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mmune checkpoint inhibitors (ICIs), particularly
those targeting the programmed cell death-1 (PD-
1) and programmed death-ligand 1 (PD-L1) path-
ways, have revolutionized the landscape of modern on-
cology, offering unprecedented survival benefits across a
variety of malignancies. However, this profound restor-
ation of anti-tumor immunity comes with the inherent
risk of disrupting peripheral immune tolerance, leading
to a wide spectrum of immune-related adverse events
(irAEs). With the rapidly expanding demographic of on-
cology patients, an increasingly substantial proportion of
those receiving ICI therapies are older adults. This geri-
atric population is inherently vulnerable to cardiovascu-
lar toxicities due to a complex interplay of age-related
immunosenescence, pre-existing subclinical cardiovas-
cular diseases, and a significantly reduced physiological
cardiac reserve. Among the various irAEs, ICl-associ-
ated myocarditis (ICIM) is relatively rare, with an estim-
ated incidence of less than 1.5%, but it is notoriously
characterized by a fulminant clinical course and alarm-
ingly high mortality rates ranging from 25% to 50%."*
The clinical prognosis becomes particularly devastat-
ing when ICIM is complicated by severe cardiac con-
duction system abnormalities, specifically third-degree
atrioventricular block (AVB). The exact pathophysiolo-
gical mechanism is believed to involve a shared-antigen
response, where activated T-cells erroneously target ho-
mologous antigens present in both the tumor microen-
vironment and the myocardial tissue, leading to intense
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focal inflammation, edema, and subsequent fibrosis
within the fragile His-Purkinje system.*® This profound
electrical failure significantly increases the risk of fatal
hemodynamic collapse. Here, we present two distinct
and challenging clinical cases of fulminant ICIM com-
plicated by third-degree AVB that required urgent pace-
maker therapy, alongside a comprehensive review of the
existing literature, to provide actionable, evidence-based
guidance tailored specifically to the physiological realit-
ies of older adults.

Our first case involved a 66-year-old man with a his-
tory of gastric adenocarcinoma who was admitted to our
cardiovascular department. He had been receiving im-
munotherapy with the PD-1 inhibitor sintilimab. Twenty-
one days after the administration of his initial ICI dose,
routine clinical monitoring revealed significantly elev-
ated cardiac biomarkers, although the patient was not-
ably asymptomatic at the time, underscoring the insidi-
ous onset of this complication. Upon admission to the in-
tensive care unit, his vital signs were notable for severe
and dangerous bradycardia: heart rate, 44 beats/min;
blood pressure, 108/66 mmHg. Extensive laboratory in-
vestigations demonstrated a marked and acute elevation
in myocardial injury markers: troponin I (cTnl), 3.6
ng/mL (0-0.056); myoglobin, 1000 ng/mL (0-70); creat-
ine kinase (CK), 1962 U/L (55-170); and CK-MB, 49.44
ng/mL (0-16). The initial standard 12-lead electrocardi-
ogram (ECG), which was explicitly obtained before any
temporary pacing intervention was inserted, revealed at-
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rial tachycardia, complete right bundle branch block
(CRBBB), an accelerated ventricular escape rhythm, and
complete third-degree AVB. To rule out ischemic etiolo-
gies, emergency coronary angiography was performed,
which revealed normal coronary arteries with no ob-
structive disease. Given the patient's critical hemody-
namic instability and absolute reliance on continuous
cardiac monitoring, transferring the patient for a pro-
longed cardiovascular magnetic resonance (CMR) ima-
ging session or performing an invasive endomyocardial
biopsy was deemed clinically unsafe and practically un-
feasible in the acute emergency setting. Consequently,
sintilimab was permanently discontinued, and aggress-
ive immunosuppression with intravenous pulse
methylprednisolone (200 mg/day) was immediately ini-
tiated. Remarkably, the third-degree AVB resolved on
the very same day of steroid administration, with the
rhythm reverting to normal sinus rhythm. Unfortu-
nately, on day 3 of his admission, the patient refused fur-
ther intravenous therapy due to poor compliance. This
premature cessation of corticosteroids led to a rapid and
severe rebound in cardiac markers (cITnl soared to 5.38
ng/mL) and a swift progression back to complete AVB
with a fragile junctional escape rhythm. High-dose intra-
venous methylprednisolone was urgently reinitiated to
control the overwhelming inflammation, and a tempor-

