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ESC 2025 Kalp Kapak Hastaliklar Kilavuzunda Yeni Gelen ve
Degisen Oneriler

New and Updated Recommendations in the ESC 2025 Valvular Heart Disease
Guideline

@ Sinem Cakal, ® Muhammed iyad Altabel

Saglik Bilimleri Universitesi, istanbul Haseki Egitim ve Arastirma Hastanesi, Kardiyoloji Klinigi, istanbul, Tiirkiye

Son yillarda kalp kapak hastaliklarina iliskin pek cok yeni randomize klinik ¢alisma yapilmis olmasi nedeniyle klinik pratigin gtincellemesi
amaclanarak, Avrupa Kardiyoloji Dernegi (ESC) kalp kapak hastaliklari kilavuzu 2025 yilinda yenilendi. Minimal invaziv yontemler alaninda
teknolojik gelismeler ve bunlarin uzun dénem sonuglari, gelisen tanisal goriintiileme tekniklerinin daha etkin kullanimi ile ¢oklu kapak
hastaligi veya eslik eden koroner lezyonlarin yonetiminin daha net tanimlanmasi, hastaya ozel karar verme, multidisipliner “kalp takimi”
yaklasimi ve merkez tercihi konularina daha gii¢lii vurgular yapildi. Bu kilavuzda, bilimsel gelismelerle klinik uygulama arasindaki boslugu
kapatmak, tedavinin zamanlamasini ve secimlerini daha kesin ve uygulamasi tutarli hale getirmek amacglanmistir. Biz de bu derlemede ESC
2025 kalp kapak hastaliklar kilavuzunda yeni ve degisen onerilerini yorumlayarak, gtincel bilgileri aktarmayi hedefledik.

Anahtar Kelimeler: Kalp kapak hastaliklari, aort kapak, mitral kapak, trikiispit kapak, mekanik kalp kapagi, biyoprotez kalp kapagi, TAVI,
TEER, oral antikoagiilan

In recent years, a substantial number of new randomized clinical trials have been conducted in the field of valvular heart disease. In light
of these developments, and with the aim of updating clinical practice, the 2025 European Society of Cardiology (ESC) guidelines for the
management of valvular heart disease have been revised. The updated guideline places a stronger emphasis on technological advancements
in minimally invasive interventions and their long-term outcomes; the expanded application of advanced diagnostic imaging modalities;
a more precise definition of the management of multivalvular disease and concomitant coronary lesions; as well as the importance of
individualized patient-centered decision-making, the multidisciplinary “heart team” approach, and center expertise. The overarching
objective of this revision is to bridge the gap between scientific evidence and clinical implementation, thereby promoting greater precision
and consistency in the timing and selection of therapeutic interventions. In this review, we aim to analyze and interpret the novel and
updated recommendations presented in the 2025 ESC guidelines for valvular heart disease, and to provide a concise summary of the most
current evidence to inform clinical practice.

Keywords: Valvuler heart disease, aortic valve, mitral valve, tricuspid valve, mechanical heart valve, bioprosthetic heart valve, TAVI, TEER, oral
anticoagulant
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GIiRIS

Avrupa Kardiyoloji Dernegi (ESC) kalp kapak hastaliklar
kilavuzu (1), yeni yapilan pek cok randomize kontrollii calisma
ve metaanaliz nedeniyle 2025 yilinda yenilendi. Transkateter
aort kapak implantasyon (TAVI), u¢ uca mitral ve trikispit kapak
tamirleri, minimal invaziv mitral cerrahi yontemleri alanindaki
teknolojik gelismeler ve bunlarin uzun doénem sonuclari, 3D
ekokardiyografi, bilgisayarli tomografi (BT), manyetik rezonans
goriintilemenin (MRG) daha etkin kullanimi ile kapak hastalig
ve bunlara eslik eden koroner lezyonlarin yonetiminin daha
net tanimlanmasi bu kilavuzun yenilenmesinde ana gerekgeler
oldu. Hastaya ozel karar verme yaklasimi kilavuzda 6n plana
cikarken, multidisipliner hasta yonetimi ve “kalp takimi”
yaklasimina bu kilavuzda daha giicli vurgulamalar yapildi. ESC
2025 kapak hastaliklar kilavuzunda (1), bilimsel gelismelerle
klinik uygulama arasindaki boslugu kapatmak hedeflenmis
olup, tedavinin zamanlamasini ve secimlerini daha kesin ve
uygulamasi tutarli hale getirmek amaclanmistir.

Erken Miidahale Yaklasimi: Daha onceki kilavuzlarda
asemptomatik hastalarda on planda izlem onerilirken, bu
kilavuz (1) girisimsel tedavileri biraz daha on plana c¢ikarmis.
Ozellikle semptomsuz ileri aort darliginda erken girisim
dustntlmesi vurgulanmis (Sekil 1). Ek prognostik ozelliklerin
(cok yiiksek V_, kalsifikasyon derecesi, natritiretik peptidler,
hizli progresyon) goz ontinde bulundurulmasi onerilmistir. TAVI
kullanim alaninin genisletilmesi hedeflenerek, yas kriterinde
degisiklik yapitlmis olup, aort kapak darhigi olan, trikispid
anatomili hastalarda TAVI'ye yonelik yas sinirinin 75'ten 70’e
cekilmesi (uygun anatomik hastalarda) onerilmistir (1). Cerrahi
(aort kapak replasmani) yaklasimin hala gen¢ ve dusik riskli

hastalar icin gecerli olmasi, ozellikle bikiispid anatomide cerrahi
tercihin devami vurgulanmistir (1).

Mitral Kapak Hastaliklarinda Degisen Oneriler: Primer
mitral yetersizlikte (MY), cerrahi onariminin erken donemde,
semptomsuz hastalarda  belirli  kriterlerle  dustntlmesi
onerilmistir (1). Ventrikiler sekonder MY icin transkateter uc uca
tamir (TEER) yaklasimi, daha giiclii oneriyle vurgulanmis olup,
hemodinamik olarak stabil, sol ventrikiil ejeksiyon fraksiyonu
<%50 olan, ileri ventrikiiler sekonder MY'de optimal medikal
tedavi ve kardiyak resenkronizasyon tedavisi dahil tiim tedaviler
sonrasi halen semptomatik olan hastalarda, hastane yatislarini
azaltmak ve yasam kalitesini artirmak icin, TEER tedavisi sinif |
oneriye ytkseltilmistir (1).

Trikiispid Kapak Tedavisi Giiclendirilmesi: Orta veya ileri
trikiispit yetmezligi (TY) eslik eden, sol taraf kapak cerrahisi
yapilacak hastalarda, trikiispid tamir onerisi kuvvetlendirilmistir
(1). Yiiksek riskli hastalarda yasam kalitesini iyilestirmek icin,
trikiispit kapaga transkateter tedavilerin (tamir ya da degisim)
degerlendirilmesi onerilmistir (1). Siddetli sag ventrikil (SV)
disfonksiyonu veya prekapiller pulmoner hipertansiyon
bulunmayan, optimal medikal tedaviye ragmen semptomatik
ileri TY hastalarinda, yasam kalitesini artirmak ve SV remodelling
onlemek amaciyla transkateter trikiispit kapak tedavisi oneri
sinifi lla'ya yukseltilmistir (1).

Gelismis Goriintiilleme ve Net Tanimlamalar: Kilavuz
(1), ekokardiyografi yaninda BT ve MRGnin daha sistematik
kullanimini vurgulamis (6zellikle anatomik detay degerlendirme
acisindan). TAVI adaylarinda, prosediirel planlama icin yapilan BT
anjiyografi, anlamli koroner arter hastahgini dislamak icin yeterli
ise, invaziv koroner anjiyografinin atlanmasi onerilmistir (1).

Aort Darligi (AS): Asemptomatik Hastalarda Erken

Miidahale

Yakin Takip
(Watchful Waiting)

- Asemptomatik
- LVEF > %55

- Normal BNP seviyeleri

- Efor testinde semptom yok
-Vmax < 5.0 m/s

Sekil 1. Asemptomatik ileri aort setnozunda erken miidahale endikasyonlari

Miidahale
(Intervention)

Miidahale Tetikleyicileri
(Herhangi biri yeterlidir)

- LVEF < %55 (bagka bir nedene
bagl olmayan)

- Ortalama gradient > 60 mmHg
VEYA Vmax > 5.0 m/s

- Ciddi kalsifikasyon (CCT onayli)
VE Vmax progresyonu 2 0.3 m/s/yll|

- BNP seviyelerinde belirgin yiikselis
(yas/cinsiyet normalinin >3 kati)

- Normal LVEF'li hastalarda efor
testinde kan basinci diisiisii veya
semptom

LVEF: Sol ventrikiil ejeksiyon fraksiyonu, BNP: B-tipi natritiretik peptid, CCT: Kardiyak bilgisayarli tomografi

(Sekil, NotebookLM kullanilarak olusturulmustur.)
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Birden c¢ok kapak hastaligi/kombine lezyon yonetimi icin daha
actk algoritmalar ve oneriler eklenmistir. Hastaya ozel karar
verme, merkez tercihi, kalp takimi yaklasimi oldukca fazla
vurgulanmis olup, ozellikle karmasik olgular icin yiiksek hacimli,
deneyimli kalp kapak merkezlerine yonlendirme onerisi
guclendirilmistir (1).

Mekanik Kapak Trombiisiine Yaklasim: Mekanik kapakta
>10 mm trombis varsa ve tromboemboli yaptiysa tedavisinin
cerrahi olmasi gerektigi vurgulanmistir (1). Obstruktif trombiise
bagli New York Kalp Dernegi 3-4 semptomatik kalp yetmezligi
gelistiyse cerrahi (pannus, rekirren tromboembolik olay, blyik
trombiis, kardiyojenik sok varsa) veya fibronolitik (cerrahi
yiiksek riskli ise, sag taraf protezlerde ise) tedavi uygulanmasi
onerilmistir (1). Uluslararasi normallestirilmis oran (INR) efektifse
INR'nin 0,5 tnite artirlmasi veya distk doz asetil salisilik asit
(ASA) eklenmesi vurgulanirken, INR inefektifse efektif olana
kadar koprileme yapilmasi tizerinde durulmustur. Hala trombiis
varsa ve obstruksiyon veya tromboemboli yapiyorsa cerrahi veya
fibrinolitik tedavi verilmesi onerilmistir (1).

Ozel Alt Gruplar ve Ek Konular: Kadinlara 6zgii degerlendirme
konularina 6zel bolim eklenmis, cinsiyete bagl anatomik/
fizyolojik farklarin goz ontinde bulundurulmasi onerilmistir
(1). Kapak protez rejenerasyonu/protez disfonksiyon yonetim
stratejileri giincellenmistir (1). Mitral veya trikiispit pozisyonundaki
biyoprotezlerde transvenoz  “valve-in-valve”
implantasyonu; orta veya ylksek cerrahi riski olan ve uygun

transkateter

anatomiye sahip hastalarda oOnerilmistir (1). Antiaggregan ve
antikoagtlan yonetimi daha detayli ve net ifadelerle anlatilmistir.

ESC 2025 Kapak Hastaliklari Kilavuzuna Gore Hastaya Ne
Zaman Oral Antikoagiilan, Ne Zaman Antiagregan Verilmelidir
(Sekil 2)?

Mitral ve trikiispit biyoprotez ameliyati olan hastalarda,
atriyal fibrillasyon (AF) olsun olmasin ilk 3 ay vitamin k
antagonisti (VKA) verilmesi, AF varsa 3 aydan sonra NOAK'nin,
VKAya tercih edilmesi, AF yoksa 3 aydan sonra émiir boyu distik
doz (75-100 mg/giin) ASA dustntlmesi onerilmistir (1).

Mitral veya trikispit kapak onarimi yapilan hastalarda, AF
olsun olmasin, ilk 3 ay NOAK veya VKA verilmesi, AF nedenli oral
antikoagilan (OAK) endikasyonu varsa 3 aydan sonra NOAK ile
devam edilmemesi, AF yoksa ve kanama riski yiiksekse belki
dusik doz ASA disinilmesi onerilmistir (1).

Aort biyoprotez ameliyati yapilan hastalarda, AF yoksa ilk 3
ay disiik doz ASA veya VKA dustinilmesi, AF varsa, ilk 3 ay VKA
dustntlmesi, 3 aydan sonra NOAK'nin, VKAya tercih edilmesi,
AF yoksa 3 aydan sonra omiir boyu diistik doz ASA distinilmesi
onerilmistir (1).

Transkateter aort kapak implantasyonu yapilan hastalarda,
AF nedenli OAK endikasyonu yoksa ilk 12 ay dusiik doz ASA
eklenmesi, 12 aydan sonra ASA devam edilmesi onerilirken, dual
antiplatelet tedavi kesinlikle onerilmez (1).

/

MVR/TVR SAVR TAVI

Uzun donem antikoagtilasyon endikasyonu var mi?

N
Mitral /TrikGspit
Kapak onanimi

Aortik
Kapak onanmi

X
=

ik 3 ay ilk 3 ay Yiksek kanama riski |Ik 3ay
OAK ASA veya OAK ASA
(Sinif lla) (Sinif lla) + + (Slmf l1a)
Kanama riskine gére l:);f::::: ik 3 ay ik 3 ay
m';&mf |::)A B ddnem ASA so‘:"l(l (sAmlb
(Sinif lla) (Sinif lia) uf i)

N

@Esc @EACTS—

Sekil 2. Biyolojik kalp kapag implantasyonu veya cerrahi kapak onarimi sonrasi antitrombotik tedavi (1)
ASA: Asetilsalisilik asit, MVR: Mitral kapak replasmani, OAK: Oral antikoagiilan, SAVR: Cerrahi aort kapak replasmani, TAVI: Transkateter aort kapak

implantasyon, ESC: Avrupa Kardiyoloji Dernegi
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Aort kapak onarimi yapilan hastalarda, AF yoksa ilk 3 ay
dusik doz ASA diistintilmesi, AF nedenli OAK endikasyonu varsa,
ilk 3 ay NOAK veya VKA verilmesi, 3 aydan sonra NOAK'nin,
VKAya tercih edilmesi onerilmistir (1).

NOAK'nin mutlak kontrendike oldugu durumlar, AF olup MVA
<2 c¢m 2 romatizmal mitral stenozu olan hastalar ve mekanik
protez kapaklardir (1).

VKA yaninda disuk doz ASA eklenmesi gereken durumlar
bu kilavuzda AF kilavuzundan biraz daha farkl olup, TTR >%60
olan  INRye ragmen major tromboembolik komplikasyon
gelisen mekanik kapak hastalarinda, INR hedefi ve araligi 0,5
tinite artinimasi veya disiik doz ASA eklenmesi ve semptomatik
aterosklerozu olan mekanik kapak hastalarinda, bireysel kanama
riskleri degerlendirilerek, VKA yanina diisiik doz ASA eklenmesi,
seklinde gtincellenmistir (1).

SONUG

Hastaya 0zel karar verme (patient-centred care),
multidisipliner “kalp takimi” vyaklasimi ve merkez tercihi
konularina daha gticli vurgular yapilan bu kilavuzda (1),
bilimsel gelismelerle klinik uygulama arasindaki boslugu
kapatmak, tedavinin zamanlamasini ve secimlerini daha

kesin ve uygulamasi tutarli hale getirmek hedeflenmis olup,
asemptomatik kapak hastaliklarinda artik daha erken cerrahi ve
perkiiten girisimin ond acilmistir.
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Objective: Sodium-glucose co-transporter-2 inhibitors such as dapagliflozin and empagliflozin have demonstrated cardioprotective effects,
but their impact on early left ventricular function after acute coronary syndrome (ACS) remains unclear. This study aimed to compare the
effects of dapagliflozin and empagliflozin on early post-ACS left ventricular ejection fraction (LVEF) in patients with type 2 diabetes mellitus
(T2DM) and to identify predictors of reduced LVEF.

Material and Methods: This retrospective study included 354 patients with T2DM who were hospitalized with an ACS event while on
dapagliflozin (n=133) or empagliflozin (n=221) therapy. Demographic, clinical, and echocardiographic data were collected. LVEF was
classified as preserved (=50%), mildly reduced (41-49%), or reduced (<40%). Multivariable logistic regression was used to identify independent
predictors of reduced LVEF.

Results: Post-ACS LVEF values were similar between the dapagliflozin and empagliflozin groups (p=0.809). However, STEMI (p<0.001) and
immigrant status (p=0.023) were independently associated with reduced LVEF (<40%). Among all patients with LVEF <50%, only STEMI
remained an independent predictor (p<0.001).

Conclusion: Although dapagliflozin and empagliflozin recipients had similar LVEF in the early post-ACS period, it appears that having an
immigrant background and suffering from STEMI are risk factors for substantial LVEF decrease in patients with T2DM.

Keywords: Dapagliflozin, empagliflozin, type 2 diabetes mellitus, acute coronary syndrome, left ventricular ejection fraction

Amag: Dapagliflozin ve empagliflozin gibi sodyum-glukoz ko-tasiyici-2 inhibitorlerinin kardiyoprotektif etkileri bilinmekle birlikte, akut
koroner sendrom (AKS) sonrasi erken sol ventrikiil fonksiyonuna etkileri net degildir. Bu calisma, tip 2 diyabetes mellituslu (T2DM) hastalarda
dapagliflozin ve empagliflozinin AKS sonrasi erken donemde sol ventrikiil ejeksiyon fraksiyonu (LVEF) tizerindeki etkilerini karsilastirmayi ve
azalmis LVEF icin yordayici faktorleri saptamayi amaclamistir.

Yontem ve Gerecler: Bu retrospektif calismaya, dapagliflozin (n=133) veya empagliflozin (n=221) tedavisi almakta iken AKS nedeniyle
hastaneye yatirilan toplam 354 T2DM hastasi dahil edilmistir. Demografik, klinik ve ekokardiyografik veriler degerlendirildi. LVEF; korunmus
(>%50), hafif azalmis (%41-49) ve azalmis (<%40) olarak siniflandirildi. Azalmis LVEF ile iliskili bagimsiz faktorleri belirlemek icin cok degiskenli
lojistik regresyon analizi kullanildi.
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Bulgular: AKS sonrasi LVEF degerleri dapagliflozin ve empagliflozin gruplari arasinda benzerdi (p=0,809). Bununla birlikte STEMI (p<0,001) ve
gocmen olma durumu (p=0,023) azalmis LVEF (<%40) ile bagimsiz olarak iliskili bulundu. LVEF <%50 olan tiim hastalar arasinda ise yalnizca

STEMI bagimsiz bir yordayici olarak kaldi (p<0,001).

Sonug: Dapagliflozin ve empagliflozin kullanan hastalarin AKS sonrasi erken donemdeki LVEF degerleri benzer olsa da, T2DM hastalarinda
gocmen kokenli olmanin ve STEMI gecirmis olmanin LVEFde belirgin disus icin risk faktorleri oldugu gortlmektedir.

Anahtar Kelimeler: Dapagliflozin, empagliflozin, tip 2 diyabetes mellitus, akut koroner sendrom, sol ventrikiil ejeksiyon fraksiyonu

INTRODUCTION

Acute coronary syndrome (ACS) is a broad spectrum of clinical
conditions caused by sudden occlusion or severe narrowing of
the coronary arteries, leading to myocardial ischemia (1,2). This
leading cause of mortality is classified into three: ST-elevation
myocardial infarction (STEMI), non-STEMI (NSTEMI), and unstable
angina pectoris (USAP) (1,3). Heart failure (HF), which can be
described as insufficient cardiac pumping function, is a major
clinical concern in patients with ACS that occurs in approximately
10-20% of post-ACS patients (4). Post-ACS HF is closely associated
with left ventricular dysfunction following MI, leading not only
to a significant decline in quality of life but also to increased
mortality (5,6). One of the most frequently used parameters in
HF assessment is the left ventricular ejection fraction (LVEF),
which is the ratio of blood ejected from the ventricle volume
with each systole (5,6). Low LVEF is directly correlated with poor
long-term prognosis (6), and therefore, post-ACS LVEF monitoring
has become an essential component of clinical management.

Type 2 diabetes mellitus (T2DM) and cardiovascular disease
are two conditions that are closely associated with quality of
life and have synergetic impacts on prognosis. In recent years,
the cardioprotective effects of novel antidiabetic agents have
been studied to a great extent, with particularly strong benefits
observed in recipients of sodium-glucose co-transporter-2 (SGLT-
2) inhibitors (such as dapagliflozin and empagliflozin) (7-9).
These medications prevent hyperglycemia by reducing renal
glucose reabsorption while also exerting diuresis and improving
myocardial energy metabolism (10-12). SGLT-2 inhibitors
have been demonstrated to reduce hospitalization rates and
cardiovascular events in patients with HF (13-15). However, their
effects on LVEF in the acute post-ACS phase remain insufficiently
studied.

This study aims to retrospectively evaluate T2DM patients
receiving dapagliflozin and empagliflozin in terms of LVEF
during the acute post-ACS period, and to also compare these
two medications in this respect. This evaluation could provide
novel insights into the acute-phase utility of SGLT-2 inhibitors,
which may generate new data contributing to the limited body
of research in this field.

MATERIAL AND METHODS

Study Design and Participants

This was a retrospective evaluation of a T2DM cohort (>18
years of age), conducted at University of Health Sciences Tiirkiye,
istanbul Haseki Training and Research Hospital, istanbul,
Turkiye between January 2021 and December 2022. The
study was approved by the Ethics Committee of University of
Health Sciences Tiirkiye, istanbul Haseki Training and Research
Hospital (decision no: 56-2024, date: 01.08.2024). The study was
conducted in accordance with the principles of the Declaration
of Helsinki and relevant ethical guidelines for medical research
involving human subjects. All subjects with T2DM who were
receiving dapagliflozin or empagliflozin treatment were reviewed
to examine hospitalization due to an ACS event. Eligible patients
had to have been using dapagliflozin (10 mg/day) or empagliflozin
(10 mg/day) as monotherapy for at least one year. Subjects were
excluded if they had a diagnosis of pancreatic disease, liver failure,
or acute infection. Exclusion criteria further included patients
who could not be followed up or treated due to treatment refusal,
those using antidiabetic medications other than dapagliflozin or
empagliflozin, those receiving insulin therapy, and those using
dapagliflozin or empagliflozin irregularly or at doses other than
the standard 10 mg/day.

Data Collection

Patient data, including age, sex, migration status,
anthropometric measurements (body mass index), smoking
status, previous comorbidities, type of ACS event, post-event LVEF
levels, and mortality status, were obtained from the hospital’s
electronic records.

Smoking status was categorized as follows: non-smokers:
individuals who had never smoked or had smoked fewer than
100 cigarettes in their lifetime; ex-smokers: individuals who had
smoked more than 100 cigarettes in their lifetime but had quit
for at least six months; passive smokers: individuals who did
not smoke but were regularly exposed to secondhand smoke;
active smokers: individuals who regularly smoked cigarettes or
other tobacco products (16). Immigrant status was defined as
individuals who were born outside of Tirkiye and had relocated
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to Tirkiye, regardless of legal residency status or duration of
residence. This information was obtained from the hospital’s
demographic registration system.

Pre-event LVEF values were not available for the majority of
patients due to the retrospective nature of the study and lack
of routine echocardiographic assessments prior to the index ACS
event. Therefore, changes in LVEF from baseline could not be
evaluated.

