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INTRODUCTION: Pregnancies are rare in patients with severely disabilitating spinal cord injuries (SCI) but increasing alongside
social awareness concerning reproductive equality. Physicians should be aware of several potential complications during pregnancy
and delivery, particularly autonomic dysreflexia.
CASE PRESENTATION: We report a successful pregnancy of a 32-year-old woman with a severe SCI at the C2 level (C1-4 ASIA
Impairment Scale grade A) and total dependency on home invasive mechanical ventilation (HIMV), an extremely rare treatment. An
elective cesarean section was chosen as the delivery mode at 34+ 0 weeks of gestation. Both the mother and the child
recovered well.
DISCUSSION: Severe spinal cord injury and dependency on mechanical ventilation are not absolute contraindications for
pregnancy. With careful planning, pregnancy is possible also for patients with the most severe forms of SCI. Adequate pain relief
during cesarean delivery is required despite complete spinal cord injury in order to avoid excessive hemodynamic responses and
spinal reflexes. A multidisciplinary team is needed to ensure safe pregnancy and delivery of these high-risk pregnancies.
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INTRODUCTION
Pregnancy after traumatic spinal cord injury (SCI) is less frequent
compared to healthy women, but possible, as fertility is usually
unaffected [1–3]. Existing literature on pregnancy outcomes is
limited mainly to small patient series with a varying level and
severity of the injury [2, 4–10], while higher maternal motor score
is associated with higher likelihood for pregnancy [1]. In view of
increasing social awareness of equality among SCI patients,
clinicians may be faced with questions relating to the safety and
feasibility of pregnancy even in patients suffering from the most
severe forms of SCI.

CASE PRESENTATION
Our 32-year-old patient was hit by a car as a 9-year-old and has a
traumatic atlanto-occipital dislocation with C2 spinal cord and
medulla injury, resulting in a complete loss of movement and
sensation below the trauma level (C1-4 ASIA Impairment Scale
Grade A). She moves with an electronic wheelchair, is tracheosto-
mized, and totally dependent on her pressure-controlled ventilator
(Trilogy100®). She lives as a home-invasive-mechanically-ventilated
(HIMV)-patient with a 24-h nursing team. She has marked scoliosis,
hypothyreosis and a neurogenic bladder which has required
multiple operations due to bladder distension-induced headaches
reflecting autonomic dysreflexia [11].
During a follow-up visit at the pulmonary clinic, she informs the

staff about her spontaneous pregnancy. Baclofen, tizanidine, and
tolterodine were gradually stopped due to potential adverse fetal

effects and thyroxin doses were elevated. Frequent follow-ups on
mechanical ventilation with an overnight transcutaneous oximetry-
capnographies (Sentec®) were organized and the settings of the
ventilator were titrated as the pregnancy continued.
She was monitored in the obstetric department of a tertiary

hospital. The first and second trimester abnormality scans were
normal at 13+ 0 and 20+ 0 weeks of gestation, respectively. Fetal
growth was linear at 25+ 0, 30+ 0, and 32+ 1 weeks. Vascular flows
were normal without indication of placental insufficiency or fetal
distress. At 25+ 0 weeks, a prophylactic low-molecular-weight
heparin (dalteparin 2500 IU 1 × 1) was started. Her recurrent urinary
tract infections were treated with cephalexin, pivmesilliname, and
metenamine. At 25 weeks, her hemoglobin was 8.8 g/dL and ferritin
level 8 μg/L, she had tiredness and shortness of breath and received
800mg iron intravenously.
A multidisciplinary team consisting of a pulmonologist from the

