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Protracted respiratory failure in a case of global spinal syringomyelia and Chiari
malformation following administration of diazepam: illustrative case

Luke Bauerle, BS,1 Brandon Rogowski, MD,2 Aakash Shingala, MD,3 Habib Emil Rafka, BS,1 Timothy Webb, MD, MS,4

Brian F. Saway, MD,4 Edward F. Kilb, MD,5 Julio A. Chalela, MD,4 and Nathan C. Rowland, MD, PhD4,6,7,8

1College of Medicine, Medical University of South Carolina, Charleston, South Carolina; 2Department of Surgery, University of Pittsburgh Medical Center, Pittsburgh,
Pennsylvania; 3Department of General Surgery, Sidney Kimmel Medical College, Philadelphia, Pennsylvania; 4Department of Neurosurgery, Medical University of South
Carolina, Charleston, South Carolina; 5Department of Medicine, Division of Pulmonary, Critical Care, Allergy, and Sleep, Medical University of South Carolina, Charleston, South
Carolina; 6Ralph Johnson VA Medical Center, Charleston, South Carolina; 7Department of Neurosciences, Medical University of South Carolina, Charleston, South Carolina;
and 8MUSC Institute for Neuroscience Discovery (MIND), Medical University of South Carolina, Charleston, South Carolina

BACKGROUND Syringomyelia is defined as dilation of the spinal cord’s central canal and is often precipitated by skull base herniation disorders.
Although respiratory failure (RF) can be associated with skull base abnormalities due to brainstem compression, most cases occur in pediatric patients
and quickly resolve. The authors report the case of an adult patient with global spinal syringomyelia and Chiari malformation who developed refractory
RF after routine administration of diazepam.

OBSERVATIONS A 31-year-old female presented with malnutrition, a 1-month history of right-sided weakness, and normal respiratory dynamics. After
administration of diazepam prior to magnetic resonance imaging (MRI), she suddenly developed hypercapnic RF followed MRI and required intubation.
MRI disclosed a Chiari malformation type I and syrinx extending from C1 to the conus medullaris. After decompressive surgery, her respiratory function
progressively returned to baseline status, although 22 months after initial benzodiazepine administration, the patient continues to require nocturnal
ventilation.

LESSONS Administration of central nervous system depressants should be closely monitored in patients with extensive syrinx formation given the
potential to exacerbate diminished central respiratory drive. Early identification of syrinx in the context of Chiari malformation and hemiplegia should
prompt clinical suspicion of underlying respiratory compromise and early involvement of intensive care consultants.

https://thejns.org/doi/abs/10.3171/CASE23449

KEYWORDS syringomyelia; Arnold-Chiari malformation; diazepam; respiratory failure; central sleep apnea; central respiratory drive

Chiari malformations (CMs) are herniation disorders of the poste-
rior fossa and hindbrain.1 Type 1 Arnold-Chiari Malformation (ACM1)
is the most common variant, characterized by herniation of the cer-
ebellar tonsils below the foramen magnum (McRae line), reduced
posterior fossa size, and varying degrees of syringomyelia.1,2 Co-
occurrence of CM and syringomyelia has an estimated incidence of
69% in adults and 40% in children.3,4 Other associations of syrin-
gomyelia include tethered spinal cord in pediatric patients, spinal
neoplasms, trauma, and delayed presentation following meningitis.4

Although usually located between C2 and T9, syrinxes have been
reported to extend into the upper brainstem and descend as low as
the conus medullaris.4 Nevertheless, the exact mechanism govern-
ing syrinx formation is still relatively unknown.5 Early proposals sug-
gested that hindbrain-related syrinxes filled through the obex
between the fourth ventricle of the brain and the central canal of
the spinal cord via either arterial pulsation or Valsalva-induced ve-
nous pressure waves.5 More recently, it has been suggested that
perivascular spaces allow cerebrospinal fluid to penetrate the spinal

