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Figure 2. Twenty-four-hour Holter monitoring demonstrating a 2.6-second ventricular pause during atrial fibrillation.

Figure 3. Twelve-lead electrocardiogram immediately after the transcatheter aortic valve implantation (TAVI) procedure showing
atrial fibrillation, new-onset left bundle branch block, and a QRS duration of 150 ms.

providing adequate pacing support for both the TAVI procedure
and the management of symptomatic pauses (Supplementary
Video 1). After confirming acceptable sensing and pacing
parameters, the lead was connected to the pulse generator,
and the procedure was successfully completed using a standard
approach. One week later, the patient underwent a successful
TAVI procedure under anesthesia. A 29-mm self-expandable
aortic prosthetic valve (Medtronic, CoreValve Evolut, USA) was
successfully implanted (Supplementary Video 1). Ventricular
overdrive pacing was performed via the previously implanted
permanent PM during valve implantation. Postprocedural
aortography revealed minimal aortic valve insufficiency. A post-
procedural peak-to-peak transaortic gradient of 12 mmHg was
measured. There were no periprocedural complications. Post-
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TAVI 12-lead ECG revealed a new-onset left bundle branch block
(LBBB) with a QRS duration of 150 ms (Figure 3). However, on
the second day, the 12-lead ECG showed intermittent ventricular
pacing rhythm due to pauses, along with improvement of the
LBBB (Figure 4). The patient was discharged uneventfully 48
hours later.

Discussion

The TAVI procedure was first performed and reported by
Cribier et al. in 2002.2 With increasing clinical experience and
advancements in technology, TAVI has become widely adopted
across the globe. During the TAVI procedure, various conduction
system abnormalities, including bundle branch blocks and
atrioventricular blocks, may occur due to the anatomical
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Figure 4. Twelve-lead electrocardiogram on the second day after transcatheter aortic valve implantation (TAVI) demonstrating an
intermittent pacemaker rhythm and improvement of the left bundle branch block.

proximity. While surgical aortic valve replacement (SAVR)
remains the preferred option for patients with low surgical scores
(STS, EURO-SCORE), TAVI is a safe and effective alternative for
appropriately selected elderly patients across all risk groups.
Potential complications following TAVI include vascular injury,
stroke, aortic valve insufficiency, bleeding, and valve malposition.*
According to a meta-analysis, the rate of permanent PM
implantation after TAVI is approximately 15%.° Predictive factors
forthe development of high-degree block after TAVI include right
bundle branch block (RBBB), LBBB, intraventricular conduction
delay, bifascicular block, atrial fibrillation with a low ventricular
rate, male gender, and use of self-expandable valve prostheses.®
Despite advancements in technology and procedural techniques,
high-degree AV block and the subsequent need for permanent
PM implantation remain relevant concerns following TAVI.
Although permanent PM implantation is not required in most
cases of newly developed LBBB after TAVR, studies and current
guidelines indicate that the risk of permanent PM implantation
is higher in patients with a QRS duration > 150 ms, PR duration
> 240 ms, atrial fibrillation (AF), and a left ventricular ejection
fraction (LVEF) < 40%.7 Furthermore, ventricular overdrive
pacing is routinely required during valve implantation, and
periprocedural temporary transvenous pacing may be necessary
in some patients. Therefore, a transvenous temporary PM
electrode is generally placed in the right ventricle. However, the
presence of @ mechanical TVR before TAVI poses an obstacle to
this approach for both overdrive ventricular pacing and temporary
or permanent pacing after the procedure. Overdrive ventricular
pacing during valve implantation can be achieved via a guidewire
placed inside the left ventricle; however, this method cannot be

used for temporary pacing after the procedure. Catheter ablation
targeting atrial arrhythmias has been described in the literature
as an effective treatment strategy for patients with refractory
ventricular pauses, particularly in cases of bradycardia mediated
by vagal reflexes.® Left atrial enlargement, especially with a
diameter exceeding 50 mm, is a significant predictor of poor
outcomes following catheter ablation for atrial fibrillation.® Our
patient presented with severe left atrial dilatation (> 90 mm),
which constituted a major limiting factor for ablation therapy.
Additionally, the patient would have required a permanent PM
in the event of developing high-grade atrioventricular block
due to mechanical compression of the AV node following TAVI.
Therefore, in our case, permanent PM implantation via the CS
was performed two weeks prior to the TAVI procedure. Studies
have shown that ventricular electrode implantation via the CS is
a safe and effective method in patients where right ventricular
pacing is not feasible due to tricuspid valve disease (e.g. atresia,
severe stenosis) and/or TVR.® Alternative pacing modalities
in patients with mechanical TVR present significant technical
challenges. Epicardial lead placement is another option that can
be prophylactically performed during tricuspid valve surgery;
however, it requires a more invasive procedure and is generally
associated with higher pacing thresholds." More recently, leadless
PM implantation through mechanical tricuspid valves has been
reported in isolated cases, though this approach has not gained
widespread acceptance due to limited data regarding potential
effects on valve function.” To ensure safety, a permanent PM
was implanted via the CS route prior to the TAVI procedure in
our patient. The TAVI procedure was then successfully performed
one week later, with no periprocedural complications observed.
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Video 1. (A) Difficult venography performed via the standard delivery
sheath showing the coronary sinus (CS) venous branches. (B) Due to
difficulty advancing the CS electrode into the lateral branches because
of small diameters, the CS electrode was implanted into the anterior
interventricular branch of the CS. (C) Successful transcatheter aortic
valve implantation (TAVI) with minimal aortic insufficiency observed
post-procedure.
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A Noonan Syndrome Mimicking Acute Coronary
Syndrome

