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ABSTRACT. Objective. The diagnostic yield of sural nerve biopsy (SNB) in vasculitis is uncertain. Our aim was to docu-

ment relevant characteristics of patients undergoing SNB in the investigation of vasculitis; determine the
diagnostic yield; relate positive biopsy findings to patient demographic, laboratory, and clinical variables;
and to calculate the rate of surgical complications.

Methods. Patients with suspected vasculitis that underwent SNB as part of diagnostic evaluation at academic
medical centers in Sweden and the United Kingdom were identified by searching local pathology databases
and clinic registers. A structured review of medical case records and pathology reports was conducted.
Histological findings were categorized as definite, probable, or no vasculitis in accordance with the 2015
Brighton Collaboration reinterpretation and update of the Peripheral Nerve Society guidelines for vasculitic
neuropathy. Definite and probable findings were considered positive for vasculitis.

Results. Ninety-one patients that underwent SNB were identified (45% female). Forty (44%) patients
showed histological evidence of vasculitis: 14 definite and 26 probable. A concomitant muscle biopsy
conducted in 10 patients did not contribute to the diagnostic yield. Positive antineutrophil cytoplasmic anti-
body test, organ involvement other than the nervous system, and a longer biopsy sample were associated with
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a positive biopsy. The reported surgical complication rate was 15%.
Conclusion. SNB of sufficient length is a useful procedure to confirm a diagnosis of vasculitis.

Key Indexing Terms: antineutrophil cytoplasmic antibodies, biopsy, neurologic manifestations, vasculitis

Vasculitis of the peripheral nerves is a disorder characterized by
inflammation of the vasa nervorum leading to ischemic damage
to the affected nerve trunk.! It may occur as part of a systemic
disorder, most commonly antineutrophil cytoplasmatic anti-
body (ANCA)-associated vasculitis (AAV) or polyarteritis
nodosa (PAN), or as a disorder restricted to the peripheral
nervous system, such as single organ vasculitis or nonsystemic
vasculitic neuropathy.**

There are no pathognomonic signs to confirm vasculitis.
Clinical findings and laboratory/serology tests may provide
guidance, but the diagnosis can be confirmed only by histology
of an affected organ. The typical clinical manifestation of
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peripheral nerve vasculitis is acute onset of painful asymmetric
sensorimotor neuropathy predominantly affecting a lower limb
(mononeuritis multiplex), but clinical manifestations may vary.*
Clinical investigations in suspected cases of vasculitis include
laboratory tests, medical imaging, and electrophysiological
evaluation.

As in other organs affected by vasculitis, histological confir-
mation of active vasculitis is of high diagnostic value in suspected
peripheral nerve vasculitis. Therefore, biopsy of an affected
nerve is usually required. Confirmation of vasculitis is essential,
as therapy includes immunosuppression with cytotoxic agents,
biologics, and high doses of glucocorticoids (GCs), bringing
associated risks of treatment toxicity.

The recommended nerve for biopsy varies among clinical
centers and published reports.>® The biopsy specimen should
preferably be obtained from a nerve identified as affected in the
clinical or electrophysiological evaluation.’® This includes the
superficial radial nerve, the dorsal cutaneous branch of the ulnar
nerve, and the superficial peroneal nerve. However, the most
commonly biopsied nerve is the sural nerve of the posterolateral
lower leg.

The results of organ biopsy can be affected by aspects of
sampling as well as length and representativeness of the collected
specimen. As vasculitic lesions are distributed in a skip pattern
along blood vessels, negative biopsies are common, even in the
context of evident systemic disease. The estimated mean sensi-
tivity of nerve biopsy in systemic vasculitis is 50%.* The diag-
nostic yield of nerve biopsy in suspected vasculitis is uncertain,
and published reports vary.>*!!1?
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Peripheral nerve biopsies are not without risk. Postsurgical
sensory deficit is seen in a majority of patients, depending on the
extent of preexisting neuropathy.’*'* Other less frequent adverse
effects and sequelac include persistent postoperative pain, pares-
thesia, dysesthesia, and cold sensitivity."*"* Surgical compli-
cations such as wound infection, wound dehiscence, delayed
healing, and hematoma also occur rarely.'*"

In this study, we aimed to (1) record relevant characteristics
of patients who underwent sural nerve biopsy (SNB) in conjunc-
tion with investigation for vasculitis at 2 academic medical
centers; (2) estimate SNB diagnostic yield; (3) determine if there
are differences between positive and negative biopsies regarding
patient demographic, laboratory, and clinical variables; and
(4) calculate the surgical procedure complication rate.

