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Findings of high-resolution magnetic resonance neurography
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OBJECTIVE—This study investigated high-resolution magnetic resonance neurography
(MRN) in distal symmetric diabetic polyneuropathy (dPNP).

RESULTS—Multifocal fascicular, symmetric intraneural T2 lesions occurred in the proximal
trunks of sciatic nerves in four patients (three with type 2/dPNP[+] and one with type 1/dPNP[+])
but not in control subjects (type 2/dPNP[2], type 1/dPNP[2], nondiabetic control subjects),
which was conﬁrmed by quantitative analysis. Clinical severity was higher in patients with T2
lesions (neuropathy deﬁcit score: 10 vs. 7.8; P = 0.05).
CONCLUSIONS—For the ﬁrst time, proximal neuropathic lesions of dPNP are reported in
vivo. This supports that accumulation of proximal, multifocal fascicular injury may be important
in disease progression.
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agnetic resonance neurography
(MRN) at high clinical magnetic
ﬁeld strength of 3 Tesla and with
the use of dedicated surface-array coils
provides excellent microstructural anatomic detail of peripheral nerves. Moreover, MRN is an emerging tool for precise
lesion localization exploiting the intraneural T2 contrast (1,2). In this pilot
study, MRN was used for the ﬁrst time
in patients with distal symmetric diabetic
polyneuropathy (dPNP) and revealed fascicular, symmetric lesions precisely located within proximal nerve trunks.
RESEARCH DESIGN AND
METHODS—This study was approved
by the local ethics committee (S-057/2009).

Written informed consent was obtained
from all participants. Ten patients with
type 2 diabetes and dPNP (type 2/dPNP[+];
seven male, three female, mean age 71 6
6.4 years), 10 patients with type 2 diabetes
without dPNP (type 2/dPNP[2]; six male,
four female, mean age 63.7 6 9.5 years),
two patients with type 1 diabetes and dPNP
(type 1/dPNP[+]; one male, one female,
mean age 61.5 6 12.0 years), ﬁve patients
with type 1 diabetes without dPNP (type 1/
dPNP[2]; two male, three female, mean
age 48.2 6 13.2 years), and 10 nondiabetic
control subjects (ﬁve male, ﬁve female,
mean age 54 6 5.0 years) were included.
The study patients with dPNP presented
with distal leg sensory or motor involvement
manifested variably by pain, paresthesia,
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RESULTS—Intraneural T2 lesions were
visually detected and quantitatively conﬁrmed in three of 10 patients in the type
2/dPNP(+) group and in one of two patients in the type 1/dPNP(+) group. These
intraneural T2 lesions could be characterized and exactly located as multifocal
fascicular lesions within the proximal
tibial and peroneal divisions of the sciatic
nerve (Fig. 1). Lesion distribution was
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RESEARCH DESIGN AND METHODS—MRN comprised high-resolution transaxial
imaging of peripheral nerves of the lower limbs in 20 patients with type 2 diabetes (10 with
dPNP, type 2/dPNP[+], and 10 without dPNP, type 2/dPNP[2]), seven patients with type 1 diabetes (two with dPNP, type 1/dPNP[+], ﬁve without dPNP, type 1/dPNP[2]), and 10 nondiabetic
control subjects. Intraneural T2 lesions, as the main diagnostic criterion of MRN, were detected
visually by two independent observers and quantitatively by analysis of T2 contrast ratios.

numbness, weakness, and hyporeﬂexia
in the legs. None of the participants presented with clinical signs or a history of
diabetic lumbosacral radiculoplexus neuropathy, which is typically characterized
by pelvic-femoral pain and focal and unilateral weakness affecting the leg and
thigh, and spreading to the contralateral
limb in later stages (3). Clinical evaluation
included speciﬁc items of the neuropathy
deﬁcit score (NDS) and neuropathy symptom score (NSS) (4) in all patients.
MRN was performed at 3 Tesla
(Magnetom-VERIO, Siemens AG, Erlangen,
Germany). Technical parameters of MRN
and criteria for the determination of neuropathic lesions have been reviewed (1).
In this investigation, lesion detection was
performed in the axial plane with a highresolution turbo spin echo T2-weighted
sequence and fat suppression by inversion recovery: in-plane resolution 0.42 3
0.52 mm, slice thickness 5 mm, inversion
time 180 ms, echo time 63 ms, and repetition time 6,210 ms. Coverage was from the
infrapiriform foramen to the joint space of
the knee.
To determine intraneural T2 lesions
visually, a consensus between two observers, each with more than 5 years of
training in diagnostic MRN (M.P., M.B.),
was reached. Both were blinded to clinical
and demographic patient data. Further
conﬁrmation of intraneural T2 lesions
was achieved by quantitative analysis of
contrast ratios between T2-weighted signal from a region of interest inside the
sciatic nerve (intraneural) and another region of interest inside adjacent muscle. A
lesion was classiﬁed if the cutoff contrast
ratio value was 2 SDs above the group
mean of nondiabetic control subjects.