ary transvenous pacemaker was placed to secure his
hemodynamics. Continuous monitoring indicated a
100% pacing dependency despite intensive medical
therapy. As a result, a dual-chamber permanent pace-
maker was implanted 13 days later. The patient was ulti-
mately discharged on day 34, with his underlying in-
trinsic cardiac rhythm remaining completely pacemaker-
dependent (Figure 1).

Our second case highlighted a different clinical
presentation. A 54-year-old man undergoing treatment
for metastatic nasopharyngeal carcinoma presented to
the emergency department with acute-onset severe chest
tightness and dizziness. These symptoms manifested 38
days after his eighth cycle of cadonilimab (a bispecific
antibody targeting PD-1 and CTLA-4). On admission, he
was in profound cardiogenic shock with a pulse of
merely 31 beats/min. Laboratory evaluation showed a
characteristic pattern of elevated cardiac enzymes indic-
ative of acute myocardial necrosis: cTnl, 5.38 ng/mL (0-
0.056); CK, 1261 U/L (55-170); CK-MB, 93.4 ng/mL (0-
16) and elevated transaminases AST, 115 U/L (15-40);
ALT, 79 U/L (740). The 12-lead ECG demonstrated pro-
found third-degree AVB with a wide QRS ventricular
escape rhythm. Notably, it also displayed prominent ST-
segment elevations simulating an acute ST-elevation
myocardial infarction (STEMI) (Figure 2). Emergent
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Figure 1 Timeline of clinical course and therapeutic interventions. A detailed timeline illustrating the sequence of events from the
initiation of immune checkpoint inhibitor therapy to the onset of symptoms, diagnostic evaluations, dynamic fluctuations of cardiac
biomarkers, and step-by-step therapeutic interventions (including specific corticosteroid regimens and the timing of temporary and

permanent pacemaker implantations) for Case 1.
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coronary angiography was performed simultaneously
with the insertion of a temporary pacemaker, which suc-
cessfully ruled out acute coronary syndrome (Figure 3).
Crucially, a retrospective review of his baseline ECG ob-
tained prior to the index episode was completely normal,
confirming that he had no pre-existing intraventricular
conduction delays or RBBB. Cadonilimab was immedi-
ately withdrawn, and immunosuppressive therapy was
initiated with moderate-dose intravenous methylpred-
nisolone (160 mg/ day). Despite a steady improvement
in his clinical symptoms and a decline in cardiac bio-
markers, complete AVB stubbornly persisted on day 10
of admission. To ensure long-term hemodynamic stabil-
ity, a dual-chamber permanent pacemaker was im-
planted. Interestingly, serial ECGs taken over the follow-
ing days showed the gradual disappearance of the com-
plete AVB, and the patient’s intrinsic rhythm eventually
recovered to a normal sinus rhythm prior to discharge.
However, this recovery was accompanied by a newly
developed intrinsic CRBBB, which likely represents per-
manent residual inflammatory damage to the fragile His-
Purkinje conduction system. The detailed clinical char-
acteristics, therapeutic regimens, and outcomes of both
cases are meticulously summarized in Table 1.

