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Objective: The aim of this study was to evaluate the impact on perinatal

outcomes related to placental insufficiency with the application of the new

2017 ACC/AHA guidelines to a group of chronic hypertensive pregnancies

during their first-trimester assessment.

Study design: This retrospective cohort study included pregnancies with

preconceptional hypertension and known perinatal outcomes. In the first

trimester, a combined screening for preterm preeclampsia (p-PE) was

performed, including blood pressure (BP), mean uterine artery Doppler,

and maternal characteristics. Patients were divided, according to the 2017

ACC/AHA consensus, into the following groups: elevated or less, Stage

1, and Stage 2. For adverse perinatal outcome assessment, univariate and

multivariate regression analyses were performed, considering the “elevated

or less” group as a reference. Odds ratios (OR) were compared with

linear trend analysis. The main outcomes measured were preterm PE and

FGR < 3rd percentile.

Results: Of the 130 included patients, 59 (45.4%) were classified as elevated

or less, 47 (36.2%) as Stage 1, and 24 (18.4%) as Stage 2. p-PE showed a

significant increase according to BP range [7% (OR = 1.0), 19.6% (OR = 3.2),

and 21.7% (OR = 3.7)]; trend p = 0.02, for elevated or less, Stage 1, and Stage
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2, respectively. There was a non-significant increased trend of FGR < 3rd

percentile according to the BP stage. The best multivariate predictive model

for p-PE included a previous PE background (OR = 15) and mean arterial

pressure in mmHg (OR = 1.1).

Conclusion: The use of the 2017 ACC/AHA consensus in pregnancies with

chronic hypertension identifies an intermediate risk group for placental-

mediated diseases.

KEYWORDS

hypertension, pregnancy, perinatal outcomes, blood pressure, ACC/AHA guidelines

Introduction

Preeclampsia (PE) affects 5% of pregnancies worldwide
(1), accounting for 10–15% of direct maternal deaths (2, 3).
Severe PE is associated with the presence of seizures, acute
pulmonary edema, stroke, acute kidney injury, liver failure, and
disseminated intravascular coagulopathy (4). As for the fetus,
PE can lead to fetal growth restriction (FGR) and indicate
preterm birth (5). One of the most significant risk factors
for PE is chronic hypertension (crHT), increasing the risk
around five times (6). crHT is observed in around 1–5% of
all pregnancies (7, 8). Pregnant women with crHT also have
increased pregnancy-related morbidity for other pathologies,
such as preterm delivery, stroke, FGR, placental abruption, and
stillbirth (7–10).

In 2017, the American Heart Association (AHA) and the
American College of Cardiology (ACC) published practice
guidelines that changed the definition of stage 1 hypertension,
lowering the systolic blood pressure (SBP) and diastolic blood
pressure (DBP) values (11). The new definition was made
after the evaluation of several meta-analyses that showed
that crHT and its cardiovascular complications were already
significant with SBP of 130–139 and DBP of 85–89 mmHg vs.
<120/80 mmHg. Thus, the definition is intended to promptly
counsel and intervene in cardiovascular health (12).

Nonetheless, the implications of this newly diagnosed stage
1 hypertension were unclear for the obstetric practice. There
are only few studies regarding whether pregnant women with
stage 1 hypertension had a higher risk of maternal and perinatal
complications. In 2018, a cohort study was published, which
observed higher rates of complications for women with the
new stage 1 hypertension (13). However, more studies are
needed to establish a stronger association. Additionally, the
American College of Obstetricians and Gynecologists (ACOG)
has not changed its guidelines regarding pharmacological
antihypertensive treatment recommendations (14).

Therefore, the objective of this study was to evaluate
the impact on perinatal outcomes associated with placental
insufficiency, by the application of the new 2017 ACC/AHA

guidelines to a group of chronic hypertensive pregnant women
during their assessment of the first trimester of pregnancy.

Materials and methods

Study design

This retrospective cohort study was conducted at the
Fetal Medicine Unit Hospital Clínico Universidad de Chile
from November 2011 to June 2020. Before the 11–14
week screening scan, all patients were asked to complete
a demographic questionnaire that included chronic disease
background (pregestational hypertension, diabetes mellitus,
autoimmune diseases, thrombophilia, chronic renal disease,
and thyroid disease), family history of PE, and pregnancy
background (parity, previous PE, and previous fetal growth
restriction). When a chronic disease was reported, treatment
was asked for and stored in the dedicated database Astraia R©.

