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ABSTRACT

Objective: Reducing maternal morbidity and mortality has been a challenge for low and middle-
income countries, especially in the setting of hypertensive disorders of pregnancy. Improved
strategies for treating obstetric patients with resistant hypertension are needed. We sought to
explore whether hemodynamic parameters may be used to identify patients that develop resis-
tant hypertension in pregnancy.

Methods: Retrospective cohort study among pregnant patients with gestational hypertension or
preeclampsia that experienced severe blood pressure elevations. Hemodynamic variables were
evaluated, including cardiac output (CO), and total peripheral resistance (TPR). The primary end-
point was resistant hypertension. An exploratory logistic regression was performed to evaluate
the association between the hemodynamic profile and the development of resistant hyperten-
sion. Adverse maternal and fetal outcomes were additionally described according to the presence
of resistant hypertension.

Results: Fifty-seven patients with severe pregnancy hypertension were included, of whom 34
developed resistant hypertension (59.7%). The resistant hypertension group, in comparison to
those without resistant hypertension, presented with a hypodynamic profile characterized by
reduced CO <5 L/min (41.2% vs. 8.7%, p: 0.007), and increased TPR > 1400 dyn-s/cm5 (64.7% vs.
39.1%, p: 0.057). Logistic regression analysis revealed an association between a hypodynamic
profile and resistant hypertension (OR 3.252, 95% Cl 1.079-9.804; p =0.035). Newborns of the
resistant hypertension group had more frequent low birth weight (<2500 g), low Apgar scores, ICU
admissions, and acute respiratory distress syndrome.

Conclusion: Patients experiencing hypertensive crisis during pregnancy and exhibiting
a hypodynamic profile (TPR >1400 dyn-s/cm5 and CO <5 L/min) developed higher rates of
resistant hypertension.
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I .
ntroduction to address include the overall quality of obstetric

Maternal mortality rate is considered an indicator of
a country’s level of development, and it is a global
health priority to reduce this rate to less than 70 per
100,000 live births in alignment with the United
Nations’ Sustainable Development Goals (1). Despite
current efforts, many low- and middle-income coun-
tries have not yet achieved the expected target for
maternal mortality. The accomplishment of this objec-
tive is one of the most complex public health problems
worldwide, primarily related to complications from
hypertensive disorders of pregnancy, postpartum
hemorrhage, and maternal sepsis (2). Critical areas

care, standardization of clinical protocols, and man-
agement networks between hospitals (3,4).
Hypertensive disorders are the second leading
cause of preventable maternal mortality worldwide
(5). Preeclampsia complications occur in 2 to 8% of
all pregnancies, and at least 42,000 maternal deaths
each year are related to complications of this disease
(6). In Colombia, preeclampsia is the leading cause of
maternal death, accounting for 26.7% of deaths in
2022 (7). Multiple interventions have been developed
to either prevent or make an early diagnosis of
hypertensive disorders in pregnancy. However, in

CONTACT Maria Fernanda Escobar @ maria.escobar.vi@fvl.org.co; publicaciones@fvl.org.co; mayaev2@gmail.com @ Unidad de Alta Complejidad
Obstétrica, Departamento de Obstetricia y Ginecologia, Fundacién Valle del Lili, Cra 98 Nro.18-49, Cali 7600.2, Colombia
@ Supplemental data for this article can be accessed online at https://doi.org/10.1080/10641955.2023.2272176

© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow the posting of the

Accepted Manuscript in a repository by the author(s) or with their consent.


https://doi.org/10.1080/10641955.2023.2272176
https://crossmark.crossref.org/dialog/?doi=10.1080/10641955.2023.2272176&domain=pdf&date_stamp=2023-11-03

2 (&) M. A ZAMBRANO ET AL.

