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Abstract

Background We aimed to provide data on the normal blood pressure of haemodynamically stable neonates. Our study
uses retrospective, real-life oscillometric blood pressure measurement values to determine the expected blood pressure in
different gestational age, chronological age and birth weight groups. We also investigated the effect of antenatal steroid on
neonatal blood pressure.

Methods Our retrospective study (2019-2021) was carried out in the Neonatal Intensive Care Unit of the University of
Szeged, Hungary. We involved 629 haemodynamically stable patients and analysed 134,938 blood pressure values. Data
were collected from electronic hospital records of IntelliSpace Critical Care Anesthesia by Phillips. We used the PDAnalyser
program for data handling and the IBM SPSS program for statistical analysis.

Results We found a significant difference between the blood pressure of each gestational age group in the first 14 days of
life. The systolic, diastolic and mean blood pressure rise are steeper in the preterm group than in the term group in the first
3 days of life. No significant blood pressure differences were found between the group with a complete antenatal steroid
course and those who received incomplete steroid prophylaxis or did not receive antenatal steroids.

Conclusion We determined the average blood pressure of stable neonates and obtained normative data by percentiles. Our

study provides additional data on how blood pressure varies with gestational age and birth weight.
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Introduction

Blood pressure measurements are essential to evaluate
the cardiovascular stability of preterm and term infants.
Patients who have received neonatal intensive care unit
(NICU) treatments have a well-recognised risk of develop-
ing hypertension, affecting their long-term cardiovascular
and kidney health [1, 2]. Diagnosing and treating hypoten-
sion and hypertension are important to reduce the lifelong
consequences of prematurity. Over the last 40 years, several
studies have provided data on the blood pressure values of
preterm and term NICU patients [3—11]. However, defining
normal blood pressure remains very challenging in this pop-
ulation. The difficulties arise from the different measurement
methods, patient population and wide variety of prenatal and

P4 Judit Klara Kiss
kiss.judit.klara@med.u-szeged.hu

Department of Paediatrics, University of Szeged,
Szeged 6720, Hungary

postnatal influencing factors examined by different studies
[3-11]. Additionally, one of the greatest issues in defining
the stable patient group is selecting the interventions that are
considered routine in neonatal care.

Gestational age and birth weight are known factors affect-
ing the blood pressure of newborn infants. Several studies
investigated neonatal blood pressure and its influencing fac-
tors related to maternal and infant health and therapy, but the
results are still controversial [4, 8, 9, 12, 22].

The intra-arterial blood pressure measurement method is
still considered the gold standard in the evaluation of neo-
natal blood pressure. However, arterial lines are associated
with several side effects, making them less frequently used
in non-critically ill neonatal patients.

Our study provides and evaluates a large amount of data
on oscillometric blood pressure values in hemodynamically
stable NICU patients intending to determine the normal
average blood pressure in patients with different gestational
ages and birth weights.
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Methods

Our retrospective single-centre study was performed at the
NICU of the University of Szeged, Hungary. Over a 3-year
period (from 01 January 2019 to 31 December 2021), all
the blood pressure readings were collected from the entire
patient group admitted to the unit.

In order to select haemodynamically stable neonates, we
excluded all infants with a substantial risk of hypotension
or hypertension from the study. The exclusion criteria
[4-6, 18] were the following: (1) need for inotropic
support; (2) postnatal steroid administration; (3) patients
who required invasive ventilation for more than 24 h; (4)
renal parenchymal disease, renovascular abnormality and
acute kidney injury; (5) major congenital heart defect;
(6) chromosomal anomaly; (7) intracranial hypertension;
(8) diagnosed hypertension of the newborn; (9) maternal
substance abuse and withdrawal syndrome of the newborn;
(10) use of an umbilical arterial catheter; (11) grades
III and II bronchopulmonary dysplasia (BPD); (12)
endocrine disorder with a risk of hypertension and (13)
death. Newborns with mild BPD who were not diagnosed
with hypertension during their NICU stay were included
in the study population since, in most BPD patients,
hypertension starts after discharge from the NICU [13].
As there have been changes in neonatal medicine since the
earlier research, we have not excluded interventions that
are part of routine care today. Therefore, patients ventilated
on nasal CPAP, who received caffeine or who had short-
term procedural analgesia, were involved in the study. The
neonates who received diuretics without the diagnosis of
hypertension were included in our clinical investigation.
We also collected maternal medical data. However, we did
not exclude patients based on the investigated maternal
medical problems, as the results are still controversial on
their effect on neonatal blood pressure [12]. Over the study
period, the unit admitted 839 patients. After applying the
exclusion criteria, we collected blood pressure data from
629 preterm and term infants for analysis in the study.