Later, the current weight (kilograms) and height
(centimeters) were obtained. Blood pressure was
measured according to the Seventh Report of the Joint
National Committee (JNC-7) using a validated digital
sphygmomanometer, Omron HEM-7113 (Omron Healthcare
Inc. Illinois, USA). Blood pressure was measured simultaneously
in both arms and stored. For preterm PE (p-PE) screening,
the multivariable algorithm of O′Gorman et al. (15) was used,
with the software Astraia R© (Astraia software gmbh, Ismaning,
Germany). Briefly, maternal history was combined with mean
uterine artery pulsatility index (UtA-PI) and mean arterial
pressure (MAP), both expressed as a multiple of the median
(MoM) (16, 17). A high risk of p-PE was considered with a
combined risk greater than 1/100. In these cases, low-dose
aspirin was recommended (18).

Perinatal outcomes were obtained from a local electronic
medical chart or delivery registries. Aspirin use during
pregnancy, and gestational age at the onset of PE was obtained
from the electronic medical chart. In the case of delivery
in another institution, patients were contacted via phone to
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obtain perinatal data. First-trimester screening assessment and
perinatal data were stored in the software Astraia R© and exported
to an excel sheet for depuration before analysis.

Patient′s selection

For this study, all singleton pregnancies with known
pregestational chronic hypertension during the study period
were included. All patients used oral antihypertensives before
conception. Withdrawal or treatment modification was
performed at the first pregnancy control by an OB&GYN or
maternal-fetal medicine specialist. Newborns with major birth
defects or aneuploidies were excluded from the analysis. Patients
without a blood pressure measurement at the first-trimester
screening ultrasound and/or without a known perinatal
outcome were also excluded.

Definitions

For this study, the following definitions according to the
ACC/AHA guidelines (11) were used to classify our cohort
prospectively: Normal blood pressure (BP) is defined as systolic
blood pressure (SBP) of <120 mmHg and diastolic blood
pressure (DBP) of <80 mmHg; elevated BP as SBP between 120
and 129 mmHg and DBP < 80 mmHg; stage 1 hypertension
was considered as an SBP between 130 and 139 mmHg and/or
diastolic blood pressure (DBP) between 80 and 89 mmHg. Stage
2 was considered with an SBP of 140 mmHg or more and/or a
DBP of 90 mmHg or more.

Mean arterial pressure was estimated using the following
formula: MAP = DBP + [(SBP-DBP)/3], where DBP was the
mean diastolic blood pressure of both arms and SBP was the
mean systolic blood pressure of both arms.

Preeclampsia was diagnosed following the 2019 NICE
consensus (19), and p-PE was defined as an antenatal PE with
delivery before 37 weeks of gestation. Global preterm delivery
(PTD) was defined as delivery by any cause before 37 weeks
and global early PTD as delivery before 34 weeks. Fetal growth
restriction (FGR) was diagnosed with a birthweight < 3rd

centile (20), according to fetal curves proposed by Hadlock (21).
Small for gestational age was considered as a birthweight of
< 10th centile. Placental-mediated diseases were considered as
the presence of PE and/or FGR < 3rd percentile.

Statistical analysis

For all statistical analyses and figure designs, the dedicated
software Stata R© version 16.1 (StataCorp, College Station, USA)
was used. Continuous variables were explored using the

Shapiro-Wilk test to determine variable distribution. Parametric
and non-parametric variables were compared using ANOVA
or Kruskal-Wallis tests and expressed as mean ± standard
deviation or median (interquartile range), respectively. Post hoc
comparisons between pairs of groups were performed using
Bonferroni or Mann-Whitney tests as appropriate. Categorical
variables were compared with chi (2) or Fisher exact tests and
expressed as percentages.

For this study, pregnancies classified as normal or elevated
blood pressure were merged into the “elevated or less”
group. To determine the linear incremental risk of all
perinatal outcomes, a trend analysis using the Jonckheere-
Terpstra test was performed. Odds ratios were estimated using
univariate logistic regression analyses, considering the elevated
or less group as the reference. Finally, a multivariate logistic
backward stepwise regression analysis was performed to identify
whether the first-trimester blood pressure was associated with
the development of severe placental-mediated diseases. For
multivariate regression analysis, a p-value of 0.1 was considered
for exclusion and 0.05 for inclusion in the final model. For
all other statistical analyses, a p-value less than 0.05 was
considered significant. STROBE guidelines were followed for
study design and reporting.

