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Summary: A patient who underwent lumbar spine surgery sus-
tained an occult dural injury. After unrecognized suction drain-
age of cerebrospinal fluid through a surgical drain, caudal herni-
ation of the cerebellum with superior cerebellar infarction
developed. This mechanism should be considered in patients in
whom acute mental status changes develop after spinal surgery.
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bellum, infarction; Iatrogenic disease or disorder

The controlled release of cerebrospinal fluid
from the lumbar thecal sac was described by
Quinke in 1891 (1). Reports of cerebellar her-
niation attributed to lumbar aspiration followed
shortly thereafter (2). Lumbar aspiration then
became an established practice in the diagnosis
and treatment of central nervous system dis-
ease. Brain herniation is a recognized risk when
cerebrospinal fluid aspiration is performed in
patients with obstructive hydrocephalus or in-
tracranial masses (3). Herniation secondary to
prolonged aspiration of cerebrospinal from a
postoperative lumbar spine is described in this
report.

Case Report
A 36-year-old white man was transferred to our facility

3 days after undergoing Harrington rod placement for lum-
bar scoliosis. It was his fourth spinal surgery. As is stan-
dard practice in such cases, a Jackson-Pratt drain was
placed in the surgical bed and connected percutaneously
to Hemovac suction. Thirty-six hours after surgery, there
was an abrupt deterioration in mental status, with progres-
sive worsening over the subsequent 2 days. A computed
tomography (CT) scan at the referring facility demon-
strated communicating hydrocephalus and bilateral cere-
bellar hemorrhagic infarction (Fig 1). At the time of trans-
fer, Glasgow Coma Scale rating was 3, with decerebrate
posturing and an absent gag reflex. Surgical dressings
were clean and dry.
Ventriculostomy at our facility revealed an intracranial
pressure of less than 5 cm H2O with clear cerebrospinal
fluid. Cerebral angiography demonstrated a displaced
choroidal point and descent of the posterior inferior cere-
bellar arteries consistent with tonsillar herniation. No arte-
rial or venous occlusions, aneurysms, or vascular malfor-
mations were identified. Brain magnetic resonance (MR)
was performed on postoperative day 5 and was compared
with a previous MR (obtained 5 years before for the eval-
uation of a broad-based, spastic gait). The original study
was notable only for cerebellar atrophy (Fig 2). The sec-
ond study, however, showed panventricular enlargement
and bilateral superior cerebellar hemorrhagic infarction
(Fig 3A), and also clearly demonstrated herniation of the
cerebellar tonsils (Fig 3B).

Over a period of 6 days, a persistently high volume of
serosanguinous fluid was collected from the patient’s sur-
gical drain, ranging from 250 mL to as much as 400 mL

Fig 1. Axial CT shows ventricular enlargement and hemor-
rhagic cerebellar infarction.
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over 24 hours. The ventriculostomy (open to gravity) pro-
duced an average of just 87 mL per 24-hour period. The
intracranial pressure ranged from 0 to 9 cm H2O. After
removal of the surgical drain on postoperative day 6, ven-
triculostomy output increased steadily, averaging 260 mL
per 24 hours over the next 6 days. The intracranial pres-
sure did not change significantly. Isotope cisternography
of the brain and neural axis was performed immediately
after removal of the surgical drain. Technetium Tc 99m
pentetate was injected through the ventriculostomy and
demonstrated pooling in the lumbar region, corresponding
to the surgical bed (Fig 4).

The patient’s mental status began to improve slowly
after removal of the drain. His pupils were reactive 36
hours later, and he had spontaneous respiration after 72
hours. Within 1 week, he was able to follow commands

Fig 2. Sagittal T1-weighted baseline MR image shows cere-
bellar atrophy. There is no tonsillar ectopia. (The inferior aspect of
the posterior fossa is seen in a slightly parasagittal projection;
volume averaging causes the unusual appearance of the inferior
medulla and the spinal cord.)
with his eyes, tongue, and head, but remained quadrapa-
retic. Minimal motor function of the hands was noted on
postoperative day 27 as the patient was being returned to
the originating institution. A follow-up MR performed there
47 days after surgery (41 days after removal of the drain)
showed ex vacuo dilatation of the fourth ventricle and
ascent of the cerebellum to a normal position (Fig 5).