The blood pressure values and patient and maternal
demographic and medical data were retrieved from the
IntelliSpace Critical Care Anesthesia (ICCA) electronic
medical records by Phillips and the hospital information
system, Medsol. The collected data included all the blood
pressure records, antenatal steroids, Apgar scores at 1 and
5 min of life, birth weight, ventilated days (either invasive
or non-invasive), neonatal medication (caffeine citrate,
diuretics, ibuprofen, analgesia), maternal medical history
(hypertension, gestational diabetes mellitus, insulin-
dependent diabetes mellitus, smoking) and neonatal
diagnosis (intraventricular haemorrhage, patent ductus
arteriosus, BPD, necrotising enterocolitis, sepsis).
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The gestational age was determined with the use of the
last menstrual period and early ultrasound scans by the
obstetrics team. The obstetrics team applied a complete
steroid course, which means four times 6 mg doses of dexa-
methasone administered intramuscularly every 12 h [23].
The steroid course was considered incomplete when the sug-
gested dose was not entirely given.

We calculated the weight percentiles with the use of Fenton
growth charts. Blood pressures were measured according to the
unit’s existing blood pressure measurement and hypertension
guidelines. Generally, a single blood pressure measurement
was taken. On a daily average, the number of measures by
patient varied between one and twelve in the study group’s first
two weeks of life. The medical team decided the frequency of
the measurements based on the patient’s condition. The aim
was to avoid repeating measurements to ensure comfort and
keep the settled states of the neonates under the measure. In
case of invalid values or suspected hypo- or hypertension, the
blood pressure was remeasured based on the medical team’s
decision. The unit used the blood pressure percentile table cre-
ated by Dionne et al. [5] for the diagnosis of hypertension.
Diagnosis of hypotension was based on the blood pressure
results published by Kent, Pejovic and Zubrow [4, 6, 8].

Blood pressure was measured using an oscillometric
device with an appropriate-sized cuff (cuff width to the arm
circumference ratio closest to 0.50) [14, 15]. We preferably
used the right upper arm to measure the blood pressure. Calf
blood pressure measurements were used in case of contrain-
dications such as right arm tissue injury, peripheral cannula
or PICC-line [16-18]. According to the literature, calf blood
pressure can be used during the first 6 months of life as
the results are similar to upper limb blood pressure meas-
urements [18]. Patients with a congenital heart defect (e.g.
coarctation of aortae) were excluded from the patient group.

Data on the infants’ wakefulness state were unavailable
in the medical records. According to our protocol, the meas-
urements were done during sleep or in a quiet awake state.
In case of an unsuccessful measurement (e.g. the newborn
woke up during measurement and cried), the protocol was
to remeasure the blood pressure in a settled state.

The unit used the GE Dash 3000 multiparameter moni-
tor system with the GE DINAMAP blood pressure algo-
rithm for blood pressure measurements [19]. The ICCA
hospital administration system automatically stored the
monitoring data in databases. All non-invasive blood pres-
sure values in the records of the ICCA’s database were
retrieved using relevant SQL queries and presented as
CSV text files. After a data validity check, the text file with
the data was transferred to an SQL database for further
analyses in the study. We developed a standalone software
PDAnalyzer to perform all the main calculations based on
the measured numeric blood pressure values and relevant
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additional raw data in our database. This data management
method prevented data quality problems and maintained
data reliability and accuracy. Altogether, 360,507 systolic,
diastolic and mean blood pressure data were analysed. The
PDAnalyser program calculated the daily average blood
pressure values, the corresponding deviations and the daily
percentile values. The blood pressure values of the first
2 weeks of life (see Fig. 1) were used for detailed calcula-
tions and statistical analyses. The results of the first 5 days
have been presented with additional details (see Figs. 2
and 3 and Table 2).

Statistical analysis, as required, was carried out using
the IBM SPSS Statistics program (version 29) and
Microsoft Excel Data Analysis module. One-sample
Kolmogorov—Smirnov test was performed to prove the normal
distribution of the data. For the verification, the significance
level was set by p <0.05. Linear regression analyses were used
to determine trend lines to approximate the arithmetic means
calculated from the raw blood pressure values. The graphs
were created by Microsoft Excel version 2209.

The Local Human Research Ethics committee approved
the study.