Results

During the study period, 3,497 singleton pregnancies were
assessed at 11 + 0 to 13 + 6 weeks for PE and aneuploidy
screening ultrasound, using the current Fetal Medicine
Foundation (FMF) algorithm, including blood pressure
assessment. Of these, 133 (3.8%) were considered pregestational
hypertension, based on a demographic questionnaire before
the ultrasound. Three pregnancies were excluded because of a
congenital birth defect (Figure 1).

Maternal demographics

Of the 130 included pregnancies in the final analysis,
maternal age at the first-trimester assessment was 35.6 (31.6–
38.2) years, with a body mass index (BMI) of 30.1 (25.7–34.5)
kg/m2. Previous PE was reported in 34/91 (37.4%) parous
patients. The median gestational age at assessment was 12.7
(12.1–13.1) weeks. Notably, eighty-two (63%) patients were
using the oral antihypertensive treatment and 73 (57%) patients
started aspirin before 16 weeks of gestation. At first trimester
assessment, blood pressure was stratified as elevated BP or
less (n = 59; 45.4%), Stage 1 (n = 47; 36.2%), and Stage 2
(n = 24; 18.4%). Maternal demographic characteristics and first-
trimester ultrasound assessment according to blood pressure
range are described in Table 1.
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FIGURE 1

Flowchart for patient selection.

As expected, there was a positive trend between BMI and
blood pressure range, with 27.7 kg/m2 in the elevated or
less group and 31.7 kg/m2 in the Stage 2 group, respectively
(p < 0.01). There was no association between first-trimester
UtA Doppler PI and blood pressure (r = −0.05; p = 0.6), with
a median PI of 1.54, 1.63, and 1.47 for elevated or less, Stage 1,
and Stage 2, respectively (p = 0.78, Table 1).

Perinatal outcomes

There were 3 (2.3%) fetal losses (one case in each group,
p = 0.8). PE was observed in 29 (22.3%) patients, with a
significant increasing trend regarding blood pressure range in
the first trimester (Table 2). Rates of p-PE (n = 18; 14%) were
also higher when blood pressure was higher, with an almost 3-
fold and 4-fold higher risk for the Stage 1 and Stage 2 groups
compared to the elevated or less group, respectively (Figure 2
and Table 2).

Global preterm delivery < 37 (n = 39; 30%) and <34 weeks
(n = 14; 11%) were also higher in the Stage 1 and Stage 2 groups,
compared to the elevated or less group (Table 2). Small for
gestational age at birth showed a non-significant increase rate
from 11% in the elevated or less group to 22% in the Stage
2 group (p = 0.08). Furthermore, the rate of FGR showed an
increase related to blood pressure range (elevated or less group:
7%, Stage 1 group: 12%, and Stage 2 group: 14%), although this
trend was not significant (Table 2).

Finally, a multivariable logistic regression analysis was
performed in this cohort of chronic hypertensive pregnancies to
identify factors related to placental-mediated diseases. Briefly,
for p-PE, the independent risk factors were the history of
previous PE (OR = 15) and MAP in mmHg (OR = 1.1). For FGR
below the 3rd percentile, the independent risk factors were UtA

PI z-score (OR = 6.2), MAP in mmHg (OR = 1.1), and maternal
age in years (OR = 1.4) (Table 3).

Discussion

Our study demonstrated that the first-trimester blood
pressure range in patients with pregestational hypertension is
directly associated with adverse perinatal outcomes, mainly
those related to placental-mediated diseases. Moreover, the new
2017 ACC/AHA classification identifies a moderate subgroup
of pregnancies who could benefit from closer follow-up until
delivery. Furthermore, the development of p-PE and FGR
in these pregestational hypertensive pregnancies was also
associated with the previous history of PE and uterine artery
Doppler and maternal age, respectively.

