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Simple Summary: This study describes a rare nerve condition called neuralgic amyotrophy,
which causes sudden shoulder pain followed by weakness, in patients with blood cancers
who have undergone a type of treatment called stem cell transplant. Although this condition
is uncommon, it can be serious and is often missed by doctors because its symptoms
resemble other problems. We looked back at the records of nine patients treated at our
hospital who developed this condition shortly after receiving a stem cell transplant. Most
of them experienced sharp shoulder pain within a few days of the transplant, followed by
weakness and numbness the arm. Tests like magnetic resonance imaging (MRI) and nerve
studies helped confirm the diagnosis. While some patients fully recovered, others continued
to have long-term weakness or pain. Because this condition is difficult to diagnose and
manage, our findings highlight the need for greater awareness among healthcare providers.
By recognizing the symptoms early and using the right tests, docto.

Abstract: Background: Neuralgic amyotrophy (NA), also known as Parsonage-Turner
syndrome, brachial neuritis, and idiopathic brachial plexopathy;, is a rare and potentially
debilitating peripheral nerve disorder characterized by acute-onset shoulder pain followed
by progressive motor deficits. It is often under-recognized, with an estimated incidence of
1 to 3 per 100,000 annually, though some studies suggest the actual prevalence may be sig-
nificantly higher. The condition typically progresses through three phases, an acute painful
phase, a phase of weakness, and a recovery phase, with sensory disturbances common in
addition to motor weakness. The exact pathogenesis of NA remains unclear, though it is
thought to involve a combination of genetic, environmental, and immunological factors.
While neurologic complications following hematopoietic stem cell transplantation (HSCT),
such as neuropathies and myopathies, have been documented, NA remains exceedingly
rare in this context, with only a few reported cases. The pathophysiology in HSCT pa-
tients is hypothesized to involve immune dysregulation, graft-versus-host disease (GvHD),
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infection, and the effects of immunosuppressive therapy. Diagnosis is primarily clinical,
supported by electrodiagnostic studies and MRI, though no laboratory markers exist. The
management of NA is largely supportive and multimodal, focusing on pain control and
rehabilitation. Objectives: The objective of this study was to describe the characteristics,
clinical course, and outcomes of patients admitted for HSCT who were subsequently di-
agnosed with NA. Study Design: This retrospective case series from a single institution
examined nine (N = 9) patients who developed acute shoulder pain following HSCT. We
collected data on demographics, transplant details, clinical features, MRI findings, and
electrodiagnostic studies, summarized using descriptive statistics. The diagnosis of neu-
rologic amyotrophy was based on clinical presentation and corroborated by imaging and
electrodiagnostic results. Long-term follow-up was assessed to evaluate symptom recovery.
Results: Between August 2020 and July 2022, nine patients (44% male, median age 60) were
diagnosed with NA following autologous (n = 4) or allogeneic (n = 5) HSCT. The onset
of severe shoulder pain occurred at a median of 9 days post-transplant (range 1-21 days),
with the majority of patients experiencing unilateral pain, predominantly affecting the right
shoulder (55%). Neurologic weakness developed on average 5.1 days after pain onset, and
sensory deficits were observed in all but one patient. MRI findings revealed muscle edema,
atrophy, and enhancement in six patients, while electromyography confirmed NA in five.
Due to the small sample size, statistical analyses, including p-values, confidence intervals,
and trend comparisons, were not performed, and thus no conclusions can be drawn re-
garding associations between variables such as early onset and worse outcomes. Shoulder
pain resolved after a median of 23 days (range 8-40 days). Long-term follow-up (>1 year)
showed that three patients achieved full or near-full recovery, four partially recovered,
and two showed minimal improvement. Conclusions: NA should be highly suspected
in patients with acute shoulder pain and neurologic symptoms post-HSCT. To improve
diagnostic accuracy and clinical outcomes, we recommend enhanced clinician awareness,
the implementation of targeted diagnostic protocols (such as MRI and electrodiagnostic
studies), and the establishment of standardized long-term follow-up protocols.

Keywords: neuralgic amyotrophy; parsonage turner syndrome; brachial plexus; shoulder
pain; hematopoietic stem cell transplant

1. Introduction

Neuralgic amyotrophy (NA), known by a variety of terms including Parsonage-Turner
syndrome (PTS), brachial neuritis, and idiopathic brachial plexopathy, is a rare and po-
tentially debilitating peripheral nerve disorder characterized by acute-onset pain and
progressive motor deficits [1,2]. Although first formally described by Drs. Parsonage
and Turner in the Lancet in 1948 [3], earlier research mentions similar cases as far back as
1897 [1]. Its true prevalence is difficult to estimate with precision, largely due to under-
recognition. Historically, the estimated incidence of NA has been reported as between 1
and 3 per 100,000 annually [2,4,5]. However, one study suggests that the actual prevalence
may be significantly higher—potentially 30 to 50 times greater—implying a substantial
burden of unrecognized or misdiagnosed disease [2].