2018 to 2019.
n=1498

Obstetric women with hypertensive
disorders of pregnanacy admitted to the
high complexity obstetric unit between

A/

preeclampsia at admission

n=98

Pregnant women diagnosed with

Patients without hemodynamic parameters at the

\

* time of hypertensive crisis.

n=51

Obstetric patients with

admission.
n=57

hemodynamic measurement at

1

¥

v

Obstetric patients with resistant
hypertension.
n=34

Obstetric patients with controlled

hypertension.

n=23

Figure 1. Patient selection chart.

cases where the disease is already established, strate-
gies to avoid the development of severe disease and
maternal complications are not fully effective (8-10).
Since patients in low and middle-income countries
frequently present to care with established disease,
prediction of disease severity and progression is cri-
tical to reducing maternal complications (3,4).
Hemodynamic variables can be assessed through
noninvasive monitoring techniques, and such mea-
sures have proven useful to guide treatment in the
setting of severe preeclampsia and hypertensive crisis

(11,12). Hemodynamic assessment may reduce
adverse maternal and perinatal outcomes by guiding
use of a specific antihypertensive agent, with

a mechanism of action that best addresses the identi-
fied hemodynamic profile (13,14).

One of the predictors of maternal morbidity is
the development of “difficult-to-manage” or resis-
tant hypertension. In the non-pregnant population,
it is associated with the development of cardiovas-
cular disease, chronic kidney disease and an increase
in overall mortality (15). However, resistant hyper-
tension is an underused and poorly studied concept
in obstetric population, mainly due to the lack of
consensus on the diagnostic criteria. This study aims
to explore whether hemodynamic parameters may be
used to identify patients with severe preeclampsia
that develop resistant hypertension, and to describe
the proportion of adverse pregnancy outcomes
related to resistant blood pressure status.

Methods
Design and population

A retrospective cohort study was conducted among
pregnant women who were diagnosed with preeclamp-
sia or gestational hypertension according to the criteria
established by the American College of Obstetrics and
Gynecology (ACOG) and the International Society for
the Study of Hypertension in Pregnancy (ISSHP) and
who developed hypertensive crisis, which was defined
as systolic blood pressure (SBP) equal to or greater than
160 mmHg and/or diastolic blood pressure (DBP) equal
to or greater than 110 mmHg [9,10]. The patients
included in the study were treated at the high complex-
ity obstetric unit (HCOU) in Fundacién Valle del Lili
(Cali, Colombia) or at the ESE Clinica Maternidad
Rafael Calvo (Cartagena, Colombia) between the years
2018 and 2019. Patients were excluded if they were in
the early stages of pregnancy (<25 weeks gestation), had
multifetal gestation, chronic hypertension, cardiovascu-
lar, metabolic, or hematologic comorbidities, or other
conditions that could potentially influence the mea-
sured hemodynamic variables assessed by the bioreac-
tance device (Figure 1). The main exposure variable
was the hemodynamic profile, and the main outcome
variable was resistant hypertension status.

Ethical approval for the study protocol was obtained
from the Institutional Ethics Committee (IRB No. 700-
2022; Act No. 25 of 7 December 2022). Informed con-
sent was not required, as this study was retrospective,



and the data were already collected in the clinical
records. The preparation of this article followed the
STROBE guidelines of Enhancing the Quality and
Transparency of Health Research (EQUATOR).
(Additional file 1).

Hemodynamic evaluation and blood pressure
measurement at hospital admission

A blood pressure recording was performed following
a 10-minute rest period, considering the appropriate
arterial cuff assignment based on each patient’s size
and following the recommendations from the
American College of Obstetrics and Gynecology (16).
Subsequently, each patient underwent an initial
hemodynamic evaluation using noninvasive transthor-
acic Bioreactance™ technology (Starling v5.5 device,
Baxter International Inc., Deerfield, Illinois, USA). This
device allows for the estimation of hemodynamic indices
using thoracic bioreactance technology. The stroke
volume is calculated by recording the relative phase
changes that occur when an alternating electric current
crosses the thorax; this is measured by placing electrodes
on the anterior and posterior parts of the patient’s
thorax, following the manufacturer’s instructions and
considering the weight and height of the patients,
which were measured at the time of admission. The
participants remained in a semi-recumbent position
immobile for two to three minutes while calibration
and recording were performed. The hemodynamic vari-
ables of primary interest were stroke volume (SV), car-
diac output (CO), and total peripheral resistance (TPR).