HIMV unit, an obstetrician specialized in fetomaternal medicine,
and an anesthetist specialized in obstetric anesthesia, planned her
delivery. At the last antenatal visit at 32+ 1 weeks, the plan was
discussed with the patient, her husband, and the HIMV unit’s
nurse in charge. The patient reported that breathing was gradually
becoming more strenuous. She is of short stature, 154 cm, and
weighed 38 kg prior to pregnancy. Because of her size, deformed
spine, and frailty, the growing uterus was compressing her
diaphragm and diminishing her residual lung capacity more than
usually. Fetal weight estimate was 1900 g. There were no signs of
frequent contractions, but she reported that some contractions
were detected during her maternity nurse visit.
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An elective cesarean section (CS) at 34+ 0 weeks was chosen as
the delivery mode. Even though tetraplegic patients have been
reported to deliver vaginally [4, 11, 12], CS was preferred for
several reasons. First, induction of labor at 34 weeks in a primipara
may be challenging and the risk of CS is in any case increased in
SCI patients [2]. Second, uterine contractions while painless could
still provoke autonomic dysreflexia [11, 13]. In general, neither
urgent nor emergency procedures would have been possible in
standard time as merely her transfer to the operating room would
have required extra caution. Hence, all procedures were aimed to
be performed as electively and smoothly as possible. Her reported
bladder tension-related headaches were signs of autonomic
dysreflexia [11, 14] and indicated that proper hemodynamic
control would require adequate anesthesia for the surgery.
The timing of the delivery was chosen at 34+ 0 weeks based on

her subjective feeling of emerging difficulty in breathing and lying
on her back, and after weighing the risks of prematurity.
Betamethasone 12mg intramuscularly to mature the newborn’s
lungs were administered on days 4 and 5 prior the CS. A room
suitable for her needs was pre-organized. All plans were
meticulously documented in her patient file in case of her sudden
arrival earlier, which fortunately did not happen as she came to
the hospital a day before the CS as planned.
As she could speak with her tracheostomy, the anesthesia plan

was to keep her on her own tracheostomy and ventilator and
perform the operation under spinal anesthesia, which would be
continued by epidural infusion should hemodynamics require it
post-operatively. A combined spinal-epidural anesthesia was
planned. The adequacy of the block was to be assessed by a
lack of hemodynamic and spinal reflexes to pain. The secondary
plan was to use general anesthesia with propofol-remifentanil and
rocuronium in the event that muscle relaxation was needed.
Throughout the pregnancy her systolic blood pressure had

been ~90 mmHg and there was uncertainty regarding hemody-
namic responses to anesthesia and delivery. Invasive blood
pressure monitoring was planned for the CS with the aim of
maintaining the systolic blood pressure at 90–110 mmHg by
phenylephrine or noradrenaline. Dalteparin was paused 24 h
before the operation.
The CS was performed under combined spinal-epidural

anesthesia placed in left supine position as the sitting position
was impossible. Placement of the iv-cannula, invasive blood
pressure monitoring, and the spinal anesthesia caused marked
involuntary movements in the upper and lower extremities. Spinal
bupivacaine at 8 mg, fentanyl at 15 μg, and morphine at 100 μg
were used for the anesthesia.
A low horizontal incision was applied, and the operation went

normally, although there was blood loss of 1200mL, for which 1 g

tranexamic acid was given, but no blood products were needed.
A healthy boy weighing 2020 g was born and received Apgar
scores 7–3–7 at 1–5–10min, respectively. Subarachnoidal injection
of bupivacaine and opioids caused a near-instant drop in blood
pressure (Fig. 1), which responded well to phenylephrine.
As planned, postoperatively she was taken to the high

dependency unit for the first 24 h for hemodynamic and
respiratory control. She was ventilated with her own ventilator
with normal pregnancy settings throughout the surgery and
postoperative period. She experienced no postoperative pain
and there was no need for vasoactive medications even during
uterine massaging. Thereafter she stayed in the postpartal ward
and was discharged on the 6th postoperative day. The newborn
recovered expectedly and was discharged from the neonatal
ward 3 weeks later.
Ventilator settings were gradually returned to those before

pregnancy. At her follow-up visit 6 weeks after delivery all
findings were normal, although breastfeeding had not suc-
ceeded. Her spasticity symptoms had returned and she had
restarted her medications. Any subsequent pregnancies were
also considered risk pregnancies and therefore could not be
encouraged, but as this is a personal decision, they could not be
definitively contradicted either.