METHODS

Setting. A retrospective cohort study was conducted at Skine University
Hospital in Lund-Malmé, Sweden, and Addenbrooke’s Hospital in
Cambridge, United Kingdom.

Patients. Patients that underwent peripheral nerve biopsy from 2005 through
2019 in Lund-Malmé, Sweden, were identified by searching the database
of the Department of Pathology for the surgical procedure code ACW99,
“other surgery of peripheral nerve,” using the Swedish Classification of
Health Care Measures (KVA). Inclusion required a SNB referral based
on a suspicion of vasculitis. Patients undergoing SNB at Addenbrooke’s
Hospital between 2015 and 2019 were identified by searching the data-
base of the Department of Pathology, using SNOMED-CT (Systematized
Nomenclature of Medicine — Clinical Terms) “Structure of sural nerve
(body structure) 82097001 Cut-off dates were selected to simplify data
collection by ensuring data were readily available in electronic records. Each
study site generated a list of potentially eligible patients that were reviewed
to ascertain eligibility.

Definitions of positive biopsy. Nerve biopsy specimens were processed as
standard at the study sites. In order to enhance comparability, pathology
results were assessed according to the 2015 Brighton Collaboration reinter-
pretation and update of the Peripheral Nerve Society guidelines for vascu-
litic neuropathy (Table 1).!*'7 Pathology results were specified as definite,
probable, or no vasculitis. Patients with biopsy showing either definite or
probable vasculitis were combined to form 1 patient group that was consid-
ered as having a positive biopsy.

Data collection. A pro forma was designed for data collection. Baseline was
defined as the day of the SNB. Laboratory data and clinical characteristics
were collected, and results of the electrophysiological evaluation (nerve
conduction studies [NCS] and/or electromyography) were recorded.
Pathology reports were subjected to a structured review. When in-hospital
follow-up information was available in the patient case records, the initi-
ation time and dose of GC and/or immunosuppressive treatment was
recorded. ANCA positivity was defined as ELISA positive for proteinase 3
(PR3)-ANCA  or myeloperoxidase (MPO)-ANCA. Information
concerning surgical complications (wound infection, wound dchiscence,
delayed wound healing and/or postsurgical hematoma) was recorded when
available. Wound infection was defined as a condition requiring antibiotic
treatment.

Statistical analysis. Categorical data are expressed as percentages, with differ-
ences tested using the chi-square test or Fisher exact test. Continuous vari-
ables are presented as mean and SD or as median and IQR, depending on
the normality of distribution as shown by Shapiro-Wilk test. Differences
of continuous variables were tested using # test or nonparametric Mann-
Whitney U test. A P value of < 0.05 was considered significant. Statistical
analysis was performed using IBM SPSS Statistics for Windows, version
25.0 (IBM Corp). The regional ethical review board for southern Sweden

Table 1. Diagnostic criteria for histopathological definite and probable
vasculitis.

Definite vasculitis

a. Inflammatory cells in vessel wall (acute or chronic)
AND
b. Vascular damage — characterized by either:
1. Acute vascular damage
Any of the following:
1. Fibrinoid necrosis; OR
2. Loss or disruption of endothelium; OR
3. Loss or fragmentation of internal elastic lamina; OR
4. Loss or fragmentation of smooth muscle cells in media; OR
5. Acute thrombosis; OR
6. Vascular or perivascular hemorrhage; OR
7. Leukocytoclasia
OR
2. Chronic vascular damage with repair
Any of the following:
1. Intimal hyperplasia; OR
2. Fibrosis of media; OR
3. Adventitial or periadventitial fibrosis; OR
4. Chronic thrombosis with or without recanalization

Probable vasculitis

a. Nerve biopsy shows changes of primary axonal neuropathy, without
significant demyelination
AND
b. Nerve biopsy shows:
1. Perivascular inflammation AND signs of acute or chronic
vascular damage (as defined above);
OR
b. Perivascular OR vascular inflammation
AND
2. At least one of the following:
1. Vascular deposition of complement, or IgM, or fibrinogen;
OR
2. Haemosiderin deposits; OR
3. Asymmetric or multifocal nerve fiber loss or degeneration;
OR

4. Prominent active axonal degeneration

Adapted from Hadden et al."”

approved the study (LU 2015/51) and no informed consent of participants
was required to be obtained. In accordance with the UK National Health
Service Research Ethics Committee guidelines an ethical approval was not
warranted as the study is retrospective and all treatment decisions were
made prior to evaluation.