T2 lesions of diabetic polyneuropathy

CONCLUSIONS—For the ﬁrst time,
high-resolution MRN revealed multifocal fascicular, symmetric lesions of the
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Figure 1—Multifocal fascicular symmetric lesions within proximal sciatic nerve trunks in type 1
and type 2 diabetic patients with distal symmetric polyneuropathy (two upper rows). Fascicular
symmetric lesions of one type 1 diabetic patient with dPNP (type 1/dPNP[+]) (top row) and of one
type 2 diabetic patient with dPNP (type 2/dPNP[+]) (second row from top). Diagnostic conspicuity by visual evaluation arises from pathologically increased T2-weighted hyperintense/
bright contrast (left column, “Thigh sciatic nerve T2-w”) and is conﬁrmed by quantitative lesion
classiﬁcation from contrast ratios (red overlay on T2-weighted images in right column, “Lesion
classiﬁcation”). In the three control groups, intraneural T2 lesions were not observed (type 1/
dPNP[2], type 2/dPNP[2], and nondiabetic control subjects). One representative subject from
each control group is shown (third to ﬁfth row below white horizontal bar). Right and left sciatic
nerves are denoted at the bottom. L, left; R, right; T2-w, T2 weighted. (A high-quality digital
representation of this ﬁgure is available in the online issue.)

symmetric, in that no difference in the
cross-sectional lesion area was observed
between left and right. T2 lesions were
not observed in the control groups: type
2/dPNP(2), type 1/dPNP(2), and nondiabetic control subjects. On quantitative
analysis, the mean contrast ratio between
nerve and adjacent muscle in the subgroup of four patients with dPNP exhibiting intraneural T2 lesions by visual
evaluation was signiﬁcantly higher (4.2 6
0.9) when tested against 10 nondiabetic
control subjects (1.9 6 0.2, P = 0.003) or
15 diabetic control subjects without dPNP
(2.1 6 0.3, P = 0.004).
Mean NDS and NSS were 8.3 and 6.9,
respectively, in the type 2/dPNP(+) group
and 10 and 7.5, respectively, in the
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type 1/dPNP(+) group. All patients in
whom intraneural T2 lesions were detected
presented with numbness as the predominant symptom and higher NDS than
patients with dPNP in whom intraneural
T2 lesions were not detected (10 vs. 7.8;
P = 0.05). Signiﬁcant differences in mean
NSS (7 vs. 6.8), mean duration of disease
(16.8 vs. 15.4 years), A1C levels (7.0 vs.
6.9), or the frequency of cardiovascular
risk factors (arterial hypertension, hyperlipidemia, coronary heart disease, myocardial infarction, and smoking) were not
observed.

proximal sciatic nerve trunks in type 1
and type 2 diabetic patients with severe
dPNP. Patients with dPNP revealing intraneural T2 lesions had higher NDS than
patients with dPNP in whom intraneural
T2 lesions were not detected.
The pathomechanisms underlying
dPNP have long been unclear and are still
not fully understood (5–7). One important and likely predominant primary process in the development of dPNP is the
loss of myelinated ﬁbers, referred to as
“axonal neuropathy” (8–10). It is being
discussed whether axonal degeneration
in dPNP begins distally and continuously
proceeds proximally as a so-called dyingback axonopathy (11). Alternative explanations include proximal to distal axonal
degeneration by multifocal injury at proximal levels presumably preceding distal
ﬁber loss (12). The density of proximal
lesions of this pattern could be shown to
correlate with the severity of distal loss of
myelinated nerve ﬁbers (8,10). Our MRN
imaging ﬁndings resemble this histologic
pattern obtained from autopsies or sural
nerve biopsies and may therefore support
that the cumulative burden of proximal
multifocal fascicular nerve lesions is associated with distal axonal degeneration
and disease progression. It has to be clariﬁed that the structural resolution of MRN
as used in this pilot study was limited to
the detection of fascicular pathology. Microstructural resolution beyond the fascicular level, for example, to contrast
myelinated axons or the microcirculation, or to speciﬁcally delineate perineurial
or endoneurial degeneration, was not
achieved. Furthermore, the histopathologic alterations underlying diabetic intraneural T2 lesions may not be uniform.
Endoneurial edema clearly would be expected to increase the T2 relaxation time
(13,14). It is also conceivable that degenerative scarring in the endoneurial compartment or of perineurial layers contributes to
T2 signal increase.
In summary, this ﬁrst-time visualization of proximal, multifocal fascicular
nerve lesions in dPNP may contribute to
the understanding of pathomechanisms
in dPNP. High-resolution in vivo nerve
imaging by MRN accomplishes ample
and continuous sampling. It may therefore become an important method to better
characterize the spatial distribution and
temporal evolution of diabetic nerve injury.
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