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_ . ticularly with the advent of ciltacabtagene autoleucel (cilta-cel). As
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201W, Center Street, Rochester, MN 55905 its clinical use expands, novel and delayed toxicities are increasingly

recognized. We report the first documented case of bilateral phrenic
nerve palsy following cilta-cel infusion, presenting with acute dyspnea
and profound orthopnea. Diagnostic evaluation was challenged by
© 2026 BroadcasiMed LLC the patient’s inability to tolerate the supine position, delaying defini-
tive imaging. Ultimately, diaphragmatic ultrasound and phrenic nerve
conduction studies confirmed isolated bilateral phrenic neuropathy
without evidence of myopathy or cervical radiculopathy. The patient
was treated with intravenous immunoglobulin (IVIG), high-dose cor-
ticosteroids, and prolonged bilevel positive airway pressure (BiPAP)
support. Despite this neurologic complication, he achieved minimal
residual disease (MRD)-negative complete remission. This case high-
lights an emerging neurotoxicity of cilta-cel, underscores the impor-
tance of early recognition of diaphragmatic dysfunction, and outlines
diagnostic and management considerations for advanced practice
providers (APPs).
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CASE STUDY

A 70-year-old man with high-risk 1gG k¥ multiple myeloma underwent

treatment with ciltacabtagene autoleucel (cilta-cel) after progressing

through multiple lines of therapy. On day +8 post-infusion, he devel-

oped sudden dyspnea, tachypnea, and severe orthopnea. Evaluation was
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limited due to intolerance of supine positioning.
Diaphragmatic ultrasound on day +11 suggest-
ed bilateral hemidiaphragm dysfunction, and
subsequent phrenic nerve conduction studies
confirmed isolated bilateral phrenic nerve pal-
sy. He required nocturnal and positional bilevel
positive airway pressure (BiPAP), intravenous
immunoglobulin (IVIG), and high-dose cortico-
steroids. On day +30, he was in MRD-negative
complete remission, but diaphragmatic weak-
ness persisted. This is the first reported case of
bilateral phrenic nerve palsy following cilta-cel.

Patient Presentation

The patient’s past medical history included
benign prostatic hyperplasia, hypothyroidism,
vitamin B deficiency, obstructive sleep apnesa,
and a history of colon polyps. Notably, during
his chimeric antigen receptor (CAR) T-cell eval-
uation, he was also diagnosed with cholangio-
carcinoma in March 2024, which added medical
complexity and influenced treatment planning.

His multiple myeloma was Revised Interna-
tional Staging System (R-ISS) stage Il and cyto-
genetically high-risk, with del(13q), t(11;14), and
del(17p). At initial presentation, his IgG level was
10,300 mg/dL, x light chains were 110.6 mg/dL,
and bone marrow biopsy revealed 80% plasma
cell involvement. PET-CT imaging demonstrat-
ed multiple lytic lesions.

He received multiple prior lines of therapy, in-
cluding five cycles of bortezomib, lenalidomide,
and dexamethasone (VRd), followed by autolo-
gous stem cell transplantation, after which he
experienced an early relapse. He subsequently
received additional VRd; carfilzomib, pomalido-
mide, and dexamethasone (KPd); venetoclax,
bortezomib, and dexamethasone; and bridging
therapy with selinexor, bortezomib, and dexa-
methasone (SVd). He then underwent standard
lymphodepletion with fludarabine and cyclo-
phosphamide, followed by infusion of cilta-cel.

Early complications included grade 1 cyto-
kine release syndrome (CRS) on days +3 and +5

Table 1. Case Study Treatments for Cytokine Release Syndrome

CRS
grade

Grade 1

Dexamethasone
dose (1V)

10 mg IV

Day post
infusion

Day 3

dose (1V)

680 mg
(8 mg/kg)

Day 5 Grade 1 10 mg IV

every 6 hours

680 mg

2 doses

Day 6 Grade 1 10 mg IV

every 6 hours

Day 7 Grade 1 10 mg IV

every 6 hours

Day 8 Grade O 10 mg IV

every 12 hours

Day 9 Grade O

Tocilizumab

(8 mg/kg) x

Additional medications Additional workup

Blood cultures,
respiratory pathogen
panel, urine culture,
urinalysis, chest X-ray