RESULTS

Patients. Of 346 (94 in Cambridge, 252 in Lund-Malmé) iden-
tified cases, 91 (34 Lund-Malmé, 57 Cambridge) fulfilled the
study criteria and were included in the investigation. (Figure
and Table 2). The mean age at the time of biopsy was 58 years
(SD 15.02, range 20-84). Fifty (55%) of patients were male. The
median duration of clinical symptoms attributed to vasculitis
prior to biopsy was 8 months (IQR 4.75-24). Systemic organ
involvement was more common in the Lund-Malmo cohort. The
most commonly affected organ system apart from the nervous
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Figure. Flowchart of subjects meeting inclusion and exclusion criteria by study site.

system was the skin, occurring in 17%, followed by mucous
membranes and/or eyes (10%), pulmonary (9%), renal (8%),
car-nose-throat (ENT; 5%), cardiovascular (3%), and gastro-
intestinal (1%). Nerve conduction study was performed in 81
patients, and results of PR3-ANCA or MPO-ANCA analysis
was available for 71 patients. Twenty (28%) patients were
ANCA positive, 12 (17%) with PR3, and 8 (11%) with MPO

antigen.

Assessment of biopsies. Two of the 91 patients, in addition to
SNB, underwent simultaneous radial nerve biopsies: 1 of the
superficial and 1 of the deep radial nerve branch. A concomitant
muscle biopsy was performed in 10 patients: 9 of the quadriceps
femoris muscle group and, in 1 case, of the peroneus muscle. A
biopsy of the entire sural nerve was performed in 77 cases, while
in 11 patients from the Lund-Malmg cohort, a fascicular biopsy
was performed. In 3 cases it was unclear if a fascicular biopsy or a
biopsy of the entire nerve was performed. The median length of

the sural nerve sample was 22 mm (IQR 15-40). Definite vascu-
litis was reported in 14 patients (15%) and probable in 26 (29%),
with no vasculitis found in S1 (56%). The radial nerve and
muscle biopsies provided no additional diagnostic information.

Correlation of histology findings and disease characteristics.
ANCA positivity (P = 0.03), suspected organ involvement in
addition to the nervous system (P = 0.04), and greater length of
biopsy sample (P = 0.04) were associated with positive biopsy
findings (Table 3). No association was seen with PR3-ANCA
or MPO-ANCA specificity (P = 0.15 and P = 0.13). In the
electrophysiological evaluations, sensorimotor neuropathy was
the most prevalent feature, occurring in 75% of patients. Pure
motor or pure sensory symptoms were uncommon. No patient
presenting with pure motor neuropathy showed a positive
biopsy. Apparent axonal neuropathy in NCS was seen in 73%
of the cohort. Biopsies were negative in the 2 patients presenting
with demyelinating neuropathy. The remaining patients were
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Table 2. Characteristics of 91 patients undergoing sural nerve biopsy.

Skéne Cambridge Total
(n=34) (n=57) (n=91)

Demographics

Age at biopsy, yrs, mean (SD) 60 (13.0) 57 (16.1) 58 (15.0)

Male 23 (68) 27 (47) 50 (55)
Clinic, laboratory, and neurophysiology findings

Systemic organ involvement® 16/34 (47) 14/53 (26) 30/87 (34)

Pathological neurophysiological evaluation 31/33 (94) 48/48 (100) 79/81 (98)

ANCA positive® 15/31 (48) 5/40 (13) 20/71 (28)

CRP, mg/L, mean (SD) © 33(55.9) 15 (28.6) 24 (45.8)

Treatment! 24/34(71) 17/46 (37) 41/80 (51)
Biopsy result

Definite vasculitis 8 (24) 6(11) 14 (15)

Probable vasculitis 9 (26) 17 (30) 26 (29)
Complications

Any surgical complication 5/34 (15) 4/25 (16) 9/59 (15)

Wound infection 3/34(9) 3/25(12) 6/59 (10)

Wound dehiscence 1/34(3) 3/25(12) 4/59 (7)

Delayed wound healing 2/34(6) 1/25 (4) 3/59(5)