Results

We admitted 839 patients in our neonatal intensive care
unit over 3 years (2019-2021). From the total 839 patients,
we excluded 136 patients who required inotropic support
and mechanical ventilation longer than 24 h, 27 patients
who died and 28 patients for other reasons (e.g. diagnosed
hypertension, withdrawal syndrome, genetic problems,
hydrocephalus). Another 19 patients were excluded due
to technical reasons (e.g. insufficient data). After applying
the exclusion criteria, we included data from 629 infants in
the study, of whom 378 (60%) were preterm and 251 (40%)
were full-term patients (see the corresponding gestational
age groups in Supplementary Table 1).

We also collected data on the medical conditions
(hypertension, diabetes, smoking) of 594 affected mothers.
Among them, 35% (n=207) had one of the abovementioned
medical conditions, but only 3.9% (n=23) had two or three
investigated medical problems together. The maternal
medical information was not processed with enough details
to let us draw a statistically valid conclusion on their effects
on the newborn’s blood pressure.

Fig.1 Systolic (a) and mean (b)
blood pressure curves for differ- (
ent gestational ages
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Fig.2 Systolic (a) and mean (b)
blood pressure by gestational (a)
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The patients’ demographic data and clinical character-
istics are presented in the following table (Table 1) and a
complementary table in Supplementary Table 1.

The electronic patient records over the 3 years consisted
of 119,714 systolic, 119,700 diastolic and 121,093 mean
blood pressure data (i.e. altogether, 360,507 data points).
After applying the exclusion criteria, the remaining 629
patients had 44,990 systolic, 44,977 diastolic and 44,971
mean blood pressure values (i.e. altogether, 134,938 data
points). In this patient group, the average daily measurement
count for one patient was 4.44, and the daily measurement
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numbers varied between 1 and 12. One-sample Kolmogo-
rov—Smirnov test has confirmed that the blood pressure data
sample follows normal distribution.

Antenatal steroids

We compared the average blood pressure values of the pre-
term patients (gestational age: 25-34 weeks) who received
a complete course of antenatal steroids (n=170, 55%) to
the patient group who had an incomplete antenatal steroid
course (n=282, 27%) or did not receive steroid prophylaxis
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Fig.3 Systolic (a) and mean (b)
blood pressure by birth weight (a)
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(n=54, 18%). A possibly significant difference between
the groups above was refused because the applied paired
sample 7-test calculated significance as p=0.191.

Average blood pressure values of the different
gestational age groups in the first 14 days of life

The arithmetical average blood pressure values were
determined in different gestational age groups in the first
2 weeks of life. Within the first 14 days of life, 63% of the
total measurements (28,456 systolic, 28,444 diastolic and
28,537 mean blood pressure data points) were processed. The
patient and measurement numbers in the different gestational
age groups are presented in Supplementary Table 1.

All the blood pressure curves representative of a certain
gestational age were created. We calculated the daily
arithmetical average blood pressure and the standard deviation

for each gestational age from the daily blood pressure
measurements. Due to the low patient number in the very
preterm group and the low measurement number in the term
group, we investigated gestational weeks between 25-28 and
40-42 together, respectively. As a representative example, we
present the daily average systolic and mean blood pressure
curves as the function of time for different gestational age
groups in the first two weeks of life (see Fig. 1). The diastolic
blood pressure curve is displayed in Supplementary Fig. 1.

The standard deviation was also calculated for the
different gestational age groups. The average standard
deviation for the systolic, diastolic and mean blood
pressures are 9.7 mmHg, 7.9 mmHg and 8.5 mmHg,
respectively. We found a statistically significant difference
among the average blood pressure values of the different
gestational age groups using the SPSS program paired-
samples T-test (p-value <0.001).

@ Springer
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Table 1 Neonatal and maternal