NA may manifest with a broad range of phenotypes; however, the classic presentation
begins with an abrupt onset of intense, unilateral shoulder pain followed by the devel-
opment of progressive, painless muscle weakness [1,2]. NA typically progresses through
three phases: the painful phase, the phase of weakness, and the recovery phase. In about
90% of cases, pain is the initial symptom, characterized as acute, atraumatic, and severe,
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often rated > 7/10 on the visual analog scale [6]. The duration of the painful phase is
variable, ranging from a single day to 2 months, though the average is 7-14 days [7]. Motor
weakness usually emerges within a few days to weeks after the onset of pain, although it
may be overlooked initially due to the severity of the pain, which discourages movement
of the affected limb. Sensory disturbances, such as numbness or paresthesia, also occur.
Interestingly, the topography of pain does not always correspond with areas of motor weak-
ness or sensory disturbance, adding to the complexity of diagnosis [2]. This discordance
highlights the importance of maintaining a high index of suspicion, particularly when
patients present with unexplained pain and evolving neurologic symptoms. The third
phase of NA is the recovery phase, which may span months to years depending on the
extent of nerve damage and subsequent innervation. Some studies indicate that 80-90%
of patients experience favorable recovery within two to three years [8]. Other studies,
however, highlight persistent deficits and suboptimal function, with continued long-term
complaints of pain and fatigue, with half to two-thirds experiencing impairments in their
activities of daily living [6,9,10].

The precise pathogenesis of NA remains elusive, though it is thought to be multifacto-
rial. The most widely accepted hypothesis involves a complex interplay of environmental,
mechanical, and individual factors [2]. Several conditions are associated with its develop-
ment, including viral and bacterial infections, surgery, strenuous exercise, immunizations,
trauma, and pregnancy or childbirth [1,11]. A hereditary form also exists, which appears to
predispose individuals to recurrent episodes [7].

Neurologic complications affecting the peripheral nervous system, including neu-
ropathies, myopathies, and neuromuscular junction disorders, have been documented
following hematopoietic stem cell transplantation [12-16]. While NA has been documented
across a broad spectrum of clinical contexts, its occurrence following hematopoietic stem
cell transplantation is exceedingly rare, with only a handful of published case reports to
date [17-20]. The exact pathophysiology in patients undergoing HSCT remains unclear,
but it is hypothesized that several interrelated factors may contribute. For one, immune
dysregulation, involving the activation of immune cells against host tissues, can trigger au-
toimmune responses, contributing to neurologic manifestations [21]. Additionally, patients
undergoing HSCT are highly susceptible to infections due to prolonged immunosuppres-
sion, which can trigger an inflammatory response and lead to neurologic dysfunction [22].
There may also be neurological manifestations of graft-versus-host disease, where donor
immune cells attack the recipient’s tissues. Lastly, immunosuppressive agents can alter
immune responses and potentially trigger autoimmune neuropathies [23]. Notably, most
reported cases occur after autologous rather than allogeneic transplants [17], though the
precise incidence of NA in this population remains unknown.

The diagnosis of NA remains clinical at its core and is based on a thorough history
and neuromuscular physical examination. Electrodiagnostic studies (EDX) may serve as a
complementary tool in confirming the diagnosis, although it should be noted that testing is
optimally performed no earlier than four weeks after the onset of the injury in question
to allow for the detection of denervation changes [24]. Typical EDX findings include
denervation and/or reinnervation, prolonged motor latency, and decreased sensory nerve
action potential and compound motor action potential amplitudes in the setting of normal
sensory conduction velocity [25,26]. Magnetic resonance imaging (MRI) may also offer
diagnostic value. The MRI of the brachial plexus may be obtained in addition to an MRI of
the cervical spine if a nerve root disorder is being considered or an MRI of the shoulder if
intra-articular pathology is on the differential. Magnetic resonance neurography (MRN)
and more recently ultrasonography may provide additional insight with the presence of
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hourglass-like constrictions of nerves and/or nerve fascicles [27-29]. Notably, there are no
known laboratory findings to support the diagnosis of NA.

There is currently no established standard of care for the management of NA. A
systematic Cochrane review of the existing literature on conservative management for
NA concluded that there is no evidence from randomized controlled trials supporting the
efficacy of any specific treatment modality [30]. In clinical practice, management is typically
supportive and multimodal. Common interventions include analgesic therapies for pain
control, particularly in the initial painful phase. Anecdotally, high-dose steroids have been
proposed as initial management with some evidence to support decreased duration of
acute pain [31]. Other medications such as acetaminophen and gabapentinoids may also be
explored. Pain management is crucial to allow for timely rehabilitation. Similarly, there is
no consensus on specific therapeutic interventions for NA; however, it is generally accepted
that rehabilitation should prioritize shoulder-focused therapy, including range of motion
exercises to prevent joint stiffness and contracture, scapular stabilization, functional motor
control, and progressive strengthening [31]. Precautions, especially specific to this patient
population such as thrombocytopenia, should be taken into account.

In light of the limited literature on NA following HSCT, the aim of this study was
to describe the clinical characteristics, temporal course, and outcomes of patients who
underwent HSCT and were subsequently diagnosed with neuralgic amyotrophy. In partic-
ular, the study sought to explore the demographic and clinical features of this population,
examine the timing and progression of neurological symptoms following HSCT, and assess
both short- and long-term outcomes associated with NA in this context.

2. Materials and Methods
2.1. Study Design and Sample Population

This single-center retrospective case series was conducted to describe the characteris-
tics, the clinical course, and the outcomes of patients admitted to Memorial Sloan Kettering
Cancer Center for allogeneic or autologous HSCT who were subsequently diagnosed with
neurologic amyotrophy (NA). The study was approved by the Institutional Review Board
(IRB) at our institution and conducted in accordance with ethical guidelines and regulations
governing retrospective chart reviews. The requirement for informed consent was waived
due to the retrospective nature of the study and the use of de-identified data.