Discussion

The series of events that we postulate in this
case are these: first, a de facto shunt was inad-
vertently created by positioning the surgical
drain in proximity to an occult dural arachnoid
tear; second, because the drain was under con-

Fig 4. Scintigraphy of the neural axis after removal of the
surgical drain. Pooling of isotope in the surgical bed (arrow) is
consistent with a dural leak. Note that the iliac crest marker is
mislabeled; it actually indicates the left iliac crest.
Fig 3. A, T2-weighted coronal image
after placement of a paraspinous lumbar
drain after scoliosis surgery shows hemor-
rhagic infarction, ventricular enlargement,
and herniation of the cerebellar tonsils (ar-
row).

B, Sagittal T1-weighted image shows
ventricular enlargement and cerebellar
herniation (arrow).



tinuous suction, this fistula remained patent,
causing a persistent pressure gradient across
the foramen magnum and leading to tonsillar
herniation; and third, removal of the drain re-
stored the normal cerebrospinal fluid flow dy-
namics, allowing the cerebellum to resume its
normal position. We believe that cerebellar in-
farction was the result of transient traction,
kinking, or spasm of the superior cerebellar ar-
teries, with hemorrhage following reperfusion.
Tonsillar herniation after chronic spinal sub-

dural-peritoneal shunting has been reported in
several previous papers (4). In all of the re-
viewed cases, the shunts were created to cor-
rect communicating hydrocephalus and were
passive systems. In other words, the excess
fluid was allowed to drain according to physio-
logic pressure gradients. Neurologic symptoms
developed after months to years but resolved
(or improved) after posterior fossa decompres-
sions or removal of the shunts. In a case de-
scribed by Welch, a follow-up ventriculogram
clearly demonstrated ascent of the herniated
tonsils to a normal position after the patient’s
shunt was closed (5).
Tonsillar displacement has also been associ-

ated with the syndrome of intracranial hypoten-
sion. Rando (6) and Fishman (7) reported a
total of three such patients in whom intracranial
hypotension was spontaneous. Dural leaks
were identified by isotope studies in all three
patients, and all improved with conservative
treatment. No cause of the leaks could be iden-
tified. Pannullo (8) reported six patients with
intracranial hypotension and downward dis-

Fig 5. Sagittal T1-weighted MR image 41 days after removal
of the paraspinous drain. This demonstrates ex vacuo dilatation of
the fourth ventricle and return of the cerebellum to a normal
position.

1314 ANDREWS
placement of the brain, three of whom had ton-
sillar herniation. Two of these had intracranial
hypotension that was spontaneous and idio-
pathic; in the other intracranial hypotension de-
veloped after diagnostic lumbar puncture. In all
three, tonsillar herniation subsequently resolved
or improved.
The current case differs from these others in

that the intracranial hypotension and tonsillar
herniation were a complication of spinal sur-
gery. Inadvertent opening of the dura during
such procedures is not uncommon. In several
large series, the reported incidence ranges from
0.3% to 5.9% (9–12). The incidence is higher in
reoperation (13). When recognized at the time
of surgery, dural injuries are usually repaired. If
closure is not performed, most dural tears seal
spontaneously in 4 to 5 days (14). This process,
however, requires tamponade of cerebrospinal
fluid flow by surrounding tissues. Tamponade
was not present in the current case until re-
moval of the surgical drain. In fact, continuous
aspiration of fluid provided the mechanism for
maintaining a high volume of flow through the
dural rent.
Cerebrospinal fluid is produced at a rate of

400 to 500 mL per 24-hour period in most
adults (15). The total volume is maintained by
arachnoid granulations, which reabsorb cere-
brospinal fluid at a rate that varies directly with
cerebrospinal fluid pressure. Reabsorption
ceases at a pressure below 7 cm H2O (15). In
the current case, the cause of the acute herni-
ation was suspected because of low ventriculos-
tomy output in the face of a very low intracranial
pressure, combined with copious serous drain-
age from the lumbar site. The combined aver-
age output from both sites was 469 mL per 24
hours.
A definitive diagnosis of cerebrospinal fluid

aspiration by the lumbar drain cannot be made
in this case, because the drain was removed
before scintigraphy. However, pooling of iso-
tope in the surgical bed, together with the
subsequent clinical and radiographic improve-
ment, are highly compelling if circumstantial
evidence.
In conclusion, when acute mental status

changes develop after spinal surgery, the pos-
sibility of an occult dural injury with secondary
tonsillar herniation should be considered along
with other possible causes. This is especially
true if there is a persistent high volume of drain-
age from the surgical site. The diagnosis can be
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made promptly with scintigraphy of the neural
axis.
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