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ARTICLE INFO ABSTRACT

Background: Hypertensive disorders of pregnancy, including preeclampsia and
eclampsia, represent a significant global maternal health challenge, affecting 2-8%
of pregnancies worldwide and contributing to 11-14% of maternal deaths. The
complex, multisystemic nature of these conditions, coupled with their unpredictable
clinical trajectories, presents substantial challenges for anesthetic management. This
Keywords: narrative review examines the emerging integration of artificial intelligence (Al)
Hypertension; technologies in obstetric anesthesia care for hypertensive disorders, exploring
Pregnancy-induced; current applications, technological foundations, implementation challenges, and
Preeclampsia; future directions. We synthesize evidence demonstrating Al's potential in
Avrtificial intelligence; continuous monitoring, predictive analytics, personalized care delivery, and clinical
Anesthesia; decision support. While significant barriers to implementation exist-including
Obstetric technological, regulatory, and ethical considerations-the integration of Al into
obstetric anesthesia represents a paradigm shift toward precision, predictive, and
personalized maternal care. This narrative review synthesizes current evidence to
argue that the primary value of Al in this context is not the replacement of clinical
judgment, but its augmentation through the synthesis of high-dimensional, time-
series data, thereby enhancing anesthesiologist situation awareness and enabling
proactive, rather than reactive, management.
such as late diagnosis, poor availability of magnesium
Introduction sulfate, and lack of intensive care services. This
contributes to these conditions being among the causes
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major global public health concern, with

profound implications for maternal and neonatal
morbidity and mortality. Current epidemiological data
indicate that preeclampsia and eclampsia affect between
2% and 8% of pregnancies globally, translating to
approximately 36 million cases annually [1-2]. The
challenge posed by these diseases has continued to
create an unequal burden, reflecting sharp disparities
between resource-rich and resource-poor countries.
Developed healthcare  sectors have  adequate
surveillance and access to evidence-based therapy, but
resource-poor areas are faced with significant hurdles,

I I ypertensive disorders of pregnancy constitute a
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of uterine rupture and 11-14% of all maternal deaths [3-
5].

The management strategy hinges on achieving
adequate maternal hemodynamic stability while
optimizing fetal perfusion and timing delivery. There
ought to be an informed selection of anesthetic
approaches based on the need for delivery with
consideration of the coagulation status of the mother
based on the platelet level. Cases of inaccuracies or
failures in speedy screening as well as the handling of
such situations may easily lead to devastating
consequences for the mother in the form of hemorrhage
or eclampsia seizure.
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The pathophysiologic basis of preeclampsia is rooted
in systemic endothelial dysfunction and extends beyond
blood pressure abnormalities to abnormalities in the
coagulation mechanism, fluid equilibrium,
uteroplacental blood flow, and multi-organ derangement
[6-7]. The salient points include:

1. Endothelial Glycocalyx Damage: Vascular
endothelial glycocalyx layer injury, resulting in
capillary leak, general edema, and subsequent
significant changes intravascular volume.

2. Renin-Angiotensin ~ System  Dysfunction:
Abnormal placental production of anti-angiogenic
factors (e.g., sFIt-1) antagonizes endothelial repair
mechanisms (VEGF).

3. Hypercoagulability: While thrombocytopenia is
present, a prothrombotic state is generally found, as
evidenced by the increased levels of thrombin-
antithrombin complexes. The extensive
pathophysiologic changes demand anesthetic care
focused on hemodynamic stabilization and the treatment
of coagulopathy, among other conditions like
pulmonary edema, cerebral edema, and renal
dysfunction—each affecting pharmacokinetics
differently

[8-9]. As the kinetic changes dynamically develop
often within minutes during labor or during surgical
procedures, they cannot be effectively detected by
intermittent monitoring by the anesthesiologist.

The review aims to (1) assess the current status of
artificial intelligence (Al) application usage in the
management of  hypertensive  disorders  during
pregnancy, (2) critically analyze the existing technology
support required to fully integrate Al into routine
healthcare delivery, (3) critically appraise the challenges
involved in implementing Al within technological,
governance, and policy frameworks, (4) examine the
future forecast regarding Al application usage in
obstetric anesthetic practice, and (5) critically assess the
future benefit and intensity unfolded by Al application
in improving hypertensive disorders during pregnancy
from the perspective of resource-challenged settings. In
our synthesis approach to reviewing the current
literature and existing technological developments, we
attempt to identify the types of situations where value
can still be added to the physician's expertise and
judgment by the application of Al in obstetric anesthesia
practiced on hypertensive disorders during pregnancy
patients.

