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Hypertensive pregnancy disorder is among the leading causes of maternal and fetal mortality,
affecting 5—7% of pregnant women. Beta-blockers are known to improve endothelial dysfunc-
tion and may be beneficial in the treatment of this condition. We carried out a retrospective
observational study involving 80 pregnant women with hypertension, admitted to the Alexan-
dru Simionescu County Hospital, Hunedoara, Romania, from May 1, 2021 to December 31, 2023.
Systolic blood pressure, diastolic blood pressure, and hypertension treatment were compared
between patients receiving metoprolol and patients receiving other antihypertensive medica-
tion. Preeclampsia and premature delivery occurred in a significantly higher proportion among
those who received other antihypertensive medication (p = 0.006 and p = 0.021, respectively).
Low Apgar score (Apgar 6) was encountered in 2.5% of cases. Intrauterine growth restriction
did not occur in either study group, and the neonatal and maternal mortality rates were zero
in both groups. Metoprolol had demonstrated its benefits in treating hypertensive pregnancy
disorders. The final goal is improving maternal and fetal outcomes.
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INTRODUCTION

Hypertensive pregnancy disorder is associated with sig-
nificant fetal and maternal complications such as eclamp-
sia, intrauterine growth restriction (IUGR), premature
birth, intrauterine fetal death, and maternal cardiovascu-
lar diseases. It affects 5—7% of pregnant women and is a
leading cause of maternal mortality.»?

Gestational hypertension represents a systolic blood
pressure of =140 mmHg or a diastolic blood pressure of
>90 mmHg on two separate occasions at least 4 h apart,
in a previously normotensive pregnant woman after 20
weeks of pregnancy, according to the guidelines of the
American College of Obstetricians and Gynecologists. In
severe cases, gestational hypertension may pose a risk to
the life of the mother and fetus." A normal pregnancy is

characterized by a series of complex temporary processes,
such as decidualization, placentation, and parturition. Any
alteration to this chronological progression can have sig-
nificant effects on the mother and the fetus.>* Brosens et
al. were the first to demonstrate that preeclampsia is asso-
ciated with a failure in the remodeling of the spiral arter-
ies within the placental bed.* This abnormal placentation,
together with endothelial dysfunction, has a crucial role in
the development of this condition.? An important feature
of preeclampsia is the incomplete remodeling of spiral
arteries, leading to utero-placental malperfusion, which
can be visualized through perfusion studies using Doppler
ultrasound and magnetic resonance imaging.> This malp-
erfusion results in vasoconstriction, ischemia-reperfusion
injury, and oxidative stress. Abnormal placentation also
disrupts the balance of angiogenic factors. Elevated lev-
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els of circulating anti-angiogenic factors, such as soluble
fms-like tyrosine kinase 1 (sFlt-1) and soluble endoglin
(sEng), reduce the availability of pro-angiogenic factors
such as placental growth factor (PIGF) and vascular endo-
thelial growth factor (VEGF), leading to the development
of hypertension and glomerulopathy, followed by the in-
stallation of hypertensive disorder during pregnancy.’

Beta-blockers are known to improve endothelial dys-
function and may also be beneficial in the treatment of
preeclampsia.®’ These agents have been shown to increase
the expression of pro-angiogenic factors, such as PIGF
and VEGF, while having a moderate effect on the levels of
anti-angiogenic factors, such as sFlt-1 and sEng. This is
particularly important because endothelial dysfunction is
a hallmark feature of preeclampsia and a key contributor
to the multiorgan injury associated with the condition.®

The aim of our study was to assess the benefits of
metoprolol in the treatment of hypertensive pregnancy
disorders.

MATERIAL AND METHOD

We carried out a retrospective observational study involving
80 pregnant women with hypertension admitted to the Al-
exandru Simionescu County Hospital, Hunedoara, Romania
from May 1, 2021 to December 31, 2023, with termination of
pregnancy and postpartum stay in the same hospital.

Inclusion criteria were the following: pregnant women
with high blood pressure according to World Health Or-
ganization criteria.® High blood pressure was defined as
systolic blood pressure of 2140 mmHg and/or diastolic
blood pressure of 290 mmHg on at least two measure-
ments performed at least 4 h apart. Patients with mul-
tiple pregnancies, infections, heart or kidney diseases
were excluded.

