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Background Myocardial fibrosis is a key pathological factor for the occurrence of ventricular arrhythmias in hypertrophic obstructive cardiomy
opathy (HOCM).

Case summary This case series reports on two patients diagnosed with HOCM who underwent 18F-fibroblast activation protein inhibitor (FAPI) 
positron-emission tomography/computed tomography imaging and Morrow myotomy procedure. The collected myocardial tissue 
was examined histopathologically. Both patients exhibited intense and heterogeneous 18F-FAPI uptake in the septum, with signifi
cant number of activated fibroblasts.

Discussion Enhanced 18F-FAPI uptake was observed before irreversible fibrosis, and the degree of 18F-FAPI uptake was higher in tissue with 
greater fibrosis. 18F-FAPI imaging may provide a promising tool for guiding surgical strategy in HOCM, and further research is 
needed to fully explore its potential in clinical practice.
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Learning points
• 18F-fibroblast activation protein inhibitor (FAPI) positron-emission tomography/computed tomography imaging may serve as a valuable tool 

for assessing myocardial fibrosis in hypertrophic obstructive cardiomyopathy (HOCM) patients.

• Future research on visual nuclide FAPI fluorescence labelling technology could provide real-time guidance during the Morrow procedure, 
further enhancing the precision of surgical intervention in HOCM patients.

Introduction
Hypertrophic obstructive cardiomyopathy (HOCM) is a common 
genetic cardiovascular disorder characterized by asymmetric left 

ventricular hypertrophy, leading to left ventricular outflow tract 
(LVOT) obstruction and ultimately resulting in ventricular arrhythmias, 
heart failure, and sudden cardiac death (SCD).1 Myocardial fibrosis is a 
key pathological factor in the development of ventricular arrhythmias in 
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HOCM patients,2 and its assessment is crucial for risk stratification and 
guiding therapeutic strategies. Current imaging modalities, such as car
diac magnetic resonance (CMR) with late gadolinium enhancement 
(LGE), provide valuable information on myocardial fibrosis.3

However, these techniques mainly detect irreversible fibrosis and 
may not accurately assess the dynamic changes in fibrotic processes.

Recently, the use of 18F-fibroblast activation protein inhibitor (FAPI) 
positron-emission tomography/computed tomography (PET/CT) im
aging has emerged as a promising tool for evaluating activated fibro
blasts, which play a pivotal role in the development of myocardial 
fibrosis.4 In this study, we aim to explore the potential of 18F-FAPI 
PET/CT imaging in assessing myocardial fibrosis in HOCM patients 
and its implications for surgical strategy. By examining the relationship 
between 18F-FAPI uptake and histopathological findings in myocardial 
tissue, we seek to evaluate the feasibility of using this imaging modality 
for guiding therapeutic interventions and improving patient outcomes.

Summary figure

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Patient Case 1

November 2020 Chest tightness following fatigue or emotional excitement, which gradually resolves with several minutes of rest.
October 2022 Upon physical examination, the ECG revealed atrial fibrillation, prompting referral to the cardiology outpatient department for further 

management.

29 January 2023 CCTA revealed no significant coronary artery stenosis.
30 January 2023 Echocardiography demonstrated left ventricular hypertrophy primarily affecting the apex and asymmetric septal hypertrophy.

30 January 2023 99mTc-MIBI scan exhibited normal myocardial perfusion.

8 February 2023 CMR confirmed hypertrophy of the left ventricular wall and septum.
8 February 2023 Morrow myotomy was performed.

Follow-up to date At the regular follow-up appointment, the patient remained asymptomatic with no recurrence of chest tightness or other symptoms. 

Echocardiography revealed no evidence of left ventricular outflow tract obstruction.
Patient Case 2

2002 Syncope transpired during the marathon without subsequent treatment.

January 2022 Chest tightness during physical exertion, lasting 3–4 min per episode, alleviated by rest, without definitive diagnosis or intervention.
February 2023 Echocardiography at the community hospital suggested hypertrophic cardiomyopathy, recommending referral to a tertiary centre for 

further evaluation.

25 February 2023 Echocardiography indicated left ventricular hypertrophy predominantly affecting the anterior and lateral apex, along with asymmetric 
septal hypertrophy.