To systematically address the prevailing knowledge
gaps regarding the true reversibility of high-grade con-
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duction blocks and the optimal timing for pacing
strategies, we conducted a rigorous systematic literature
search. We queried PubMed, EMBASE, and the Co-
chrane Library for relevant cases published from incep-
tion up to March 2026, utilizing MeSH terms and free-
text keywords including “immune checkpoint inhibitors,”
“myocarditis,” and “complete heart block.” Following a
strict inclusion criterion, we identified 35 previously re-
ported cases with definitive clinical outcomes and de-
tailed pacing data.l”* Together with our two current
cases, this formed a robust cohort of 37 patients for
pooled quantitative analysis (Tables 2 and 3). An age-
stratified analysis of this cohort revealed a striking and
highly clinically relevant demographic disparity: an
overwhelming majority (70.3%) of severe ICIM-AVB
cases occurred in older adults aged 65 years or above.
More alarmingly, the mortality rate was disproportion-
ately higher in this geriatric subgroup, reaching a stag-
gering 57.7%, compared to a 36.4% mortality rate in
younger patients. Furthermore, a stark contrast in sur-
vival was observed based on the implementation of pa-
cing interventions. The overall mortality rate among pa-
tients who received adequate pacing support (tempor-
ary or permanent) was 43%, whereas the mortality rate
skyrocketed to 85% for those who did not receive a pace-
maker.
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Figure 2 Electrocardiographic (ECG) evolution in both cases. Representative ECGs demonstrating the progression and resolution of
cardiac conduction abnormalities. (A): Initial ECG of Case 1 upon admission showing third-degree atrioventricular block (AVB) with
an accelerated ventricular escape rhythm and a complete right bundle branch block. (B): Postoperative ECG of Case 1 prior to dis-

charge, demonstrating a 100% pacemaker-dependent rhythm following dual-chamber permanent pacemaker implantation. (C): Admis-
sion ECG of Case 2 revealing profound third-degree AVB accompanied by striking ST-segment elevations in the inferior (II, III, aVF)
and anterior (V1-V3) leads, mimicking an acute myocardial infarction. (D): Follow-up ECG of Case 2 showing complete resolution of

the AV block and restoration of the underlying normal sinus rhythm after combined corticosteroid and pacemaker therapy.
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(A) Case 1
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Figure 3 Cardiovascular imaging findings excluding acute ischemic etiologies. (A): Coronary angiography and transthoracic echo-
cardiography results for Case 1; (B): Coronary angiography and transthoracic echocardiography results for Case 2. Both demonstrated
the absence of obstructive coronary artery disease, thereby definitively ruling out acute coronary syndrome despite the presence of
severe arrhythmias and/or ST-segment elevation. Representative transthoracic echocardiography showing preserved ejection fraction
and the absence of significant regional wall motion abnormalities, further supporting the diagnosis of immune-mediated myocarditis
rather than an ischemic event.

Diagnosing fulminant ICIM in emergency scenarios  ically suspected” diagnostic pathway guided by rapid
remains exceptionally challenging. In highly unstable =~ ECG changes and escalating biomarker profiles. While
older patients, clinicians must frequently rely ona “clin- ~ we previously considered CMR imaging unfeasible and
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Table1 Conclusion of the information in two cases.

Case 1 Case 2
Age, yrs 66 54
Sex Male Male

Primary disease Cardia tumor

Cancer therapy Sintilimab
Cancer treatment cycle 1
Time from the cancer

therapy 28 days

initiation to admission
Form of onset

Time from the symptom
onset of cardiomyopathy

21 days
toadmission

Cardiogenic shock -

Cardiac rhythm

Findings of ultrasound

examination

Initial troponin I value,

ng/dL 3.6
Max troponin I value,

ng/dL 5.49

Abnormal cardiac markers

Complete atrioventricular block
Accelerated ventricular escape rhythm

Nasopharyngeal cancer with
cervical lymph node metastasis

Cadonilimab
8

228 days
chest tightness and dizziness
3 days

complete atrioventricular block

Ejection fraction of 67% without ventricular hypertrophy or
segmental ventricular wall motion abnormalities

532

5.32

Days 2-4: mPSL 200 mg/ day, discontinued on day 5 when
the patient refused to cooperate with treatment, and Days 6- Days 0-3: mPSL 160 mg/day, days 4-7: 120

Treatment for myocarditis

26-30:

7: mPSL 200 mg/day, days 8-10: PAT 75 mg/day, days 11-
17: 60 mg/day (patient did not take medication as
prescribed during this period), days 18-25: 70 mg/ day, days

40 mg/day, days 31-36: 35 mg/day

mg/day, days 8-11: 40 mg/day, days 12-15:
PSL 20 mg/day,
day 16: 10 mg/day

Day 0: implantation of a temporary

Treatment of complete Day 17: implantation of a temporary pacemaker, pacemaker,

atrioventricular block Day 29: implantation of a permanent pacemaker. Day 10: implantation of a permanent
pacemaker.

