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Person-in-the-barrel syndrome following cervical spine surgery: illustrative case
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BACKGROUND Person-in-the-barrel syndrome is characterized by bilateral brachial diplegia, intact cranial nerves, and preserved lower-extremity
strength. Most cases are due to bilateral supratentorial brain lesions at the border zone of the anterior and middle cerebral artery vascular territories.
This condition has been observed with spinal pathology, primarily involving vascular dissection and thromboembolism.

OBSERVATIONS The authors’ case is the first in the literature to highlight person-in-the-barrel syndrome immediately following cervical spine
surgery. Weakness of the deltoids, biceps, infraspinatus, and brachioradialis was observed bilaterally postoperatively. Electromyograph (EMG)-nerve
conduction velocity (NCV) studies revealed a cervical radiculopathy involving C5 and C6 bilaterally with denervation of the deltoids, biceps, and
brachioradialis. Within 8 months of cervical spine surgery, the patient regained improvement of the bilateral brachial diplegia.

LESSONS EMG/NCVstudies play a valuable role in detecting cervical radiculopathy after cervical spine surgery in patientswith bilateral brachial diplegia.
The authors postulate that this condition may have occurred following neck hyperextension during cervical cage placement, increasing the foraminal
stenosis at C4–5 and C5–6 and worsening the C5 and C6 radiculopathy. Spinal surgeons should be cognizant of person-in-the-barrel syndrome that may
ensue following cervical spine surgery and promptly identify and treat this condition to offer the best prognosis for a favorable patient outcome.

https://thejns.org/doi/abs/10.3171/CASE20165
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FollowingDide and Lhermitte’s initial description of brachial diplegia
in 1917,1 Mohr used the term “distal field infarction” in 1969 to describe
infarcts in the middle and anterior cerebral arterial border zone caused
by systemic hypoperfusion leading to bilateral brachial paresis.2 Sage
and Van Uitert coined the term “man-in-the-barrel” in 1986 in their study
of comatose patients who experienced systemic hypoperfusion with
resulting bilateral upper-extremity paresis.3 Their term visualized a
patient with these symptoms as constrained within a barrel. Similar to
the term “stiff-person syndrome,” we are recoining “man-in-the-barrel
syndrome” as “person-in-the-barrel syndrome” to reflect up-to-date
societal terminology.

Most cases of person-in-the-barrel syndrome are caused by bi-
lateral supratentorial brain lesions due to ischemia in the border zone
between the anterior and middle cerebral arteries and by bilateral
cerebral hypoperfusion.4–8 Other cranial sources of this condition in-
clude pontine lesions due to ischemic infarction, hemorrhagic con-
tusion, central pontine myelinolysis, lesions attributed to multiple
sclerosis, and multiple bilateral cerebral metastasis.4,5,7–10 Bilateral

lesions of the brachial plexus have also been associated with person-
in-the-barrel syndrome.5,7,11,12 Person-in-the-barrel syndrome has
rarely been described as being caused by spinal pathology and pri-
marily involves vascular dissection and thromboembolism.13 The
prognosis is better for noncomatose patients with an extracranial
source of person-in-the-barrel syndrome who experience ischemia for
a short duration.3,5,8,9 Although unilateral C5 palsy is well known fol-
lowing cervical spine surgery of C4–5, bilateral C5–6 palsy leading to
person-in-the-barrel syndrome has not been reported after cervical
spine surgery.

Because of the wide variation in motor and sensory deficits, as well
as radiological findings in patients with person-in-the-barrel syndrome
caused by spinal pathology in the literature, there was a need to
accurately define this condition. We defined person-in-the-barrel
syndrome following cervical spine surgery as occurring in patients
who had postoperative evidence of C5–6 abnormalities bilaterally as
ascertained by radiological studies, comprehensive and detailed
physical examination of the upper extremities, and electromyography

ABBREVIATIONS ACDF = anterior cervical discectomy and fusion; CT = computed tomography; EMG = electromyography; NCV = nerve conduction velocity; OT =
occupational therapy; PT = physical therapy.
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(EMG) studies.We present a unique case as fulfilling these criteria. The
importance of the physical examination of the upper extremities and
EMG studies in elucidating this extraordinarily rare condition following
cervical spine surgery is described. We also discuss the mechanism
involved in producing this disorder in this setting, as well as patient
management and long-term outcomes.

Illustrative Case
History, Physical Examination, and Radiological Imaging

A 62-year-old man (height 6 feet 6 inches [1.98 m], weight 220 lb
[99.8 kg], body mass index 25.24 kg/m2) had the onset of weakness of
the upper-extremity muscles bilaterally with an inability to elevate the
arms at the shoulder and flex the elbows. His symptoms began im-
mediately following an anterior cervical vertebrectomy at C4 and C5
and a fusion with a cage and plate from C3 to C6, as well as an anterior
cervical discectomy and fusion (ACDF) and plate at C6–7. Hypotension
was not documented either intra- or postoperatively. A head and neck
computed tomography (CT) scan 2 days postoperatively demonstrated
prevertebral soft-tissue swelling at the site of the fusion. Five days later,
he underwent a posterior cervical decompression and foraminotomies
at C4–5 bilaterally with a fusion fromC3 to C7. EMG performed 1month
before his anterior cervical surgery demonstrated bilateral carpal
tunnel syndrome, left cubital tunnel syndrome, and chronic cervical
radiculopathy of C6 and C7 on the left and C7 on the right. On ex-
amination, there was moderate weakness of the deltoids, biceps,
infraspinatus, and brachioradialis bilaterally.