Akut Koroner Sendromu Taklit Eden Bir Noonan
Sendromu

ABSTRACT

Noonan syndrome is a genetic disorder that can present with a wide range of clinical
manifestations, making diagnosis challenging. This article presents the case of a 29-year-
old male who presented with chest pain and ST-segment elevation, initially raising suspicion
for acute coronary syndrome. However, coronary angiography revealed only ectasia of the
coronary arteries, with no other pathological findings. A detailed physical examination and
echocardiography revealed a pulmonary murmur, pectus excavatum, and café-au-lait spots.
Additionally, both echocardiography and cardiac magnetic resonance imaging (MRI) showed
localized left ventricular hypertrophy. Genetic testing identified a heterozygous missense
variant in the PTPN11 gene, leading to the diagnosis of Noonan syndrome. This case highlights
the importance of thorough physical examination and multimodal imaging in the diagnosis of
Noonan syndrome.

Keywords: Electrocardiogram, Noonan syndrome, physical examination

OzET

Noonan Sendromu, genis bir klinik yelpazede farkli semptomlarla kendini gosterebilen ve bu
nedenle tanisi zorlayici olan genetik bir bozukluktur. Bu yazida, g8gls agnsi ve ST-segment
elevasyonu ile basvuran 29 yasindaki bir erkek hasta sunulmustur. Ilk asamada akut koroner
sendrom tanisi dlstnilmis ancak koroner anjiyografi sonuglarinda koroner arterlerde ektazi
disinda herhangi bir patolojik bulguya rastlanmamistir. Detayli fizik muayene ve ekokardiyografi
ile hastada pulmoner odakta Uftrdm, pektus ekskavatum ve cafe-au-lait lekeleri gozlemlenmis,
ayrica ekokardiyografide ve kardiyak MRI'da sol ventrikllde lokalize hipertrofi saptanmistir.
Yapilan genetik incelemede PTPN71 geninde heterozigot varyant tespit edilerek hastaya Noonan
sendromu tanisi konulmustur. Bu vaka, Noonan Sendromu tanisinda ayrintili fizik muayenenin
ve multimodalite goruntileme tekniklerinin kullaniminin énemini vurgulamaktadir.

Anahtar Kelimeler: Elektrokardiyogram, Noonan sendromu, fizik muayene

oonan syndrome (NS) is an autosomal dominant inherited condition characterized

by multisystem involvement. The phenotypic presentation can vary widely, and
diagnosis is typically based on a combination of clinical features such as characteristic
facial features, short stature, skeletal abnormalities, cardiac defects, and family history
(Table 1)." The broad spectrum of manifestations can make diagnosis challenging. In
this article, we present a case in which a patient initially presented with symptoms
mimicking acute coronary syndrome, but without typical features of NS such as
short stature, developmental delay, or a family history. The diagnosis was ultimately
established through a detailed physical examination and patient history.

Case Report

A 29-year-old male with no known history of chronic illness presented to the
emergency department with chest pain, described as pressure-like and constrictive.
An initial electrocardiogram (ECG) revealed findings suggestive of ischemia,
prompting measurement of high-sensitivity troponin levels, which were within
normal limits. Given these findings, coronary computed tomography angiography
(CTA) was performed and showed no evidence of coronary plaques or vascular
anomalies. A few days later, the patient presented to another hospital with similar
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chest pain. An ECG performed at the second hospital revealed
ST-segment elevation in the inferior leads and ST-segment
depression in the lateral leads (Figure 1A). Due to the severity
of the chest pain, conventional coronary angiography (CAG)
was promptly performed. CAG revealed ectatic coronary
arteries but no evidence of plaques or thrombus (Figure
1B). Additionally, laboratory tests, including D-dimer levels,
were within normal limits, effectively ruling out differential
diagnoses such as pulmonary embolism and aortic dissection.
Thoracic imaging also showed no pulmonary pathology. The
patient was started on calcium channel blocker therapy, but
his chest pain persisted. Upon a third presentation, physical
examination revealed a pulmonary murmur, prompting
further evaluation with transthoracic echocardiography (TTE).
TTE demonstrated increased wall thickness at the basal
anteroseptum, along with turbulent flow and an elevated
gradient across the pulmonary valve (Figure 1C). These
findings raised suspicion of a genetic cardiomyopathy, leading
to a more detailed physical examination. Notably, the patient
exhibited left palpebral ptosis, marked pectus excavatum, and
café-au-lait spots on the skin (Figure 1D-E-F). Despite these
findings, his height was 180 cm, and there was no family
history of genetic or chronic diseases. Given the constellation
of clinical signs, cardiac magnetic resonance imaging (MRI)
was performed, revealing localized thickening of the basal
anteroseptum up to 21 mm, with patchy enhancement in the
hypertrophic region (Figure 1G-H).