Blood pressure control and management during
follow-up

Uncontrolled hypertensive crisis during follow-up was
determined as persistent SBP 2160 mmHg and/or DBP
>110 mmHg after the management with two first-line
medications (intravenous labetalol, fast acting oral nife-
dipine or hydralazine) following the treatment algo-
rithm described in the ACOG Severe Hypertension
intervention package, or the occurrence of a new epi-
sode of hypertensive crisis within 24 hours (15,17).
Urapidil and ketanserin are not currently available in
Colombia for the treatment of hypertensive crises.
After the acute management of the hypertensive crisis,
treatment with long-acting antihypertensives such as
extended-release nifedipine, alpha-methyldopa, or meto-
prolol were used to maintain a long-lasting effect. In
addition, ACE inhibitors (captopril), calcium channel
blockers (long acting nifedipine), and beta-blockers (pro-
pranolol) were used during the postpartum period. In
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patients with difficult blood pressure control, prazosin,
furosemide, or clonidine were added to the treatment
regimen. Patients requiring more than two long-acting
antihypertensive medications to achieve blood pressure
goals of SBP <150 mm Hg and a DBP <100 mm Hg
throughout hospitalization were considered to have resis-
tant hypertension.

Variables and data collection

Sociodemographic information, personal history, clin-
ical characteristics of the current pregnancy, hemody-
namic variables, and perinatal and maternal outcomes
were collected, including information on organ dys-
function (Supplementary table S1). Multiorgan dys-
defined as more than 2 organs
dysfunction. Data were obtained from the medical
records and recorded in a digital database (BDClinic
software) by trained personnel. At the same time,
another investigator performed quality audits by cross-
checking random information with the corresponding
medical records.

function was

Statistical analysis

Initially, a descriptive analysis was conducted in the
entire study population. Qualitative variables were pre-
sented in both absolute and relative frequencies. The
parametric distribution of quantitative variables was
ascertained using the Shapiro-Wilk test and reported
as means and medians with standard deviation (SD) or
interquartile ranges (IQR) as appropriate. A bivariate
analysis was subsequently executed based on the pre-
sence of resistant hypertension. Medians and IQR were
used and compared using the Wilcoxon Mann-
Whitney test. Qualitative variables were contrasted uti-
lizing the Chi-square or Fisher’s exact test, contingent
upon pending on the expected count of subjects in each
category.

Considering the anticipated small sample size, an
exploratory univariate logistic regression analysis was
proposed. Dichotomous cutoff points were set for CO
and TPR variables to delineate the hypodynamic pro-
file, drawing upon prior literature (a CO <5 L/min and
TPR > 1400 dyn-s/cm”5 (13). In estimating the odds
ratios (OR) with a 95% confidence interval (CI), the
hypodynamic profile was designated as the indepen-
dent variable. At the same time, the occurrence of
resistant hypertension was treated as the dependent
variable. A p-value less than 0.05 was deemed statisti-
cally significant at a 95% confidence level. Data analysis
was executed using the Stata 18.0 software (Stata Corp,
Texas, USA).
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Results

Of the 1498 patients admitted with a diagnosis of hyper-
tensive disorders related to pregnancy during the study
period, 98 had hypertensive crisis (Figure 1). Within this
group, 41 were excluded as they did not have hemody-
namic parameters. A total of 57 patients were included in
the final analysis, of whom 34 cases developed resistant
hypertension (59.7%). Table 1 summarizes the sociode-
mographic characteristics of the population evaluated;
maternal age older than 35 years was found to be more
frequent in the resistant hypertension group (0, 0% vs. 7,
20.6%, p =0.034) as well as gestational age less than 34
weeks (6, 26.1% vs. 26, 76.5%, p < 0.001).