In 2018, Nzelu et al. (22) analyzed and divided 586
pregnancies with pregestational hypertension into three groups:
BP below 140/90 mmHg without treatment (Group 1), BP
below 140/90 with oral antihypertensive, and BP > 140/90
irrespective of treatment at the first trimester. The goal of the
treatment was to maintain BP at 130–140/80–90 mmHg, and
treatment was withdrawn when BP was less than 130/80 mmHg.
They demonstrated that adverse outcomes (p-PE and severe
hypertension) were related to the use of antihypertensive
treatments and, similar to our results, BP level in the first
trimester. In this line, Webster L. et al. performed a longitudinal
assessment of BP and vascular function parameters in 97
pregestational hypertensive pregnancies. They demonstrated
that those who subsequently developed superimposed PE and
SGA, SBP and DBP were significantly higher from the first
trimester to delivery (23).

Similar to our results, Sutton E. et al. analyzed perinatal
outcomes related to the new Stage 1 hypertension range but in

Frontiers in Medicine 04 frontiersin.org

https://doi.org/10.3389/fmed.2022.994386
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-994386 October 10, 2022 Time: 14:6 # 5

Sepúlveda-Martínez et al. 10.3389/fmed.2022.994386

TABLE 1 Demographic characteristics of pregestational hypertensive pregnancies at 11–14 week scan.

Characteristics Elevated or less(n = 59) Stage 1(n = 47) Stage 2(n = 24) p-value

Demographic characteristics

Maternal age, years 37.1 (32.7 – 39.1) 33.2 (30.3 – 37.0)* 36.3 (33.2 – 39.3)† 0.03

Type of conception 0.67

Spontaneous 57 (96.6) 47 (100) 24 (100)

ART 2 (3.4) 0 0

Systemic lupus 1 (1.7) 1 (2.1) 0 1.0

APLS 1 (1.7) 0 0 1.0

Diabetes mellitus 1 (1.7) 3 (6.4) 1 (4.2) 0.56

Smoking habit 2 (3.4) 1 (2.1) 0 0.2

Nulliparous 17 (28.8) 16 (34.0) 6 (25.0) 0.06

Parous no previous PE 20 (33.9) 25 (53.2) 12 (50.0)

Parous previous PE 22 (37.3) 6 (12.8)* 6 (25.0)

Body mass index, kg/m2 27.7 (24.6 – 31.6) 31.2 (26.7 – 35.9)* 31.7 (29.5 – 35.2)* 0.0025

Antihypertensive therapy 35 (59.3) 31 (66.0) 16 (66.7) 0.7

Aspirin before 16 weeks 36 (61.0) 25 (53.2) 12 (54.6) 0.7

11 – 14 weeks assessment

CRL, mm 65 (55 – 70) 64 (56 – 74) 65 (58 – 69) 0.96

Nuchal translucency, mm 1.6± 0.4 1.7± 0.4 1.5± 0.4 0.2

Mean UtA PI 1.54 (1.24 – 2.01) 1.63 (1.22 – 1.85) 1.47 (1.28 – 1.80) 0.78

UtA > 95th percentile 1/59 (1.7) 3/47 (6.4) 1/23 (4.4) 0.49

MAP, mmHg 87 (83 – 91) 97 (95 – 99)* 107 (105 – 110)‡ 0.0001

ART, assisted reproductive technology; APLS, antiphospholipid syndrome; p-PE, preterm preeclampsia; CRL, crown-to-rump length; UtA, uterine artery; PI, pulsatility index; MAP, mean
arterial pressure; FMF, fetal medicine foundation. P-value between all groups with the Kruskal-Wallis test.
*p < 0.05 vs. elevated or less; †p < 0.05 vs. Stage 1; ‡p < 0.05 vs. Stage 1 and normotensive.

TABLE 2 Odds ratios for perinatal outcomes after univariate logistic regression analysis.

