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The Chiari I malformation is a congenital disorder 
that is characterized by a low-lying position of 
the cerebellar tonsils and may be associated with 

a spinal cord syrinx.9,24, 34,37 Surgical treatment for symp-
tomatic Chiari malformations with tussive headaches or 
other neurological symptoms involves a midline suboc-
cipital craniectomy with or without cervical laminecto-
mies. Treatment variations include extradural decompres-
sion with lysis of the ligamentous bands at the foramen 
magnum and dural opening with dural patch grafts of 
various types.7,10,23,27,28,38,44 Intraoperative ultrasound12,31,32 
and intraoperative MRI (iMRI)6 have been used to help 
the surgeon decide whether an extradural decompression 
is adequate or whether a dural opening and patch graft 
should be considered. Other potential adjunct maneuvers 
include wide opening of the subarachnoid spaces and 
coagulation of the cerebellar tonsils.16,35 These are estab-
lished neurosurgical techniques with generally low rates 

of neurological complications, but there are nevertheless 
risks of debilitating or fatal complications.

Case Report
A morbidly obese 44-year-old woman (BMI 45 kg/m2, 

height 63 inches [160 cm], weight 115.6 kg) with progres-
sive left arm pain, weakness, and numbness and tussive 
headaches had previously been diagnosed with a degen-
erative shoulder disorder. Her past medical history in-
cluded hypertension controlled with 2 medications, prior 
hysterectomy, and a history of cigarette smoking with oc-
casional alcohol and marijuana use. Her ASA (American 
Society of Anesthesiologists) score40 was 3. An MRI study 
revealed a Chiari I malformation with 19 mm of cerebellar 
tonsillar descent below the foramen magnum and a cer-
vicothoracic syrinx from the second cervical spinal level 
(C2) to the fifth thoracic spinal level (T5) (Fig. 1A–C), but 

ABBREVIATIONS iMRI = intraoperative MRI.
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Paraplegia after posterior fossa surgery is a rare and devastating complication. The authors reviewed a case of paraple-
gia following Chiari decompression and surveyed the literature to identify strategies to reduce the occurrence of such 
events.
An obese 44-year-old woman had progressive left arm pain, weakness, and numbness and tussive headaches. MRI 
studies revealed a Chiari I malformation and a cervicothoracic syrinx. Immediately postoperatively after Chiari de-
compression the patient was paraplegic, with a T6 sensory level bilaterally. MRI studies revealed equivocal findings of 
epidural hematoma at the site of the Chiari decompression and in the upper thoracic region. Surgical exploration of the 
Chiari decompression site and upper thoracic laminectomies identified possible venous engorgement, but no hematoma. 
Subsequent imaging suggested a thoracic spinal cord infarction. Possible explanations for the spinal cord deficit in-
cluded spinal cord ischemia related to venous engorgement from prolonged prone positioning in an obese patient in the 
chin-tucked position. At 6.5 years after surgery the patient had unchanged fixed motor and sensory deficits.
Spinal cord infarction is rare after Chiari decompression, but the risk for this complication may be increased for obese 
patients positioned prone for extended periods of time. Standard precautions may be insufficient and intraoperative elec-
trophysiological monitoring may need to be considered in these patients.
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no hydrocephalus or other anomalies. Additional inferi-
or thoracic and lumbar spine imaging was not obtained. 
Plain radiographs of the cervical spine, including flexion 
and extension views, showed only mild degenerative dis-
ease at C5–6 (Fig. 1D). The radiologists concluded that 
the patient’s degenerative shoulder condition was likely a 
Charcot joint5,13 associated with her syrinx (Fig. 2).

Due to the patient’s symptoms, Chiari decompression 
was recommended. The routine preoperative assessment 
documented normal sinus rhythm, normal blood pressure, 
and a normal chest radiograph. In light of the syrinx, a 
fiber-optic bronchoscopy was performed with endotra-
cheal intubation to minimize cervical spine manipulation. 
The Chiari decompression was performed in an iMRI 

FIG. 1. Preoperative imaging demonstrating Chiari I malformation in a T1-weighted sagittal MR image of the head (A), cervico-
thoracic syrinx (red arrows) in T2-weighted sagittal MR images of the cervical (B) and upper thoracic (C) spine, and degenerative 
cervical spine findings in a plain lateral cervical spine radiograph (D). Figure is available in color online only.
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suite (IMRIS, Inc.) according to a research protocol in 
which iMRI would be used during the surgery to assess 
the adequacy of the decompression. The patient was posi-
tioned prone on the iMRI-compatible operating table with 
an iMRI-compatible 3-pin head holder and the head in a 
standard chin-tucked position to maximize access to the 
posterior fossa and upper cervical region. Padded chest 
rolls were utilized to minimize intraabdominal pressure. 
The prone positioning was particularly challenging due to 
the narrow width of the iMRI-compatible operating table 
and the patient’s large body habitus.