ABBREVIATIONS ABG 5 arterial blood gas; ACM1 5 type 1 Arnold-Chiari Malformation; CM 5 Chiari malformation; CSA 5 central sleep apnea; HD 5 hospital day;
ICU 5 intensive care unit; LTAC 5 long-term acute care; MRI 5 magnetic resonance imaging; MUSC 5 Medical University of South Carolina; PaCO2 5 partial
pressure of carbon dioxide; PAO2 5 partial pressure of oxygen; PEG 5 percutaneous endoscopic gastrostomy; POD 5 postoperative day; RF 5 respiratory failure.
INCLUDE WHEN CITING Published November 20, 2023; DOI: 10.3171/CASE23449.
SUBMITTED August 12, 2023. ACCEPTED October 18, 2023.
© 2023 The authors, CC BY-NC-ND 4.0 (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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cord parenchyma, with the herniated tonsils found in patients with
ACM1 additionally trapping this fluid and driving it into the cord
through these spaces to create a syrinx.5

Syringomyelia is most often identified incidentally but can pre-
sent with pain and temperature insensitivities specifically in the up-
per extremities.4 Rare reports have been published of syrinx and
CM presenting with respiratory failure (RF), although most of these
cases have occurred in children.6,7 In the following report, we detail
the case of an adult female patient with compensated respiratory
function presenting with global spinal syrinx and CM who devel-
oped RF and protracted central sleep apnea (CSA) after anxiolytic
administration.

Illustrative Case
A 31-year-old female presented to an outside hospital with mal-

nutrition and a 1-month history of right-sided weakness. Six days
prior to admission, she reported the development of a right foot
drop that led to a fall. Her past medical history included celiac dis-
ease and mild scoliosis. Magnetic resonance imaging (MRI) of the
brain was performed and revealed a type I CM and tonsillar hernia-
tion measuring 2.2 cm.

The patient was transferred to the Medical University of South
Carolina (MUSC) for further evaluation. At admission, the patient
displayed good respiratory effort with a rate of 17 breaths per mi-
nute, normal oxygen saturation on room air, and no accessory mus-
cle use. On neurological examination, cranial nerves II–XII were
intact. Muscle strength was 2/5 for deltoid, wrist extension, and
iliopsoas on the right; 3/5 for biceps, dorsiflexion, extensor hallucis
longus, and plantar flexion on the right; 4/5 for triceps and quadri-
ceps on the right; and 3/5 hand grip bilaterally. With muscle
strength in the upper extremities recorded as deltoid/biceps/triceps/
wrist extension/hand grip and strength in the lower extremities recorded
as iliopsoas/knee extension/dorsiflexion/extensor hallucis longus/plantar
flexion, muscle strength on initial examination strength was recorded
as 2/3/2/4/3 in the right upper extremity, 5/5/5/5/3 in the left upper ex-
tremity, 2/4/3/3/3 in the right lower extremity, and 5/5/5/5/5 in the left
lower extremity. Serum bicarbonate measured 34 mmol/L, chloride
84 mmol/L, creatinine 0.3 mg/dL, and blood urea nitrogen/Cr ratio <20.
Thus, dehydration with contraction alkalosis was favored diagnostically
over signs for chronic hypoventilation.

A new MRI was planned, and due to the patient’s concern for
claustrophobia, two doses of 5 mg of intravenous diazepam were
administered separated by 2 hours prior to the scans. Cervical, tho-
racic, and lumbar spine MRI performed for surgical planning identi-
fied a syrinx extending from C1 to the conus medullaris (Fig. 1).
After the MRI, the patient became somnolent and subsequently de-
veloped acute RF with a CO2 of 146 mm Hg on arterial blood gas
(ABG) examination as well as O2 of 125 mm Hg, pH of 7.09, and
bicarbonate of 44.3 mmol/L, indicating an acute-on-chronic respira-
tory acidosis. Despite administration of flumazenil, the patient con-
tinued to experience respiratory distress, resulting in endotracheal
intubation and transfer to the neuroscience intensive care unit
(ICU). The following day, on hospital day (HD) 3, she underwent
Chiari decompression with a suboccipital craniectomy and C1 lami-
nectomy (Fig. 2). The patient remained intubated after surgery and
was unable to be weaned from the ventilator; two extubation trials
were failed due to the development of acute hypoxic RF after each
extubation. After the failure of the second extubation trial, a tracheostomy
and a percutaneous endoscopic gastrostomy (PEG) tube placement
were performed.

