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Permanent pacemaker implantation after aortic 
valve implantation

Can Baba Arın1, Mesut Karataş2
1Department of Cardiology, Dr. Siyami Ersek Thoracic and Cardiovascular Surgery, Training and Research Hospital, İstanbul, Turkiye

2Department of Cardiology, Mogadishu Somali Turkish Recep Tayyip Erdoğan Training and Research Hospital, Mohadishu, Somali

ABSTRACT
Aims: Conduction abnormalities are well-recognized complications following aortic valve replacement, particularly after 
transcatheter aortic valve implantation (TAVI). The incidence of permanent pacemaker implantation (PPI) post-TAVI remains 
variable, influenced by patient and procedural factors. To evaluate the incidence, clinical predictors, and outcomes associated 
with PPI following TAVI, with specific attention to left ventricular ejection fraction (LVEF). 
Methods: We conducted a retrospective analysis of 60 patients who underwent transfemoral TAVI between 2008 and 2011. 
Baseline demographic, clinical, procedural, and echocardiographic parameters were compared between patients who required 
PPI and those who did not. Univariate and bivariate analyses were used to identify potential predictors. 
Results: PPI was required in 29 of 60 patients (48.3%), with the majority of devices implanted within 72 hours post-procedure. 
Dual-chamber pacemakers were most commonly utilized, predominantly for complete atrioventricular block or symptomatic 
bradycardia associated with new-onset left bundle branch block. No statistically significant associations with PPI were found 
for variables such as age, sex, atrial fibrillation, ischemic heart disease, or baseline LVEF (all p>0.05). Trends suggesting possible 
associations with atrial fibrillation and mitral regurgitation did not reach statistical significance.
Conclusion: PPI remains a frequent yet unpredictable outcome after TAVI, particularly in the era of early-generation valve 
systems. Our findings underscore the absence of reliable clinical predictors and emphasize the need for prospective studies 
incorporating procedural, anatomical, and electrophysiologic markers to refine risk stratification and minimize unnecessary 
device implantation. 

Keywords: Transcatheter aortic valve implantation, permanent pacemaker, conduction disturbances, aortic stenosis, left 
ventricular function

INTRODUCTION

Aortic valve diseases such as stenosis and regurgitation can 
compromise the cardiac conduction system, often resulting 
in atrioventricular block (AVB). Surgical aortic valve 
replacement (SAVR) and more recently, transcatheter aortic 
valve implantation (TAVI), have been associated with new-
onset conduction abnormalities including complete AVB and 
bundle branch blocks.1,2 Reports indicate that postoperative 
AVB requiring pacemaker implantation is not uncommon, 
with wide variability depending on prosthesis type and 
procedural factors.3,4

Although CoreValve devices are particularly associated 
with higher permanent pacemaker implantation (PPI) 
rates due to their self-expanding design and subannular 
extension, balloon-expandable valves have shown lower 
incidences.2 However, results from published studies have 
been inconclusive in identifying consistent predictors for 
PPI.3-5 Conduction disturbances may result from mechanical 

injury, calcification-induced stress, or direct trauma to the 
conduction system during valve deployment.

This study aims to evaluate the incidence and predictors 
of PPI in a cohort of patients who underwent TAVI, and 
to assess the effect of PPI on postoperative left ventricular 
ejection fraction (LVEF).

METHODS

The study was conducted with the permission of the 
Ethics Committee of Mogadishu Somalia Turkiye Recep 
Tayyip Erdoğan Training and Research Hospital (Date: 
09.04.2025, Decision No: 1197). This retrospective cohort 
study included 60 consecutive patients with symptomatic 
severe aortic stenosis who underwent transfemoral TAVI 
between September 2008 and March 2011 at a single tertiary 
care center. All procedures were carried out in accordance 
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with the ethical rules and the principles of the Declaration 
of Helsinki. All patients met guideline-based criteria for 
TAVI, including an aortic valve area <1.0 cm² and a mean 
transvalvular gradient ≥40 mmHg.

PPI was assessed as the primary outcome. Indications for 
PPI followed institutional protocols and included complete 
AVB, symptomatic bradycardia, and unresolved high-grade 
AV block. Pacemaker implantation was performed within 30 
days of the TAVI procedure.

