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Abstract

Introduction. Neurosurgical emergencies during pregnancy are
associated with maternal and fetal risk and require rapid, coordi-
nated, and ethically sound decision-making. Conditions such as
traumatic brain injury, intracranial hemorrhage, rapidly expand-
ing intracranial tumors, acute hydrocephalus, and spinal cord
compression often necessitate urgent intervention despite the
physiological adaptations of pregnancy, altered pharmacokinetics,
anesthetic constraints, and limitations in diagnostic imaging.
Owing to the predominance of case reports and small series in
the literature, management strategies are frequently individual-
ized. Material and Methods. This narrative review synthesizes
the available literature on urgent neurosurgical care in pregnant
patients, with particular emphasis on maternal and fetal out-
comes, pregnancy-specific modifications of neurocritical and
surgical management, and ethical considerations. A structured
search of PubMed and Scopus was conducted to identify relevant
studies addressing surgical timing, perioperative strategies, multi-
disciplinary coordination, and reported ethical dilemmas. Con-
clusion. The reviewed evidence underscores the importance of
early diagnosis, prioritization of maternal stabilization, and close
collaboration among neurosurgery, obstetrics, anesthesia, and
neonatology teams. When indicated, neurosurgical procedures
should generally not be delayed solely due to pregnancy, and in-
dividualized anesthetic strategies may help minimize fetal expo-
sure. Ethical issues - including informed consent, maternal au-
tonomy, and consideration of fetal interests — require clear com-
munication and shared decision-making. Despite improvements
in care, standardized management guidelines remain limited,
highlighting the need for higher-quality evidence and structured
interdisciplinary treatment pathways.
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Sazetak

Uvod. Neurohirurska hitna stanja tokom trudnodée nose visok
rizik za majku i fetus i zahtevaju brzo, koordinisano i eti¢ki
utemeljeno donosenje odluka. Stanja poput traumatske pov-
rede mozga, intrakranijalnog krvarenja, brzorastu¢ih tumora,
akutnog hidrocefalusa i kompresije ki¢mene mozdine zaht-
evaju pravovremenu intervenciju, uprkos izazovima koje
namecu fizioloske promene trudnoce, izmenjena farmakoki-
netika, ogranic¢enja u primeni anestetika i smanjene
dijagnosticke moguénosti. Posto se ve¢ina dostupnih dokaza
zasniva na prikazima sluc¢ajeva i manjim serijama slucajeva,
postupanje se ¢esto prilagodava svakoj pojedina¢noj pacijent-
kinji. Materijal i metode. Ovaj rad obuhvata postojecu liter-
aturu o urgentnoj neurohirurskoj nezi kod trudnica, sa foku-
som na ishode za majku i fetus, specifi¢ne modifikacije
neurokriti¢ne i hirur§ke nege, kao i eticke aspekte. Struktur-
isano pretrazivanje nau¢nih baza PubMed i Scopus identifiko-
vala je studije o hirur§kom tajmingu, perioperativnim strate-
gijama, multidisciplinarnoj koordinaciji i zabelezenim etickim
dilemama. Zaklju¢ak. Klju¢ni rezultati isti¢u znacaj rane di-
jagnostike, stabilizacije majke i bliske saradnje neurohirurga,
ginekologa-akus$era, anesteziologa i neonatologa. Neophodne
hirurske intervencije, po pravilu, ne treba odlagati zbog
trudnode, a prilagodene anesteticke strategije mogu smanjiti
fetalnu izlozenost lekovima. Eticka pitanja — ukljucujudi in-
formtivni pristanak, autonomiju majke i interese fetusa — za-
htevaju jasnu komunikaciju. Uprkos napretku, standardi-
zovane smernice ostaju ogranicene, §to naglasava potrebu za
ja¢im dokazima i strukturisanim interdisciplinarnim pristu-
pom.