Systolic and diastolic blood pressure values, as well as
the antihypertensive treatment were compared between
patients receiving metoprolol and patients receiving other
treatments such as nifedipine and methyl-dopa. Demo-
graphic information, clinical symptoms, information
about maternal age and parity were obtained from their
medical records, together with information about pre-
vious chronic diseases such as chronic hypertension or
diabetes mellitus. Laboratory parameters such as platelet
count, creatinine, aspartate transaminase, alanine trans-
aminase, proteinuria, and uric acid levels were recorded.

We also collected data about the most important ob-
stetric complications observed during pregnancy, such as
preterm birth, preeclampsia, and IUGR. We recorded the
birth date, sex, weight, and Apgar score of the newborn,

and complications at birth, such as fetal hypoxia, mater-
nal or neonatal death. The benefits of the treatments were
quantified depending on the evolution of the pathology,
the presence of obstetric complications, and the number
of days of hospitalization.

STATISTICAL ANALYSIS

Continuous and normally distributed baseline charac-
teristics are presented as mean + s.d. with minimum and
maximum. Non-normally distributed variables are pre-
sented as median with 25th percentile (Q1) and 75th per-
centile (Q3). Categorical variables, presented as frequency
and percentages, were compared between groups using
the chi-squared test or Fisher’s exact test. Normal dis-
tribution was assessed with the Shapiro—Wilk test. In the
analysis of the difference between the numerical data of
the two groups, the independent samples t test was used
when the data were distributed in a normal distribution,
and the Mann—Whitney U test was used when the data
were not normally distributed. The effect size of studied
dependencies was then quantified by the odds ratio and
95% confidence interval. The statistical analyses were
performed using SPSS v.25.0 (IBM Corp). A p value of
<0.05 was considered statistically significant.

RESULTS

In total, 80 patients have fulfilled the predefined criteria
of hypertensive pregnancy disorder in the studied period,
and 83.8% of these patients had preeclampsia. Demo-
graphic data and maternal and fetal outcomes of the study
population are presented in Table 1.

Mean age was 25.9 years among the patients receiv-
ing metoprolol and 27.8 years among the patients receiv-
ing other antihypertensive medication. In total, 42.5% of
the included patients had a high body mass index, an im-
portant risk factor for hypertensive pregnancy disorder.
Notably, the proportion of patients with high body mass
index was significantly higher among those receiving
metoprolol (p = 0.041). Additionally, a higher proportion
of patients receiving metoprolol were from urban envi-
ronments (p = 0.083). Preeclampsia and premature deliv-
ery occurred in a significantly higher proportion among
those receiving other antihypertensive medication (p =
0.006 and p = 0.021, respectively), suggesting that meto-
prolol may be able to prevent these adverse outcomes. The
most common adverse fetal outcomes were the require-
ment of neonatal intensive care in one case (1.25%) and
an Apgar score of 6 in two cases (2.5%). The mean birth
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TABLE 1. Pro-atherogenic and prothrombotic mechanisms of Lp(a)*
Variables All patients With metoprolol Without metoprolol p value
(n=80) (n = 40) (n = 40)
Age (years), mean + s.d. 26.8 + 4.54 25.90 + 4.67 27.80 + 4.25 0.67
Gestational week at delivery, mean # s.d. 37.61 + 1.17 37.20 + 1.41 38.03 + 0.66 0.06
Birth weight, mean = s.d. 2,787.87 + 356.09 2,746.50 + 379.99 2,829.25 + 330.06 0.30
Body mass index, n (%) 34 (42.5) 12 (30.0) 22 (55.0) 0.041
Urban environment, n (%) 65 (81.2) 36 (90.0) 29 (72.5) 0.083
Preeclampsia, n (%) 67 (83.8) 38 (95.0) 29 (72.5) 0.006
Prematurity, n (%) 5(6.2) 5 (12.5) 0 (0.0) 0.021
IUGR, n (%) 8 (10.0) 4 (10.0) 4 (10.0) 0.98
Cesarean section 72 (90.0) 37 (92.5) 35 (87.5) 0.71
Doppler changes in the 3rd trimester 35 (43.8) 18 (45.0) 17 (42.5) 0.82
Oligoamnios 6 (7.5) 4 (10.0) 2 (5.0) 0.39
CTG affected before birth 27 (33.8) 17 (42.5) 10 (25.0) 0.15
Male sex, n (%) 21(26.2) 11 (27.5) 10 (25.0) 0.79
G1, n (%) 53 (66.2) 27 (67.5) 26 (65.0) 0.96
G2, n (%) 23 (28.7) 11 (27.5) 12 (30.0)
G2, n (%) 4 (5.0) 5 (5.0) 2 (5.0)
P1, n (%) 70 (87.5) 34 (85.0) 36 (90.0) 0.73
P2, n (%) 10 (12.5) 6 (15.0) 4 (10.0)
Prophylaxis with acetylsalicilic acid, n (%) 29 (36.2) 10 (25.0) 19 (47.5) 0.062

