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Rare disease

The care and management of brain-dead pregnant women is surrounded by legal and ethical controversies.
Gestational age is directly proportional to newborn survival. We report a case of a brain-dead pregnant wom-
an at the 16" week of gestation and the successful delivery of a healthy child after 117 days of maternal so-
matic support.

A 27-year-old pregnant woman at 16 weeks’ gestation with large intracerebral hematoma after rupture of an
arteriovenous malformation was admitted to our intensive care unit. Signs of brain death developed early, and
the woman was confirmed to be brain dead after day 6 of hospitalization. The decision-making process regard-
ing course of medical treatment was complex and accompanied by uncertainties arising from the absence of a
legal, ethical, and professional framework. A complex multidisciplinary approach was followed. The main aim
was to maintain the brain-dead woman’s homeostasis to allow for proper development of the fetus. Monitoring
of fetal growth was considered the best endpoint, and satisfactory fetus development was achieved. A healthy
child was delivered with a birth weight of 2140 g. Her Apgar score was 10/10/10 at 1, 5, and 10 minutes, re-
spectively, and favorable outcomes were observed at a 1-year follow-up.

Brain death during pregnancy is an extremely rare but increasingly common condition. Guidelines for care man-
agement are lacking, and reporting these cases may help establish medical treatment in future cases. We show
that somatic support of the body of a brain-dead pregnant woman for an extended period of time can lead to
successful delivery of a healthy child.
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Background

Several medical emergencies directly or indirectly affecting
the brain may lead to the development of brain death (BD).
Continuation of somatic support after BD is diagnosed is cor-
nerstone and common praxis in organ-donation programs.
Development of BD during pregnancy is rare, and only 30 cas-
es have been described in the medical literature since 1982,
involving 19 infants who were born and survived the neonatal
period [1,2]. Homeostasis and overall organ function must be
maintained in brain-dead pregnant women to ensure proper
development of the fetus. The gestational age is directly pro-
portional to the survival of the baby, and thus attempts to pro-
long the somatic support of brain-dead pregnant women should
be made even in early phases of pregnancy, because doing
so can lead to the successful delivery of a healthy child [1,3].

We report a case of a brain-dead pregnant woman at the 16t
week of gestation and the successful delivery of a healthy child
after 117 days of maternal somatic support, with overall good
1-year outcomes for the child. This case report was prepared
according to CARE guidelines [4]. The patient’s family provid-
ed written informed consent for the publication of this report.

Case Report

A 27-year-old woman, secundigravida, in the 16" week of
pregnancy, with a prior uncomplicated course of pregnancy
in regular obstetric care, was found unconscious for an un-
known period of time at home. She was referred to the emer-
gency department.

She was a nonsmoker in good physical condition. She was
not taking any medicines that increased the risk of bleeding.
Her first pregnancy in 2016 was complicated during deliv-
ery by paroxysms and generalized seizures, and an arteriove-
nous malformation (AVM) of the left frontal-parietal brain lobe
was diagnosed. She was administered levetiracetam and un-
derwent gamma knife surgery during the same year. In 2018,
she experienced another episode of seizures, and persistent
AVM was diagnosed through magnetic resonance imaging.
Regarding the localization and anatomy of the AVM, no ther-
apeutic option was offered to the patient. Although she knew
of the high risk of AVM rupture, she became pregnant in 2019
and she did not provide an advance life directive in the event
that she would not be able to speak for herself. The pregnan-
cy was complicated in early stages by AVM rupture, as de-
scribed above. In the initial physical examination, she was in
coma with Glasgow Coma Scale score of 3 points, her pupils
were fixed and dilated at 5 mm, photoreaction was absent bi-
laterally, her blood pressure was 110/75 mmHg, and her heart
rate was 70 beats/min.
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Figure 1. CT scan of head on admission showing an intracerebral
hematoma and ischemia of the left cerebral
hemisphere, part of the right frontal lobe, and the
brainstem, with signs of expansion and cerebral
edema.

A computed tomography (CT) scan showed a large intracere-
bral hematoma and ischemia of the left cerebral hemisphere,
part of the right frontal lobe and the brainstem, with signs
of expansion and cerebral edema (Figure 1). CT angiography
was performed to identify the source of bleeding. The source
could not be identified, owing to extensive edema and the
hemorrhage itself.