Kljucne redi: trudnoca; traumatske povrede mozga; intrakran-
ijalno krvarenje; neurohirurske procedure; multidisciplinarni
tim; eticke dileme
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Abbreviations

TBI - traumatic brain injury

MRI - magnetic resonance imaging
CT - computed tomography

Introduction

Neurosurgical emergencies in pregnancy represent
a high-risk clinical domain in the intersection of acute
neurocritical care and maternal-fetal medicine. These
conditions are associated with disproportionate ma-
ternal and perinatal morbidity and mortality due to
the concurrence of rapidly progressive neurological
compromise and the complex physiological adapta-
tions of gestation. Clinical management is further
complicated by diagnostic and therapeutic limitations,
variability in institutional expertise, and a scarcity of
high-quality evidence. As a result, optimal outcomes
depend on early recognition, prompt intervention, and
coordinated multidisciplinary care, with treatment
strategies carefully individualized to balance maternal
stabilization with fetal safety. The continued reliance
on case reports and expert consensus highlights the
lack of structured, evidence-informed frameworks ap-
plicable to these uniquely challenging scenarios [1-12].
The clinical spectrum encompasses a heterogeneous
group of acute, potentially life-threatening conditions,
including intracranial and subarachnoid hemorrhage,
traumatic brain injury (TBI), rapidly expanding intra-
axial and extra-axial mass lesions, acute hydrocepha-
lus, spinal cord compression syndromes, and other
cases of sudden neurological deterioration. Although
relatively uncommon, these entities are associated with
substantial maternal morbidity and increased perina-
tal vulnerability, often exacerbated by diagnostic de-
lays, concerns regarding fetal exposure to imaging
modalities, and hesitancy to pursue timely invasive
interventions [2,3,7,10].

Pregnancy-related physiological changes - such
as altered cerebrovascular reactivity, increased intra-
vascular volume, gestation-specific modifications in
coagulation and hemostasis, reduced functional re-
sidual capacity, and significant alterations in phar-
macokinetics and anesthetic sensitivity — further
complicate the application of standard neurocritical
and neurosurgical algorithms. These adaptations ne-
cessitate recalibration of monitoring strategies, neu-
roprotective measures, surgical timing, and anes-
thetic management to mitigate risks to both maternal
neurological function and fetal viability [4,12]. Be-
yond clinical and physiological complexity, neuro-
surgical emergencies in pregnancy raise profound
ethical challenges. Decision-making may be influ-
enced by maternal-fetal risk asymmetry, particularly
when urgent intervention carries uncertain fetal con-
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sequences or when gestational age affects neonatal
viability, the feasibility of perimortem delivery, or
therapeutic aggressiveness. In the absence of compre-
hensive guidelines and robust prospective data, clini-
cians must rely on multidisciplinary deliberation,
structured ethical analysis, and transparent patient
counseling to guide management [1,5,8,9]. The con-
vergence of neurological urgency, physiological vul-
nerability, and ethical uncertainty underscores the
need for comprehensive, evidence-informed ap-
proaches integrating emergent neurosurgical priori-
ties with maternal-fetal considerations.

Material and Methods

This review aims to synthesize current evidence
and expert consensus regarding neurosurgical emer-
gencies during pregnancy, identifying gestation-spe-
cific physiological, diagnostic, anesthetic, and thera-
peutic factors requiring modification of standard
neurosurgical practice, and examine prevailing ethi-
cal challenges and multidisciplinary decision-making
frameworks.

A structured literature review was conducted using
the PubMed and Scopus databases, identifying relevant
publications available up to the time of writing. Search
terms included combinations of “neurosurgical emer-
gencies”, “pregnancy”, “intracranial hemorrhage”,
“traumatic brain injury”, “spinal lesions”, “neurocriti-
cal care”, “maternal outcomes”, and “ethical consid-
erations”. Original research articles, systematic re-
views, narrative reviews and case series were included.

Eligibility criteria encompassed studies addressing
urgent neurosurgical interventions in pregnant pa-
tients, reporting maternal or fetal outcomes, or dis-
cussing ethical and clinical decision-making proc-
esses. Exclusion criteria included non-acute neuro-
surgical conditions, non-human studies, and reports
lacking sufficient clinical or methodological detail.
Studies from both low- and high-resource settings
were included to reflect variability in institutional
capabilities and practice patterns.