o < All patients 25-28 GW 29-32 GW 33-36 GW 37-42 GW
clinical characteristics and
demographic data Number of patients 629 27 150 201 251
Male/female patients 380/249 15/12 88/62 124/77 153/98
Average birth weight (g) 2507 1013 1640 2275 3358
Birth weight range (g) 460-5340 460-1520 840-2710 840-2710 1190-5340
Birth weight Number of patients
Percentile <3 36 (6%) 2 2 6 26
Percentile 3-10 47 (T%) 3 9 18 17
Percentile 10-90 479 (76%) 19 127 164 166
Percentile > 90 69 (11%) 3 12 13 41
Average Apgar scores
Apgar 1 min (SD) 7.59 (+2.0) 6.3 (x1.8) 7.0 (+1.8) 74 (*1.7) 8.3 (x2.1)
Apgar 5 min (SD) 8.87 (x1.3) 7.8 (x1.6) 8.6 (+1.2) 8.8 (x1.1) 9.2 (x£1.5)
Neonatal therapy Number of patients
Diuretics 40 (6.3%) 9 12 7 12
Analgesia 118 (19%) 3 33 28 57
Caffeine citrate 244 (39%) 27 138 73 5
Ibuprofen 17 (2.6%) 5 8 3
Ventilatory therapy (<24 h)
Number of patients 40 (6.3%) 5 16 5 14
Length of ventilation (h) 3.3 2.0 2.9 3 5.3
Non-invasive ventilation
Number of patients 375 (59%) 27 141 136 70
Length of ventilation (d) 5.74 26.5 6.55 3.2 2.18
Maternal data
Number of mothers 594
Hypertension 91 (15.3%) 7 20 41 23
IDDM/GDM 82 (13.8%) 2 24 30 26
Smoking 34 (5.7%) 5 11 10 8
Incomplete data 44 (7.4%) 1 7 11 25
Antenatal steroid Patients 25-28 GW 29-32 GW 33-34 GW
Incomplete course 82 27%) 8 37 37
Complete course 170 (55%) 15 86 69
Not received 54 (18%) 4 27 23

GW gestational week, SD standard deviation, /DDM insulin-dependent diabetes mellitus, GDM gestational

diabetes mellitus

We found that blood pressure increases with an increasing
number of postnatal days and gestational age (see Fig. 1).

According to our findings, the systolic blood pressure
rise over the first 3 days of life is steeper in preterm infants
(25-36-week gestation) than in the term infant group. The
systolic blood pressure increased by 3.75 mmHg/day in pre-
term infants and 1.60 mmHg/day in the term infants in the
first 3 days. After the first 5 days, the increasing average
systolic blood pressure values might show a mild decrease
(see Fig. 1), but the trend remains increasing within the
first 2 weeks of life. We experienced a similar pattern
examining the diastolic and mean blood pressure data. In
the first 3 days, the daily diastolic blood pressure increase
was 3.57 mmHg in preterm infants and 1.95 mmHg in term
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newborns, and the mean blood pressure elevation per day
was 3.73 mmHg in the preterm and 1.93 mmHg in the
term group. Term infants had a reduction in blood pressure
over the first day of life before increasing (see Fig. 1). This
indicates the possibility of different physiologic responses
between term and preterm infants that need further study.

Blood pressure in the first 5 days of life
by gestational age

As the blood pressure changes are most pronounced in the
first week of life, the average daily blood pressure has been
calculated on the first, third and fifth days, and the results
are graphically presented (see Fig. 2).



Pediatric Nephrology (2023) 38:3369-3378

3375

Figure 2 shows the systolic and mean blood pressure val-
ues and linear regression lines in different gestational ages
on the first (Trend 1), third (Trend 3) and fifth day (Trend
5) of life. The diastolic blood pressure graph is presented
in Supplementary Fig. 2. According to our analysis, the
linear regression lines strongly correlate (systolic: Trend
1 R*=0.9364, Trend 3 R*=0.8975, Trend 5 R*=0.8662,
diastolic: Trend 1 R*=0.8483, Trend 3 R*=0.7959,
Trend 5 R*=0.6761, mean: Trend 1 R*=0.9244, Trend 3
R*=0.8483, Trend 5 R>=0.7631) with the daily average
blood pressure data. The calculated p <0.001 value shows a
significant correlation between them.

As shown in Fig. 2, the trend lines increase at a steeper
rate in the first day than in the third or fifth day of life. It
means the blood pressure difference between the first,
third and fifth days of life decreases as the gestational age
increases. Based on trend line values, the average rates of
change of the systolic blood pressure in the first five days
for the 25-28-, 32- and 36-week gestational age groups are
3.11 mmHg/day, 2.49 mmHg/day and 1.88 mmHg/day,
respectively. Considering the mean blood pressure, the cor-
responding values are 2.61 mmHg/day, 2.06 mmHg/day and
1.51 mmHg/day, respectively. Regarding diastolic blood
pressure, the corresponding values are 2.30 mmHg/day,
1.79 mmHg/day and 1.28 mmHg/day, respectively.