Patients were eligible for inclusion in this retrospective case series if they met both of
the following criteria:

1.  Underwent autologous or allogeneic hematopoietic cell transplantation at the study
institution between August 2020 and July 2022;

2. Developed acute-onset shoulder pain followed by weakness consistent with a clinical
diagnosis of neuralgic amyotrophy, as determined by physical examination.

Patients were excluded if they met either of the following criteria:

1.  Had alternative neurologic diagnoses explaining their symptoms (e.g., cervical radicu-
lopathy, central nervous system pathology, or mechanical injury);

2. Lacked sufficient clinical documentation to support a diagnosis of NA based on
history, examination, and follow-up data.

2.2. Data Collection

The medical records of nine adult patients (N = 9) who were admitted for HSCT
between August 2020 and July 2022 and subsequently presented with acute-onset unilateral
or bilateral shoulder pain accompanied by neurologic symptoms were identified and
retrospectively reviewed. Patients were initially identified by the inpatient transplant
team, after which an inpatient consultation was requested with the Physical Medicine and
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Rehabilitation (PM&R) Service for further evaluation and management. The diagnosis of
post-HSCT neurologic amyotrophy was established primarily through clinical presentation,
with further confirmation obtained from a detailed physical examination and corroborative
findings from radiographic imaging and/or electrodiagnostic studies. This comprehensive,
multidisciplinary approach ensured a robust and well-supported diagnosis, integrating
clinical findings with objective diagnostic evidence.

Key data elements were systematically extracted and analyzed, including patient
demographics (age, gender, and oncologic diagnosis) and HSCT details (type and date of
HSCT, intensity and types of conditioning regimens, GvHD prophylaxis (where applicable),
and engraftment status).

Additionally, clinical characteristics of symptoms of NA were thoroughly documented,
including onset, duration and location of pain onset, distribution of neurological deficits,
and long-term outcomes. Relevant imaging studies, particularly MRI of the brachial plexus
and/or shoulder, as well as available EDX studies, were reviewed. These studies were
evaluated by a board-certified radiologist and board-certified electromyographer to ensure
accurate interpretation and confirmation of clinical findings.

Due to the retrospective nature of this study, some clinical variables were not available
for all patients. Missing data were not imputed. Analyses were conducted using available
case data. When relevant, we noted the absence of data in the results and interpreted the
findings accordingly.

2.3. Statistical Analysis

Descriptive statistics, including medians and frequencies, were used to summarize the
collected data. Due to the limited sample size of this retrospective review, statistical analy-
ses, including confidence intervals, p-values, and trend comparisons, were not performed,
and thus no formal inferential statistics could be applied. As a result, no conclusions
regarding potential associations, such as the correlation between early onset and worse
outcomes, can be drawn from these data.

3. Results
3.1. Demographics

Between August 2020 and July 2022, a total of nine patients (44% male, median age
60 years) were diagnosed with NA following HSCT. This study cohort included both
autologous and allogeneic HSCT. Specifically, four patients underwent autologous HSCT:
two for multiple myeloma, one for non-Hodgkin lymphoma, and one for a germ cell
tumor. The remaining five patients received allogeneic HSCT, with indications including
myelodysplastic syndrome (n = 3) and acute myelogenous leukemia (n = 2).

The demographic and oncologic characteristics of our study cohort, as well as details of
the HSCT procedure, are summarized in Table 1. Table 2 further expands on the treatment
regimens received by each individual patient, including specific details of conditioning
protocols and engraftment status.

Table 1. Patient demographics.

N 9
Age—median (range) 60 (30-73)
Sex (male) N (%) 444

Race N (%) White, non-Hispanic 9 (100)