Outcome Elevated or less(n = 59) Stage 1(n = 47) Stage 2(n = 24)

n/N (%) OR (95% CI) n/N (%) OR (95% CI) n/N (%) OR (95% CI) Trend p-value*

Global preeclampsia 9/57 (15.8) Reference 12/46 (26.1) 1.9 (0.71 – 4.96) 8/23 (34.8) 2.8 (0.93 – 8.67) 0.03

Preterm preeclampsia 4/57 (7.0) Reference 9/46 (19.6) 3.2 (0.92 – 11.25) 5/23 (21.7) 3.7 (0.89 – 15.22) 0.02

SGA < 10th percentile 6/57 (10.5) Reference 8/45 (17.8) 1.8 (0.58 – 5.75) 5/23 (21.7) 2.4 (0.64 – 8.69) 0.08

FGR < 3rd percentile 4/55 (7.3) Reference 5/42 (11.9) 1.7 (0.43 – 6.86) 3/21 (14.3) 2.1 (0.43 – 10.43) 0.16

Global PTD 11/58 (19.0) Reference 20/47 (42.6) 3.2 (1.32 – 7.59) 8/23 (34.8) 2.3 (0.77 – 6.71) 0.015

Global PTD < 34wks 3/58 (5.2) Reference 7/47 (14.9) 3.2 (0.78 – 13.17) 4/23 (17.4) 3.9 (0.79 – 18.84) 0.03

*Trend analysis with Jonckheere-Terpstra analysis. SGA, small for gestational age; FGR, fetal growth restriction; PTD, preterm delivery.

low-risk pregnancies in the first trimester. They demonstrated
that the lower range of Stage 1 is associated with an almost
3-fold higher risk of global PE (OR = 2.66 [1.56–4.54]) and
a 4-fold higher risk of indicated preterm delivery (OR = 3.83
[1.30–11.31]) (13).

In terms of predicting p-PE and FGR, we found out that
MAP was an independent predictive factor for both diseases,
whereas the previous history of PE was a predictor of the former,
the maternal age and uterine artery Doppler were of the latter.
These results could be of interest considering the current use
of multivariate predictive models, such as the FMF proposal
(15). This model is applied to universal screening, where uterine

artery Doppler, MAP, and maternal characteristics are the main
contributors to p-PE screening. However, within the subgroup
of pregestational hypertension patients, uterine artery Doppler
seems to have a lower impact on p-PE prediction, compared to
MAP and history of previous PE.

Despite the abovementioned evidence, several national
guidelines, such as the latest ACOG Practice Guidelines,
reinforce the use of the classical cutoff of 160/110 mmHg to
initiate or increase antihypertensive medications in pregnancies
with pregestational chronic hypertension with a treatment
goal of 120–160 mmHg and 80–110 mmHg for systolic
blood pressure and diastolic blood pressure, respectively (14).
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FIGURE 2

Perinatal outcomes of placental-mediated diseases according to blood pressure stage at the first-trimester scan. FGR, fetal growth restriction.

TABLE 3 Backward stepwise regression analysis for correlation between demographic and biophysical characteristics and presence of
placental-mediated diseases.

Up-slope Coefficient OR (95% CI) p-value Standard error

Preterm preeclampsia (< 37 weeks)

Previous preeclampsia 2.6825 14.6 (2.86 – 74.85) 0.001 12.182

MAP, mmHg 0.0880 1.1 (1.01 – 1.18) 0.021 0.042

Intercept –11.3406

Fetal growth restriction < 3rdpercentile

Mean UtA PI z-score 1.8229 6.2 (1.15 – 33.38) 0.034 5.322

MAP, mmHg 0.0910 1.1 (0.99 – 1.22) 0.08 0.053

Maternal age, years 0.3413 1.4 (0.94 – 2.11) 0.1 0.207

Intercept –24.5419

MAP, mean arterial pressure; UtA PI, uterine artery Doppler pulsatility index.

However, there is a lack of consensus regarding the best cutoff
within this large therapeutic range. The abovementioned results
of Nzelu et al. could help to answer this question, considering a
therapeutic goal of < 140/90 mmHg as the best range to reduce
adverse perinatal outcomes (22).

In contrast, the use of the new classification in non-pregnant
women and early pregnancies will have a significant public
health impact on rates of gestational hypertension by lowering
the diagnostic cutoff. Recently, Hu J. et al. evaluated 16,345
patients in China with several blood pressure assessments across
pregnancy. They demonstrated that gestational hypertension
increases from 4.2 to 25.1% using the 2017 ACC/AHA
consensus (24). Despite the fact that this 6-fold increase in
newly diagnosed gestational hypertension could affect public

health resources to manage these patients, the identification
of a moderate risk population (25) could be beneficial
to reduce resources due to the management of adverse
perinatal outcomes.