Acetaminophen
1,000 mg

Cefepime 2 g
every 12 hours

Acetaminophen Cytokine panel

1,000 mg x 2 doses

Cefepime transitioned to
piperacillin-tazobactam
to avoid cefepime-
induced encephalopathy

Acetaminophen Cytokine panel

1,000 mg

Anakinra 100 mg
every 12 hours

Acetaminophen
1,000 mg

Anakinra 200 mg
every 12 hours

Siltuximab 11 mg/kg IV x
1 dose

Anakinra 200 mg
every 12 hours

Anakinra 200 mg
daily through day 12
post infusion /
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requiring tocilizumab and dexamethasone, with
initiation of anakinra for recurrent symptoms.
His CRS course and treatments implemented
are outlined in Table 1.

Workup, Diagnosis, Treatment,

and Clinical Course

On day +8, the patient developed abrupt-onset
dyspnea characterized by tachypnea and pro-
found orthopnea. He was unable to recline be-
yond 45 degrees and reported near-syncope
when attempting to lie supine. Despite signifi-
cant respiratory distress, his oxygen saturation
remained greater than 96% on 2 liters of supple-
mental oxygen via nasal cannula.

The initial diagnostic evaluation was chal-
lenging due to his inability to tolerate the su-
pine position. A CT angiogram of the chest was
limited for this reason. Transthoracic echocar-
diography demonstrated a lack of inferior vena
cava collapse, raising concern for possible fluid
overload, although chest radiography remained
clear. A trial of intravenous furosemide did not
result in clinical improvement. Arterial blood
gas analysis revealed a primary respiratory

alkalosis with appropriate metabolic compensa-
tion. Given his worsening symptoms, a rapid re-
sponse was activated, and he was transferred to
the intensive care unit for further management.

Alternative etiologies for his presentation
were evaluated and excluded. Lower extremity
Doppler ultrasonography was negative for deep
vein thrombosis. Flexible nasolaryngoscopy
demonstrated normal vocal cord mobility. Neu-
rology consultation determined that the clinical
picture was not consistent with steroid-induced
myopathy or brachial plexopathy. MRI was de-
ferred due to the patient’s inability to lie flat.

Definitive diagnostic evaluation was sub-
sequently achieved. On day +11, diaphragmatic
ultrasonography demonstrated a reduced thick-
ening ratio of both hemidiaphragms, consistent
with bilateral diaphragmatic dysfunction. CT of
the thorax and cervical spine, performed with
BiPAP support, revealed stable lytic lesions
without evidence of compression or a structural
etiology. On day +18, phrenic nerve conduc-
tion studies confirmed isolated bilateral phrenic
neuropathy, without evidence of myopathy or
cervical radiculopathy.
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Figure 1. Case study leukocyte and lymphocyte trend.
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Therapeutic interventions included ad-
ministration of intravenous immunoglobulin
at a dose of 1 g/kg for two doses, as well as
high-dose methylprednisolone followed by a
prolonged prednisone taper. A third dose of
IVIG was administered on day +64 due to per-
sistent symptoms. The patient required BiPAP
therapy during sleep and whenever supine,
and future consideration was given to place-
ment of a phrenic nerve stimulator.

ultiple myeloma remains incur-

able despite significant therapeu-

tic advances. Ciltacabtagene au-

toleucel (Carvykti; cilta-cel) is a
second-generation, BCMA-directed chimeric an-
tigen receptor (CAR) T-cell construct featuring
two single-domain antibodies, which contributes
to deep and durable responses even in heavily
pretreated patients. In the CARTITUDE-I trial,
cilta-cel demonstrated overall response rates ex-
ceeding 95% with high minimal residual disease
(MRD) negativity rates (San-Miguel et al., 2023).
However, novel toxicities—including delayed neu-
rotoxicity and cranial neuropathies—have been
increasingly recognized (San-Miguel et al., 2023).

RISK FACTORS FOR

BILATERAL PHRENIC NERVE PALSY
Emerging data from cilta-cel clinical trials pro-
vide insight into cranial nerve neurotoxicity fol-
lowing treatment. Among patients in the CAR-
TITUDE-1 and CARTITUDE-4 studies, cranial
nerve palsies occurred in 7% (19/285) of patients,
with grade > 3 events in 1% (1/285). Median time
to onset was 21 days (range: 17-101 days), and 89%
of events resolved, with a median duration of 70
days (range: 1-262 days). Specific cranial nerves
affected included the 7th (most common), as well
as III, V, and VI. Incidence varied by study: 9% in
CARTITUDE-4 (1% grade 3-4) and 3% in CAR-
TITUDE-1 (1% grade 3-4; San-Miguel et al., 2023;
Lim et al., 2025a).

