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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
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and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Introduction: Primary lymphomas of peripheral nerves
(PLPNs) are extremely rare and most commonly reported in
lumbar nerves and have been found in only five cases in the upper
extremities. We describe two patterns of presentation focusing
on clinical, radiological, and pathological findings of two
patients affected by primary multifocal lymphoma of the ulnar
nerve without systemic involvement or other medical conditions.
Methods: We report a case of extraneural lymphoma
in a 72-years-old (patient #1) and a case of intraneural
lymphoma in a 45-years old woman (Patient #2).
Magnetic resonance imaging and ultrasound findings
were similar to Peripheral Nerve Sheath Tumors (PNST).
Results: Surgical exploration and excision were performed.
Morpho pathological results revealed in both cases a diffuse large
B-cellnon-Hodgkin lymphoma. Inpatient#1, the disease relapsed
after only 4 months with brachial plexus involvement. The patient
died about 10 months after the onset of symptoms. Patient #2
did not have post-surgical sensory or motor deficit and follow
up at 6 years did not show recurrence or any other localizations.
Conclusions: PLPN is a rare and challenging condition and is
frequently misdiagnosed. PLPNs could have an intraneural or an
extraneural pattern. As peripheral neuropathy may be caused by
anervous involvement by a lymphoma, in patients with atypical
lesions, a complete preoperative imaging should be acquired.

Key words. Nerve tumor differential diagnosis, peripheral
nerve lymphoma, ulnar nerve lymphoma, ulnar nerve tumor,
peripheral nerve tumor.

Introduction.

A peripheral nervous system (PNS) involvement in patients
with lymphoma very rarely occurs [1]. It can be caused by
compression or invasion by lymphomatous cells or by side
effects of drugs or by various disorders like as metabolic and
infectious disease.

Primary lymphomas of peripheral nerves (PLPNs) should be
distinguished by primary Neurolymphomatosis (NL).Primary
NL is defined as a rare complication of non-Hodgkin lymphoma
(NHL) when infiltration of nervous tissues by limphomatous
cells is the first event of the hematological malignancy [2].

PLPNs are conditions where lymphomatous cells are only
found in the PNS.2 Orthopedic and hand surgeons commonly
deal with benign tumors of the nerves, but PLPNs are instead
very rare malignant tumors, commonly misdiagnosed in the
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clinical practice because they can mimic more common lesions
such as peripheral nerve sheath tumors (PNST).

Performing the appropriate pre-surgery imaging can be helpful,
however, to date, there are no described imaging findings
that are pathognomonic for the diagnosis. When other signs
and symptoms, as well as radiological evidence of systemic
involvement by hematologic disease, are lacking, we frequently
assume that isolated lesions of peripheral nerves belong to the
spectrum of PNST. As PNST are exceedingly more common
than PLPNs, it is widely accepted to consider their atypical
imaging manifestations before rarer conditions.

Nowadays only few cases of PLPNs have been described,
mostly found in lumbar nerves, and only eight of which involved
the nerves of the upper limb, three affecting the radial nerve [3-
5], one the median nerve [6], three the ulnar nerve [7,8], one the
medial cutaneous nerve of the forearm [9].

Case Reports.

We describe clinical, radiological, and pathological findings
of two cases in which clinical and imaging features showed a
lesion similar to PNST, but histopathological result, following
excisional biopsy, revealed a diffuse large B-cell non-Hodgkin
lymphoma. Infiltration by a population of large pleiomorphic
lymphoid cells showing diffuse cytoplasmic immunostaining
for CD20, state for a B-lymphocyte immunophenotype. In
both cases, no other biological or imaging signs of generalized
lymphoma were recorded.

Patient #1.

A 72-years-old man was sent to our department because of a
swelling in the volar ulnar region of his right wrist, progressively
grown in 4 months. His symptoms included diffuse paresthesia
but not functional limitation. Ultrasound scanning showed
an unevenly hypoechoic mass (Figure 1A). MRI showed a
T2- hyperintense , T1-hisointense well circumscribed kidney-
shaped lesion 45.7 mm-long and 16 mm-wide (Figures 1B-C).

The imaging findings did not support any specific diagnosis,
however given the MRI and ultrasound appearance, and
particularly the posterior acustic enhancement, the location,
and the progressive growth a ganglion cyst was suggested as
a possible diagnosis. However, a PNST could not be excluded.

During the surgical treatment an extraneural lesion of the
ulnar nerve proximal to Guyon’s tunnel was found (Figure 2).
An excisional biopsy was performed and histopathological analysis
revealed a diffuse large B-cell non-Hodgkin lymphoma (Figure 3).
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Figure 1. Imaging studies of patient #1, a 72-years-old man presenting
with swelling of the right wrist. Ultrasound, long-axis view (4) shows
an unevenly hypoechoic mass with posterior acustic enhancement. MRI
T2-weighted with fat saturation sagittal section (B) and coronal TI-
weighted image (C) show respectively a homogeneously hyperintense
lesion and a inhomogeneous, oval shaped, predominantly isointense
lesion with well-defined margins.

