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DIAGNOSTICS
The Noninvasive Diagnostic Value of MRN for
CIDP: A Research from Qualitative to Quantitative
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(40/54), the misdiagnosis rate was 24.07% (13/54), and the

Study Design. We examined the chronic inflammatory demye-

linating polyradiculoneuropathy (CIDP) patients and non-CIDP

patients who have similar symptoms and difficult to differential

diagnosis with CIDP by magnetic resonance neurography to find

the difference among them.
Objective. To investigate the differential diagnostic value of

magnetic resonance neurography (MRN) for CIDP and other

peripheral neuropathies.
Summary of Background Data. Thirty-two consecutive

patients with CIDP and 22 non-CIDP patients with symptoms

similar to CIDP and difficult to be discriminate were recruited and

imaged as a control group between May 2017 and May 2019.
Methods. In this prospective study, the brachial plexus and

lumbosacral plexus of 32 CIDP patients and 22 non-CIDP

patients were examined by MRN. The clinical features and the

nerve roots cross-sectional area (CSA) of the brachial plexus and

lumbosacral plexus were measured.
Results. The CSA of nerve roots of CIDP, Charcot-Marie-Tooth

disease type-1 and polyneuropathy, organomegaly, endocrino-

pathy, M protein, and skin changes syndrome patients were all

shown extensive by MRN. The sensitivity of MRN in diagnosing

CIDP was 81.25% (26/32), the specificity was 68.18% (15/22),

the positive predictive value was 78.79% (26/33), the negative

predictive value was 71.43% (15/21), the accuracy was 75.93%
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kappa value was 0.498. Receiver operating characteristic analy-

sis showed higher diagnostic accuracy for CIDP with the CSA of

the lumbosacral plexus (area under the curve [AUC] ¼ 0.762)

and that of the brachial plexus (AUC¼0.762), and the com-

bined of both examinations did not improve the diagnostic

efficacy compared with either (AUC¼0.769).
Conclusion. The nerve roots of CIDP, Charcot-Marie-Tooth

disease type-1, and polyneuropathy, organomegaly, endocrinopa-

thy, M protein, and skin changes syndrome were difficult to

distinguish by MRN. Atypical CIDP patients had less nerve root

injury compared with typical CIDP patients. MRN of either the

brachial plexus or the lumbosacral plexus had a high diagnostic

accuracy for CIDP, and it is not necessary to perform both parts of

the examination.
Key words: brachial plexus, chronic inf lammatory
demyelinating polyradiculoneuropathy, lumbosacral plexus,
magnetic resonance neurography, nerve root cross-sectional area.
Level of Evidence: 2
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hronic inflammatory demyelinating polyradiculo-
C neuropathy (CIDP) is an immune-mediated disease
that targets the myelin sheaths of peripheral nerves

and causes a symmetrical motor-sensory disturbance. Usu-
ally, lumbosacral plexus injury is more common than bra-
chial plexus injury.1–3 Neuropathological biopsy samples
have shown the demyelination of medullated nerve fibers,
the proliferation of Schwann cells, and the formation of
onion skin-like structures.4 Nerve biopsy is a traumatic
examination that can cause irreversible nerve damage to
the patient. Lumbar puncture is also an invasive examina-
tion with certain pain and risk. The operators of the
electrophysiological testing are required to be highly skilled
because they have a certain degree of subjective judgment
for the results. Gadolinium-enhanced magnetic resonance
imaging of spinal roots and a trial of immunotherapy with
an objective assessment of endpoints may assist the diagno-
sis.5 The diagnosis of CIDP relies on a combination of
clinical, electrodiagnostic, and laboratory features such as
cerebrospinal fluid analysis and nerve biopsy to exclude
other diseases that look like CIDP.
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With the development of science and technology, the
quantification of nerves under imaging has become possi-
ble.6,7 Inparticular, magnetic resonance neurography (MRN)
has rapidly promoted the development of peripheral nerve
imaging and can be used not only to survey the diameter and
cross-sectional area (CSA) of nerves but also to determine the
volume.8,9 Three-dimensional sampling perfection with
application-optimized contrasts using different flip angle
evolutions (3D SPACE) is a more commonly used MRN
sequence with high soft-tissue resolution and multiparam-
eter imaging, and because of the advantage of comprehen-
sive imaging, 3D SPACE has gradually become the leading
method to assess damage to the plexuses.10