Due to the combination of structural cardiac abnormalities and
syndromic features, molecular genetic testing was conducted
using a clinical exome approach based on next-generation
sequencing (NGS) technology. A heterozygous missense variant
was identified in the PTPN77 (protein tyrosine phosphatase,
non-receptor type 11) gene (NM _002834.5): c.1403C>T,
resulting in a threonine-to-methionine substitution at codon
468 (p.Thr468Met). This pathogenic variant affects a highly
conserved residue within the protein tyrosine phosphatase
domain of SHP2 (Src Homology 2-containing Protein Tyrosine
Phosphatase 2), a critical component of the RAS/MAPK signaling
pathway. Based on these findings, along with clinicaland imaging
features, a diagnosis of Noonan syndrome was established.

Yilmaz et al. Noonan Syndrome

ABBREVIATIONS

CAG Conventional coronary angiography

CFCS Cardio-facio-cutaneous syndrome

CTA Computed tomography angiography

MRI Magnetic resonance imaging

NS Noonan syndrome

PVS Pulmonary valve stenosis

TTE Transthoracic echocardiography
Discussion

Noonan syndrome is classified among a group of hereditary
disorders known as RASopathies, which result from genetic
variants affecting the RAS/MAPK signaling pathway. This
group includes NS, Costello syndrome, cardio-facio-cutaneous
syndrome (CFCS), LEOPARD syndrome (also known as Noonan
syndrome with multiple lentigines or NSML), Legius syndrome,
and several other related conditions.? Although these syndromes
share overlapping phenotypic features, they differ in terms of
their underlying genetic variants. Among the RASopathies, NS
is the most common subtype and is clinically characterized by
cardiac anomalies, distinctive facial features, short stature, and
developmental delays. The estimated incidence at birth ranges
from 1in 1,000 to 1 in 2,500 live births.® NS is typically inherited
in an autosomal dominant manner and is often associated
with de novo variants; however, a recessive form has also been
described more recently.* The broad phenotypic variability and
the age-related attenuation of some features can complicate
clinical diagnosis. Cardiac involvement is one of the hallmark
features of Noonan syndrome. Pulmonary valve stenosis
(PVS) and hypertrophic cardiomyopathy (HCM) are the most
frequently observed cardiac abnormalities, although a range of
other structural cardiac defects has also been reported, further
expanding the phenotypic spectrum (Table 2).?

To date, more than 20 genes have been associated with NS.
Among them, PTPN11, SOS1, RAF1, RIT1, KRAS, NRAS, BRAF,
LZTR1, and SOS2 are the most prominent. Nevertheless,
in approximately 10%-20% of cases, the causative variant
remains unidentified. PTPNT7 was the first gene identified in

Table 1. Diagnostic criteria for Noonan syndrome (van der Burgt, 2007)"°

Feature Major criteria

Minor criteria

1. Facial dysmorphism
low-set ears, etc.

2. Cardiac defects
electrocardiogram (ECG) abnormalities

3. Height
4, Chest wall

Height < 3" percentile
Pectus carinatum or pectus excavatum

5. Family history

6. Other findings
lymphatic dysplasia

Typical facial features (age-dependent), including hypertelorism, ptosis,

Pulmonary valve stenosis, hypertrophic cardiomyopathy, or typical

First-degree relative with a confirmed diagnosis of Noonan syndrome

All three of the following: intellectual disability, cryptorchidism, and

Suggestive but not typical facial
features

Other congenital heart defects

Height < 10* percentile
Broad chest

First-degree relative with suggestive
features of Noonan syndrome

Any one of: intellectual disability,
cryptorchidism, or lymphatic dysplasia

A diagnosis of Noonan syndrome can be made if either of the following combinations is present: Typical facial features (1 major facial criterion) plus one
additional major criterion or two minor criteria OR Suggestive facial features plus two major criteria or three minor criteria.
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(R)

Figure 1. (A) Electrocardiogram (ECG) showing inferior ST-segment elevation. (B) Coronary angiography image demonstrating an
ectatic right coronary artery. (C) Doppler echocardiography showing an increased gradient across the pulmonary valve. (D) Ptosis.(E)
Pectus excavatum. (F) Café-au-lait spots. (G) Cardiac magnetic resonance imaging short-axis view showing increased wall thickness
at the basal anteroseptum (white arrow). (H) Cardiovascular magnetic resonance imaging short-axis view with patchy late gadolinium
enhancement in the hypertrophied segment (white arrow).

