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BACKGROUND Hemidiaphragmatic paralysis can occasionally be caused by cervical canal and foraminal stenosis. Rarely is the effect of surgical
decompression on hemidiaphragmatic paralyzed patient respiratory function recorded. This report details a case of postoperative respiratory function
restoration in a patient with cervical spondylosis–related hemidiaphragmatic paralysis.

OBSERVATIONS A 77-year-old woman suffered hemidiaphragmatic paralysis caused by cervical canal and foraminal stenosis. The phrenic nerve
palsy was thought to be caused by compression of the cervical spinal cord and its nerve root. The patient received a C3 laminectomy, a C4–6
laminoplasty, and a left C3–4 and C4–5 posterior foraminotomy. After surgery, she improved her maximum inspiratory pressure and respiratory
function.

LESSONS Cervical canal and foraminal stenosis may cause hemidiaphragmatic paralysis due to radiculopathy-induced phrenic nerve palsy. Laminoplasty
and posterior foraminotomy can restore respiratory dysfunction related to diaphragmatic paralysis by decompressing the ventral horn of the spinal cord and
spinal nerve root.

https://thejns.org/doi/abs/10.3171/CASE22282
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Hemidiaphragmatic paralysis may occur from direct trauma and
phrenic nerve damage due to an adjacent tumor, neuropathy, in-
flammation, or iatrogenic procedure.1 Cervical spondylosis is a rare
cause of phrenic nerve palsy and hemidiaphragmatic paralysis.2 We
encountered a woman with cervical spondylosis with foraminal ste-
nosis who experienced symptomatic hemidiaphragmatic paralysis.
The patient received cervical laminoplasty and foraminotomy using
an exoscope.

Illustrative Case
History

A 77-year-old woman experienced numbness in both arms and
hands with hand clumsiness for a few years. Two months before
her presentation to our hospital, the patient had difficulty raising
her left arm. In addition, she developed dyspnea on exertion. Her
medical history included hypertension and diabetes mellitus. She

had undergone carpal tunnel release for right carpal tunnel syndrome
15 years earlier. Additionally, the patient had undergone a right C6–7
uncovertebrectomy for right cervical radiculopathy 10 years earlier.
She had a history of smoking 20 cigarettes per day until 17 years
earlier.

Examination
The patient had left arm weakness. Her Medical Research Council

grades were 3/5, 4/5, and 4/5 for the left deltoid, left biceps, and left
triceps, respectively. The bilateral biceps and brachioradialis reflexes
and right triceps reflex were diminished. Dysesthesia was observed
in the bilateral C5–7 dermatome. The gait was spastic.

Cervical computed tomography (CT) revealed left C3–4 and C4–5
foraminal stenosis due to osteophytes (Fig. 1A and B). Magnetic res-
onance imaging (MRI) demonstrated significant compression of the
cervical spinal cord at C3–6, most prominent at C3–4. The left C4

ABBREVIATIONS CT 5 computed tomography; MEP 5 maximal expiratory pressure; MIP 5 maximal inspiratory pressure; MRI 5 magnetic resonance imaging;
3D 5 three-dimensional; 4K 5 high-definition.
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nerve root was compressed due to the thickening of the facet at the
left C3–4 foraminal space (Fig. 1C–E).

An inspiration chest radiograph showed elevation of the left dome of
the diaphragm (Fig. 2A). Pulmonary function tests using a spirometer
(DISCOM 21FXIII, Chest MI) demonstrated respiratory dysfunction. The
values of respiratory function parameter (percentage predicted values)
were as follows: vital capacity, 1.63 L (76.5%); tidal volume, 0.38 L; and
forced vital capacity, 1.56 L (78.8%). These values also comprised
forced expiratory volume in 1 second (0%), 71.79% (91.3%); maximal
inspiratory pressure (MIP), 38.6 cm H2O (78.9%); and maximal expira-
tory pressure (MEP), 53.2 cm H2O (78.7%).

The patient was diagnosed with cervical spondylotic myelopathy
and left C4 and C5 radiculopathy, which induced hemidiaphragmatic
paralysis.

Operation
The patient received C3 laminectomy, C4–6 open-door laminoplasty,

C2 and C7 dome laminectomy, and left C3–4 and C4–5 posterior fora-
minotomy under a high-definition (4K) three-dimensional (3D) exoscope
orbital camera system (ORBEYE, Olympus; Fig. 3A). The foraminot-
omy decompressed the left C4 and C5 nerve root sleeves (Fig. 3B).

Postoperative Course
After the operation, symptoms of hand clumsiness, spastic gait

disturbance, and dyspnea improved. Postoperative cervical CT
(Fig. 3C and D) and MRI (Fig. 3E and F) revealed an expansion
of the cervical spinal canal and left C3–4 and C4–5 foraminal
spaces. Chest radiography 1 week after the operation showed im-
provement in the left diaphragm paralysis (Fig. 2B). Respiratory

FIG. 1. Preoperative cervical CT shows foraminal stenosis at the C3–4 (A) and C4–5 levels (B) due to exces-
sive osteophytes (arrowheads). The spinal nerve roots and spinal cord are compressed in the corresponding
axial (C and D) and sagittal (E) MRI.

FIG. 2. A: Preoperative inspiration chest radiograph shows that the left diaphragm (dashed line) is elevated (double
arrow) in comparison to the right diaphragm (solid line). B: The left diaphragm elevation has resolved on postopera-
tive inspiration chest radiograph. C: Respiratory muscle strength graph showing that compared to the preoperative
condition (preoperative), respiratory muscle strength increased at 1, 3, and 6 months after surgery.
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function recovery was confirmed using a spirometer at 1, 3, and
6 months after surgery. The MIP and MEP recovered well postoper-
atively. The MIP values (percentage predicted values) at 1 month,
3 months, and 6 months postoperatively were 46.4 cm H2O (94.9%),
55.7 cm H2O (113.9%), and 59.8 cm H2O (124.1%), respectively
(Fig. 2C). Similarly, MEP values were 62.0 cm H2O (91.7%), 72.7 cm
H2O (107.5%), and 122.3 cm H2O (181.7%), respectively.

