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ABSTRACT
SUMMARY: Herpes zoster is a reactivation of the latent varicella zoster virus. Among the complications of herpes zoster is zoster-
associated limb paresis. The clinical and imaging features of patients with zoster-associated limb paresis due to plexopathies (zoster-
associated plexopathy) have had limited description in the literature. The Mayo Clinic patient data base was searched by diagnostic code
for patients diagnosed with herpes zoster between January 1, 1996, and September 30, 2012. Patients who met the inclusion criteria for
zoster-associated limb paresis or herpes zoster with MRIs obtained were reviewed. Ten patients with zoster-associated plexopathy were
identified. Imaging abnormalities were found in 70% of patients. Secondary denervation changes in shoulder girdle muscles and nerve T2
signal hyperintensity were the most frequent abnormalities (50%), followed by nerve enlargement (20%). Enhancement was not evident in
any cases despite early imaging in 80% of the cohort. These results demonstrate the clinical utility of MR imaging in confirming the
diagnosis of zoster-associated plexopathy.

ABBREVIATIONS: HZ � herpes zoster; ZALP � zoster-associated limb paresis; ZAP � zoster-associated plexopathy

Varicella zoster virus is a DNA virus in the Herpesviridae fam-

ily, which has been shown to affect only humans. Following

initial infection or inoculation by the varicella zoster virus, the

virus establishes latency in the sensory ganglia.1 The latent virus

has the potential to reactivate later in a segmental cutaneous erup-

tion known as herpes zoster (HZ) or shingles.1-3 The incidence of

HZ ranges from 1.3 per 1000 person-years among young adults to

10.7 per 1000 person-years among patients older than 80 years of

age.3 The diagnosis of uncomplicated HZ is generally made on

clinical grounds without corroborative microbiologic testing.

Complications of HZ include postherpetic neuralgia, varicella

zoster virus myelitis, segmental weakness, and delayed ischemic

cerebral infarction due to varicella zoster virus–associated granu-

lomatous vasculitis. These neurologic complications can appear

simultaneously with the acute eruption of HZ or weeks to months

after the rash has subsided.

The most common complication of HZ is postherpetic neu-

ralgia.4,5 Postherpetic neuralgia is residual neuropathic pain that

lasts �3 months and is seen in roughly 20% of all patients with HZ

and up to one-third of patients with HZ who are older than 80

years of age.6,7

Zoster-associated limb paresis (ZALP) is another recognized

complication of HZ and consists of segmental weakness in a limb

affected by HZ.8-10 Many questions remain about ZALP, includ-

ing the precise localization and mechanism of the motor abnor-

malities and the pathophysiology and imaging findings of the

condition.8,9 The clinical and imaging features of patients with

ZALP due to plexopathies (zoster-associated plexopathy [ZAP])

have had limited description in the literature.11-14 There are few

dedicated reports of imaging findings in patients with ZAP de-

spite imaging playing a crucial role in the localization of lesions,

excluding other etiologies, and determining the extent of the le-

sions causing ZAP.15

The aim of this study was to identify the specific clinical and

imaging features and their frequencies in patients with zoster-

associated plexopathy.

MATERIALS AND METHODS
Case Series
This study was approved by the institutional review board and

conducted at the Mayo Clinic with a waiver of informed consent

being obtained before the study. The Mayo Clinic patient data

base was searched by diagnostic code for patients diagnosed with

herpes zoster between January 1, 1996, and September 30, 2012.

Patients clinically diagnosed with ZAP who had MR imaging of
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the affected plexus were included. The case definition for ZAP was

the following: 1) documented history of examination evidence of

a cutaneous vesicular eruption consistent with HZ; 2) evidence of

temporal (within 30 days) and geographic (same limb) associated

weakness confirmed on examination by a Mayo Clinic neurolo-

gist; and 3) electrodiagnostic evaluation confirming localization

to the brachial or lumbosacral plexus during the symptomatic

period of weakness. This case definition uses the temporal rela-

tionship between the HZ eruption and the limb weakness to es-

tablish the ZAP diagnosis; as in prior series, the typically delayed

patient presentation limits the utility of virologic or serologic bio-

marker confirmatory testing.16 Descriptive statistics were applied

to the findings.