Diagnosis, Classification and Outcomes

ACS diagnosis was established based on clinical symptoms,
electrocardiographic findings, and cardiac biomarker levels.
Patients were classified into the three ACS subtypes (USAP,
NSTEMI, or STEMI) based on the American College of Cardiology
(ACQ) guidelines (1). Left ventricular function was assessed by
LVEF measurements performed with echocardiography within
the first week of hospitalization.

The primary outcome of the study was LVEF. According to
the 2022 AHA/ACC/HFSA guidelines (4), patients were categorized
based on their LVEF values as follows: preserved LVEF (>50%):
normal or minimally impaired systolic function; mildly reduced
LVEF (41-49%): mild systolic dysfunction with some impairment
in cardiac output; reduced LVEF (<40%): moderate to severe
systolic dysfunction, often associated with an increased risk of
adverse cardiovascular events. Patients were also grouped based
on their treatment with either dapagliflozin or empagliflozin.

Statistical Analysis

All statistical analyses were conducted using IBM SPSS
Statistics for Windows, version 25.0 (IBM Corp., Armonk, NY, USA).
A p-value of <0.05 was considered statistically significant. The
normality of data distribution was assessed using histograms
and Q-Q plots. Descriptive statistics were presented as mean *
standard deviation for normally distributed continuous variables,

median (25"-75" percentile) for non-normally distributed
continuous variables, and frequency (percentage) for categorical
variables. Comparisons between groups were performed using
the Student’s t-test or Mann-Whitney U test for continuous
variables, depending on the normality of the distribution.
Categorical variables were analyzed using the chi-square test
or Fisher’s exact test. Logistic regression analysis was performed
to assess associations between variables and LVEF. All variables
were initially analyzed using univariable logistic regression, and
statistically significant variables were subsequently included in a
multivariable logistic regression model.

RESULTS

A total of 354 patients were included in the study, with
221 (62.43%) in the empagliflozin group and 133 (37.57%)
in the dapagliflozin group. The mean age of all participants
was 57.79+9.90 years, and 255 (72.03%) were male. There
were no significant differences between the dapagliflozin and
empagliflozin groupsin terms of age (p=0.323) and sex (p=0.096).
The prevalence of renal disease was significantly higher in the
dapagliflozin group (p=0.018). Additionally, the percentage of
NSTEMI patients was higher in the dapagliflozin group, while
the empagliflozin group had a significantly higher percentage
of STEMI patients (p=0.045). No significant differences were
observed between the groups regarding LVEF (p=0.809) and
mortality (p=0.095) (Table 1).

Multivariable logistic regression analysis revealed that being
an immigrant [odds ratio (OR): 4.037, 95% confidence interval
(Cl): 1.211-13.452, p=0.023] and having suffered from STEMI
(OR: 2.673, 95% Cl: 1.580-4.521, p<0.001) were independently
associated with reduced LVEF (<40%) (Table 2). When analyzed
for mildly reduced or reduced LVEF (by pooling all patients with
<50% LVEF), the only independent factor was STEMI (OR: 2.625,
95% Cl: 1.694-4.068, p<0.001) (Table 3).

Table 1. Summary of patients’ characteristics with regard to SGLT-2 inhibitor

SGLT-2 inhibitor
Total (n=354) Dapaglifiozin (n=133) | Empaglifiozin (n=221) p

Age 57.7919.90 58.461+9.90 57.38+9.89 0.323f
Sex

Female 99 (27.97%) 44 (33.08%) 55 (24.89%) 0096
Male 255 (72.03%) 89 (66.92%) 166 (75.11%)

Immigrant 12 (3.39%) 5 (3.76%) 7 (3.17%) 0.769"
Body mass index, kg/m? 29911443 30.06+4.54 29.8214.37 0.6291
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Table 1. Continued

SGLT-2 inhibitor

-(r:izl5 4) Dapagliflozin (n=133) :E:;gagl;ﬁozm p
Smoking
Non-smoker 87 (24.65%) 42 (31.82%) 45 (20.36%)
Ex-smoker 72 (20.40%) 22 (16.67%) 50 (22.62%) 0.0838
Passive smoker 30 (8.50%) 9 (6.82%) 21 (9.50%)
Active smoker 164 (46.46%) 59 (44.70%) 105 (47.51%)
Previous comorbidities
Hypertension 220 (62.15%) 90 (67.67%) 130 (58.82%) 0.097%
Hyperlipidemia 291 (82.20%) 112 (84.21%) 179 (81.00%) 0.534%
COPD 25 (7.06%) 8 (6.02%) 17 (7.69%) 0.7028
Coronary artery disease 112 (31.64%) 43 (32.33%) 69 (31.22%) 0.828¢
CABG 20 (5.65%) 10 (7.52%) 10 (4.52%) 0.345%
Peripheral artery disease 24 (6.78%) 10 (7.52%) 14 (6.33%) 0.833%
Cerebrovascular disease 13 (3.67%) 4 (3.01%) 9 (4.07%) 0.773%
Pulmonary embolism 0 (0.00%) 0 (0.00%) 0 (0.00%) N/A
Deep vein thrombosis 1(0.28%) 1(0.75%) 0 (0.00%) 0.376%
Renal diseases 16 (4.52%) 11 (8.27%) 5 (2.26%) 0.018%
Tyroid diseases 30 (8.47%) 10 (7.52%) 20 (9.05%) 0.7618
Malignancy 7 (1.98%) 3 (2.26%) 4 (1.81%) 1.000%
Type of event
USAP 29 (8.19%) 11 (8.27%) 18 (8.14%)
NSTEMI 147 (41.53%) 66 (49.62%) 81 (36.65%)* 0.045¢
STEMI 178 (50.28%) 56 (42.11%) 122 (55.20%)*
LVEF 50 (43-60) 50 (40-60) 50 (45-60) 0.426%
Reduced (<40%) 84 (23.73%) 34 (25.56%) 50 (22.62%)
Mildly reduced (41-49%) 67 (18.93%) 24 (18.05%) 43 (19.46%) 0.8098
Preserved (>50%) 203 (57.34%) 75 (56.39%) 128 (57.92%)
Mortality 25 (7.06%) 5 (3.76%) 20 (9.05%) 0.095%
Descriptive statistics are presented using mean + standard deviation for normally distributed continuous variables, median (25"-75" percentile) for non-
normally distributed continuous variables and frequency (percentage) for categorical variables
Statistically significant p-values are shown in bold, ¥: Student’s t-test, ¥: Mann Whitney U test, %: Chi-square test, *: Fisher’s exact test, *: Statistically
significant category for the variables with three or more categories. N/A: Non-applicable, CABG: Coronary artery bypass grafting, COPD: Chronic obstructive
pulmonary disease, LVEF: Left ventricular ejection fraction, NSTEMI: Non-ST-elevation myocardial infarction, SGLT-2: Sodium-glucose co-transporter-2,
STEMI: ST-elevation myocardial infarction, USAP: Unstable angina pectoris

Table 2. Associations between variables and reduced LVEF (<40%), logistic regression analysis results

Univariable Multivariable

OR (95% Cl) p OR (95% Cl) p
Age 0.994 (0.970-1.019) 0.629
Sex, male 1.571(0.878- 2.814) 0.128
Immigrant 4.818 (1.487-15.607) 0.009 4.037 (1.211-13.452) 0.023
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Table 2. Continued

Univariable Multivariable
OR (95% Cl) p OR (95% Cl) p
Body mass index, kg/m? 1.001 (0.947-1.059) 0.964
Smoking, active smoker 1.063 (0.651-1.736) 0.807
Previous comorbidities
Hypertension 0.924 (0.559-1.527) 0.757
Hyperlipidemia 0.995 (0.525-1.885) 0.987
COPD 0.593 (0.198-1.778) 0.351
Coronary artery disease 1.365 (0.816-2.282) 0.236
CABG 0.794 (0.258-2.443) 0.687
Peripheral artery disease 1.671 (0.689-4.055) 0.256
Cerebrovascular disease 1.450 (0.435-4.834) 0.545
Deep vein thrombosis 0.000 (0.000-N/A) 1.000
Renal diseases 2.636 (0.951-7.310) 0.062
Tyroid diseases 1.187 (0.508-2.774) 0.693
Malignancy 1.293 (0.246-6.788) 0.762
Type of event, STEMI 2.788 (1.656-4.696) <0.001 2.673 (1.580-4.521) <0.001
SGLT-2 inhibitor, empagliflozin 0.851 (0.516-1.405) 0.529
Nagelkerke R? 0.087
CABG: Coronary artery bypass grafting, Cl: Confidence interval, COPD: Chronic obstructive pulmonary disease, LVEF: Left ventricular ejection fraction, N/A:
Non-applicable, OR: Odds ratio, SGLT-2: Sodium-glucose co-transporter-2, STEMI: ST-elevation myocardial infarction

Table 3. Associations between variables and reduced or mildly reduced LVEF (<50%), logistic regression analysis results

Univariable Multivariable
OR (95% Cl) p OR (95% Cl) p
Age 0.996 (0.975-1.018) 0.744
Sex, male 1.526 (0.944-2.4606) 0.084
Immigrant 4.225 (1.124-15.884) 0.033 3.509 (0.908-13.563) 0.069
Body mass index, kg/m? 1.033 (0.984-1.084) 0.188
Smoking, active smoker 0.948 (0.621-1.447) 0.804
Previous comorbidities
Hypertension 1.008 (0.653-1.556) 0.972
Hyperlipidemia 0.915 (0.529-1.584) 0.752
COPD 1.061 (0.467-2.407) 0.888
Coronary artery disease 1.068 (0.679-1.678) 0.777
CABG 0.890 (0.355-2.235) 0.805
Peripheral artery disease 1.148 (0.500-2.639) 0.745
Cerebrovascular disease 1.159 (0.381-3.520) 0.795
Deep vein thrombosis 0.000 (0.000-N/A) 1.000
Renal diseases 1.775 (0.646-4.878) 0.266
Tyroid diseases 0.887 (0.414-1.903) 0.759
Malignancy 1.814 (0.400-8.228) 0.440
Type of event, STEMI 2.706 (1.750-4.182) <0.001 2.625 (1.694-4.068) <0.001
SGLT-2 inhibitor, empagliflozin 0.940 (0.608-1.451) 0.778
Nagelkerke R? 0.090

CABG: Coronary artery bypass grafting, Cl: Confidence interval, COPD: Chronic obstructive pulmonary disease, LVEF: Left ventricular ejection fraction, N/A:
Non-applicable, OR: Odds ratio, SGLT-2: Sodium-glucose co-transporter-2, STEMI: ST-elevation myocardial infarction
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DISCUSSION

This study primarily aimed to compare the early post-event
effects of empagliflozin and dapagliflozin on LVEF in patients
diagnosed with ACS who had underlying T2DM. As a secondary
objective, other factors influencing early post-event LVEF were
investigated. The results indicated no significant difference
between dapagliflozin and empagliflozin regarding their effects
on early post-event LVEF. However, it should be noted that there
was a statistically significant imbalance in STEMI prevalence
between the two groups (p=0.045), with more STEMI cases in
the empagliflozin group. Given that STEMI is an independent
predictor of reduced LVEF in our regression analysis, this
imbalance may have influenced the comparison between the
two drugs, although the overall LVEF values remained similar
between groups. Independent risk factors affecting early
post-event LVEF were identified as being an immigrant and
experiencing STEMI. Although STEMI is a foreseeable risk factor, it
appears that being an immigrant could cause adverse outcomes
regarding cardiac function. This impact might be associated
with various patient-, healthcare- and policy-related factors in
this subgroup of patients, including problems faced in accessing
healthcare and language-related difficulties.

Post-ACS left ventricular remodeling and neurohormonal
activation can lead to impaired ventricular function (17). The
restrictive mitral filling pattern, detected in approximately 20%
of ACS patients, is an indicator of severe diastolic dysfunction and
serves as an independent risk factor for both HF and mortality
(18). It has been established that T2DM patients have a higher
risk of developing HF and left ventricular diastolic dysfunction
post-ACS compared to non-diabetic individuals (5). The early-
onset and frequently observed left ventricular hypertrophy and
diastolic dysfunction in T2DM patients increase the risk of both
reduced and preserved LVEF HF (19). Therefore, therapeutic
approaches that can prevent adverse ventricular remodeling
are of great importance in improving clinical outcomes (17).
Echocardiographic studies conducted in stable T2DM patients
have shown that SGLT-2 inhibitors may reduce left ventricular
mass and improve diastolic function (20,21). However, to the
best of our knowledge, no studies have yet been published
examining the early post-ACS effects of SGLT-2 inhibitors on left
ventricular function. Additionally, studies comparing the cardiac
effects of empagliflozin and dapagliflozin remain limited. In the
present study, a comparison between these two SGLT-2 inhibitors
revealed no significant difference in their effects on early post-
ACS LVEF.

The EMPA-REG OUTCOME, Canagliflozin Cardiovascular
Assessment Study Program, and DECLARE-TIMI 58 trials have
demonstrated that SGLT-2 inhibitors significantly reduce
hospitalizations due to HF in T2DM patients with high

10

cardiovascular risk (13-15). The dapagliflozin and prevention of
adverse-outcomes in HF trial further reported that dapagliflozin
reduces HF progression and cardiovascular mortality in patients
with reduced LVEF HF, regardless of diabetes status (22). A study
investigating mortality and hospitalization rates in preserved
LVEF HF patients treated with empagliflozin or dapagliflozin
found that empagliflozin yielded significantly better composite
outcomes in patients who had not been hospitalized for HF
in the preceding 12 months (23). Lan et al. (19) examined the
early effects of empagliflozin on left ventricular function in
T2DM patients with ACS, reporting reductions in left ventricular
mass index, improvements in mitral valve E-wave velocity and
E/e’ ratio, and a decrease in left atrial volume index. These
findings suggest some superiority for empagliflozin in terms
of left ventricular remodeling and diastolic function post-
ACS (19). Similarly, Verma et al. (20) and Matsutani et al. (21)
demonstrated that empagliflozin and canagliflozin reduced
left ventricular mass index and improved diastolic function
in T2DM patients with cardiovascular risk factors. Studies by
Soga et al. (24) and Tanaka et al. (25) showed that dapagliflozin
improved left ventricular global longitudinal strain, reduced left
ventricular mass index, and positively affected diastolic function.
However, Tochiya et al. (26) found no significant improvement
in left ventricular function with tofogliflozin. The SUGAR-DM-HF
trial examined the cardiac effects of empagliflozin in patients
with HF with LVEF <40%, showing significant reductions in left
ventricular volume indices and N-terminal pro-B-type natriuretic
peptide (NT-proBNP) levels, although no significant changes
were observed in left ventricular global longitudinal strain
or cardiac magnetic resonance imaging parameters (27). The
empagliflozin in acute myocardial infarction (EMPACT-MI) trial
investigated the effect of empagliflozin on HF risk in patients
with newly developed LVEF <45% and/or congestion following
acute MI. Findings indicated that empagliflozin reduced HF
hospitalizations independent of LVEF levels and congestion
status (6). A recent study evaluated dapagliflozin in early post-
MI HF, showing significant improvements in NT-proBNP, heart
rate variability parameters, and echocardiographic indices (28).
A meta-analysis of randomized controlled trials (RCT) including
11,253 patients found that early initiation of SGLT-2 inhibitors
significantly reduced HF hospitalizations, but the effect shown in
this meta-analysis appeared to be primarily driven by the results
of the EMPACT-MI study (29). Additionally, an RCT in non-diabetic
patients with anterior STEMI and LVEF <50% reported a greater
reduction in NT-proBNP and left ventricular mass index in the
dapagliflozin group (2).

SGLT-2 inhibitors are strongly recommended in international
guidelines for patients with HF, chronic kidney disease, or
cardiovascular disease, and subjects with T2DM who are deemed
to have high cardiovascular risk (30,31). Although the exact
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mechanism of their beneficial effects on HF remains unclear
due to the absence of SGLT-2 receptors in human myocardium,
these drugs are thought to improve left ventricular structure and
function through hemodynamic and metabolic effects (19). All
kinds of ischemia-reperfusion (I/R) injury are associated with
inflammatory response and oxidative stress (13,32). A meta-
analysis of 224 animals across 16 independent studies found
that SGLT-2 inhibitors reduced cardiac infarct size by 33%,
independent of diabetes status (33). Chronic administration of
canagliflozin for four weeks in both diabetic and non-diabetic
Zucker rats significantly reduced myocardial infarct size (8).
Notably, ex vivo application did not have this effect, whereas in
vivo administration prior to ischemia or during ischemic injury
significantly mitigated myocardial damage (34), indicating
an underlying mechanism that is indirectly associated with
ischemia injury. Potential mechanisms include sodium/
hydrogen exchanger (NHE) inhibition and regulation of kinase
signaling pathways, with canagliflozin shown to increase AMPK
Thr172 phosphorylation in the myocardium (35). Dapagliflozin
has demonstrated cardioprotective effects by inhibiting NHE-
1, reducing intracellular Na+ levels, and suppressing tumor
necrosis factor alpha-induced reactive oxygen species (ROS)
(10,11). Additionally, reduction of myofibroblast infiltration and
collagen deposition have been shown, suggesting antifibrotic
properties (11). Similarly, empagliflozin has shown benefits
in pre-diabetic and diabetic animal models with myocardial
microvascular damage, reducing intracellular Na+ and Ca2+
levels while inhibiting NHE-1 (12). It also enhances mitochondrial
Ca2+ levels, signal transducer and activator of transcription 3
phosphorylation, and glucose uptake in cardiomyocytes, while
also regulating inflammatory responses and redox signaling
(decreased interleukin-6 and inducible nitric oxide synthase
expression), which might contribute to cardioprotection (36).
Evidence from experimental studies on diabetic rats also appear
to suggest mitochondrial protection, overall ROS suppression,
and modulation of autophagy (32). Recent studies indicate
that empagliflozin normalizes the transcriptomic profile
of endothelial cells post-I/R injury, regulating extracellular
matrix organization and immune responses (37,38). These
findings support the hypothesis that SGLT-2 inhibitors exert
direct cardioprotective effects by modulating inflammation
and oxidative stress. However, further studies are required to
determine the comparative efficacy of different SGLT-2 inhibitors
in this context.

The secondary aim of our study was to identify other
factors associated with low LVEF following ACS. Our findings
show that being an immigrant and STEMI are significantly
associated with low LVEF in the early post-ACS period, indicating
that these groups are at high risk for cardiac dysfunction after
ACS. STEMI, can cause severe myocardial damage, leading to a

significant decrease in LVEF, and is a widely recognized factor
of poor outcome (3). Previous studies have also shown that the
development of HF is strongly associated with factors such as
high pulmonary artery pressure, elevated cardiac enzyme levels,
advanced age, female sex, diabetes, hypertension, angina, and a
history of coronary artery disease with low LVEF (39,40). However,
our study suggests that being an immigrant may also be an
independent risk factor, which is a unique result that warrants
population-wide studies to examine the factors involved in this
negative outcome. Our study emphasizes the need for close
monitoring of these patients. It is crucial to re-iterate that
immigrants may be more vulnerable to cardiovascular diseases
due to limited access to healthcare, lower socioeconomic status,
and different dietary or lifestyle habits. Based on our data, it
would be feasible to suggest closer monitoring of immigrant
patients and perhaps more aggressive treatment, particularly in
the early period after ACS.

Study Limitations

To the best of our knowledge, this study makes several
unique contributions to the existing literature. First, it provides
the first direct head-to-head comparison of dapagliflozin and
empagliflozin effects on early post-ACS LVEF in patients with T2DM.
Second, and perhaps most notably, it identifies immigrant status
as an independent predictor of reduced LVEF following ACS, a
finding not previously reported in the literature. This observation
highlights the importance of considering social determinants
of health and healthcare access disparities when assessing
cardiovascular outcomes in diverse patient populations. However,
there are some limitations. The retrospective design of the study
makes it difficult to establish a cause-and-effect relationship, while
the single-center nature limits its generalizability. It is also possible
that immigrants were less-likely to attend follow-up studies
unless they were experiencing poor outcomes. Furthermore, the
lack of a control group not using SGLT-2 inhibitors may present
a limitation in assessing the positive impact of these drugs, but
there are multiple clinical trials on this topic, and therefore, we
aimed to perform a comparative analysis between these two SGLT-
2 inhibitors. The absence of a non-diabetic patient group means
that the results are only applicable to the diabetic population,
and the lack of diabetes duration data could have biased results.
Pre-event LVEF values were unknown in the great majority of
patients: thus, the possible differences in LVEF change from
baseline could not be examined.

CONCLUSION

Our study reports that T2DM patients receiving dapagliflozin
and empagliflozin had similar LVEF values in the early post-ACS
event period, suggesting similar cardioprotective effects in this
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population. Being an immigrant and STEMI were identified as
independent risk factors for reduced post-event LVEF (<40%).
This draws attention to the unique aspect of immigrant status
on cardiac outcome among T2DM patients receiving similar
treatments, which must be explored in future studies. While SGLT-
2 inhibitors are known to have positive effects on ventricular
functions post-ACS in both diabetic and non-diabetic patients,
more studies are needed to establish their superiority over one
another.
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Konjenital Kalp Hastalikli Cocuklarda Pulmoner Arter Basinci
ve Sant Yiikiiniin Lezyon Tipi, Cinsiyet ve Yas lle Iliskisi: Iki
Merkezli Retrospektif Calisma

Relationship of Pulmonary Artery Pressure and Shunt Burden With Lesion
Type, Sex, and Age in Children with Congenital Heart Disease: A Two-center
Retrospective Study
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Amac: Bu calismada, konjenital kalp hastaligi bulunan cocuklarda pulmoner arter basinci ve Qp/Qs oraninin lezyon tipine, cinsiyete ve yasa
gore dagiliminin degerlendirilmesi amaclandi.

Yontem ve Gerecler: iki merkezde izlenen konjenital kalp hastalikli cocuklarin verileri retrospektif olarak incelendi. Calismaya toplam 179
hasta dahil edildi. Demografik ozellikler, tani dagilimi, ekokardiyografik hemodinamik parametreler ve laboratuvar verileri kaydedildi.
Cinsiyetler arasi karsilastirmalar ve tani gruplarina gore hemodinamik farkliliklar analiz edildi. Degiskenler arasi iliskiler Spearman korelasyon
analizi ile degerlendirildi.

Bulgular: Hastalarin yas ortalamasi 68,1£54,6 ay idi; 107’si (%59,8) kiz, 72’si (%40,2) erkekti. En sik tanilar sekundum atriyal septal defekt (ASD)
(%35,8), muskiler ventrikiiler septal defekt (VSD) (%15,1), patent duktus arteriozus (PDA) (%14,5) ve daha once kapatiimis/opere VSD oykiisi
(%29,6) idi. Erkek hastalarda ortalama pulmoner arter basinci 24,2+12,1 mmHg, kiz hastalarda 21,6+11,7 mmHg (p=0,214); sistolik pulmoner
arter basinc erkeklerde 36,5+19,8 mmHg, kizlarda 30,4+16,9 mmHg (p=0,04); diyastolik pulmoner arter basinci erkeklerde 16,5+10,4
mmHg, kizlarda 13,7£8,1 mmHg (p=0,125) idi. Qp/Qs orani erkeklerde 1,940,8, kizlarda 2,1+1,3 (p=0,520) olarak bulundu. Taniya gore
ortalama pulmoner arter basinci ASD’de 18,2+4,3 mmHg, VSD’de 28,1£13,7 mmHg, PDA'da 22,1£10,4 mmHg ve kapatiimis/opere VSD'de
25,8+15,7 mmHgidi. Qp/Qs oranlari sirasiyla 2,1+1,1,2,241,1,1,8%1,2 ve 1,940,9 olarak saptandi. Gruplar arasinda Qp/Qs agisindan anlamh
fark yoktu (p=0,113), ancak ortalama pulmoner arter basinci agisindan anlamli fark vardi (p=0,007). En yiiksek ortalama pulmoner arter
basinci VSD ve kapatilmis/opere VSD grubunda, en disiik ise ASD grubunda izlendi. Spearman korelasyon analizinde yas ile boy (r=0,616,
p<0,001), viicut agirhigi (r=0,914, p<0,001), hemoglobin (r=0,454, p<0,001), Qp (r=0,383, p<0,001) ve Qs (r=0,701, p<0,001) arasinda pozitif;
lenfosit sayisi (r=-0,720, p<0,001) ve sistolik pulmoner arter basinci (r=-0,325, p<0,001) arasinda negatif korelasyon saptandi. Lenfosit sayis
ile Qs arasinda da negatif korelasyon vardi (r=-0,542, p<0,001).