Table 2. Cardiac involvement in Noonan syndrome?'2.1¢

Cardiac finding Prevalence (%) Clinical significance

PVS ~50-60% Most common defect; often associated with a dysplastic pulmonary valve
HCM ~20-30% May result in arrhythmias or sudden cardiac death

ASD ~6-10% Frequently of the ostium secundum type

VSD ~5-10% Typically small and hemodynamically insignificant

PDA <5% May persist beyond infancy

Branch pulmonary artery stenosis  ~10% May coexist with pulmonary valve stenosis (PVS)

Coarctation of the aorta Rare (~1-2%) More commonly seen in other RASopathies

Mitral valve abnormalities Uncommon Includes mitral valve prolapse and insufficiency

ECG abnormalities Common (~¥40-60%) Includes left axis deviation, RSR" in V1, and prolonged QTc

Arrhythmias Rare but serious Typically associated with hypertrophic cardiomyopathy (HCM) or accessory pathways

ASD, Atrial septal defect; ECG, electrocardiogram; HCM, hypertrophic cardiomyopathy; PDA, patent ductus arteriosus; PVS, pulmonary valve stenosis; VSD,
ventricular septal defect.

association with NS and remains the most commonly mutated,  regulates multiple intracellular signaling pathways involved in cell
accounting for approximately 50% of all NS cases and 85% of  proliferation, differentiation, and survival. SHP2 plays a critical
cases of LEOPARD syndrome (NSML). PTPN71 encodes SHP2,  role in normal cardiac development and function, and variants
a cytoplasmic enzyme widely expressed across tissues, which  in PTPN77 are most commonly associated with PVS and HCM.>¢

279



Turk Kardiyol Dern Ars 2025;54(3):277-281

Noonan syndrome is a complex genetic disorder characterized
by cardiac anomalies, growth retardation, developmental delays,
and neuropsychosocial issues. Long-term follow-up studies
have shown that the mortality rate in individuals with NS is
approximately three times higher than in the general population.
While most deaths are related to severe cardiac conditions,
factors such as cognitive impairments, poor educational
outcomes, and social isolation also negatively impact quality of
life. Therefore, early diagnosis and preventive interventions are
crucial in managing NS. However, the phenotypic heterogeneity
of the syndrome often complicates the diagnostic process.”

In our case, the diagnosis was complicated by several factors.
One of the most significant challenges was the patient's chief
complaint of chest pain, accompanied by ST-segment elevation
in the inferior leads on ECG. While ST elevation on ECG is a critical
finding for the diagnosis of myocardial infarction, studies have
shown that a significant number of patients with hypertrophic
cardiomyopathy also exhibit ST-segment elevation.?? In a study
by Yang et al.,'® ST-segment elevations in patients with HCM
were compared to those in patients with myocardial infarction.
It was found that ST elevations in HCM patients persisted longer
and were more frequently associated with T-wave inversions in
multiple leads, distinguishing them from myocardial infarction
cases. In our patient, follow-up ECGs showed a persistent ST
elevation pattern and T-wave changes in leads V2-V3, findings
consistent with those reported by Yang et al.’”® Additionally,
electrocardiographic findings such as left axis deviation, small
R-waves in the left precordial leads, large S-waves in the right
precordial leads, abnormal Q-waves, and/or a wide QRS complex
have also been reported in patients with NS."

Another challenge in diagnosis was the patient's normal
height. Short stature is a common feature in individuals with
NS, particularly in those with PTPN17 variants. However, some
patients may present with normal height, indicating that
this feature alone is not sufficient to rule out the diagnosis.'
The absence of prominent facial features, such as palpebral
ptosis, further complicated the diagnostic process. Moreover,
the negative family history in this case added another layer of
complexity. Nevertheless, as mentioned earlier, de novo variants
occurina considerable number of cases, indicating that a negative
family history does not necessarily exclude the condition.

As previously discussed, the diagnostic challenges of NS can often
be addressed through detailed anamnesis and a comprehensive
physical examination. Despite several complicating factors
in our patient's case, key clinical findings played a significant
role in reaching the correct diagnosis. The patient exhibited
a prominent pectus excavatum, one of the characteristic
features of NS.” Additionally, the presence of a murmur in the
pulmonary area, skin lesions, and mild left palpebral ptosis were
crucial diagnostic clues. Although the chest deformity made
echocardiographic evaluation more challenging, the use of
multimodal imaging, including cardiac MRI, provided valuable
insights by revealing localized hypertrophy that might have
otherwise been overlooked. The application of advanced imaging
techniques, particularly cardiac MRI, was pivotal in identifying
subtle hypertrophic changes, underscoring the importance of a
multimodal approach in complex diagnostic cases. Furthermore,
the presence of coronary artery ectasia, a finding previously
reported in NS, offered additional support for the diagnosis.™
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Conclusion

This case highlights the diagnostic challenges associated with
NS, emphasizing the importance of a detailed medical history
and comprehensive physical examination in reaching an accurate
diagnosis. Given the heterogeneous clinical presentation, it is
essential to utilize available diagnostic tools, such as cardiac MRI
and other imaging techniques, to support clinical findings. The
combination of careful physical assessment and advanced imaging
can significantly aid in distinguishing NS from other conditions,
ultimately facilitating timely and appropriate management.
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Multimodality Imaging of Neuroendocrine Tumor
with Cardiac Metastasis

Kardiyak Metastazli Noroendokrin TUmorun Multimodal
GoruntUlemesi

42-year-old man with a biopsy-proven neuroendocrine tumor (NET) presented

with progressive dyspnea. Fluorodeoxyglucose (FDG) positron emission tomography
(PET) demonstrated widespread metastatic disease with multifocal myocardial uptake,
predominantly involving the left ventricle (Figure 1A). Transthoracic echocardiography
(TTE) revealed multiple intramyocardial hyperechoic masses (Figure 1B, Video 1). Cardiac
magnetic resonance imaging showed diffuse intramyocardial metastatic infiltration,
with the largest lesion located in the basal anterolateral wall (Figure 1C). Left ventricular
ejection fraction was preserved; however, global longitudinal strain (GLS) was reduced
(Figure 1D). Combination chemotherapy with etoposide and cisplatin was initiated.
Despite a marked reduction in myocardial FDG uptake on post-treatment FDG-PET
(Figure 2A), follow-up echocardiography, including strain imaging, demonstrated
persistence of intramyocardial hyperechoic masses and ongoing subclinical systolic
dysfunction (Figures 2B-C, Video 2).