Strengths and weaknesses

The main strength of our study is that all patients were
assessed by fetal medicine experts at 11–14 week scan with
validated sphygmomanometers and all relevant data obtained
before the assessment. In this line, in all included patients, the
use and number of oral hypertensive treatments and the use
of aspirin were obtained, with no difference between groups
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that could bias our results. Before statistical analyses, the
complete database was depurated to certify that all data
were correctly stored. However, this study is not without
weaknesses. The main weakness is that our results are based on
a single measurement of blood pressure, without considering
a longitudinal follow-up until delivery. However, our results
highlight the association between placental-mediated diseases
and blood pressure range in the first trimester. Another
weakness is the single institution nature of the sample, which
could affect the external validation of our results. Therefore,
it is important to develop a multicenter study to demonstrate
consistency in our results. Moreover, because blood pressure
monitoring has been mandatory in our unit just since 2016, all
chronic hypertension cases before that were excluded from our
analysis, reducing the sample size by almost 50%.

Clinical relevance of the study

Our results could be of interest for the clinical management
of chronic hypertension during pregnancy. By demonstrating
that the new Stage 1 is associated with an increased risk of
placental-mediated diseases compared to lower blood pressure
values, this could support that an intensive antihypertensive
strategy with a lower blood pressure threshold is beneficial not
only to reduce severe FGR but also to reduce p-PE. In this line,
Magee et al. demonstrated that compared to a traditional goal of
diastolic blood pressure below 100 mmHg, a tight regimen (DBP
below 85 mmHg) was associated with less severe hypertension
during pregnancy and no increase in SGA at delivery (26).
Therefore, in pregestational chronic hypertension, a treatment
goal of <130/80 mmHg should be encouraged to reduce
placental-mediated diseases during pregnancy. Interestingly, a
recent study by Hauspurg A et al. (27) demonstrated that
within pregnancies with a high risk of PE in the first trimester,
those with the new 2017 ACC/AHA Stage 1, the use of low-
dose aspirin was associated with a significant reduction in
preterm PE, which was not observed in the normotensive high-
risk group. These results reinforce the clinical benefit of the
new classification in the management of hypertension during
pregnancy that needs to be validated with a larger population
of pregestational hypertensive pregnancies.

Conclusion

Our study demonstrated that the use of the new ACC/AHA
classification of chronic hypertension in the first trimester
has an impact on identifying a subgroup of patients with a
moderate adverse perinatal outcome that potentially requires
closer follow-up and strict management during pregnancy.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Author contributions

AS-M co-designed the study, performed the database
depuration, performed all statistical analyses, and co-wrote the
document. TC co-obtained perinatal outcomes and co-wrote the
document. RG and JG co-obtained perinatal outcomes. ML and
MP-C co-designed the study, reviewed, and approved the final
draft. All authors contributed to the article and approved the
submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

References

1. Abalos E, Cuesta C, Grosso AL, Chou D, Say L. Global and regional estimates
of preeclampsia and eclampsia: a systematic review. Eur J Obstet Gynecol Reprod
Biol. (2013) 170:1–7.doi: 10.1016/j.ejogrb.2013.05.005

2. Say L, Chou D, Gemmill A, Tunçalp Ö, Moller A-B, Daniels J, et al. Global
causes of maternal death: a WHO systematic analysis. Lancet Glob Heal. (2014)
2:e323–33. doi: 10.1016/S2214-109X(14)70227-X

3. Duley L. Maternal mortality associated with hypertensive disorders of
pregnancy in Africa, Asia, Latin America and the Caribbean. Br J Obstet Gynaecol.
(1992) 99:547–53. doi: 10.1111/j.1471-0528.1992.tb13818.x

4. Sibai BM. Diagnosis and management of gestational hypertension and
preeclampsia. Obstet Gynecol. (2003) 102:181–92. doi: 10.1016/S0029-7844(03)
00475-7

Frontiers in Medicine 07 frontiersin.org

https://doi.org/10.3389/fmed.2022.994386
https://doi.org/10.1016/j.ejogrb.2013.05.005
https://doi.org/10.1016/S2214-109X(14)70227-X
https://doi.org/10.1111/j.1471-0528.1992.tb13818.x
https://doi.org/10.1016/S0029-7844(03)00475-7
https://doi.org/10.1016/S0029-7844(03)00475-7
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-994386 October 10, 2022 Time: 14:6 # 8