Initially, a midline suboccipital craniotomy, C1 lami-
nectomy, and sectioning of the thickened dural bands and 
ligaments were performed to achieve an extradural Chi-
ari decompression. An iMRI (Fig. 3 left) obtained after 
completion of the extradural decompression suggested 
incomplete decompression and poor CSF flow on the 
cine flow sequences. These findings prompted the use of 
subsequent dural opening and a patch graft to achieve a 
more expansive decompression, after which another iMRI 
was completed (Fig. 3 right). Because the case was made 
more complex by the patient’s BMI, positioning chal-
lenges, fiber-optic intubation, intravenous and intraarte-
rial access, the 2-part procedure with the extradural and 
intradural components, and the iMRI studies, the duration 
of the surgery was 4 hours and 40 minutes. The patient’s 
cardiopulmonary parameters remained stable throughout 
the procedure. Her arterial blood pressures ranged from 
90 to 140 mm Hg systolic and 50 to 60 mm Hg diastolic, 
her heart rate was 80 to 100 beats per minute, and oxygen 
saturations were greater than 95%. Peak airway pressures 
were modestly elevated in the range of 35 to 40 cm of 
water, consistent with the patient’s obesity and the prone 
position. The estimated blood loss was 200 ml, 4 L of in-
travenous crystalloids were administered intraoperatively, 
and 250 ml of urine output was recorded.

Upon preparation for extubation and awakening at the 
completion of the operation, the patient was able to move 
her upper extremities with full strength but was complete-
ly paraplegic with no ability to move or sense her lower 
extremities. Review of the iMR images showed no con-
clusive explanation for this new-onset paraplegia. Urgent 
MRI studies of the occipital, cervical, thoracic, and lumbar 
regions were obtained in the neuroradiology department, 
as the iMRI device could not image below the midcervical 
region. These additional MRI studies revealed equivocal 
evidence of an epidural hematoma in the occipital-cer-
vical region at the site of the Chiari decompression and 
in the upper (T3–7) thoracic region (Fig. 4). The patient 
was returned to the operating room emergently for both 
exploration of her thoracic spine with laminectomy at T3 
and exploration of the occipital-cervical site of her Chiari 
decompression. Neither exploration identified an epidural 
hematoma or other obvious etiology of her paraplegia. A 
considerable amount of highly vascularized epidural adi-
pose tissue with venous engorgement was present in the 
upper thoracic epidural space, which was treated with bi-
polar cauterization to achieve hemostasis and to reduce 
the volume of epidural adipose tissue.

After the second operation, there was no improvement 
in the patient’s condition, and she remained paraplegic 

with a midthoracic sensory level. High-dose steroids were 
initiated, given the uncertain etiology of a suspected spi-
nal cord injury, as per National Acute Spinal Cord Injury 
Study protocol.8 (If this situation were to occur today, 
high-dose steroids may not be administered, but this case 
occurred in 2009, at which time there was still ongoing 
debate about the role of steroids in spinal cord injury.) The 
patient received a bolus dose of 3600 mg methylpredniso-
lone and was placed on a continuous intravenous infusion 
of 647 mg methylprednisolone per hour (5.4 mg/kg/hr) 
for 23 hours. She did not regain voluntary movement of 
her lower extremities. Repeat MRI 7 days after surgery 
demonstrated findings suggestive of a spinal cord infarct 
from T3 to T6 (with abnormal signal from T2 to T10) (Fig. 
5) and possibly some residual venous engorgement. Ad-
ditional spinal imaging was recommended in the weeks 
after surgery, but the patient declined all imaging. She was 
discharged to an inpatient rehabilitation facility 9 days af-
ter surgery. At the time of last assessment 6.5 years after 
surgery, the patient’s paraplegia and other impairments 
had persisted with minimal recovery. She has remained 
wheelchair bound and required suprapubic catheter place-
ment, a diverting colostomy, and multiple wound debride-
ments for decubitus ulcers.