In terms of hemodynamic parameters at admission
(Table 2), the resistant hypertension group exhibited
lower CO values than the nonresistant hypertension
group (5.70 L/min [IQR 4.20-7.10] vs. 6.50 L/min [IQR
5.70-8.20]; p =0.028) and elevated TPR values (1489.00
[IQR 1295.00-2026.00] vs. 1364.00 dyn-s/cm-5 [IQR
1150.00-1500.00]; p = 0.032). When setting dichotomous
cutoff points for CO and TPR, 15 patients were identified
with a hypodynamic profile (CO <5L/min and TPR >
1400 dyn-s/cm-5). Of these, 13 (86.6%) belonged to the
resistant group (Figure 2). An exploratory logistic regres-
sion analysis revealed an association between the presence
of a hypodynamic profile and resistant hypertension (OR
3.252, 95% CI 1.079-9.804; p = 0.035).

Table 1. Sociodemographic characteristics according to the presence of resistant hypertension in women with severe preeclampsia

hospitalized between 2018 and 2019.

Total Nonresistant Hypertension Resistant Hypertension
Variable N=57 N=23 N=34 p-value
Maternal age, years 27.00 (22.00-31.00) 26.00 (22.00-3.00) 29.00 (22.00-34.00) 0.28
=35 years 7 (12.28%) 0 (.00%) 7 (2.59%) 0.034
21-30years 22 (38.60%) 6 (26.09%) 16 (47.06%) 0.11
19-20 years 7 (12.28%) 1 (4.35%) 6 (17.65%) 0.22
<18 years 4 (7.02%) 1 (4.35%) 3 (8.82%) 0.64
Gestational age at admission, weeks 32.10 (28.60-36.00) 36.00 (33.10-37.50) 29.35 (28.00-33.20) <0.001
Gestational age at admission <34 weeks 32 (56.14%) 6 (26.09%) 26 (76.47%) <0.001
Nulliparity 24 (42.11%) 10 (43.48%) 14 (41.18%) 0.86
BMI 30.10 (26.30-32.90) 3.00 (25.71-32.50) 31.00 (26.30-33.60) 0.81
BMI =25 46 (80.70%) 19 (82.61%) 27 (79.41%) 0.76
BMI =30 30 (52.63%) 12 (52.17%) 18 (52.94%) 0.95
BMI =35 9 (15.79%) 4 (17.39%) 5 (14.71%) 0.79
Rural area of residence 11 (19.30%) 3 (13.04%) 8 (23.53%) 0.33
Subsidized Social Security health system 30 (52.63%) 14 (6.87%) 16 (47.06%) 0.31
Education level 0.11
(n=55)
None 1 (1.75%) 0 (.00%) 1 (2.94%)
Elementary school 8 (14.04%) 1 (4.35%) 7 (2.59%)
High school 21 (36.84%) 11 (47.83%) 10 (29.41%)
Technician/Technologist 18 (31.58%) 6 (26.09%) 12 (35.29%)
Bachelor degree 7 (12.28%) 5 (21.74%) 2 (5.88%)
Ethnicity, n(%) 0.83
(n=49)
Mestizo 44 (77.19%) 18 (78.26%) 26 (76.47%)
Black, n(%) 4 (7.02%) 2 (8.70%) 2 (5.88%)
Indigenous, n(%) 1 (1.75%) 0 (.00%) 1 (2.94%)

Data are presented as median (RIC) for continuous measures and n (%) for categorical measures. BMI: body mass index.

Table 2. Hemodynamic parameters according to the presence of resistant hypertension in women with severe preeclampsia at

hospital admission from 2018 to 2019.