Figure 1. Pre-treatment multimodality imaging of cardiac metastases from a
neuroendocrine tumor. (A) Baseline axial fused fluorodeoxyglucose positron emission
tomography (FDG-PET) image demonstrating multifocal intense myocardial FDG
uptake, predominantly involving the left ventricle. (B) Parasternal short-axis
transthoracic echocardiography showing multiple intramyocardial hyperechoic
masses. (C) Black-blood spin-echo cardiac magnetic resonance image revealing
diffuse intramyocardial metastatic infiltration, most prominent in the basal
anterolateral wall. (D) Baseline two-dimensional speckle-tracking analysis showing
reduced myocardial tissue deformation, particularly in the basal anteroseptal region
(global longitudinal strain: -11.2%).

282

Official journal of the

5| TURKISH
EF] SOCIETY OF
CARDIOLOGY

CASE IMAGE
OLGU GORUNTUSU

Ugur Nadir Karakulak’
Damla Yalginkaya Oner?

Necla Ozer'

'Department of Cardiology, Hacettepe
University Faculty of Medicine, Ankara, Turkiye
2Department of Cardiology, Karaman Training
and Research Hospital, Karaman, Tirkiye

Corresponding author:
Ugur Nadir Karakulak
P4 ukarakulak@gmail.com

Received: January 08, 2026
Accepted: February 01, 2026

Cite this article as: Karakulak UN,
Yalcinkaya Oner D, Ozer N. Multimodality
Imaging of Neuroendocrine Tumor with
Cardiac Metastasis. Turk Kardiyol Dern
Ars. 2026;54(3):282-283.

DOI: 10.5543/tkda.2026.74315

el
BY NC_ND Copyrlght@Author(S)

Available online at archivestsc.com.
Content of this journal s licensed under a
Creative Commons Attribution -
NonCommercial-NoDerivatives 4.0
International License.


https://orcid.org/0000-0001-9146-8765
https://orcid.org/0000-0002-8047-389X
https://orcid.org/0000-0001-7914-0169
https://orcid.org/0000-0002-6482-9913

Karakulak et al. Imaging of Cardiac Neuroendocrine Tumour

Turk Kardiyol Dern Ars 2026;54(3):282-283

Figure 2. Post-treatment anatomic and metabolic response of cardiac metastases. (A) Follow-up axial fused fluorodeoxyglucose
positron emission tomography (FDG-PET) image demonstrating marked reduction in myocardial FDG uptake, consistent with
significant metabolic regression. (B) Follow-up parasternal long-axis transthoracic echocardiography showing persistence
of intramyocardial hyperechoic masses despite therapy. (C) Follow-up speckle-tracking echocardiography with bull's-eye
representation demonstrating persistently reduced global longitudinal strain (-7.0%), indicating ongoing mechanical dysfunction.

This case illustrates that myocardial metastases from NET
may persist morphologically despite metabolic remission.
Furthermore, echocardiography including strain imaging may
substantially underestimate treatment response, whereas FDG-
PET serves as a robust marker of therapeutic efficacy in cardiac
metastatic disease.

The detection of cardiac involvement in NET requires a high index
of clinical suspicion and recognition of specific imaging "red
flags." Based on multimodality imaging. the following features
should alert clinicians to potential myocardial metastasis:

e On TTE: The presence of multiple, round, well-defined
hyperechoic masses within the myocardium.

Diffuse
to TTE,

e On magnetic resonance imaging (MRI):
intramyocardial metastatic infiltration, similar
particularly involving the left ventricular walls.

e On positron emission tomography (PET) imaging: Multifocal
and intense myocardial FDG uptake, serving as a robust
metabolic indicator of metastatic disease in patients with
known NET.

Management of cardiac metastasis from NET is primarily
dictated by tumor grade and the extent of systemic involvement.
Because cardiac metastases frequently coexist with widespread
systemic disease, systemic therapy remains the cornerstone
of management. In poorly differentiated or aggressive NETs,
combination chemotherapy regimens such as etoposide and
cisplatin are commonly employed. Surgical resection may be

considered for solitary or symptomatic cardiac lesions but is
often limited by the multifocal nature of the infiltration.

Ethics Committee Approval: This is a single case image, and therefore
ethics committee approval was not required in accordance with
institutional policies.

Informed Consent: Detailed information was given to the patient
regarding the possible contribution of the case report to the literature.
The patient gave written and verbal consent for the publication of the
case image.
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Video 1. Parasternal short-axis transthoracic echocardiography showing
multiple intramyocardial hyperechoic masses.

