Arch Dis Child. 1980;55:755-7.

. Gemelli M, Manganaro R, Mami C, de Luca F. Longitudinal study of blood

pressure during the 1st year of life. Eur J Pediatr. 1990;149:318-20.

. Toyoshima K, Isayama T, Kobayashi T, Su C, Mikami M, Yokoyama T, et al.

What echocardiographic indices are predictive of patent ductus arterio-
sus surgical closure in early preterm infants? A prospective multicenter
cohort study. J Cardiol. 2019;74:512-8.

Kang C, Zhao E, Zhou Y, Zhao H, Liu Y, Gao N, et al. Dynamic Changes of
Pulmonary Arterial Pressure and Ductus Arteriosus in Human Newborns
From Birth to 72 Hours of Age. Medicine. 2016;95.

Menghetti E, Strati E, Zala M, Di Feo G, Stocchi G, Straccamore E, et al.
Dynamic monitoring of neonatal blood pressure using the oscillometric
method. Pediatr Med Chir. 1988;10:169-75.

Menghetti E, Mucedola G, Montaleone M, Marulli P. Monitoring arte-

rial pressure for 15 minutes of 201 healthy neonatal subjects with a
family history of arterial hypertension. Eur Rev Med Pharmacol Sci.
1993;15:159-62.

Menghetti E, Stainier C, Bocconcelli P, Colosimo A, Guarini G. Variability in
the arterial pressure of newborns as compared to that of adults and old
men. Clin Ter. 1995;146:617-21.

Menghetti E, Mucedola G, Marulli P, Montaleone M, Cugini P. Early detec-
tion by non-invasive monitoring of abnormally elevated systolic blood
pressure in newborns with a positive familiarity for hypertension. Recenti
Prog Med. 1995,86:195-7.

Mitolo G, Grassi G. Rilievi Sulla Pressione Arteriosa Del Neonato. Patho-
logica. 1956;48:289-302.

Salihoglu O, Can E, Beskardes A, Kog BS, LhanTan |, Can G, et al. Delivery
room blood pressure percentiles of healthy, singleton, liveborn neonates.
Pediatr Int. 2012;54:182-9.

Samanta M, Mondal R, Ray S, Sabui T, Kundu C, Hazra A, et al. Blood pres-
sure variation with gestational age and birth weight in Indian newborn. J
Trop Pediatr. 2015,61:197-205.

Satoh M, Inoue R, Tada H, Hosaka M, Metoki H, Asayama K, et al. Reference
values and associated factors for Japanese newborns'blood pressure
and pulse rate: the babies’and their parents’longitudinal observation in
Suzuki Memorial Hospital on intrauterine period (BOSHI) study. J Hyper-
tens. 2016;34:1578-85.

Schachter J, Kuller LH, Perfetti C. Blood pressure during the first two years
of life. Am J Epidemiol. 1982;116:29-41.

Vilarim N, Alves JGB. Systolic and diastolic blood pressure levels of
healthy newborn infants. J Pediatr (Rio J). 2000;76:287-9.

Witcombe NB, Yiallourou SR, Walker AM, Horne RSC. Blood pressure and
heart rate patterns during sleep are altered in preterm-born infants:
implications for sudden infant death syndrome. Pediatrics. 2008;122.
Zachman RD, Bauer C, Boehm J, Korones S, Rigatto H, Gustafson N.
Neonatal blood pressure at birth by the Doppler method. Am Heart J.
1980;111:189-90.

Samanta M, Mondal R, Ray S, Sabui T, Hazra R, Kundu C, et al. Normative
blood pressure data for Indian neonates. Indian Pediatr. 2015;52:669-73.
Cordero L, Timan CJ, Waters HH, Sachs LA. Mean arterial pressures during
the first 24 hours of life in. J Perinatol. 2002;22:348-53.

Low JA, Froese A, Smith J, Galbraith R, Sauerbrei E, Karchmar E. Blood
pressure and heart rate of the preterm newborn following delivery. Clin
Invest Med. 1991;14:183-7.



Dore et al. Maternal Health, Neonatology and Perinatology (2024) 10:9

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Lurbe E, Garcia-Vicent C, Torro |, Fayos J, Aguilar F, De Llano J, et al. First-
year blood pressure increase steepest in low birthweight newborns. J
Hypertens. 2007;25:81-6.

Moscoso P, Goldberg RN, Jamieson J, Bancalari E. Spontaneous elevation
in arterial blood pressure during the first hours of life in the very-low-
birth-weight infant. J Pediatr. 1983;103:114-7.

Nwokoye |, Uleanya N, Ibeziako N, Ikefuna A, Eze J, Ibe J. Blood pressure
values in healthy term newborns at a tertiary health facility in Enugu.
Nigeria Niger J Clin Pract. 2015;18:584-8.

Scroggie S, Gallardo E, Montenegro P, Bondi P, Alfaro M, Lépez P, et al.
Medicion Simultdnea Indirecta de la Presién Arterial en Lactantes Medi-
ante Tres Métodos. Rev Chil Pediatr. 1982;53:558-61.

Tan KL. Blood pressure in very low birth weight infants in the first 70 days
of life. J Pediatr. 1988;112:266-70.

Batton B, Li L, Newman N, Das A, Watterberg K, Yoder B, et al. Evolving
blood pressure dynamics for extremely preterm infants. J Perinatol.
2014;34:301-5.

Vrrancken SL, van Heijst AF, de Boode WP. Neonatal Hemodynamics: From
Developmental Physiology to Comprehensive Monitoring. Front Pediatr.
2018;6:87.

van Zadelhoff AC, Poppe J, Willemsen S, Mauff K, van Weteringen W, Goos
T, et al. Age-dependent changes in arterial blood pressure in neonates
during the first week of life: reference values and development of a
model. Br J Anaesth. 2023;130:585-94.

Kiss JK, Gajda A, Mari J, Nemeth J, Bereczki C. Oscillometric arterial blood
pressure in haemodynamically stable neonates in the first 2 weeks of life.
Pediatr Nephrol. 2023;38:3369-78.

Adelman RD. Neonatal hypertension. Pediatr Clin North Am.
1978;25:99-110.

Blowey DL, Duda PJ, Stokes P, Hall M. Incidence and treatment of
hypertension in the neonatal intensive care unit. J Am Soc Hypertens.
2011;5:478-83.

Ravisankar S, Kuehn D, Clark R, Greenberg R, Smith P, Hornik C. Antihyper-
tensive drug exposure in premature infants from 1997 to 2013. Cardiol
Young. 2017;27:905-11.

Sahu R, Pannu H, Yu R, Shete S, Bricker J, Gupta-Malhotra M. Systemic
hypertension requiring treatment in the neonatal intensive care unit. J
Pediatr. 2013;163:84-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 21 of 21



	Neonatal blood pressure by birth weight, gestational age, and postnatal age: a systematic review
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Results
	Blood pressure and gestational age at birth
	Term neonates
	Summary results
	Study descriptions


	Preterm neonates
	Summary results
	Study descriptions

	Blood pressure and birthweight
	Summary results
	Study descriptions

	Discussion
	Conclusions
	Acknowledgements
	References