Discussion
Observations

Cervical spondylosis is a rare cause of hemidiaphragmatic paraly-
sis.2–4 A literature search identified seven cases of hemidiaphragmatic
paralysis related to cervical spondylosis5–11 (Table 1). These patients
had dyspnea with motor and sensory symptoms from cervical myelopa-
thy and radiculopathy.5–7,9–11 A case that solely exhibits dyspnea and

FIG. 3. Overview of foraminotomy using an exoscope in look-up surgery (A). After a foraminotomy, the C4 nerve root is exposed in an intraoperative view
(B). Postoperative CT demonstrating C3 laminectomy (C), C4 laminoplasty (D), and foraminotomy (arrowheads). MRI reveals decompression of the spinal
nerve roots and spinal cord at the C3 (E) and C4 (F) levels.

TABLE 1. Literature review of cases of hemidiaphragmatic paralysis in patients with cervical spondylosis

Authors &
Year Age (yrs)/Sex Diaph Side

Weakness/Pain/
Dyspnea

Canal/Foraminal
Stenosis Surgery

Time to Diaph
Recovery FU

Hayashi et al.,
20059

64/M Lt Rt C5, lt C5–7/
lt C4/Y

C2–3/NA C3–7 lam 6 wks 2 yrs

Weiss et al.,
20115

59/M Lt NA/lt arm/NA NA/lt C2–3,
C3–4

C2–3, 3–4
foram

�10 mos 10 mos

Yu et al.,
201610

82/M Rt UE/bilat UE/Y C2–7/NA C2–6 lam &
fusion

Gradual relief 12 mos

Singleton
et al., 20186

64/M Rt Rt UE/NA/Y NA/rt C3–4,
C4–5

C3–4, 4–5
foram

�3 mos 3 mos

Manabe et al.,
20187

70/M Rt Bilat deltoid,
rt biceps/Rt C5/

NA

C3–4/rt C3–4,
lt C4–5

Rt C3–4, lt
C4–5 foram,
C2–5 fusion

2 wks 2 yrs

Park et al.,
20208

59/M Rt None/none/Y None/rt C3–4,
C4–5

C3–4, 4–5
foram

3 mos 3 mos

Durand &
Daniels,
202011

50/M Rt None/shoulder/Y NA/rt C3–4 C3–4 ACDF Resolved, not
specified

NA

Present case 77/F Lt Bilat UE/
bilat UE/Y

C3–6/rt C3–4,
C4–5

C3–6 lam,
C3–4, 4–5 foram

1 wk 6 mos

ACDF 5 anterior cervical discectomy and fusion; bilat 5 bilateral; diaph 5 hemidiaphragmatic paralysis; foram 5 foraminotomy; FU 5 follow up; lam 5 laminoplasty
or laminectomy; NA 5 not available; UE 5 upper extremity; Y 5 yes; � 5 within.
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no other accompanying spinal symptoms may create a diagnostic
challenge.8

In these cases, as well as the present case, phrenic nerve palsy is
considered to cause hemidiaphramgatic paralysis. The phrenic nerve
originates mostly from the C4 nerve root but also occasionally from
the C3 and C5 nerve root; hence, spinal nerve root compression at
the C4 level, and maybe at the C3 and C5 levels, is the cause of
phrenic nerve palsy.12 Phrenic nerve palsy may also result from com-
pression of the spinal cord’s ventral horn cells.9–11

It is challenging to pinpoint the precise location of the stenotic le-
sion that is causing the phrenic nerve palsy. In most of these instan-
ces, the cervical canal and numerous levels of the cervical foramina
developed spondylotic stenosis. As a result, some patients had multile-
vel foraminotomies5–8 and cervical laminoplasty with foraminotomy.7,9,10

It is advised to decompress both the spinal nerve roots consisting
of the phrenic nerve and the ventral horn cells of the spinal cord
to cover the potential pathogenetic regions. The posterior foramin-
otomy frequently necessitates the angled surgical trajectory. A 4K 3D
exoscope,13 like other surgical illumination modalities, is suitable for
such observation in a constrained surgical field.14

In our patient, hemidiaphragmatic paralysis resolved postoperatively
within a week, and respiratory muscle strength improved concurrently.
Repeated chest radiography15 and spirometry2 demonstrated recovery
from hemidiaphragmatic paralysis and improved respiratory function fol-
lowing surgery. Repeated MIP and MEP readings on the spirometry in-
dicated that the respiratory muscle strength had recovered. The MEP
measures that for the chest and abdominal wall whereas MIP meas-
ures a mobility index for the diaphragm (Fig. 2C). Therefore, the overall
respiratory function may benefit from hemidiaphragmatic paralysis
recovery.

In the reported cases, it took between 2 weeks and 10 months
after surgery to recover respiratory function.5–11 A continuing recov-
ery and rehabilitation program may be required because some pa-
tients need more time to regain their respiratory function.

Lessons
Although a single case report limits the significance of the observa-

tions, the lesson is that cervical canal and foraminal stenosis may cause
hemidiaphragmatic paralysis due to radiculopathy-induced phrenic nerve
palsy. Laminoplasty and posterior foraminotomy can restore respiratory
dysfunction related to diaphragmatic paralysis by decompressing the
ventral horn of the spinal cord and spinal nerve root.
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