Phrenic nerve palsy is rare and is most com-
monly associated with infections such as herpes
zoster, Lyme disease, and COVID-19; surgical
trauma, particularly following cardiac or thorac-
ic surgery; cervical spine pathology; autoimmune

At follow-up on day +30, bone marrow ex-
amination was morphologically normal and
minimal residual disease testing was negative.
PET-CT demonstrated a complete metabolic
response, with the exception of a stable chol-
angiocarcinoma lesion. The patient continued
to rely on BiPAP when lying flat. He later de-
veloped additional cranial neuropathies, con-
sistent with delayed neurotoxicity associated
with cilta-cel.

neuropathies including chronic inflammatory de-
myelinating polyneuropathy and Guillain-Barré
syndrome variants; neuralgic amyotrophy; toxic
neuropathies, including those related to chemo-
therapeutic agents; and critical illness polyneu-
ropathy as well as metabolic disturbances (Natra-
jan et al., 2024).

Immune-mediated neuropathies have also
been described as delayed toxicities of CAR T-
cell therapy, particularly with cilta-cel (Lim et al.,
2025a). High absolute lymphocyte counts (ALC)
emerging 1 to 2 weeks post-infusion have been as-
sociated with delayed neurotoxic syndromes (Lim
et al., 2025b). In this case, the patient had an ALC
that began to rise on day 8 after infusion, with a
peak of 8.13 x 109/L on day 12 after infusion. This
coincided with the onset of symptoms (Figure 1).

Emerging data from cilta-cel studies highlight
predictors of cranial nerve and delayed neurotox-
icities. Notable risk factors for these toxicities in-
clude high baseline tumor burden, prior history
of immune effector cell-associated neurotoxicity
syndrome (ICANS), and elevated CAR T-cell ex-
pansion, measured as absolute lymphocyte count
(ALC) > 3.0 x 10%/L (Lim et al., 2025a). Patients
with these factors demonstrate a substantially
increased risk, with 33% developing cranial neu-
ropathies compared to 5% in those without these
characteristics (Lim et al., 2025b).

Notably, no clear pretreatment patient charac-
teristics, such as age, sex, or baseline comorbidi-
ties, have been definitively linked to increased risk,
highlighting the importance of careful post-infu-
sion monitoring for all patients. These findings are
consistent with guidance from the National Com-
prehensive Cancer Network and American Soci-
ety of Clinical Oncology (Lim et al., 2025b).

Online First | Published Septermber 1, 2026 u JADPRO.com



PHRENIC NERVE PALSY AFTER CAR-T GRAND ROUNDS

PATHOPHYSIOLOGY AND

CLINICAL PRESENTATION OF
BILATERAL PHRENIC NERVE PALSY
Pathophysiology

The phrenic nerve arises from the C3 to C5 nerve
roots and provides the primary motor innervation
to the diaphragm. Bilateral involvement results in
near-complete loss of diaphragmatic excursion,
leading to significant respiratory compromise (Mc-
Cool & Tzelepis, 2012). In the setting of CAR T-
cell therapy, immune-mediated injury has been
proposed as a potential mechanism for neuropathy.
This may occur through T-cell-driven inflamma-
tion, cytokine-induced neurotoxicity, or direct neu-
roinflammatory processes.

Clinical Presentation

Patients typically present with acute or subacute
dyspnea accompanied by tachypnea. Orthopnea
is a prominent feature, often with an inability to
tolerate the supine position. Paradoxical abdomi-
nal motion may be observed on examination. Oxy-
genation is frequently preserved at rest until the
disease becomes severe. Arterial blood gas analy-
sis commonly demonstrates a respiratory alkalosis
(Law et al., 2022; McCool & Tzelepis, 2012; McEn-
ery et al., 2017; Yekzaman et al., 2022).