EMG-Nerve Conduction Velocity Studies of the Hands
Postoperative needle EMG demonstrated denervation of the del-

toids, infraspinatus, and biceps bilaterally. The patient recruited 1–2
motor units in the left biceps but none in the right biceps or deltoids. The
right brachioradialis showed no motor units, whereas he recruited 2–3
motor units on the left. The triceps revealed decreased motor unit
recruitment with increased polyphasics. EMG confirmed marked acute
denervation changes in the C5 and C6 distributions bilaterally, as well
as chronic denervation/reinnervation changes in the C7 distribution
bilaterally. The primary difference between the pre- and postoperative
EMG studies was the de novo presence of denervation in the C5 and
C6 distributions bilaterally in the latter study.

Neurosurgical Follow-Up
The patient underwent physical therapy (PT) and occupational

therapy (OT) following his second operation. He continued to expe-
rience profound weakness of right shoulder abduction and right elbow
flexion 4 months after his cervical spine surgery. The weakness almost
completely resolved within 8 months following surgery.

Discussion
Although the majority of cases of person-in-the-barrel syndrome

involve supratentorial lesions triggered by systemic hypotension,
this condition is also associated with myriad spinal pathologies
(Table 1).4–10,13–26 Cervical spinal cord ischemia/infarction is the most
commonly reported cause of spinal person-in-the-barrel syndrome.4,6,15

Mechanisms responsible for this occurrence include thrombosis of
the vertebral artery causing anterior spinal artery hypoperfusion, dis-
section of the vertebral artery, stenosis of the subclavian artery, and a
medullary infarct due to anterior spinal artery occlusion.4–7,15 The dif-
ferential diagnosis of isolated brachial diplegia of the proximal muscles
consists of person-in-the-barrel syndrome, Bell’s cruciate paralysis, and
anterior vascular spinal cord syndrome. Described by Bell in 1970,

cruciate paralysis results from injury of the upper portion of the pyramidal
decussation, which may be caused by an odontoid fracture, cervical
hyperextension injury, or acute hydrocephalus following suboccipital
craniectomy.9,27 Acute vascular spinal cord syndrome results from is-
chemia of the anterior spinal artery and is marked by symmetric
weakness affecting the upper extremities more than the spastic lower
extremities and by bowel and bladder dysfunction.16 All three conditions
may be due to infratentorial disease; however, person-in-the-barrel
syndrome may also be a sequela of supratentorial disease.

Anecdotal reports of person-in-the barrel syndrome that developed
after surgery include two following abdominal procedures,11,12 two after
cardiac surgery,28,29 and one after a thoracic spinal procedure
(Table 2).9 All five of these patients attained good return of upper-
extremity function within several months of their surgical procedure.
Joaquim and colleagues reported the only case of person-in-the-barrel
syndrome caused by hyperextension following spinal surgery, spe-
cifically, an extensive revision involving thoracoilium instrumentation
and fusion for iatrogenic and degenerative scoliosis, progressive
kyphosis, and sagittal imbalance.9 The patient had previously un-
dergone T11–S1 fusion for lumbar spinal stenosis and scoliosis. The
duration of the operation was 510 minutes with an estimated blood loss
of 2500mL for which she intraoperatively received 8 units of packed red
blood cells, 3 units of fresh-frozen plasma, and 1500 mL of cell-saved
blood. The patient experienced a 2-hour period of mild hypotension
(mean arterial pressure 50–60 mm Hg) intraoperatively followed by
severe hypotension (mean arterial pressure 35–50 mm Hg) for 30
minutes 6 hours postoperatively. As a result of negative findings on
imaging studies of the head and cervical spine after surgery, the
authors attributed the patient’s person-in-the barrel symptoms to intra-
and postoperative hypotension.

Unilateral postoperative C5 palsy is a well-recognized complication
following decompressive cervical surgery, particularly at the C4–5
level, which may occur after posterior cervical decompression surgery
such as laminoplasty or anterior cervical spinal surgery.30 In Hashimoto
and colleagues’ study of 199 patients who underwent ACDF, 17 (8.5%)
patients experienced postoperative C5 palsy.30 These authors defined
a C5 palsy as when patients demonstrated a deterioration in muscle
power of the deltoid and biceps brachii by at least one grade in muscle
testing without aggravation of lower-extremity function. The C5 palsy
developed after ACDF of three or more levels in themajority of patients,

TABLE 1. Person-in-the-barrel syndrome resulting from spinal
pathology in the literature