The Anesthetic Challenge: Managing
Clinical Complexity in Real-Time

The core problem in the management of hypertensive
pregnancy complications is the rapid transitions between
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the states, requiring instantaneous changes in
management.

e Hemodynamic Complexity and Clinical
Unpredictability

The anesthetic concerns of parturients  with
hypertensive disorders have very complex dimensions.
The hemodynamic involvement in preeclampsia
includes a generalized vasoconstriction  with
intravascular volume depletion, depending upon the
severity and duration of the disease [8, 9].

* Vasopressor Response: There is increased
reactivity of the vasculature to exogenous vasopressors,
such as phenylephrine, and the risk for hypertensive
pulses with inexact dosing.

* Fluid Management Paradox: While excessive fluid
resuscitation can induce pulmonary edema because of
increased permeability and decreased oncotic pressure,
the downside of fluid restriction could be the possible
hypoperfusion of organs after regional anesthesia.

Moreover, under extreme conditions, anesthesiologists
often make use of invasive monitoring methods such as
Swan-Ganz catheters; however, Al has the potential for
non-invasive extraction of similar information from
waveforms.

This clinical dilemma generates conflicting data
streams- low intravascular volume markers (e.g., pulse
pressure variation) alongside signs of high extravascular
lung water. An Al model could be trained to quantify
the risk of pulmonary edema based on continuous
analysis of respiratory compliance, subtle changes in
oxygenation, and hemodynamic indices, providing a
dynamic, personalized fluid responsiveness prediction
that is superior to static measures.

Coagulopathy and Neuraxial Anesthesia Risk

Neuraxial techniques (epidural/spinal) are preferred
for labor analgesia and Cesarean section due to lower
risks of general anesthetic complications, but they are
absolutely contraindicated if coagulation is severely
impaired.

Thrombocytopenia and platelet dysfunction constitute
major concerns during neuraxial anesthesia. HELLP
syndrome (hemolysis, elevated liver enzymes, low
platelets) exemplifies  severe  disease  with
microangiopathy and hepatic injury [10-11].

The risk of neuraxial anesthesia is not fixed but
depends on the risk of local bleeding. In the absence of
general standards regarding the platelet count necessary
for the safe performance of neuraxial anesthesia, it is
necessary that an individualized risk-benefit calculation
be undertaken, based on the trends in platelet count,
coagulation studies (prothrombin time/international
normalized ratio [PT/INR], activated partial
thromboplastin time [aPTT]), as well as the degree of



Archives of Anesthesiology and Critical Care (Mar-Apr 2026); 12(2): 203-209.

clinical urgency [12]. The algorithms of artificial
intelligence may integrate the changing values of the
aforementioned variables with clinical findings (bruises,
sites of active bleeding) in order to provide an
individualized risk estimate regarding neuraxial
procedures..

Neurological Manifestations

Eclampsia, defined by new-onset seizures, presents a
neurological emergency requiring immediate airway,
seizure control (often with magnesium sulfate), and
blood pressure stabilization. Manifestations extend
beyond  convulsions to  posterior  reversible
encephalopathy syndrome (PRES), cerebral
hemorrhage, and cortical blindness [13-14]. Cerebral
autoregulation is compromised in severe preeclampsia.
Neuroimaging investigations document  cerebral
infarction, edema, hypoperfusion, and vasospasm in
preeclampsia and eclampsia [15].

Anesthetic agents impact intracranial pressure (ICP)
and cerebral perfusion pressure (CPP). The care of a
patient post-eclamptic seizure involves a trade-off
between antihypertensive drugs that decrease cerebral
perfusion pressure (CPP) and drugs used for intracranial
pressure management. Such a process requires a highly
precise dosage adjustment, which is most appropriate
for a feed-back-controlled system operating under
artificial intelligence inputs.