Clinical Localization
All patients underwent neurologic examinations administered by

a board-certified Mayo Clinic neurologist. The examination find-

ings were reviewed for severity and the distribution of weakness,

sensory loss, and changes in muscle stretch reflexes. Plexopathy

severity was determined by a standardized scoring of muscle

weakness.8

Electrodiagnostic Evaluations
Electrodiagnostic studies performed on affected segments were

reviewed, and the findings were summarized. Electrodiagnostic

studies included nerve-conduction studies performed in standard

fashion by using surface-recording electrodes. Needle electro-

myography was performed with a standard concentric needle

electrode and included examination of at least 5 muscles in each

affected segment.

Imaging
MR imaging studies of affected areas were reviewed by a board-

certified neuroradiologist (C.H.), blinded to the results of the

original interpretation, which was performed by a board-certified

neuroradiologist or musculoskeletal radiologist, with consensus

agreement from the other authors on the imaging findings. While

our current brachial plexus imaging protocols have transitioned

to 3T imaging, due to the time span of this study, 3 of 8 patients

were imaged at only 1.5T. All of the patients with ZAP localized to

the lumbosacral plexus were imaged at 1.5T. All studies included

both pregadolinium T1- and T2-weighted images in axial, coro-

nal, and sagittal planes. All T2-weighted sequences had either

conventional fat saturation or a short tau inversion recovery se-

quence. Gadolinium-enhanced T1-weighted images (spoiled gra-

dient-recalled acquisition) in at least 2 planes (axial and typically

sagittal) were also obtained. Our typical protocol can be com-

pleted within 90 minutes from the time the patient enters the MR

imaging suite. Root, plexus, or peripheral nerve imaging findings

were classified as abnormal when associated with qualitatively

prolonged nerve T2 or T2*, nerve enlargement, or postgado-

linium nerve enhancement based on comparison with other neu-

ral structures within the imaging field. Diffusion sequences were

not applied. Contralateral structures were included in the FOV for

lumbosacral plexus imaging, but contralateral brachial plexus im-

aging was not routinely performed. In addition, the proximal

shoulder muscles within the FOV were also examined for evi-

dence of abnormal T2 signal.

RESULTS
Ten patients satisfying the case definition were identified and re-

viewed. Patient features are summarized in the Table, and clinical

and radiographic details are outlined in the On-line Table. Eight

patients (80%) had brachial plexopathies, with the remainder di-

agnosed with lumbosacral plexopathies. Electrodiagnostic evalu-

ations confirmed the localization to the brachial plexus or lum-

bosacral plexus in each case (On-line Table). Three patients

underwent CSF examination, only 1 of which was performed

within 1 month of symptom onset (patient 9, demonstrating an

elevated protein level of 159 mg/dL, elevated nucleated cell count

of 189 cells/microliter, and a polymerase chain reaction positive

for varicella). Six patients (60%) received steroids at some point in

the management of their presentation. Five of these patients re-

ceived short courses of oral prednisone, all �1 month before eval-

uation, and 1 patient received high-dose IV methylprednisolone

for 3 days after imaging was performed, making it unlikely that

the imaging findings in this series were influenced by the steroid

treatment. There were no reported complications of steroid treat-

ment in these patients such as zoster dissemination.

MR imaging findings were abnormal in 7/10 patients (70%).

Five patients (50%) demonstrated increased nerve T2 signal, 2

patients (20%) demonstrated nerve enlargement, and no patients

demonstrated nerve enhancement. Denervation changes were

noted in 5 patients (50%), primarily in shoulder girdle muscles

included in the FOV. All except 1 of the patients with denervation

changes also demonstrated abnormal nerve imaging findings; and

correspondingly, all except 2 of the patients with abnormal nerve

imaging findings also demonstrated denervation changes. The

most commonly affected muscles were the infraspinatus (4/5),

supraspinatus (3/5), teres minor (1/5), subscapularis (1/5), and

the deltoid (1/5). Characteristic imaging abnormalities are shown

in Figs 1–3.

DISCUSSION
This study describes the imaging abnormalities in the largest se-

ries of patients with ZAP to date.11-13 ZALP, which may localize to

the root, plexus, or more peripheral nerve, is difficult to localize

clinically in part because the involved myotomes often do not

correspond to the dermatomes affected by the rash.15 Thus, im-

aging can be a very useful tool in the identification and localiza-

tion of the lesions in these patients.