Nonresistant Hypertension

Resistant Hypertension

Variable N=23 N=34 p-value
Systolic blood pressure, mmHg 165.00 (161.00-174.00) 163.00 (16.00-169.00) 168.00 (162.00-18.00) 0.005
Diastolic blood pressure, mmHg 101.00 (97.00-110.00) 105.00 (97.00-11.00) 101.00 (96.00-11.00) 0.55
Cardiac output at admission, L/min 5.90 (4.60-7.40) 6.50 (5.70-8.20) 5.70 (4.20-7.10) 0.028
Cardiac output index at admission, L/min/m? 3.40 (2.70-4.00) 3.70 (3.20-4.30) 3.10 (2.40-3.80) 0.007
Stroke volume at admission, mL 65.30 (53.60-83.30) 67.20 (59.40-84.50) 63.55 (47.30-79.60) 0.15
Stroke volume variability at admission, % 14.00 (11.00-17.00) 13.00 (1.00-15.00) 16.00 (12.00-17.00) 0.029
Stroke volume index at admission, ml/m? 37.00 (31.00-48.00) 37.00 (33.00-49.00) 37.50 (28.00-44.00) 0.20
Total peripheral resistance at admission, dyn-s/cm5 1423.00 (1216.00- 1364.00 (115.00-15.00) 1489.00 (1295.00- 0.032
1727.00) 2026.00)
Total peripheral resistance index at admission, dyn-s/cm5/ 2516.00 (2222.00- 2309.00 (2034.00- 2722.50 (2317.00- 0.014
m? 3095.00) 2635.00) 3336.00)
Cardiac output <5 L/min 16 (28.07%) 2 (8.70%) 14 (41.18%) 0.007
Cardiac output >8 L/min 41 (71.93%) 21 (91.30%) 20 (58.82%) 0.007
Total peripheral resistance > 1400 dyn-s/cm5 31 (54.39%) 9 (39.13%) 22 (64.71%) 0.057
Total peripheral resistance < 900 dyn-s/cm5 1 (1.75%) 1 (4.35%) 0 (.00%) 0.40

Data are presented as median (RIC) for continuous variables and n (%) for categorical variables.
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Figure 2. Scatter plot distribution among patients with resistant and nonresistant postpartum hypertension.

The proportion of patients with uncontrolled hyper-
tensive crisis did not show statistically significant dif-
ferences between the groups. However, it was nearly
10% more frequent in the nonresistant hypertension
group, possibly associated with the need for earlier
gestational termination with repercussions on the
initial hemodynamic profile. On the other hand, in
the resistant hypertension group, there was a higher
proportion of patients who required intravenous vaso-
dilator management with nitroprusside to achieve con-
trol of hypertensive crisis. Severe maternal outcomes

including eclampsia, severe obstetric hemorrhage, acute
renal failure, and organ dysfunction were also more
frequent in the resistant hypertension group. No mater-
nal deaths were recorded in either group (Table 3).

Finally, there was evidence of greater neonatal mor-
bidity in the resistant hypertension group, with
a greater number of neonates with low birth weight
(<2500 g), a lower Apgar score at one minute and 5
minutes after birth, ICU requirement, and Acute
Respiratory Distress Syndrome (ARDS). Additionally,
this group had more neonatal deaths (Table 4).

Table 3. Maternal complications according to the presence of resistant hypertension in women with severe preeclampsia

hospitalized between 2018 and 2019.