Clinical, electrocardiographic (ECG), and echocardiographic 
data were collected retrospectively from medical records. 
Baseline parameters included age, sex, comorbidities (e.g., 
atrial fibrillation, ischemic heart disease), LVEF, and the 
presence of conduction abnormalities. Post-procedural 
complications, including valvular regurgitation and new 
conduction disturbances, were also recorded.

Conduction disturbances were defined using standard WHO/
ISFC criteria and included left bundle branch block (LBBB), 
right bundle branch block (RBBB), and various degrees of 
AVB.6 Echocardiographic assessments were conducted by 
board-certified cardiologists according to the American 
Society of Echocardiography guidelines, and included 
evaluation of valvular function, LVEF, and chamber size. The 
severity of valvular regurgitation and LV dysfunction was 
graded semi-quantitatively.

ECG data were independently reviewed by two 
electrophysiologists blinded to clinical outcomes. Clinical 
endpoints, including PPI, were defined in accordance with 
the Valve Academic Research Consortium (VARC) criteria to 
ensure consistency and comparability.7

Statistical Analysis
The data analyses were conducted using SPSS version 19.0 
(IBM Corp, Armonk, NY). Continuous variables were 
expressed as mean±standard deviation and compared using 
independent samples t-tests. Categorical variables were 
reported as frequencies and percentages, and analyzed using 
chi-square or Fisher’s exact tests, as appropriate. Univariate 
and bivariate analyses were performed to identify potential 
predictors of PPI. A p-value <0.05 was considered statistically 
significant. Missing data were handled by pairwise deletion, 
and sensitivity analyses were conducted to validate findings.

RESULTS

The study cohort comprised 60 patients with symptomatic 
severe aortic stenosis who underwent transfemoral TAVI 
between 2008 and 2011. The mean age was 80.8±6.5 years, 
and 55% were female. Comorbid conditions included atrial 
fibrillation in 26.7% of patients, ischemic heart disease in 
80%, moderate-to-severe mitral regurgitation in 31.7%, and 
left ventricular dysfunction (LVEF <50%) in 33.3% at baseline.

Following the procedure, PPI was required in 29 patients 
(48.3%), with the majority (82.8%) receiving pacemakers 
within the first 72 hours. Dual-chamber pacemakers were 
most frequently implanted and were primarily indicated for 
complete AVB or symptomatic bradycardia in the setting of 
new-onset LBBB.

Table 1 summarizes baseline characteristics of the study 
population. Comparative analysis between patients who 
required PPI and those who did not revealed no statistically 
significant differences in demographic or clinical variables. 
Specifically, there were no significant differences in age 
(p=0.533), sex distribution (p=0.586), presence of atrial 
fibrillation (17.2% in PPI group vs. 35.5% in non-PPI group; 
p=0.110), ischemic heart disease (p=0.245), baseline mitral 
regurgitation (p=0.208), aortic regurgitation (p=0.389), or left 
ventricular dysfunction (p=0.850).

Figure illustrates the distribution of selected post-procedural 
complications stratified by pacemaker status. Although not 
statistically significant, the PPI group showed numerically 
higher rates of post-TAVI mitral and aortic regurgitation.

Bivariate analysis did not identify any single clinical or 
echocardiographic variable as a statistically significant 
predictor of PPI (Table 2). These findings suggest that 
conventional baseline risk factors may have limited value in 
forecasting the need for PPI following TAVI in this cohort.

DISCUSSION

In this retrospective analysis of 60 patients undergoing 
transfemoral TAVI, we found that nearly half (48.3%) required 
PPI, a rate considerably higher than typically reported in 

Table 1. Baseline patient characteristics

Variable Value 

Age 80.8±6.5

Female n (%) 33 (55)

Atrial fibrillation n (%) 16 (26.7)

Ischemic heart disease n (%) 48 (80)

Pacemaker after TAVI n (%) 29 (48.3)

Mitral regurgitaion (pre) Moderate to severe 19 (31.7)

Mitral regurgitaiton (post) Moderate to severe 18 (30)

Aortic regurgitation (post) Moderate to severe 10 (16.7)

LV dysfunction pre Mild to severe 20 (33.3)

LV dysfunction post Mild to severe 22 (36.7)
TAVI: Transcatheter aortic valve implantation, LV: Left ventricular

Figure. Distribution of clinical variables by pacemaker status
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contemporary series. Despite examining a broad range of 
clinical and echocardiographic parameters, no statistically 
significant predictors of PPI were identified. These findings 
highlight the multifactorial and, in many cases, unpredictable 
nature of conduction disturbances following TAVI.