Posttracheostomy, the patient showed steady improvement in
ventilation status and was slowly weaned to a tracheostomy collar.
She was deemed stable for transfer to the floor on HD 25, where
her tracheostomy was managed and eventually weaned to smaller
cannulas. Before transfer to a long-term acute care (LTAC) facility
on HD 34, she continued to display CSA despite successful Chiari
decompression. Two months after transfer to LTAC, the patient pre-
sented to an outside hospital with abdominal pain and was found to
have peritonitis complicated by ileus and aspiration pneumonia, re-
sulting in the removal of the PEG tube. During her treatment for
peritonitis, she became unresponsive and was intubated. After an-
other extubation trial failed due to continued RF, the patient was re-
turned to MUSC for escalation of care, where she underwent
repeat tracheostomy and PEG tube placement. The pulmonology
service was eventually consulted due to several nighttime apneic
events, leading to a diagnosis of CSA. They noted elevated CO2 of
70 mm Hg on ABG with an O2 level of 102 mm Hg, a bicarbonate
of 39.4 mmol/L, and a pH of 7.36 5 months after decompression
surgery (Fig. 3). The pulmonology team recommended transfer to
the ICU for initiation of nighttime ventilation. Using synchronized

FIG. 1. A: Preoperative T1 cervical MRI demonstrating an ACM1 with a 2.2-cm tonsillar herniation (basion-
opisthion line displayed in purple) and a hyperintense region spanning from C1 to the conus medullaris repre-
senting a syrinx (arrow). B: Preoperative T1-weighted thoracic MRI demonstrating a hyperintense region span-
ning from C1 to the conus medullaris representing a syrinx (arrow). C: Preoperative T1-weighted lumbar MRI
demonstrating a hyperintense region spanning from C1 to the conus medullaris representing a syrinx (arrow).
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intermittent mandatory ventilation at a rate of 18 breaths per mi-
nute, tidal volume of 310 mL, pressure support of 10 cm H2O over
a positive end expiratory pressure of 8 cm H2O on 21% fraction of
inspired O2, the patient tolerated nocturnal ventilation well. She dis-
played normal CO2 levels on nocturnal invasive mechanical ventila-
tory support throughout the remainder of her hospital course and
was eventually discharged home on postoperative day (POD) 179.

Three months after her second discharge (POD 277), the patient
reported needing nocturnal home ventilation for 2 to 3 hours at
night (and no pulmonary complaints during the day or night when
off ventilation). A pulmonology consultation attributed her need for
nocturnal ventilation to severe respiratory muscle weakness. Fifteen
months after initial development of RF, the patient was entirely inde-
pendent in activities of daily living, and her PEG tube was removed
because of adequate weight gain. Additionally, the patient’s noctur-
nal RF had resolved, and her ABG was within normal limits with
partial pressure of carbon dioxide (PaCO2) 44 mm Hg and partial
pressure of oxygen (PaO2) 89 mm Hg, allowing for the removal of
the tracheostomy tube on POD 458. Since then, the patient has
had no reported complaints of respiratory distress or apnea. How-
ever, the patient continues to use noninvasive ventilation nightly
and on the most recent follow-up (POD 664) displayed permanent
right-sided hemiparesis.

Patient Informed Consent
The necessary patient informed consent was obtained in this

study.

Discussion
Observations

RF is caused by decompensated gas exchange within the respi-
ratory system and is further divided into type 1 and type 2 based
on the measured levels of oxygen and carbon dioxide.8,9 Type 1
RF, or hypoxic RF, occurs when oxygen cannot be adequately pro-
vided to the body for necessary metabolic functions, resulting in a
PaO2 less than 60 mm Hg and PaCO2 being either normal or de-
creased.9 Type 2 RF, or hypercapnic RF, occurs whenever CO2 is
inadequately released due to a failure in the respiratory system, re-
sulting in a greater than normal CO2 of more than 45 mm Hg.9 RF
can occur if any component of the respiratory system, such as the
muscles of respiration, chest wall, respiratory tracts, or the central
and peripheral nervous systems, function abnormally.10 RF has a
wide range of causes, including interstitial lung disease, pulmonary
embolism, severe pneumonia, kyphoscoliosis, diaphragmatic paraly-
sis, Guillain-Barre syndrome, and decreased central respiratory drive
from sedatives or other diseases of the central nervous system.9 The
combination of tonsillar herniation and syrinx results in mechanical
compression of the respiratory centers of the brainstem along with
ascending and descending respiratory fibers, resulting in respiratory
distress.11