Cancers 2025, 17, 1816 60f 13
Table 1. Cont.
AML 2 (22)
GCT 1(11)
Malignancy N (%) MDS 3(33)
MM 2 (22)
NHL 1(11)
Allo PBSC 5(55)
Stem Cell Source (%)
Auto PBSC 4 (44)
Conditioning Regimen N (%)
ALLO:
Busulfan
Fludarabine 1(11)
Melphalan
Carboplatin
Etoposide 1@y
Cyclophosphamide
Fludarabine
Thio-TEPA 1 (1)
TBI
Fludarabine
Melphalan 333
AUTO:
Carmustine
Cytarabine
. 1(11
Etoposide (1)
Melphalan
Melphalan 2 (22)
Table 2. Treatment profile of individual transplant recipients.
. Stem Cell Conditioning . GvHD Engraftment
Case Disease Source Status Regimen Intensity Prophylaxis Status
1 MM Auto PBSC st partial Melphalan Ablative - Engrafted
response
2 MM Auto PBSC Stable Melphalan Ablative - Engrafted
Carmustine/
3 NHL Auto PBSC 1st remission Cytarablne/ Ablative - Engrafted
Etoposide/
Melphalan
Busulfan/
4 MDS Allo PBSC RAEB-1 Fludarabine/ Ablative - Engrafted
Melphalan
Cyclophosphamide/
5 AML Allopesc  MRDDes st Fludarabine/ peduced Xf}g“’rﬁfﬁf Engrafted
Thio-TEPA /TBI enstty croumus
6 GCT Auto PBSC Relapse Carboplgtin/ Ablative - Engrafted
Etoposide
Fludarabine/ Reduced Methotrexate
7 MDS Allo PBSC RAEB-2 Melphalan Intensity x4/ Tacrolimus Engrafted
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Case Disease Stem Cell Status Condl'tlonmg Intensity GvHD ) Engraftment
Source Regimen Prophylaxis Status
MRD neg 1st Fludarabine/ Reduced Methotrexate
8 AML Allo PBSC CR Melphalan Intensity x4/ Tacrolimus Engrafted
. Cyclophosphamide/
9 MDS Allo PBSC RAEB-1 Fludarabine/ Reducg d Mycophenolate Engrafted
Melphalan Intensity - .
Mofetil/ Tacrolimus
MM (multiple myeloma); NHL (non-Hodgkin lymphoma); MDS (myelodysplastic syndrome); AML (acute
myeloid leukemia); GCT (giant cell tumor); PBSC (peripheral blood stem cell) TBI (total body irradiation); MRD
(minimal residual disease); RAEB (refractory anemia with excessive blasts).
3.2. Diagnosis and Clinical Presentation
In our cohort, the majority (67%) of the patients developed symptoms of NA within
10 days following HSCT, with a median onset of 9 days and a range spanning from 1 to
21 days. In terms of symptom localization, the majority of patients experienced unilateral
symptoms, with the right shoulder being more frequently affected (right shoulder—55%,
left shoulder—22%) and a smaller subset (33%) of patients presenting with bilateral shoul-
der involvement. Neurologic weakness in the shoulder(s) emerged on average 5.1 days
after the onset of pain, with a range of 1 to 15 days. It is worth noting that the majority of the
patients (n = 6) experienced neurologic weakness within 3 days of pain onset. Furthermore,
sensory deficits were present in all but one patient. Shoulder pain resolved after a median
of 23 days, with a range of 8 to 40 days.
Table 3a details the individual clinical characteristics of our patients, while Table 3b
provides a summary of the cohort.
Table 3. (a): Clinical characteristics of individual transplant recipients; (b): summary of
clinical characteristics.
(€)]
Pain Weakness
Onset Sensory Lo EMG
Case from Distributi Duration Onset.from o Symptoms MRI Findings Findings Outcome
istribution Pain Distribution
HSCT (Days) (Days)
(Days) y
. . . Partial
1 21 Right shoulder 23 7 Unilateral + E A E.C in teres Axdllary Recovery at
Shoulder minor Neuropathy 24 months
. Unilateral . Complete
2 9 ng?t shoulder, 9 3 shoulder, + Unremarkable Axillary Recovery at 7
orearm neuropathy
elbow months
Complete
. . Upper trunk Recovery at
3 10 Right shoulder 27 15 Unilateral + E, EC in supra brachial 13 months,
shoulder and infraspinatus .
plexopathy patient
deceased *
. . Partial
4 20 Lefft shoulder, 29 8 Ul'ru:?t:raij + 1 Postilble /oE Normal recovery at
orearm WIS an plexopathy w/o 26 months
S E, EC. int Bilateral Partial
Bilateral Bilateral, upraspinatus, diffuse artia
5 1 32 1 . + Infraspinatus, . Recovery at
Shoulder Diffuse T . brachial
eres Minor, lexopath 12 months
Deltoid plexopaty
Bilateral Minimal
. . brachial Recovery at
Bilateral Bilateral
6 19 Shoulder 40 1 shoulder + N/A plexopa_thy, 10 m(_)nths,
posterior patient

cord deceased *
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(a)
Pain Weakness
Onset Sensory Lo EMG
Case from o Duration Onset.from o Symptoms MRI Findings Findings Outcome
Distribution Pain Distribution
HSCT (Days) (Days)
(Days) y
. Partial
7 5 Lefft Shoulder, 21 2 lé}r:llaﬁrarl - Unremarkable N/A Recovery at 7
orearm oulde months
Minimal
. . E,A,ECin Recovery at3
8 2 gﬁlatirlalr 8 3 lilatlecrlai + Supraspinatus N/A months,
oude shouide and Infraspinatus Patient
deceased **
Unilateral Complete
9 6 Right shoulder 11 6 shoulder, E, EC—serratus N/A recovery at2
ant, intercostals
forearm months
(b)
Pain Onset (Median, Days) 9 (1-21)
Pain distribution
Unilateral, N (%) 6(66:6)
Weakness onset
avg (Days) 5(1-15)
Pain resolution (median, Days) 23 (8-40)
SensorI{T s(}(;il;ptoms 7(77.7)
Positive Il\}/[(g)findings *6 (75)
Positive I]E]I\(/IO/?) findings 5 (86)
Recovery 3(33.3)

Complete at <2 years, N (%)

(a): E = edema, A = atrophy, EC = contrast enhancement, N/A = not available (not completed). * Cause of death
due to progression of oncologic disease. ** Cause of death due to GvHD. (b): * Total 8 MRIs performed. ** Total
6 EMGs performed.

3.3. Diagnostic Findings

MRI of the shoulder and/or brachial plexus was conducted for all patients as part of
the diagnostic workup. A total of four patients underwent imaging of both the shoulder
and brachial plexus, while three patients had brachial plexus imaging only. Two patients
had an MRI of the symptomatic shoulder only. The purpose of this imaging was to confirm
the clinical diagnosis of NA and to rule out other potential diagnoses, such as rotator
cuff pathology.

The MRI findings revealed periscapular muscle edema, atrophy, and /or enhancement
in five of the patients, which are suggestive of neurogenic involvement and support the
diagnosis of NA. One additional patient exhibited asymmetric prominence and enhance-
ment of the left brachial plexus, though no muscle changes were observed in this case. It
is worth noting that in this patient, only brachial plexus imaging was performed, which
may account for the lack of visualizable muscle abnormalities. Muscle signal abnormalities,
which are suggestive of neurogenic processes, were observed across multiple muscles,
including the supraspinatus, infraspinatus, deltoid, teres minor, serratus anterior, and
intercostals (Figure 1A,B).

