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Introduction

Neurogenic shock occurs often after acute spinal cord injury,
but postoperative neurogenic shock is a serious and very rare
sequela in the field of spinal surgery. The purpose of this
article is to present two cases of neurogenic shock that

occurred immediately following posterior lumbar interbody
fusion (PLIF) and that appeared to have been caused by the
vasovagal reflex following dural injury and incarceration of
the cauda equina. To the best of our knowledge, this is thefirst
report to describe neurogenic shock due to the vasovagal
reflex just after lumbar spinal surgery.
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Abstract Study Design Case report.
Objective To present two cases of neurogenic shock that occurred immediately
following posterior lumbar interbody fusion (PLIF) and that appeared to have been
caused by the vasovagal reflex after dural injury and incarceration of the cauda equina.
Case Report We present two cases of neurogenic shock that occurred immediately
following PLIF. One patient had bradycardia, and the other developed cardiac arrest just
after closing the surgical incision and opening the drainage tube. Cardiopulmonary
resuscitation was performed immediately, and the patients recovered successfully, but
they showed severe motor loss after awakening. The results of laboratory data, chest X-
ray, electrocardiogram, computed tomography, and echocardiography ruled out
pulmonary embolism, hemorrhagic shock, and cardiogenic shock. Although the reasons
for the postoperative shock were obscure, reoperation was performed to explore the
cause of paralysis. At reoperation, a cerebrospinal fluid collection and the incarceration
of multiple cauda equina rootlets through a small dural tear were observed. The
incarcerated cauda equina rootlets were reduced, and the dural defect was closed. In
both cases, the reoperation was uneventful. From the intraoperative findings at
reoperation, it was thought that the pathology was neurogenic shock via the vasovagal
reflex.
Conclusion Incarceration of multiple cauda equina rootlets following the accidental
dural tear by suction drainage caused a sudden decrease of cerebrospinal fluid pressure
and traction of the cauda equina, which may have led to the vasovagal reflex.
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Case Reports

Case One
A 76-year-old woman complained of low back pain, bilateral
leg pain, and intermittent claudication. She had no history of
previous health problems, including no cardiovascular
events. No motor loss was observed preoperatively. Preoper-
ative radiographic studies demonstrated L5 degenerative
spondylolisthesis (►Fig. 1A).

PLIFat the L5–S1 levelwasperformed in the prone position. A
dural tear occurred intraoperatively and was repaired. A dural
sealing seat (to cover the repaired dura matter) was not used
because no cerebrospinal fluid (CSF) leakage was detected after
dural tear repair even when intrathoracic pressure was in-
creased. While general anesthesia was maintained with sevo-
flurane and remifentanil, her hemodynamics remained stable. A
5-mm-diameter drainage tube was placed on the dorsal side of
the lamina. Just after closing the surgical incision and opening
the drainage tube, severe bradycardia and hypotension occurred
suddenly. An arterial pressure wave was suddenly absent, and
the heart rate dropped from 78 to 44 beats per minute.
Cardiopulmonary resuscitation (CPR) with injection of positive
inotropic cardiac agents was performed immediately after the
patient’s position was changed from prone to supine, and the
patient recovered successfully. Ephedrine was administered,
followed by continuous infusion of dopamine. The results of
laboratory data, chest X-ray, electrocardiogram (ECG), computed
tomography (CT), and echocardiography ruled out pulmonary
embolism, hemorrhagic shock, and cardiogenic shock. However,
severemotor losswith amanualmuscle test (MMT) grade of 1 in
the gastrocnemius and peroneus longus muscles was detected
after awakening. Postoperative lateral radiographs showed 23%
slip (►Fig. 1B). Magnetic resonance imaging (MRI) revealed a T1
low-iso, T2 iso-high intensity mass around the dural sac at the
L5–S1 level (►Fig. 2).

Because the reasons for the postoperative shock were
unclear, reoperation was performed to explore the cause of

paralysis on the day following primary operation. At reoper-
ation, a cerebrospinal fluid collection and the incarceration of
multiple cauda equina rootlets through a newly developed
dural tear were observed. The location of the new dural tear
was different from the primary site of the dural tear that was
repaired at the first operation. The incarcerated cauda equina
rootlets were pale in color and extremely swollen due to
venous congestion. After enlargement of the dural tear, the
incarcerated cauda equina rootlets were released and re-
duced (►Fig. 1C), and the dural defect was then closed and
covered posteriorly with fibrin glue. The reoperation was
uneventful. The motor loss improved gradually after reoper-
ation, but motor loss with an MMT grade of 3 in the

Fig. 1 Plain lateral radiographs (A, B) and intraoperative photograph (C). (A) Preoperative plain radiograph shows L5 degenerative
spondylolisthesis with 47% vertebral slip. (B) Postoperative plain radiograph shows L5 vertebral slippage of 23%. (C) Intraoperative imaging after
enlargement of the dural tear. The location of the new dural tear is different from that of the primary dural tear (arrow).

Fig. 2 Primary postoperative magnetic resonance (MR) images. (A)
Sagittal T2-weighted image. (B, C) Axial MR images at the L5/S1 level
(B, T1-weighted image; C, T2-weighted image). MR images show the
low-iso intensity mass on the T1-weighted image, and the iso-high
intensity mass on the T2-weighted image around the dural sac at the
L5–S1 level.
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gastrocnemius and 1 in the peroneus longus muscle re-
mained 4 years after reoperation. However, the patient could
walk with a cane and an ankle foot orthosis.