Discussion
Potential complications after posterior fossa decom-

pression for Chiari malformations include pseudomenin-
gocele, CSF leak, hydrocephalus, meningitis, headache, 

FIG. 2. Preoperative radiograph of the left shoulder demonstrating ab-
sence of the left humeral head and remodeling of the left glenoid fossa, 
likely secondary to a neuropathic Charcot joint.
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wound complications, and failure of symptoms to im-
prove.45 Spinal cord infarction after posterior fossa sur-
gery is a rare event. Characterization of factors that may 
increase the risk of this devastating phenomenon is impor-
tant to minimize its occurrence. In order to better clarify 
these risk factors, we analyzed the current case of paraple-
gia after Chiari I decompression in an obese woman and 
reviewed the relevant published literature.

Subdural and epidural hematomas are potential causes 
of postoperative neurological deficits after cranial and spi-
nal surgery. However, in this particular case, surgical ex-
ploration of the occipital-cervical site of the Chiari decom-
pression and of the upper thoracic region failed to identify 
any significant hematoma. Additionally, the MRI findings 
of increased T2 signal in the midthoracic region were con-
cerning for spinal cord edema or infarction, though flow 
artifacts in imaging of the thoracic spine admittedly can 
make such imaging challenging.14 There are 3 cited poten-
tial causes of spinal cord infarction29,33 following posterior 
fossa operations: 1) cervical hyperflexion leading to spi-
nal cord lengthening and hypoperfusion, 2) compression 
of the vasocorona secondary to rapid CSF loss from the 
cisterna magna leading to a pressure differential between 
medullary and infratentorial compartments, and 3) spinal 
venous congestion due to increased intraabdominal pres-
sure from positioning. Each of these causes may have been 
a contributing factor in the current case. The patient’s neck 
was flexed for the duration of the operation, as is neces-
sary to expose the midline occipital-cervical region for a 
Chiari decompression (particularly for an obese individu-
al), and this sustained neck flexion may have predisposed 

her to spinal cord hypoperfusion. Intracranial hypotension 
has been associated with epidural venous enlargement,11,42 
and in one reported case intracranial hypotension due 
to a dural opening was hypothesized to have resulted in 
spinal epidural venous engorgement leading to cord com-
pression.1 Rare conditions such as Hirayama disease, a 
monomelic amyotrophy associated with cervical flexion,17 
and surfer’s myelopathy, a nontraumatic myelopathy as-
sociated with cervical extension,18 are other conditions in 
which neurological deficits occur secondary to spinal cord 
hypoperfusion.

The patient’s morbid obesity and the protracted nature 
of the surgery due to challenges with her airway and posi-
tioning, along with the added time required for the iMRI 
study, likely led to a prolonged period of increased intraab-
dominal pressure and spinal cord ischemia. Increased in-
traabdominal pressure can lead to increased venous pres-
sure in the inferior vena cava, decreased venous return, 
reduced cardiac output, increased bleeding, and venous 
stasis.15 Abdominal compression and mild hypoventilation 
have been estimated to reduce the spinal subarachnoid 
space by up to 40%.25 Spinal epidural venous plexus en-
gorgement has been reported in patients with increased in-
traabdominal pressure from pregnancy and obesity.21 No-
tably, in the patient reported here, the operative findings at 
the time of the second operation did include a qualitative 
sense of venous engorgement of the epidural plexus, but 
the anesthesia team did not detect any aberrations on mon-
itoring that led them to suspect abnormal intraabdominal 
pressure that could have compromised blood flow to the 
spinal cord.

FIG. 3. Intraoperative T2-weighted sagittal MR images of the head and upper cervical spine obtained after extradural compres-
sion, which demonstrate some potential residual tonsillar compression (left, red arrow), and after duraplasty, which demonstrate a 
more generous CSF space dorsally at the cervicomedullary junction (right, red arrow). Figure is available in color online only.
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Spontaneous acute paresis has been documented in pa-
tients with syringomyelia associated with Chiari malfor-
mations.30,43 In these cases, however, symptoms resolved 
after surgical decompression. In one reported case, lower-
extremity paresis was seen in the setting of cervical syrinx 
expansion due to shunt malfunction.4 Despite revision and 
adequate shunt function, the patient did not improve. Cases 
of neurological deterioration such as these suggest that the 
spinal cord is particularly vulnerable to vascular insults in 
individuals with a syrinx. After an extensive review of the 
literature, we identified no prior reports of paraplegia after 
Chiari decompression. Paraplegia has been described in a 
number of posterior fossa surgeries performed in patients 
in the prone or semisitting position,20,22,29,33,36,41 but these 
surgeries have been for posterior fossa tumors rather than 
Chiari malformations as in the patient reported here.