However, to the best of our knowledge, all studies that have
been reported were about the diagnostic capacity of imaging
techniques for CIDP rather than their differential diagnostic
value because their control groups were healthy people and not
patients who have other peripheral nerve diseases for which
their clinical manifestations are similar to those of CIDP.11–13

Therefore, the purpose of this study was to explore the value of
3D SPACE to distinguish CIDP from other peripheral neurop-
athies from both qualitative and quantitative aspects.

MATERIALS AND METHODS

Patients
Between May 2017 and May 2019, 32 consecutive patients
with CIDP were recruited prospectively (24 males and 8
females; age range 18–74 yrs old; mean age 49.03 yrs,
SD�14.02 yrs). For the diagnosis of definite CIDP, we used
the diagnostic criteria proposed by the Joint Task Force of the
European Federation of Neurological Societies and the
Peripheral Nerve Society to classify them as typical CIDP
and atypical CIDP.5 The clinical presentations of typical
CIDP were a chronically progressive or recurrent symmetric
proximal and distal weakness, sensory dysfunction, and
tendon reflexes absent or reduced of all extremities.14 The
atypical CIDP were regarded as the clinical variants of CIDP
which were classified into five subtypes according to various
clinical symptoms that included distal acquired demyelinat-
ing symmetric neuropathy, purely motor or sensory CIDP,
Lewis-Sumner syndrome , and focal CIDP.15,16 In addition,
22 non-CIDP patients with symptoms similar to CIDP and
difficult to be discriminate were recruited and imaged as a
control group (14 males and 8 females; age range 14–76 yrs
old; mean age 40.65 yrs, SD�17.65 yrs),and which were
divided into two types, diseases with thickened nerve roots
and diseases with nonthickened nerve roots. Thickened nerve
roots peripheral neuropathies included Charcot-Marie-
Tooth disease type-1 (CMT-1) (n¼5) and polyneuropathy,
organomegaly, endocrinopathy, M protein and skin changes
(POEMS) syndrome (n¼3). Nonthickened nerve roots
peripheral neuropathies included CMT-2 (n¼2), hereditary
neuropathy with pressure palsies (n¼4), brachial plexus
injury (n¼2), diabetic peripheral neuropathy (n¼1), multi-
focal motor neuropathy (n¼1), chronic axonal peripheral
neuropathy (n¼1), vitamin B12 deficiency peripheral
Spine
neuropathy (n¼1), and multiple system atrophy (n¼1).
No patients with CIDP had a family history of inherited
peripheral neuropathies. For clinical assessment, the Hughes
grade was used as the disability grade scale, and its score
ranged from 0 (no signs of disability) to 6 (death).17

Imaging Technique
All participants were prospectively examined with a 3.0 T
MR scanner (Magnetom Trio, Siemens Healthcare, Erlangen,
Germany) using the three-dimensional sampling perfection
with application-optimized contrasts using different flip
angle evolution (3D SPACE) sequences with a neck matrix
coil, and three body matrix anterior coils were applied.
Subjects were placed in the gantry in the supine position
with their head in the neutral position and instructed to
breathe calmly. The contrast agent (0.1 mL/kg, Gadovist;
Bayer Pharma AG) was intravenously administered before
the brachial plexus and lumbosacral plexus were enhanced
for scanning. 3D SPACE parameters were as follows:
TR/TE¼3000/270 ms, FOV¼448�448 mm2, voxel size¼
1.0�1.0�1.0 mm3, slice thickness¼1.0 mm, slice gap¼
0 mm, slice¼144. The acquisition time of the brachial plexus
and lumbosacral plexus imaging was 20 minutes.

Maximum Indensity Projection images were recon-
structed by built-in 3D postprocessing software (3D Syngo
MR workspace; Siemens Healthcare, Erlangen, Germany).
The bilateral CSA of the nerves at the C7-C8 and L4-S1
levels was measured on the coronal planes. All work was
completed independently by two senior radiologists blinded
to all of the patients’ information, and each side’s average
CSA of the brachial and lumbosacral nerves roots was
calculated separately.