Sonug¢: Konjenital kalp hastalikh cocuklarda pulmoner arter basinci lezyon tipine gore farklilik gostermektedir. Benzer Qp/Qs diizeylerine
ragmen VSD ve kapatilmis/opere VSD gruplarinda ortalama pulmoner arter basincinin daha ytiksek olmasi, pulmoner vaskiiler etkilenmenin
yalnizca sant miktariyla aciklanamayacagini dustindiirmektedir. Bu bulgular, lezyon tipine 6zgli hemodinamik yiiklenmenin cocukluk
cagindaki pulmoner vaskiiler yanit tizerinde belirleyici olabilecegini gostermektedir.

Anahtar Kelimeler: Konjenital kalp hastaligi, pulmoner hipertansiyon, cocuk, ventrikiiler septal defekt, atriyal septal defekt, patent duktus
arteriozus
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Objective: This study aimed to evaluate the distribution of pulmonary artery pressure and Qp/Qs ratio according to lesion type, sex, and age
in children with congenital heart disease.

Material and Methods: Data from children with congenital heart disease followed at two centers were retrospectively reviewed. A total of 179
patients were included. Demographic characteristics, diagnostic distribution, echocardiographic hemodynamic parameters, and laboratory
findings were recorded. Hemodynamic differences according to sex and diagnosis were analyzed, and correlations between variables were
assessed using Spearman correlation analysis.

Results: The mean age was 68.1+54.6 months; 107 patients (59.8%) were girls and 72 (40.2%) were boys. The most frequent diagnoses were
secundum atrial septal defect (ASD) (35.8%), muscular ventricular septal defect (VSD) (15.1%), patent ductus arteriosus (PDA) (14.5%), and
previously closed/repaired VSD (29.6%). Mean pulmonary artery pressure was 24.2+12.1 mmHgin boysand 21.6+11.7 mmHg in girls (p=0.214).
Systolic pulmonary artery pressure was higher in boys than in girls (36.5£19.8 vs. 30.4£16.9 mmHg, p=0.04), whereas diastolic pulmonary
artery pressure (16.5£10.4 vs. 13.7£8.1 mmHg, p=0.125) and Qp/Qs ratio (1.9£0.8 vs. 2.1£1.3, p=0.520) did not differ significantly. According
to diagnosis, mean pulmonary artery pressure was 18.2+4.3 mmHg in ASD, 28.1£13.7 mmHg in VSD, 22.1+10.4 mmHg in PDA, and 25.8+15.7
mmHg in previously closed/repaired VSD patients. Corresponding Qp/Qs ratios were 2.1+1.1, 2.2+1.1, 1.841.2, and 1.9%0.9, respectively.
While Qp/Qs did not differ significantly across diagnostic groups (p=0.113), mean pulmonary artery pressure did (p=0.007), being highest
in VSD and previously closed/repaired VSD and lowest in ASD. Spearman analysis showed positive correlations of age with height (r=0.616,
p<0.001), body weight (r=0.914, p<0.001), hemoglobin (r=0.454, p<0.001), Qp (r=0.383, p<0.001), and Qs (r=0.701, p<0.001), and negative
correlations with lymphocyte count (r=-0.720, p<0.001) and systolic pulmonary artery pressure (r=-0.325, p<0.001). Lymphocyte count was
also negatively correlated with Qs (r=-0.542, p<0.001).

Conclusion: Pulmonary artery pressure differs according to lesion type in children with congenital heart disease. The finding of higher
mean pulmonary artery pressure in VSD and previously closed/repaired VSD despite similar Qp/Qs ratios suggests that pulmonary vascular
involvement cannot be explained solely by shunt magnitude. Lesion-specific hemodynamic burden may play a central role in pulmonary
vascular response during childhood.

Keywords: Congenital heart disease, pulmonary hypertension, child, ventricular septal defect, atrial septal defect, patent ductus arteriosus

GIRIS
Konjenital kalp hastaliklari cocukluk c¢aginda pulmoner

hipertansiyonun en onemli nedenleri arasinda yer almakta
olup, ozellikle soldan saga santli lezyonlarda pulmoner dolasim

cinsiyet, yas ve lezyon tipine gore dagilimmin degerlendirilmesi
ve hemodinamik farklilklarin klinik acgidan yorumlanabilir
oruntilerinin ortaya konulmasi amaclandi.

uzerindeki kronik hacim ve/veya basing yiiki zaman icinde
pulmoner vaskiler yeniden yapilanmaya yol acabilmektedir.
Cocukluk caginda pulmoner hipertansiyonun degerlendirilmesi
eriskinlerden farkli ozellikler tasimakta; lezyon tipi, santin
buytkligu, tani yasi ve dizeltici girisimin zamanlamasi klinik
seyri belirleyen temel degiskenler arasinda bulunmaktadir (1-5).

Atriyal septal defekt (ASD), ventrikiiler septal defekt (VSD) ve
patent duktus arteriozus (PDA) gibi sik goriilen sant lezyonlarinda
pulmoner hemodinamik etkilenmenin derecesi her zaman
yalnizca Qp/Qs orani ile aciklanamayabilir. Ozellikle VSD ve PDA
gibi lezyonlarda pulmoner vaskiiler yatagin daha erken ve daha
belirgin etkilenebildigi; ASD’de ise pulmoner hipertansiyonun
cogu olguda daha hafif seyirli oldugu bildirilmistir (5-10). Bunun
yaninda, defekt kapatilmis olsa dahi bazi hastalarda pulmoner
vaskiiler degisikliklerin tamamen gerilemeyebilecegi ve rezidiiel
hemodinamik etkilenmenin sirebilecegi ©ne sirilmektedir
(6,8,11,12).

Bu calismada, iki merkezde takip edilen konjenital kalp
hastalikli cocuklarda pulmoner arter basinci ve Qp/Qs oraninin;

YONTEM VE GEREGLER

Calisma Tasarimi ve Hasta Popiilasyonu

Bu calisma, iki merkezde izlenen konjenital kalp hastalikli
cocuk hastalarin verilerinin geriye donik olarak incelendigi
retrospektif bir gozlemsel calismadir. Calismaya ekokardiyografik
olarak konjenital kalp hastaligi tanisi bulunan ve ilgili klinik,
laboratuvar ve hemodinamik verilerine ulasilabilen toplam 179
hasta dahil edildi. Bakircay Universitesi, Cigli Egitim ve Arastirma
Hastanesi'nden etik onay alinmistir.

Toplanan Veriler

Hastalarin yas, cinsiyet, tani dagilimi, ekokardiyografik
olarak hesaplanan sistolik pulmoner arter basinci, diyastolik
pulmoner arter basinci, ortalama pulmoner arter basinci ve Qp/
Qs orani ile laboratuvar parametreleri kaydedildi. Tani gruplar;
sekundum ASD, muskiler VSD, PDA, daha once kapatilmis/
opere VSD, komplet AVSD + pulmoner hipertansiyon ve diger
kompleks/nadir konjenital anomaliler olarak siniflandirildi.
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Dislama Olgiitleri

Temel demografik veya hemodinamik verileri eksik olan
olgular ile tanisal siniflamaya uygun olmayan kayitlar calisma
disinda birakildi.

istatistiksel Analiz

Surekli degiskenler ortalama * standart sapma, kategorik
degiskenler sayi ve yiizde olarak ifade edildi. iki bagimsiz
grubun karsilastirilmasinda  parametrik olmayan dagihm
varsayimi altinda Mann-Whitney U testi kullanildi. Birden fazla
tani grubunun karsilastirlmasinda uygun parametrik olmayan
coklu grup testleri uygulandi. Degiskenler arasindaki iliskiler
Spearman korelasyon analizi ile degerlendirildi. iki yonlii p<0,05
degeri istatistiksel olarak anlamli kabul edildi.

BULGULAR

Calismaya toplam 179 konjenital kalp hastalig tanili hasta
dahil edildi. Hastalarin yas ortalamasi 68,1+£54,6 ay olup, 107si
(%59,8) kiz ve 72’si (%40,2) erkekti. En sik tanilar; sekundum ASD
(%35,8), muskiler VSD (%15,1) ve PDA (%14,5) idi. Hastalarin
%29,6'sinda daha once kapatiimis veya cerrahi olarak diizeltilmis
VSD oykist mevcuttu. Daha nadir olarak pulmoner stenoz, Fallot
tetralojisi ve kompleks konjenital anomaliler saptandi (Tablo 1).

Cinsiyete gore hemodinamik parametreler
degerlendirildiginde, ortalama pulmoner arter basinc
erkeklerde24,2+12,1 mmHg, kizlarda 21,6+11,7 mmHgolup fark
istatistiksel olarak anlamli degildi (p=0,214). Sistolik pulmoner
arter basinci erkeklerde daha yiiksek saptandi (36,5+19,8 mmHg
vs. 30,4£16,9 mmHg, p=0,04). Diyastolik pulmoner arter basinci

Tablo 1. Calisma popiilasyonunun demografik ve klinik

ozellikleri

Parametre Deger

Toplam hasta sayisi 179

Yas (ay) 68,1+54,6

Kiz, n (%) 107 (%59,8)

Erkek, n (%) 72 (%40,2)

ASD, n (%) 64 (%35,8)

VSD, n (%) 27 (%15,1)

PDA, n (%) 26 (%14,5)
Opere/kapatiimis VSD, n (%) 53 (%29,6)
Pulmoner stenoz, n (%) 2 (%1,1)

Fallot tetralojisi, n (%) 2 (%1,1)

Kompleks anomaliler, n (%) 4 (%2,2)

AVSD+PH, n (%) 1 (%0,6)

ASD: Atriyal septal defekt, VSD: Ventrikiiler septal defekt, PDA: Patent
duktus arteriozus, AVSD: Atriyoventrikiler septal defekt, PH: Pulmoner
hipertansiyon
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ve Qp/Qs orani acisindan cinsiyetler arasinda anlaml fark
izlenmedi (p>0,05) (Tablo 2).

Tanilara gore yapilan analizde, Qp/Qs oranlari acisindan
gruplar arasinda anlaml fark saptanmadi (p=0,113). Buna
karsin, ortalama pulmoner arter basinc tani gruplarina gore
anlamh farkliik gosterdi (p=0,007). Ortalama pulmoner
arter basincl en yiiksek VSD (28,1+13,7 mmHg) ve kapatilmis/
opere VSD (25,8+15,7 mmHg) hastalarinda, en dustk ise ASD
hastalarinda (18,2+4,3 mmHg) gozlendi. PDA hastalarinda bu
degerler orta diizeydeydi (22,1+10,4 mmHg). Bu bulgular, benzer
sant oranlarina ragmen pulmoner arter basincinin lezyon tipine
gore degiskenlik gosterdigini ortaya koymaktadir (Tablo 2 ve
Sekil 1).

Spearman korelasyon analizinde yas ile boy (r=0,616,
p<0,001), viicut agirhgr (r=0,914, p<0,001), hemoglobin diizeyi

Tablo 2. Taniya ve cinsiyete gore hemodinamik parametreler

A) Cinsiyete gore

Parametre Erkek Kiz p
Ortalama PAP (mmHg) | 24.2+12,1 21,611,711 0,214
Sistolik PAP (mmHg) 36,5+19,8 30,4+16,9 | 0,04
Diyastolik PAP (mmHg)  16,5£10,4 13,7181 0,125
Qp/Qs 1,910,8 2,113 0,520
B) Taniya gore

Tani Ortalama PAP (mmHg) Qp/Qs
ASD 18,2+4,3 2,1+1,1
VSD 28,1137 2,2+11
PDA 22,1104 1,8%1,2
Opere VSD 25,8157 1,91£0,9
PAP: Pulmoner arter basinci, ASD: Atriyal septal defekt, VSD: Ventrikiiler
septal defekt, PDA: Patent duktus arteriozus

Ortalama Pulmoner Arter Basinci (mmHg)
= oy N N w w 8
o w o w o w
s L L L L

w
]

ASD VSD PDA
Tani Gruplari

Opere VSD

Sekil 1. Tani gruplarina gore ortalama pulmoner arter basinci
ASD: Atriyal septal defekt, VSD: Ventrikuler septal defekt, PDA: Patent
duktus arteriozus
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(r=0,454, p<0,001), Qp (r=0,383, p<0,001) ve Qs (r=0,701,
p<0,001) arasinda anlaml pozitif korelasyonlar saptandi. Yas
ile lenfosit sayisi (r=-0,720, p<0,001) ve sistolik pulmoner arter
basinci (r=-0,325, p<0,001) arasinda negatif korelasyon izlendi.
Ayrica lenfosit sayisi ile Qs arasinda da anlamli negatif korelasyon
bulundu (r=-0,542, p<0,001).

TARTISMA

Bu iki merkezli retrospektif calismanin baslica bulgulari
sunlardir: i) ortalama pulmoner arter basinc tani gruplari
arasinda anlamli olarak farklilk gostermis, ii) en yiiksek degerler
VSD ve kapatilmis/opere VSD grubunda, en disiik degerler ASD
grubunda izlenmis, iii) buna karsin Qp/Qs oranlari tani gruplari
arasinda benzer bulunmus, iv) erkek cocuklarda vyalnizca
sistolik pulmoner arter basinci daha ytiksek saptanmis, ancak
ortalama ve diyastolik basinclar ile Qp/Qs orani acisindan
fark izlenmemistir ve v) yas ile akim parametreleri arasinda
pozitif, sistolik pulmoner arter basinc ile negatif korelasyon
saptanmistir. Bu bulgular, pulmoner vaskiiler etkilenmenin
yalnizca sant miktari ile degil, lezyona 0zgii hemodinamik
ozelliklerle iliskili oldugunu gostermektedir.

Cocukluk caginda konjenital kalp hastaligina bagli pulmoner
hipertansiyonun gelisimi yalnizca sant varligiyla degil, santin
olusturdugu hemodinamik yukin niteligiyle iliskilidir. Avrupa
pediatrik pulmoner vaskiiler hastalik ag uzlasi belgesi ve
Amerikan Kalp Dernegi/Amerikan Toraks Dernegi kilavuzu,
soldan saga santli lezyonlarda pulmoner damar yataginin
lezyon tipine bagli olarak farkli klinik ve hemodinamik paternler
gelistirdigini vurgulamaktadir (1,2). Daha giincel derlemeler ve
AHA bilimsel bildirileri de konjenital kalp hastaligina eslik eden
pulmoner hipertansiyonun belirgin morfolojik ve hemodinamik
heterojenite gosterdigini ortaya koymaktadir (3,4). Bizim
calismamizda Qp/Qs oranlarinin benzer olmasina ragmen
ortalama pulmoner arter basincinin anlamh farkli bulunmasi,
bu heterojenitenin klinik bir yansimasidir ve pulmoner vaskiiler
yuklenmenin vyalnizca sant miktari ile aciklanamayacagini
desteklemektedir.

ASD grubunda ortalama pulmoner arter basincinin en
disiik bulunmasi literatiirle uyumludur. izole ASD’li cocuklarda
pulmoner hipertansiyon genellikle daha hafif seyretmekte olup,
temel patofizyoloji cogunlukla kronik hacim yiiki ile iliskilidir.
Chinawa ve ark. (6) ASD’li cocuklarda pulmoner hipertansiyonun
cogunlukla hafif formda oldugunu ve yasin nemli bir belirleyici
oldugunu bildirmistir. Daha 6nceki karsilastirmali hemodinamik
calismalar da ASD’nin VSD ve PDAvya kiyasla daha dusik
pulmoner arter basinci paternine sahip oldugunu gostermektedir
(8). ASD’de baskin mekanizma hacim yiikii iken, VSD ve PDA'da
pulmoner damar yatagi daha erken donemde hem yiiksek akim
hem de basing ylikiine maruz kalmaktadir.

VSD grubunda ortalama pulmoner arter basincinin en yiiksek
bulunmasi beklenen bir bulgudur ve bu lezyonun pulmoner
vaskiiler yatak lzerindeki daha agresif etkisini yansitmaktadir.
VSD’'de pulmoner dolasim erken donemde hem artmis akim
hem de basinc yiikiine maruz kalmaktadir. Chinawa ve ark. (7)
VSD boyutu ile pulmoner hipertansiyon arasinda pozitif iliski
oldugunu, vyas ilerledikce bu etkinin degisebildigini bildirmistir.
Gheen ve Reeves (9) ise ozellikle biiylik ve persistan VSD'lerde
pulmoner arter basinci ve direng artisinin belirginlestigini
gostermistir. Bu bulgular, calismamizdaki yiiksek pulmoner arter
basinci degerlerini desteklemektedir.

Kapatilmis/opere VSD grubunda ortalama pulmoner
arter  basincinin  yuksek  kalmasi, pulmoner vaskiiler
etkilenmenin cerrahi sonrasi dénemde de devam edebilecegini
dustindirmektedir. Literatiirde, VSD onarimi sonrasinda bazi
hastalarda kalict pulmoner vaskiiler yeniden yapilanma ve
rezidiiel hemodinamik yiklenmenin stirebildigi bildirilmektedir
(10-12). Bu durum, bu hasta grubunun baslangicta daha agir
hemodinamik maruziyete sahip secilmis bir popiilasyonu temsil
edebilecegini distindirmektedir.

PDA grubunda ortalama pulmoner arter basincinin ASD’ye
gore yiiksek, VSD'ye gore daha distik bulunmasi da fizyopatolojik
olarak tutarlidir. PDA'nin pulmoner dolasim tizerindeki kronik
etkisi ve pulmoner vaskiiler hastalik gelisimindeki rolii iyi
bilinmektedir. Forseyve ark. (13)ile Philip ve ark. (14) derlemeleri,
hemodinamik olarak anlamli PDA'nin pulmoner vaskiiler
yatakta yapisal ve fonksiyonel degisikliklere yol acabilecegini
vurgulamaktadir. Bizim serimizde PDA grubunun VSD'ye gore
daha dustk ortalama pulmoner arter basinci gostermesi, olgu
ozellikleri ve hemodinamik cesitlilik ile iliskili olabilir.

Calismamizin en onemli klinik mesaji, benzer Qp/Qs
oranlarina sahip hastalarda dahi pulmoner arter basincinin
lezyon tipine gore anlamli sekilde farkhlasabilmesidir. Bu
bulgu, klinik pratikte yalnizca sant miktarina odaklanmanin
yetersiz kalabilecegini ve pulmoner vaskiiler etkilenmenin
degerlendirilmesinde lezyon-spesifik hemodinamik ozelliklerin
mutlaka dikkate alinmasi gerektigini gostermektedir. Nitekim
onceki kateterizasyon serileri de ASD, VSD ve PDAnin basing-
akim iliskilerinin farkli oldugunu ortaya koymustur (8). Ayrica
pulmoner arteriyel uyumun da lezyon tipine gore degisebildigi
bildirilmistir (15). Bu nedenle Qp/Qs tek basina yeterli bir
gosterge olmayip, ortalama pulmoner arter basincinin lezyon tipi
ile birlikte degerlendirilmesi daha dogru bir yaklasim olacaktir.

Cinsiyetler arasinda vyalnizca sistolik pulmoner arter
basincinin erkeklerde daha yiiksek bulunmasi dikkat cekici
olmakla birlikte, diger parametrelerde fark olmamasi nedeniyle
bu bulgunun klinik anlami sinirhdir. Literatiirde cocukluk
caginda cinsiyete bagli hemodinamik farklar net olarak ortaya
konulamamistir. Bu nedenle bu sonucun orneklem dagilimi ve
lezyon alt tiplerinden etkilenmis olmasi mimkindiir.
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Yasile Qpve Qsarasinda pozitif, sistolik pulmonerarter basinci
arasinda negatif korelasyon saptanmasi, biyiime ile birlikte
akimin artmasi ve bazi lezyonlarda pulmoner hemodinamiklerin
zamanla stabilizasyon gostermesi ile aciklanabilir. Ancak
enflamatuvar parametrelerle iliskiler bu calismanin ana odag
disinda olup, ileri calismalarla degerlendirilmelidir.

Calismanin Kisithhklari

Calismamizin bazi kisithliklari bulunmaktadir. Retrospektif
tasarim nedensel yorum yapma giciini sinirlamaktadir.
iki merkezli olmasina ragmen lezyon alt gruplari arasinda
hasta sayisi dengesizdir. Ayrica hemodinamik degerlendirme
ekokardiyografik verilere dayanmakta olup invaziv kateterizasyon
ile dogrulanmamistir. Bununla birlikte, bu calisma gercek yasam
verilerine dayanarak, konjenital kalp hastaliklarinda pulmoner
hemodinamik yanitin yalnizca sant miktariyla degil, lezyonun
ozgul ozellikleriyle sekillendigini gostermesi acisindan klinik
olarak onemli bir katki sunmaktadir.

SONUG

Konjenital kalp hastalikh cocuklarda pulmoner arter basinci,
lezyon tipine gore anlamli farklihk gostermektedir. Calismamizda
ortalama pulmoner arter basinci en yiksek VSD ve kapatiimis/
opere VSD grubunda, en disiuk ASD grubunda bulunmustur.
Buna karsilik Qp/Qs oranlarinin gruplar arasinda benzer olmasi,
pulmoner vaskiiler etkilenmenin yalnizca sant buyuklugi ile
aciklanamayacagini distndtrmektedir. Bu bulgular, cocukluk
caginda konjenital kalp hastaliklarinin degerlendirilmesinde
lezyon tipine 6zgi hemodinamik yliklenmenin dikkate alinmasi
gerektigini gostermektedir. Gelecekte yapilacak daha genis,
prospektif ve invaziv hemodinamik verilerle desteklenen
calismalar bu iliskinin daha net tanimlanmasina katki
saglayacaktir.

*Etik
Etik Kurul Onayi: Bakircay Universitesi, Cigli Egitim ve
Arastirma Hastanesi’'nden etik onay alinmistir.

Hasta Onayi: Bu calisma, iki merkezde izlenen konjenital
kalp hastalikli cocuk hastalarin verilerinin geriye doniik olarak
incelendigi retrospektif bir gozlemsel calismadir.
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Guideline-based Evaluation of Large Language Models in Heart
Failure with Preserved Ejection Fraction

Korunmus Ejeksiyon Fraksiyonlu Kalp Yetersizliginde Biiyiik Dil Modellerinin
Kilavuz Temelli Degerlendirilmesi
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Objectives: Large language models (LLM) are increasingly used by clinicians as informal decision-support tools. However, most benchmark
studies emphasize aggregate accuracy and do not clarify whether errors are evenly distributed across clinical tasks. We evaluated whether
contemporary LLMs exhibit a domain-specific reliability gap in the management of heart failure with preserved ejection fraction (HFpEF).