Regarding the patient’s history and results of CT showing a
large hematoma localized to the region of the AVM, a diagno-
sis of AVM rupture was determined with a high level of cer-
tainty. Other causes of sudden unconsciousness, such as cere-
bral venous sinus thrombosis, were also considered but were
deemed unlikely. According to the clinical status of the patient
and the CT findings, the prognosis of the patient was assessed
as poor. However, the obstetric ultrasound examination showed
a viable fetus. Because of the medical, legal, and ethical un-
certainty associated with whether somatic support should be
continued or stopped, the patient was admitted to the inten-
sive care unit (ICU). A discussion with family members began
after admission to the ICU. The agency in the decision-making
process was given to the father of the child, but other fami-
ly members’ opinions were also considered. With respect for
the family members’ wishes, a decision to proceed with the
somatic support was made by the ICU team leader, in consen-
sus with all ICU team members. A multidisciplinary approach
was used to determine the best management of care in this
case. With respect for the wishes of the family members, the
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multidisciplinary team developed a special medical manage-
ment plan in an attempt to save the child. Clinical signs of BD
were diagnosed on hospitalization day (HD) 1 and, according
to the laws of the Czech Republic, the BD was assessed on the
basis of an absence of defined brainstem reflexes on clinical
examination (an apnea test is not mandatory and was not per-
formed because of the possible negative effects of maternal
hypoxia on the fetus). This clinical estimation was confirmed
on HD 6, on the basis of brainstem auditory evoked poten-
tials. The confirmation was mandatory for diagnosis of BD, and
one of the instrumental methods that must be used by law.

Standard monitoring of vital signs and laboratory testing was
performed during the entire ICU stay. Endocrinology labora-
tory tests were performed regularly once per week (TSH, fT4,
and serum cortisol), and vitamin D levels were verified once
per week. Fetal monitoring was performed daily for a period
of 15 minutes with cardiotocography and ultrasound exami-
nation of the fetal heart rate.

Somatic support of the brain-dead woman was continued with
the aim of reaching at least 32 weeks of pregnancy and de-
livering a viable fetus. The main goal of the somatic support
was to provide a sufficient oxygen supply to all maternal or-
gans, including the placenta. During the entire course of hos-
pitalization, the lung protective strategy of artificial ventilation
was applied with peak inspiratory pressures below 20 cmH,0.
Vasopressors were administered to maintain the mean arterial
pressure. Intravenous norepinephrine was replaced with dopa-
mine on HD 53. Circulatory support was not needed after HD 99.

Hypothalamic-pituitary dysfunction was managed with hor-
mone supplemental therapy driven by plasma serum concen-
trations of hormones, as discussed with an endocrinologist.
The serum levels of cortisol and thyroxine were examined once
per week, and substitutional therapy was used to maintain se-
rum levels in normal ranges.

Levothyroxine was administered via a nasogastric tube, and the
dose was increased throughout the ICU stay from 75 mcg on
HD 17-24 to 100 mcg on HD 25-29, 125 mcg on HD 30-78, and
125 mcg 5 days per week +137 mcg 2 days per week on HD
79-117. A dose of 100 mg of hydrocortisone was given intrave-
nously twice per day and was decreased gradually to 50 mg dai-
ly on HD 30-50. Subsequently, the dose was switched to 30 mg
daily, divided into 2 doses (20 mg in the morning and 10 mg in
the evening). In the case of infection, the dose was increased to
200 mg daily and was administered intravenously. Diabetes insip-
idus developed on HD 1, and thus daily administration of desmo-
pressin was necessary. We started with 60 mcg of desmopressin
per day, and the dose was then titrated according to its effects.
From HD 67, the dose was stabilized at 90 mcg of desmopres-
sin per day and administered for the remainder of the ICU stay.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€930926-3

Infections were treated with antibiotics. Pneumonia developed
twice. The first episode was caused by Staphylococcus aureus
plus Streptococcus pneumoniae and was treated with intrave-
nous administration of ampicillin/sulbactam. The second ep-
isode was caused by Klebsiella pneumoniae and was treated
with intravenous piperacillin/tazobactam. Urinary tract in-
fections developed 3 times. The first episode was caused by
Klebsiella oxytoca and Escherichia coli with extended-spectrum
beta lactamase (ESBL), and was treated with meropenem. The
second episode was caused by E. coli ESBL and was treated with
meropenem. The etiology of the third urinary tract infection
was mixed and was caused by E. coli ESBL and Enterococcus
sp. This infection was treated with meropenem and ampicil-
lin. Vaginal infection was treated once and was caused by E.
coli ESBL. Local application of nifuratel was used for the treat-
ment. The choice of antibiotics was made after considering
culture results, local antibiotic policy, and the safety of each
antibiotic during pregnancy. All infections were treated suc-
cessfully, and amniotic fluid bacteriological cultures after de-
livery were negative.