Figure 2. Patient #1. A. the mass was on the ulnar side of the forearm.
Tapping on the mass elicited a sensation of tingling or "pins and
needles" in the distribution of the nerve, along the drawn arrows. B.
Intraoperative findings, with the mass in continuity with the ulnar nerve.
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Figure 3. Patient #1. The excised tumor. Histopathological findings:
lymphocytic infiltrate aggregated in follicular structure with germinal
centers. (Haematoxylin and eosin, 400x and 50x). The tumor is diffusely
CD10 positive (10x), BCL-6 positive (20x) and CD20 positive (10X).

After surgery the patient was underwent a complete hematologic
work-up and was treated with a first cycle of chemotherapy. The
disease relapsed after only 4 months with brachial plexus involvement.
Given the rapid progression, the patient underwent another cycle of
chemotherapy and radiotherapy at this site for 2 months. The patient
died about 10 months after the onset of symptoms.

Patient #2.

The second patient was a 59-years-old woman who was
referred to our department for tingling in the medial region
of the left distal arm (Tinel’s sign) without motor or sensory
deficit lasting for 3 months. Clinically, an oval-shaped mass in
subcutaneous tissues near the elbow was found.

MRI showed a homogeneous T2-hyperintense and TI-
hypointense oval-shaped lesion, 37 mm-long and 19 mm-wide,
with defined margins, located in the subcutaneous tissue of the
medial aspect of the arm, close to the elbow (Figure 4).

Figure 4. Patient #2, medial region of the left distal arm. MRI imaging
studies: Coronal T2-weighted with fat saturation (A), T2* (B) and T1
(C) images through the elbow show a discrete, T2-hyperintense , oval-
shaped mass in the medial aspect of the arm, measuring about 37x19
mm, well demarcated by the surrounding muscle by a fat plane (arrows
in E) and with a T2-hypointense capsule (arrows in D). There is no

evidence of local edema nor other aggressive features.
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Figure 5. Patient #2. A. Intraoperative findings, with the mass in
continuity with the ulnar nerve. B. The excised tumor.
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Figure 6. Patient #2, Histopathological findings. (Haematoxylin and
eosin, 200x and 50x).

The nerve is host of a massive lymphocytic infiltrate of follicular
character with CD20/CD10/BLL-6 positive and weakly BLL-2 positive
germinal centers with an undirected proliferative index of 35-45%.
Histological diagnosis of follicular lymphoma type G2. Neoplastic
cells are diffusely CD10 positive (5x), BCL-6 positive (20x) and CD20
positive (10X).
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Given the lack of clinical and radiological findings pointing
towards a malignant lesion, the patient was told that the most
likely diagnosis was a benign PNST.

During the surgery, an intraneural lesion of the ulnar nerve
before the cubital tunnel (Figure 5) was found. An excisional
biopsy was performed (Figure 5) and a diffuse large B-cell non-
Hodgkin lymphoma was the final histopathological diagnosis
(Figure 6).

After surgery, the patient did not have sensory or motor deficit
and Michigan Hand Outcome score was 87,1 [10]. A dietary
supplement with R-thioctic acid was performed after surgery
[11]. A complete hematologic work-up, including a total body
PET-CT scan did not reveal other lesions or localizations. The
patient then underwent radiotherapy at this site for 2 months.
Follow up at 6 years did not show recurrence or any other
localizations.

Discussion.

Involvement of the peripheral nervous system by leukemias
and malignant lymphomas is usually a manifestation of systemic
dissemination. In PLPNs no signs of systemic diffusion are
recorded. Only few cases of PLPNs have been reported, and
sciatic nerve involvement was found in more than half of the
described cases [3,12].

A rare primary B-cell lymphoma with intraneural or
extraneural involvement could mimic different diseases. The
presence of minor compression symptoms and a radiological
investigation without malignant features are often the reasons
for misdiagnosis. Clinical and radiological findings in our two
patients are similar to those encountered in more common
benign conditions, especially because there were no other signs
of systemic disease nor remote history of lymphoma.

Nerve signs of primary lymphoma of the peripheral nerves
are similar to compression neuropathies. Inflammatory
polyneuropathies can be excluded thorough clinical examination
that shows unilateral and asymmetrical symptoms which quite
rapidly develop, and without associated comorbidities [7].

However, at the top of the differential diagnosis list there are the
more common benign neurogenic tumors such as schwannomas
or neurofibromas [4].

For a detailed diagnosis, it essential to carefully analyze
the pre-operative radiological examinations, even though the
findings are often non-specific.

Ultrasound is usually the first exam performed, and it can
show a discrete hypoechoic mass, similarly to other intranodal
or extranodal lymphomas. Color flow Doppler imaging can be
helpful in further characterizing the mass, that may be mistaken
for abscess or cyst, as it can confirm the solid nature of the
lesion and show internal flow signal [8].