Written informed consent was obtained from all patients
before participation. The Clinical Research Ethics Commit-
tee approved this prospective study of Renmin Hospital of
Wuhan University (2017K-045), and all the procedures
were performed following the relevant guidelines/regula-
tions in the Declaration of Helsinki.

Statistical Analysis
Statistical analysis was performed in SPSS21.0 (SPSS, Chicago,
IL). All values were shown as the mean � standard deviation
unless stated otherwise. Nonparametric tests (Kruskal–Wallis
test) were used for continuous variables and chi-squared tests
were used for categorical variables. Receiver operating char-
acteristic (ROC) curves were used to assess diagnostic accu-
racy, and the respective area under the curve (AUC) values are
reported. Two-sided P values were calculated for all analyses.
P<0.05 was considered significant.

RESULTS

Clinical Characteristics
The clinical data for patients with CIDP and the control group
are summarized in Table 1. CMT-1 is the most common type
of CMT, and its predominant damage is nerve demyelination.
The nerve roots of CMT-1 and POEMS syndrome were
www.spinejournal.com 1507



TABLE 1. Clinical Features of Different Groups

Thickened Nerve Roots
Diseases (n¼8)

Nonthickened Nerve
Roots Diseases (n¼14)Variables

CIDP
(n¼32)

CMT-1
(n¼5)

POEMS
Syndrome (n¼3) P Value

Male/female 24/8 4/1 2/1 8/6 0.659

Age (yrs) 49.03�14.02 22.40�9.32 46.33�6.66 43.85�19.69 0.016�

Age at onset (yrs) 43.58�14.96 22.67�5.77 44.00�5.29 36.54�21.81 0.033�

Disease duration (yrs) 3.645�2.94 2.50�0.87 2.33�1.53 7.35�7.93 0.270

Hughes grade 2.13�0.85 2.00�1.41 2.00�1.00 1.77�0.60 0.270

Average CSA
Brachial plexus 36.30�25.44 28.53�11.77 39.99�9.63 18.26� 4.83 <0.001y; 0.001§

Lumbosacral plexus 69.82�38.15 69.08�43.34 61.02�26.76 28.48� 8.92 <0.001y; 0.004z

�CIDP versus CMT-1.
yCIDP versus nonthickened nerve roots diseases.
zCMT-1 versus nonthickened nerve roots diseases.
§POEMS versus nonthickened nerve roots diseases.

CIDP indicates chronic inflammatory demyelinating polyradiculoneuropathy; CMT-1, Charcot Marie Tooth type 1; CSA, cross-sectional area; POEMS,
polyneuropathy, organomegaly, endocrinopathy, M protein and skin changes.
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obviously enlarged and difficult to distinguish from CIDP by
MRN, so they were listed and analyzed separately. No
significant differences were noted with gender, disease dura-
tion, or Hughes grades among the different groups.

MRN of the Brachial Plexus and Lumbosacral Plexus
No significant difference among CIDP, CMT-1, and
POEMS syndrome was found in clinical and CSA data,
except the age at evaluation and onset for CMT-1 patients
were younger than those of CIDP patients (P¼0.016 and
P¼0.033). CIDP, CMT-1, and POEMS syndrome all
showed nerve root thickening and inflammatory changes
on MRN, which were difficult to distinguish among each
other but easy to distinguish from the nonthickened nerve
root disease. In our study, five patients with CMT-1 were
recognized as having CIDP, and the misdiagnosis rate for
1508 www.spinejournal.com
CMT-1 was up to 100%. Two of three POEMS syndrome
were recognized as CIDP by MRN and the misdiagnosis rate
for POEMS syndrome was 66.7%. Only one POEMS syn-
drome patient was not recognized as CIDP because MRN
showed the bone cortical destruction invaded the surround-
ing soft tissues, which indicated a high possibility for neo-
plastic lesions (Figure 1A–D). Compared with nonthickened
nerve roots peripheral neuropathies, patients with CIDP and
CMT-1 had a larger CSA of brachial plexus nerve roots
(P<0.001 and 0.001), and patients with CIDP and POEMS
syndrome had a larger CSA of lumbosacral plexus nerve roots
(P<0.001 and P¼0.004) (Figure 2).