Low molecular weight heparin (LMWH) was administered sub-
cutaneously for deep-vein thrombosis and pulmonary embo-
lism prevention. The dose of LMWH was set according to the
manufacturer’s recommendation and based on body weight.
LMWH was applied subcutaneously once daily after HD 14.
Neither hemorrhagic nor thrombotic complications were di-
agnosed during hospitalization.

To estimate the daily dose of calories and proteins to meet the
nutritional demands of both the brain-dead mother and the
developing fetus, the standard formula for critically ill patients
was used. The actual body weight (ABW) in kilograms was mul-
tiplied by 25 calories and by 1.5 g to determine the daily calor-
ic and protein demand, respectively. From HD 24, the targets
increased to 30 calories per kilogram ABW and 1.6 g protein,
respectively. These amounts were further increased to 35 cal-
ories per kg ABW and 1.8 g protein from HD 40. Finally, the
targets were set at 45 calories and 2 g protein per kilogram
ABW from HD 51. To meet these nutritional targets, a high-
protein high-energy formula for enteral nutrition was continu-
ously administered from HD 3, and from HD 42, the adminis-
tration of nutrition switched to boluses. Special attention was
paid to vitamin D replacement. The dose of oral preparation
of cholecalciferol was set according to serum levels, and daily
administration of 1500 IU was necessary to maintain the se-
rum levels in normal ranges.

The body of the brain-dead woman was positioned in a semi-
recumbent position to prevent the possible negative hemody-
namic effects of an enlarged uterus compressing the inferior
vena cava. From gestation week 27, she was positioned only
laterally. Physiotherapy was performed by a physiotherapist 2
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Table 1. Summary of organ support and monitoring.
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Organ system Parameter Assessment Intervention
The woman Cardiovascular Blood pressure, heart Continuous Fluids if considered
rate hypovolemic, inotropes
otherwise, preferentially
dopamine
Respiratory Blood gas analysis 3 times a day Lung protective mechanical
ventilation, set to keep blood
gases in normal range
Gastrointestinal/nutrition Growth of the fetus Once a week Gradual increase of the dose
of nutrition
Total serum protein, Once a week Gradual increase of the dose
albumin and prealbumin of nutrition
Serum vitamin D levels Once a week Substitution to keep serum
level in normal range
Renal Serum ions/urine specific 3 times a day/in Substitution, desmopressin in
gravity case of polyuria case of polyuria
Endocrine Serum hormone levels Once a week Substitution to keep serum
(thyroxine, cortisol) levels in normal range
The fetus Cardiovascular Cardiotocography Twice a day -
Fetal growth Ultrasound biometry Once a week =

Organ development Ultrasound

malformation

Once a week -

times per day for 60 minutes. To simulate the mother’s walk-
ing, we used a MOTOmed letto2 leg/arm device (MOTOmed®,
RECK-Technik GmbH & Co. KG Medizintechnik, ReckstraRe 1-5,
88422 Betzenweiler, Germany).

The organ system monitoring and support that was given is
summarized in Table 1. To accelerate fetal lung maturity, we
administered betamethasone on HD 53 (gestation week 25)
and on HD 86 (gestation week 30). The development of the
fetus was monitored regularly by an obstetrician. Ultrasound
examination with biometry of the fetus was performed weekly
to assess the growth of the fetus and rule out any organ de-
velopment malformation. The progress of fetal growth is out-
lined in Table 2. A clinical geneticist was consulted to assess
the risk of a genetic disorder and chromosomal aberration on
HD 11, and the results were negative.