Total Nonresistant Hypertension Resistant Hypertension
Variable N=57 N=23 N =34 p-value
Uncontrolled hypertensive crisis 24 (42.11%) 11 (47.83%) 13 (38.24%) 0.47
Nitroprusside requirement* 16 (29.63%) 4 (18.18%) 12 (37.50%) 0.13
Admission to the maternal ICU* 43 (79.63%) 11 (5.00%) 32 (1.00%) <0.001
Acute Pulmonary Edema* 6 (11.11%) 1 (4.55%) 5 (15.62%) 0.20
Acute Kidney Failure 6 (10.53%) 1 (4.35%) 5 (14.71%) 0.21
HELLP Syndrome 5 (8.77%) 1 (4.35%) 4 (11.76%) 0.33
Eclampsia 5 (8.77%) 0 (.00%) 5 (14.71%) 0.054
Sepsis* 1 (1.85%) 1 (4.55%) 0 (.00%) 0.22
Severe Obstetric Haemorrhage 7 (12.28%) 0 (.00%) 7 (2.59%) 0.020
Cardiac dysfunction* 2 (3.70%) 0 (.00%) 2 (6.25%) 0.23
Vascular dysfunction* 41 (75.93%) 10 (45.45%) 31 (96.88%) <0.001
Kidney dysfunction 4 (7.02%) 0 (.00%) 4 (11.76%) 0.088
Liver dysfunction 2 (3.51%) 1 (4.35%) 1 (2.94%) 0.78
Metabolic dysfunction 3 (5.26%) 1 (4.35%) 2 (5.88%) 0.80
Cerebral dysfunction 6 (10.53%) 1 (4.35%) 5 (14.71%) 0.21
Respiratory dysfunction® 2 (3.70%) 0 (.00%) 2 (6.25%) 0.23
Coagulation dysfunction 9 (15.79%) 5 (21.74%) 4 (11.76%) 0.31
Number of organ dysfunctions* 1.00 (1.00-2.00) 1.00 (.00-1.00) 1.00 (1.00-2.00) <0.001
>1 Organ dysfunction® 45 (83.33%) 14 (63.64%) 31 (96.88%) 0.001
MOD* 15 (27.78%) 2 (9.09%) 13 (4.62%) 0.011

Data are presented as median (RIC) for continuous variables and n (%) for categorical variables.
ICU: Intensive care unit; MOD: Multiple Organ Dysfunction; HELLP syndrome: Syndrome of hemolysis, elevated liver enzymes, and thrombocytopenia.

*Variables with n =54 for three missing data.

There were no reported cases of acute heart failure, posterior reversible encephalopathy syndrome, Subcapsular Liver Hematoma, and maternal deaths.
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Table 4. Neonatal complications according to the presence of resistant hypertension in women with severe preeclampsia and

hospitalized between 2018 and 2019.

Total Nonresistant Hypertension Resistant Hypertension
Variable N =57 N=23 N=34 p-value
Gestational age at the end of pregnancy, weeks 32.70 (28.30-36.10) 35.75 (33.10-37.60) 29.75 (28.00-33.10) <0.001
Birth weight, gms 1638.50 (1100.00-2630.00) 2259.00 (1649.00-283.00) 1246.00 (859.50-2097.00) 0.001
Low birth weight (<2500 gms)* 39 (72.22%) 12 (54.55%) 27 (84.38%) 0.016
APGAR 1 min, value 7.00 (3.00-8.00) 8.00 (7.00-8.00) 5.00 (2.00-6.00) <0.001
APGAR 5 min, value 8.00 (6.00-9.00) 9.00 (8.00-9.00) 7.00 (4.00-8.00) <0.001
APGAR 5min<7 16 (28.07%) 1 (4.35%) 15 (44.12%) 0.001
Intrauterine growth restriction, n(%) 8 (14.04%) 6 (26.09%) 2 (5.88%) 0.051
Neonatal death, n(%)* 7 (12.96%) 1 (4.55%) 6 (18.75%) 0.22
NICU admission, n(%)* 34 (62.96%) 9 (4.91%) 25 (78.12%) 0.005
Length of NICU stay 8.00 (0.00-32.00) 0.00 (0.00-11.00) 2.00 (3.00-63.00) 0.002
Neonatal ARDS* 26 (48.15%) 8 (36.36%) 18 (56.25%) 0.15
Intraventricular hemorrhage of the newborn* 7 (12.96%) 1 (4.55%) 6 (18.75%) 0.22
Neonatal necrotizing enterocolitis* 3 (5.56%) 0 (0.00%) 3 (9.38%) 0.26

Data are presented as median (RIC) for continuous variables and n (%) for categorical variables.
APGAR: Appearance, Pulse, Grimace, Activity, and Respiration; NICU: neonatal intensive care unit; ARDS: acute respiratory distress syndrome.

