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Diaphragm dysfunction can originate from various etiologies, and bilaterality of the dysfunction depends on

the cause. Symptoms of diaphragm dysfunction vary depending on the degree of phrenic nerve denervation,

spinal cord lesion, and involvement of the diaphragm. Several infectious diaphragmatic dysfunctions have been

reported, including the human immunodeficiency virus, poliovirus, West Nile virus, and dengue virus. Here, we

report a case of unilateral diaphragm paralysis in a 34-year-old man with neurosyphilis.
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INTRODUCTION

There are many causes of diaphragm paralysis. Several
infectious agents causing diaphragmatic dysfunctions
have been reported, including the human immunodefi-
ciency virus (HIV), poliovirus, West Nile virus, and den-
gue virus [1-3]. Syphilis is a sexually transmitted disease
caused by Treponema pallidum and occasionally affects
the central nervous system as neurosyphilis. Previous
studies have reported that the clinical features of neuro-
syphilis include meningitis, ocular syphilis, stroke, spinal
cord disease, and seizures. Since the clinical manifesta-
tions of neurosyphilis vary, clinicians often experience
difficulties when diagnosing this disease. However, in-
volvement of the peripheral nerves, including the phren-

ic nerve, is very rare and has only been reported in a few
cases of syphilis [4-7]. Although diaphragm paralysis is
rarely observed in neurosyphilis, it may be critical if pres-
ent.

In the present case, plain chest X-ray, ultrasonogra-
phy, and nerve conduction studies of the phrenic nerve
with needle electromyography of the diaphragm were
performed, and unilateral phrenic nerve palsy was diag-
nosed as a result. In addition, the laboratory tests, cere-
brospinal fluid (CSF) analysis, and ophthalmologic eval-
uation confirmed the presence of neurosyphilis, which
manifested as optic neuropathy.
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Unilateral Diaphragm Paralysis Associated With Neurosyphilis

CASE REPORT

A 34-year-old man experienced sore throat and penile
ulcers for 3 months and complained of no symptoms
associated with upper respiratory infections, such as
coughing or sputum. He reported having sexual inter-
course approximately 3 months previously. The Venereal
Disease Research Laboratory titer was 1:128. His serum
rapid plasma reagin titer was >1:64, and the fluorescent
treponemal antibody absorbed (FTA-ABS) test was posi-
tive. He was diagnosed with syphilis based on these
laboratory test results; however, other tests for HIV and
hepatitis B and C were negative.

The patient also complained of blurred vision. Based on
the ophthalmologic manifestations and positive serologic
tests, we suspected the presence of neurosyphilis. Fun-
dus examination showed optic neuropathy of the left eye,
and CSF analysis revealed lymphocyte-dominant pleo-
cytosis (19 white blood cells/uL with 84% lymphocytes)
with reactive CSF FTA-ABS, which indicated the presence
of neurosyphilis. Ceftriaxone 2 g was administered intra-
venously once daily for 14 days. We started 60 mg pred-
nisolone once daily with antibiotics to preserve the visual
acuity. Prednisolone 60 mg was administered for 1 week
and then tapered by 10 mg weekly. The patient’s blurred
vision normalized within a month.

The chest X-ray initially showed marked elevation of
the right diaphragm to the 7th intercostal space, which
was continued in follow-up serial images. The right dia-
phragm, however, had been normal in images taken 1
year before. These posteroanterior chest images were
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acquired in the upright posture. The patient had no his-
tory of trauma that could have caused abnormal dia-
phragmatic movements. Chest and abdominal computed
tomography revealed no space-occupying lesions along
the course of the right phrenic nerve. Diaphragm ultra-
sonography revealed right diaphragm paralysis with no
actual excursion in the M-mode or thickness change in
the B-mode (Fig. 1). Ultrasonography revealed that the
left diaphragmatic excursion was >7 cm during forceful
breathing. The thickness of the left diaphragm was 0.38
cm at end-expiration and 0.58 cm at end-inspiration,
while that of the right diaphragm was 0.22 cm and did not
change during breathing.