6 March 2023 CCTA revealed mild stenosis in the LAD and LCX, and moderate stenosis in the RCA.

9 March 2023 CMR demonstrated hypertrophy of the left ventricular wall and septum.
10 March 2023 99mTc-MIBI scan showed normal myocardial perfusion.

15 March 2023 Morrow myotomy was performed.

Follow-up to date At the latest follow-up, the patient remained asymptomatic with no recurrent syncopal episodes. Echocardiography revealed the 
absence of left ventricular outflow tract obstruction.

ECG, electrocardiogram; CCTA, coronary computed tomography angiography; 99mTc-MIBI, 99mTc-methoxy-isobutyl-isonitrile; LAD, left anterior descending artery; LCX, left circumflex 
artery; RCA, right coronary artery; CMR, cardiac magnetic resonance.

Case presentation
Case 1: A 51-year-old male presents with chest tightness associated with 
fatigue or emotional excitement persisting for two years. He was diagnosed 
with atrial fibrillation four months ago and has a medical history of well- 
controlled hypertension and hyperlipidaemia. Auscultation revealed a 4/6 
systolic ejection murmur at the apex. Respiratory examination showed 
no abnormalities, and there was no lower limb oedema. Troponin I levels 
were normal (0.03 ng/mL, reference range: 0.00–0.04 ng/mL), while B-type 

natriuretic peptide (BNP) levels were elevated (155 pg/mL, reference 
range: 0–100 pg/mL). Echocardiography indicated a resting peak pressure 
gradient of 62 mmHg in the LVOT. Cardiac magnetic resonance revealed 
asymmetric left ventricular hypertrophy, primarily in the apex and septum, 
without significant LGE. Global T1 and T2 mapping times were 1168.38 ms 
and 39.98 ms, respectively (Figure 1A).

Case 2: A 64-year-old man presents with exertional syncope lasting 
over 20 years, accompanied by exertional chest tightness for one year. 
His medical history includes hypertension, hyperlipidaemia, sinusitis, 
and hyperuricaemia, all under satisfactory treatment. A 3/6 systolic 
murmur was noted at the left sternal border between the 3rd and 
4th intercostal spaces. Respiratory examination yielded normal findings, 
with no evidence of lower extremity oedema. Troponin I levels were 
slightly elevated (0.05 ng/mL), while BNP levels were within the normal 
range (59 pg/mL). Echocardiography revealed a resting peak pressure 
gradient of the LVOT at 110.7 mmHg. Cardiac magnetic resonance 
showed left ventricular wall thickening and septal hypertrophy with 
LGE. Global T1 and T2 mapping times were 1269.59 ms and 42.39 ms, 
respectively (Figure 1B).

We have also established the reference range for global T1, T2, and 
extracellular volume (ECV) mapping values in this healthy participant co
hort, which are as follows: 1224 ± 28.31 ms, 41.67 ± 3.63 ms, and 28.05  
± 1.58%, respectively.

Coronary computed tomography angiography found no significant 
stenosis in either patient, and both had normal resting 99mTc- 
methoxy-isobutyl-isonitrile (99mTc-MIBI) myocardial perfusion imaging 
(Figure 1). These patients were diagnosed with HOCM and underwent 
18F-FAPI PET/CT imaging to assess myocardial fibrosis.5 18F-FAPI 
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uptake was intense and heterogeneous in both patients’ left ventricles 
(Figure 2). Patient 1 exhibited the highest 18F-FAPI uptake in the apex 
with a maximum standardized uptake value (SUVmax) of 4.3. 
18F-FAPI uptake was found to involve 59.8% of the LV (Figure 2A). 
For Patient 2, 18F-FAPI uptake was detected in the apex and septum, 
with SUVmax of 6.1 and 4.1, respectively, encompassing 53.3% of the 
LV (Figure 2B). In addition, the SCD risk score5 for both patients was 
3.24% and 5.44%, respectively.

Both patients underwent Morrow myotomy. Myocardium in 
the septum were collected during the procedure. Histopathological 
and examination of the ventricular septum confirmed hypertrophy and 
disarrangement of cardiomyocytes in both patients. Tissue analysis of 
Patient 1 revealed a significant number of FAP+ fibroblasts and less inter
stitial collagen, whereas Patient 2 had more prominent FAP+ fibroblasts 
and obvious interstitial collagen deposition (Figure 2).