Material and Methods: In this cross-sectional benchmark study, four contemporary LLMs (Gemini 2.5 Pro, ChatGPT-5, Microsoft Copilot, and
Claude Sonnet 4.5) were queried with 80 guideline-anchored items derived from the 2022 American Heart Association/American College of
Cardiology/Heart Failure Society of America heart failure guideline, the 2021 European Society of Cardiology (ESC) guideline, and the 2023 ESC
focused update. Items were classified into four domains: diagnosis and pathophysiology (n=16), comorbidity management (n=11), treatment
and drug management (n=12), and guideline comparison and clinical scenarios (n=41). Responses were evaluated against pre-specified gold-
standard answers by three cardiologists using a four-point ordinal rubric; disagreements were resolved by consensus, with senior adjudication
when required. Domain-level differences were analyzed using Fisher’s exact test.

Results: Across 320 responses, comprehensive accuracy ranged from 65.0% to 87.5%. No model produced a critical error in either the diagnosis
or the comorbidity domain. In contrast, critical error rates rose markedly in the treatment and drug-management domain, reaching 50.0% for
Claude Sonnet 4.5, 33.3% for ChatGPT-5, and 25.0% for Microsoft Copilot, whereas Gemini 2.5 Pro produced no critical errors. When pooled
across models, critical errors were significantly more frequent in the treatment domain than in all other domains combined (odds ratio: 4.68,
p<0.001). Failures clustered around newer-generation therapies (including sodium-glucose cotransporter 2 inhibitors and semaglutide), the
HFpEF-specific iron-deficiency recommendation, and the prioritization of drugs for concomitant hypertension.

Conclusion: Contemporary LLMs perform well on conceptual and diagnostic HFpEF questions but show a clinically meaningful reliability
gap in guideline-concordant pharmacotherapy. These findings suggest that treatment-related LLM outputs should not be used without
independent verification against primary guideline sources.

Keywords: Heart failure with preserved ejection fraction, large language models, artificial intelligence, clinical decision support, guideline
concordance, pharmacotherapy
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Amag: Buyuk dil modelleri (BDM), klinisyenler tarafindan giderek daha sik gayri resmi karar destek araci olarak kullaniimaktadir. Ancak
mevcut calismalar genellikle toplam dogruluga odaklanmakta, hatalarin klinik gorevler arasinda esit dagihp dagilmadigini yeterince
gostermemektedir. Bu calisma, gtincel BDM’lerin korunmus ejeksiyon fraksiyonlu kalp yetersizligi (KEF-KY) yonetiminde alana 6zgu bir
guivenilirlik acigi sergileyip sergilemedigini degerlendirmeyi amaclad.

Yontem ve Geregler: Bu kesitsel kiyaslama calismasinda dort giincel BDM (Gemini 2.5 Pro, ChatGPT-5, Microsoft Copilot ve Claude Sonnet 4.5),
2022 Amerikan Kalp Dernegi/Amerikan Kardiyoloji Koleji/Amerikan Kalp Yetmezligi Dernegi, 2021 Avrupa Kardiyoloji Dernegi (ESC) ve 2023
ESCgiincellenmis kalp yetersizligi kilavuzlarindan tiiretilen 80 madde ile sorgulandi. Sorular tani ve patofizyoloji (n=16), komorbidite yonetimi
(n=11), tedavi ve ilag yonetimi (n=12) ile kilavuz karsilastirmasi ve klinik senaryolar (n=41) olmak tizere dort alanda siniflandirildi. Yanitlar,
onceden belirlenmis altin standart cevaplara gore ¢ kardiyolog tarafindan dort puanh ordinal bir 6lcekle degerlendirildi; anlasmazliklar
konsensus ile ¢coziildu ve gerektiginde kidemli bir kardiyolog tarafindan karara baglandi. Alan diizeyindeki farkliliklar Fisher'in kesin testi ile
incelendi.

Bulgular: Toplam 320 yanitin degerlendirilmesinde kapsamli dogruluk orani %65,0 ile %87,5 arasinda degisti. Tani ve komorbidite yonetimi
alanlarinda hichir model kritik hata tiretmedi. Buna karsilik tedavi ve ila¢ yonetimi alaninda kritik hata oranlari belirgin olarak artti; bu oran
Claude Sonnet 4.5 icin %50,0, ChatGPT-5 icin %33,3 ve Microsoft Copilot icin %25,0 idi; Gemini 2.5 Pro’da kritik hata saptanmadi. Modeller
birlikte degerlendirildiginde, tedavi alanindaki kritik hatalarin diger ttim alanlarin toplamina gore anlamli olarak daha sik oldugu goruldi
(olasilik orani: 4,68; p<0,001). Hatalar ozellikle sodyum-glukoz kotransporter 2 inhibitorleri, semaglutid, KEF-KY’ye 6zgii demir eksikligi
yaklasimi ve eslik eden hipertansiyonda ilac 6nceliklendirmesi konularinda kiimelendi.

Sonugc: Giincel BDM'ler KEF-KY ile iliskili kavramsal ve tanisal sorularda yiksek performans gosterirken, kilavuz uyumlu farmakoterapi
alaninda klinik acidan anlamli bir giivenilirlik acig1 sergilemektedir. Bu bulgular, BDM’lerin 6zellikle tedavi dnerileri icin bagimsiz dogrulama
yapilmadan kullanilmamasi gerektigini dustindiirmektedir.

Anahtar Kelimeler: Korunmus ejeksiyon fraksiyonlu kalp yetersizligi, buyiik dil modelleri, yapay zeka, klinik karar destek, kilavuz uyumu,
farmakoterapi

INTRODUCTION

Heart failure (HF) with preserved ejection fraction (HFpEF)
is defined as left ventricular ejection fraction (LVEF) >50%, and
approximately 50% of HF cases worldwide are with preserved EF
(1).

Its prevalence varies geographically but is generally on the
rise, with projections suggesting that HFpEF may soon surpass HF
with reduced ejection fraction (HFrEF) in incidence (2). Despite
its high prevalence, HFpEF remains challenging to diagnose and
manage. The increasing burden underscores the importance
of ongoing research into its pathophysiology, risk factors, and
treatment options, including recent pharmacotherapeutic
advances such as empagliflozin and dapagliflozin, which have
shown benefit in clinical trials (3,4). Overall, HFpEF constitutes a
significant and growing global health concern, affecting millions
and necessitating targeted strategies for diagnosis, management,
and prevention.

early initiation of SGLT2 inhibitors, including in acute settings,
and underscores their broad applicability (5). Despite their
proven efficacy, the evidence for mineralocorticoid receptor
antagonists and angiotensin receptor-neprilysin inhibitors
remains less definitive, relying largely on subgroup analyses,
which translates into variations in guideline classifications (6,7).

These rapidly evolving treatments and guidelines impose a
substantial cognitive load on clinicians. As a result, residents,
general practitioners, and specialist physicians, including
cardiologists, are increasingly turning to large language models
(LLMs) as informal decision-support tools. While LLMs perform
well on general medical questions, this aggregate success can
obscure the reality at the patient’s bedside (8,9). A model that
accurately describes HFpEF may still provide unsafe guidance for
the treatment and management of a complex gray-zone patient
in real-world clinical practice.

Concerns about liability, confidentiality, and the preservation
of diagnostic autonomy further underscore the need for

The recent evolution in HF management highlights the  rigorous, task-specific validation before clinical deployment (10).

central role of sodium-glucose cotransporter 2 (SGLT2) inhibitors,
supported by robust clinical trial evidence and incorporated into
updated guidelines such as the 2022 American Heart Association
(AHA)/American College of Cardiology (ACC)/Heart Failure Society
of America (HFSA) and 2023 European Society of Cardiology (ESC)
recommendations(5,6). The 2023 ESC focused update emphasizes

Empirical studies reveal that while LLMs generate coherent and
medically plausible outputs, their accuracy varies across different
evidence-based medicine tasks, with notable issues in numerical
accuracy, source verifiability, and methodological rigor (11).
Furthermore, studies on phenotyping HFpEF emphasize the
heterogeneity of clinical approaches, underscoring the need for
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integrated, patient-specific data analysis rather than reliance on
artificial intelligence (Al) outputs alone (12).

Whether LLM reliability holds across different tasks, such as
diagnosis and drug selection, remains an open question. If errors
are concentrated in specific areas, a hierarchical collaboration
model should be adopted in which Al is trusted only for certain
tasks. In this study, we evaluated four current LLMs (Gemini 2.5
Pro, ChatGPT-5, Microsoft Copilot, and Claude Sonnet 4.5) using
a bank of 80 questions based on the AHA/ACC/HFSA and ESC
guidelines. We divided the questions into four domains: diagnosis
and pathophysiology, comorbidity management, treatment and
drug administration, and guideline comparisons. Our aim was to
test whether the models exhibited a “domain-specific reliability
gap” in pharmacotherapy decisions while demonstrating high
performance on conceptual questions.

MATERIAL AND METHODS

Study Design

This was a cross-sectional benchmark study evaluating four
contemporary LLMs using a structured question bank derived
from the 2022 AHA/ACC/HFSA HF guideline, the 2021 ESC
guideline, and its 2023 focused update (5-7). Because the study
involved no human participants or patient data, institutional
review board approval was not required. The study is reported in
accordance with the TRIPOD-LLM reporting guideline for studies
using LLMs (13).

Question Bank Construction

A practising cardiologist prospectively drafted 80 items
that were explicitly stratified across four clinical domains.
The number of items per domain was chosen to reflect the
relative clinical weight of each domain in contemporary
HFpEF practice while preserving adequate power for domain-
level comparisons. To ensure internal validity and a consistent
difficulty level across domains, the questions were deliberately
balanced between direct factual recall (e.g., specific diagnostic
cutoffs or recommendation classes) and complex clinical
integration requiring interpretation (e.g., therapeutic decision-
making in vignette-style scenarios with multiple comorbidities).
Furthermore, a standardized structural template, informed by
the patient, intervention, comparison, outcome framework,
was utilized during item drafting. Question topics were mapped
directly to specific guideline recommendations, tables, and class/
level of evidence statements. Each item carried a pre-specified
gold-standard answer anchored strictly to the originating
guideline text; these gold-standard answers were drafted by
the same author and independently verified against the source
guideline sections by a second cardiologist before any model was
queried.
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Question Categories

The diagnosis and pathophysiology domain (n=16) included
items covering the LVEF threshold for HFpEF, the HFA-PEFF
and H2FPEF diagnostic algorithms, N-terminal proBNP cut-
offs, echocardiographic parameters of diastolic dysfunction,
invasive hemodynamic evaluation, assessment of pulmonary
hypertension, cardiopulmonary exercise testing, and physiology
of exercise intolerance.

The comorbidity management domain (n=11) included items
on atrial fibrillation, chronic kidney disease, iron deficiency,
diabetes, amyloidosis, and sarcoidosis.

The treatment and drug management domain (n=12) was
deliberately anchored to items requiring integration of a
class of recommendation or a level of evidence from one or
both guidelines specifically those concerning SGLT2 inhibitors,
mineralocorticoid receptor antagonists, angiotensin receptor-
neprilysin inhibitors, beta-blockers, digoxin, angiotensin-
converting enzyme inhibitors/angiotensin Il receptor blockers,
diuretics, semaglutide, and lipid or sodium targets.

The guideline comparison and clinical scenarios domain
(n=41) included items that explicitly contrasted the two
guidelines’ specific recommendations and included short clinical
vignettes (e.g., first-line therapy for a patient with HFpEF, an LVEF
of 55%, and stage 3 chronic kidney disease). This domain was the
largest by design, as guideline-to-guideline synthesis represents
the most common real-world use case for clinicians consulting
an Al tool.

LLMs Evaluated

Four contemporary, publicly accessible LLMs were selected
to represent the major commercial Al ecosystems available to
clinicians at the time of the study: Gemini 2.5 Pro (Google),
ChatGPT-5 (OpenAl), Microsoft Copilot (Microsoft; based on the
ChatGPT family with retrieval augmentation), and Claude Sonnet
4.5 (Anthropic). All queries were performed between 10.11.2025
and 15.11.2025; the specific model build available through each
interface during that window is reflected in the reported results.
All models were queried through their respective default public
chat interfaces without system prompts, retrieval plug-ins, or
custom instructions, reflecting the exact conditions under which
a typical clinician operates them.

Query Protocol

To mitigate account-specific personalization, algorithmic
caching, or IP-based localization bias,a rigorous, multi-user
querying protocol was used. The 80 questions were independently
submitted to all four models by three separate cardiologists from
different computers and IP addresses, with a 48-hour interval
between each investigator’s session.
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Each question was submitted in a zero-shot fashion without
follow-up prompts. Queries and corresponding gold-standard
answers were performed in Turkish, reflecting investigators’
primary working language and a substantial real-world user
base. The order of question submission was held constant
across models. For every question, a new chat conversation
was initiated to eliminate in-context carry over. All generated
responses were saved verbatim in the study database for offline
evaluation.

“Materially similar” was defined qualitatively; although
minor stylistic or conversational variations existed in the models’
phrasing across different sessions, the core medical advice,
pharmacological recommendations, and cited evidence levels
remained identical across all three investigators’ independent
queries. Because the outputs obtained by the three cardiologists
were materially similar for the same model-item pairs, responses
were consolidated into a single model-question-level output
for final scoring, yielding 320 evaluated responses (80 itemsx4
models).

Scoring Rubric and Consensus Adjudication

A joint panel-based grading approach was used. The three
investigating cardiologists evaluated the Al outputs against the
pre-specified gold-standard answers in joint review sessions.
During the evaluation, model identities were masked (labeled
model A-D). Each response was discussed, and a single final score
was determined by majority vote or by unanimous consensus
based on a four-point ordinal rubric:

1. (Comprehensive): The response fully captured the
guideline-concordant answer, including the relevant class of
recommendation and level of evidence where applicable.

2. (Adequate but incomplete): The core recommendation
was correct, but key qualifiers or evidence levels were missing.

3. (Partially incorrect): The response contained at least one
clinically meaningful error alongside correct elements.

4. (Completely incorrect): The response contradicted the
guideline-concordant answer in a clinically meaningful or
potentially harmful way.

In instances where a unanimous decision could not be
reached among the three primary evaluators, an independent,
senior cardiologist—blinded to the initial internal discussions—
adjudicated the final score.

A composite success rate was defined as the proportion of
responses scored 1 or 2. A critical error rate was defined as the
proportion of responses scoring 4.

Statistical Analysis

Because the primary purpose of the study was to compare
the structural distribution of errors across clinical domains
rather than to establish the absolute superiority of one
model over another, the analyses were descriptive in intent,
and confirmatory testing was restricted to the pre-specified
domainxoutcome comparison. For each model and domain,
we report the distribution of the four ordinal scores; the
comprehensive rate (Score 1); the composite success rate (Scores
1+2); and the critical error rate (Score 4). Exact binomial (Clopper-
Pearson) 95% confidence intervals (Cl) were calculated for all
proportions to convey uncertainty appropriate to the subgroup
sizes. To quantify the heterogeneity of model performance
within each domain, we calculated the inter-model range of the
comprehensive rates. The pre-specified primary inferential test
was Fisher’s exact test, which compared the proportion of critical
errors in the treatment and drug management domain with that
in all other domains combined and was performed both pooled
across models and separately for each model. A two-sided
p-value <0.05 was considered statistically significant; given the
descriptive framing, no correction for multiple per-model tests
was applied, and per-model results are reported as supportive.
All statistical analyses were performed using IBM SPSS Statistics
(version 26.0, IBM Corp., Armonk, NY, USA).

RESULTS

Overall Performance

A total of 320 responses (80 questionsx4 models) were
evaluated. The overall performance metrics varied across
systems, as summarized in Table 1. Comprehensive and accurate
response rates (Score 1) ranged from 65.0% (95% Cl 53.5-75.3)
for Claude Sonnet 4.5 to 87.5% (95% Cl 78.2-93.8) for Gemini 2.5
Pro. When considering the composite success rate (Scores 1+2),
performance remained relatively high across all systems, ranging
from 83.75% to 93.75%. However, critical error rates (Score 4)
remained non-trivial, ranging from 6.25% (Gemini 2.5 Pro; 95%
Cl 2.1-14.0) to 13.75% (Claude Sonnet 4.5; 95% Cl 7.1-23.3)

Table 1. Overall distribution of response quality across four LLMs (n=80 items per model)

Model Score 1 (%) Score 2 (%) Score 3 (%) Score 4 (%) Success 1+2 (%)
Gemini 2.5 Pro 87.5 6.25 0.0 6.25 93.75
ChatGPT-5 83.75 5.0 0.0 11.25 88.75
Microsoft Copilot 77.5 8.75 3.75 10.0 86.25
Claude Sonnet 4.5 65.0 18.75 2.5 13.75 83.75

Score 1: Comprehensive, Score 2: Adequate but incomplete, Score 3: Partially incorrect, Score 4: Completely incorrect
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As illustrated in Figure 1, Gemini 2.5 Pro achieved the most
favorable overall profile, combining the highest proportion
of comprehensive responses with the lowest critical error
rate. In contrast, Claude Sonnet 4.5 demonstrated the lowest
comprehensive accuracy and the highest proportion of critical
errors. The remaining models showed intermediate performance
across these metrics (Figure 1).

Domain-specific Performance and the Reliability Gap

The distribution of errors varied markedly across the
four clinical domains (Tables 2 and 3). In the diagnosis and

I Score 1 — Comprehensive

Bull Cardiovasc Acad 2026;4(1):20-28

pathophysiology domain, all four models performed consistently
well; Gemini 2.5 Pro, ChatGPT-5, and Microsoft Copilot each
achieved a comprehensive coverage rate of 93.75%, while
Claude Sonnet 4.5 achieved 75.0%. Notably, no critical errors
(Score 4) were observed in either this domain or the comorbidity
management domain, where comprehensive coverage rates
ranged from 72.7% to 100%.

By contrast, reliability collapsed in the treatment and drug
management domain. Comprehensive coverage rates in this
domain fell as low as 33.3% (95% Cl 9.9-65.1) for Claude Sonnet

[ Score 3 — Partially incorrect

W Score 2 — Adequate but incomplete [l Score 4 — Critical error

Claude Sonnet 4.5 65.0% 18.8% L 13.8%

Microsoft Copilot 71.5%

10.0%

Gemini 2.5 Pro 87.5%

0% 25%

50% 5% 100%

N=80 items per model (320 responses total). Composite success rate (Score 1+2): Gemini 2.5 Pro 93.75% - GPT-5 88.75% - Microsoft Copilot 86.25% - Claude Sonnet 4.5 83.75%

Figure 1. Distribution of response quality scores across LLMs in clinical evaluation
Distribution of LLM response quality for HFpEF (n=320). While overall accuracy rates varied between 65.0% and 87.5% across the four systems, all models

maintained a composite success rate (Scores 1+2) exceeding 83%

LLM: Large language model, HFpEF: Heart failure with preserved ejection fraction

Table 2. Comprehensive (Score 1) response rate by clinical domain. Exact binomial 95% confidence intervals for the treatment

and drug management domain (n=12) are shown in parentheses

Model Diagnosis gnd Comorbidity Treatment and drugs Guideline cpmparison
pathophysiology (n=16) management (n=11) (n=12) and scenarios (n=41)

Gemini 2.5 Pro 93.8 90.9 100.0 (73.5-100) 80.5

ChatGPT-5 93.8 100.0 66.7 (34.9-90.1) 80.5

Microsoft Copilot 93.8 72.7 58.3 (27.7-84.8) 78.0

Claude Sonnet 4.5 75.0 100.0 33.3(9.9-65.1) 61.0

Inter-model range 18.8 27.3 66.7 19.5

Table 3. Critical error rate (Score 4) by clinical domain. Exact binomial 95% confidence intervals for the treatment and drug

management domain (n=12) are shown in parentheses

Dy e Tratmentanddngs Sl amprion
Gemini 2.5 Pro 0.0 0.0 0.0 (0-26.5) 12.2
ChatGPT-5 0.0 0.0 33.3(9.9-65.1) 12.2
Microsoft Copilot 0.0 0.0 25.0 (5.5-57.2) 122
Claude Sonnet 4.5 0.0 0.0 50.0 (21.1-78.9) 12.2
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4.5 and 58.3% (95% Cl 27.7-84.8) for Microsoft Copilot. Score
4 responses accounted for 50.0% (95% Cl 21.1-78.9) of Claude
Sonnet 4.5's pharmacotherapy answers, 33.3% (95% Cl 9.9-65.1)
for ChatGPT-5, and 25.0% (95% Cl 5.5-57.2) for Microsoft Copilot.
Gemini 2.5 Pro was the only model without a single critical error
in this domain (0/12; 95% Cl 0-26.5). The heterogeneity of model
performance (the inter-model range of comprehensive rates)
was 66.7% for treatment more than threefold higher than that in
any other domain. When pooled across all four models, critical
errors were significantly more frequent in the treatment and
drug management domain than in all other domains combined
(13/48 vs. 20/272; odds ratio 4.68, Fisher’s exact p<0.001). In per-
model analyses, this difference reached statistical significance
for Claude Sonnet 4.5 (p=0.001) and ChatGPT-5 (p=0.025),
approached significance for Microsoft Copilot (p=0.09), and was
non-significant (Fisher’s exact p=1.00) for Gemini 2.5 Pro, which
produced no critical errors in the treatment domain.

In the guideline comparison and clinical scenarios section
(n=41), accuracy rates were relatively homogeneous (61.0%-
80.5%). Interestingly, critical error rates converged at 12.2% (5/41)
across all four models, indicating that each system independently
produced completely incorrect responses to exactly five items.
However, item-level inspection showed that these were not the
same five questions for each model; the error count converged,
while the error content diverged.

Item-level Failure Analysis

To determine whether these errors were stochastic or
systematic, a post-hoc analysis of critical errors at the item level

was performed (Table 4). Of the 80 items, 11 produced a Score 4
response in at least two models (“common-failure items”), and 6
failed in at least three models. Only a single item—regarding the
guideline-appropriate treatment approach for iron deficiency in
HFpEF—elicited completely incorrect responses from all four
models simultaneously.

Every item that failed in three or more models was directly
related to a drug-class recommendation. These errors clustered
around SGLT2 inhibitors (including the 2023 focused updates),
glucagon like peptide-1 (GLP-1) receptor agonists (semaglutide
following the STEP-HFpEF trial), intravenous iron therapy, and
drug prioritization in concomitant hypertension. Conversely,
no common failures were observed in conceptual questions
regarding diagnosis or pathophysiology.

When the distribution of these 11 common-failure items
across individual models was examined, Claude Sonnet 4.5
produced critical errors on 10 of the 11 items, ChatGPT-5 on 9,
Microsoft Copilot on 7, and Gemini 2.5 Pro on 3. The substantially
lower failure count of Gemini 2.5 Pro on these items mirrors its
overall performance profile. One possible explanation is that this
apparent advantage may reflect differences in model updating
or in the recency of knowledge rather than a fundamentally
different reasoning capability; however, this hypothesis was not
directly tested in the present study.