Artificial Intelligence: Filling the Gaps
in Human Capabilities

Al technology, especially machine learning (ML) and
deep learning (DL), has strong capabilities in
recognizing patterns in continuous high dimensional
data, areas where human intelligence has natural
limitations.

Continuous Multiparametric Monitoring

Modern operating theaters and delivery rooms produce
immense amounts of data through patient monitoring.
This is because Al makes it possible to monitor patients
continuously over complex datasets by simulating, at the
same time, changes in blood pressure variability, heart
rate, oxygen saturation, urine output, and fetal heart rate,
thereby identifying subtleties known as potential
correlations, which might not always be detected by
human observation [16]. For example, a subtle decrease
in pulse pressure and an increase in end-tidal carbon
dioxide levels could show impending heart failure well
before other alert levels have been reached.

Predictive Analytics and Early Warning Systems

Machine learning prediction allows for the first time in
history the shift of focus in management from reaction
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to prevention. Based on massive data inputs, such as
thousands of deliveries complicated by severe
preeclampsia, artificial intelligence systems detect
minute patterns that precede complications hours in
advance [17-18].

For example, a seizure prediction model based on
continuous data from an arterial line can provide
information regarding the probability of a severe
hypertensive surge during induction of general
anesthesia in the coming 15 minutes. This method has a
reported sensitivity of over 85% based on beat-to-beat
variability. This offers an anesthesiologist a possible
chance to prevent an occurrence of a hypertensive surge
or a seizure using vasodilators or magnesium sulfate.

Personalized Medicine and Personalized
Anesthesia

recognize the fact that one-size-fits-all dosage
regimens often fail in complex physiological situations
such as severe preeclampsia. This is because of changes
in the volume of distribution, protein-binding changes
due to hypoalbuminemia, and varying amounts of renal
and hepatic dysfunction. Al systems incorporate genetic
polymorphisms, obstetric history, current vital signs,
and the latest laboratory parameters to generate patient-

specific algorithms [19-20].

A practical example would be how a loading dose of
magnesium sulfate, an anticonvulsant drug that has the
possibility of toxicity, requires accurate estimation of
creatinine clearance and volume of distribution. By
using an Al system, it is possible to modify the
calculation depending on the values derived in real-time
for creatinine levels, urinary output, and the estimated
clearance. This is personalized and adds an improved
level of individualization to the pharmacological
management.

Data Integration and Synthesis

One big challenge to the decision-making process is
the manual integration of the different sources of
information. Aurtificial intelligence brings together
information from the electronic medical records system
(EHR), the continuous patient monitoring system, the
lab information system, imaging information (such as
brain MRI findings related to posterior reversible
encephalopathy syndrome or PRES), and even wearable
technology into integrated models informed by the
relevant context specifically for the information
accessed or reviewed [21-22]. This framework provides
the decision support system with the necessary
relationships between blood pressure values and other
variables that have been identified. This synthesis
enables the conversion of raw data to clinical
knowledge.
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Technological Infrastructure: Enabling Al in Clinical
Practice

The feasibility of sophisticated Al deployment in
acute care settings like obstetrics is predicated on recent
advancements in hardware, data handling, and
connectivity.

Computational Advances

The transition from theoretical models to deployable,
real-time clinical decision support systems relies heavily
on computational power. Recent technological progress-
including Graphics Processing Units (GPUs) and
specialized Al accelerators (e.g., TPUs)- enables the
real-time execution of intensive deep learning
algorithms, such as those required for complex
waveform segmentation and interpretation [23-24].
Cloud and edge computing architectures allow cloud
deployment for retrospective model training on massive
datasets and edge computing (processing directly on
local monitors or servers) for ultra-low-latency, real-
time inference in the operating room [24].

Advanced Sensor Technology

Al is only as good as its input data. Modern sensors
capture high-resolution physiologic data for continuous
evaluation, moving beyond simple threshold alarms.
Non-invasive measures such as beat-to-beat blood
pressure derived from plethysmography, cardiac output
estimation using advanced pulse contour analysis, and
continuous oxygenation integrated with laboratory data
(e.g., continuous hematocrit trends) provide the rich data
streams necessary for deep learning models [25].