Data extraction focused on maternal and fetal mor-
bidity and mortality, timing and type of neurosurgical
intervention, anesthetic strategies, multidisciplinary
coordination, and documented ethical dilemmas. The
extracted evidence was synthesized to identify core
principles guiding clinical practice, emphasizing preg-
nant-specific physiologic considerations, perioperative
risk mitigation, and evidence-informed, ethically
grounded decision-making. Where available, consen-
sus statements and institutional protocols were incor-
porated to provide a structured framework applicable
across diverse clinical environments.
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Discussion

Neurosurgical emergencies during pregnancy con-
stitute rare but high-stakes clinical situations in which
acute neurological deterioration threatens both mater-
nal and fetal survival. Conditions such as traumatic
brain injury (TBI), intracranial hemorrhage, rapidly
expanding intracranial tumors, and other fulminant
neurosurgical pathologies require urgent intervention
to prevent maternal morbidity and mortality, while
simultaneously accounting for fetal well-being [1,2].
The complexity of management arises from pregnan-
cy-related physiological adaptations, altered pharma-
codynamics, anesthetic constraints, and the necessity
for rapid multidisciplinary coordination [3,4].

Although uncommon, these emergencies carry
profound consequences. Esmaeilzadeh et al. [1] re-
ported that prompt diagnosis and timely neurosurgical
intervention are essential for optimizing maternal out-
comes without necessarily compromising fetal viabil-
ity. Severe TBI during pregnancy exemplifies the dual-

patient challenge, wherein life-saving maternal inter-
ventions may entail unavoidable fetal risk [2,3]. Ethical
dilemmas frequently arise when maternal and fetal
interests appear discordant, necessitating careful ap-
plication of ethical principles such as autonomy, be-
neficence, and non-maleficence. Physiological adapta-
tions of pregnancy complicate both diagnostic evalu-
ation and therapeutic planning [4]. Magnetic resonance
imaging (MRI) is generally preferred for neuroimaging
due to the absence of ionizing radiation, while com-
puted tomography (CT) remains justified in emergent
situations requiring rapid assessment [3,5]. Impor-
tantly, the literature consistently indicates that neces-
sary neurosurgical procedures, including craniotomy
and tumor resection, should not be delayed solely be-
cause of pregnancy, as postponement is associated with
worse maternal outcomes [5,6]. Anesthetic manage-
ment must be carefully tailored, following neuroanes-
thetic principles adapted to pregnancy-specific physi-
ological constraints [4]. Multidisciplinary collaboration
is repeatedly emphasized as a determinant of favorable

Table 1. Key neurosurgical emergencies during pregnancy

Condition Clinical Diagnostic limita- Therapeutic Perioperative Expected
presentation tions in pregnancy priorities considerations outcomes
Altered con- Limited use of CT NP id maternal ~ Multidisciplinary Maternal outcome
L stabilization, air-  trauma manage-
due to radiation

Traumatic brain
injury (TBI)

Intracranial
hemorrhage
(ICH)

Intracranial
tumors

Acute
hydrocephalus

Spinal stenosis/
cord compression

sciousness, focal
neurological defi-
cit, raised intrac-

ranial pressure;
often associated
with polytrauma

Sudden headache,
focal deficit, de-
creased level of
consciousness;
may be associated
with hypertension
or coagulopathy

Progressive neu-
rological deficits,
seizures, signs of
raised intracrani-
al pressure; symp-
tom progression
may accelerate

during pregnancy

Headache, nau-
sea, vomiting, al-
tered mental sta-
tus, papilledema

Progressive mo-
tor weakness,
sensory loss,
sphincter dys-
function

concerns; MRI pre-
ferred when feasi-
ble; fetal monitor-
ing may interfere

with acute imaging

CT often required
in emergencies de-
spite radiation ex-
posure; MRI use-
ful for etiological
assessment

MRI without con-
trast preferred;
gadolinium gener-
ally avoided; limit-
ed role of CT

MRI preferred;
rapid imaging es-
sential despite
pregnancy

MRI is modality
of choice; diagnos-
tic delay may oc-
cur due to nonspe-
cific symptoms

way protection,
control of intrac-
ranial pressure;
neurosurgical in-
tervention when
indicated

Immediate blood
pressure control,
reversal of coagu-
lopathy, urgent
neurosurgical
evacuation when
indicated

Symptom control;
surgical resection
if neurological de-
terioration occurs;
elective surgery
deferred when
stable