Basal stimulation of the fetus was also performed. Each ma-
nipulation of the brain-dead woman’s body was preceded by
caressing of her abdomen and calling the fetus by name. The
end of the manipulation was marked by a sound made by a
toy. The family members were involved in basal stimulation,
part of which involved gentle tactile stimulation of the brain-
dead woman’s abdomen, playing music, and reading fairy tales.
The family members were supported by psychologists through-
out the hospitalization.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€930926-4

Table 2. Fetal growth.

Hospitalization day

Gestational age Estimated weight

On HD 117 (gestation week 35), a female infant was delivered
via post-mortem cesarean section, with a birth weight of 2140
g and an Apgar score of 10/10/10 at 1, 5, and 10 minutes, re-
spectively. After the delivery, the somatic support of the moth-
er’s body was terminated.

The newborn was admitted to the neonatal department and
discharged after 11 days of uncomplicated hospitalization. Her
weight at discharge was 2220 g. The baby was examined by
a neurologist at 4 weeks, and 4, 9, and 12 months. Her neu-
rologic status and psychomotor development were found to
be in normal ranges. Key points of the case are summarized
in the timeline and are shown in Figure 2.
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Figure 2. Key actions and milestones during the course
of treatment. ABW — actual body weight;
ABX - antibiotics; UTI — urinary tract infection.

Discussion

Progress in intensive care, technology and patient care in re-
cent decades has brought about a unique situation in which
somatic support of brain-dead pregnant women is possible to
prolong the pregnancy until a viable fetus can be delivered.
This situation is quite uncommon, and to date, only 25 cases
have been described in the medical literature [1]. To our knowl-
edge, descriptions of only 3 cases in which the somatic sup-
port exceeded 100 days have been published [5-7].

The decision to continue somatic support of the body of a preg-
nant woman after a diagnosis of BD is a controversial ethical
and legal issue. There are no specific legal regulations associ-
ated with somatic support after BD is diagnosed during preg-
nancy in the Czech Republic, and a wide range of options are
present in different countries. The International Federation of
Gynecology and Obstetrics has published guidelines for the
management of the social and ethical challenges presented
by BD during pregnancy [8]. The guidelines outline 6 key rec-
ommendations for the management of brain-dead pregnant
women. Each recommendation was discussed, and attempts
to follow the guidelines were made. The recommendations,
and how they were addressed by the medical team, are sum-
marized as follows: 1. Women have the right to die in digni-
ty. This right should be respected in the treatment of every
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single patient. 2. Questions regarding maintaining pregnancy
must be answered in consultation with the remaining family
members. In the present case, the family members were in-
volved in the decision-making process form the very begin-
ning. The mother did not provide an advance life directive
before BD occurred, and her wishes about whether to contin-
ue life-sustaining therapy in the event of BD were unknown.
However, the father of the child acted as the woman’s agent
and declared that in his and her family members’ opinion, the
woman would have wished that every effort be made to save
her child. 3. Decisions on delivery in the event of BD should
be made according to fetal viability. Surveillance of fetal well-
being should be implemented. The fetus was not viable when
BD was diagnosed. The woman was in stable condition, and
no organ dysfunction was apparent at that time. Fetal well-
being was assessed by an obstetrician, and no signs of fetal
damage were found. 4. There is no low gestational age limit
for the onset of fetal rescue after maternal BD. The gestational
age of the fetus, and therefore the viability, was low, but this
aspect was not considered. 5. The interest of the fetus must
be considered. Efforts should be made to promote the birth
of a mature, brain-intact infant. In our opinion, the best way
to ensure this was to maximize efforts to secure the stabili-
ty of the brain-dead pregnant mother of the fetus. All organ
systems were carefully monitored and supported adequately
as necessary. 6. The fetus should be allowed to die in utero if
maternal or fetus distress calls for immediate delivery with a
high probability of an unfavorable outcome. To address this
issue, the medical team assessed the level of organ support
of the brain-dead mother on a daily basis, taking precautions
not to provide organ support beyond the level usually provid-
ed for brain-dead organ donors; eg, the use of excessive vaso-
pressor dosing to maintain adequate blood pressure or renal
replacement therapy if acute renal failure develops. According
to these guidelines, we focused primarily on the interest of
the fetus, and the agency in the decision-making process was
given to the father of the child.