Sepúlveda-Martínez et al. 10.3389/fmed.2022.994386

5. Acog. ACOG practice bulletin clinical management guidelines for obstetrician
gynecologists. Gestational hypertension and preeclampsia. Obstet Gynecol. (2020)
135:e237–60. doi: 10.1097/AOG.0000000000003891

6. Bartsch E, Medcalf KE, Park AL, Ray JG. Clinical risk factors for pre-eclampsia
determined in early pregnancy: systematic review and meta-analysis of large cohort
studies. BMJ. (2016) 353:i1753. doi: 10.1136/bmj.i1753

7. Seely EW, Ecker J. Chronic hypertension in pregnancy. Circulation. (2014)
129:1254–61. doi: 10.1161/CIRCULATIONAHA.113.003904

8. Bateman BT, Bansil P, Hernandez-Diaz S, Mhyre JM, Callaghan WM, Kuklina
EV. Prevalence, trends, and outcomes of chronic hypertension: a nationwide
sample of delivery admissions. Am J Obstet Gynecol. (2012) 206:.e1–8. doi: 10.1016/
j.ajog.2011.10.878

9. Panaitescu AM, Syngelaki A, Prodan N, Akolekar R, Nicolaides KH. Chronic
hypertension and adverse pregnancy outcome: a cohort study. Ultrasound Obstet
Gynecol. (2017) 50:228–35. doi: 10.1002/uog.17493

10. Gilbert WM, Young AL, Danielsen B. Pregnancy outcomes in women with
chronic hypertension: a population-based study. J Reprod Med. (2007) 52:1046–51.

11. Whelton PK, Carey RM, Aronow WS, Casey
DEJ, Collins KJ, Dennison Himmelfarb C, et al. 2017
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline
for the prevention, detection, evaluation, and management of high blood
pressure in adults: a report of the American College of Cardiology/American
Heart Association task force on clinical Pr. Hypertens (Dallas Tex 1979). (2018)
71:e13–115. doi: 10.1161/HYP.0000000000000076

12. Sutton EF, Rogan SC, Lopa S, Sharbaugh D, Muldoon MF, Catov JM.
Early pregnancy blood pressure elevations and risk for maternal and neonatal
morbidity. Obstet Gynecol. (2020) 136:129–39. doi: 10.1097/AOG.000000000000
3885

13. Sutton EF, Hauspurg A, Caritis SN, Powers RW, Catov JM. Maternal
outcomes associated with lower range stage 1 hypertension. Obstet Gynecol. (2018)
132:843–9. doi: 10.1097/AOG.0000000000002870

14. ACOG. ACOG Practice bulletin. Chronic hypertension in pregnancy. Obstet
Gynecol. (2020) 133:168–86.

15. O′Gorman N, Wright D, Syngelaki A, Akolekar R, Wright A, Poon LC, et al.
Competing risks model in screening for preeclampsia by maternal factors and
biomarkers at 11-13 weeks gestation. Am J Obstet Gynecol. (2016) 214:.e1–103.
doi: 10.1016/j.ajog.2015.08.034

16. Tayyar A, Guerra L, Wright A, Wright D, Nicolaides KH. Uterine artery
pulsatility index in the three trimesters of pregnancy: effects of maternal

characteristics and medical history. Ultrasound Obstet Gynecol. (2015) 45:689–97.
doi: 10.1002/uog.14789

17. Wright A, Wright D, Ispas CA, Poon LC, Nicolaides KH. Mean arterial
pressure in the three trimesters of pregnancy: effects of maternal characteristics and
medical history. Ultrasound Obstet Gynecol. (2015) 45:698–706. doi: 10.1002/uog.
14783

18. Rolnik DL, Wright D, Poon LC, O’Gorman N, Syngelaki A, de Paco Matallana
C, et al. Aspirin versus Placebo in pregnancies at high risk for preterm preeclampsia.
N Engl J Med. (2017) 377:613–22. doi: 10.1056/NEJMoa1704559

19. Nice guideline. Hypertension in Pregnancy?: Diagnosis and Management
[Internet]. London: NICE (2019). p. 1–54.

20. Figueras F, Gratacós E. Stage-based approach to the management of fetal
growth restriction. Prenat Diagn. (2014) 34:655–9. doi: 10.1002/pd.4412