Progressive RF secondary to ACM1 alone is well documented in
both pediatric and adult patients and has been reported both before
and after posterior fossa decompression.6,11–21 Although our patient
did initially present with hemiparesis, symptoms that are not atypical
for patients presenting with ACM1, she only began showing signs
of RF after administration of diazepam. In this unique case, the
RF in our estimation was primarily caused by the patient’s severe

FIG. 2. POD 2 T1-weighted cervical MRI after Chiari decompression,
suboccipital craniectomy, and C1 laminectomy, highlighting successful
decompression (circle indicates area of previous herniation, basion-
opisthion line displayed in purple) and slight decrease in cervical
spine syrinx (arrow).

FIG. 3. Four-month postoperative (POD 132) T1-weighted cervical MRI
highlighting successful decompression (circle indicates area of previous
herniation, basion-opisthion line displayed in purple) and significantly
smaller syrinx compared to POD2 (arrow).
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syringomyelia, particularly since it affected medullary descending
fibers. It is also possible, based on a serum bicarbonate level of
34 mmol/L recorded 2 years before initial symptom presentation,
that the patient may have had an underlying chronic hypercapnic
respiratory disorder.22 The protracted nature of the symptoms ob-
served in this unique case was most likely due to long-standing,
slowly progressive RF that quickly decompensated after use of
diazepam.

The patient was also noted to have scoliosis with chest wall defor-
mities, which may have contributed to her respiratory compromise;
however, the distortion did not appear clinically severe enough to dis-
rupt normal respiration.23 Because of her chronic respiratory acidosis,
it is also possible to suggest that the patient’s baseline response
to CO2 via central chemoreceptors was blunted. After administra-
tion of a respiratory depressant, the patient’s responsiveness to
CO2 would have been further depressed as well as any other
compensatory ventilatory mechanisms involved in arousal and air-
way or chest wall muscle tone, thus explaining the patient’s acute
decline, chronic respiratory muscle weakness and nocturnal venti-
latory dependency.24,25

There have been numerous reported cases of patients with sy-
ringomyelia and ACM1 developing acute RF, with a number of
these patients reported to continue experiencing hypercapnic RF
weeks or even years after their posterior fossa decompression.6,14,26,27

Despite this, this case is still an extremely rare phenomenon in that
there has been only one other reported case in which a patient with
a CM developed hypercapnic RF that was incidentally induced
through administered medications, although the patient in that case
had a subarachnoid block of morphine and experienced RF that
gradually resolved over the course of 36 hours.28 To our knowl-
edge, this is the only incidental case of sudden, chronic protracted
hypercapnic RF in a patient with syringomyelia and ACM1 with no
known history of respiratory distress after administration of an
anxiolytic.

Control of respiration is regulated by the K€olliker-Fuse nucleus
and parabrachial nuclei of the pontine respiratory group, along with
the nucleus of the solitary tract, pre-B€otzinger complex, postinspira-
tory complex, and the lateral portion of the parafascial respiratory
group of the dorsal and ventral respiratory groups within the me-
dulla of the brainstem.29 These structures receive and integrate sig-
nals from multiples sources responsible for monitoring PaCO2 and
PaO2 levels, particularly from peripheral chemoreceptors such as
the carotid and aortic bodies as well as central chemoreceptors in
the retrotrapezoid nucleus and the ventral surface of the medulla.30

It is from these respiratory centers that the activity of motor neurons
innervating the diaphragm and the internal and external intercostal
muscles are modulated, allowing for centrally controlled breathing.
With compression of these respiratory centers, this essential auto-
nomic circuitry is disrupted and can lead to a state of unresponsive-
ness to changes in the levels of blood CO2 and O2.