Clinical features of patients with zoster-associated plexopathy
Features

Mean age at onset (yr) 74.5 (range, 54–88)
Men 7 of 10 (70%)
Upper limb affected 8 of 10 (80%)
Mean interval between rash

and weakness (days)
18

Neuralgia 1 mo after rash 10 of 10 (100%)
Neuralgia 3 mo after rash 7 of 10 (70%)
Corticosteroid treatment 6 of 10 (60%)
Diabetes mellitus 2 of 10 (20%)
Immunosuppression 1 of 10 (10%)
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Prior reports described imaging findings ranging from normal

to abnormal, similar to those described in this series. The spec-

trum of findings in this series ranged from normal to increased T2

signal in the plexus, nerve enlargement, and denervation changes

in the muscles innervated by the plexus.

The imaging findings included not only nerve abnormalities

but also secondary denervation changes in affected muscles,

which were seen in half of all patients. These changes were only

present in the shoulder girdle muscles among those patients with

brachial ZAP. This constellation of findings can be used clinically

to help diagnose patients with ZAP and categorize the severity of

their conditions. While no patients with ZAP in this series dem-

onstrated nerve enhancement after administration of gadolinium

contrast, postcontrast imaging may still be useful in patients with

plexopathy to exclude other potential causes of weakness such as

peripheral nerve tumors.

Clinically, patients with ZAP have a high rate of postherpetic

neuralgia. At 1 month after the rash, 100% of patients had neu-

ralgia, and at 3 months, 70% of patients had postherpetic neural-

gia. This rate exceeds previously reported rates of postherpetic

neuralgia in patients with HZ (generally 20%– 40%),3,10 possibly

attributable to more severe disease or other unrecognized factors.

The rate of postherpetic neuralgia in this series was similar to that

reported in all patients with ZALP.8 In addition to the need to

recognize the high rate of postherpetic neuralgia in patients with

ZAP, our findings also suggest that these patients are frequently

typically treated with short courses of corticosteroids. While the

size and structure of this series does not allow comment on effi-

cacy, no patients experienced reported adverse effects related to

the steroid treatments, such as zoster dissemination or worsening

of neurologic deficits. These findings provide some evidence of

safety if future corticosteroid trials are entertained in this group of

patients.

The pathophysiology of ZALP due to ZAP is not completely

understood. Electrophysiologic and neuropathologic studies have

implied viral spread of inflammation from the dorsal root gan-

FIG 1. A 77-year-old man with a left brachial zoster-associated plexopathy. A, Sagittal inversion recovery image demonstrates increased T2
signal in the upper trunk (arrow) compared with the other elements of the plexus (arrowhead). B, Prolonged T2 is noted in the supraspinatus and
infraspinatus (arrows), corresponding to denervation resulting from the plexopathy.

FIG 2. A 70-year-old woman with a right lumbar zoster-associated plexopathy. A, Axial T2-weighted image demonstrates increased T2 signal in
the right lumbar plexus (arrow) compared with the left lumbar plexus (arrowhead). B, Increased T2 is also noted more distally in the right femoral
nerve (arrow) compared with the unaffected left side (arrowhead).
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glion to adjacent nervous tissue, including the anterior horn cell

and motor roots.12,16-18 Previous histologic studies of patients

with HZ paresis indicated diffuse chronic inflammation of all

trunks of the brachial plexus with destruction of myelin and axonal

sparing.12 In practice, the clinical findings in the setting of a history of

characteristic rash raise the suspicion of ZALP, and electrodiagnostic

abnormalities that localize to the corresponding plexus confirm the

presence of a plexopathy. When the diagnosis of ZAP is suspected,

imaging can play an important role in supporting the diagnosis and

excluding other causes of plexopathy, the primary reason in this se-

ries for performing imaging studies. While most of the imaging in

this study was performed with 1.5T MR imaging, with the continued

transition to 3T scanners, it is anticipated that the sensitivity of plexus

MR imaging, especially of small nerves, will increase.

This study is limited by its small size and retrospective design.

While our findings suggest that imaging is a useful adjunct in the

evaluation of patients with ZAP, corroboration with standardized

imaging protocols in larger groups of patients would be helpful,

especially in the absence of specific imaging or serologic findings.

CONCLUSIONS
ZALP can result from brachial or lumbosacral plexopathies

(ZAP). Patients with ZAP have a high rate of postherpetic neural-

gia (100% at 1 month, 70% at 3 months). MR imaging is a useful

diagnostic technique in patients with ZAP, with 70% of patients in

this series demonstrating radiographic abnormalities attributable

to ZAP. Hopefully, these findings and those of future series will be

useful in the diagnosis and management of patients with ZAP.
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