Case Two
An 83-year-old woman complained of low back pain, bilat-
eral leg pain, and intermittent claudication. She had a history
of diabetes mellitus, hypertension, prinzmetal angina, and
asthma. No motor loss was detected preoperatively. Preop-
erative radiographic studies demonstrated L4 degenerative
spondylolisthesis.

PLIF at the L4–5 level was performed. No dural tear or CSF
leakage occurred intraoperatively. While general anesthe-
sia was maintained with sevoflurane and remifentanil, her
hemodynamics remained stable. A 5-mm-diameter drain-
age tubewas placed on the dorsal side of the lamina. Similar
to case one, severe bradycardia occurred suddenly, and
cardiac arrest developed immediately after closing the
surgical incision and opening the drainage tube. CPR was
immediately performed, and the patient recovered success-
fully. Because pulmonary embolism or a cardiac lesion was
initially suspected, percutaneous cardiopulmonary sup-
port with heparinization was used. ECG, chest CT, and
cardiac catheterization showed no abnormal findings, al-
though brain CT revealed pneumocephalus. The patient
showed severe neurologic deficits after surgery, and post-
operative bleeding from the drainage tube of �4000 mL
developed because of heparinization. On the same day,
reoperationwas performed to confirm the bleeding sources
and explore the cause of paralysis. Intraoperatively, a CSF
collection and a cluster of edematous cauda equina rootlets
through a small dural defect were observed, although no
active bleeding source was found. The bleeding appeared to
be oozing due to heparinization. Reduction of the incarcer-
ated cauda equina rootlets and repair of the dural defect
were performed. The motor loss recovered fully a few days
after reoperation.

Discussion

The present cases shared some common characteristics: both
were elderly woman with degenerative spondylolisthesis,
had incarceration of the cauda equina, and experienced shock
that developed immediately following closure of the surgical
incision and opening of the drainage tube.

Neurogenic, hypovolemic, hemorrhagic, and cardiogenic
shock were considered as pathology of the intra-/postopera-
tive shock. In the present cases, hemorrhagic or cardiogenic
shock appeared unlikely based on the results of various
examinations. From the intraoperative findings at reopera-
tion, the pathology was thought to be neurogenic shock via
the vasovagal reflex in some form or other. Many reports have
described that various mechanisms could cause vasovagal
responses.1 Although some reports have described intra-
operative shockdue to vasovagal reflex in the area of digestive
and respiratory surgery, there have been no reports in the
field of spinal surgery. In the present cases, incarceration of
multiple cauda equina rootlets following the accidental dural

tear may have caused a sudden decrease of cerebrospinal
fluid pressure and traction of the cauda equina, which might
have stimulated the vasovagal reflex. The vasovagal reflex
then caused severe bradycardia and cardiac arrest.

An incidental dural tear is a relatively common occurrence
during spinal surgery.2 Previously, we reported the compli-
cations of PLIF,3 and a dural tear was observed in 7.6% of cases,
which was similar to the results of previous reports of dural
tear incidence from 5.5 to 10.1%.3–6 On the other hand, there
were few reports of postoperative dural tears. Some reports
described a postoperative dural tear following chronic me-
chanical irritation due to the edge of a brokenwire, a residual
bone spike, and the suction of a drainage tube.7,8 Further-
more, Nakayama et al first reported postoperative incarcera-
tion of the cauda equina following dural injury due to a
drainage tube.8 In the present cases, a dural tear and incar-
ceration of the cauda equinamayhavebeen caused by suction
of a drainage tube, similar to Nakayama et al. Additionally,
spondylolisthesis in elderly patients might contribute to
fragility of the dura mater.

Dura-related complications are generally considered of
little consequence to the final outcome. However, some series
have reported that intracranial hypotension due to reduction
of CSF volume and pressure caused a cerebral hematoma or
cerebral herniation.9,10 In case two, an asymptomatic pneu-
mocephalus was detected on CT, but no cerebral hematoma
or cerebral herniation was seen. A rare but potentially devas-
tating complication of iatrogenic CSF leakage is entrapment
and incarceration of nerve roots at the site of the dural
defect.11–17 This could cause irreversible nerve damage
through strangulation and might lead to a permanent neuro-
logic deficit.11 However, it was very hard to decide whether
reoperation was appropriate after shock developed. Postop-
erative MRI did not demonstrate the apparent pathogenesis
responsible for the severe motor loss. With minor motor loss,
await-and-see attitudewould be justifiable, but severemotor
loss would tend to bias the decision toward reoperation after
the development of shock. Even in the present cases, we
hesitated to reoperate because the cause of the shock re-
mained unclear. However, late intervention could produce a
serious permanent motor loss.3 After all, case one, who
underwent reoperation on the day following the primary
operation, had a permanent motor loss, and case two, who
underwent reoperation on the same day, recovered fully.
These results suggest that if idiopathic severe motor loss
occurs postoperatively, reoperation to explore the cause of
paralysis should be performed as soon as possible because of
the possibility of incarceration of the cauda equina.

Conclusions

Two cases of neurogenic shock following PLIF that appeared to
be caused by the vasovagal reflex following dural injury and
incarceration of the cauda equinawere described. If idiopath-
ic severe motor loss occurs postoperatively, reoperation to
explore the cause of paralysis should be performed as soon as
possible given the possibility of incarceration of the cauda
equina.
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