Our PPI rate aligns with early experiences using first-
generation self-expanding CoreValve devices, which have 
been consistently associated with higher rates of conduction 
abnormalities and subsequent pacemaker implantation. 
Data from the CoreValve U.S. Pivotal trial reported a 30-
day PPI rate of approximately 22.3%, which increased with 
longer follow-up.8 Similarly, the FRANCE-2 registry showed 
a 26.7% PPI rate for CoreValve compared to only 6.1% for 
balloon-expandable Edwards SAPIEN valves.9 The deeper 
implantation and subannular extension of self-expanding 
prostheses are thought to contribute to this elevated risk 
by exerting mechanical pressure on the atrioventricular 
conduction axis, particularly the bundle of His.

Despite this well-established anatomical rationale, the 
identification of consistent clinical predictors remains elusive. 
In our cohort, variables such as age, sex, atrial fibrillation, 
left ventricular dysfunction, and valvular regurgitation did 
not correlate significantly with the need for PPI. This is in 
agreement with findings from Khawaja et al.,3 who showed 
that baseline clinical variables had limited predictive value 
for post-TAVI PPI and emphasized the role of procedural 
and anatomical factors, such as implantation depth and 
membranous septum length.  Similarly, a meta-analysis of 
2.707 patients found no strong association between baseline 
clinical variables and PPI risk. Instead, anatomical and 
procedural factors—such as short membranous septum 
length, deeper implantation depth, and annular/leaflet 
calcification—were significantly associated with increased 
PPI rates.10

The lack of procedural detail in our study, such as 
implantation depth or pre-existing conduction abnormalities 
(e.g., PR interval, QRS duration, RBBB), limits our ability 
to assess these potentially crucial risk factors. Moreover, 
the high PPI rate may partly reflect institutional learning 
curves and the use of early-generation TAVI systems, which 
have since undergone significant technical refinements. 
Newer-generation devices like the Evolut PRO and SAPIEN 
3 have demonstrated reduced PPI rates due to improved valve 
profiles and more precise deployment mechanisms.11,12

Clinical implications of PPI after TAVI remain a subject of 
ongoing debate. Several studies suggest that PPI may be 
associated with adverse long-term outcomes such as increased 
heart failure hospitalization, impaired left ventricular 
function, and higher mortality, particularly in pacing-
dependent individuals.13,14 However, other investigations 
have not confirmed these associations, underscoring 
the heterogeneity of this population and the need for 
individualized pacing strategies.15,16

From a clinical standpoint, our findings support the 
notion that traditional preprocedural variables alone are 
insufficient for accurate risk stratification. As Oestreich et 
al.17 suggested, integrating multimodal imaging—including 
CT-based assessment of the membranous septum and 
aortic root orientation—with ECG markers may enhance 
prediction models and guide intra-procedural decision-
making. Furthermore, procedural strategies such as high 
implantation techniques and cusp-overlap views have shown 
promise in reducing conduction system trauma and should 
be considered in centers aiming to minimize PPI burden.18

Limitations
This study has several important limitations. First, the 
retrospective and single-center nature of the analysis, 
coupled with a relatively small sample size (n=60), restricts 
the statistical power to identify subtle but clinically relevant 
associations. Second, the data represent an early era of TAVI, 
with procedures performed between 2008 and 2011 using 
first-generation CoreValve devices. Given the substantial 
evolution in valve technology and implantation techniques 
over the past decade, the applicability of our findings to 
contemporary practice—characterized by newer-generation 
devices and refined procedural strategies—may be limited.

Third, the study lacked access to key procedural parameters, 
including implantation depth, valve-to-annulus oversizing 
ratio, and fluoroscopic views such as cusp-overlap 
techniques, all of which are known to impact conduction 
system outcomes. Furthermore, pre-existing conduction 
disturbances (e.g., PR interval, QRS duration, RBBB) were not 
systematically documented, and electroanatomical mapping 
was not utilized. These omissions precluded a more granular 
analysis of ECG predictors of PPI.