CTG, cardiotocography; G, gestation; P, parity

weight was 2,829.25 g for the newborns of mothers re-
ceiving other antihypertensive medication and 2,746.50
g for the newborns of mothers receiving metoprolol (p
= 0.30). IUGR was found in 10% of patients who received
metoprolol and 10% of patients who received other anti-
hypertensive medication. Neonatal and maternal mortali-
ty rates were zero in both groups. Aspartate transaminase,
alanine transaminase, uric acid, and proteinuria were not
modified, and the duration of hospital stay was similar
in both groups. We found that 87.5% of the included pa-
tients were primiparous, which suggests that primiparity
plays an important role in the development of hyperten-
sive disorder. Preeclampsia has been associated with poor
perinatal outcomes such as IUGR, low Apgar score at 5
min, and an increased need for neonatal intensive care. In
our study, 36.2% of the entire cohort received preventive

TABLE 2. The relationship between preeclampsia and treatment
with metoprolol and acetylsalicylic acid

Variables Odds ratio  95% confidence p value
interval

Treatment with 0.0886 0.0171t0 0.4600 0.0039

metoprolol

Prophylaxis with 0.1456 0.0274 t0 0.7736 0.0237

acetylsalicylic acid

treatment with acetylsalicylic acid (25.0% of patients re-
ceiving metoprolol and 47.5% of patients receiving other
antihypertensive medication). Both metoprolol and ace-
tylsalicylic acid had a protective effect on pregnant wom-
en with hypertensive disorder, preventing the occurrence
of preeclampsia (Table 2).

DISCUSSION

Hypertension appears in various pathologies associat-
ed with pregnancy, such as antiphospholipid syndrome,
thrombophilia, lupus, thrombotic microangiopathies,
diabetes mellitus, SARS-CoV-2 infection, and dislipid-
emia.>>° At the same time, although hypercoagulability
is a normal feature of pregnancy, coagulability is further
increased in preeclampsia. This is attributed to increased
fibrinogen levels, thrombin generation, low protein S and
activated protein C resistance, and fibrinolysis.’

The prevalence of chronic hypertension has risen in the
United States, and its treatment follows the 2017 guide-
lines of the American Heart Association and the Ameri-
can College of Cardiology. The most important change in
these guidelines is the replacement of methyldopa with
labetalol for managing hypertension during pregnancy.*
Other beta-blockers, such as metoprolol, are considered
safe during pregnancy."
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Our study highlights that IUGR is a consequence of hy-
pertensive disorder rather than the use of metoprolol dur-
ing pregnancy. Additionally, metoprolol was not associ-
ated with prematurity or other adverse maternal or fetal
outcomes. On the contrary, it contributed to prolonging
the gestation period under safe conditions.