Cervical spinal cord ischemia/infarction4,5,15,16,19,27,32,33

Ventral cervical epidural abscess13

Cervical spine myelopathy30

Acute cervical central cord syndrome6

Following thoracoilium fusion11

Lower motor neuron disease especially with progressive spinal atrophy
and amyotrophic lateral sclerosis1,4,12,16

Cervical epidural infection28

Acute cervical cord injury7,17,31

Spinal anterior and vertebrobasilar embolism9

Ischemia of anterior horns during septicemia caused by Salmonella
typhimurium14

Recurrent microtrauma18,19
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and most patients with severe C5 palsy after ACDF had preexisting
asymptomatic damage of the anterior horn cells at C3–4 and C4–5.
Several etiologies have been proposed as causing postoperative
unilateral C5 palsy, including direct injury to the nerve root, tethering of
nerve roots because of a shift of the spinal cord associated with
anchoring of the nerve root, and a spinal cord vascular injury such as
local reperfusion injury or decompression of a chronic compressive
cervical cord disorder.30–34

Observations
The present case is the first to describe person-in-the-barrel (C5–6)

syndrome following cervical spine surgery. The patient experienced
isolated bilateral diplegia immediately after the cervical spine procedure.
Weakness of the deltoids, biceps, infraspinatus, and brachioradialis was
observed, and EMG-nerve conduction velocity (NCV) studies revealed a
bilateral cervical radiculopathy involving C5 and C6. Within 8 months of

cervical spine surgery, the patient regained near-complete recovery of the
bilateral brachial diplegia following a course of PT and OT.

We speculate that a unique surgical mechanism may have led to the
patient’s person-in-the-barrel syndrome in this case (Fig. 1). The patient
initially underwent an anterior vertebrectomy and cage placement.With the
anterior approach, adequate foraminotomies are challenging. As this
patient had severe foraminal stenosis extending from C3 to C7 preop-
eratively, the foramen was further narrowed from cervical hyperextension
when the cage was placed. This mechanism creates a fulcrum effect in
which there is a wide exposure anteriorly with distraction from C3 to C6 to
allow for cage insertion. The foramina posteriorly become severely nar-
rowed, thereby compressing the C5 and C6 nerve roots bilaterally. Five
days later he underwent a posterior cervical decompression at C4–5 bi-
laterally with posterior cervical fusion from C3 to C7.

Based on our case, we recommend that if a patient presents with
severe foraminal stenosis, we suggest performing the foraminotomies

FIG. 1. A: Preoperative central spinal canal and foraminal stenosis (pink). B: Intraoperatively following C4
and C5 corpectomy. Arrows indicate the direction of compressive forces following the C4 and C5
vertebrectomy. C: Cervical cage placement caused cervical spine hyperextension producing increased
foraminal stenosis, particularly because there had been incomplete lateral foraminal decompression and C5
radiculopathy. Black arrows indicate the distractive forces applied to C3 and C6 vertebral bodies following
placement of the cage. White arrows demonstrate severe foraminal compression at C4–5.

TABLE 2. Person-in-the-barrel cases following surgery in the literature

Study Procedure Pathology

Foncea et al.,
200212

Abdominal surgery for
subphrenic abdominal abscess

Bilat lesions of upper trunk of brachial plexus

Dı́az-Nicolás et al.,
200811

Proctocolectomy in patient with
Crohn’s disease

Acute bilat plexopathy

Hurley and Wood,
199328

CABG in hypertensive patient MRI: ischemia with hypoperfusion leading to border zone infarction between the anterior and
middle cerebral arteries; rapidity of fall in blood pressure responsible for brain damage

Olejniczak et al.,
199129

CABG CT scan: hypodensities in occipital, parietal, and occipital-parietal regions; EMG: poor motor
unit recruitment, slow-firing motor units; SSEPs indicate upper motor neuron lesion

Joaquim et al.,
20089

Thoracoilium instrumentation
and fusion

No radiological evidence of lesion; intra- and postoperative hypotension

Present study,
2020

Cervical spine surgery Weakness of deltoids, biceps, infraspinatus, and brachioradialis bilat postoperatively; EMG-NCV
studies: cervical radiculopathy involving C5 and C6 bilat

CABG = coronary artery bypass graft; SSEP = somatosensory evoked potential.
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at C4–5 and C5–6 as the first stage, followed by an anterior approach to
decompress the cord. Alternatively, our casemay have been caused by
ischemia of the central spinal cord (as seen in other person-in-the-
barrel cases with cervical pathology) or bilateral nerve root injury (as
observed in unilateral C5 palsy). The patient’s position on the operating
table during surgery that may cause stretching of both C5 and C6 nerve
roots should also be considered.

Lessons
Spinal surgeons should be aware that person-in-the-barrel syn-

dromemay occur immediately following anterior cervical spine surgery.
A detailed physical examination of the upper extremities and EMG-
NCV studies play important roles in confirming cervical radiculopathy
after cervical spine surgery in patients with bilateral brachial diplegia.
Prompt identification of person-in-the-barrel syndrome after cervical
spine surgery and treating affected patients with rehabilitation offer the
best prognosis for complete recovery.
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