Preserving adequate spinal perfusion by maintaining 
sufficient mean arterial pressure, preventing hypercarbia, 
and avoiding excessive cervical flexion is necessary to 
prevent spinal cord injury in patients with normal body 
habitus, but these precautions alone may be insufficient 
for morbidly obese patients with a syrinx. The use of elec-
trophysiological spinal cord monitoring modalities (such 
as somatosensory and/or motor evoked potentials) is not 
generally considered standard of care for Chiari decom-
pressions. In fact, except for complex scoliosis and other 

spinal deformity surgeries, there is controversy as to the 
benefits of electrophysiological spinal cord monitoring.2,39 
Nonetheless, it is possible that electrophysiological spinal 
cord monitoring might alert the surgical and anesthesia 
teams of impending or early spinal cord injury. If such an 
“early warning” could successfully identify the onset of 
a decline in spinal cord function, then the spinal cord in-
farction could conceivably be avoided or reduced through 
modification of patient positioning, surgical technique, 
blood pressure, or other factors. Whether such measures 
would be effective is an issue of active debate,19,26 however, 
because if an immediate and irreversible acute spinal cord 
infarction occurs, actions taken after its onset may not im-
prove the patient’s outcome. For these reasons, some argue 
that the added costs and complexity that accompany rou-
tine application of electrophysiological spinal cord moni-
toring may not be justified.19

That said, the risks and costs of electrophysiological 
spinal cord monitoring are generally low, and thus spinal 
cord monitoring may be worth considering for higher-risk 
Chiari decompression surgeries. Along these lines, pro-
phylactic insertion of a lumbar catheter for CSF drainage 
to decrease intraspinal pressure is used in thoracoabdomi-
nal aortic aneurysm surgery to reduce the risks of spinal 

FIG. 4. Immediate postoperative sagittal T1- (left) and T2-weighted 
(right) images of the occipital-cervical and thoracic regions demon-
strating evidence of the known syrinx (long red arrows) and equivocal 
findings of possible epidural hematoma at the site of the Chiari I decom-
pression and in the upper thoracic region (short red arrows). Figure is 
available in color online only.

FIG. 5. Sagittal T1-weighted 1-week postoperative MR image with 
intravenous contrast of the occipital-cervical-thoracic region (left) and 
sagittal T2-weighted 1-week postoperative MR image of the thoraco-
lumbar region (right) demonstrating evidence of the known syrinx (right, 
red arrow) with foci of increased enhancement and increased T2-signal 
abnormality in the mid- (left, long red arrow) and lower-thoracic (left, 
short red arrow) spinal cord, consistent with possible hyperemia and 
infarction. Figure is available in color online only.
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cord injury.3 The placement of a lumbar drain involves 
challenges and risks, however, particularly in obese pa-
tients, and placement in a patient with low-lying tonsils 
may risk neurological consequences. Therefore, based on 
the current literature, there does not appear to be strong 
evidence to support the routine use of a lumbar drain dur-
ing surgical decompression of Chiari malformations.

The occurrence of paraplegia after Chiari decompres-
sion is exceedingly rare and, to the authors’ knowledge, 
has not been previously reported. Nevertheless, the neuro-
surgeon should remain cognizant of this potential compli-
cation, especially in cases with additional risk factors such 
as obesity, the presence of a syrinx, a potentially prolonged 
surgical procedure, or risk factors for vascular disease 
such as hypertension, diabetes mellitus, or tobacco use. 
The risk of paraplegia was likely increased for this obese 
patient with Chiari malformation and an associated syr-
inx who underwent surgery while in the prone position for 
an extended period of time. Standard precautions may be 
insufficient to prevent this complication in similar cases. 
Factors to consider include patient positioning (including 
the degree of neck flexion), cardiopulmonary dynamics, 
and the duration of the surgery. Application of intraopera-
tive electrophysiological monitoring could be considered 
as an adjunct to potentially reduce unexpected neurologi-
cal events.
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