Natural Language Processing (NLP)

Much  critical clinical information regarding
hypertensive disorders resides in unstructured text:
nursing notes detailing patient complaints ("l feel
dizzy,” "l saw spots"), physician progress notes
describing seizure activity, or anesthesia handover
summaries. Natural Language Processing (NLP): NLP
is used for identifying important clinical information in
unstructured clinical documentation, standardizing and
quantifying unstructured clinical data in order to
integrate it into predictive models [26].

Al Explainability and Clinical Acceptance

Doctors have traditionally been skeptical of “black
box” algorithms, especially with regard to patient
outcomes. XAl is working to alleviate this problem by
promoting trust through open demonstrations of
reasoning. Techniques like SHAP (SHapley Additive
exPlanations) values and attention mechanisms help to
point out which input features, such as platelet count or
mean arterial pressure derivatives, impact most on those
patients classified as high-risk [27]. This allows the
anesthesiologist to cross-verify the machine's reasoning
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against established physiology. Furthermore, healthcare
interoperability standards like FHIR (Fast Healthcare
Interoperability Resources) facilitate the secure
exchange of structured data necessary for system
integration and the development of federated learning
approaches across multiple institutions [28].

Ensure that you return to the ‘Els-body-text’ style, the
style that you will mainly be using for large blocks of
text, when you have completed your bulleted list.

Implementation Challenges: From
Research to Practice

Moving Al from pilot studies into standard clinical
workflow introduces multifaceted non-technical hurdles.
Sociotechnical Considerations

Effective clinical integration extends beyond
technology to encompass workflow design and ethical
oversight. Introducing an Al alert system requires
understanding how it impacts existing human-to-human
communication (e.q., coordination between
anesthesiologists and obstetricians) and modifying
standard operating procedures to incorporate the AI’s
findings without causing alert fatigue [29-30].

User Interface Design

During the acute care of eclampsia, it is necessary to
keep cognitive overload low. The design of the user
interface needs to prioritize simplicity, speed, and
actionable guidance. A dashboard with too many
metrics, no matter how visually alluring, can add to
cognitive overload, culminating in the ignoring of
important notifications [31]. It needs to be made clear
that some messages are just from the Al.

Clinical trust and validation

Clinical acceptance needs to be ensured through
reliability, reflected by high positive predictive value
and accuracy. Further, the degree of uncertainty needs to
be clearly expressed. An Al model reporting a 50% risk
of eclampsia should trigger different clinical responses
than one reporting a 95% risk. Maintaining physician
oversight- ensuring the final decision remains with the
human expert- is paramount while the system
continuously monitors in the background [32].

Regulatory Framework

Current medical device regulations are often ill-suited
for "continuously learning systems™ (CLS) that update
their algorithms based on new real-world data. The
regulatory bodies such as the FDA must establish
guidelines on the liability for mistakes made in the Al
algorithms, as well as the necessary documentation for
Al intervention to be followed [33-34].
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Resource Constraints in Low- and Middle-Income
Countries (LMICs)

Although there is great promise for artificial
intelligence (Al) applications with regard to lowering
disparities of healthcare around the globe, existing
conditions  concerning  power availability and
networking capabilities are often suboptimal for initial
use of such technology within LMICs [29]. However,
development of scalable forms of such Al with potential
use on portable devices such as tablets or low-end
personal computers might make elite risk adjustment
available and relieve current deficits of highly
specialized obstetric critical care personnel [35].

Future Directions: Enhancing the
Practice of Obstetric Anesthesia Using

Artificial Intelligence

It would include a staged process of adoption in moving
from decision-support systems to semi-autonomous
intervention using Al.

Near-Term Applications

Short-term deployment contemplates risk stratification
and decision support in a fully real-time fashion with a
primary focus on risk detection for those likely to
progress to a severe disease state. Earlier systems are
contemplated to interoperate with a primary focus on
alerting concerning trends in blood pressure variability,
detection of subtle clues indicative of impending
pulmonary edema via nuanced changes in measurements
of pulmonary compliance, and alerting to either sub-
therapeutic magnesium concentrations in association
with seizure likelihood while maintaining physician
dominance throughout [35-36].