*Variables with n =54 for three missing data.

Discussion

This study identified that patients with resistant hyper-
tension during the hypertensive crisis, presented
a hypodynamic profile characterized by low CO and
high TPR more frequently than patients who achieved
blood pressure goals with two or less antihypertensive
medications, throughout hospitalization. The resistant
hypertensive group showed higher rates of maternal
and neonatal morbidity compared to the nonresistant
counterparts.

It is widely recognized that the primary causes of
severe hypertension in pregnancy are preeclampsia and
chronic hypertension. The main reason for maintaining
a target blood pressure is to prevent maternal cerebrovas-
cular and cardiovascular complications and to enable
delay of delivery (18,19). Despite advances in understand-
ing the pathophysiology of these conditions, integrating
this knowledge into current protocols and management
guidelines remains deficient, potentially contributing to
the persistently high rates of morbidity and mortality
associated with hypertensive disorders of pregnancy.

Blood pressure reduction in hypertensive crisis is
essential in pregnancy due to the potentially negative
impact of sustained elevated blood pressure on cere-
bral vascular homeostasis. Autoregulation of cerebral
circulation is a mechanism designed to maintain con-
stant perfusion pressure in response to changes in
systemic pressure mediated by myogenic, neurogenic,
metabolic, or endothelial factors (20). This mechanism
involves protective vasoconstriction of cerebral vessels
in the presence of elevated blood pressure. During
pregnancy, the increase in plasma volume and CO
promotes the adaptation of cerebral circulation dis-
tinct from other organs to maintain stable cerebral
pressure. In preeclampsia, there is a lack of endothelial

remodeling as an adaptative response to hypertension,
making cerebral blood vessels more susceptible to
blood-brain barrier (BBB) disruption. The failure of
autoregulation during severe hypertension leads to
increased hydrostatic pressure, reduced cerebral vas-
cular resistance, and damage to the microvasculature,
resulting in increased BBB permeability, microbleeds,
focal cerebral edema, neuroinflammation, and neuro-
nal impairment (21).

To identify cerebrovascular dysregulation at an
early stage and prevent its effects, new monitoring
methods have been developed, focusing on hemody-
namic assessment as a variable that reflects the dyna-
mism of myogenic and neurogenic factors. Valensise
H et al. initially proposed the hypothesis of different
hemodynamic origins and behaviors in preeclampsia
(22). More recently, Gyselaers explains the deteriora-
tion process of overall circulatory function through
noninvasive assessment of maternal cardiovascular
function, categorizing this condition in two profiles,
one characterized by the predominance of elevated
CO and the other by the predominance of elevated
TPR (23). These profiles correlate with the develop-
ment of venous hemodynamic dysfunction in scenar-
ios of gestational hypertension, early and late-onset
preeclampsia (23).

We found that patients with hypodynamic profile
showed an increased odd of resistant hypertension,
which in turn presented a lower gestational age at the
end of pregnancy. As expected, newborns of the resis-
tant hypertension group had worse perinatal outcomes,
lower birth weights, lower APGAR scores, and higher
rates of admission to the neonatal ICU and ARDS.
Complications and hemodynamic profiles in the resis-
tant hypertension group were similar to that observed
in early-onset preeclampsia (22,23).



It has been previously shown that patients with
early-onset preeclampsia often have a hypodynamic
profile characterized by low CO and high TPR; these
findings can be observed as early as the first trimester
(23). Elvira Di Pasquo et al. found that women with
preeclampsia who did not initially meet severity cri-
teria but progressed to severe preeclampsia were char-
acterized by lower CO and higher TPR (24). This
result is consistent with our findings and suggests
a possible correlation between a hypodynamic profile
and a higher disease burden which necessitates earlier
delivery.