DISCUSSION

In this guideline-anchored benchmark of four contemporary
LLMs on HFpEF, we observed three findings with direct
implications for how these systems should—and should not—be

Table 4. Items on which multiple large language models produced a critical error (Score 4), grouped by failure cluster

Failure cluster Question focus Domain Models scoring 4 (count)
Iron deficiency IV vs. oral iron in HFpEF Scenarios All four models (4/4)
Drug class for CKD progression in HFpEF Treatment ChatGPT-5, Copilot, Sonnet (3/4)
SGLT2 inhibitors SGLT2i class of recommendation (2023 ESC update) Scenarios ChatGPT-5, Copilot, Sonnet (3/4)
Impact of CKD on SGLT2i use Treatment ChatGPT-5, Sonnet (2/4)
GLP-1/obesity Semaglutide in obesity-related HFpEF (STEP-HFpEF) Scenarios ChatGPT-5, Copilot, Sonnet (3/4)
Diabetes prioritization DM management priority in HFpEF (AHA/ACC/HFSA) Treatment GPT-5, Copilot, Sonnet (3/4)
) o Hypertension priority (AHA/ACC/HFSA) for CV benefit Scenarios Gemini, ChatGPT-5, Copilot (3/4)
Hypertension prioritization ; o . -
Hypertension priority in HFpEF (ESC) Scenarios Gemini, Sonnet (2/4)
o Anticoagulant class in HFpEF with AF Treatment ChatGPT-5, Sonnet (2/4)
Atrial fibrillation in HFpEF - . - .
Catheter ablation class in HFpEF with AF Treatment Copilot, Sonnet (2/4)
ARNI class discrepancy ARNI class difference (AHA/ACC/HFSA vs. ESC) Scenarios ChatGPT-5, Sonnet (2/4)
Clusters are ordered by the number of converged critical errors. “Sonnet” refers to Claude Sonnet 4.5
SGLT2: Sodium-glucose cotransporter 2, GLP-1: Glucagon like peptide-1, HFpEF: Heart failure with preserved ejection fraction, ARNI: Angiotensin receptor-
neprilysin inhibitor, CKD: Chronic kidney disease, AHA: American Heart Association, ACC: American College of Cardiology, HFSA: Heart Failure Society of
America, ESC: European Society of Cardiology, AF: Atrial fibrillation
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used in cardiology practice. First, LLMs perform uniformly well on
conceptual, diagnostic, and pathophysiological questions about
HFpEF, with no critical errors observed across the diagnostic
and comorbidity domains. Second, in the domain of treatment
and drug management, the same models exhibited a dramatic
decline in reliability, with critical error rates as high as 50% on
direct pharmacotherapy questions. Third, the magnitude of inter-
model heterogeneity was more than three times as great in the
treatment domain as in any other domain, indicating that errors
are not randomly distributed but are concentrated in the single
domain most likely to directly influence prescribing decisions.
The pooled Fisher’s exact test confirmed that this concentration
is not a statistical artefact of small numbers (odds ratio: 4.68,
p<0.001). We refer to this pattern as a domain-specific reliability
gap. We define this gap as task-type—dependent performance
heterogeneity, in which an LLM’s accuracy fluctuates significantly
with the clinical nature of the question rather than with the
disease entity alone.

The post-hoc analysis of items in which multiple models
converged on the same critical error provides a mechanistic
explanation for this gap. Shared failures were thematically
narrow: every item on which at least three of the four models
failed concerned either a newer-generation therapy (e.g., SGLT2
inhibitors, semaglutide) or a specific class-of-recommendation
hierarchy. Moreover, the convergence of critical error rates at
exactly 12.2% across models in the scenarios domain, despite
divergent item identities, suggests that the difficulty ceiling
of clinical scenario synthesis is shared across systems, while
the specific failure points are model-idiosyncratic a pattern
consistent with model-specific gaps superimposed on a common
substrate of genuinely difficult content.

These common failures cluster around treatments for which
the evidence base is changing most rapidly. The efficacy of
SGLT2 inhibitors and GLP-1 receptor agonists in organ-preserving
strategies, even in non-diabetic patients, is supported by new
evidence. Landmark studies such as EMPEROR-Preserved and
DELIVER have shown that SGLT2 inhibitors are now a foundational
class for the management of HFpEF, displacing several older
agents from guideline-directed therapy (14,15). Similarly, the role
of semaglutide in obesity-related HFpEF is supported by the STEP-
HFpEF study (16). When multiple models produce completely
incorrect answers on these items, the pattern is consistent
with temporal misalignment between model knowledge and
the current guideline state. We acknowledge that, while highly
plausible, this remains a speculative hypothesis, as it was not
directly tested in our study design. LLMs encode the statistical
average of the evidence in their training window; when the
therapeutic paradigm has recently shifted, this statistical average
is no longer the correct answer.
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Furthermore, the single item on which all four models
produced a completely incorrect response (the treatment
approach for iron deficiency in HFpEF) highlights a qualitatively
different failure mechanism: inappropriate generalization. The
robust evidence base for intravenous iron in HF was established
predominantly in patients with HFrEF (17,18). A model that
has correctly learned that “iron deficiency in HF is treated with
intravenous iron” will confidently produce that answer for HFpEF,
failing to recognize that the HFpEF-specific recommendation is
deliberately more cautious. This pattern suggests a potentially
important failure mode in which models may inappropriately
extrapolate from HFrEF to HFpEF, rather than simply relying on
outdated knowledge. This highlights a critical vulnerability often
discussed in broader clinical Al literature: “contextual blindness”,
where models fail to distinguish between high-quality evidence
in a related phenotype and the more nuanced and restricted
recommendations required for the specific target phenotype.

Most existing guidance on the use of LLMs in medicine treats
the Al knowledge base as monolithic and recommends uniform
caution. However, our findings, together with recent literature on
task-dependent Al performance, suggest that a more nuanced,
task-stratified approach may be more appropriate than uniform
caution across all clinical tasks (19,20). For HFpEF specifically, the
present findings suggest that contemporary LLMs may be more
reliable for conceptual and diagnostic tasks than for treatment-
related decision support. In these domains, the models showed
consistently high performance with no observed critical errors.
In the treatment and drug-management domain, current LLMs
do not appear sufficiently reliable for unsupervised decision
support. With a 1-in-2 critical error rate for the weakest model
and a 1-in-3 rate even for one flagship system, the consequences
of acting on an LLM recommendation without independent
verification are potentially serious. Taken together, these findings
suggest that caution is warranted: contemporary LLMs should
be used primarily as conceptual aids, and pharmacotherapy
recommendations should be independently verified against
primary guideline sources.

Aggregate benchmarks of LLMs on medical examinations
have reported encouraging overall accuracy, but they rarely
stratify results by the cognitive type of the underlying task
(21). Recent empirical evaluations have begun to demonstrate
that LLM errors in medicine are not uniformly distributed but
tend to cluster within specific clinical tasks, such as complex
evidence synthesis (22,23). Our findings add a critical layer to
this emerging literature. In our previous multidimensional
audit of cardiovascular decision-making, we demonstrated
that LLM safety failures are highly model-dependent and
prone to “dysfunctional humility”—where cautious phrasing is
dangerously paired with unsafe recommendations (24). In our
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prior study, we identified a shared multimodel vulnerability
in the management of high-risk non-ST-segment elevation
myocardial infarction, in which models inappropriately deviated
from ESC Class Il guidance. The present study extends this
paradigm by showing that reliability varies across task types,
even within a single disease phenotype, rather than remaining
uniform across all forms of clinical questioning.

Future investigations should extend this framework to
retrieval-augmented generation configurations, testing whether
the reliability gap in the treatment domain can be closed by
directly grounding the model in source documents. Additionally,
this domain-stratified approach should be applied to other
cardiovascular conditions with dynamic evidence bases to
determine if the reliability gap is a universal property of Al in
cardiology.

Study Limitations

Several limitations must be acknowledged. First, queries
were performed in Turkish. Although the guidelines are
international and the clinical content is language-independent,
we cannot exclude a language effect on LLM performance,
and prior work suggests that non-English medical queries may
degrade LLM accuracy subtly. Second, the treatment and drug
management domain contained only 12 items. Although the
magnitude of the observed effect is large and the pooled Fisher’s
exact test remains significant, between-model comparisons in
this subgroup should be interpreted cautiously, and the exact
95% Cls for per-model estimates are correspondingly wide. Third,
although model identity was masked during scoring, the three
evaluators were not blinded to one another during consensus
adjudication; this reflects standard practice for rubric-based
clinical adjudication but could introduce subtle group-dynamic
bias. Finally, the benchmark reflects the state of these models
at a single point in time. Consequently, these findings represent
a temporal snapshot rather than a definitive model ranking,
because results will inevitably shift as models are retrained and
guidelines are updated.

CONCLUSION

Contemporary LLMs handle conceptual and diagnostic
questions about HFpEF uniformly well, but exhibit a
clinically meaningful reliability gap in guideline-concordant
pharmacotherapy. Errors concentrate in the single domain most
likely to influence prescribing, driven by temporal misalignment
and inappropriate generalization. Until retrieval-grounded
systems are independently validated, these data suggest that
caution is warranted and that LLMs are currently best used as
conceptual aids, with all pharmacotherapy recommendations
subject to rigorous human verification.
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Association of Oscillometrically Estimated Cardiac Index With
Microalbuminuria in Non-diabetic Adults With Preserved
Kidney Function

Bobrek Fonksiyonu Korunmus Non-diyabetik Eriskinlerde Osilometrik Olarak
Tahmin Edilen Kardiyak indeksin Mikroalbtiminiiri ile iliskisi
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Objectives: Microalbuminuria is a predictor of cardiovascular events even in non-diabetic individuals. Whether oscillometrically measured
cardiac index (Cl) is associated with early renal microvascular damage independently of metabolic risk and conventional blood pressure
indices has not been systematically evaluated.In this study, we aimed to investigate the association of Cl with the urinary albumin-to-
creatinine ratio (UACR) in non-diabetic adults with preserved kidney function.

Material and Methods: A total of 99 non-diabetic adults with preserved kidney function were included in the study. Participants underwent
oscillometric analysis, spot UACR measurement and biochemical assessment. The triglyceride-glucose (TyG) index was used as a marker of
insulin resistance. Hierarchical linear regression models for log(UACR) were constructed by sequentially adding age and body mass index,
the TyG index, and Cl. Alternative hemodynamic parameters and multivariable logistic regression analyses for microalbuminuria were also
evaluated.

Results: Median UACR was 9.92 mg/g (interquartile range 5.14-22.95), and the prevalence of microalbuminuria was 21.2%. Among all
hemodynamic parameters, Cl showed the strongest univariate correlation with log(UACR) (r=0.505, p<0.001). Adding CI to the metabolic base
model increased the explained variance from 34.2% to 44.3% (AR? =0.101; partial F=14.90; p<0.001). Cl was independently associated with
log(UACR) (B=0.700; 95% confidence interval 0.339-1.060; p<0.001) and remained significant after adjustment for sex, hypertension, smoking
and resting heart rate.In comparative models, Cl explained more residual variance in log(UACR) than any pressure-based hemodynamic index;
moreover, brachial systolic blood pressure was not significant when entered into the same model as Cl. The prevalence of microalbuminuria
increased across Cl quartiles, rising from 7.1% in Q1 to 50.0% in Q4 (y>=17.58; p<0.001). In the parsimonious logistic model, both the TyG
index and Cl were independently associated with microalbuminuria.

Conclusion: In non-diabetic adults with preserved kidney function, CI was independently associated with renal microvascular damage in
continuous-outcome analyses and explained variation in log(UACR) better than pressure-based hemodynamic indices in this cohort. Together
with the independent contribution of the TyG index, these findings support a dual-pathway framework involving both metabolic and
volumetric hemodynamic factors in subclinical nephropathy.

Keywords: Cardiac index, microalbuminuria, insulin resistance, triglyceride-glucose index, pulse wave analysis, renal hemodynamics
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Amag: Mikroalblimintiri, diyabetik olmayan bireylerde dahi kardiyovaskiiler olaylarin ongordirtcustdir. Osilometrik olctilen kardiyak
indeksin (Ki) metabolik risk ve konvansiyonel kan basinci indekslerinden bagimsiz olarak erken renal mikrovaskiiler hasar ile iliskili olup
olmadigi sistematik olarak degerlendirilmemistir. Bu calismada, bobrek fonksiyonu korunmus non-diyabetik eriskinlerde Ki'nin idrar
albimin/kreatinin orani (UACR) ile iliskisini arastirmayr amagladik.

Yontem ve Gerecler: Calismaya bobrek fonksiyonu korunmus 99 non-diyabetik eriskin dahil edildi. Katilimcilara osilometrik nabiz dalga
analizi, spot UACR ¢lcimii ve biyokimyasal degerlendirme yapildi. insiilin direncinin gostergesi olarak trigliserid-glukoz (TyG) indeksi
kullanildi. Log(UACR) icin olusturulan hiyerarsik lineer regresyon modellerine sirasiyla yas ve viicut kitle indeksi, TyG indeksi ve Ki eklendi.
Alternatif hemodinamik parametreler ile mikroalbtimintri (UACR >30mg/g) icin cok degiskenli lojistik regresyon analizleri degerlendirildi.

Bulgular: Medyan UACR 9,92 mg/g (ceyrekler arasi aralik 5,14-22,95) idi ve mikroalbimintri prevalansi %21,2 olarak bulundu. Tam
hemodinamik parametreler arasinda Ki, log(UACR) ile en giiclii tek degiskenli korelasyonu gosterdi (r=0,505; p<0,001). Ki'nin metabolik temel
modele eklenmesi, aciklanan varyansi %34,2’den %44,3’e yiikseltti (AR?=0,101; kismi F=14,90; p<0,001). Ki, log(UACR) ile bagimsiz olarak
iliskiliydi (B=0,700; %95 GA 0,339-1,060; p< 0,001) ve cinsiyet, hipertansiyon, sigara kullanimi ve dinlenim kalp hizi icin diizeltmelerden sonra
da anlamhligini korudu. Karsilastirmali modellerde Ki, log(UACR)deki artik varyansi basin¢ temelli hemodinamik indekslerin tiimiinden
daha fazla agikladi; ayrica brakiyal sistolik kan basinci, Ki ile ayni modele alindiginda anlamli degildi. Mikroalbiiminiiri prevalansi Ki
ceyrekleri boyunca artti ve Q1°de %7,1°den Q4’te %50,0'ye yiikseldi (;2=17,58; p<0,001). Kisith lojistik modelde hem TyG indeksi hem de Ki
mikroalbiminiri ile bagimsiz olarak iliskili bulundu.

Sonuc: Bobrek fonksiyonu korunmus non-diyabetik eriskinlerde, osilometrik olarak hesaplanan Ki siirekli sonlanim analizlerinde erken renal
mikrovaskiiler hasar ile bagimsiz olarak iliskili bulundu ve bu kohortta log(UACR)'deki varyasyonu basing temelli hemodinamik indekslerden
daha iyi acikladi. TyG indeksinin bagimsiz katkisiyla birlikte bu bulgular, subklinik nefropatide metabolik ve volimetrik hemodinamik
faktorleri iceren ikili bir yolak cercevesini desteklemektedir.

Anahtar Kelimeler: Kardiyak indeks, mikroalbtmintri, insilin direnci, trigliserid-glukoz indeksi, nabiz dalga analizi, renal hemodinami

INTRODUCTION

Microalbuminuria, defined as a wurinary albumin-to-
creatinine ratio (UACR) of 30-300 mg/g, is an established
biomarker of early renal microvascular damage and an
independent predictor of cardiovascular morbidity and
mortality, including in non-diabetic individuals without overt
chronic kidney disease (CKD) (1-3). In this population, subclinical
elevations in albuminuria reflect generalized endothelial
dysfunction and increased glomerular capillary permeability,
making the identification of modifiable determinants clinically
important for early risk stratification.

Two principal pathways are implicated in early renal
microvascular injury: metabolic and hemodynamic. On the
metabolic side, insulin resistance conveniently estimated by the
triglyceride-glucose (TyG) index has been linked to incident CKD
and albuminuria through endothelial dysfunction, oxidative
stress, and pro-fibrotic signaling (4,5). On the hemodynamic
side, the kidney receives 20-25% of cardiac output through a
high-flow, low-resistance vascular bed, rendering it sensitive
to both pressure- and flow-mediated stress (6,7). To date,
the hemodynamic component of renal risk has been studied
predominantly through blood pressure and arterial stiffness
indices (8,9). However, blood pressure is the product of cardiac
output and systemic vascular resistance (SVR); the flow-
mediated component, which directly augments renal perfusion,
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intraglomerular pressure, and ultrafiltration is not captured by
pressure measurements alone and may contribute to glomerular
hyperfiltration even when blood pressure is normal (10,11).

The cardiac index (Cl), defined as cardiac output normalized
to body surface area (BSA), aims to capture this flow-mediated
component. Oscillometric pulse wave analysis provides non-
invasive estimates of Cl alongside conventional central and
peripheral parameters (12), yet whether
oscillometrically estimated Cl is independently associated with
early renal microvascular damage in non-diabetic adults has
not been systematically evaluated. In the present cross-sectional

hemodynamic

study of non-diabetic adults with preserved kidney function,
we examined the independent and incremental association
between Cl and log-transformed UACR after adjustment for
age, body mass index (BMI), and the TyG index and compared
Cl with pressure-based hemodynamic indices. We hypothesized
that CI would be independently associated with early renal
microvascular damage in this population.

MATERIAL AND METHODS

This was a multicenter, cross-sectional observational study.
To ensure inter-center consistency, all measurements were
obtained by operators who had received standardized training on
the Mobil-0O-Graph 24h PWA Monitor. Consecutive adult patients
(>18 years) who underwent oscillometric pulse wave analysis,
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spot UACR measurement, and standard laboratory assessment
were screened for eligibility. The study protocol was approved by
the Ethics Committee of Sivas Cumhuriyet University (approval
no: 2026-02/11, date: 26.02.2026), and institutional permissions
were obtained from participating centers as required. Written
informed consent was obtained from all participants prior to
enrollment.

A total of 147 patients were initially assessed for eligibility.
The following exclusion criteria were applied: (i) diabetes
mellitus, defined as fasting plasma glucose >126 mg/dL on two
occasions, glycated hemoglobin >6.5%, or use of antidiabetic
medication (n=21); (ii) impaired kidney function, defined as
estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m?
(n=3); and (iii) absence of spot urine UACR measurement (n=24),
as the primary outcome variable required documented urinary
albumin excretion. After these exclusions, 99 non-diabetic
individuals with preserved kidney function and available UACR
data constituted the final analytic cohort.

Demographic and clinical data were obtained from medical
records. Recorded variables included age, sex, BMI (kg/m?),
BSA (m?), smoking status (current smoker vs. non-smoker),
and comorbidities, including hypertension, coronary artery
disease, hyperlipidemia, and chronic obstructive pulmonary
disease. Antihypertensive treatment status (yes/no), number of
antihypertensive drug classes, and regimen composition were
documented.

Venous blood samples were obtained after an overnight fast
of at least 8 hours. Standard biochemical parameters included
fasting plasma glucose, serum creatinine, uric acid, complete
blood count, and lipid profile (total cholesterol, low-density
lipoprotein cholesterol, high-density lipoprotein cholesterol,
and triglycerides). The eGFR was calculated using the CKD
epidemiology collaboration equation.

The TyG index, a surrogate marker of insulin resistance, was
calculated using the formula: TyG index=In [triglycerides (mg/
dL)xfasting plasma glucose (mg/dL)/2]. This index has been
validated as a reliable surrogate for insulin resistance and
correlates strongly with the hyperinsulinemic-euglycemic clamp
technique.

A spot midstream urine sample, preferably collected in the
early morning, was obtained from each participant to determine
urinary microalbumin (mg/L) and urinary creatinine (mg/L). The
UACR was calculated as [urinary microalbumin concentration
(mg/L)/urinary creatinine concentration (mg/L)]x1000 and
expressed in mg/g. Microalbuminuria was defined as UACR >30
mg/g in accordance with KDIGO guidelines.

For regression analyses, UACR was natural log-transformed
[log(UACR)] to approximate a normal distribution and to linearize
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its relationship with predictor variables. Log(UACR) served as the
primary continuous-outcome, while the binary classification
of microalbuminuria (UACR >30 mg/g) served as the secondary
categorical outcome.

Brachial blood pressure was measured with the participant
seated after at least 5 minutes’ rest, using an appropriately sized
cuff on the non-dominant arm. Systolic (bSBP) and diastolic
(bDBP) blood pressures were recorded. Mean arterial pressure
was calculated as bDBP-+(bSBP-bDBP)/3. Resting heart rate was
recorded simultaneously. Brachial hemodynamic data were
available for all 99 participants.

Central hemodynamic parameters were assessed non-
invasively using an oscillometric pulse wave analysis device
(Mobil-O-Graph 24h PWA Monitor; L.E.M. GmbH, Stolberg,
Germany). This validated device reconstructs the central aortic
pressure waveform from brachial oscillometric recordings using
a generalized transfer function and provides the following
parameters: central SBP, central DBP, central pulse pressure,
augmentation pressure, augmentation index corrected to 75
beats per minute (Alx@75), and aortic pulse wave velocity
(PWV). Additionally, the device estimates cardiac output, stroke
volume (SV), SVR, and cardiac index. The cardiac index, defined
as cardiac output normalized to BSA (L/min/m?), was the primary
hemodynamic exposure variable, as it represents the volumetric
flow load delivered to the renal microvasculature per unit body
size.

All measurements were performed by trained operators
at each center according to a standardized study protocol in a
quiet, temperature-controlled room with the patient in a seated
position after at least 10 minutes’ rest. At least two consecutive
recordings were obtained, and the mean values were used for
analysis.

Statistical Analysis

Continuous variables were tested for normality using the
Shapiro-Wilk testand are presented as mean + standard deviation
or median [interquartile range (IQR)], as appropriate; categorical
variables are presented as frequencies and percentages. The
primary outcome was log(UACR) as a continuous variable, with
cardiac index as the main hemodynamic exposure. Categorical
microalbuminuria (UACR =30 mg/g) analyses were considered
secondary because of the limited number of events. Univariate
associations with log(UACR) were assessed using Spearman’s
rank correlation coefficients. Hierarchical linear regression
was performed by sequentially adding age and BMI, the TyG
index, and the cardiac index. The incremental value of cardiac
index was evaluated using AR?, the partial F-test, the likelihood
ratio test, and the AIC. Alternative hemodynamic parameters
were entered separately in place of cardiac index. Participants
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were also stratified by cardiac index quartiles. Between-group
comparisons were assessed using ANOVA or the Kruskal-
Wallis test; trend was assessed by Spearman correlation; and
microalbuminuria prevalence was assessed by the chi-square
test. Multivariable logistic regression was performed with
microalbuminuria as the outcome variable. Sensitivity analyses
were performed by adding each variable separately: brachial
SBP, antihypertensive treatment, sex, hypertension, smoking,
and resting heart rate. Model assumptions were assessed using
variance inflation factors (VIF), the Durbin-Watson statistic, the
Breusch-Pagan test, and the Shapiro-Wilk test of residuals; HC3
robust standard errors were used where appropriate. Missing
data were handled by complete-case analysis. All analyses were
performed using IBM SPSS Statistics version 26.0 and Python
3.12 (pandas, SciPy, statsmodels). A two-tailed p-value <0.05 was
considered statistically significant.