Urgent cerebros-
pinal fluid diver-
sion (EVD or
shunt)

Urgent decom-
pression in cases
of neurological
deterioration

ment; left lateral
positioning to avoid
aortocaval com-
pression; cautious
use of sedatives and
osmotherapy

Tight hemody-
namic control;
avoidance of hypo-
tension and hy-
poxia; fetal moni-
toring in viable
gestation

Timing of surgery
individualized by
gestational age and
tumor behavior;
anesthetic strate-
gies minimizing fe-
tal exposure

Careful fluid and
electrolyte balance;
infection preven-
tion; coordination
with obstetric team

Prone positioning
challenges; gesta-
tional age-specific
anesthetic plan-
ning

depends on injury
severity; fetal out-
come closely
linked to mater-
nal hemodynamic
stability

Favorable out-
comes possible
with timely inter-
vention; delays in-
crease maternal
and fetal mortality

Generally good
maternal out-
comes with appro-
priate timing; fetal
outcomes favora-
ble when maternal
stability main-
tained

Good maternal
and fetal out-
comes when treat-
ed promptly

Neurological re-
covery depends on
timing of interven-

tion; fetal out-
comes generally
favorable
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outcomes. Cohen-Gadol et al. [5] demonstrated im-
proved results when neurosurgeons, obstetricians,
anesthesiologists, and neonatologists jointly deter-
mined the timing and extent of intervention. Maternal
stabilization remains the primary priority, with fetal
considerations informing perioperative planning than
delaying essential treatment [3,7]. Established guide-
lines for management of pregnant trauma patients
emphasize structured protocols that integrate ethical
deliberation with clinical urgency. In the absence of an
immediate threat to maternal life or evidence of a rap-
idly progressive neurological deterioration, deferring
surgery until the postpartum period is generally ap-
propriate. Conversely, when operative intervention is
clearly indicated, it should not be delayed because of
pregnancy, as maternal safety remains the overriding
priority. Elective or non-urgent procedures are opti-
mally scheduled during the second trimester, when the
risks of miscarriage and preterm labor are lowest,
whereas in early pregnancy patients can often be man-
aged similarly to non-pregnant individuals [7].
Ethicolegal considerations further complicate ur-
gent decision-making. Informed consent must address
potential maternal and fetal risks under time-critical
conditions, while jurisdiction differences in maternal
autonomy and fetal rights influence clinical and legal
responsibility. Comprehensive documentation of eth-
ical reasoning and risk-benefit assessment is therefore
essential [8]. Emerging strategies, such as awake crani-
otomy in selected pregnant patients, have demon-
strated feasibility and may reduce fetal exposure to
anesthetic agents while allowing real-time neurologi-
cal assessment [10]. Similarly, evidence from intrac-
ranial hemorrhage and TBI case series suggest that
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timely, evidence-based intervention can yield favora-
ble maternal and neonatal outcomes when guided by
structured neurocritical care protocols adapted for
pregnancy [11,12]. Collectively, these observations un-
derscore the need for structured, ethically grounded,
and evidence-based clinical pathways capable of ad-
dressing the inherent dual-patient complexity of neu-
rosurgical emergencies during pregnancy (Table 1).
Despite advances in clinical management, significant
gaps remain in the development of standardized
guidelines for pregnant patients requiring urgent neu-
rosurgical care. Many current recommendations are
derived from case reports or extrapolations from non-
pregnant populations, highlighting the need for mul-
ticenter prospective studies and registries to generate
robust data [6,9]. Ethical dilemmas, legal constraints,
and logistical challenges in acute care settings further
hinder standardization. Nevertheless, the integration
of contemporary evidence with ethical frameworks
and close multidisciplinary collaboration remains the
most reliable strategy for optimizing both maternal
and fetal outcomes.

Conclusion

Neurosurgical emergencies during pregnancy re-
quire rapid, individualized, and ethically grounded
decision-making within a multidisciplinary team.
Clinicians must navigate dual responsibilities toward
both mother and fetus, guided by evolving evidence,
expert consensus, and jurisdiction-specific ethical
and legal frameworks. Continued research is essential
to establish standardized guidelines capable of opti-
mizing outcomes in these high-risk clinical scenarios.
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