The average blood pressure of the different gestational
age groups increased rapidly over the first 3 days of life
(systolic 3.08 mmHg/day, mean 3.17 mmHg/day, dias-
tolic 3.07 mmHg/day). The following 2 days, there was
a less pronounced increase in the systolic blood pressure
(1.28 mmHg/day) and the mean and the diastolic blood
pressures had not increased further (mean 0.41 mmHg/day,
diastolic 0.0 mmHg/day).

Supplementary Table 2 provides data on the daily average
blood pressure values and percentiles in different gestational
age groups on the first, third and fifth day of life.

Blood pressure by birth weight

We investigated the change in neonatal blood pressure by
increasing birth weight and generated eight patient groups;
every patient group had a 500 g difference in birth weight.
The blood pressure data of 613 patients were included in
the analysis. The data of 16 patients with a weight higher
than 4500 g was not used for calculation due to the low
number of measurements and short hospital stay. We used
18,370 systolic, 18,363 diastolic and 18,439 mean blood
pressure data points in the analysis. The systolic and mean
blood pressure values and linear regression lines are shown
in Fig. 3. The diastolic blood pressure graph is displayed
in Supplementary Fig. 3. There is a positive linear cor-
relation between birth weight and blood pressure on the
first, third and fifth day of life (see Fig. 3). In the case of

systolic blood pressure, the correlation coefficients are
R(day1, day3)=0.968, R(dayl, day5)=0.913 and R(day3,
day5)=0.966. The correlation coefficients calculated for the
diastolic blood pressure are R(day1, day3) =0.880, R(day1,
day5)=0.683, R(day3, day5)=0.938 and for the mean blood
pressure are R(day1, day3)=0.947, R(day1, day5)=0.816,
R(day3, day5)=0.946. The blood pressure differences are
significant in the different birth weight groups (paired sam-
ple T-test: significance p <0.001). The systolic blood pres-
sure increased by 8.44 mmHg in the first 5 days. The daily
average increment was 2.85 mmHg in the first 3 days and
1.36 mmHg over the following 2 days. The mean blood pres-
sure showed a similar pattern in the first 3 days of life; the
calculated average daily increment was 2.86 mmHg, and the
blood pressure was almost static over the following 2 days.

The following table (Table 2) contains the average blood
pressure values and percentiles of the different birth weight
groups on the first, third and fifth days of life.

Discussion

Our single-centre retrospective study provides data on the
systolic, diastolic and mean blood pressure of clinically sta-
ble neonates. We collected data from a haemodynamically
stable term and preterm patient group without substantial
hypotension or hypertension risks. The exclusion criteria
described above were applied after collecting all the diag-
noses and treatment data of the patients.

The study has some limitations, coming from its ret-
rospective nature. The infants’ wakefulness state and the
place of measurement are not documented in our electronic
records. However, data are collected in natural life circum-
stances, where the schedule and the quality of the measure-
ments are ensured by following the NICU’s corresponding
protocols.

Some therapeutic interventions have uncertain effects
on blood pressure (e.g. caffeine, nasal CPAP), but they are
part of the routine neonatal treatment; therefore, patients
receiving them could not have been excluded from the study.
We also could not further divide the patient groups based
on non-invasive ventilation data because it would result in
several groups with insufficient patients and blood pressure
data for a statistical valuation.

Both our patient number and the volume of our meas-
ured data are comparable to the largest previous investiga-
tions done in this field of research. Most of the other clinical
studies investigated healthy patient populations by excluding
cardiovascularly compromised patients, but infants with a
risk of hypertension were just partly excluded [3, 6]. The
Philadelphia neonatal blood pressure study is one of the
most extensive investigations to determine normal neona-
tal blood pressure [8]. Zubrow and his associates involved
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Table 2 Average blood pressure values and 10th, 50th and 90th percentile by birth weight on the first, third and fifth day of life