Diagnosis and Differential Diagnosis

In post-CAR T-cell therapy patients presenting
with dyspnea and orthopnea, a broad differential
diagnosis must be considered. This includes pulmo-
nary embolism, cardiac dysfunction or pericardial
effusion, fluid overload, steroid-induced myopathy,
myasthenia gravis, cervical radiculopathy, brachial
plexopathy, vocal cord dysfunction, chemotherapy-
induced neuropathy, and immune-mediated neu-
ropathies, including phrenic nerve involvement.

Diagnostic Workup

The diagnostic evaluation relies on a combination
of bedside and advanced studies. Diaphragmatic
ultrasound may demonstrate a reduced thickening
fraction, while fluoroscopy with a sniff test can re-
veal paradoxical diaphragmatic motion, although
this may not be feasible in all patients (Law et al.,
2022; McEnery et al., 2017). Phrenic nerve con-
duction studies typically show reduced amplitude
and delayed latency (McEnery et al., 2017). MRI of

the cervical spine is useful for excluding compres-
sive pathology (Yekzaman et al., 2022). Arterial
blood gas analysis often reveals respiratory alkalo-
sis with a normal alveolar-arterial gradient (Mc-
Cool & Tzelepis, 2012). In this case, the patient’s
inability to lie flat significantly delayed imaging,
underscoring the importance of bedside diaphrag-
matic ultrasound as an early diagnostic tool.

TREATMENT

Immunomodulatory Therapy

Management includes immunomodulatory ther-
apy, with intravenous immunoglobulin serving as
a standard treatment for immune-mediated neu-
ropathies. High-dose corticosteroids are also com-
monly used to reduce inflammation and immune-
mediated nerve injury.

Ventilatory Support

Ventilatory support is an important component of
care and may include the use of bilevel positive air-
way pressure (BiPAP) or continuous positive air-
way pressure (CPAP) to augment ventilation, par-
ticularly when the patient is in the supine position.
Air travel should be avoided during the acute phase
due to the risk of respiratory decompensation.

Rehabilitative and Long-Term Options
Rehabilitative strategies include inspiratory
muscle training to improve respiratory muscle
strength. In refractory cases, phrenic nerve pac-
ing may be considered as a long-term therapeu-
tic option.

Clinical Trial Considerations

Enrollment in clinical trials evaluating biomarkers
and management strategies for CAR T-cell-asso-
ciated neurotoxicity should be considered when
available. The patient received guideline-concor-
dant therapy for immune-mediated neuropathy
and showed partial symptomatic improvement.

IMPLICATIONS FOR

ADVANCED PRACTICE PROVIDERS
Advanced practice providers increasingly lead the
front-line management of patients receiving CAR
T-cell therapy. This case highlights the impor-
tance of early recognition of atypical respiratory
symptoms, prompt use of bedside ultrasound to
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rapidly assess diaphragmatic function when for-
mal imaging is not feasible, and close coordination
across multiple specialties, including pulmonol-
ogy, neurology, sleep medicine, and the intensive
care unit. It also underscores the need for aware-
ness of emerging CAR T-cell-associated toxicities
beyond cytokine release syndrome and ICANS,
as well as the long-term management of chronic
respiratory deficits, including ongoing ventilatory
support and monitoring for delayed neurotoxicity.
Advanced practice providers play a critical role in
surveillance, diagnosis, patient education, and co-
ordination of complex post-cellular therapy care.

CONCLUSION

This is the first reported case of bilateral phren-
ic nerve palsy following cilta-cel, representing a
novel and potentially severe neurologic toxicity.
The patient’s presentation was defined by abrupt
dyspnea, tachypnea, and profound orthopnea,
with diagnostic evaluation complicated by the in-
ability to lie supine. Bedside diaphragmatic ultra-
sound and phrenic nerve conduction studies were
essential in establishing the diagnosis. Although
the patient required prolonged BiPAP support
and immunomodulatory treatment, he achieved
MRD-negative remission.

KEY TAKEAWAYS

Sudden onset of orthopnea following CAR T-cell
therapy should raise clinical suspicion for dia-
phragmatic dysfunction. Early use of bedside ul-
trasound can expedite diagnosis when standard
imaging is not feasible. In this setting, bilateral
phrenic nerve palsy is most likely immune-medi-
ated. Advanced practice providers must be pre-
pared to recognize and manage emerging com-
plications associated with CAR T-cell therapy. As
CAR T-cell use expands, awareness of rare, im-
mune-mediated neuropathies, including phrenic
nerve palsy, will be critical for timely intervention
and improved outcomes. ®
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