Similar findings have been reported in other studies.
Ghafarzadeh et al. conducted a study involving 300 preg-
nant women with hypertension and showed that those
receiving methyldopa had a relative risk of preeclamp-
sia, whereas the risk of IUGR was not significantly higher
among those who received metoprolol. Metoprolol, alone
or in association with methyldopa, labetalol, or nifedipine,
is recommended for treating hypertension in pregnancy.'
However, Redman et al. found beta-blockers to be associ-
ated with a major risk of severe growth retardation.!® Sim-
ilarly, Kubota et al. identified a significant risk of hypogly-
cemia and IUGR in fetuses exposed to beta-blockers.”7 In
contrast, Aktas et al. reported a higher risk of premature
delivery and lower Apgar scores among patients receiv-
ing beta-blockers compared to the control group.®® Kay-
ser et al. observed that long-term intrauterine exposure
to metoprolol may increase the risk of IUGR, although
serious neonatal complications were rare. According to
their study, metoprolol can be well tolerated when used in
carefully selected cases with close neonatal monitoring.*
Furthermore, first-trimester oral beta-blocker use has
been shown to be safe, with no major congenital anoma-
lies reported.11 Sandstrém compared metoprolol with hy-
dralazine and found a higher rate of perinatal mortality
and IUGR in the hydralazine group. Beta-blockers, on the
other hand, showed no abnormal effects on the fetus.?°

Certain beta-blockers have a protective effect on the
endothelium and are useful for managing hypertension
during pregnancy.*?* However, recent research has raised
concerns regarding their safety in relation to neonatal and
obstetrical outcomes. Significant improvements in preg-
nancy outcomes can be achieved through the careful selec-
tion and monitoring of beta-blockers in pregnant women
with hypertension.* Sanchez-Pardo et al. demonstrated
notable improvements in outcomes, although combined
medication was required in most cases.>> Beta-blockers
are particularly recommended in severe preeclampsia, in
which they have been shown to improve both maternal
and fetal outcomes.

Women with hypertensive pregnancy disorder have an
increased risk of immediate and long-term cardiovas-
cular complications.’® In their 2024 review, Leonard et
al. highlighted the effectiveness of beta-blockers in pre-
venting episodes of severe hypertension in women with

preeclampsia, showing that they are more effective than
methyldopa. They also found no significant differences in
the risks of preeclampsia, IUGR, neonatal death, or pre-
term birth associated with beta-blocker use.** Beta-block-
ers can be successfully used when monotherapy is insuf-
ficient for adequate blood pressure control.52

Preeclampsia-associated endothelial dysfunction has
been shown to persist postpartum, along with altered
cerebrovascular autoregulation, which may increase the
risk of postpartum hypertension.”> Long-term maternal
health consequences include an elevated risk of hyperten-
sion, ischemic heart disease, and stroke.?” A more aggres-
sive approach to treating hypertension during pregnancy
can prevent the development of severe hypertension.>®
Additionally, treating non-severe hypertension during
pregnancy has been shown to prolong gestation in wom-
en who might otherwise require early delivery. Lowering
treatment thresholds could reduce premature deliveries,
thereby avoiding complications associated with prema-
turity. There is substantial evidence linking hypertension
pregnancy disorders to an increased risk of immediate
postpartum complications and future maternal vascular
diseases.>*® However, there is no definitive evidence fa-
voring one antihypertensive drug over another, including
beta-blockers, when considering all treatment options.®

Anticoagulation is an important approach in prevent-
ing severe preeclampsia and its complications, as dem-
onstrated in our study and supported by the literature.>>°?
In our study, the use of low-dose acetylsalicylic acid as
prophylaxis had a beneficial effect on pregnant women
with hypertensive disorder, preventing the occurrence of
preeclampsia.

The exploration of novel adjuvant therapies holds
promise for extending the duration of pregnancy and im-
prove perinatal and maternal outcomes.?® Potential future
treatments include therapeutic plasma exchange, which
may be beneficial in early-onset preeclampsia, purpura,
or lupus, associated with methyldopa and metoprolol.
However, further research is needed to validate these ap-
proaches. Pravastatin also shows promise as an alterna-
tive therapy.

Efforts to prevent fetal hypoxia are essential, and med-
ications such as allopurinol have shown potential in this
regard.>?273%3! Additionally, novel animal models could
have an important role in the development of targeted
therapies, not only for preeclampsia but also for cardio-
vascular diseases that follow preeclampsia.??

