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Objective: We evaluated the efficacy of diffusion-weighted magnetic resonance imaging
(DW-MRI) in detecting perioperative cerebral thromboembolic events after anterior cervi-
cal discectomy and fusion (ACDF).

Methods: This retrospective case series included 51 consecutive patients that underwent
ACDFE. To assess baseline presence of plaque or stenosis, all patients were assessed for risk
factors of cerebrovascular events and underwent carotid ultrasound preoperatively and ce-
rebral DW-MRI was performed in all patients postoperatively, with areas of high signal in-
tensity interpreted as a cerebral thromboembolic event.

Results: One male patient who underwent a C4/5 ACDF had a focal diffusion abnormality
on DW-MRI concerning for cerebral thromboembolic events in the right posterior cerebral
artery territory. He remained asymptomatic and did not display related neurological symp-
toms, such as visual deficits.

Conclusion: Asymptomatic cerebral thromboembolic events can be detected by DW-MRI
after ACDF. The incidence of such events remains very rare despite the direct manipulation
and associated alteration of common carotid artery flow dynamics.

Keywords: Anterior cervical spine surgery, Cerebral thromboembolic event, Diffusion-
weighted magnetic resonance imaging

longed retraction of the common carotid artery which is for

adequate surgical exposure may decrease the blood flow of the

Since the description of the anterior cervical discectomy and ~ common carotid artery during the surgery.* The reported inci-

fusion (ACDF) by Robinson and Smith in 1955," it has become  dence of postoperative cerebrovascular events associated with

one of the most common procedures performed by spinal neu-  ACDF is only 0.13%, representing 1.51% of all complications.’®

rosurgeons. Although ACDF is generally regarded as safe, pro- ~ Of the few reports in the literature of cerebrovascular ischemic
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complications associated with ACDE most of them were symp-
tomatic events.** Recently, diffusion-weighted magnetic reso-
nance imaging (DW-MRI) has been used to detect clinically si-
lent thromboembolic events in cerebral endovascular proce-
dures, with sensitivity as high as 60% to 80%.%° The ability of
DW-MRI to give unique information regarding the viability of
brain tissue suggests that this technique could permit improved
detection of cerebral events associated with ACDE We there-
fore obtained DW-MRI postoperatively in patients who under-
went ACDF to assess the incidence of cerebral thromboembolic
events, both symptomatic and asymptomatic.

MATERIALS AND METHODS

From April 2013 to April 2014, 51 patients with a mean age
of 49.9£12.1 years old were enrolled in the present study. All
patients were sequentially scheduled for instrumental anterior
cervical discectomy and fusion (ACDF) surgery at either 1 or 2
levels. Exclusion criteria were history of anterior neck surgery,
including anterior cervical spine surgery and thyroid gland sur-
gery. A total of 4 patients were excluded. Demographics of pa-
tients and surgical levels are summarized in Table 1.

Duplex ultrasound measurements of right common carotid
artery dimensions and flow velocities were obtained preopera-
tively using a 128XP-10 ultrasound machine (Accuson, Denver,
CO, USA). Atherosclerotic carotid disease was classified into 4
categories: mild (<39% stenosis), moderate (<59% stenosis),

Table 1. Patient demographic data (n=51)

Variable Value
Age (yr) 499+12.1
Sex
Male 33
Female 18
Surgical Level
Single level (n=39)
C3-4 4
C4-5
C5-6 22
C6-7 4
Two level (n=12)
C3-4 & C4-5
C4-5 & C5-6 4
C5-6 & C6-7

Values are presented as mean + standard deviation or number.
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severe (<79% stenosis), and critical (>80% stenosis). All pa-
tients underwent the surgery using the Smith-Robinson appro-
ach via the right side. During the surgery, a Caspar cervical self-
retaining retractor (Aesculap, Tuttingen, Germany) was contin-
uously applied to provide adequate surgical exposure of the an-
terior right aspect of the cervical spine. The retractor was posi-
tioned to move the right sternocleidomastoid muscle, right jug-
ular vein, right common carotid artery, and right vagus nerve
laterally, while moving the esophagus and the trachea medially.
The retraction duration was recorded as part of the anesthesia
record.

Within 48 hours after surgery, cerebral DW-MRI was rou-
tinely performed to assess for thromboembolic events, regard-
less of any changes in the patients’ neurological status. A high-
signal intensity lesion on the DW-MRI was interpreted as an
acute thromboembolic event, and the number and locations of
these lesions were recorded.

RESULTS

Preoperative duplex ultrasound measurements of the com-
mon carotid artery showed mild (<39% stenosis) atheroscle-
rotic disease with mural plaques in three patients (5.8%); the
remaining 48 patients had no evidence of preexisting carotid
artery disease. None of the patients with preexisting carotid ar-
tery received prophylactic anticoagulant treatment. The mean
retraction time was 159+ 24.3 minutes (n=39) for single-level
ACDEF and 220+ 33.4 minutes (n=12) for 2-level ACDE. There
were no episodes of adverse events such as intraoperative hypo-

Table 2. Radiological results and mean retraction time

Parameter Value
Atherosclerotic carotid disease
Yes, mild® 3(5.8)
No 48 (94.2)
Mean retraction time (min)
Single level (n=39) 159+24.3
Two level (n=12) 220+33.4
Cerebral thromboembolic event on DW-MRI
Positive 1(1.96)
Negative 50 (98.4)

Values are presented as number (%) or mean + standard deviation.
DW-MRY, diffusion-weighted magnetic resonance imaging.