Video 2. Follow-up parasternal long-axis transthoracic echocardiography
demonstrating persistence of intramyocardial hyperechoic masses
despite therapy.
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Clock-Time or Sleep-Wake Cycle in the Definition
of Dipper and Non-Dipper Classification:
A Methodological Perspective

Dipper ve Non-Dipper Siniflandirmasinin Taniminda
Saat-Zaman veya Uyku-Uyaniklik Dongusu:
Metodolojik Bir Bakis Agisi

To the Editor,

We read with interest the study by ilis et al." evaluating dipper and non-dipper blood
pressure patterns in hypertensive patients living at moderate altitude. Using ambulatory
blood pressure monitoring (ABPM), the authors reported a high prevalence of the non-
dipper pattern and demonstrated its association with impaired left ventricular global
longitudinal strain (LVGLS), thereby providing valuable insights into subclinical cardiac
involvement in this population.

Nevertheless, we would like to highlight a methodological aspect that may be relevant
to the interpretation of the reported findings.

In the study, dipper and non-dipper classification was based on fixed clock-time
intervals, defined as daytime (06:00-22:00) and nighttime (22:00-06:00). Although
the Methods section refers to "awake" and “sleep” periods, no details are provided
regarding how these periods were determined in relation to individual sleep-wake
cycles. The absence of sleep diaries, patient-reported sleep times, or objective tools
such as actigraphy suggests that the classification was effectively based on predefined
clock-time intervals.

The concepts of dipper and non-dipper hypertension were first introduced by O'Brien et
al.,2 and in this original description, nocturnal and daytime blood pressure values were
assessed using fixed time intervals, consistent with the methodological standards of that
period. This approach was subsequently widely adopted. However, reliance on clock-
time-based definitions has been discussed in the literature for its limited ability to capture
interindividual variability in sleep-wake behavior, particularly in individuals with delayed
sleep onset, shift work, or irregular sleep habits, where misclassification may occur.

In contrast, sleep-wake-based assessment relies on comparing blood pressure
measurements obtained during an individual's actual sleep and wake periods. Consensus
documents on ABPM methodology emphasize that sleep-time and awake-time blood
pressure values should be defined according to individualized sleep—wake cycles rather
than rigid clock-time intervals.? In addition, sleep-wake-based approaches have been
shown to reflect circadian blood pressure patterns more accurately and to enhance the
prognostic value of ABPM.# This perspective is also supported by the 2018 European
Society of Cardiology/European Society of Hypertension (ESC/ESH) guidelines, which
draw attention to the limitations of strict clock-time-based definitions and encourage
more individualized, physiologically grounded assessments when feasible.®

This methodological consideration becomes particularly relevant when the clinical
characteristics of the study population are taken into account. The higher prevalence
of advanced age, diabetes mellitus, and chronic obstructive pulmonary disease in the
non-dipper group suggests a clinical context in which sleep patterns may be more
heterogeneous. Accordingly, the use of clock-time-based classification should be
considered when interpreting the reported non-dipper prevalence and the clinical
implications derived from the findings.
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In conclusion, the study by ilis et al." offers important information
regarding hypertension and circadian blood pressure patterns at
moderate altitude. However, the use of fixed clock-time intervals
for dipper/non-dipper classification represents a methodological
limitation that should be acknowledged when interpreting the
results. Future studies incorporating sleep-wake-based definitions
may allow for more accurate risk stratification and clearer clinical
guidance.
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Cumulative LDL-C and Lipoprotein(a) in Elderly
Patients with Hyperlipidemia: Methodological
Considerations and Clinical Implications

Hiperlipidemili Yasli Hastalarda Kimulatif LDL-C ve
Lipoprotein(a): Metodolojik Hususlar ve Klinik Etkileri

To the Editor,

We read with great interest the article by Yurtseven et al.,” recently published in
the Archives of the Turkish Society of Cardiology, which investigated lipoprotein(a)
[Lp(a)] and cumulative low-density lipoprotein cholesterol (LDL-C) as predictors
of coronary artery disease (CAD) in statin-naive elderly individuals with
hyperlipidemia.

The authors found that male sex, cumulative LDL-C, and elevated Lp(a)
independently predict CAD in individuals aged =70 years with LDL-C =160 mg/
dL. The SAFEHEART risk score outperformed SCORE2-O0P in this population.’ Given
the ongoing debate regarding statin initiation in elderly patients, these findings
are clinically relevant. However, we would like to highlight several methodological
and interpretive considerations that warrant further evaluation.

First, the cumulative LDL-C exposure approach, which multiplies a single
measurement by age, should be interpreted with caution. The authors acknowledge
that this method may overestimate lifelong LDL-C burden, as LDL-C levels tend
to increase with age. A single cross-sectional measurement cannot accurately
reflect decades-long LDL-C exposure. Mendelian randomization studies by
Ference et al.? suggest that integrating serial LDL-C measurements over time
provides a more physiologically accurate estimate of cumulative exposure.