RESULTS

Of the 147 patients initially assessed, 48 were excluded (21
with diabetes mellitus, 3 with eGFR <60 mL/min/1.73 m?, and
24 with missing UACR), yielding a final cohort of 99 non-diabetic
individuals with preserved kidney function. The cohort was
predominantly female (66.7%), with a median age of 54 years
(IQR49-61); hypertension and current smoking were each present
in 48.5% of participants. Median UACR was 9.92 mg/g (IQR 5.14-
22.95), and microalbuminuria (UACR >30 mg/g) was detected
in 21 participants (21.2%). The mean TyG index was 8.77+0.56
(available in 87 participants), and median cardiac index was 2.60
L/min/m? (IQR 2.40-3.00). Full baseline characteristics are shown
in Table 1.

Bull Cardiovasc Acad 2026;4(1):29-36

In univariate Spearman correlation analysis, cardiac index
showed the strongest correlation with log(UACR) among all
variables examined (r=0.505, p<0.001), followed by SV (r=0.459),
triglycerides (r=0.435), the TyG index (r=0.386), central SBP
(r=0.383, n=84), and cardiac output (r=0.300); brachial SBP
was not significantly correlated (r=0.154, p=0.129). Cardiac
index and the TyG index were virtually uncorrelated (r=0.056,
p=0.581), consistent with independent hemodynamic and
metabolic contributions.

Hierarchical linear regression for log(UACR) is shown in Table
2 (n=87). Age and BMI together explained 11.7% of the variance;
adding the TyG index raised R? to 0.342 (AR?*=0.225, p<0.001);
adding cardiac index raised R? further to 0.443 (AR?*=0.101;
partial F=14.90, p<0.001; likelihood ratio ¥?*=14.52, p<0.001;
AAIC=12.5). Cardiac index was independently associated with
log(UACR) (B=0.700, 95% C1 0.339-1.060, p<0.001), corresponding
to a 0.70-unit increase in log(UACR) per 1 L/min/m? increase in
cardiac index. Standardized coefficients indicated that the TyG
index had the largest effect (Bstd=0.469), followed by the cardiac
index (0.334) and BMI (-0.310).

When cardiac index was replaced by each alternative
hemodynamic parameter in Model 3 (Table 3), cardiac index
provided the largest incremental contribution (AR?*=0.101),
followed by SV (0.091), cardiac output (0.063), and SVR (0.046);
brachial SBP (AR>=0.006, p=0.396) and PWV (AR?=0.000) did not
contribute significantly. When cardiacindexand brachial SBP were
entered together, cardiac index remained significant (8=0.792,
p<0.001) and brachial SBP did not (B=-0.006, p=0.332). In
smaller subsamples with available data, central SBP (AR?>=0.114,
n=72) and AIx@75 (AR?*=0.021, n=84) were also evaluated.

Table 1. Baseline clinical, metabolic, and hemodynamic characteristics (n=99)

Variable Value Variable Value

Age, years 54.0 (49.0-61.0) Serum creatinine, mg/dL 0.75(0.68-0.89)
BMI, kg/m? 29.5 (26.6-33.1) eGFR, mL/min/1.73 m? 93.0 (83.0-103.0)
Female sex, n (%) 66 (66.7) UACR, mg/g 9.92 (5.14-22.95)
Hypertension, n (%) 48 (48.5) Microalbuminuria, n (%) 21(21.2)
Current smoking, n (%) 48 (48.5) Brachial SBP, mmHg 134.0 (123.0-148.0)
Fasting glucose, mg/dL 90.0 (82.0-99.0) Brachial DBP, mmHg 88.0+15.1
Triglycerides, mg/dL" 127.0 (106.0-227.0) Heart rate, bpm 76.0 (70.0-83.0)
HDL cholesterol, mg/dL* 47.0 (40.0-54.0) Cardiac index, L/min/m? 2.60 (2.40-3.00)
LDL cholesterol, mg/dL* 116.0 (104.0-134.0) Cardiac output, L/min 5.00 (4.50-5.70)
TyG index® 8.77+0.56 Stroke volume, mL 65.1(58.4-70.7)
SVR, s mmHg/mL 1.30 (1.20-1.50) PWV, m/s 8.00 (7.60-8.90)
Central SBP, mmHg? 132.0 (123.8-145.8) AlX@75, %S 30.5(17.3-36.3)

albumin-to-creatinine ratio, BMI: Body mass index

Note: Data are mean =* standard deviation or median (interquartile range); categorical variables n (%)
f: Available in n=87; ¥: n=84, %: n=96, TyG: Triglyceride-glucose, SVR: Systemic vascular resistance, PWV: Pulse wave velocity, AIx@75: Augmentation
index at 75 bpm, HDL: High-density lipoprotein, LDL: Low-density lipoprotein, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, UACR: Urinary
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Across cardiac index quartiles (<24, 2.5-2.7, 2.8-3.0,
>3.0 L/min/m? n=99; Table 4), mean log(UACR) increased
monotonically from 1.91+£0.94 in Q1 to 3.37+0.77 in Q4 (ANOVA
F=13.97, p<0.001; Spearman p-for-trend: r=0.505, p<0.001),
and microalbuminuria prevalence rose from 7.1% in Q1 to 50.0%
in Q4 (x2=17.58, p<0.001).

In the parsimonious logistic regression model (n=87, 21
events, events-per-variable=10.5), both the TyG index [odds ratio
(OR)3.53,95% Cl 1.21-10.35, p=0.021] and cardiac index (OR 3.63,
95% (I 1.28-10.25, p=0.015) were independently associated with
microalbuminuria; adding cardiac index to a TyG-only model
significantly improved fit (likelihood ratio y>=6.44, p=0.011). In
a sensitivity analysis with additional adjustment for age and BMI
(events-per-variable=5.2), TyG remained significant (OR 7.72,
p=0.001), whereas the association of cardiac index attenuated
and became non-significant (OR 2.25, p=0.134), consistent with
reduced statistical power.
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Model 3 diagnostics showed no problematic multicollinearity
(all VIF <1.25). The Breusch-Pagan test indicated heteroscedasticity
(p<0.001); however, HC3 standard errors confirmed the
significance of all conclusions (cardiac index: HC3 p=0.005; TyG:
p<0.001). Residuals showed a mild departure from normality
(Shapiro-Wilk W=0.932, p<0.001), which did not affect the
substantive conclusions given the sample size.

Cardiac index remained independently associated with
log(UACR) in every sensitivity model tested (Table 5). Adjustment
for brachial SBP, antihypertensive treatment, sex, hypertension,
current smoking, or resting heart rate did not attenuate the
association. A single model including all four additional
covariates together yielded p=0.834 (95% Cl 0.388-1.280,
p<0.001). Of the added covariates, only resting heart rate
reached statistical significance in its respective model (3=-0.024
per bpm, p=0.015).

Table 2. Hierarchical linear regression models for log(UACR) (n=87)

Variable B (SE) 95% CI p Bstd Rz (Adj)

Model 1: Age + BMI

Age 0.025(0.011) 0.004 to 0.047 0.021 0.227

BMI -0.050 (0.021) -0.093 to -0.008 0.020 -0.242 0.117 (0.096)
Model 2: + TyG index

Age 0.015(0.010) -0.004 to 0.034 0.119 0.143

BMI -0.086 (0.020) -0.126 to -0.047 <0.001 -0.417

TyG index 0.968 (0.182) 0.607 to 1.329 <0.001 0.515 0.342 (0.318)
Model 3: + cardiac index

Age 0.017 (0.009) 0.000 to 0.035 0.054 0.165

BMI -0.064 (0.019) -0.102 to -0.026 0.001 -0.310

TyG index 0.881(0.169) 0.544 t0 1.219 <0.001 0.469

Cardiac index 0.700 (0.181) 0.339 to 1.060 <0.001 0.334 0.443 (0.416)

Note: Incremental values: Adding TyG index to Model 1, AR?=0.225, p<0.001. Adding cardiac index to Model 2, AR?=0.101 (partial F=14.90, p<0.001;
likelihood ratio y2=14.52, p<0.001; AAIC=12.5). AR? indicates the additional variance explained by the variable. A lower AIC denotes a better model fit
B: Unstandardized coefficient, SE: Standard error, Cl: Confidence interval, Bstd: Standardized coefficient, BMI: Body mass index, TyG: Triglyceride-glucose,
UACR: Urinary albumin-to-creatinine ratio

Table 3. Comparative hemodynamic models for log(UACR): contribution beyond the metabolic base model (n=87)

Parameter B p R? AR?

Cardiac index 0.700 <0.001 0.443 0.101
Stroke volume 0.029 <0.001 0.432 0.091
Cardiac output 0.338 0.004 0.405 0.063
SVR -1.071 0.015 0.388 0.046
Brachial SBP 0.005 0.396 0.348 0.006
PWV 0.030 0.844 0.342 0.000

Note: Each model adjusts for age, BMI, and the TyG index; cardiac index is substituted with each alternative parameter. AR>=change in R compared with
the metabolic base model. Central SBP (AR?=0.114, n=72) and AIx@75 (AR?=0.021, n=84) were analyzed in smaller subsamples due to missing data and
are reported in-text only

BMI: Body mass index, TyG: Triglyceride-glucose, SVR: Systemic vascular resistance, SBP: Systolic blood pressure, Alx@75: Augmentation index at 75 bpm,
PWV: Pulse wave velocity, UACR: Urinary albumin-to-creatinine ratio
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Table 4. Log(UACR) and microalbuminuria prevalence across cardiac index quartiles (n=99)

Quartile Cl (L/min/m?) n Log(UACR), mean + SD Microalbuminuria n/N | Prevalence %

Q1 <24 42 1.91440.939 3/42 7.1

Q2 2.5-2.7 21 2.287+1.124 3/21 14.3

Q3 2.8-3.0 12 2.544+0.709 3/12 25.0

Q4 >3.0 24 3.371£0.765 12/24 50.0

Note: ANOVA: F=13.970, p<0.001; Kruskal-Wallis: H=34.594, p<0.001; p-for-trend (Spearman): r=0.505, p<0.001; »* for microalbuminuria: 17.581,
2;832:1Analysis of Variance, UACR: Urinary albumin-to-creatinine ratio, SD: Standard deviation, CI: Cardiac index

Table 5. Sensitivity analyses: cardiac index coefficient after additional adjustment (Model 3 base: age, BMI, TyG index, cardiac

index; n=87)

Additional covariate cap 95% CI Clp Covariate p
Brachial SBP 0.792 <0.001 0.332
Antihypertensive treatment 0.693 <0.001 0.734

Sex (female) 0.639 0.275t0 1.003 <0.001 0.098
Hypertension status 0.700 0.337 to 1.063 <0.001 0.934
Current smoking 0.586 0.188 to 0.985 0.004 0.194
Resting heart rate 0.925 0.531t01.318 <0.001 0.015

All four simultaneously® 0.834 0.388 t0 1.280 <0.001

- Model including sex, hypertension, smoking, and heart rate together, alongside age, BMI, and TyG index, SBP: Systolic blood pressure, Cl: Confidence
interval, BMI: Body mass index, TyG: Triglyceride-glucose

DISCUSSION

In this cross-sectional study of 99 non-diabetic individuals
with preserved kidney function, the cardiac index showed
an independent association with early renal microvascular
damage, as assessed by the log-transformed UACR. Among the
hemodynamic parameters examined, cardiac index showed
the largest univariate correlation with log(UACR) and accounted
for the largest share of the residual variance in multivariable
models. The association was independent of age, BMI, and
metabolic risk represented by the TyG index, and adding
cardiac index to the metabolic base model increased the
explained variance from 34.2% to 44.3% (AR?=0.101, p<0.001).
A monotonic gradient was observed across cardiac index
quartiles, with the prevalence of microalbuminuria rising from
7.1% in Q1 to 50.0% in Q4. In the parsimonious logistic model,
both TyG index and cardiac index were independently associated
with microalbuminuria; however, in the fully adjusted logistic
model, the association of cardiac index with categorical
microalbuminuria was attenuated to non-significance (OR 2.25,
p=0.134). We interpret this attenuation as potentially related
to limited statistical power (events-per-variable= 5.2; only 21
events), although we cannot entirely exclude the possibility that
the independent association may be genuinely weaker when
UACR is evaluated as a categorical outcome.
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Among the hemodynamic parameters examined, cardiac
index, an oscillometric estimate of volumetric flow normalized
to BSA, explained the largest additional share of variance in
log(UACR) (AR?=0.101), while brachial SBP contributed negligibly
(AR?=0.006, p=0.396). When both were included, cardiac index
remained statistically significant (p<0.001), while brachial SBP
was not statistically significant (p=0.332). Notably, adjusting
for resting heart rate did not attenuate the association between
cardiac index and log(UACR); if anything, the coefficient for
cardiac index increased ($=0.925, p<0.001), suggesting that
the observed association was not simply driven by chronotropic
effects embedded in the oscillometric estimate of SV and cardiac
output. These observations are descriptive and based on a single
cohort; whether cardiac index has comparable explanatory
value in other populations remains to be determined.

This observation is physiologically plausible. Blood pressure is
a composite variable reflecting the product of cardiac output and
SVR. Two individuals may share identical brachial SBP values yet
differ in their hemodynamic phenotype: one with high cardiac
output and low resistance (hyperdynamic circulation), the other
with low output and high resistance (13). In hyperdynamic states,
increased renal blood flow has been associated with elevated
intraglomerular pressure and shear stress, mechanisms thought
to contribute to glomerular hyperfiltration and endothelial
injury (14,15). This pathway is well-described in obesity, where
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elevated cardiac output is associated with renal hyperfiltration
that can precede overt albuminuria (16,17). Our findings
suggest that this flow-mediated pathway may also operate in a
broader non-diabetic population and can be approximated non-
invasively through oscillometric hemodynamic phenotyping.
Causal inference is not possible from the present cross-sectional
design.

The TyG index was the strongest overall correlate of log(UACR)
(standardized B=0.469), consistent with the established role of
insulin resistance in renal microvascular injury even at normal
fasting glucose (4,18). Cardiac index and the TyG index were
virtually uncorrelated (r=0.056, VIF=1.00), suggesting that the
hemodynamic and metabolic pathways operate largely through
independent mechanisms. This dual-pathway framework—
metabolic dysfunction and volumetric hemodynamic load—
offers a parsimonious model for early renal microvascular
damage in non-diabetic individuals, although confirmation in
longitudinal studies is required. The inverse association between
BMI and log(UACR) observed after adjustment for the TyG index
might hypothetically reflect a statistical suppression effect:
once the TyG index absorbs the metabolic risk associated with
adiposity, the residual BMI term may capture non-metabolic
components of body composition or a dilutional effect on
urinary albumin concentration (19). This interpretation is post
hoc and should be regarded as exploratory.

A monotonic gradient in microalbuminuria prevalence was
observed across cardiac index quartiles, rising from 7.1% in the
lowest quartile to 50.0% in the highest. The CAFE and Strong
Heart studies showed superior prognostic performance of central
over brachial blood pressure for cardiovascular events (20,21),
but did not examine cardiac output-based parameters; cardiac
output has been linked to renal function decline in heart failure
(22), and altered renal hemodynamics have been described in
obesity (17). The present study extends these observations to
a general non-diabetic ambulatory population. Oscillometric
hemodynamic phenotyping is widely available and may yield
information complementary to conventional blood pressure
measurement; however, the cross-sectional nature of the present
data does not justify routine clinical use of the oscillometric
cardiac index for renal risk stratification. The findings should be
confirmed in prospective, multicenter cohorts.

Study Limitations

This study has several limitations. First, the cross-sectional
design precludes causal inference; whether elevated cardiac
index precedes or simply co-occurs with microalbuminuria
cannot be determined from the present data. Second, statistical
power is constrained. The multivariable analytic sample size was
n=87, and there were only 21 microalbuminuria events. The
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fully adjusted logistic model (events-per-variable=5.2) should
be regarded as hypothesis-generating; even the parsimonious
model vyields wide confidence intervals. The discordance
between the strong continuous-outcome association and the
attenuated full-model categorical association likely reflects low
statistical power rather than a genuine difference. In addition,
microalbuminuria was defined using a single spot UACR
measurement. Third, although the primary models adjusted
for age, BMI, the TyG index, brachial SBP, and antihypertensive
treatment, residual confounding cannot be excluded. Dietary
sodium intake, physical activity and Homeostatic Model
Assessment for Insulin Resistance were not available. Finally,
the cardiac index was estimated using oscillometric pulse wave
analysis. Importantly, this is a mathematical estimate rather
than a direct measurement using reference-standard methods.

CONCLUSION

In non-diabetic adults with preserved kidney function,
oscillometrically estimated cardiac index was independently
associated with early renal microvascular damage in analyses
of continuous outcomes and explained a larger share of the
variance in log(UACR) than did pressure-based hemodynamic
indices. The association was robust across multiple sensitivity
analyses, including adjustment for sex, hypertension, smoking,
antihypertensive treatment, and resting heart rate. When
combined with the strong and independent contribution of the
TyG index, these findings are consistent with a dual-pathway
framework in which metabolic dysfunction and volumetric
hemodynamic load are jointly associated with subclinical
nephropathy through complementary mechanisms. Given the
cross-sectional design, the limited number of microalbuminuria
events, the use of a single spot UACR measurement, and the
surrogate nature of oscillometrically estimated cardiac index,
the present results should be regarded as hypothesis-generating.
Prospective studies with repeated UACR measurements, larger
samples, and reference-standard hemodynamic assessment are
warranted before any clinical application can be considered.
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Akut Koroner Sendrom Siiphesiyle Basvuran Bir Hastada
Perikardiyal Kist Hidatik Riiptiiri

Pericardial Hydatid Cyst Rupture Mimicking Acute Coronary Syndrome

® Elif Pelin Yurdusever Yagci, ® Ahmet Faruk Yagci, ® Senay Okur, ® Baris Bugan, ® Serdar Firtina,
® Uygar Cagdas Yuksel

Saglik Bilimleri Universitesi, Giilhane Egitim ve Arastirma Hastanesi, Kardiyoloji Klinigi, Ankara, Tiirkiye

Kardiyak kist hidatik nadir goriilmekle birlikte rtiptir, perikardiyal efiizyon, tamponad ve anafilaksi gibi hayati tehdit eden komplikasyonlara
yol acabilir. Kardiyak tutulum hidatik hastaliklarin kiictk bir kismini olusturur ve perikardiyal yerlesim oldukca nadirdir. Klinik prezentasyon
atipik olabilir ve akut koroner sendromu (AKS) taklit edebilir. Altmis iki yasinda erkek hasta gogis agrisi ile basvurdu. Elektrokardiyografide
D1, D2, aVL, aVF ve V4-V6 derivasyonlarinda T-dalga inversiyonu saptandi. Kardiyak biyobelirtecleri yiiksek bulunan hastada (CK-MB 91 ng/
mL, hs-troponin T 311 pg/mL) AKS on tanisiyla koroner anjiyografi yapildi; tikayici koroner lezyon izlenmedi ve TIMI 3 akim mevcuttu. Yatis
sirasinda dispne gelismesi lizerine yapilan ekokardiyografide perikardiyal eflizyon ve sol ventrikiil apikolateralinde intramiyokardiyal kitle
imaji izlendi; lezyonun karakterizasyonu sinirli kaldi. Koroner bilgisayarli tomografi anjiyografide sol ventrikiil apeksi diizeyinde, membran
yapilari iceren ve Gharbi tip 2 ile uyumlu kist hidatik lehine kistik lezyon ve belirgin perikardiyal efiizyon saptandi. indirekt hemagliitinasyon
testi 1/2560 pozitif bulundu ve albendazol tedavisi baslandi. Hasta yatisinin 15. giiniinde kalp ve damar cerrahisi tarafindan opere edilerek
sol ventrikil yerlesimli kist hidatik eksizyonu uygulandi ve komplikasyonsuz taburcu edildi. Bu olgu, endemik bolgelerde troponin pozitifligi
ve EKG degisiklikleri ile basvuran ancak tikayici koroner lezyon saptanmayan ve perikardiyal eflizyon eslik eden hastalarda kist hidatigin
ayiricl tanida mutlaka dustintlmesi gerektigini vurgulamaktadir.

Anahtar Kelimeler: Akut koroner sendrom, hidatik kist, perikard, perikardiyal eflizyon

Cardiachydatid disease is rare but may lead to life-threatening complications such as rupture, pericardial effusion, tamponade, and anaphylaxis.
Pericardial involvement is particularly uncommon and may mimic acute coronary syndrome (ACS). A 62-year-old man presented with chest
pain. The electrocardiogram showed T-wave inversions in leads D1, D2, aVL, aVF, and V4-V6. Cardiac biomarkers were elevated (CK-MB 91
ng/mL; hs-troponin T 311 pg/mL), and coronary angiography was performed with a presumptive diagnosis of ACS; no obstructive coronary
lesion was detected and TIMI 3 flow was preserved. During hospitalization, the patient developed dyspnea. Transthoracic echocardiography
revealed pericardial effusion and a mass-like intramyocardial appearance in the apicolateral left ventricle; lesion characterization was
limited. Coronary computed tomography angiography demonstrated a cystic lesion with internal membranous structures at the apical
anterior and lateral walls of the left ventricle, consistent with a Gharbi type 2 hydatid cyst, along with marked pericardial effusion. Indirect
hemagglutination test was positive at 1/2560, and albendazole therapy was initiated. Surgical excision was successfully performed on day
15, and the patient was discharged without complications. This case highlights that hydatid disease should be considered in the differential
diagnosis of ACS-like presentations with elevated troponin, non-obstructive coronary arteries, and pericardial effusion in endemic regions.

Keywords: Acute coronary syndrome, hydatid cyst, pericardium, pericardial effusion
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Perikardiyal Kist Hidatik Riiptirii
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GIRIS

Kardiyak kist hidatik, tum hidatik hastahiklarin kiiciik bir
boltimiini olusturmasina ragmen riiptir, perikardiyal efiizyon,
tamponad ve anafilaksi gibi ciddi ve potansiyel olarak 6limciil
komplikasyonlara yol acabilmesi nedeniyle klinik acidan
onemlidir (1). Kardiyak tutulum en sik sol ventrikiil serbest
duvari ve interventrikiler septumda goriliirken, perikardiyal
yerlesim oldukca nadirdir (2). Klinik prezentasyon cogu zaman
atipiktir ve akut koroner sendrom gibi daha sik karsilasilan
kardiyovaskdiler tablolari taklit edebilir (3). Bu olgu sunumunda,
akut koroner sendromu (AKS) benzeri klinik tablo ile basvuran
perikardiyal kist hidatik riptirli bir hastanin tani ve tedavi
stireci sunulmustur.

OLGU SUNUMU

Altmis iki yasinda erkek hasta akut baslangich gogtis agrisi
ile basvurdu. Elektrokardiyografide D1, D2, aVL, aVF ve V4-V6
derivasyonlarinda belirgin T-dalga inversiyonlari mevcuttu;
ST segment elevasyonu veya depresyonu izlenmedi. Yatis
sirasinda alinan kardiyak biyobelirteclerde CK-MB 91 ng/mL ve
hs-troponin T 311 pg/mL saptandi. Bu bulgular dogrultusunda
hasta akut koroner sendrom 6n tanisiyla koroner anjiyografiye
alind (Sekil 1).

Koroner anjiyografide sol ana koroner arter normal izlendi.
Sol anterior desendan arterin osteal-proksimal segmentinde
tromboze “hazy” goriinim saptanmakla birlikte rezidiel
ciddi darhk izlenmedi. Sirkumfleks arter dominant yapida
olup dallarinda non-kritik plaklar mevcuttu; sag koroner
arter diminutif yapidaydi. Bulgular spontan rekanalize olmus
intrakoroner trombiis lehine degerlendirildi ve tim koroner
segmentlerde TIMI 3 akim izlendi. Hasta heparin ve absiksimab
infuizyonu ile takip edildi.