Other complication® 1/34 (3) 0/26 (0) 1/59 (2)

Values are expressed as n (%) unless indicated otherwise. The n excluding missing for each variable is presented after
slash. * Symptoms from organ systems other than the nervous system at the time of sural nerve biopsy (skin, mucous
membrane, eyes, ear-nose-throat, pulmonary, cardiovascular, gastrointestinal, renal). ® PR3-ANCA or MPO-ANCA
in ELISA. ¢ Available in 54 subjects. ¢ Any immunosuppressive treatment or glucocorticoids at the time of the sural
nerve biopsy. < One patient with postsurgical hematoma. ANCA: antineutrophil cytoplasmatic antibody; CRP:
C-reactive protein; MPO: myeloperoxidase; PR3: proteinase 3.

Table 3. Clinical, neurophysiological, and surgical characteristics of patients with positive vs negative sural nerve

biopsy for vasculitis.

Positive Biopsy, Negative Biopsy, P
n=40 n=>51
Clinical and laboratory
Symptom duration, months, median (IQR)* 6(3-22) 12 (6-29) 0.06
Systemic organ involvement” 18/39 (46) 12/48 (25) 0.04
ANCR bosicviny: 14/35 (40) 6/36 (17) 0.03
CRP, mg/L, mean (SD)? 28 (44) 21 (48) 0.62
Treatment 20/36 (56) 21/44 (48) 0.64
Length of biopsy sample, mm, median (IQR)® 30 (18-43) 21 (14-33) 0.04
Neurophysiological
Sensorimotor neuropathy 27/36 (75) 34/45 (76) 0.95
Pure motor neuropathy 0/36 (0) 4/45 (9) 0.13
Pure sensory neuropathy 8/36(22) 6/45 (13) 0.32
Axonal neuropathy 27/36 (75) 35/45 (78) 0.77
Asymmetric pattern 21/30(70) 21/34(62) 0.60
Affected sural nerve 25/28 (89) 27/35(77) 0.32

Values are expressed as n (%) unless indicated otherwise. For continuous variables, the valid n is presented in
footnotes. For categorical variables, n excluding missing is presented after slash. ® Available for evaluation in 82
patients. ® Symptoms from organ systems other than the nervous system at the time of sural nerve biopsy (skin,
mucous membrane, eyes, car-nose-throat, pulmonary, cardiovascular, gastrointestinal, or renal). ¢ PR3-ANCA or
MPO-ANCA in ELISA. ¢ Available for evaluation in 54 patients. © Available for evaluation in 78 patients. ANCA:
antineutrophil cytoplasmatic antibody; CRP: C-reactive protein; MPO: myeloperoxidase; PR3: proteinase 3.

not designated axonal or demyelinating neuropathy. In 66% of of an electrophysiologically affected sural nerve or asymmetric
the electrophysiological reports, the pattern of neuropathy was electrophysiological pattern with a positive biopsy was found
described as patchy or asymmetric. However, no association (Table 3).
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Complications. Postsurgical follow-up information was avail-
able for 59 patients. Surgical complications arose in 9 (15%).
The most common complication was wound infection (n = 6),
followed by wound dehiscence (n = 4) and delayed wound
healing (n = 3). A fascicular biopsy was not observed to reduce
the surgical complication rate (P > 0.99), nor was a shorter

biopsy sample (P = 0.18).

DISCUSSION

The comparability of our results with previously published
studies of biopsy for the diagnosis of peripheral nerve vascu-
litis is limited by differences in vasculitis pathology criteria
and unclearly described recruitment methods.>'*'®" In this
study, histopathological vasculitis was categorized as definite or
probable in accordance with the 2015 Brighton Collaboration
reinterpretation and update of the Peripheral Nerve Society
guidelines for vasculitic neuropathy,'®'” enabling comparability
with future studies. Including cases with vessel wall inflammation,
without necrosis but exhibiting other vasculitis-associated signs,
increased sensitivity with only a marginal loss in specificity.?

The demographic features of our cohort were similar to those
reported in other studies, with biopsies conducted in patients
approximately 60 years of age after a relatively long duration of
symptoms.>>!?