Birth weight (g) Day 1 BP Day 3 BP Day 5 BP
Average 10thPc 50th Pc  90th Pc  Average 10thPc 50thPc 90thPc Average 10thPc 50thPc 90th Pc
<1000 SBP 56 40 55 72 60 46 59 77 62 49 62 77
DBP 35 21 36 48 40 27 38 56 39 29 38 51
MBP 43 27 41 56 48 35 46 64 47 36 47 59
1001-1500 SBP 56 43 55 71 65 53 65 78 67 54 68 79
DBP 35 24 36 45 42 32 42 53 43 33 43 54
MBP 43 31 43 56 51 40 51 61 52 41 52 62
1501-2000 SBP 59 48 58 70 65 54 65 77 68 57 68 81
DBP 35 26 35 44 42 33 41 52 42 32 42 53
MBP 44 34 44 54 51 42 51 60 52 42 52 64
2001-2500 SBP 60 50 59 72 68 58 68 79 73 60 73 86
DBP 37 27 36 46 44 35 44 53 45 35 44 57
MBP 46 36 45 55 53 44 53 62 56 45 55 69
2501-3000 SBP 67 54 64 82 71 59 71 84 73 63 74 83
DBP 43 30 41 58 45 34 44 56 43 35 42 54
MBP 52 40 50 68 55 44 54 67 55 45 54 66
3001-3500 SBP 69 56 69 82 74 62 73 87 75 63 75 88
DBP 42 32 42 52 47 37 46 58 46 37 45 56
MBP 52 42 52 63 58 46 57 70 57 48 57 68
3501-4000 SBP 70 59 70 81 75 62 74 86 80 69 80 91
DBP 42 32 41 52 48 37 47 59 48 39 48 59
MBP 53 43 52 64 58 46 58 70 60 50 60 71
4001-4500 SBP 71 58 70 88 75 62 75 88 77 61 78 90
DBP 43 35 42 54 47 36 45 59 46 36 44 58
MBP 53 43 52 66 58 45 58 71 58 45 58 69

SBP systolic blood pressure, DBP diastolic blood pressure, MBP mean blood pressure, BP blood pressure, Pc percentile

608 NICU patients without selection in their prospective
multicentre study. They found a strong correlation between
blood pressure and gestational age. However, they found
that other diagnosis and treatment variables had only a small
influence on blood pressure variance. Since earlier research
work [3—11], several improvements have arisen in neonatal
therapy, and patient survival has improved. These changes
also increased the importance of performing new studies and
investigating a patient population without severe morbidities
and major therapeutic interventions. To meet this target, we
omitted patients from our study corresponding to the criteria
described above. Parts of the exclusion criteria used in some
other research work [6] cannot be applied currently because
they may not be appropriate in current clinical practice.
We compared our results to previous studies by using
oscillometric blood pressure measurement methods. Kent
and colleagues investigated a homogenous preterm patient
group without ventilated patients or patients needing ino-
tropic support [3]. Their published blood pressure values by
gestational age are close to our results on the second day of
life. They also provided blood pressure percentiles by birth
weight, similar to our calculated average blood pressure
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findings. Another study led by Pejovic also published data to
estimate normal blood pressure values in neonates [6]. As a
comparison, our patient group’s blood pressure values were
consequently higher than Pejovic’s findings. We assumed
that the difference might be caused by the different patient
populations and oscillometric devices.

In clinical practice, average blood pressure values and
percentile are helpful. A corresponding table with our results
is presented in this paper (see Table 2 and Supplementary
Table 2). Previous publications have not presented a similar
percentile and average blood pressure table for the first days
of life when significant changes in blood pressure occur.
We also calculated trend line values (see Fig. 2) that might
replace daily average blood pressure results in practice and
be used to estimate expected blood pressure results in ges-
tational age groups outside of the presented time interval.

The blood pressure stabilising effect of antenatal steroids
is still controversial. Some studies show that antenatal
steroid increases neonatal blood pressure [21, 22]. However,
another study has not found a significant difference
between those who received antenatal steroids and those
who did not [20]. Our study shows no essential difference
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between the complete antenatal steroid group and the group
of patients with incomplete or no steroid administration.

Although several studies [4—8] investigate normal blood
pressure data on newborns, further research is still needed on
the maternal and neonatal therapeutic factors and diagnoses
affecting blood pressure. In the future, we plan to compare
our current results with the patient group who received ino-
tropic support and add follow-up data. We may collect data
on maternal health conditions and medications and study
their impact on neonatal blood pressure. We also would like
to investigate the effect of antenatal steroids on the entire
patient group.

Conclusion

The main result of our study is that we have calculated the
normal average blood pressure by gestational age and birth
weight for preterm and term infants for their first 2 weeks
of life. Our findings prove that gestational age significantly
predicts blood pressure in the first 14 days of life. Our study
provides additional data on how blood pressure varies with
gestational age and birth weight. The blood pressure tables
(see Table 2 and Supplementary Table 2) show that the 10th,
50th and 90th percentiles in the first 5 days of life could be
helpful in clinical practice.

Supplementary information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00467-023-05979-x.

Funding Open access funding provided by University of Szeged.

Data availability Data are available on request from the authors.