DISCUSSION
We report a successful pregnancy and cesarean delivery of a SCI
patient totally dependent on continuous mechanical ventilation.
No previous reports of pregnancies in patients with severe SCI
dependent on HIMV were found. Most cases in the previous series
involved either a markedly lower level of injury or partial injury
with preserved motor/sensory functions [1, 2, 4–10].
The strengths of this report are the authors’ thorough analysis

and consideration of this novel subject, careful planning of the
delivery, the satisfactory recovery of both the mother and the
child, and the unique experience gathered that can be shared
with others. Its limitation is the size including only one patient,
and the lack of similar previous reports to compare with.
Respiratory problems related to SCI may vary in severity [15].

Home invasive mechanical ventilation is an extremely rare
treatment, with a prevalence of 2.0 in 100,000 in Finland in
2019 [16]; altogether there were 97 HIMV patients, 28 of whom
(20%) had SCI [16]. Despite the severity of the condition of HIMV-
treated SCI patients their survival is long, although only a few
studies exist. A 25-year retrospective study from Britain revealed a
mean survival of 10.5 years among SCI patients with HIMV, with
the survival being longer for younger patients [17]. In a Finnish
study, mean HIMV duration in SCI patients was 9.4 years and the

Fig. 1 Blood pressure and heart rate changes during cesarean section and urinary catheterization in a patient with severe spinal cord
injury and respiratory paralysis. Invasive blood pressure (red arrows) and heart rate (blue dots) during the cesarean delivery (A) and during
catheterization 18 h postoperatively after the spinal anesthesia has worn off (B). The thicker, vertical lines indicate 5-min intervals and thin
lines one-minute intervals. The horizontal green bar indicates the rate of administration of phenylephrine (0.1 mg/mL) infusion.
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treatment duration for deceased patients was 7.4 years [16]. As SCI
patients are often young and otherwise healthy, they live longer
and go through normal events of life, such as studying, working,
and starting a family [1, 3, 9, 10].
The timing of the delivery was based on maternal well-being,

which was considered to be at increasing risk with advancing
pregnancy due to increasing respiratory need and reducing lung
capacity. Her inability to sense contractions also raised concerns
over her going into labor unknowingly [11]. It was therefore
decided that her delivery should take place in a controlled fashion
and at 34 weeks’ gestation. The newborn weighed 2020 g, which
was only 100 g more than the last ultrasound estimate 13 days
earlier, and thus markedly less than the expected normal weekly
weight gain of 200–250 g. A misestimate with ultrasound is
possible, but the growth had been regular and the measurements
technically satisfactory. Therefore, placental malfunction in the last
weeks of pregnancy is a possible explanation for growth
retardation and could reflect a gradually decreasing maternal
oxygen supply. This is in line with previous reports on SCI
parturients’ children being more often small for gestational age
[2, 18]. Hence, the timing of the delivery seemed appropriate as
the newborn also recovered well. Late-preterm infants have
higher morbidity compared to term infants, but generally manage
without significant problems related to prematurity [19].
While our patient’s hemodynamics could be easily controlled

peripartally, careful hemodynamic control is required for SCI
patients since uncontrolled hypertension can cause severe
morbidity or mortality in parturients [13] and the susceptibility
to hypertensive responses may persist for several days [20]. Our
patient showed the most marked hemodynamic effects after the
slow oxytocine injection and upon urinary catheterization once
the spinal anesthesia had worn off.
Developments in antenatal follow-up and care enable more

women with disabilities to achieve motherhood. Pregnancies
among SCI patients are increasing [1, 10], but uncertainty is
experienced by both the caregivers and patients [8, 9]. A
multidisciplinary team is necessary in the pre-conceptual counsel-
ing, antenatal follow-up, and delivery [1, 2, 8, 18].
Our patient had a successful pregnancy and delivery. She has

read the case report and given consent to publish it. We do not
expect a large series of similar cases but believe that our
experience may be of use to other colleagues.
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