Comparison of Detection Rates
The comparison between MRN diagnosis results and clini-
cal diagnosis results is shown in Table 1. Expert
Figure 1. Representative MRN images of MIP recon-
struction of the brachial plexus and lumbosacral
plexus of CIDP, CMT-1, POEMS syndrome, and
HNPP patients. A, A 34-year-old CIDP patient with
thickened nerve roots, uneven signal, and irregular
borders. B, An 18-year-old CMT-1 patient with evenly
thickened nerve roots, symmetrically uniform signals,
and clear edges. C, A 52-year-old POEMS syndrome
patient with symmetrically thickened nerve roots,
uneven signals, and a clear border. D, A 37-year-old
vitamin B12 deficiency peripheral neuropathy patient
with the brachial plexus and lumbosacral plexus roots
are thinner, the edges are smooth, and the morphol-
ogy and signal are not abnormal. CIDP indicates
chronic inflammatory demyelinating polyradiculo-
neuropathy; CMT-1, Charcot Marie Tooth disease
type 1; nr-CSA, cross-sectional area of nerves roots;
POEMS, polyneuropathy, organomegaly, endocrinop-
athy, M protein and skin changes; MRN, magnetic
resonance neurography.
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Figure 2. The CSA of brachial plexus and lumbosacral plexus in
different groups. CIDP and CMT-1 patients had a larger CSA of
brachial plexus nerve roots compared with nonthickened nerve roots
peripheral neuropathies (P¼0.000 and 0.001). CIDP and POEMS
syndrome patients had a larger CSA of lumbosacral plexus nerve
roots compared with nonthickened nerve roots peripheral neuropa-
thies (P¼0.000 and P¼0.004). CIDP indicates chronic inflamma-
tory demyelinating polyradiculoneuropathy; CMT-1, Charcot Marie
Tooth disease type 1; CSA, cross-sectional area; POEMS, polyneur-
opathy, organomegaly, endocrinopathy, M protein and skin changes.

DIAGNOSTICS Noninvasive Diagnostic Value of MRN � Feng et al
neuroradiologists were blinded to the clinical information
results so as to judge whether a patient had CIDP only
through the imaging changes in patients’ MRN results. Of
the 54 patients, 33 were diagnosed with CIDP by MRN,
including 26 CIDP patients confirmed by clinicians, 5 CMT-
1 patients, and 2 POEMS syndrome patients. Of the 21
patients who were not diagnosed with CIDP by MRN, 6
were confirmed atypical CIDP by clinicians, and 15 other
patients had various peripheral neuropathies (Table 2).

The sensitivity of MRN in diagnosing CIDP was 81.25%
(26/32), the specificity was 68.18% (15/22), the positive
predictive value was 78.79% (26/33), the negative predic-
tive value was 71.43% (15/21), the accuracy was 75.93%
(41/54), the misdiagnosis rate was 24.07% (13/54), and the
kappa value was 0.498.

ROC Analysis of the Brachial Plexus and
Lumbosacral Plexus
Among the 32 patients, 5 (15.6%) patients started with
upper limb symptoms, 16 (50%) patients started with lower
TABLE 2. Comparison Between MRN
Diagnosis Results and Clinical
Diagnosis Results

MRN
Clinical Diagnosis

TotalPositive Negative

Positive 26 7 33

Negative 6 15 21

Total 32 22 54

MRN indicates magnetic resonance neurography.

Spine
limb symptoms, and 11 (34.4%) patients started with both
extremities simultaneously. In four of the five patients with
CIDP who developed numbness and pain in both upper
limbs, the lumbosacral nerve roots were also thickened or
inflamed. To evaluate whether the combined diagnosis of
brachial with lumbosacral plexus by MRN is more effective
than that of brachial or lumbosacral plexus alone in patients
with CIDP.

In this study, MRN of either the brachial plexus or lum-
bosacral plexus alone was an auxiliary diagnosis method for
CIDP, each with an AUC of 0.762 (95% CI, 0.645–0.878 and
0.653–0.871, respectively) in ROC curve analysis. MRN of
the brachial plexus and lumbosacral plexus combined did not
significantly increase the diagnostic value for CIDP compared
with MRN of either of them alone, with an AUC of 0.769
(95% CI, 0.661–0.877) (Figure 3).