In addition to MRI, electrodiagnostic studies (EDX) were performed on six patients,
five of whom demonstrated findings consistent with NA. Two of these patients exhibited
axillary neuropathies, one had upper trunk plexopathy, one showed bilateral posterior cord
plexopathy, and one presented with diffuse bilateral brachial plexopathy.
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(A) (B)

Figure 1. (A) MRI T2FS—arrows indicate deltoid and teres minor intramuscular edema (consistent
with axillary neuropathy); (B) MRI T1FS—arrow indicates post-infraspinatus enhancement (consistent
with upper trunk brachial plexopathy).

3.4. Treatment and Long-Term Outcomes

There was no established, standardized treatment protocol for NA within the patient
population of this study. The management of NA was therefore individualized, with the
primary focus on ensuring adequate analgesic control and facilitating optimal rehabilitative
care. Pain management strategies aimed to alleviate the acute, severe discomfort associated
with the initial painful phase of NA. Rehabilitative care was a crucial component of the
management strategy. PM&R physicians were consulted and played an integral role in
not only diagnosing NA but also developing rehabilitation plans tailored to each patient’s
specific functional deficits. The goal of rehabilitation was to minimize pain, preserve
muscle function, prevent contractures, and improve overall mobility and strength. Skilled
therapists, including physical and occupational therapy, were involved in all patients to
ensure follow-through with the rehabilitation plan of care.

Outcomes were notably variable, reflecting the unpredictable nature of the disease.
One-third of patients achieved complete or nearly complete neurologic recovery within
2 to 12 months. For the remaining patients, recovery was incomplete and more gradual.
Four patients experienced partial neurological recovery, with improvements noted within a
range of 7 to 24 months. One patient, unfortunately, passed away at 3 months post-onset of
NA without demonstrating any neurological recovery. The last patient in the cohort did not
exhibit significant neurological improvement at 10 months post-NA onset, at which point
he transferred care to a local facility. This patient ultimately succumbed to his oncologic
disease 10 months later.

4. Discussion

This case series contributes valuable insights to the limited body of literature describ-
ing NA in an immediate post-HSCT setting. Despite being a unique and underexplored
patient population, our findings underscore the importance of actively investigating the
hypothesis that NA in this setting may be, at least in part, driven by immune-mediated and
inflammatory mechanisms. This aligns with broader pathophysiologic theories regarding
idiopathic NA and raises the possibility that transplant-related immune dysregulation,
including subclinical manifestations of graft-versus-host disease, infection-triggered im-
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mune responses, or the effects of immunosuppressive therapies, may serve as inciting or
amplifying factors in susceptible individuals.

Although the true incidence of NA following HSCT remains unknown, our identifica-
tion of 9 cases among 841 stem cell transplants (including both allogeneic and autologous)
performed over a two-year period suggests a rate higher than that observed in the general
population, where annual incidence is estimated at 1-3 cases per 100,000 individuals. This
discrepancy highlights a potentially underappreciated burden of disease in post-HSCT
patients. Nevertheless, we believe our findings still likely underrepresent the true preva-
lence of NA in this population. Several factors that may contribute to this underestimation
include the medical team’s focus on pain management without considering the diagnosis
of NA, the early discharge of patients during the post-HSCT phase, and the underreporting
of pain or neurologic symptoms by patients.

Raising awareness within the transplant community will facilitate earlier diagnosis,
prompt and appropriate intervention, and improved understanding of NA. The clinical
presentation of NA in our cohort followed a classic pattern, characterized by acute, severe
pain followed by neurologic weakness as early as within 24 h of onset of pain. This hallmark
presentation strongly supports the diagnosis of NA, particularly when corroborated by
imaging and EDX studies. Notably, three patients in our cohort had nondiagnostic imaging
results; however, EDX confirmed NA in two of these cases, underscoring the diagnostic
value of these types of studies. In one case, the diagnosis was made clinically due to the
absence of EDX testing.

Despite the insights provided by our study, there are important limitations to consider.
The small sample size and retrospective nature of the analysis limit the generalizability of
our findings. Diagnostic evaluations were not standardized across patients and were often
performed based on clinician judgment rather than a predefined protocol for NA detection.
Furthermore, MRI was not uniformly protocoled to detect hourglass-like constrictions, a
recognized MRN feature of NA. Similarly, EDX testing was limited due to clinical con-
traindications such as thrombocytopenia and, ultimately, patient willingness to undergo
this uncomfortable testing in the inpatient setting while already in pain.

Efforts to diagnose NA at earlier stages aim to enable timely intervention and poten-
tially alter the disease’s natural progression. However, these proposed interventions include
high-dose steroids and intravenous immunoglobulin (IVIG) treatments, which might not
be appropriate for our patient population due to associated risks [32]. Further studies are
needed to evaluate the safety and efficacy of these treatments in the post-HSCT context.

Given that a considerable proportion of patients with NA experience prolonged or
incomplete recovery, long-term follow-up is essential. In our cohort, neurological recovery
ranged from full resolution to persistent deficits, with variable trajectories over months.
This heterogeneity underscores the need for continued monitoring and personalized re-
habilitation strategies. When medically appropriate, neurosurgical consultations should
be considered in cases where fascicular constrictions are visualized. Surgical neurolysis,
including targeted fascicular release, may lead to subsequent recovery of the involved
nerve(s) [11]. Anecdotal evidence suggests that neurolysis may confer functional recovery
months or even years after symptoms onset, provided serial EDX testing demonstrates
ongoing muscle excitability. For patients with persistent motor deficits and limited recovery
despite conservative management, advanced surgical interventions such as nerve transfer
procedures may offer additional benefits.