Finally, the study did not assess long-term clinical outcomes 
such as pacing dependency, heart failure hospitalizations, 
cardiovascular mortality, or functional recovery. These 
factors are critical to understanding the true prognostic 
implications of post-TAVI permanent pacing. Taken together, 
these limitations highlight the need for future prospective, 
multicenter investigations incorporating standardized 
procedural protocols, advanced imaging modalities, and 
extended clinical follow-up.

CONCLUSION

PPI remains a common complication after TAVI, particularly 
with early-generation self-expanding valves. No single 
clinical or echocardiographic predictor was identified in our 
cohort, reflecting the multifactorial nature of conduction 
disturbances. Future research should focus on integrating 

Table 2. Bivariate analysis of groups

Variable Pacemaker
(n=29)

No pacemaker
(n=31) p value 

Age (years) 81.4±6.5 80.2±6.5 0.5331

Female n (%) 17 (58.6) 16 (51.6) 0.5862

Atrial fibrillation n (%) 5 (17.2) 11(35.5) 0.1102

Ischemic heart diseasen (%) 25 (86.2) 23 (74) 0.2452

LV dysfunction after TAVI n (%) 11 (37.9) 11 (35.5) 0.8502

Mitral regurgitation (psot). % 23 (79.3) 20 (64.5) 0.2082

Aortic regurgitation (psot). % 21 (72.4) 19 (61.3) 0.3892

TAVI: Transcatheter aortic valve implantation, LV: Left ventricular
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detailed imaging and procedural data to improve risk 
stratification and reduce unnecessary pacemaker use as TAVI 
technology evolves.
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The motivation to quit: smoking cessation rates in 
ACS versus elective PCI patients
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ABSTRACT
Aims: This study aimed to compare six-month smoking cessation rates in active smokers undergoing stent implantation either 
following an acute coronary syndrome (ACS) event or as part of an elective coronary angiography for stable coronary artery 
disease (CAD). Additionally, the research sought to identify clinical and psychological determinants associated with successful 
cessation in both groups.
Methods: This retrospective observational study included 300 current smokers (150 in the ACS group and 150 in the elective 
PCI group), aged between 35 and 80 years. Demographic data, comorbidities (including diabetes mellitus, hypertension, cronic 
obstructive  pulmonary disease (COPD), heart failure with preserved ejection fraction [HFpEF] and heart failure with reduced 
ejection fraction [HFrEF]), and smoking status at six-month follow-up were collected. A psychological assessment using 
the Brief Illness Perception Questionnaire (BIPQ) was  conducted in a entire cohort (n=300) to evaluate perceived severity 
and emotional impact. Statistical analyses included chi-square, t-tests, and multivariable logistic regression to determine 
independent predictors of cessation.
Results: At six months, the smoking cessation rate was significantly higher among ACS patients (58%) compared to those 
undergoing elective PCI (32%) (p<0.001). Across the entire cohort, higher cessation rates were observed in individuals aged 
>50 years, female patients, those with diabetes, and especially among patients with HFrEF. BIPQ results across the full cohort 
showed significantly higher scores for perceived illness severity and emotional response among the ACS group. In multivariable 
analysis, ACS presentation (OR=2.3, p<0.001), HFrEF (OR=1.8, p=0.02), and female gender (OR=1.6, p=0.04) emerged as 
independent predictors of cessation.
Conclusion: It is interesting to note that smoking has been identified as a universal and powerful risk  factor across all spectra 
of coronary artery disease, both acute and stable. However, it has been suggested that patients experiencing ACS may be more 
responsive to cessation  efforts, possibly due to heightened emotional distress and perceived threat to life. Patients who are 
electively undergoing PCI, while equally at risk, may require different  motivational strategies. It is suggested that these findings 
highlight the importance of  integrating clinical context with psychological readiness when designing and delivering smoking 
cessation interventions in cardiology practice.
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INTRODUCTION