DISCUSSION
Few studies have evaluated the differential diagnostic value
of MRN for CIDP. Few studies have evaluated the differen-
tial diagnostic value of MRN for CIDP. In our study, the
symptoms of patients in the control group were similar to
those of patients with CIDP, which showed symmetrical or
asymmetrical motor-sensory disturbance, reflexes weak-
ened, chronic disease course, and the electrophysiology
showed multiple nerves damage, so it is challenging to
differentiate these patients in clinical practice. The controls
might suffer from hereditary peripheral neuropathy, such as
CMT or HNPP, or other diseases that cause peripheral nerve
damage, such as diabetes, POEMS syndrome, or nerve
injury. These patients required MRN to aid in their diagno-
sis.18,19

The results of our data show that the nerve roots in CIDP,
CMT-1, and POEMS syndrome patients were all enlarged
on MRN, and the CSA among them showed no significant
difference. These three diseases were difficult to identify,
and the misdiagnosis rate was high; therefore, the imaging
results needed to be combined with clinical assessments.
Compared with CMT-1 patients, our data showed that the
onset ages of CIDP patients were greater. CMT-1 and CIDP
are both demyelinating motor-sensory neuropathies, but the
former is an acquired disease, and the latter is congenital.
Studies on distinguishing CIDP and CMT-1 have reported
that CIDP shows greater asymmetry in motor nerve con-
duction velocity and compound muscle action potential
amplitudes than CMT-1, and the CSA of the peripheral
nerves of CMT-1 patients was larger than that of CIDP
patients on nerve ultrasonography.20,21 Despite this, it is
difficult to distinguish these diseases because their clinical
symptoms, electromyography results, and imaging results
are all similar. In most cases, the diagnosis of CMT-1 was
confirmed by peripheral myelin protein-22 gene analysis.22

Polyneuropathy is often an initial manifestation of POEMS
syndrome, and this disorder is frequently misdiagnosed as
CIDP because of its low incidence and similar symptoms to
CIDP. In our study, the clinical data, disability scores, and
CSA on MRN of POEMS syndrome and CIDP all showed
www.spinejournal.com 1509



Figure 3. ROC analysis for the brachial plexus,
the lumbosacral plexus, and the brachial plexus
and lumbosacral plexus combined in the diagnos-
tic value of MRN in CIDP. MRN of either the
brachial plexus or the lumbosacral plexus could
effectively diagnose CIDP, with an AUC of 0.762
(95% CI, 0.645–0.878 and 0.653–0.871), respec-
tively. MRN of the brachial plexus and lumbosa-
cral plexus combined did not significantly
increase the diagnostic value for CIDP compared
with MRN of either of them alone, with an AUC
of 0.769 (95% CI, 0.661–0.877). AUC indicates
area under the curve; CI, confidence interval;
ROC, receiver operating characteristic; MRN,
magnetic resonance neurography; CIDP, chronic
inflammatory demyelinating polyradiculoneurop-
athy.
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no significant differences. Still, the MRN of one patient
showed the damage to the bone cortex, the unclear bound-
aries, and the nearby muscle groups were invaded, which
was recognized POEMS syndrome. Studies have reported
that POEMS syndrome has a greater axonal loss and greater
slowing of the intermediate nerve segments than CIDP, and
nerve biopsy can be helpful in distinguishing them.23–25 The
clinical characteristic comparison between CIDP and other
peripheral neuropathies showed no differences except the
CSA of the brachial plexus and lumbosacral plexus of CIDP
patients was significantly increased compared with that of
the other patients. Therefore, we could use MRN as a
method to identify CIDP and other peripheral neuropathies,
but CMT-1 and POEMS still need to be recognized by
genetic testing and other clinical examinations and
laboratory analyses.