Ejection fraction after 67% 62.40%

treatment ’

Heart rhythm after First degree atrioventricular block, .

treatment DDD pacing pattern electrocardiography Complete right bundle branch block

mPSL: Methylprednisolone; PSL: Prednisolone; PAT: Prednisone Acetate Tablets.

contraindicated in pacing-dependent patients due to the
risks of lead heating and displacement, recent institu-
tional advancements have demonstrated that CMR can
indeed be safely and effectively performed. This re-
quires a highly specialized technical setup, specifically
utilizing active fixation leads inserted via the jugular vein
and connecting them to externalized MRI-conditional
generators. Furthermore, overcoming the severe metallic
susceptibility artifacts requires precise modifications to
standard MRI pulse sequences. For instance, utilizing
short-tau inversion recovery (STIR) and wide-band
phase-sensitive inversion recovery (PSIR) with wide-
band pre-pulses ensures uniform inversion recovery and
accurate assessment of myocardial edema and late gad-
olinium enhancement. Conversely, conventional steady-

/ http:/ /www .jgc301.com; jgc@jgc301.com

state free precession (SSFP) sequences must be actively
avoided for rest perfusion due to their extreme sensitiv-
ity to field inhomogeneities caused by the metallic leads.
However, we strongly emphasize that when such ad-
vanced hardware and imaging expertise are unavailable
in acute local settings, the lack of definitive imaging or
biopsy must never delay the administration of life-sav-
ing corticosteroids and pacing interventions.

In conclusion, ICI-associated myocarditis complicated
by third-degree AVB is a catastrophic oncologic emer-
gency that demands rapid clinical identification. While
aggressive, individualized corticosteroid therapy re-
mains the primary disease-modifying intervention, our
extensive literature review and case observations con-
firm that the reversibility of cardiac conduction block is
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Table 2 Eighteen cases of ICIM complicated by third-degree atrioventricular block with recovery.