By convention mild atherosclerotic carotid disease represents <39%
stenosis, moderate <59% stenosis, severe <79% stenosis, and critical
>80% stenosis.
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tension or hypertension, intraoperative hypoxia, or severe ane-
mia. Radiological results and mean retraction time are summa-

rized in Table 2.
Postoperative cerebral MRI, obtained within 48 hours after
=
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Fig. 1. Preoperative duplex ultrasound measurements of the
right carotid artery in a patient who developed an asymptom-
atic cerebral thromboembolic event after surgery. No athero-
sclerotic carotid artery disease, including mural plaque was
present. (A) Axial. (B) Longitudinal. (C) Velocity.
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operation, was positive for a highsignal intensity lesion on DW-
MR, in 1 patient, and this was interpreted as an acute cerebral
thromboembolic event. This 64-year-old man had a preopera-
tive diagnosis of a degenerative herniated intervertebral disc at
C4-5. He underwent ACDF using a zero-profile anchored spac-
er with allograft bone chips. His past medical history was not
significant for any underlying disease and his only medications
were narcotics for management of his cervical disc disease. As
is shown in Fig. 1, no atherosclerotic carotid artery disease, in-
cluding mural plaque, was detected on preoperative duplex ul-
trasound. His operative course was uneventful, without episodes
of adverse events such as intraoperative hypotension or hyper-
tension, and his total retraction duration was 140 minutes. Post-
operatively he was stable, and taken to the recovery area with-
out any noted neurological deficits. On postoperative day 2, ce-
rebral MRI was obtained. On DW-MR], a high signal-intensity
lesion, considered to be an acute thromboembolic event, was
noted in the right posterior cerebral artery territory (Fig. 2). A
full neurological examination including assessment of visual
field was performed and found to be within normal limits. As
the patient did not display any neurological deficits, he was dis-
charged home in the general course. At 2 years outpatient fol-
low-up after ACDE the preoperative severe radiating pain and
right upper extremity was relieved and the patient was without

7

Fig. 2. Diffusion-weighted magnetic resonance imaging re-
vealing a high-signal-intensity lesion in the right posterior ce-
rebral artery territory (arrow).
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any neurological deficits related to the identified cerebral throm-
boembolic event.

DISCUSSION

Both spinal neurosurgeons and orthopedic surgeons com-
monly perform ACDF with a high rate of clinical success. Ad-
verse events are overall infrequent and manageable. The most
common and potentially serious acute adverse events include
dysphagia, dysphonia, bone graft failure, and airway compro-
mise."® Historically, thromboembolic events in the literature are
typically reported for venous thromboembolism (pulmonary
thromboembolism and deep vein thrombosis), especially in
lumbar surgery."'* Recently, Oglesby et al.”® analyzed data from
the Nationwide Inpatient Sample database, demonstrating a the
0.37% incidence of venous thromboembolic events in ACDEF.
Romano et al.’ studied postoperative in-hospital complication
rates for elective ACDE, using discharge abstract data for all pa-
tients who underwent this procedure in California. They found
that 6.7% of patients (n=10,416) were reported to have one or
more postoperative complications and cerebrovascular events
occurred in 14 patients (0.13%). It is well accepted that intraop-
erative retraction during ACDF alters common carotid artery
flow dynamics by causing a significant reduction in vessel cross-
sectional area. Through duplex ultrasound measurements of
the common carotid artery flow velocity, Pollard and Little re-
ported that vessel cross-sectional area decreased by an average
of 14% with the initial placement of self-retaining retractors, and
decreased further to 70% of baseline by the end of an ACDF
case. However, only a few papers have reported cerebral throm-
boembolic events related to anterior cervical surgery and most
of them are case reports describing to symptomatic events. Cho-
zick et al.* reported postoperative right hemispheric infarct in
patients who underwent anterior corpectomies of the C4 and
C5 vertebrae for cervical myelopathy resulting from ossification
of the posterior longitudinal ligament. They suggested that the
thrombosis may have been due to prolonged retraction on an
atherosclerotic common carotid artery, and that an atheroscle-
rotic common carotid artery might be more prone to thrombo-
sis than a normal common carotid artery. Interestingly, Yeh et
al’ reported a postoperative left hemispheric lethal infarct after
a lengthy 5-hour anterior cervical spine surgery in a patient with-
out atherosclerotic disease of the common carotid artery.

In the present study, the mean retraction time was 159 +24.3
minutes (n=39) for single-level ACDF and 220 +33.4 minutes
(n=12) for 2-level ACDE A total of three patients underwent
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retraction greater than 4 hours, and one patient was retracted
for 5 hours. One patient experienced a silent cerebral thrombo-
embolic event as determined by DW-MRI, and he had a rela-
tively short retraction time (140 minutes). Further, there was
no evidence of preoperative atherosclerotic carotid artery dis-
ease, including mural plaque as assessed with duplex ultrasound
measurements.

Cerebral endovascular procedures, which also manipulate the
common carotid artery like ACDE, have an incidence of clini-
cally silent thromboembolic events as demonstrated by DW-
MRI as high as 60 to 80%.°° This discrepancy between the high
incidence with cerebral endovascular procedures and the low
incidence of 1.96% of silent thromboembolic events in the pres-
ent study may be due to the direct manipulation of endothelial
wall in cerebrovascular endovascular procedure as opposed to
indirect manipulation of the endothelial wall in ACDE

Major limitations of this study are first, sample size is small
and a larger scaled study is needed. Second, the incidence of si-
lent cerebral infarction on DW-MRI in the general elderly pop-
ulation increases with age. Thromboembiolic event located on
the PCA territory in our study, despite the anterior circulation
disturbance, can be an incidental finding or due to other ori-
gins including cardiovascular system.

CONCLUSION

This retrospective case series study revealed that cerebral throm-
boembolic event during ACDF is very rare, despite direct ma-
nipulation and compression of the common carotid artery dur-
ing the surgery which causes alteration of common carotid ar-
tery flow dynamics.
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