Isolated benzodiazepine toxicity can depress central respiratory
drive and chemoreceptor responsiveness to elevated blood CO2

levels, as well as decreased respiratory muscle strength through
the activation of GABA-A receptors in the peripheral nervous sys-
tem, thus resulting in decreased arousal and relaxed respiratory
muscle tone.31,32 Diazepam is a long-acting, medium-potency ben-
zodiazepine.33,34 Although primarily metabolized by the liver, the ac-
tive metabolites of this hepatic breakdown can exert their own
sedative and anxiolytic actions.33 This in turn can prolong the

therapeutic effects of the medication and extend its typical elimina-
tion half-life of roughly 48 hours to values as high as 100 hours, re-
quiring careful consideration before administration in patients with
hepatic dysfunction.35

Despite its rarity, this case underscores the need for early identi-
fication and intervention in patients with syringomyelia and ACM1
due to the possibility of sudden hypercapnic RF developing, as in
our patient. There are reports of an increased prevalence of sleep-
disordered breathing in patients with ACM1 regardless of syrinx
presence, particularly in pediatric patients or those already display-
ing neurological signs secondary to brainstem compression.36,37 Be-
cause of this, a formal sleep study via polysomnography should be
conducted for all patients with known ACM1 regardless of syrinx
status who display neurological symptoms or who have evidence of
respiratory distress such as hypercapnia. For patients with known
ACM1 who need emergency surgery because of significant hind-
brain herniation, a formal sleep study would also be recommended
after their surgery to assess postoperative nocturnal respiratory sta-
tus as well as the possible need for providing ventilatory support to
such patients. However, if such patients are asymptomatic on initial
presentation, only clinical monitoring and imaging would be needed,
with a formal sleep study being unnecessary in these situations un-
less indicated by the sudden development of neurological or de-
pressed respiratory signs. An ABG study may also be ordered in
patients with a crowded foramen magnum and associated syrinx to
assess for chronic compensated hypercapnia on initial presentation.
The results of these studies could suggest consideration of use of
ventilatory support if administration of sedatives or anxiolytics for
imaging studies are needed.

During preoperative workup, sedatives and anxiolytics with known
effects on respiration drive or upper airway patency, such as benzo-
diazepines, barbiturates, opioids, and propofol, should be limited in
patients because of the potential for exacerbation of RF in a patient
with a potentially compromised respiratory system.38,39 Lorazepam is
an alternative anxiolytic in such situations due to its lower potential
for respiratory depression compared with other benzodiazepines, par-
ticularly diazepam.40 In terms of sedatives, dexmedetomidine has the
lowest risk of respiratory depression among sedatives and has been
shown to have no direct effect on upper airway patency.38 Addition-
ally, ketamine does not cause respiratory depression and actually
decreases airway resistance, aiding in preservation of baseline pul-
monary function in patients.41,42 Although the main adverse effects
of dexmedetomidine and ketamine relate to cardiac and hemody-
namic changes, in a patient such as this without a history of cardio-
vascular disease, these two medications serve as valid alternatives
for sedation.43,44

Lessons
Here, we present a case of decompensated RF following diaze-

pam administration in a patient with global syringomyelia. RF is well
known to be associated with ACM1 and syringomyelia in both pedi-
atric and adult patients; however, to our knowledge, this is the first
report of anxiolytic-induced refractory RF in an adult patient with
these conditions. We believe that the novelty of this case lies in the
severe compression of respiratory centers due primarily to the un-
common occurrence of syringomyelia extending from medullary cen-
ters involved in respiration. In these patients requiring sedation or
anxiolytics, anesthesia providers should be involved, and medications
such as dexmedetomidine, ketamine, or lorazepam could provide
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adequate sedation or anxiety relief without the risk of producing
decreased respiratory drive. Also, noninvasive ventilation for pa-
tients with chronic respiratory acidosis secondary to posterior fossa
malformations should be carefully considered in case respiratory
depressants such as benzodiazepines or opiates need to be
administrated.
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