Yatis sirecinde dispne gelismesi  izerine vyapilan
transtorasik ekokardiyografide sol ventrikiil cevresinde yaklasik
12 mm kahnhginda perikardiyal efiizyon ve sol ventrikl
apikolateralinde intramiyokardiyal kitle imaji izlendi; lezyonun
solid-kistik karakterizasyonu net yapilamadi (Sekil 2A, 2B). ileri

Al
,,*rﬂ7""'“\/‘_"'f‘\ WWJ\”/&VJ‘—N/ A —
L—\/—’\‘ﬂf_'_\."/"\/_"“\/‘—“'—\/—\d/\/ \J Vi kﬁ_,_/

e e B e e P
—

;__q\ . .l_/\_q,_/\__,_/xﬂ‘._/\_.,_,\_'ﬂ/‘ml/ l/\MI/ \\!/N,
s f‘ [ / / /

LT R R S e ey piae

B LV_,J L,—«Lv—al-v——J i | /—Ar\f‘ N~ —e.q I3 _f,
ﬂ o l\,.,—z\-Lv—-va\f"‘"—v—‘\Lv—"ﬁ/—-'\vv-—"-“v—" )‘—v“'\"’v—‘ —

)V

Sekil 1. Basvuru elektrokardiyografisinde D1, D2, aVL, aVF ve V4-V6
derivasyonlarinda akut koroner sendromu taklit eden yaygin T-dalga
inversiyonlari
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degerlendirme amaciyla cekilen koroner bilgisayarli tomografi
anjiyografide sol ventrikiil apeksi diizeyinde, membran yapilari
iceren ve Gharbi tip 2 ile uyumlu kist hidatik lehine kistik lezyon
ve belirgin perikardiyal eflizyon saptandi. Akciger ve karacigerde
es zamanl kistik lezyonlar izlendi (Sekil 3 ve Sekil 4).

Enfeksiyon hastaliklari konsiiltasyonu indirekt
hemaglitinasyon testi 1/2560 pozitif bulundu ve albendazol
2x400 mg tedavi baslandi. Hasta yatisinin 15. gliniinde kalp
ve damar cerrahisi tarafindan opere edilerek sol ventrikiil
yerlesimli kist hidatik eksizyonu basariyla gerceklestirildi (Sekil
5-7). Postoperatif komplikasyon gelismeyen hasta 10. giinde

taburcu edildi. Hastadan yazili bilgilendirilmis onam alinmistir.

sonrasli

TARTISMA

Kardiyak kist hidatik nadir goriilmesine ragmen ciddi ve
potansiyel olarak oliimcil komplikasyonlara yol acabilmektedir
(1,4). Perikardiyal ve intramiyokardiyal yerlesimli kitlelerde ayirici

Sekil 2A. Transtorasik ekokardiyografide apikal dort bosluk goriintiisiinde
sol ventrikiil apikolateral duvarda intramiyokardiyal kistik lezyon

Sekil 2B. Transtorasik ekokardiyografide parasternal uzun eksen
goriintistinde intramiyokardiyal kistik lezyona eslik eden perikardiyal
eflizyon
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tani genistir ve intramiyokardiyal hematom, trombus, primer
veya metastatik kardiyak tumaorler ile apikal anevrizma mutlaka
goz ontinde bulundurulmalidir (5). Transtorasik ekokardiyografi
perikardiyal efiizyonun saptanmasinda degerli olmakla birlikte,
intramiyokardiyal lezyonlarin  karakterizasyonunda
kalabilmektedir (6). Bu olguda da tani, ileri kesitsel goriintiileme
yontemleri ile kesinlestirilmistir.

sinirh

Bu olgunun en ozgtin yon, AKS taklit eden klinik tablo ile
basvurmus olmasidir (7). Yaygin T-dalga inversiyonlari ve belirgin
kardiyak biyobelirtec yiiksekligi bulunmasina ragmen tikayici
koroner lezyon saptanmamistir. Kist hidatik riiptiriine bagh
gelisen lokal enflamasyon, epikardiyal irritasyon, perikardiyal
efiizyonun miyokard tizerindeki basi etkisi ve gecici koroner

Sekil 3. Batin bilgisayarli tomografisinde karaciger parankiminde Gharbi tip
1ve 2 ile uyumlu ¢ok sayida hidatik kistik lezyon
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Sekil 4. Kardiyak bilgisayarll tomografide sol ventrikil apeksi
diizeyinde, icerisinde membranlar barindiran ve Gharbi tip 2 ile uyumlu
intramiyokardiyal kist hidatik

vazospazmin bu klinik tabloya yol acabilecegi dustintilmektedir
(3,7,8). Bu yontyle olgu, non-obstriiktif koroner arterlerle
seyreden miyokard hasarina iyi bir ornek sunmaktadir (Sekil 5).

Kardiyak hidatik kistlerde tedavinin temelini cerrahi
eksizyon olusturmaktadir ve riiptir riski nedeniyle tedavinin
geciktirilmemesi  onerilmektedir (4,9). Antiparaziter tedavi,
cerrahiye tamamlayic olarak preoperatif ve postoperatif
donemde niiks riskini azaltmak amaciyla uygulanmaktadir (10).
Bu olguda uygulanan multidisipliner yaklasim mevcut literattr
ile uyumludur.

N

Sekil 5. Cerrahi eksplorasyonda perikardiyal boslukta riiptire olmus hidatik
kist ve serbest hidatik membranlar

Sekil 6. Sol ventrikul yerlesimli hidatik kistin cerrahi eksizyonu sonrasi kist
kavitesinin goriinimu

39



Yurdusever Yagci ve ark.
Perikardiyal Kist Hidatik Riiptirii

Bull Cardiovasc Acad 2026;4(1):37-40

Sekil 7. Hidatik kist eksizyonu sonrasi sol ventrikiil duvarinin primer cerrahi
onarimi

Literatiirde perikardiyal veya intramiyokardiyal hidatik
kist rapturt ile iliskili olgu sunumlari sinirh sayida olup, akut
koroner sendrom benzeri basvuru oldukca nadirdir (4,8). AKS
on tanisiyla invaziv koroner anjiyografiye alinmasi ve eslik
eden coklu organ tutulumu, bu olguyu literatiirde bildirilen
vakalardan ayirmaktadir.

SONUG

Endemik bolgelerde akut koroner sendrom klinigi ile
basvuran, troponin pozitifligi saptanan ancak tikayici koroner
lezyon izlenmeyen ve perikardiyal eflizyon eslik eden hastalarda
hidatik hastalik mutlaka ayirici tanida yer almalidir.
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Sol Ventrikiile Prolabe Olan Hareketli intrakardiyak Kitle: Bir
Olgu Sunumu

A Mobile Intracardiac Mass Prolapsing into the Left Ventricle: A Case Report

® Mehmet Ugur Caliskan, ® Gokhan Keskin, ® Yilmaz Ozbay

Amasya Sabuncuoglu Serefeddin Egitim ve Arastirma Hastanesi, Kardiyoloji Klinigi, Amasya, Tuirkiye

intrakardiyak kitleler nadir goriilmekle birlikte, heterojen etiyolojileri ve degisken klinik prezentasyonlari nedeniyle tanisal ve terapotik
acidan zorluklar olusturabilir. Bu olgu sunumunda, dispne ve carpinti sikayetleri ile basvuran, yeni baslangicli atriyal fibrilasyonu olan
77 yasindaki erkek hastada saptanan buyiik bir sol atriyal kitle sunulmaktadir. Transtorasik ekokardiyografide sol atriyumda 2,6x4,3 cm
boyutlarinda, hareketli ve hiperekoik bir kitle izlendi. Kitlenin mitral kapak hareketleri ile sistolde sol ventrikiile dogru protriide oldugu ve
sol ventrikiil dolumunu kismen engelledigi gozlendi. Onceki ekokardiyografik incelemelerde kitle saptanmamis olmasi, antikoagiilan tedavi
oykisunin bulunmamasi ve atriyal fibrilasyonun yeni baslangicli olmasi goz oniine alindiginda, intrakardiyak trombiis en olasi tani olarak
degerlendirildi. Cerrahi miidahale onerilmesine ragmen hasta girisimi reddetti. Bu nedenle hasta, oral antikoagiilasyon tedavisi ve planli seri
ekokardiyografik izlem ile takip edildi. Bu olgu, intrakardiyak kitlelerin tanisal degerlendirilmesinde ekokardiyografinin merkezi roltint ve
secilmis hastalarda klinik ve goriintiileme bulgularina dayali bireysellestirilmis tedavi yaklasiminin 6nemini vurgulamaktadir.

Anahtar Kelimeler: Atriyal fibrilasyon, ekokardiyografi, intrakardiyak kitle, trombiis

Intracardiac masses are rare but may pose significant diagnostic and therapeutic challenges because of their heterogeneous etiologies and
variable clinical presentations. We report a case of a large left atrial mass detected in a 77-year-old male patient who presented with dyspnea
and palpitations and was found to have newly diagnosed atrial fibrillation. Transthoracic echocardiography revealed a mobile, hyperechoic
mass measuring 2.6x4.3 cm within the left atrium. The mass protruded toward the left ventricle during systole in association with mitral valve
motion and partially obstructed left ventricular filling. Given the absence of the mass on previous echocardiographic examinations, the lack
of prior anticoagulant therapy, and the recent onset of atrial fibrillation, an intracardiac thrombus was considered the most likely diagnosis.
Although surgical intervention was recommended, the patient declined the procedure. Consequently, the patient was managed with oral
anticoagulation therapy and scheduled serial echocardiographic follow-up. This case underscores the central role of echocardiography in
the diagnostic evaluation of intracardiac masses and highlights the importance of an individualized treatment strategy based on integrated
clinical and imaging findings in selected patients.

Keywords: Atrial fibrillation, echocardiography, intracardiac mass, thrombus
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GIRIS

intrakardiyak kitleler nadir goriilen klinik durumlardir.
Trombus, primer kalp timorleri ile metastatik hastaliklar dahil
olmak uzere cesitli etiyolojilere bagli olarak gelisebilir. Altta
yatan nedenlerin heterojenligine ek olarak, kalp kitlelerinin
klinik prezentasyonu da oldukca degiskendir. Bazi Kkitleler
ekokardiyografik degerlendirmesirasinda tesadiifen saptanirken,
bazilari ise dispne, ortopne, senkop veya agir olgularda kalp
tamponadi gibi genis bir semptom yelpazesi ile ortaya cikabilir
(1,2).

Buolgusunumundadispnesikayetiile basvuranintrakardiyak
kitlesi olan bir hastamizi sunuyoruz.

OLGU SUNUMU

Koroner arter hastaligi ve hipertansiyon oykisi bulunan
77 yasindaki erkek hasta, nefes darhg ve carpinti sikayetleri
ile kardiyoloji poliklinigine basvurdu. Semptomlarinin yaklasik
alti aydir devam ettigi, ancak son donemde nefes darligi ve
ortopnenin belirgin sekilde arttigi 6grenildi. Elektrokardiyografik
(EKG) degerlendirmede, 120 atim/dakika hizinda atriyal
fibrilasyon (AF) saptandi. Onceki tibbi kayitlari incelendiginde, 11
ay once cekilen EKG’sinde siniis ritminin mevcut oldugu gorild.

Transtorasik ekokardiyografide (TTE), sol atriyum icerisinde
2,643 c¢m boyutlarinda biuyik, hareketli, hiperekoik kitle
imaji izlendi (Sekil 1). Kitle mitral kapagin hemen altindan
sol atriyumun serbest duvarina dogru uzanim gosteriyordu.
Sistolde mitral kapak hareketleriyle beraber kitlenin bir
boltimiinin sol ventrikiile dogru protriide oldugu gortldi (Sekil
2). Kitle, sol atriyumun onemli bir bolimini kaphyordu ve sol
ventrikil dolumunu kismen engelliyordu; ancak mitral kapak
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Sekil 1. Ekokardiyografide apikal 4 bosluk incelemede 2,6x4,3 cm
boyutlarinda kitle izlenmekte
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Sekil 2. Paraseternal kisa aks goriintilemede kitlenin mitral kapak
acikligindan ventrikiile dogru uzanan kismi izlenmekte. Mavi oklar mitral
kapak leafletleri; kirmizi ok kitlenin uzanim gosteren pargasi

yaprakgciklarinin hareketinde kisitlanma, transmitral gradiyent
artisi veya énemli mitral yetersizligi izlenmedi. Hastanin eski
kayitlarinda 8 ay once yapilan TTEde kitle imaji izlenmedigi
gorildi. AFnin yeni baslangich olmasi, antikoagilan tedavi
uygulanmamasi ve kitlenin hizli gelisimi goz ontine alindiginda,
intrakardiyak trombus en olasi tani olarak degerlendirildi.

Hasta, basvuru sirasinda giinde bir kez 100 mg asetilsalisilik
asit, gtinde bir kez 5 mg ramipril, giinde bir kez5 mgamlodipin ve
giinde bir kez 40 mg atorvastatin kullanmaktaydi. Asetilsalisilik
asit tedavisi sonlandirildi ve oral antikoagiilasyon amaciyla
warfarin sodyum baslandi. Uluslararasi normallestirilmis oran
yakindan izlenerek optimize edildi ve 2,0-3,0 terapotik aralikta
tutuldu.

Hastanin semptomatik durumu, sistemik embolizasyon riski
ve intrakardiyak kitlenin boyutu goz dniine alindiginda, cerrahi
mudahale onerildi. Ancak hasta cerrahi tedaviyi reddetti. Sonuc
olarak, strekli tibbi tedavi plani ile yakin klinik takip altinda
taburcu edildi.

Hastadan bilgilendirilmis yazili onam alinmistir.

TARTISMA

Ekokardiyografi, kalp kitlelerinin degerlendirilmesinde
merkezi bir rol oynamaktadir. Kitlenin boyutu, lokalizasyonu,
hareketliligi ve morfolojik ozelliklerinin yani sira intrakardiyak
kan akimi ile olan dinamik etkilesimi hakkinda kapsaml
bilgiler saglar. Kalp kitlelerine yonelik tanisal yaklasim ve
yonetimde, hastanin klinik oykusi, fizik muayene bulgulan
ve ekokardiyografik verilerin birlikte ele alindigi entegre bir
degerlendirme buyik onem tasimaktadir (3). Bununla birlikte,
bilgisayarli tomografi ve manyetik rezonans gortintiileme gibi
coklu modalite goriintiileme yontemleri, secilmis hastalarda
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tanisal degerlendirmeye ek ve tamamlayici bilgiler saglayabilir
(4,5). Teknik sinirlamalar nedeniyle biyopsi rutin olarak
onerilmese de, cerrahi midahaleye aday hastalarda etiyolojik
degerlendirme acisindan patolojik inceleme altin standart
olmaya devam etmektedir (2).

Sol atriyal kitlelerin ayirici tanisinda, ozellikle kalbin
en sik benign timori olan miksoma ile trombis ayriminin
yapilmasi biyik énem tasimaktadir. Trombis ile miksomanin
ekokardiyografik ayirminda kitlenin saph ve hareketli olmasi
daha ¢ok miksoma lehine degerlendirilirken, immobil ve
organize gortinumli kitleler trombisu distundirmektedir.
Bununla birlikte, ekokardiyografik bulgular her hastada kesin
aynim yapilmasina olanak saglamamakta; bu nedenle klinik
degerlendirme ve gerekli durumlarda yardimci tani yontemleri
onem kazanmaktadir (6).

Bizim olgumuzda, sol atriyumda biiyik bir kitle saptandi.
Kitlenin sapsiz olmasi, hastanin klinik bulgulari ve vyasi ile
birlikte degerlendirildiginde miksoma olasiligindan uzaklasildi.
Cerrahi mudahale tani ve tedavi acisindan en uygun yaklasim
olarak degerlendirilmesine ragmen, hasta girisimi kabul
etmedi. Bu nedenle tedavi, klinik ve ekokardiyografik bulgular
dogrultusunda en olasi tani goz oninde bulundurularak,
antikoagiilasyon tedavisi ve planli seri ekokardiyografik izlem ile
stirduriilmeye karar verildi.

*Etik
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Goz Dibinden Vaskiiler Patolojiye: Hipertansif Retinopati
Sonrasi Saptanan Tek Tarafli Renal Arter Stenozu - Olgu
Sunumu

From Fundus to Vascular Pathology: Unilateral Renal Artery Stenosis Detected
After Hypertensive Retinopathy - A Case Report

® Zehra Uyan Ulas', ® Caglar Alp?

1Golbasi Sehit Ahmet Ozsoy Devlet Hastanesi, Kardiyoloji Klinigi, Ankara, Tiirkiye
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Bu olgu sunumunda, géz muayenesi sirasinda evre 1 hipertansif retinopati saptanan ve bu bulgu sonrasinda hipertansiyon tanisi alan bir
hastada, ileri incelemeler sonucunda tek tarafli renal arter stenozu tespit edilmesi sunulmaktadir. Hastaya perkiitan transliiminal anjiyoplasti
ve renal arter stentleme islemi uygulanmis olup, islem sonrasi hastanin kan basinci normale donmiis ve antihipertansif tedavi ihtiyaci
kalmamistir. Bu sunumda hipertansiyonun sekonder nedenlerine ve tedavilerine dikkat cekmeyi amacladik.

Anahtar Kelimeler: Renal arter stenozu, sekonder hipertansiyon, renal anjiyoplasti

In this case report, we present a patient in whom stage 1 hypertensive retinopathy was detected during an eye examination, leading to a
subsequent diagnosis of hypertension. Further investigations revealed unilateral renal artery stenosis. The patient underwent percutaneous
transluminal angioplasty and renal artery stenting. Following the procedure, the patient’s blood pressure returned to normal, and there
was no longer a need for antihypertensive therapy. This case aims to draw attention to the secondary causes of hypertension and their
management.

Keywords: Renal artery stenosis, secondary hypertension, renal angioplasty

GiRi§ proksimal segmentini tutar ve bircok hastada aort plaklarinin
renal arter ostiumuna dogru ilerlemesine bagli olarak gelisir
(3). Renal arterin daralmasi, bobrek perfiizyonunun azalmasina
yol acarak renin-anjiyotensin-aldosteron sisteminin (RAAS)
aktivasyonuna neden olur ve bu da sistemik kan basincinin
yikselmesine sebep olur (3). Tedavi secenekleri arasinda
medikal tedavi, perkiitan transliiminal anjiyoplasti ve cerrahi
revaskiilarizasyon bulunmaktadir. Ancak, hangi hasta grubunun
revaskiilarizasyondan en c¢ok fayda gorecegi konusunda
tartismalar devam etmektedir.

Hipertansiyon, Diinya Saghk Orgiitii verilerine gore, 30-79
yas arahigindaki nifusun 3’te 17inde mevcuttur. Bu hastalarin
%10’'undatanimlanabilirbirnedenesahipsekonderhipertansiyon
vardir (1). Renal arter stenozu bobrek kanlanmasini arterlerin
daralmasi sonucu ortaya cikar ve sekonder hipertansiyonun
onemli nedenlerinden biridir. Renal arter stenozunun nedenleri
ateroskleroz ve fibromiiskiiler displazidir. Ozellikle aterosklerotik
stenoz, yash bireylerde ve kardiyovaskiiler risk faktorleri tasiyan
hastalarda daha sik gortilmektedir (2). Tipik olarak renal arterin
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2024 Avrupa Kardiyoloji Dernegi (ESC) yiiksek kan basinc
ve hipertansiyonun yonetimi kilavuzuna gore, aterosklerotik
ve hemodinamik olarak anlamli renal arter darligi bulunan
hastalarda (%70-99 oraninda darlik ya da %50-69 oraninda darliga
ek olarak post-stenotik dilatasyon ve belirgin trans-stenotik
basin¢ gradyenti varhiginda) belirli klinik durumlarda renal
arter anjiyoplasti ve stent uygulamasi distnalebilir. Maksimum
medikal tedaviye ragmen tekrarlayan kalp yetmezligi ataklari,
stabil olmayan angina ya da ani baslangicli “flash” pulmoner
odem gelismesi, kardiyorenal sendrom tip 1 kapsaminda
degerlendirilir ve renal arter darliginin bu tablolarda tetikleyici
bir rol oynayabilecegi kabul edilir (4). Direncli hipertansiyon
varhigi, yani biri ditretik olmak Uzere (¢ farkli antihipertansif
ilag grubuna ragmen kan basincinin kontrol altina alinamamasi,
yine girisimsel tedaviyi destekleyen bir bulgudur; bu ozellikle
genc veya orta yas hastalarda ya da lateralize renin aktivitesi
saptanan olgularda daha belirgindir. Aciklanamayan unilateral
kiictik bobrek ya da kronik bobrek hastaligi bulgular mevcut
oldugunda, bobrek perflizyonundaki azalmaya bagli fonksiyon
kaybinin ilerlemesinin onlenmesi amaciyla revaskiilarizasyon
degerlendirilebilir. Ayrica bilateral renal arter stenozu bulunan
hastalarda veya soliter bobrekte darlik soz konusu oldugunda,
bobrek fonksiyon kaybi riski daha yiksek oldugundan
endovaskiiler tedavi bir secenek olarak giindeme gelebilir. Bu
klinik durumlar, mevcut kanit diizeyi 2b olmasina ragmen uygun
hasta grubunda renal arter anjiyoplasti ve stent uygulamasinin
potansiyel yarar saglayabilecegini distindtirmektedir (4).

Kilavuzdaki oneri diizeyinin 2b olmasinda en énemli etken
yapilan calismalarinyetersizolmasiveyapilan calismalarda dogru
hasta secimlerinin yaptlamamis olmasindan kaynaklanmaktadir.

OLGU SUNUMU

Kirk iki yasinda erkek hasta, goz muayenesi sirasinda evre
1 hipertansif degisikliklerin fark edilmesi tizerine poliklinige
yonlendirilmistir. Hastanin bilinen bir kronik hastalk oykist
bulunmamakta olup, daha 6nce hipertansiyon tanisi almamis
ve herhangi bir antihipertansif ila¢ kullanmamaktadir. Fizik
muayenesinde kan basinc 170/100 mmHg, kalp hizi 76
atim/dakika olarak ol¢iilmis, kardiyovaskiiler ve solunum
sistemine ait patolojik bir bulgu saptanmamistir. Periferik
odem gozlenmemistir. Hastaya anjiyotensin dontstirici
enzim inhibitérii ve hidroklorotiyazid baslanmis, kan basinci
regiilasyonu saglanamamistir. Takiplerinde dihidropiridin grubu
kalsiyum kanal blokeri tedaviye eklenmis fakat ticlii kombinasyon
tedaviye ragmen kan basinc hedef aralikta tutulamamistir.
Direncli hipertansiyon olan hastada sekonder hipertansiyon
nedenleri arastirilmis ve renal doppler ultrasonografide sag
renal arterde ciddi darlik tespit edilmistir.