Cigarette smoking remains a leading modifiable risk factor 
for both acute and chronic manifestations of coronary artery 
disease (CAD). While the association between smoking and 
cardiovascular morbidity is well-established, the clinical 
context in which patients are confronted with their diagnosis 
whether through an acute coronary syndrome (ACS) or an 
elective coronary angiography may influence their readiness 
and motivation to quit smoking.1 Exploring the interplay 
between clinical presentation and smoking cessation can 
provide valuable insights for targeted intervention strategies. 
Coronary artery disease (CAD) is the leading cause of 
morbidity and mortality worldwide. Among the numerous 
risk factors, cigarette smoking remains one of the most 

preventable causes  of cardiovascular disease. The World 
Health Organization reports that smoking contributes 
to  over 8 million deaths annually, with a substantial 
proportion related to cardiovascular events.2 Numerous 
studies have confirmed  the association between smoking 
and increased CAD risk. The  INTERHEART study reported  
that smoking accounts for 36% of the global population- 
attributable risk for myocardial infarction.3 The Framingham 
Heart Study also demonstrated a  clear dose-response 
relationship between smoking intensity and CAD incidence. 
Furthermore,  secondhand smoke exposure is associated 
with increased CAD events, highlighting the broader  public 
health implications.4
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Smoking is a leading risk factor for cardiovascular disease 
and continues to contribute significantly to global mortality. 
Despite public health efforts, smoking cessation rates remain 
low among patients with coronary artery disease. An ACS 
often represents a turning point in a patient’s perception of 
health, potentially triggering motivation to quit smoking. In 
contrast, patients undergoing elective procedures may not 
perceive an immediate threat to life, and thus may be less 
motivated to alter risky behaviors.5 This study investigates 
whether clinical urgency, as represented by ACS, is associated 
with higher smoking cessation rates than elective PCI.

Study endpoints; The  primary endpoint  of the study is the 
comparison of the proportion of individuals who completely 
quit smoking six months after undergoing stent implantation 
due to ACS versus those who received stents following 
elective coronary angiography. This endpoint aims to 
reveal the relationship between smoking cessation behavior 
and the mode of clinical presentation (urgent vs. elective).
The secondary endpoints are as follows:

1.	To evaluate the impact of comorbid conditions (diabetes, 
hypertension, COPD, and heart failure) on smoking 
cessation rates.

2.	To compare smoking cessation rates according to the type of 
heart failure [heart failure with preserved ejection fraction 
(HFpEF) vs. heart failure with reduced ejection fraction 
(HFrEF)].

3.	To analyze the influence of demographic variables such as 
age (>50 years) and gender on smoking cessation outcomes.

4.	To assess the association between scores from the Brief 
Illness Perception Questionnaire (BIPQ) and smoking 
cessation, focusing on the following dimensions:6

•	Perceived severity of illness
•	Emotional response
•	Level of concern
•	Perceived control

These endpoints aim to provide a comprehensive evaluation of 
both clinical and psychological factors influencing smoking 
cessation among patients with coronary artery disease.

METHODS

The study was conducted with the permission University 
of Health Sciences Gazi Yaşargil Training and Research 
Hospital Clinical Researches Ethics Committee (Date: 
23.05.2025, Decision No: 466). All procedures were 
carried out in accordance with the ethical rules and the 
principles of the Declaration of Helsinki. This retrospective 
observational study included 300 patients who underwent 
coronery angiography and stent implantation in cardiology 
clinic between September 2024 and March 2025. Patients 
were divided into two groups: those presenting with ACS 
(n=150) and those undergoing elective PCI (n=150). Inclusion 
criteria were age between 35–80 years, active smoking status 
at admission, and complete follow-up data at 6 months. 
Exclusion criteria included history of psychiatric illness, 
participation in structured smoking cessation programs, or 
loss to follow-up.

Statistical Analysis
Data collected included demographic characteristics (age, 
sex), comorbidities (diabetes mellitus, hypertension, COPD, 
HFpEF, HFrEF), and self-reported smoking status at 6 
months. Statistical analysis was performed using SPSS v28. 
Continuous variables were assessed for normality using the 
Shapiro-Wilk test and expressed as mean±SD or median 
(IQR) as appropriate. Categorical variables were expressed 
as counts (percentages). Comparisons between groups 
were made using independent Samples t-tests or Mann-
Whitney U tests for continuous variables and Chi-square 
or Fisher’s exact test for categorical variables. Univariable 
logistic regression was used to identify variables associated 
with smoking cessation. Variables with p<0.10 were entered 
into multivariable logistic regression models. Statistical 
significance was set at p<0.05.

RESULTS

A total of 300 patients were included in the study. 
Demographic and clinical characteristics are summarized 
in Table 1. The ACS group had a slightly higher prevalence 
of diabetes and reduced EF heart failure, while the elective 
PCI group had a higher incidence of COPD. At 6 months, 
smoking cessation was reported by 87 (58%) of ACS patients 
compared to 48 (32%) in the elective PCI group (p<0.001). 
Subgroup analysis showed significantly higher cessation rates 
among patients aged >50, females, diabetics, and those with 
HFrEF (Figure). Table 2 summarizes smoking cessation rates 
by subgroup.