Second, the SAFEHEART risk equation was developed and validated in patients
with familial hypercholesterolemia (FH). However, its application in this cohort—
where only 5.4% met the Dutch Lipid Clinic Network criteria for probable FH—
raises concerns regarding external validity. The incorporation of Lp(a) into the
equation may explain its apparent superiority over SCORE2-0OP in this Lp(a)-
enriched cohort, rather than reflecting its performance in the broader elderly
hyperlipidemia population. Therefore, before recommending its widespread clinical
use, SAFEHEART should be prospectively validated in non-FH elderly populations.?

Third, the study population was predominantly female (68.3%), which may have
influenced the observed effect sizes and limited generalizability to elderly men.
Although interaction terms between sex and both Lp(a) and cumulative LDL-C
were not statistically significant, the study was likely underpowered to detect such
interactions given the sample size of 202 patients. In light of evidence suggesting
that sex-specific Lp(a) cut-off values may be warranted for cardiovascular risk
stratification, sex-stratified analyses or the inclusion of a larger cohort would
strengthen the conclusions.*

Fourth, Lp(a) levels were reported in mg/dL rather than nmol/L. Given the well-
recognized interindividual variability in Lp(a) particle size, reporting in nmol/L
is increasingly preferred in contemporary guidelines and improves cross-study
comparability. Additionally, the absence of genetic testing for FH mutations or LPA
kringle-1V type 2 (KIV-2) repeat number leaves the molecular basis of elevated
Lp(a) uncharacterized in this cohort, thereby limiting mechanistic interpretation.>
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Finally, the retrospective, single-center design involving a referred,
symptomatic population introduces Berkson-type bias and limits
the generalizability of the findings to community-dwelling elderly
individuals. Prospective studies with longitudinal follow-up,
incorporating incident cardiovascular events as endpoints rather
than prevalent CAD, will be essential to confirm the prognostic
utility of cumulative LDL-C and Lp(a) in this age group.

In conclusion, Yurtseven et al.' identify Lp(a) and cumulative
LDL-C as underappreciated risk indicators in elderly patients
with hyperlipidemia. In this vulnerable and growing population,
future prospective studies should address the methodological
considerations outlined above to strengthen the evidence base
for lipid-lowering therapy strategies.
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Reply to the Letter to the Editor: Cumulative
LDL-C and Lipoprotein(a) in Elderly Patients with
Hyperlipidemia: Methodological Considerations
and Clinical Implications

Editore Mektup Yaniti: Hiperlipidemili Yasli Hastalarda
KimUlatif LDL-C ve Lipoprotein(a): Metodolojik
Hususlar ve Klinik Etkileri

To the Editor,

We thank the authors' for their interest in our study? and for their thoughtful and
constructive comments regarding our work. We appreciate the opportunity to clarify several
methodological aspects and to further elaborate on the interpretation of our findings.

We agree that estimating cumulative LDL-C exposure using a single measurement
multiplied by age may not fully reflect lifelong lipid burden, and we fully acknowledge the
authors' concern. However, this limitation was already explicitly stated in our manuscript,
where we noted that this approach may lead to a modest overestimation due to age-
related increases in LDL-C levels. Our aim was to provide a practical and clinically
applicable surrogate marker in a real-world elderly population, where long-term serial
lipid measurements are rarely available. Similar approaches have also been reported in the
literature.®> While longitudinal lipid data or Mendelian randomization approaches would
provide a more precise estimation, such data are not always feasible in routine clinical
practice; therefore, our method should be interpreted as a pragmatic approximation.

Similarly, although the SAFEHEART risk equation was originally developed in a familial
hypercholesterolemia population, its use in our study was not intended as a direct
external validation but rather as a comparative tool to explore whether the inclusion
of lipid-related parameters, particularly Lp(a), improves risk discrimination in elderly
individuals with markedly elevated LDL-C levels.* Notably, a substantial proportion
of our cohort was classified as possible or probable FH, which further supports the
relevance of this approach. In addition, Lp(a) levels are known to increase in women
after the menopausal transition, which may partly explain the higher Lp(a) levels
observed in elderly populations independent of FH.> Therefore, it is reasonable that
Lp(a) levels in our cohort were higher than those reported in the general population.”
This also supports the clinical relevance of incorporating Lp(a) into risk assessment in
this age group. Importantly, we clearly stated in our manuscript that the applicability
of SAFEHEART in non-FH elderly populations requires prospective validation, and our
findings should be interpreted as hypothesis-generating rather than definitive.

We also acknowledge that the predominance of female participants may influence
generalizability, a point that was already clearly discussed in the limitations section
of our manuscript. Although interaction analyses between sex and both Lp(a) and
cumulative LDL-C were not statistically significant, we agree that the study may be
underpowered to detect subtle interactions and that larger, more balanced cohorts
would provide further insight into potential sex-specific effects.

Regarding Lp(a) measurement, values were reported in mg/dL in accordance with the
standardized assay used in our center’s routine clinical practice. We agree that reporting in
nmol/L would improve comparability across studies; however, this limitation was already
explicitly acknowledged in our manuscript. Current consensus documents also emphasize
the variability in Lp(a) particle size and the challenges in standardization across assays.®
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Similarly, the absence of genetic testing for FH mutations or LPA
variants was acknowledged, and we agree that such data would
provide additional mechanistic insight.