Laboratuvar incelemelerinde hemoglobin dizeyi 14,5 g/
dL, kreatinin 1.0 mg/dL, alanin aminotransferaz 16 UJ/L,
aspartat aminotransferaz 15 U/L, trombosit sayisi 196x10%/
uL olarak saptanmistir. Elektrolit imbalansi izlenmemistir.
Elektrokardiyogram; sinis ritminde izlendi, kalp hizi 77 vuru/
dk (Sekil 1). Renal doppler ultrasonogrofide; sag renal arter aort
ctkiminda supin pozisyonunda yapilan spektral incelemede pik
sistolik hiz 62,4 cm/s olgtilmustir. Sagda rezistif indeks 0,40
olarak tespit edilmistir. Sag renal intraparankimal interlober
arterlere yapilan spektral Doppler ultrasonografi incelemede
intraparankimal  akselarasyon
Kateter laboratuvarinda yapilan renal anjiyografide renal arter
ostealinde; %90 darhk izlendi (Sekil 2). Bunun (zerine hastaya
perkiitan transliiminal anjiyoplasti ve renal arter stentleme islemi
uygulandu. islem sonrasi renal arter akimi normal izlenmistir (Sekil
3). Islem sonrasi hasta antihipertansif tedaviye ihtiya¢c duymamis
ve takiplerinde kan basinci 130/80 mmHg olarak olctilmastiir.
Yirmi dort saatlik ambulatuvar kan basinci monitorizasyonu
(Holter) sonucunda normotansif degerler elde edilmistir.

zamaninda uzama izlendi.

Hastadan sozll ve yazili onam alinmistir.

iCRNRERAES e o i i B U D
SER WS WM P ImE cmme S e

Sekil 1. Elektrokardiyogram

Sekil 2. Sag renal anjiyografide renal arterde; %90 darlik goriilmekte
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Sekil 3. Perkiitan transliminal anjiyoplasti sonrasi renal anjiyografi

TARTISMA

Renal arter stenozu, 6zellikle aterosklerotik nedenlerle ortaya
ctkan ve sekonder hipertansiyonun 6nemli bir sebebi olan bir
vaskiiler hastaliktir. Direncli hipertansiyon varhiginda sikligi
%10-40’a c¢ikabilmektedir (5). Tek tarafli renal arter darhiginda,
darhk olan tarafin bobrek perflizyonu bozulur ve RAAS
aktivasyonu gerceklesir. Bunun sonucu olarak da kan basinc
anjiyotensin bagimli yikselir. Ancak karsi bobrekte perfiizyon
normal oldugundan sodyum ve su geri emilimi azalir, bu ytizden
hastalar normovolemiktir (6). Tek tarafli renal arter stenozunda,
etkilenen bobrekte perfiizyon azalmasina bagli olarak RAAS
aktive olur ve bu durum sistemik kan basincinda artisa neden
olur. Ancak, karsi bobregin normal fonksiyon gostermesi
durumunda hastalarda renal yetmezlik gelismeyebilir.

2024 ESC kilavuzunda renal arter stenozu olan ve direncli
hipertansiyon olan hastalarda 2b oneri ile renal transliminal
anjiyoplasti ve renal arter stentleme oOnerilmektedir (4).
Bu kanit dizeyi on planda erken donemde yakalanan
direncli hipertansiyon hastalarinin calismalarda yeterli yer
bulamamasindan kaynaklanmis olabilir.

Renal arter stenozunun tanisinda Doppler ultrasonografi,
manyetik rezonans anjiyografi ve bilgisayarli tomografi
anjiyografi gibi goriintileme yontemleri kullanilmaktadir.
Doppler ultrasonografi, invazif olmayan bir yontem olmasi
nedeniyle ilk basamak tani araci olarak onerilmektedir (7).
Ancak, kesin tani icin genellikle anjiyografik goriintiileme
gereklidir.

Tedavi secimi hastanin klinik durumuna gore belirlenir.
Medikal tedavi, kan basincinin kontroliinde nemli bir rol oynasa
da bazi hastalar icin yeterli olmayabilir. Revaskilarizasyon,
ozellikle direncli hipertansiyonu olan, bobrek fonksiyonlarinda
belirgin bozulma gosteren veya tekrarlayan pulmoner 6dem
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ataklari geciren hastalarda ©nerilmektedir (4). Perkitan
transliminal anjiyoplasti ve stentleme islemi, renal arter
invaziv
yontemler arasindadir ve bircok calismada bu islemin kan basinci
kontroliini iyilestirdigi gosterilmistir. Ozellikle aterosklerotik
renal arter stenozu olan hastalarda, revaskiilarizasyonun
renal perfiizyonu artirarak RAAS aktivasyonunu azalttigr ve
buna bagli olarak hipertansiyonun daha iyi kontrol altina

alinabildigi bildirilmektedir. Randomize kontrollii ¢alismalarin

darliklarinin - tedavisinde vyaygin olarak kullanilan

bir kisminda medikal tedavi ile karsilastirildiginda anlaml
fark saptanmamis olsa da, secilmis hasta gruplarinda (6rnegin
direncli hipertansiyon, tekrarlayan akciger odemi veya hizli
bobrek fonksiyon kaybi olan hastalar) anjiyoplasti ve stentleme
islemlerinin klinik fayda sagladigi vurgulanmaktadir (8).

Literatiirde, renal arter stenozu nedeniyle uygulanan
anjiyoplasti ve stentleme islemlerinin etkili ve givenilir
oldugu bildirilmektedir. Ornegin, yapilan calismalarda, renal
arter revaskilarizasyonunun ozellikle direncli hipertansiyon
ve ilerleyici bobrek fonksiyon bozuklugu olan hastalarda
faydali oldugu ortaya konmustur. Fakat kilavuzlarda ozel
hasta gruplarinda oneri dizeyi 2b olarak yer almistir (4).
Ancak, revaskiilarizasyonun fayda saglamayacag disinilen
stabil hastalarda gereksiz girisimlerden kacinilmahdir. Bizim
olgumuzda oldugu gibi tanisi erken konulmus, sol ventrikil
remodeling gelismemis erken evredeki hastalarda renal
anjiyoplasti faydali olabilmektedir. Dogru hasta secimi ile genis
capli randomize kontrollii calismalara ihitiyac vardir.

Bu olgu, asemptomatik bir hastada hipertansif retinopati
bulgusunun renal arter stenozunun saptanmasina yol actigini
ve uygun hastalarda revaskiilarizasyonun basarili bir sekilde kan
basincini kontrol altina alabilecegini gostermektedir. Ozellikle
genc hastalarda veya direncli hipertansiyon olgularinda,
sekonder nedenlerin arastiriimasi ve erken tani ile uygun
tedavinin  saglanmasi, kardiyovaskiiler komplikasyonlarin
onlenmesi acisindan buyik onem tasimaktadir.

SONUG

Tektaraflirenal arterstenozu olan hastalarda hipertansiyonun
kontrolii icin invaziv girisimler onemli bir tedavi secenegi
olabilir. Bu olguda, renal arter stentleme sonrasi hastanin kan
basinci normale donmis ve herhangi bir antihipertansif ilag
kullanimi gerekmemistir. Sekonder hipertansiyon nedenlerinin
arastinlmasi ve erken tani konulmasi, uygun hasta grubunda
basarili sonuclar elde edilmesini saglamaktadir.

*Etik
Hasta Onayi: Bu olgu sunumu icin hastadan bilgilendirilmis
yazili onam alinmistir.
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Kardiyak Implante Edilebilir Elektronik Cihaz implantasyonu
Sirasinda Nadir Bir Komplikasyon: Akciger Parankim Hasari ve
Alveolar Hemoraji

A Rare Complication During Cardiac Implantable Electronic Device Implantation:
Pulmonary Parenchymal Injury and Alveolar Hemorrhage

@ Yasin Aktas, ® Berat Uguz, ® ismet Zengin

Saglik Bilimleri Universitesi, Bursa Sehir Hastanesi, Kardiyoloji Anabilim Dali, Bursa, Tiirkiye

Kardiyak implante edilebilir elektronik cihaz implantasyonu, giinimiizde yaygin olarak uygulanan ve genellikle dusuk riskli kabul edilen
bir girisimdir. Bununla birlikte, nadir de olsa yasami tehdit edebilen komplikasyonlar gelisebilmektedir. islem sirasinda gerceklestirilen
venoz ponksiyonlara bagli olarak en sik bildirilen pulmoner komplikasyon pnomotoraks olmakla birlikte, pnomotoraks gelismeksizin akciger
parankim hasari ve alveolar hemoraji olduk¢a nadir goriilmektedir. Bu olgu sunumunda, primer korunma amaciyla kardiyak defibrilator
implantasyonu planlanan 72 yasinda erkek hastada, subklavyen ven ponksiyonu sonrasinda gelisen, pnomotoraks bulgulari olmaksizin
seyreden bolgesel akciger parankim hasari ve alveolar hemoraji olgusu sunulmaktadir. islem sirasinda gelisen kanl 6ksiiriik sonrasi yapilan
goruntiilemelerde pnomotoraks saptanmamis, toraks bilgisayarli tomografide akciger tst lobda parankimal ve alveolar hemoraji ile uyumlu
bulgular izlenmistir. Hasta, yakin klinik takip ve konservatif tedavi ile basarili sekilde yonetilmis ve tam klinik iyilesme saglanmistir. Bu olgu,
kardiyak cihaz implantasyonu sirasinda veya sonrasinda gelisen pulmoner semptomlarda, pnomotoraks disi nadir komplikasyonlarin da
akilda tutulmasi gerektigini vurgulamakta; erken tani, uygun goriintiileme ve konservatif yaklasimin secilmis olgularda etkili olabilecegini
gostermektedir.

Anahtar Kelimeler: Kalp pili implantasyonu, akciger parankim hasari, alveolar hemoraji

Cardiac implantable electronic device implantation is a widely performed procedure and is generally considered to be low risk. Nevertheless,
rare but potentially life-threatening complications may occur. Pneumothorax is the most frequently reported pulmonary complication
related to venous puncture during the procedure; however, pulmonary parenchymal injury and alveolar hemorrhage in the absence of
pneumothorax are exceedingly rare. In this case report, we present a 72-year-old male patient in whom regional pulmonary parenchymal
injury and alveolar hemorrhage developed following subclavian vein puncture during implantable cardioverter-defibrillator implantation
performed for primary prevention, without radiological evidence of pneumothorax. After the onset of hemoptysis during the procedure,
imaging studies revealed no pneumothorax, while thoracic computed tomography demonstrated findings consistent with parenchymal and
alveolar hemorrhage in the upper lobe of the lung. The patient was successfully managed with close clinical monitoring and conservative
treatment, resulting in complete clinical recovery. This case highlights that, in patients presenting with pulmonary symptoms during or after
cardiac device implantation, rare complications other than pneumothorax should also be considered. Early diagnosis using appropriate
imaging modalities and a conservative management strategy may be effective in selected cases.

Keywords: Pacemaker implantation, pulmonary parenchymal injury, alveolar hemorrhage
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GIRIS

Tiptaki ilerlemeler ve erisilebilirligin artmasiyla birlikte,
hastalara implante edilen kalp pili ve kardiyoverter-defibrilator
sayisi son yillarda belirgin sekilde artmistir. Son 10 yilda kalp pili
implantasyon oranindaki biytime %100’tn tizerinde bildirilmis
olup, en yiiksek artis oranlari Avrupa disindaki tlkelerde (%80) ve
Dogu Avrupa’da (%60) gerceklesmistir (1).

Kalp pili implantasyonu genellikle distik riskli bir girisim
olarak kabul edilse de, kisa ve uzun vadeli komplikasyonlarin yani
sira islem sirasinda teknik hatalarin da meydana gelebilecegi goz
oniinde bulundurulmalidir (2). Kalp pili implantasyonuna bagli
komplikasyonlarin goriilme sikligi gorece diisiik olmakla birlikte
(yaklasik %7 olarak tahmin edilmektedir), bazi komplikasyonlarin
yasami tehdit edici olabilecegi bilinmektedir (3).

En stk bildirilen komplikasyonlar; enfeksiyon (%1-
5), kanama ve hematom (%1-3), elektrot yerlesim yeri
hatalari (%1-2), pnomotoraks (%1), cihaz arizalar, aritmiler
(%1-2) ile damar zedelenmesi ve tromboz (%1) seklinde
siralanmaktadir. Pnémotoraks, tansiyon pnomotoraks, tansiyon
pnomoperikardiyum ve kardiyak tamponad ise acil midahale
gerektiren, yasami tehdit edici komplikasyonlara 6rnek olarak
verilebilir.

islem sirasinda gerceklestirilen girisimler (ozellikle venoz
ponksiyon) ile iliskili akciger hasarlanmasi kapsaminda, en sik
bildirilen nadir komplikasyon pnomotorakstir. Bununla birlikte,
daha da nadir olarak pnomotoraks gelismeksizin bolgesel
akciger parankim hasarlanmasi da meydana gelebilmektedir.
Bu olgu sunumunda, tipik pnomotoraks bulgulari olmaksizin
gelisen akciger parankim hasari ve buna eslik eden bolgesel
alveolar hemoraji olgusunu sunmayi amagladik.

OLGU SUNUMU

Yetmis iki yasinda erkek hasta, dort ay once akut inferior
miyokard infarktisi nedeniyle sirkumfleks artere perkitan
koroner girisim uygulanmis olup, sonrasinda diger koroner
lezyonlari icin koroner arter baypas cerrahisi karari verilmistir.
Operasyondan ¢ ay sonra yapilan ekokardiyografik
degerlendirmede ejeksiyon  fraksiyonunun %30 olarak
saptanmasi Gzerine, primer korunma amaciyla kardiyak
defibrilator implantasyonu planlandi.

Hasta kardiyak defibrilator implantasyonu amaciyla
kateterizasyon  laboratuvarina  alindi. islem  ©ncesinde
hastanin herhangi bir yakinmasi bulunmamakta olup vital
bulgulari stabildi (kan basinci 120/75 mmHg, nabiz 72/
dk). implantasyon oncesinde gerekli antibiyotik ve analjezik
tedavilerin uygulanmasinin ardindan subklavyen ven ponksiyon
islemine gecildi. Venoz ponksiyon oncesinde venografi yapildi.

Aktas ve ark.
Kalp Cihazi implantasyonu Sirasinda Akciger Yaralanmasi

Venografi, periferik venden kontrast madde verilerek floroskopi
esliginde gerceklestirilmis olup, subklavyen ven anatomisini
degerlendirmek ve girisim sirasinda komplikasyon riskini
azaltmak amaciyla anteroposterior projeksiyonda goriintiler
elde edilmistir. ilk G¢ denemede basarili olunamazken,
dordiinci denemenin ardindan hastada yogun kanli oksirik
sikayeti gelisti.

Monitorize olarak takip edilen hastanin oksijen satiirasyon
degerleri sirekli izlendi ve nazal oksijen destegi baslandi.
Dakikada 2 L oksijen destegi ile sattirasyon degerleri %93’tin
Uzerinde seyretti. Kan basinci ve nabiz degerlerinde anlamh
bir degisiklik saptanmadi ve ek komplikasyon gelismeksizin
kardiyak defibrilator implantasyonu tamamlandi (Sekil 1).
implantasyon sonrasinda yapilan élciimlerde pacing esigi 0,5 V/
ms, R dalga amplitidii 12 mV ve empedans degeri 550 Q olarak
saptandi. Hasta, olasi komplikasyonlarin taranmasi ve yakin
takip amaciyla koroner yogun bakim tnitesine transfer edildi.

Yogun bakima kabul edilmesinin ardindan hastanin
vital bulgulari yeniden degerlendirildi ve nazal oksijen
destegine devam edildi. Hastanin solunumsal durumu yakin
izlenmis olup, arteriyel kan gazi analizleri diizenli araliklarla
degerlendirilmistir. Oksijen satiirasyonunun %92-96 araliginda
tutulmasi hedeflenmis ve bu amacla disiik akimli nazal oksijen
destegi (2-4 L/dk) uygulanmuistir. Klinik seyir boyunca invaziv veya
non-invaziv ventilasyon ihtiyac gelismemistir. Kanh okstriik
sikayeti devam eden hasta, oncelikle acil olarak yatak basi
ekokardiyografi ile kardiyak tamponad ve perforasyon acisindan
degerlendirildi; perikardiyal efiizyon saptanmadi. Ardindan ilk
akciger goriintiilemesi yatak basi posteroanterior akciger grafisi
ile yapildi. Cekilen posteroanterior akciger grafisinde sol tarafli
plevral efiizyon ve sol klavikula altinda, akciger apeksine yakin
bolgede opasite izlendi. Belirgin pnomotoraks saptanmamakla
birlikte net degerlendirme yapilamadi (Sekil 1).

Sekil 1. implantasyon sonrasi hemen cekilen PAAC gogis rontgeni, sol
akciger apekste infiltratif alan ve perikardiyal efiizyon
PAAC: Posteroanterior akciger grafisi
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Hasta, olasi acil gogus patolojileri ve girisimsel cerrahi
gereksinimi agisindan gogus cerrahisi ile birlikte degerlendirildi
ve toraks bilgisayarli tomografi (BT) cekilmesine karar verildi.
Cekilen BT'de “sol akciger tist lob anterior segmentte fokal buzlu
cam dansitesi ve infiltratif goriinim” izlenmis olup (Sekiller 2,3),
bu bulgunun islem sirasinda denenmis olan venoz ponksiyon
bolgesi ile anatomik olarak ortismesi nedeniyle ilgili alan
akciger parankim hasarlanmasi ve alveolar hemoraji olarak
degerlendirildi. Hastanin kanh oksiriik sikayetinin de ayni
bolgedeki hasarlanma ile iliskili oldugu dustntldi.

Toraks BT'de ek olarak bilateral plevral efiizyon saptandi.
islem sonrasinda belirgin hemoglobin diisiisii izlenmemesi
(12,1-11,4 g/dL) nedeniyle bu bulgu kalp yetmezligine sekonder
plevral efiizyon olarak degerlendirildi ve pnomotoraks lehine
bulguya rastlanmadi. Hasta, toraks BT bulgulari ile gogiis
cerrahisi tarafindan yeniden degerlendirilerek medikal takip
karari alindi ve intravenoz antibiyotik tedavisi baslandi.

Hasta, iki giin koroner yogun bakim dnitesinde ve iki giin
kardiyoloji servisinde olmak tizere toplam dort gtin siireyle takip
edildi. Bustirecte giinliik hemogram kontrolleriyapildive anlamli
hemoglobin disusi izlenmedi. Dort gtinlik izlem sonunda
hastanin sikayetlerinde belirgin azalma gozlendi ve yogun
bakim sonrasi donemde oksijen ihtiyaci olmadi. Taburculuk
planlanan hastaya kontrol posteroanterior akciger grafisi cekildi
(Sekil 4) ve sol akciger apeksindeki infiltratif alanin geriledigi
izlendi. Kardiyak defibrilator kontroliinde, implantasyon sonrasi
ol¢timler ile uyumlu degerler saptandi. Oral antibiyotik tedavisi
recete edilerek hasta taburcu edildi. Takip eden kardiyoloji
kontrollerinde ek bir komplikasyon izlenmedi.

Bu olgu sunumu icin hastadan bilgilendirilmis yazili onam
alinmistir.

\ S

Sekil 2. Cekilen toraks BT'de sol akciger iist lobda parankimal ve
alveolar hemoraji alani (sol tarafli perikardiyal efiizyon kalp yetmezligi
nedeni ile onceki goriintiilemelerinde de mevcut olup hemoraji olarak
degerlendirilmemistir)

BT: Bilgisayarli tomografi
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Kalp pili implantasyonundan kaynaklanan komplikasyonlar
kadinlarda erkeklere gore %30 daha fazladir (4). Biilloz amfizem,
kronik obstruktif akciger hastaligi, persistan sol superior vena
kava gibi konjenital defektler, >80 yas, Kafkas etnik koken, 7
glin icinde steroid tedavisi, antikoagtlan ve antiplatelet tedavi,
acil cerrahi, disuk vicut kitle indeksi (<18,5) veya ajitasyon
olan hastalarda hem ven ponksiyonuna baglh yaralanma
hem de kardiyak perforasyon insidansi daha vyiiksektir (5).
Onceki prosediirler, operasyon (sternotomi gibi), travma veya
etkilenen bolgede 1sin tedavisi, klavikula/gogis deformitesi ve
onceki kiriklarin tuma onemli risk faktorleridir. Zor veya uzun
proseddirler, buyik capli (=12 French) kiliflar, birden fazla ven
ponksiyonu girisimi, birden fazla elektrot implantasyonu ve ¢ift
odacikh cihaz (tek odacikli cihaza karsi), komplikasyon riskinin
daha ytiksek olmasiyla baglantilidir (5).

Subklavyen ven, kardiyak pacemaker icin en yaygin kullanilan
venoz erisim yolu olmustur (6).

\

Sekil 3. Cekilen Toraks BT'de sol akciger iist lobda parankimal ve alveolar
hemoraji alani
BT: Bilgisayarli tomografi

Sekil 4. Taburculuk 6ncesinde cekilen PAAC gogiis rontgeni
PAAC: Posteroanterior akciger grafisi
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Risk faktorleri olan bir hastada subklavyen ven ponksiyonu
oncesinde venografi yapiimasi onerilir. Ultrason kilavuzlugu
ve/veya floroskopik kilavuzluk da yararli olabilir (7,8) Ultrason
kilavuzlugu damarin dogrudan goriilmesini saglayarak operatoriin
ignenin deri alti dokuya gecisini izlemesine, damar derinligini
degerlendirmesine ve kazara arter delinmesini onlemesine
olanak tanir, boylece komplikasyon olasiligini en aza indirir (9).

Aksiller ven girisi, ekstra torasik anatomik konumu nedeniyle
komplikasyon riskini azaltir (9). Anatomik isaretler kullanilarak
“kor” ponksiyon yaygin olsa da, birinci kaburga ile aksiller ven
arasindaki degisken iliski nedeniyle kisitlidir. Hastalarin yaklasik
%51 anatomik varyasyonlar nedeniyle kontrast kilavuziu bir
teknige ihtiyac duyar (9,10). Deneyimsizligin bir sonucu olarak,
basarisiz girisimler, olasi komplikasyonlar ve hem hastalar hem
de hekimler i¢in radyasyona maruz kalma kacinilmaz olarak artar
(M).

Kardiyak pacemaker implantasyonu sirasinda veya sonrasinda
ozellikle yiksek riskli hastalarda gelisebilecek komplikasyonlar
konusunda hekimin farkinda olmasi, yasami tehdit edebilecek
komplikasyonlarin elektrokardiyografi, gogus rontgeni ve gelismis
gortintiileme yontemleri kullanilarak erken tespit edilip derhal
midahale edilmesi hastanin mortalite ve morbiditesi icin kritik
onem arz etmektedir. Anlatilan olguda hastanin sikayeti ve
islemin teknik nedenlerini goz 6niinde bulundurularak yasami
tehdit edebilecek olan pnomotoraks veya hemapnomotoraks
ilk akla gelen tanilar oldu. islemin ardindan vital bulgu takibi
ve gerekli gortintiileme tetkikleri kullanilarak hastanin hizh
bir sekilde tanisi konulmus, 6n tanilarimiz olan pnomotoraks
ve hemapnomotoraks saptanmamasi (lzerine parankimal
hasarlanma olarak degerlendirilmis ve konservatif tedavi
uygulanmistir.

SONUG

Kardiyak pacemaker implantasyonu sonrasi, yasami tehdit
eden tanilar ve hemodinamik instabilizasyonun eslik etmedigi,
bolgesel akciger parankim hasari ve alveolar hemoraji gelisen
olgular literattirde nadir olarak bildirilmistir. Sunulan olguda ise
konservatif tedavi ile tam iyilesme saglanmistir.

*Etik
Hasta Onayi: Bu olgu sunumu icin hastadan bilgilendirilmis
yazili onam alinmistir.
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