5. Conclusions

To summarize, our work aims to fill a critical gap in the current understanding of NA in
the setting of HSCT, a patient population in which this condition is likely under-recognized
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and underreported. By characterizing the clinical features, diagnostic findings, and recovery
trajectories, our work lays an initial foundation for enhancing both diagnostic vigilance
and clinical management in this patient population. Given the possibly overlapping
symptomatology of NA with other pain clinical pictures, maintaining a high index of
suspicion for NA is essential. Acute, severe shoulder pain with subsequent motor weakness
should prompt timely neurologic evaluation and consideration of NA in the differential
diagnosis. Delays in recognition may lead to prolonged functional impairment, missed
opportunities for early intervention, and possibly increased patient morbidity.

In light of the hypothesized immune-mediated and inflammatory mechanisms poten-
tially contributing to NA in the HSCT setting, early identification is not only important for
symptom management but may also influence future therapeutic strategies. While there is
currently no standardized treatment protocol, prompt diagnosis allows for the initiation of
pain management, patient education, and rehabilitation.

To improve diagnostic accuracy and clinical outcomes, we propose several key recom-
mendations. First, increased awareness and education among clinicians are needed to better
recognize the hallmark features of NA. Second, the use of targeted diagnostic protocols,
including MRI and EDX, should be encouraged when appropriate and clinical suspicion
arises. Finally, comprehensive long-term follow-up is essential to monitor neurological
recovery, adapt rehabilitation strategies, and identify candidates who may benefit from
advanced interventions such as surgical neurolysis or nerve transfer procedures. Standard-
izing follow-up protocols for patients diagnosed with NA post-HSCT will help build a
clearer understanding of recovery patterns and inform future prospective studies.

Author Contributions: FK., C.D., KI. and G.L.S. designed the project; collected, analyzed, and
interpreted the data; and drafted the manuscript. S.H. and I.G. collected and interpreted data and
revised the manuscript. D.RE, B.G,, S.A.G, I.P, DM.P, M.S,, G.S. and CM.C. interpreted the
data and revised the manuscript. All authors have read and agreed to the published version of
the manuscript.

Funding: DF reports research funding from Exelixis, Decibel, and Telix; a consulting or advisory
role with BioNTech and Telix; honoraria from PER; patent, royalties, or other intellectual property
with UpToDate, Inc. BG received research funding from Actinium Pharmaceuticals paid to the
institution. SAG received personal fees and grants from Kite, BMS, and Johnson & Johnson during
the conduct of the study and personal fees and grants from Amgen and Actinium, personal fees
from Omeros and Jazz, and grants from Sanofi IP has received research funding from Merck and
serves as a member on a data and safety monitoring board for ExCellThera. DMP has served as
an advisory board member for Evive Biotechnology (Shanghai) Ltd. (formerly Generon [Shanghai]
Corporation Ltd.); she served as an advisory board member of or consultant to Sanofi, CareDx,
Ceramedix, and Incyte; and she receives research funding from Takeda, Sanofi, and Incyte. MS
reported receiving personal fees from Kite and Miltenyi Biotec during the conduct of the study;
research funding to the institution and personal fees from Omeros Corporation and i3Health; research
funding to the institution and grants from BMS, Sanofi, and Amgen Inc.; and personal fees from
McKinsey & Company, Angiocrine Bioscience Inc., Medscape, CancerNetwork, Intellisphere LLC,
Curio Science LLC, and IDEOlogy. GLS has research funding to the institution from Janssen, Amgen,
BMS, Beyond Spring, GPCR, and Recordati, and is on the DSMB for ArcellX. The remaining authors
declare no competing financial interests.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Patient consent was waived due to the retrospective nature of the study
and minimal risk to participants, as determined by the institutional review board (IRB). All data were
de-identified prior to analysis. The study received IRB approval with a waiver of informed consent.

Data Availability Statement: The data that support the findings of this retrospective case series
are not publicly available due to institutional privacy policies and patient confidentiality concerns.



Cancers 2025, 17,1816 12 of 13

De-identified data may be made available from the corresponding author upon reasonable request
and with appropriate institutional review board (IRB) approval.

Conflicts of Interest: All conflicts are unrelated to the submitted work.

References

1.  Feinberg, ].H.; Radecki, J. Parsonage-Turner Syndrome. HSS J. 2010, 6, 199-205. [CrossRef] [PubMed]

2. Van Alfen, N.; Van Eijk, J.].].; Ennik, T.; Flynn, S.0.; Nobacht, LE.G.; Groothuis, ].T; Pillen, S.; van de Laar, EA. Incidence of neuralgic
amyotrophy (parsonage turner syndrome) in a primary care setting—A prospective cohort study. PLoS ONE 2015, 10, e0128361.
[CrossRef] [PubMed]

3.  Parsonage, M.].; Aldren Turner, ].W. Neuralgic Amyotrophy the Shoulder-Girdle Syndrome. Lancet 1948, 251, 973-978. [CrossRef]

4 Beghi, E.; Kurland, L.T.; Mulder, D.W.; Nicolosi, A. Brachial plexus neuropathy in the population of Rochester, Minnesota,
1970-1981. Ann. Neurol. 1985, 18, 320-323. [CrossRef] [PubMed]