Advanced Autonomous Systems

Medium-term progress could also allow for closed-loop
autonomous dosage adjustment. As an example, an Al
system controlling an infusion device for a drug such as
labetalol or nicardipine could automatically vary the
dosage of the drug according to continuous waveforms
of arterial blood pressure and a set of defined targets if it
could continue to perform robust safety analysis to
address dangers posed by critical system failures [37].

These systems could also use Al and robotic systems
for improved accuracy in placing a vascular or neuraxial
procedure, using real-time ultrasound fusion [37].

Population Health and Preventative Medicine

Potential long term: the optimization of risk in the
population and the prevention of preeclampsia via
population screening. Through the examination of early
pregnancy information like the first-trimester ultrasound
and blood pressure values obtained early in pregnancy,
artificial intelligence systems could forecast populations
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at risk to receive aspirin or increased monitoring during
pregnancy [38-39]. This transition to preemptive public
health management offers the greatest potential for
reducing overall maternal morbidity [39-40].

Economic Considerations

Although initial implementation costs for hardware,
integration, and validation are substantial, the long-term
return on investment arises through the prevention of
severe complications.

Lower rates of intracranial hemorrhage, reduced needs
for admission to the intensive care unit, lower total
hospital stays, and more efficient use of resources (e.g.,
preventing the need for transfer when possible and
preventing overmonitoring) are all sources of explicit
cost savings [41].

Discussion

Implications for Maternal Health

The Al-anesthesia interface for hypertensive disorders
transcends mere technological enhancement; it
fundamentally redefines the paradigm of maternal
critical care. The inherent complexity, high stakes, and
dependence on integrating vast amounts of multi-modal,
time-sensitive data make preeclampsia and eclampsia
ideal test cases for systems capable of managing high-
dimensional data under acute temporal constraints [42-
43]. The integration of artificial intelligence into
obstetric anesthesia management in hypertensive
disorders offers a paradigm shift in addressing one of
the biggest clinical challenges.

Limitations

The current level of proof for deploying Al technology
in preeclampsia management remains primarily
theoretical, using retrospective model data or derived
from pilot research efforts on a small scale showing
viability. There exists a critical and long-overdue
requirement for randomized and prospective large-scale
clinical trials to compare and validate Al-assisted
management to standard management for clinical
efficacy and safety on a broader scale [43].

Beyond a concern for lack of generalizability for
algorithms across geography and culture on a broader
scale, a model developed and trained using data strictly
from a North American tertiary hospital may perform
sub-optimally on a clinic in rural Asia using differences
in demographics and sensor calibration adjustments to
illustrate limitations. In addition, there still remain
challenging areas for ethical development related to
privacy and obtaining consent for using data for
development.
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Critical Success Factors

The success of adoption comes with harmonious
progress in technical developments, regulatory certainty,
as well as social acceptance by the medical fraternity. It
is crucial, however, that Al systems be developed along
with the aim of enhancing, rather than substituting, the
role of human expertise—the best safety nets, problem-
solving tools, and analytical aids. The objectives of
predictability need to be met while retaining the critical
role of ultimate decision-making by the physician. The
plans of implementation worldwide need emphasis on
collaboration by sources whenever possible, often a
crucial concept towards creating a realistic means of
narrowing the maternal mortality gaps worldwide [40].

Conclusion

The incorporation of artificial intelligence in the
management of obstetric anesthesia for hypertensive
disorders represents a revolutionary opportunity in
meeting this major clinical problem. Al enables
sophisticated, continuous multiparametric monitoring,
delivers advanced predictive analytics, and provides
data-driven decision support precisely when the human
cognitive bandwidth is most taxed. The technological
infrastructure, driven by computational power and
advanced sensing, has matured sufficiently to support
tangible, safe clinical deployment in many contexts.

Priorities for the next decade must include rigorous,
large-scale validation trials to establish clinical
superiority or non-inferiority. Research must focus on
the engineering of continuous algorithm updating
mechanisms that allow models to safely adapt to
evolving clinical practices. Further refinement of
human-Al interaction interfaces, comprehensive
economic  assessments demonstrating value, the
establishment of clear ethical and legal frameworks, and
concerted efforts toward ensuring equitable global
access are essential. This convergence of medicine and
computation signals a future of truly predictive and
personalized maternal care, grounded equally in
technological precision and unwavering human
compassion.
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