Evaluation of follow-up to date post-Marrow myotomy revealed sus
tained improvement, with no recurrence of chest tightness, syncope, or 
related symptoms. Echocardiographic findings indicated the absence of 
left ventricular outflow tract obstruction.

Discussion
Advanced CMR tissue characterization techniques, including T1, T2, 
and ECV mapping, have emerged as robust tools for myocardial tissue 
assessment in hypertrophic cardiomyopathy (HCM), notably gaining 
recognition through the 2023 ESC Congress’s Class 1 recommenda
tion.6 These techniques offer detailed insights into tissue composition, 
primarily fibrosis.

In the context of HOCM, the primary treatment objective is the re
moval of hypertrophic myocardium causing obstruction. However, 
the extent of tissue removal traditionally relied on surgeon experience 
and intraoperative transoesophageal echocardiography measurements 
of LVOT flow velocity and pressure difference, lacking standardized 
criteria.5,7

While advanced CMR techniques excel at locating hypertrophic 
regions and identifying fibrosis, it’s noteworthy that elevated 18F-FAPI 
uptake has been observed not only in hypertrophied areas but also in 
non-hypertrophied regions, often preceding detectable fibrosis as 

indicated by LGE. Moreover, our previous study indicated an association 
between abnormal myocardial 18F-FAPI uptake and an increased risk of 
SCD in HCM patients.8

These two cases provide the first histological evidence that a signifi
cant number of activated fibroblasts are present at the obstruction site 
in HOCM patients before the development of irreversible fibrosis. In 
addition, the degree of 18F-FAPI uptake was found to be higher in areas 
with greater fibrosis.

Given these findings, the potential synergy between CMR’s anatom
ical precision and 18F-FAPI Imaging’s molecular insights holds promise. 
This combination could offer a comprehensive understanding of both 
the anatomical and functional aspects of the disease. It may enable 
the development of personalized treatment plans for HOCM patients, 
thereby optimizing surgical strategies.

Indeed, microvascular dysfunction is a prevalent issue in HCM, with 
studies indicating that ∼60% of HCM patients experience microvascu
lar dysfunction.9 It’s important to note that microvascular dysfunction 
can persist even after medical treatment. This phenomenon is asso
ciated with limited dynamic changes in myocardial blood flow and in
creased vascular stiffness, which, in turn, contributes to a relatively 
poor prognosis.10–12

Positron-emission tomography imaging serves as the gold standard for 
non-invasively assessing microvascular disease.13 Severe microvascular 
dysfunction is recognized as a susceptibility factor for myocardial ischae
mia, leading to contractile dysfunction and replacement fibrosis, which 
can progress to heart failure and arrhythmias over time. The severity 
of microvascular dysfunction has been established as a major predictor 
of mortality and is currently considered a key determinant in the natural 
course of the disease, second only to myocardial fibrosis.14

While the understanding of microvascular disease in non-hypertrophied 
areas has been growing, its application to surgical management remains a 
complex and ongoing challenge. HCM surgeries primarily focus on hyper
trophied regions, requiring special attention when addressing microvascu
lar issues elsewhere. The evolving field of precision medicine may offer 
personalized interventions based on comprehensive assessments of 
microvascular status and hypertrophy patterns.

Looking ahead, the integration of visual nuclide FAPI fluorescence la
belling technology15 could provide real-time guidance during proce
dures like the Morrow procedure, further enhancing our ability to 
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Figure 1 Echocardiography, 99mTc-MIBI myocardial perfusion imaging and CMR of the two patients. (A) Case 1 had a resting LVOT flow velocity of 
394 cm/s and a peak pressure gradient of 62 mmHg. Asymmetric left ventricular hypertrophy was observed, particularly in the apex and septum. The 
resting myocardial perfusion was normal. The global T1 mapping and T2 mapping times were 1168.38 ms and 39.98 ms, respectively. (B) Case 2 had a 
resting LVOT flow velocity of 526 cm/s and a peak pressure gradient of 110 mmHg. LV wall thickening and septal hypertrophy were observed, and the 
resting myocardial perfusion was normal. The global T1 mapping and T2 mapping times were 1269.59 ms and 42.39 ms, respectively. CMR, cardiac 
magnetic resonance; LVOT, left ventricular outflow tract; LV, left ventricle.
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manage HOCM. Anticipating future research, this multi-modal ap
proach represents an exciting avenue for advancing patient care and 
treatment outcomes in HOCM.
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