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Background

The bispectral index (BIS) is used as a monitor to measure 
the depth of general anesthesia. Previous reports have 
indicated that the BIS may be useful to detect global cerebral 
hypoperfusion,[1‑5] such as during cardiac surgery, cardiac arrest, 
and hypoxia. We report a case in which the BIS was found useful 
in detecting partial hypoperfusion during cervical spine surgery.

Case Report

A 79‑year‑old man (height 173 cm, weight 59 kg) visited our 
hospital because of cervical back pain. There were motor 

paralysis and sensory disorder in the fingers of both hands. 
Computed tomography (CT) indicated a melting change of 
the fourth and fifth cervical vertebrae. He was diagnosed with 
pyogenic spondylitis. Therefore, the patient was scheduled 
to undergo two‑stage surgeries: first, posterior fixation 
of the cervical spine, and second, anterior fixation of the 
cervical spine.

In the operating room, we applied routine monitors and the 
BIS monitor. After that, we performed awake nasotracheal 
intubation. After confirmation of tracheal intubation, 
general anesthesia was induced with propofol 100  mg, 
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ABSTRACT
The BIS value may decrease by cerebral hypoperfusion. We report a case in which the BIS value suddenly decreased 
during cervical spine surgery, which led us to find cervical screws compressing the vertebral arteries. In a 79-year-old man 
undergoing cervical spine surgery, the BIS suddenly decreased from about 40 to 10-20, about 4 h after the start of surgery. 
Intraoperative 3-dementional computed tomography indicated that both the two tips of cervical screws inserted in the 6th 
cervical vertebra were within bilateral transverse foramens. These cervical screws were removed, and the BIS increased 
immediately. The cervical screws were re-inserted again thorough the same vertebra into the bilateral transverse foramens, 
and the BIS decreased immediately. Postoperatively, cerebral hypoperfusion due to compression of bilateral vertebral arteries 
by two cervical screws was identified. The BIS may be a useful to detect cerebral hypoperfusion due to compression of the 
vertebral artery by a cervical screw.
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fentanyl 0.1 mg, and neuromuscular blockade achieved with 
rocuronium 50 mg. General anesthesia was maintained with 
propofol 2.0–2.6 µg·ml‑1  (target‑controlled infusion) and 
remifentanil 0.2–0.4 µg kg‑1 min‑1. To use a motor evoked 
potential (MEP) during surgery, neuromuscular blockade was 
antagonized with sugammadex sodium 200 mg.

During surgery, the BIS had been stable around 40. 
Approximately 4 hours after the start of surgery, the BIS 
suddenly decreased to 10–20. We could not find any apparent 
reasons for the sudden decrease in the BIS. However, we felt 
that a more likely reason was that the screws in a cervical 
vertebra obstructed the blood flow to the brain. As the 
surgeons planned to perform intra‑operative 3‑D CT, CT was 
taken at this point. Intra‑operative 3‑D CT indicated that 
both the tips of cervical screws inadvertently inserted to the 
bilateral transverse foramens of the sixth cervical vertebra 
[Figure 1A], indicating that the screws compressed the 
vertebral arteries. When these cervical screws were removed, 
the BIS returned to about 40. When surgeons re‑attempted 
to insert cervical screws to the sixth cervical vertebra, and 
the BIS decreased immediately again.

With the guide of image radiography, surgeons finally could 
insert the screws without decreasing the BIS value. The 3‑D 
CT confirmed the correct positioning of the screws, and the 
cervical vertebrae were fixed. Nevertheless, the BIS started to 
decrease to around 20–25 again and remained at low values 
until the end of surgery. After the end of surgery, general 
anesthesia was stopped, and the BIS returned to 80–90. We 
extubated the patient’s trachea after confirming that the 
patient was awake.

After surgery, there was no new neurological deficit. 
Nevertheless, a CT taken 4  days after surgery indicated 
that both the tips of cervical screws at the sixth cervical 
vertebrae were again located in the bilateral transverse 
foramens [Figure  1B]. In addition, 3‑D CT angiography 
indicated the right vertebral artery at the level of the sixth 
cervical vertebra was not shown, and the left vertebral 
artery from this arterial origin to the level of the sixth 

cervical vertebra was not shown [Figure 2]. The diagnosis 
of a stenosis of the right vertebral artery and an occlusion 
of the left vertebral artery was made, which were caused 
by compression of the bilateral vertebral arteries by the 
two screws.

Five days after the surgery, he underwent the second 
surgery. General anesthesia and surgery were uneventful, 
and there was no new neurological deficit during the entire 
peri‑operative period. The patient was discharged from 
our hospital without anything new on the 30 days after the 
second surgery.

Discussion

We have found that the BIS may be a useful monitor to 
detect partial cerebral hypoperfusion during cervical spine 
surgery.

The brain is perfused by the bilateral internal carotid 
arteries and the basilar artery arising from the union of the 
bilateral  vertebral arteries. The bilateral internal carotid 
arteries and the basilar artery are connected via the arterial 
circle of Willis. Therefore, even if one of the arteries that 
perfuse the brain is occluded, regional hypoperfusion may 
not occur. However, in our patient, there was a possibility of 
regional hypoperfusion in the area perfused by the basilar 
artery. Post‑operative 3‑D CT angiography indicated that there 
were severe stenosis of the right vertebral artery, occlusion of 
the left vertebral artery, and hypoplasia of the right posterior 
communicating artery. Therefore, there was a possibility that 
the area perfused by the basilar artery mainly perfuses by 
the left posterior communicating artery, and the blood flow 

Figure 2: Post‑operative 3‑D CT angiography of the vertebral arteries. The 
stenosis of the right vertebral artery at the level of the sixth cervical vertebra 
compressed by a cervical screw (a) and the occlusion of the left vertebral 
artery at the sixth cervical vertebra compressed by a cervical screw (b)

Figure 1: Intra‑operative (A) and post‑operative (B) 3‑D CT showing that 
the two tips of right (a) and left (b) cervical screws are within the bilateral 
transverse foramens of the sixth cervical vertebra (c)
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in this area might be reduced. However, it is not clear why 
the BIS, which analyzes mainly the electroencephalogram 
of the frontal lobe, decreased by hypoperfusion in the area 
perfused by the basilar artery. The BIS may decrease due to 
regional cerebral hypoperfusion in the area perfused by the 
basilar artery.

In our patient, 3‑D CT taken after re‑insertion of the screws 
confirmed that the screws were in the correct position. 
Nevertheless, after fixation of the cervical vertebrae, the BIS 
started to decrease again. The exact reason for the decrease 
in the BIS is not clear. Nevertheless, a CT taken 4  days 
after surgery indicated that the tips of re‑inserted screws 
had dislodged again to the bilateral transverse foramens. 
Therefore, it is likely that these re‑inserted screws dislodged 
during fixation of the cervical vertebrae and might have 
compressed the bilateral vertebral arteries again, leading to 
the decrease in BIS.

Previous studies have shown that in patients whose carotid 
artery was clamped during carotid endarterectomy, some 
patients did not develop new neurological deficit with the 
decrease in the BIS, whereas the others developed new 
neurological deficit without the decrease in the BIS.[6,7] In our 
patient, the BIS decreased several times during surgery, and 
the BIS remained at low values until the end of surgery, but 
there was no new neurological deficit after surgery. Because 
of these, the BIS may not be a reliable monitor to predict a 
new neurological deficit.

In conclusion, the BIS may be useful in detecting cerebral 
hypoperfusion during general anesthesia.
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