Electrophysiological studies revealed that the ampli-
tude of the compound muscle action potential of the
right phrenic nerve had severely decreased (0.1 mV),
while that of the left phrenic nerve was 0.7 mV (Fig. 2).
Needle electromyography of the right diaphragm showed
an abnormal spontaneous activity of positive sharp
waves and fibrillation potentials and no recruitment of
motor units during inspiration. These findings provided
the evidence of a lesion associated with the right phrenic
nerve. The pulmonary function test revealed a forced vi-
tal capacity (FVC) of 2.10 L or 50% of the predicted value,
forced expiratory volume in 1 second (FEV,) of 1.62 L or
46% of the predicted value, and FEV,/FVC ratio of 77.1%.

We initially excluded multiple sclerosis, spinal cord
lesions, and motor neuron disease as potential diagno-
ses because there were no apparent neurological motor
weaknesses, sensory disturbances, or segmental reflex
abnormalities in the upper or lower extremity. There

RT - no change

Fig. 1. Initial ultrasonography of the right diaphragm. Ultrasonography was performed in two different views. The hy-
perechoic right diaphragm in the 7th intercostal space was identified at the distal end of the liver, which served as an
acoustic window. (A) The excursion of the diaphragm was viewed through M-mode and there was no movement of the
right diaphragm. (B) The thickness of the right diaphragm is viewed through B-mode and the value revealed 0.22 cm.
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plitude (0.1 mV), while the left
L showed a normal amplitude (0.7
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were no abnormalities in his gait or posture. We did not

observe resting tachypnea or paradoxical diaphragm
phenomenon during normal breathing. However, the pa-
tient complained of mild shortness of breath while run-
ning or climbing stairs. After 2 months, follow-up ultra-
sonography showed paradoxical movement of the right
diaphragm, which indicated complete paralysis (Fig. 3).
The patient underwent pulmonary rehabilitation 2 hours
daily after the initial diagnosis, including air-stacking and
inspiratory muscle training, in order to prevent atelecta-
sis and pneumonia of the right lung.

The informed consent was waived.

DISCUSSION

The diagnosis of neurosyphilis was based on the labo-
ratory tests, CSF analysis, and ophthalmological tests.
Chest X-ray, ultrasonography, and electrophysiological
studies were performed to assess the diaphragm paraly-
sis. The present patient denied any history of trauma or
respiratory distress, and his previous chest radiographs
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Fig. 3. Follow-up ultrasonography
of the right diaphragm. (A) The
follow-up ultrasonography after
2 months showed a paradoxical
movement of the right diaphragm,
which indicated complete paraly-
sis. (B) The thickness of the right
diaphragm revealed 0.15 cm.

had been unremarkable. The evidence of phrenic nerve
neuropathy from the electrophysiological studies and
laboratory tests revealed that the patient’s symptoms
were likely due to neurosyphilis.

Unilateral diaphragm paralysis due to phrenic nerve
palsy is strongly associated with several conditions, such
as multiple sclerosis, cervical spinal cord injury, tumor
infiltration, motor neuron disease, and idiopathic causes.
Previous studies have also reported that herpes zoster
virus, pneumonia, and Lyme borreliosis are infectious
causes of diaphragm paralysis due to phrenic nerve in-
volvement [8-10]. However, phrenic nerve palsy with vi-
ral involvement is very rare, particularly in neurosyphilis.
To the best of our knowledge, diaphragmatic paralysis
associated with neurosyphilis has rarely been reported
[4-6]. Brage [4] reported that hemidiaphragm paralysis
was associated with syphilis but that movement of the
diaphragm did not recover after penicillin or bismuth
treatment, as in our patient. Mindel et al. [7] reported
that peripheral neuropathy is a rare clinical manifesta-
tion of both primary and secondary syphilis. This report
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highlights an unusual case of neurosyphilis-associated
unilateral diaphragm paralysis due to phrenic neuropa-
thy.

Although the present patient experienced unilateral in-
volvement of the phrenic nerve, he may experience bilat-
eral involvement of the nerves as the disease progresses.
In such situations, orthopnea can limit daily activities
and disturb sleep. Further studies should be conducted
in order to understand the progression of phrenic neu-
ropathy in neurosyphilis. The information regarding
diaphragmatic involvement in neurosyphilis should be
made available to clinicians, and diaphragm paralysis,
which can lead to shortness of breath and orthopnea in
patients with neurosyphilis, should be excluded.
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