Declarations

Ethics approval Ethical approval was granted by the local Ethics Com-
mittee of the University of Szeged. The number of the ethical approval
is 78/2021-SZTE RKEB.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Harer MW, Kent AL (2018) Neonatal hypertension: an educa-
tional review. Pediatr Nephrol 34:1009-1018. https://doi.org/10.
1007/s00467-018-3996-1

2. Hingorani S, Schmicker R, Ahmad KA, Frantz ID, Mayock DE,
La Gamma EF, Baserga M, Khan JY, Gilmore MM, Robinson
T, Brophy P, Heagerty PJ, Juul SE, Goldstein S, Askenazi D;
PENUT Trial Consortium; PENUT Primary Investigators and
coauthors (2022) Prevalence and risk factors for kidney disease
and elevated BP in 2-year-old children born extremely premature.
Clin J Am Soc Nephrol 17:1129-1138. https://doi.org/10.2215/
CJN.15011121

3. Kent AL, Meskell S, Falk MC, Shadbolt B (2009) Normative
blood pressure data in non-ventilated premature neonates from
28-36 weeks gestation. Pediatr Nephrol 24:141-146. https://doi.
org/10.1007/s00467-008-0916-9

4. Kent AL, Kecskes Z, Shadbolt B, Falk MC (2007) Normative
blood pressure data in the early neonatal period. Pediatr Nephrol
22:1335-1341. https://doi.org/10.1007/s00467-007-0480-8

5. Dionne JM, Abitbol CL, Flynn JT (2012) Hypertension in infancy:
diagnosis, management and outcome. Pediatr Nephrol 27:17-32.
https://doi.org/10.1007/s00467-010-1755-z

6. Pejovic B, Peco-Antic A, Marinkovic-Eric J (2007) Blood
pressure in non-critically ill preterm and full-term neo-
nates. Pediatr Nephrol 22:249-257. https://doi.org/10.1007/
s00467-006-0311-3

7. Batton B, Li L, Newman N, Das A, Watterberg KL, Yoder BA,
Faix RG, Laughon MM, Stoll BJ, Higgins RD, Walsh MC, Eunice
Kennedy Shriver National Institute of Child Health and Human
Development Neonatal Research Network (2014) Evolving blood
pressure dynamics for extremely preterm infants. J Perinatol
34:301-305. https://doi.org/10.1038/jp.2014.6

8. Zubrow AB, Hulman S, Kushner H, Falkner B (1995) Determi-
nants of blood pressure in infants admitted to neonatal intensive
care units: a prospective multicenter study. Philadelphia Neonatal
Blood Pressure Study Group. J Perinatol 15:470-479

9. Lurbe E, Garcia-Vicent C, Torro I, Fayos JL, Aguilar F, de Llano
IM, Fuertes G, Redon J (2007) First-year blood pressure increase
steepest in low birthweight newborns. J Hypertension 25:81-86.
https://doi.org/10.1097/HJH.0b013e32801040ec

10. Georgieftf MK, Mills MM, Gémez-Marin O, Sinaiko AR (1996)
Rate of change of blood pressure in premature and full term
infants from birth to 4 months. Pediatr Nephrol 10:152-155.
https://doi.org/10.1007/BF00862059

11. de Swiet M, Fayers P, Shinebourne EA (1980) Systolic blood
pressure in a population of infants in the first year of life: the
Brompton study. Pediatrics 65:1028-1035

12. Rabe H, Bhatt-Mehta V, Bremner SA, Ahluwalia A, Mcfar-
lane R, Baygani S, Batton B, Klein A, Ergenekon E, Koplow-
itz LP, Dempsey E, Apele-Freimane D, Iwami H, Dionne JM,
International Neonatal Consortium (2021) Antenatal and peri-
natal factors influencing neonatal blood pressure: a systematic
review. J Perinatol 41:2317-2329. https://doi.org/10.1038/
s41372-021-01169-5

13. Abman SH, Warady BA, Lum GM, Koops BL (1984) Systemic
hypertension in infants with bronchopulmonary dysplasia. J Pedi-
atr 104:928-931. https://doi.org/10.1016/s0022-3476(84)80501-6

14. Mistry K, Gupta C (2017) Neonatal hypertension. NeoReviews
18:e357—e371. https://doi.org/10.1542/neo0.18-6-e357

15. Dionne JM, Bremner SA, Baygani SK, Batton B, Ergenekon E,
Bhatt-Mehta V, Dempsey E, Kluckow M, PescoKoplowitz L,
Apele-Freimane D, Iwami H, Klein A, Turner M, Rabe H, Inter-
national Neonatal Consortium (2020) Method of blood pressure