In a 2016 study, the sFlt-1/PIGF ratio has been found to
be inversely corelated with prolongation of pregnancy and
adverse outcomes.?® These innovative biomarkers identi-
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fied in humans should be evaluated for their potential in
predicting and diagnosing preeclampsia.?*3*

Hypertensive pregnancy disorder is a heterogenous,
complex condition, and overly generalized approaches
may overlook the interplay and varying contributions of
maternal and placental preeclampsia. The effective man-
agement of hypertension should remain a cornerstone of
preeclampsia prevention. This not only mitigates immedi-
ate maternal complications, but also reduces the risk of
long-term cardiovascular injury.>'*3>

A limitation of our study is its observational retro-
spective design, conducted in a single center with a small
study group.

CONCLUSION

The optimal choice of therapy must remain a matter of
carefully analyzing the risk/benefit ratio for each individ-
ual patient. Metoprolol use showed its benefits in treating
hypertensive pregnancy disorders. The final goal is im-
proving maternal and fetal outcomes.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

ETHICS APPROVAL

The study was approved by the local ethics committee
where it was conducted (approval no. 16552/04.11.2024).

CONSENT TO PARTICIPATE

Informed consent was obtained from all subjects involved
in the study. All methods were carried out in accordance
with the Declaration of Helsinki.

DATA AVAILABILITY

Further data is available from the corresponding author
upon reasonable request.

FUNDING

This research received no external funding.

AUTHOR CONTRIBUTIONS

C.F.B. contributed to conceptualization. M.I.M. contribut-
ed to methodology. S.V. contributed to software analysis.

M.C. contributed to validation. M.I.LM. and C.F.B. contrib-
uted to investigation. M.I.M. prepared the original draft.
C.F.B. contributed to review and editing. M.C. contributed
to supervision.

REFERENCES

1. Verma V, Parashar S, Lata K, Gaur P, Kaushik R, Sharma V.
Pattern of treatment approaches for preeclampsia during
pregnancy. Journal of Applied Pharmaceutical Sciences and
Research. 2024;7(2):10-14. doi: 10.31069/japsr.v7i2.02

2. Mitranovici MI, Chiorean DM, Moraru R, et al. Understanding
the Pathophysiology of Preeclampsia: Exploring the Role of
Antiphospholipid Antibodies and Future Directions. J Clin
Med. 2024 May 2;13(9):2668. doi: 10.3390/jcm13092668

3. Mitranovici MI, Chiorean DM, Oald IE, Petre I, Cotoi OS.
Evaluation of the Obstetric Patient: Pregnancy Outcomes
during COVID-19 Pandemic—A Single-Center Retrospective
Study in Romania. Reports. 2022;5(3):27. doi: 10.3390/
reports5030027

4. Khan DSA, Hamid LR, Ali A, Salam RA, Zuberi N, Lassi ZS, Das
JK. Differences in pregnancy and perinatal outcomes among
symptomatic versus asymptomatic COVID-19-infected
pregnant women: a systematic review and meta-analysis.
BMC Pregnancy Childbirth. 2021 Dec 1;21(1):801. doi: 10.1186/
$12884-021-04250-1

5. Garovic VD, Dechend R, Easterling T, et al; American Heart
Association Council on Hypertension; Council on the Kidney
in Cardiovascular Disease, Kidney in Heart Disease Science
Committee; Council on Arteriosclerosis, Thrombosis and
Vascular Biology; Council on Lifestyle and Cardiometabolic
Health; Council on Peripheral Vascular Disease; and Stroke
Council. Hypertension in Pregnancy: Diagnosis, Blood
Pressure Goals, and Pharmacotherapy: A Scientific Statement
From the American Heart Association. Hypertension. 2022
Feb;79(2):e21-e41. doi: 10.1161/HYP.0000000000000208

6. Binder NK, MacDonald TM, Beard SA, et al. Pre-Clinical
Investigation of Cardioprotective Beta-Blockers as a
Therapeutic Strategy for Preeclampsia. J Clin Med. 2021 Jul
30;10(15):3384. doi: 10.3390/jcm10153384.