21. Hadlock FP, Harrist RB, Martinez-Poyer J. In utero analysis of fetal growth:
a sonographic weight standard. Radiology. (1991) 181:129–33. doi: 10.1148/
radiology.181.1.1887021

22. Nzelu D, Dumitrascu-Biris D, Nicolaides KH, Kametas NA. Chronic
hypertension: first-trimester blood pressure control and likelihood of severe
hypertension, preeclampsia, and small for gestational age. Am J Obstet Gynecol.
(2018) 218:.e1–337. doi: 10.1016/j.ajog.2017.12.235

23. Webster LM, Myers JE, Nelson-Piercy C, Mills C, Watt-Coote I, Khalil A,
et al. Longitudinal changes in vascular function parameters in pregnant women
with chronic hypertension and association with adverse outcome?: a cohort study.
Ultrasound Obstet Gynecol. (2019) 53:638–48. doi: 10.1002/uog.19021

24. Hu J, Li Y, Zhang B, Zheng T, Li J, Peng Y, et al. Impact of the 2017 ACC/AHA
guideline for high blood pressure on evaluating gestational hypertension-associated
risks for newborns and mothers a retrospective birth cohort study. Circ Res. (2019)
125:184–94. doi: 10.1161/CIRCRESAHA.119.314682

25. Darwin KC, Federspiel JJ, Schuh BL, Baschat AA, Vaught AJ. ACC-AHA
diagnostic criteria for hypertension in pregnancy identifies patients at intermediate
risk of adverse outcomes.Am J Perinatol. (2021) 38(Suppl. 1):e249–55. doi: 10.1055/
s-0040-1709465

26. Magee LA, von Dadelszen P, Rey E, Ross S, Asztalos E, Murphy KE, et al.
Less-tight versus tight control of hypertension in pregnancy. N Engl J Med. (2015)
372:407–17. doi: 10.1056/NEJMoa1404595

27. Hauspurg A, Sutton EF, Catov JM, Caritis SN. Aspirin effect on
adverse pregnancy outcomes associated with stage 1 hypertension in a high-
risk cohort. Hypertens (Dallas, Tex 1979). (2018) 72:202–7. doi: 10.1161/
HYPERTENSIONAHA.118.11196

Frontiers in Medicine 08 frontiersin.org

https://doi.org/10.3389/fmed.2022.994386
https://doi.org/10.1097/AOG.0000000000003891
https://doi.org/10.1136/bmj.i1753
https://doi.org/10.1161/CIRCULATIONAHA.113.003904
https://doi.org/10.1016/j.ajog.2011.10.878
https://doi.org/10.1016/j.ajog.2011.10.878
https://doi.org/10.1002/uog.17493
https://doi.org/10.1161/HYP.0000000000000076
https://doi.org/10.1097/AOG.0000000000003885
https://doi.org/10.1097/AOG.0000000000003885
https://doi.org/10.1097/AOG.0000000000002870
https://doi.org/10.1016/j.ajog.2015.08.034
https://doi.org/10.1002/uog.14789
https://doi.org/10.1002/uog.14783
https://doi.org/10.1002/uog.14783
https://doi.org/10.1056/NEJMoa1704559
https://doi.org/10.1002/pd.4412
https://doi.org/10.1148/radiology.181.1.1887021
https://doi.org/10.1148/radiology.181.1.1887021
https://doi.org/10.1016/j.ajog.2017.12.235
https://doi.org/10.1002/uog.19021
https://doi.org/10.1161/CIRCRESAHA.119.314682
https://doi.org/10.1055/s-0040-1709465
https://doi.org/10.1055/s-0040-1709465
https://doi.org/10.1056/NEJMoa1404595
https://doi.org/10.1161/HYPERTENSIONAHA.118.11196
https://doi.org/10.1161/HYPERTENSIONAHA.118.11196
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

	Perinatal outcomes of pregestational hypertension according to blood pressure range at 11–14 week scan: Impact of the 2017 ACC/AHA guidelines
	Introduction
	Materials and methods
	Study design
	Patient's selection
	Definitions
	Statistical analysis

	Results
	Maternal demographics
	Perinatal outcomes

	Discussion
	Strengths and weaknesses
	Clinical relevance of the study

	Conclusion
	Data availability statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