MRI is almost always performed next and is the most
important exam to suggest the diagnosis of peripheral nerve
lesions. Among them the most common are schwannomas and
neurofibromas, and they share the most characteristics imaging
findings. Particularly, they are fusiform in shape, may have
a tubular structure entering and exiting the lesion (i.e., the
involved nerve) and are separated by surrounding muscles by
a rim of fat (split-fat sign). Other common imaging findings
include the fascicular and target sign, which consist respectively

101



of multiple or single centrally located low-to-intermediate
signal intensities within the T2-hyperintense mass, the presence
of various abnormalities affecting the muscles supplied by the
affected nerve and the presence of central cystic, necrotic, or
hemorrhagic areas. Both types of benign PNST show contrast-
enhancement that may be central or diffuse. There are no single
findings or combinations of findings that can reliably help to
distinguish between these two entities, however, the central
location of the parent nerve, the target and fascicular sign,
the paucity of central cavitations, necrosis or calcification and
predominantly central pattern of contrast enhancement may
favor the diagnosis of neurofibroma over schwannoma [13].

On the other hand, the distinction between benign and malignant
PNST appears to be more straightforward. Imaging findings that
can reliably direct towards the presence of a malignant lesion
include: the size of lesion, a peripheral enhancement pattern, the
presence of perilesional edema and intratumoral cystic changes.

In addition, other malignant soft tissue tumors, such as myxoid
liposarcoma, myxfibrosarcoma, fibromyxoid sarcoma, myxoid
malignant fibro-histiosarcoma and other myxoid tumors, which
can be in the same differential diagnosis list of benign PNST,
also have been shown to have distinct imaging characteristics.
Specifically, the size of the lesion, the homogeneity of T2
hyperintensity, the homogeneous enhancement after contrast
administration, the presence of internal fatty signal, the absence
of fat split signal and target sign points towards a malignant
connective tissue lesion.

In both our cases, the MRI findings were consistent with
benign peripheral nerves lesions. Both tumors were comparable
in size to the benign PNST commonly found in similar
locations, they were well separated from adjacent muscular
structures (split-fat sign), which did not show any sign of edema
and were homogeneously T2-hyperintense. A retrospective
look at imaging of patient #2 may reveal the absence of target
or fascicular sign in the lesion, which are nevertheless not
pathognomonic of benign PNST, and a native T2 signal which
was iso- to hypointense compared to bone marrow. However,
both exams were performed on low-field MRI scanners and were
performed without contrast administration. We acknowledge
that the MRI appearance of PLPN has not been widely
described due to the rarity of the disease, but the homogenous
contrast enhancement has been considered as a sign of possible
lymphomatous nature, which is consistent with the appearance
of lymphoma in other districts, and in the central nervous system
(CNS). Moreover, the use of diffusion weighted imaging (DWI)
could add important information for the differential diagnosis,
as theoretically lymphomatous tissue should have restricted
diffusion, similarly to CNS lymphoma, for the diagnosis of
which DWI has become a fundamental sequence.

Of note, it is unlikely that DWI could be performed in every
skeletal muscle MRI exam; however, we suggest that, at least
in selected cases of suspicious peripheral nerve lesions, or when
contrast material is administered, the addition of DWI could
provide valuable information.

Radiologists and surgeons should work in team to avoid
misdiagnosis, and should be aware of the rare possibility of
facing a PLPN even when there is no definitive clinical or
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radiological evidence. At least in selected cases, a repetition
of the MRI examination at a higher-field machine, with
contrast medium administration and performance of additional
sequences can give important clues to the right diagnosis. The
suspicion of PLPN, even if faint, can significantly influence
the surgical approach: to delay surgery is not recommended in
case of malignancy, as PLPN have been shown to have a dismal
prognosis in a substantial proportion of patients [7].

An early diagnosis is mandatory to improve patient survival
because of tumor aggressiveness. Also, surgical pre-operative
planning can change because of a diagnosis of malignancy.
Therefore, a patient with peripheral nervous system symptoms
must always be further investigated [7].

Surgery should be prudently performed. During surgery, the
tumor appeared to be situated in peripheral nerves. It can appear
gray and gelatinous [4], attached to the surrounding tissue with
or without a clear plane between the tumor and nerve fascicles.
If surgical presentation of PLPNs is suspected at the operating
room, the patient should first be advised before histological
exam result. A patient psychological workup is fundamental to
deal with this challenging disease.

The role of the surgeon for the treatment of PLPNs is essential.
First of all, surgeons are responsible for early diagnosis by a
detailed evaluation of clinical and radiological findings. They
should perform a biopsy, better if excisional, in order to
discriminate from other pathological conditions. Finally, they
should inform the patient about the rare condition of PLPNs
which results in a challenging treatment [14-16].

Conclusion.

Our experience suggests it is fundamental to know that a
clinical and radiological lesion that seems to be a PNST could
hide a malignant lesion and could be intraneural or extraneural.
An early diagnosis is mandatory due to the difficulty to treat
such an aggressive tumor, in the attempt to improve the patient
survival.
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