Considering the dynamism of variables such as CO
and TPR in specific populations, and their role as critical
factors in preserving autoregulation of cerebral perfu-
sion, there is a strong rationale for their use in the
management of hypertensive crisis and resistant hyper-
tension (14). However, only a few studies have specifi-
cally incorporated CO and TPR measures in the
management of pregnant women receiving antihyper-
tensive therapy. Stott et al. and Vasapollo et al. describe
the implications of guided and stratified antihypertensive
management based on this approach, proposing
a therapeutic strategy focused on modulating TPR rather
than solely reducing arterial pressures (11,25,26). These
studies demonstrate that patients with early-onset hyper-
tensive disorders, who exhibit an hypodynamic profile,
experience a reduction in maternal and fetal complica-
tions when TPR is reduced through combined use of
nitric oxide donors and nifedipine.

To date, there is limited evidence regarding hemo-
dynamic profiles in the Latin pregnant population,
including the context of hypertensive disorders of preg-
nancy (11,25). Bioreactance represents a noninvasive
and low-cost tool that could change the outcome of
maternal morbidity and mortality in low- and middle-
income countries by allowing a more rigorous study of
hemodynamic profiles and their impact on the inter-
vention of high blood pressure levels that are difficult
to manage, as is the case of resistant hypertension
(13,23).

Regarding resistant hypertension, this term does not
have a strict definition in the obstetric patient or
a consensus for its applicability within current manage-
ment guidelines (8,27). However, we believe it is rele-
vant to consider this term, not only due to its possible
association with a worse prognostic profile, but also in
considering the limitations and additional costs
involved in the delayed discharge and rigorous post-
partum follow-up of patients with difficult-to-manage
blood pressure levels. This group may also be at greater
risk of long-term morbidity from cardiovascular
complications.
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Definition of resistant hypertension differs in
obstetric and non-obstetric populations, and its diag-
nosis may have different repercussions on morbidity
and mortality. However, it is important to highlight
that the obstetric population does not have the same
variety of antihypertensive drugs evaluated and
approved for managing high blood pressure compared
to the general population. In addition, it should be
considered that access to antihypertensive drugs with
higher potency, longer half-life, and better safety pro-
files is sometimes limited, mainly in low- and middle-
income countries.

Our findings contribute to a better understanding of
the disease’s natural history and associated complica-
tions. However, we recognize some limitations of our
study. In particular, the small sample size does not
allow us to make generalizable associations concerning
resistant  hypertension in  obstetric  patients.
Nevertheless, this evaluation will enable us to delve
deeper into the behavior of hemodynamic profiles in
our population and to set way for future studies and
analyses in this area.

Although standardized management approaches for
patients with severe hypertension or hypertensive cri-
sis may have great utility for acute intervention and
stabilization of the emergency, it is also important to
consider new therapeutic proposals developed for
higher-risk populations that ultimately require man-
agement in high complexity units. The integration of
both clinical (maternal age, ethnicity, and resistant
hypertension) and paraclinical (angiogenic biomar-
kers, hemodynamic variables, fetoplacental Doppler)
measures directed by a logical application of what we
understand of the pathophysiology and natural history
of the disease, taking into account the time of onset
(early or late onset), will be the key to develop specific
algorithms for treatment and long-term follow-up
(28).

Conclusion

Patients experiencing hypertensive crisis during preg-
nancy and presenting with a hypodynamic profile (TPR
>1400 dyn-s/cm5 and CO <5 L/min) developed higher
rates of resistant hypertension. Additionally, the resis-
tant hypertensive group showed higher rates of mater-
nal complications, small for gestational age and low-
birth weight newborns (<2500 gms), who required
admission to the neonatal ICU compared to those with-
out resistant hypertension. Further studies are war-
ranted to validate the clinical utility of bioreactance in
the management of hypertensive crisis in pregnancy.
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