7. Anand S. Antihypertensive in Pregnancy-
Pharmacotherapy Options. Biomedical and Pharmacology
Journal.2015;7(1):289-294. doi: 10.13005/bpj/490

8. Sinkey RG, Battarbee AN, Bello NA, Ives CW, Oparil S, Tita
ATN. Prevention, Diagnosis, and Management of Hypertensive
Disorders of Pregnancy: a Comparison of International
Guidelines. Curr Hypertens Rep. 2020 Aug 27;22(9):66. doi:
10.1007/s11906-020-01082-W

9. Mitranovici MI, Puscasiu L, Oald IE, et al. A Race against
the Clock: A Case Report and Literature Review Concerning
the Importance of ADAMTS13 Testing in Diagnosis and
Management of Thrombotic Thrombocytopenic Purpura
during Pregnancy. Diagnostics (Basel). 2022 Jun 27;12(7):1559.
doi: 10.3390/diagnostics12071559

10. Leonard SA, Siadat S, Main EK, et al. Chronic Hypertension
During Pregnancy: Prevalence and Treatment in the United
States, 2008-2021. Hypertension. 2024 Aug;81(8):1716-1723.
doi: 10.1161/HYPERTENSIONAHA.124.22731

11. Yakoob MY, Bateman BT, Ho E, et al. The risk of congenital
malformations associated with exposure to B-blockers



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Journal of Cardiovascular Emergencies 202; Epub ahead of print

early in pregnancy: a meta-analysis. Hypertension. 2013
Aug;62(2):375-381.doi: 10.1161/HYPERTENSIONAHA.111.00833
Bozdag H, Ogiitciioglu FB, Duran EA, et al. The frequency and
fetomaternal outcomes of early-and late-onset preeclampsia:
The experience of a single tertiary health center in the bustling
metropolis of Turkey; Istanbul. Medeniyet Medical Journal.
2015;30(4):163-169. doi: 10.5222/MM].2015.163

Gryglas P, Jedrusik P, Wojciechowska E, et al. [PP.24.01]
Serial ambulatory blood pressure monitoring, intensity of
antihypertensive drug treatment, and pregnancy outcomes
in women with hypertension found early during pregnancy.
Journal of Hypertension. 2016;34:p e261. doi: 10.1097/01.
hjh.0000492094.66024.ce

Das SR, Bhusanpanigrahi B, Pani MK. Metoprolol succinate as
selective drugs for treatment of hypertension in pregnancyas
bi layer floating tablet: a review. International Journal of
Pharmaceutical Research. 2019;11(4):673. doi: 10.31838/
ijpr/2019.11.04.025

Ghafarzadeh M, Shakarami A, Yari F, Namdari P. The
comparison of side effects of methyldopa, amlodipine, and
metoprolol in pregnant women with chronic hypertension.
Hypertens Pregnancy. 2020 Aug;39(3):314-318. doi:
10.1080/10641955.2020.1766489

Redman CW. Controlled trials of antihypertensive drugs
in pregnancy. Am J Kidney Dis. 1991 Feb;17(2):149-53. doi:
10.1016/s0272-6386(12)81120-6

Kubota K, Inai K, Shimada E, Shinohara T. o/B- and p-Blocker
Exposure in Pregnancy and the Risk of Neonatal Hypoglycemia
and Small for Gestational Age. Circ J. 2023 Mar 24;87(4):569-
577. doi: 10.1253/circj.CJ-22-0647

Akgiin Aktas B, Uzuner PF, Tanacan A, Sahin D. Obstetrics
and fetal outcomes in pregnant women with beta-blocker
treatment in maternal arrhythmia. JGON. 2024;21(1):8-12. doi:
10.38136/jgon.1275121

Kayser A, Beck E, Hoeltzenbein M, et al. Neonatal effects
of intrauterine metoprolol/bisoprolol exposure during
the second and third trimester: a cohort study with two
comparison groups. ] Hypertens. 2020 Feb;38(2):354-361. doi:
10.1097/HJH.0000000000002256

Sandstrém B. Antihypertensive treatment with the adrenergic
beta-receptor blocker metoprolol during pregnancy. Gynecol
Invest. 1978;9(4):195-204. doi: 10.1159/000300984

Katsi V, Papakonstantinou IP, Papazachou O, Makris T,
Tsioufis K. Beta-Blockers in Pregnancy: Clinical Update. Curr
Hypertens Rep. 2023 Feb;25(2):13-24. doi: 10.1007/s11906-
023-01234-8

Wang Y, Liu C, He X, Li Y, Zou Y. Effects of metoprolol,
methyldopa, and nifedipine on endothelial progenitor cells
in patients with gestational hypertension and preeclampsia.
Clin Exp Pharmacol Physiol. 2019 Apr;46(4):302-312. doi:
10.1111/1440-1681.13063

Véazquez-Rodriguez JG, Séanchez-Pardo CI. Postpartum
Arterial Hypertension Management in Patients with Severe

24.