5. MacDonald, B.K.; Cockerell, O.C.; Sander, ].W.A.S.; Shorvon, S.D. The incidence and lifetime prevalence of neurological disorders
in a prospective community-based study in the UK. Brain 2000, 123, 665-676. [CrossRef]

6. Van Alfen, N.; Van Engelen, B.G.M. The clinical spectrum of neuralgic amyotrophy in 246 cases. Brain 2006, 129, 438-450.
[CrossRef]

7. Seror, P. Neuralgic amyotrophy. An update. Jt. Bone Spine 2017, 84, 153-158. [CrossRef]

8. Tsairis, P.; Dyck, PJ.; Mulder, D.W. Natural History of Brachial Plexus Neuropathy: Report on 99 Patients. Arch. Neurol. 1972, 27,
109-117. [CrossRef]

9. van Alfen, N.; van der Werf, S.P; van Engelen, B.G. Long-Term Pain, Fatigue, and Impairment in Neuralgic Amyotrophy.
Arch. Phys. Med. Rehabil. 2009, 90, 435-439. [CrossRef]

10. Cup, E.H,; Ijspeert, J.; Janssen, R.].; Bussemaker-Beumer, C.; Jacobs, J.; Pieterse, A J.; van der Linde, H.; van Alfen, N. Residual
complaints after neuralgic amyotrophy. Arch. Phys. Med. Rehabil. 2013, 94, 67-73. [CrossRef]

11.  Gstoettner, C.; Mayer, J.A.; Rassam, S.; Hruby, L.A.; Salminger, S.; Sturma, A.; Aman, M.; Harhaus, L.; Platzgummer, H.; Aszmann,
O.C. Neuralgic amyotrophy: A paradigm shift in diagnosis and treatment. J. Neurol. Neurosurg. Psychiatry 2020, 91, 879-888.
[CrossRef] [PubMed]

12. Balaguer-Rosello, A.; Bataller, L.; Pifiana, J.L.; Montoro, J.; Lorenzo, L; Villalba, A.; Freiria, C.; Santiago, M.; Sevilla, T.; Muelas, N.;
et al. Noninfectious Neurologic Complications after Allogeneic Hematopoietic Stem Cell Transplantation. Biol. Blood Marrow
Transplant. 2019, 25, 1818-1824. [CrossRef] [PubMed]

13. Dowling, M.R;; Li, S.; Dey, B.R.; McAfee, S.L.; Hock, H.R,; Spitzer, T.R.; Chen, Y.-B.; Ballen, K.K. Neurologic complications after
allogeneic hematopoietic stem cell transplantation: Risk factors and impact. Bone Marrow Transplant. 2018, 53, 199-206. [CrossRef]

14. Koeppen, S.; Thirugnanasambanthan, A.; Koldehoff, M. Neuromuscular complications after hematopoietic stem cell transplanta-
tion. Support. Care Cancer 2014, 22, 2337-2341. [CrossRef]

15. Ruzhansky, K.M.; Brannagan, T.H. Neuromuscular complications of hematopoietic stem cell transplantation. Muscle Nerve 2015,
52,480-487. [CrossRef]

16. Gavriilaki, M.; Mainou, M.; Gavriilaki, E.; Haidich, A.; Papagiannopoulos, S.; Sakellari, I.; Anagnostopoulos, A.; Kimiskidis,
V. Neurologic complications after allogeneic transplantation: A meta-analysis. Ann. Clin. Transl. Neurol. 2019, 6, 2037-2047.
[CrossRef]

17.  Xiao, Z.; Acuna-Villaorduna, A.; Mantzaris, I. Brachial plexopathy following autologous hematopoietic stem cell transplant: An
unrecognized complication of autologous transplantation. Leuk. Lymphoma 2020, 61, 243-245. [CrossRef]

18.  Nguyen, V.P; Brauneis, D.; Kaku, M.; Sloan, ].M.; Sarosiek, S.; Quillen, K.; Shelton, A.C.; Sanchorawala, V. Neuralgic amyotrophy
following high-dose melphalan and autologous peripheral blood stem cell transplantation for AL amyloidosis. Bone Marrow
Transplant. 2018, 53, 371-373. [CrossRef]

19. Parrish, C.; Ming, A.; Patmore, R.; Shields, M.; Allsup, D. Brachial plexopathy following high-dose melphalan and autologous
peripheral blood stem cell transplantation. Bone Marrow Transplant. 2010, 45, 951-952. [CrossRef]

20. Zakaria, J.; Prabhu, V.C. Brachial Plexitis After Stem Cell Transplant. World Neurosurg. 2020, 136, 74-76. [CrossRef]

21. Karam, C.; Mauermann, M.L.; Johnston, P.B.; Lahoria, R.; Engelstad, ].N.K.; Dyck, PJ.B. Inmune-mediated neuropathies following
stem cell transplantation. . Neurol. Neurosurg. Psychiatry 2014, 85, 638—642. [CrossRef]

22. Vinnakota, ].M.; Zeiser, R. Acute Graft-Versus-Host Disease, Infections, Vascular Events and Drug Toxicities Affecting the Central
Nervous System. Front. Immunol. 2021, 12, 748019. [CrossRef] [PubMed]

23. Michniacki, T.F; Choi, S.W.; Peltier, D.C. Immune Suppression in Allogeneic Hematopoietic Stem Cell Transplantation.
Handb. Exp. Pharmacol. 2022, 272, 209-243. [CrossRef]

24. O’Shea, K,; Feinberg, ]. H.; Wolfe, S.W. Imaging and electrodiagnostic work-up of acute adult brachial plexus injuries. J. Hand