Finally, we fully agree that the retrospective, single-center
design and the inclusion of a referred, symptomatic population
may introduce selection bias, including Berkson-type bias. This
issue was already extensively addressed in the limitations section
of our manuscript. We clearly stated that our cohort represents a
higher-risk, physician-referred elderly population, and therefore
the findings may not be directly generalizable to community-
dwelling individuals. Importantly, our aim was not to provide
population-level risk estimates but rather to identify clinically
relevant markers associated with prevalent CAD in a real-world
elderly cohort, where decision-making regarding lipid-lowering
therapy remains challenging.

In conclusion, we appreciate the authors' valuable comments,
which highlight important methodological considerations. As
emphasized in our manuscript, our findings should be interpreted
within the context of the study design and its limitations, many
of which were already acknowledged. We believe that our study
contributes to the ongoing discussion on cardiovascular risk
stratification in elderly individuals by suggesting that cumulative
LDL-C exposure and Lp(a) may provide additional clinically
relevant information beyond traditional risk scores. Further
prospective studies are warranted to validate these findings.
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Pulmo: Patient Education in Pulmonary
Hypertension via Artificial Intelligence-Based
Digital Characters

Pulmo: Yapay Zeka Tabanli Dijital Karakterler Araciligiyla
Pulmoner Hipertansiyonda Hasta Egitimi

To the Editor,

Patients with pulmonary hypertension
(PH) and their caregivers often encounter
technical, complex, and emotionally
overwhelming terminology when seeking
information; thiscaninadvertentlyincrease
anxiety and hinder understanding.'?

The key innovation of the Pulmo
project lies in the strategic use of an
anthropomorphic lung character, designed
through artificial intelligence, to mediate
the patient's relationship with medical
information. The character's persona
was meticulously crafted to be warm,
explanatory, trustworthy, and mildly
humorous, with the aim of transforming
the learning experience from a formal,
didactic session into a comfortable
dialogue with a trusted peer.

The visual identity and personality of
Pulmo were established through an
iterative process involving large language
models (e.g., ChatGPT) for initial
conceptualization. Advanced generative
Al tools (e.g., Gemini) were subsequently
employed to create diverse stylistic variations, such as depicting Pulmo in different roles
(e.g., a chef for nutrition content, a yoga instructor for respiratory information) (Fig. 1).
This approach ensured that the character remained visually engaging and contextually
relevant across various topics, while strictly maintaining a consistent and recognizable
core identity to preserve the audience's trust.3

Figure 1. Pulmo's different characters:
(R) Pulmo; (B) Chef Pulmo; (C) Yogi
Pulmo; (D) Traveler Pulmo.

All content is prepared by pulmonary hypertension specialists to ensure clinical
accuracy and compliance with current guidelines and is subsequently reviewed by the
same specialists after Al processing. Only after this human-centered validation is the
information translated into simplified, accessible language.

The Grok Al tool was used to generate natural, fluent, and engaging animations,
utilizing facial expressions and gestures to reinforce messaging and increase relatability.
Additionally, subtitles were systematically added to all videos to ensure accessibility
for users who may be unable to listen to audio content due to their environment or
circumstances. Despite being active on Instagram (@mypulmo) for only one month and
currently providing content only in Turkish, Pulmo has already reached 425 followers. A
YouTube channel has also been created to reach a wider audience and offer content in
different languages (https://youtube.com/@mypulmo?si=6-DI1386gfB2NPr4P).
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Table 1. Sample questions asked by patients to Pulmo

Secondary pulmonary hypertension was diagnosed. What is
secondary pulmonary hypertension?

Why is it so difficult to access medication for pulmonary
hypertension?

What should patients with pulmonary hypertension eat?

Is it safe for a patient with pulmonary hypertension to keep a cat at
home?

Which vaccines should we receive?
What is NT-proBNP? What does a decrease indicate?

Can we use flu medication when we have the flu?

Which herbal teas are beneficial for patients with pulmonary
hypertension?

Would using a triflo device be beneficial?

How far should | walk during the 6-minute walk test?

What should | do to treat anemia?

How much water should | drink daily?

Can undergoing an ablation cause pulmonary hypertension?

| want to do Pilates; is it safe?

Although the project s stillin its early stages, the limited feedback
received indicates that patients frequently ask Pulmo questions
about symptom management and lifestyle changes (Table 1).

At this stage, the study does not include a quantitative or systematic
evaluation of its impact (i.e., improvements in knowledge level,
behavioral change, or clinical outcomes). A formal evaluation of

Turk Kardiyol Dern Ars 2026;54(3):290-291

clinical outcomes and patient knowledge retention is planned. The
current implementation of Pulmo is limited to a single language
(Turkish) and a restricted number of social media platforms, which
may limit the generalizability of the findings. Although the content
is designed to be broadly accessible, its effectiveness across
different age groups, biological sex, educational backgrounds, and
levels of digital health literacy has not yet been systematically
assessed. As an early-stage initiative, Pulmo has not yet evaluated
whether engagement and comprehension differ across patient
subgroups, such as age, biological sex, educational level, or digital
health literacy. While the use of short-form content enhances
engagement, it may also carry a risk of oversimplifying complex
medical concepts, and sex-specific educational needs in PH have
not yet been clearly addressed.
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