Table 1. Demographic and clinical characteristics of study participants

Variable ACS group 
(n=150)

Elective PCI 
group (n=150) p-value

Age >50 years (%) 109 (72.7%) 104 (69.3%) 0.53

Male gender (%) 92 (61.3%) 88 (58.7%) 0.68

Female gender (%) 58 (38.7%) 62 (41.3%) 0.68

Diabetes mellitus (%) 60 (40%) 48 (32%) 0.14

Hypertension (%) 64 (42.7%) 56 (37.3%) 0.36

COPD (%) 28 (18.7%) 35 (23.3%) 0.33

HFpEF (%) 16 (10.7%) 23 (15.3%) 0.24

HFrEF (%) 29 (19.3%) 21 (14.0%) 0.22

Subgroup ACS group 
quit (%)

Elective PCI 
group quit (%) p-value

Overall 58% 32% <0.001

Age >50 65% 40% 0.01

Female 62% 36% 0.02

Diabetes 63% 45% 0.03

HFrEF 70% 46% 0.02

Perceived severity 8.1±1.0 6.6±1.3 <0.001

Emotional response 7.7±1.2 5.9±1.5 <0.001

Consequences 8.3±1.1 6.3±1.4 <0.001

Illness concern 7.5±1.4 6.0±1.6 <0.01
ACS: Acute coronary syndrome, PCI: Percutaneous coronary intervention, COPD: Cronic obstructive  
pulmonary disease, HFpEF: Heart failure with preserved ejection fraction,  HFrEF: Heart failure 
with reduced ejection fraction, Values represent means±SD or percentages as indicated. Statistical 
significance defined as p<0.05
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Psychological evaluation using the BIPQ was conducted in 
a subset of 300 patients. ACS patients scored significantly 
higher on perceived severity and emotional response scales 
(Table 3). Multivariable logistic regression analysis identified 
ACS presentation and HFrEF as independent predictors of 
smoking cessation (Table 4).

DISCUSSION

This study demonstrates that patients presenting with ACS 
are more likely to quit smoking after PCI compared to those 
undergoing elective interventions. The findings suggest 
that the perceived threat of a life-threatening event such 
as ACS plays a significant motivational role. In addition, 
comorbidities such as diabetes and heart failure appear to 
increase cessation rates, possibly due to increased patient 
awareness of risk.

Psychological assessment reinforced this conclusion. Higher 
perceived severity and emotional response scores among 
ACS patients imply that emotional engagement and illness 
perception contribute to behavioral change. These results are 
consistent with the Health Belief Model and prior literature 
indicating that acute illness can serve as a teachable moment.

The benefits of smoking cessation are substantial and begin 
soon after quitting. Within 12 months, the risk of coronary 
events is reduced by nearly 50%, and long-term cessation 
normalizes cardiovascular risk.7 Smoking cessation 
improves survival and reduces recurrent ischemic events in 
patients with established CAD.8 Accordingly, international 
guidelines such as those by the ESC and AHA recommend 
routine assessment of smoking status and implementation of 
behavioral and pharmacologic interventions for cessation.9

This study’s strength lies in its comprehensive clinical 
and psychological evaluation. However, it is limited by its 
retrospective design and reliance on self-reported cessation 
without biochemical validation. Future studies should 
employ longitudinal designs and include structured smoking 
cessation interventions to validate these findings.In addition 
to perceived health threats, the fear of death experienced 
during an acute coronary event may play a substantial role 
in smoking cessation. Patients hospitalized with ACS often 
undergo emotionally intense situations such as emergency 
procedures, intensive monitoring, and discussions about 
mortality risks. This confrontation with potential fatality 
may trigger a psychological phenomenon known as ‘mortality 
salience, which can lead to significant behavior change in an 
effort to prolong life.10 Such emotionally charged events often 
serve as powerful motivators, reinforcing the urgency and 
necessity to quit harmful habits like smoking.