No Ref. Age/Sex hgz:g:{gigs CVD  Tumortype ICItarget EF% Pglcse OIT Pacing Mgg::;ﬂlizis trier:(iclg\%ll};
1 [6] 68/Male 14 - Sarcoma IP+NI 35 + MYCO PP Recovery —’
2 [7] 76/Female 98 - Lung cancer NI 15 + IVIGI;-\};%AS-F CRT-D Recovery -
3 [8] 69/Female 38 - Lung cancer NI normal + - TP Recovery 7
4 9] 64/Female 22 - Glioblastoma NI 37 + INFI\I/K/}E GF TP Recovery 5]
5 [10] 73/Male 16 - Lung cancer PE 70 + - PP Recovery 13
6 [11] 70/Female 16 - Thymoma PE normal i PLAS PP Recovery -
7 [12] 47/Female 28 - Thymoma TO  notmention + - TP Recovery 12
8 [13] 57/Male 12 - Renal cancer IP+NI 50 + ABAT+MMF PP Recovery -
9 [14] 57/Male 60 - Lung cancer IP+NI normal + TCZ P Recovery -
10 [15] 66/Male 25 - Lung cancer SI normal + IVIG PP Recovery 2
11 [16] 59/Male 21 - Renal cancer IP+NI normal +  IVIG+PLAS - Recovery 2
12 [2] 80/Female 21 - HNSCC PE 65 - - PP  Recovery 5
13 [17] 65/Male 50 HTN Esophageal cancer PE 50 + - PP Recovery -
14 [17] 54/Male 85 - Melanoma PE+IP 85 + - TP Recovery 2
15 [18] 82/Female 46 - Bladder cancer P normal + - P Recovery 3
16 [19] 70/Male 19 - Renal cancer IP+NI normal + IVIG TP Recovery B)
17 ours 54/Male 228 HTN HNSCC ZI/CA 62 + - PP Recovery 12
18 ours 66/Male 28 - Gastric cancer SI 66 T - PP Recovery -
Table 3 19 cases of ICIM complicated by third-degree atrioventricular block with lethal outcome.
No Ref. Age/Sex Igl}_’l(s’g:{?;:is CVD Tumor type ICI target EF% Pglcse OIT Pacing Mgﬁf:;g:gs T{i ?it%tea}z ‘
1 [3] 63/Male 15 - Melanoma IP+NI 50 + INFI TP Death :
2 [3] 65/Female 12 - Melanoma IP+NI 73 - - - Death -
3 [5] 63/Male 21 HTN Melanoma NI N - - TP Death 26
4 [20] 66/Male 7 - CMML P 70 + - - Death 1
5 [21] 79/Male 35 ; Gastriccancer PE N WVICHPEASY 1P Death ;
6 [22] 67/Male 16 - Melanoma IP+NI 20 + ATG PP Death -
7  [23] 67/Female 16 - Myeloma PE 30 - INFI - Death 10
8 [24] 67/Male 16 HTN Melanoma IP+NI N + IVIG+INFI - Death 18
9 [25] 33/Male 150 - Lymphoma NI NM - MME+IVIG - Death -
10 [26] 81/Male 12 - Renal cancer IP+NI 62 + PLAS TP Death -
11 [27] 88/Male 22 - Melanoma NI N + INFI+MMF PP Death 15
12 [28] 48/Female 13 - Thymoma PE 45 + INFI PP Death 10
13 [29] 66/Male 24 - Gastric cancer NI NM + IVIG+PLAS TP Death 103
14 [30] 79/Female 25 - Melanoma IP+NI NM NM - P Death -
15 [31] 73/Female 18 - Melanoma NI N - - PP Death 35
16 [32] 70/Male 14 - Renal cancer IP+NI N + MMF+PLAS TP Death -
17 [33] 78/Male 15 CHD Lung cancer  IP+NI 45 - - - Death 3
18 [34] 74/Male 240 - Gastric cancer NI 10 + IVIG+PLAS TP Death 19
19 [1] 68/Female 7 CHD+HTN grr‘gfﬁglrﬁ‘; IP+NI 65  + MYCO TP Death 9

CVD: cardiovascular disease; GC: glucocorticoids; HTN: hypertension; CMML: chronic myelomonocytic leukemia; HNSCC: head and
neck squamous cell cancer; CHD: coronary heart disease; IP: ipilimumab; NI: nivolumab; PE: pembrolizumab; SI: sintilimab; TO: toripali-
mab; ZI: zimberelimab; CA:Cadonilimab; INFI: infliximab; MMF: mycophenolate mofetil; PLAS: plasmapheresis; IVIG: intravenous
immunoglobulins; MTX: methotrexate; ATG: anti-thymocyte globulin; ABAT: abatacept; TP: temporary pacemaker; PP: permanent
pacemaker; P: pacemaker; CRT-D: cardiac resynchronization therapy defibrillator; TCZ: tocilizumab; N: normal; NM: not mention.
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highly unpredictable, especially in the aging heart af-
fected by pre-existing degenerative changes. Therefore,
the early initiation of temporary pacing, coupled with a
notably low threshold for transitioning to permanent
pacemaker implantation, significantly improves survival.
For frail elderly patients requiring prolonged immun-
osuppression, the utilization of leadless pacemakers
presents a compelling alternative to mitigate the elev-
ated risks of pocket infections and lead-related complic-
ations. Ultimately, stringent geriatric cardio-oncology
monitoring protocols and proactive rhythm manage-
ment are paramount in navigating these devastating ar-
rhythmic events in the vulnerable older demographic.
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