25.

26.

27.

28.

20.

30.

31

32.

33.

34.

35.

Preeclampsia. The Experience of a High Specialty Hospital
of Mexico City. Journal of Advances in Medicine and Medical
Research. 2022;34(23):111-121. doi: 10.9734/jammr/2022/
V341234844

MillerJ, Mishra S, Jena S, etal. Pregnancy induced hypertension
& pre eclampsia: Pathophysiology & recent management
trends: A review. IJPRAS. 2016;5(3):326-334.

Pankiewicz K, Szczerba E, Fijatkowska A, Sierdziriski J, Issat
T, Maciejewski TM. The Impact of Coexisting Gestational
Diabetes Mellitus on the Course of Preeclampsia. J Clin Med.
2022 Oct 28;11(21):6390. doi: 10.3390/jcm11216390

Haas DM. Pharmacogenetics and individualizing drug
treatment during pregnancy. Pharmacogenomics. 2014
Jan;15(1):69-78. doi: 10.2217/pgs.13.228

Iannaccone A, Reisch B, Kimmig R, et al. Therapeutic Plasma
Exchange in Early-Onset Preeclampsia: A 7-Year Monocentric
Experience. J Clin Med. 2023 Jun 26;12(13):4289. doi: 10.3390/
jcm12134289

Attar A, Hosseinpour A, Moghadami M. The impact of
antihypertensive treatment of mild to moderate hypertension
during pregnancy on maternal and neonatal outcomes: An
updated meta-analysis of randomized controlled trials. Clin
Cardiol. 2023 May;46(5):467-476. doi: 10.1002/clc.24013

Cox AG, Marshall SA, Palmer KR, Wallace EM. Current and
emerging pharmacotherapy for emergency management of
preeclampsia. Expert Opin Pharmacother. 2019 Apr;20(6):701-
712. doi: 10.1080/14656566.2019.1570134

Cavallasca JA, Costa CA, Maliandi MDR, Musuruana JL. Hot
topics in lupus pregnancy. World J Rheumatol. 2013;3(3):32-
39. doi: 10.5499/wjr.v3.i3.32

Mitranovici M-I, Chiorean DM, Muresan MC, et al. Treating
Preeclampsia in the COVID-19 Era: Is Allopurinol Useful as an
Adjuvant Therapy? A Case Report and Review of the Literature.
Stresses. 2023;3(1):125-135. doi : 10.3390/stresses3010010
Editors. Hypertension Editors' Picks: Preeclampsia, Pregnancy,
and Hypertension. Hypertension. 2018 Jul;72(1):e1-e18. doi:
10.1161/HYPERTENSIONAHA.118.11037

Saleh L, Verdonk K, Jan Danser AH, et al. The sFlt-1/PIGF
ratio associates with prolongation and adverse outcome of
pregnancy in women with (suspected) preeclampsia: analysis
of a high-risk cohort. Eur J Obstet Gynecol Reprod Biol. 2016
Apr;199:121-6. doi: 10.1016/j.ejogrb.2016.02.013

Chiorean DM, Cobankent Aytekin E, Mitranovici MI, et al.
Human Placenta and Evolving Insights into Pathological
Changes of Preeclampsia: A Comprehensive Review of the Last
Decade. Fetal Pediatr Pathol. 2024 Jan-Feb;43(1):33-46. doi:
10.1080/15513815.2023.2274823

Wang X, Guan M, Zhang X, et al. The Association Between
S100A8/A9 and the Development of Very Late Stent
Thrombosis in Patients With Acute Myocardial Infarction.
Clin Appl Thromb Hemost. 2020;26:1076029620943295. doi:
10.1177/1076029620943295