Surg. Eur. Vol. 2011, 36, 747-759. [CrossRef]


https://doi.org/10.1007/s11420-010-9176-x
https://www.ncbi.nlm.nih.gov/pubmed/21886536
https://doi.org/10.1371/journal.pone.0128361
https://www.ncbi.nlm.nih.gov/pubmed/26016482
https://doi.org/10.1016/S0140-6736(48)90611-4
https://doi.org/10.1002/ana.410180308
https://www.ncbi.nlm.nih.gov/pubmed/2996415
https://doi.org/10.1093/brain/123.4.665
https://doi.org/10.1093/brain/awh722
https://doi.org/10.1016/j.jbspin.2016.03.005
https://doi.org/10.1001/archneur.1972.00490140013004
https://doi.org/10.1016/j.apmr.2008.08.216
https://doi.org/10.1016/j.apmr.2012.07.014
https://doi.org/10.1136/jnnp-2020-323164
https://www.ncbi.nlm.nih.gov/pubmed/32487526
https://doi.org/10.1016/j.bbmt.2019.05.024
https://www.ncbi.nlm.nih.gov/pubmed/31132454
https://doi.org/10.1038/bmt.2017.239
https://doi.org/10.1007/s00520-014-2225-0
https://doi.org/10.1002/mus.24724
https://doi.org/10.1002/acn3.50909
https://doi.org/10.1080/10428194.2019.1654094
https://doi.org/10.1038/s41409-017-0048-6
https://doi.org/10.1038/bmt.2009.243
https://doi.org/10.1016/j.wneu.2019.12.169
https://doi.org/10.1136/jnnp-2013-306657
https://doi.org/10.3389/fimmu.2021.748019
https://www.ncbi.nlm.nih.gov/pubmed/34691059
https://doi.org/10.1007/164_2021_544
https://doi.org/10.1177/1753193411422313

Cancers 2025, 17, 1816 13 of 13

25.

26.

27.

28.

29.

30.

31.

32.

Duan, L.; Zhao, L.; Liu, Y;; Zhang, Y.; Zheng, W.; Yu, X.; Liu, H,; Li, Z.; Peng, Z.; Li, X. Neuralgic amyotrophy: Sensitivity
and specificity of magnetic resonance neurography in diagnosis: A retrospective study. Medicine 2023, 102, E35527. [CrossRef]
[PubMed]

Van Eijk, ].].J.; Groothuis, ].T.; Van Alfen, N. Neuralgic amyotrophy: An update on diagnosis, pathophysiology, and treatment.
Muscle Nerve 2016, 53, 337-350. [CrossRef]

Sneag, D.B.; Urban, C.; Li, T.Y.; Colucci, P.G.; Pedrick, E.G.; Nimura, C.A.; Feinberg, ].H.; Milani, C.J.; Tan, E.T. Hourglass-like
constrictions on MRI are common in electromyography-confirmed cases of neuralgic amyotrophy (Parsonage-Turner syndrome):
A tertiary referral center experience. Muscle Nerve 2024, 70, 42-51. [CrossRef]

Brun-Vergara, M.L.; Reda, A.; Puac-Polanco, P.; Zakhari, N.; Shah, V.; Torres, C.H. MR Imaging of the Brachial Plexus: A Practical
Review. Magn. Reson. Imaging Clin. 2025, 33, 331-350. [CrossRef]

Aranyi, Z.; Csillik, A.; Dévay, K.; Rosero, M.; Barsi, P.; Bohm, J.; Schelle, T. Ultrasonographic identification of nerve pathology in
neuralgic amyotrophy: Enlargement, constriction, fascicular entwinement, and torsion. Muscle Nerve 2015, 52, 503-511. [CrossRef]
Van Alfen, N.; Van Engelen, B.G.M.; Hughes, R.A.C. Treatment for idiopathic and hereditary neuralgic amyotrophy (brachial
neuritis). Cochrane Database Syst. Rev. 2009, 2009, CD006976. [CrossRef]

Meiling, J.B.; Boon, A.J.; Niu, Z.; Howe, B.M.; Hoskote, S.S.; Spinner, R.J.; Klein, C.J. Parsonage-Turner Syndrome and Hereditary
Brachial Plexus Neuropathy. Mayo Clin. Proc. 2024, 99, 124-140. [CrossRef] [PubMed]

Sedlacek, C.M.; Leone, M.; Foster, A.D.; Hinkelman, A. Off-label use of intravenous immunoglobulin with methylprednisolone to
treat parsonage-turner syndrome in a United States marine. Case Rep. Med. 2021, 2021, 663755. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1097/MD.0000000000035527
https://www.ncbi.nlm.nih.gov/pubmed/37904460
https://doi.org/10.1002/mus.25008
https://doi.org/10.1002/mus.27961
https://doi.org/10.1016/j.mric.2025.01.008
https://doi.org/10.1002/mus.24615
https://doi.org/10.1002/14651858.CD006976.pub2
https://doi.org/10.1016/j.mayocp.2023.06.011
https://www.ncbi.nlm.nih.gov/pubmed/38176820
https://doi.org/10.1155/2021/6663755

	Introduction 
	Materials and Methods 
	Study Design and Sample Population 
	Data Collection 
	Statistical Analysis 

	Results 
	Demographics 
	Diagnosis and Clinical Presentation 
	Diagnostic Findings 
	Treatment and Long-Term Outcomes 

	Discussion 
	Conclusions 
	References