@ Springer


https://doi.org/10.1007/s00467-023-05979-x
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00467-018-3996-1
https://doi.org/10.1007/s00467-018-3996-1
https://doi.org/10.2215/CJN.15011121
https://doi.org/10.2215/CJN.15011121
https://doi.org/10.1007/s00467-008-0916-9
https://doi.org/10.1007/s00467-008-0916-9
https://doi.org/10.1007/s00467-007-0480-8
https://doi.org/10.1007/s00467-010-1755-z
https://doi.org/10.1007/s00467-006-0311-3
https://doi.org/10.1007/s00467-006-0311-3
https://doi.org/10.1038/jp.2014.6
https://doi.org/10.1097/HJH.0b013e32801040ec
https://doi.org/10.1007/BF00862059
https://doi.org/10.1038/s41372-021-01169-5
https://doi.org/10.1038/s41372-021-01169-5
https://doi.org/10.1016/s0022-3476(84)80501-6
https://doi.org/10.1542/neo.18-6-e357

3378

Pediatric Nephrology (2023) 38:3369-3378

16.

17.

18.

19.

measurement in neonates and infants: a systematic review and
analysis. J Pediatr 221:23-31.e5. https://doi.org/10.1016/j.jpeds.
2020.02.072

Crossland DS, Furness JC, Abu-Harb M, Sadagopan SN, Wren C
(2004) Variability of four limb blood pressure in normal neonates.
Arch Dis Child Fetal Neonatal Ed 89:F325-F327. https://doi.org/
10.1136/adc.2003.034322

Baker MD, Maisels MJ, Marks KH (1984) Indirect BP moni-
toring in the newborn. Evaluation of a new oscillometer and
comparison of upper- and lower-limb measurements. Am J Dis
Child 138:775-778. https://doi.org/10.1001/archpedi.1984.
02140460065021

Flynn J (2019) Neonatal hypertension: Diagnosis and Manage-
ment. In: Oh W, Baum M, Polin RA (eds) Neonatology questions
and controversies: nephrology and fluid/electrolyte physiology,
3rd edn. Elsevier, Philadelphia, pp 255-270

O’Shea J, Dempsey EM (2009) A comparison of blood pressure
measurements in newborns. Am J Perinatol 26:113-116. https://
doi.org/10.1055/5-0028-1091391

@ Springer

20.

21.

22.

23.

LeFlore JL, Engle WD, Rosenfeld CR (2000) Determinants of
blood pressure in very low birth weight neonates: lack of effect
of antenatal steroids. Early Hum Dev 59:37-50. https://doi.org/
10.1016/S0378-3782(00)00083-9

Vesoulis ZA, El Ters NM, Wallendorf M, Mathur AM (2016)
Empirical estimation of the normative blood pressure in infants
<28 weeks gestation using a massive data approach. J Perinatol
36:291-295. https://doi.org/10.1038/jp.2015.185

Demarini S, Dollberg S, Hoath SB, Ho M, Donovan EF (1999)
Effects of antenatal corticosteroids on blood pressure in very low
birth weight infants during the first 24 hours of life. J Perinatol
19:419-425. https://doi.org/10.1038/sj.jp.7200245

Committee on Obstetric Practice (2017) Committee Opinion No. 713:
antenatal corticosteroid therapy for fetal maturation. Obstet Gynecol
130:¢102—109. https://doi.org/10.1097/A0G.0000000000002237

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1016/j.jpeds.2020.02.072
https://doi.org/10.1016/j.jpeds.2020.02.072
https://doi.org/10.1136/adc.2003.034322
https://doi.org/10.1136/adc.2003.034322
https://doi.org/10.1001/archpedi.1984.02140460065021
https://doi.org/10.1001/archpedi.1984.02140460065021
https://doi.org/10.1055/s-0028-1091391
https://doi.org/10.1055/s-0028-1091391
https://doi.org/10.1016/S0378-3782(00)00083-9
https://doi.org/10.1016/S0378-3782(00)00083-9
https://doi.org/10.1038/jp.2015.185
https://doi.org/10.1038/sj.jp.7200245
https://doi.org/10.1097/AOG.0000000000002237

	Oscillometric arterial blood pressure in haemodynamically stable neonates in the first 2 weeks of life
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Results
	Antenatal steroids
	Average blood pressure values of the different gestational age groups in the first 14 days of life
	Blood pressure in the first 5 days of life by gestational age
	Blood pressure by birth weight

	Discussion
	Conclusion
	Anchor 16
	References