Independent legal and professional advice was sought, but be-
cause of the lack of legal regulations regarding this specific
situation, opinions varied substantially, ranging from immedi-
ately stopping supportive care to full support as long as pos-
sible. After discussions with all members of the medical team
and the family members, a decision to continue with somatic
support was made, and the support was sustained until the
fetus reached maturity. The decision-making process was in-
fluenced by the information that the woman and the father
had known about the risks of a pregnancy associated with
the woman’s AVM and the potentially fatal complications for
both the woman and the child in the event of AVM rupture.

If somatic support of a brain-dead mother is initiated in an
early stage of pregnancy, when the fetus is not yet viable, a
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rational effort should be made to maintain the pregnancy as
long as possible and thus to allow for fetal development until
viability is achieved. Neonatal disability is proportional to ges-
tational age. The chance of survival of a baby born in gesta-
tional week 22 is 1% and rises to 44% in gestational week 25.
The probability of survival without a disability at 30 months
shows a similar course and is approximately 0.7% in gestation-
al week 22 and 23% in gestational week 25. From gestational
week 32, the survival rate rises to 98%, with a risk of neuro-
logical complications lower than 2%; therefore, making efforts
to maintain the pregnancy until that time seems rational [9].

Because only individual cases of prolonged somatic support
of the bodies of brain-dead pregnant women have been re-
ported, there are no guidelines for the medical management
of these women. Our management was based on our experi-
ence with non-pregnant brain-dead patients, and we consid-
ered the review by Mallampalli et al, who have discussed the
physiologic changes and provided recommendations regarding
organ support for brain-dead pregnant women [10].

Long-term management of a brain-dead patient may be asso-
ciated with several complications.

The most severe complications are those leading to hemody-
namic instability of the brain-dead pregnant woman, because
this threatens the oxygen supply to the fetus. The pathophys-
iological changes associated with BD lead to vasoplegia and
hypotension. The usual management consists of the adminis-
tration of intravenous fluids and vasoactive agents.

In our case, to maintain a mean arterial pressure above 65
mmHg, we administered vasoactive agents. Norepinephrine
was used for the first 53 HDs. Because of the detection of
placental infarctions in an ultrasound examination, norepi-
nephrine was replaced with dopamine on HD 53, because of
the potentially negative effects of norepinephrine on placen-
tal perfusion [11].

After the onset of BD, the hypothalamic-pituitary axis is dis-
rupted, thus leading to various clinical manifestations of pan-
hypopituitarism. Steroids, vasopressors, levothyroxine, and des-
mopressin were administered to maintain maternal endocrine
homeostasis. However, data supporting a choice of hormon-
al therapy, dosing, and effect on neonatal outcomes in brain-
dead pregnant women are lacking. In our case, we adjusted the
dosage of hormone replacement therapy in cooperation with
an endocrinologist, according to the measured serum levels.
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Infections are frequent and serious complications of prolonged
intensive care [12]. Hemodynamic instability associated with
sepsis may negatively affect the development of the fetus and,
if not successfully treated, can lead to fetal death. In our case,
infections were successfully treated with antibiotics 6 times.
The duration of antibiotic treatment was 56 out of 117 HDs in
total. The choice of antimicrobial agents was made after dis-
cussion with a microbiologist, considering the safety of the
individual antibiotics during pregnancy. Intravenous ampicil-
lin/sulbactam, meropenem, and piperacillin/tazobactam were
used to treat respiratory and urinary tract infections.

Special attention was paid to ensure adequate nutrition, be-
cause fetal weight is a crucial factor for adequate fetal physi-
ological development and a successful outcome of pregnancy.
The increase in fetal weight throughout the pregnancy corre-
sponded to the normal growth curve, and the birth weight was
in the 75 percentile.

Efforts were made to positively support the neurobehavioral
development of the fetus. Music, gentle tactile stimulation, and
talking have been shown to have positive effects on the fetus.
Prenatal music activities positively affect early brain matura-
tion and neurodevelopment, and may also promote good in-
fant temperament [13,14].

Conclusions

BD during pregnancy is an extremely rare but increasingly
common condition, and its management is associated with
medical, ethical, and legal uncertainties and controversies.
Guidelines for care management are lacking, and reporting
these cases may help establish medical treatment in future
cases. We showed that somatic support of the body of a brain-
dead pregnant woman for an extended period of time can
lead to the successful delivery of a healthy child. This possi-
bility should be considered during decision-making processes
regarding whether to commence somatic support after BD is
diagnosed in pregnant women.
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