A positive biopsy was associated with ANCA positivity and
symptoms involving organs other than the nervous system. In a
large European cohort of patients with AAV, vasculitic neurop-
athy was found in 28%, occurring more frequently in cosino-
philic granulomatosis with polyangiitis than in microscopic
polyangiitis or granulomatosis with polyangiitis, and in patients
with MPO-ANCA than in PR3-ANCA.*

Neurologic involvement of systemic vasculitis is associated
with cutaneous, mucous membrane/eye, and ENT involve-
ment rather than the usually more severe manifestations such
as pulmonary, cardiovascular, gastrointestinal, or renal symp-
toms.”? In our study, involvement of any organ outside the
nervous system was associated with a positive biopsy result.

We found a rate of positive biopsies comparable to previous
studies using similar definitions. Claussen et al,” using a “defi-
nite and probable” definition as in our study, reported a positive
SNB rate of 39% in patients with suspected vasculitis. Nathani
et al,'* using diagnostic criteria similar to ours, identified definite
vasculitis in 10% and probable vasculitis in 19% of patients with
suspected vasculitis undergoing predominantly SNBs.

Biopsy of the superficial peroneal nerve combined with
biopsy of the peroneus brevis muscle using a single incision has
been suggested to provide greater diagnostic yield than SNB
in suspected vasculitis.*”® However, one should consider the
greater risk of severe neurological sequelae.'* In our cohort, the
muscle biopsy included in 10 of the 91 cases provided no addi-
tional diagnostic information, further confirming reports that
no increase in diagnostic yield is seen with combined SNB and
muscle biopsy.>” The majority of muscle biopsies in this study
were taken from the quadriceps, as opposed to the more distal
peroneus brevis muscle. It is possible, as hypothesized by Bennett
et al,’ that distal predominance of muscle vasculitis or greater

inflammation in muscles in the proximity of an affected nerve
may result in enhanced diagnostic yield of combined superficial
peroneal nerve and peroneus brevis biopsy.

We saw no association between being treated for vasculitis
(GCs or immunosuppression) at the time of biopsy and a posi-
tive biopsy result. We hypothesized that treatment may have
masked a positive biopsy result, explaining the relatively high
proportion of negative biopsies. The effect of timing of treat-
ment on biopsy result is unknown in SNB. In patients with
suspected giant cell arteritis, a biopsy of the temporal artery still
yields clinically useful information weeks after initiation of GC
treatment.

The finding of lack of association of an electrophysiological
pattern with a positive biopsy result was unexpected. In accor-
dance with previous descriptions of vasculitic neuropathy, the
majority of patients included in this study experienced the
typical pattern of sensory or sensorimotor axonal neuropathy.*
Four patients presented with pure motor neuropathy and 2 with
demyelinating neuropathy on the NCS, with none exhibiting
a positive biopsy. In 2 patients, SNB was performed despite a
normal electrophysiological evaluation, due to clinical neurop-
athy. We did not observe the association of objective asymmetric
neuropathy with a positive biopsy of the sural nerve that has
previously been reported.’>? It is feasible, given the long dura-
tion of symptoms prior to biopsy and the natural progression
of vasculitic neuropathy, that the typical asymmetrical pattern
in some positive cases has been blurred into a more symmetrical
neuropathic distribution.?

We found length of the biopsy sample to be positively asso-
ciated with diagnostic yield. This is not surprising, given the
increased quantity of tissue for analysis, the skip lesion distri-
bution of vasculitis along a blood vessel, and the asymmetry of

axonal degeneration within an affected nerve.”?

The impor-
tance of harvesting a suitable portion of the nerve with a sufh-
cient number of intra-/extraneural microvessels must be stressed.
Hence, an experienced surgeon should perform the procedure.
The recommended length of the specimen' is 50 mm. The
median length of the samples in this study was 22 mm. The
length of the sample may not, however, accurately reflect the
length of the harvested nerve segment due to postresection
shrinkage.””

Inconsistent information concerning the correlation of the
length of the nerve resection and postsurgical sensory deficits has
been reported.!®” Due to our retrospective study design, infor-
mation concerning subsequent sensory deficit was not available.
However, residual deficits as well as additional symptoms have
been reported in healthy subjects and in subjects with type 1 and
2 diabetes.'>* In our study, 15% of patients for whom follow-up
information was available experienced surgical complications,
similar to previously reported rates.'*!” No positive relationship
was observed between surgical complication rate and length of
biopsy specimen, which was generally short.

Our study has limitations. Due to its retrospective nature,
missing data may have affected the assessment of correlation
between biopsy findings and clinical characteristics, as well as
the rate of surgical complications. This also precluded us from
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