Our study is the first to discuss the noninvasive discrimi-
native diagnostic value of MRN for CIDP from qualitative
and quantitative aspects. Many studies have found that
imaging examinations could observe the nerve root enlarge-
ment and signal intensity changes of patients with disease
compared with those of healthy people.2 These studies
compared their CSA and analyzed the correlation among
imaging data, electromyography, and clinical features, but
they demonstrated only their ability to detect rather than to
differentially diagnose.26–28 In this study, there were 54
patients, including 32 with CIDP and 22 with other periph-
eral neuropathies. There were five CMT-1 and two POEMS
syndrome patients misdiagnosed with CIDP, and six CIDP
patients could not be recognized by MRN who had atypical
CIDP (kappa¼0.498). These results indicate that MRN had
a moderate level of consistency with clinical diagnosis
results. The typical CIDP patients were all recognized by
1510 www.spinejournal.com
MRN, and it may be that the brachial plexus and lumbosa-
cral plexus lesions in atypical CIDP patients are less severe
than those in typical CIDP patients.

In the quantitative study of MRN for the diagnosis of
CIDP, we measured the CSA of the brachial plexus and
lumbosacral plexus nerve roots of all patients and used an
ROC curve to evaluate the value of MRN in independently
diagnosing the CIDP patients. The AUC of the CSA of the
brachial plexus and lumbosacral plexus nerve roots are both
0.762, and our study confirmed their diagnostic value for
CIDP patients, but we also wanted to know whether it is
necessary to measure both sites because either site has the
same diagnostic value, and the cost of MRN testing is
expensive. When we evaluated the MRN of the brachial
plexus and lumbosacral plexus combined, the AUC for
diagnostic efficacy reached 0.769, which suggests that dou-
ble-site examination does not significantly improve the
diagnostic efficacy of MRN in CIDP compared with sin-
gle-site testing.

The main limitation of our study was the small sample
size. In particular, we compared CMT-1 and POEMS sepa-
rately with other peripheral neuropathies, which could bring
about bias. However, to reduce the bias as much as possible,
we measured bilateral sides data of the CSA of the nerves at
the C7-C8 and L4-S1 levels. Another limitation for this
study was that our control group composed of not a single
disease but different diseases with different numbers, so the
results about kappa value and AUC would be changed if
types and numbers of patients changed. In this case, we want
to emphasize that the result about differential diagnosis
efficacy just for the data of this study without extension.
The main findings were that CMT-1 and POEMS were
difficult to be distinguished with CIDP by MRN but
November 2020
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nonthickened nerve roots peripheral neuropathies were
easier relatively.

In conclusion, as the first study to discuss the diagnostic
value of MRN for CIDP from qualitative and quantitative
aspects, this study finds that CIDP, CMT-1, and POEMS are
similar in clinical features, disability score, and the CSA of
nerve roots, and they were difficult to be discriminate by
MRN. The MRN can be used to distinguish thickened nerve
roots peripheral neuropathies and nonthickened nerve roots
peripheral neuropathies. The CSA of the brachial plexus and
lumbosacral plexus nerve roots of CIDP patients is signifi-
cantly larger than that of patients with other peripheral
neuropathies, excluding CMT-1 and POEMS. The brachial
plexus and lumbosacral plexus lesions in atypical CIDP
patients are less severe than those in typical CIDP patients,
and typical CIDP patients are more likely to be identified by
MRN. The diagnosis of CIDP by MRN is moderately
consistent with the clinical diagnostic results. MRN of either
the brachial plexus or the lumbosacral plexus has a high
diagnostic accuracy for CIDP, and MRN of the brachial
plexus and the lumbosacral plexus combined does not
significantly improve diagnostic accuracy; therefore, it is
not necessary to perform an MRN examination of both
plexuses.
Sp
Key Points
ine
This was the first study to discuss the diagnostic
value of MRN for CIDP from qualitative and
quantitative aspects.

This study finds that CIDP, CMT-1, and POEMS are
similar in clinical features, disability score, and the
CSA of nerve roots, and they were difficult to be
discriminate by MRN.

MRN of either the brachial plexus or the
lumbosacral plexus has a high diagnostic
accuracy for CIDP, and MRN of the brachial
plexus and the lumbosacral plexus combined
examination does not significantly improve
diagnostic accuracy; therefore, it is not
necessary to perform an MRN examination of
both plexuses.
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