Limitations 
First of all our clinical study are retrospective, single 
centered, and has small number of patients. Future studies 
may be needed. Another limitation of this study is the lack 
of data regarding the duration and intensity of smoking 
(e.g., pack-years). Although cumulative tobacco exposure 
may influence nicotine dependence and the likelihood of 
cessation, such information was not consistently available in 
our retrospective cohort. Importantly, acute events such as 
ACS may serve as overriding motivational triggers regardless 
of baseline smoking duration. However, we acknowledge 
that not accounting for long-term smoking history may have 

Figure. Comparison of smoking cessation rates between ACS and Elective 
PCI groups across key subgroups. The chart demonstrates consistently higher 
cessation rates among ACS patients, especially in those with HFrEF and 
diabetes

Table 2. Smoking cessation rates by subgroup at 6 months

Subgroup ACS group quit (%) Elective PCI group quit (%) p-value

Overall 58% 32% <0.001

Age >50 65% 40% 0.01

Female 62% 36% 0.02

Diabetes 63% 45% 0.03

HFrEF 70% 46% 0.02
ACS: Acute coronary syndrome,PCI: Percutaneous coronary intervention,  HFrEF: Heart failure 
with reduced ejection fraction, Values represent means±SD or percentages as indicated. Statistical 
significance defined as p<0.05

Table 3. Psychological assessment scores (BIPQ Subset, 300)

Domain ACS group 
(n=150)

Elective PCI group 
(n=150) p-value

Perceived severity 8.1±1.0 6.6±1.3 <0.001

Emotional response 7.7±1.2 5.9±1.5 <0.001

Consequences 8.3±1.1 6.3±1.4 <0.001

Illness concern 7.5±1.4 6.0±1.6 <0.01
ACS: Acute coronary syndrome, PCI: Percutaneous coronary intervention, Values represent 
means±SD. Statistical significance defined as p<0.05.

Table 4. Multivariable logistic regression for smoking cessation

Variable Odds ratio 95% CI p-value

ACS presentation 2.3 1.5 – 3.6 <0.001

HFrEF 1.8 1.1 – 2.9 0.02

Female gender 1.6 1.0 – 2.6 0.04

Age >50 1.4 0.9 – 2.3 0.08
ACS: Acute coronary syndrome, HFrEF: Heart failure with reduced ejection fraction, CI: Confidence 
interval, Values represent means±SD or percentages as indicated. Statistical significance defined as 
p<0.05
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influenced cessation outcomes. Future prospective studies 
should include detailed assessments of smoking duration 
and dependence severity to better evaluate their impact on 
cessation success.

CONCLUSION

The clinical presentation of smoking cessation has been 
demonstrated to exert a significant influence on the process. 
The present study found that ACS patients were more 
likely to quit smoking, as evidenced by both statistical and 
psychological data. It is hypothesised that targeting patients 
during periods of emotional and health vulnerability 
may increase the effectiveness of cessation programmes.
Personalised interventions should consider both clinical 
and psychological profiles in order to maximise success. It 
is evident that cigarette smoking constitutes a significant 
and modifiable risk factor for CAD. In view of its extensive 
ramifications for vascular biology and clinical outcomes, 
smoking cessation should be a fundamental component 
of both primary and secondary cardiovascular prevention 
programmes.The implementation of more robust public 
health policies and clinical strategies is imperative in 
order to reduce tobacco use and prevent smoking-related 
cardiovascular events.
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ABSTRACT
Aims: Chronic kidney disease is a group of diseases associated with inflammatory processes, and the risk increases as the stage 
progresses. Increased inflammation in the disease is associated with mortality and morbidity, and diagnosis and treatment are 
very important. Arteriovenous fistula is recommended as the first choice for hemodialysis access. Some patients dialysed from 
catheters. We predict that catheters may cause a chronic inflammatory condition, and we planned this study to demonstrate 
this. 
Methods: 242 patients from dialysis patients who applied to Kırıkkale University Internal Medicine Clinic, Ankara Private 
Balgat Dialysis Center and Yozgat Bozok University Internal Medicine Clinic were included in the study; demographic data 
(age, gender), history data (chronic diseases, continuously used medications), data regarding hemodialysis duration, laboratory 
data (HGB, WBC, PLT, MPV, neutrophil, monocyte, lymphocyte, C-reactive protein, urea, creatinine, glomerular filtration 
rate) of the patients were recorded. Pan-Immune Inflammatory Index (PII) ((neutrophil count x platelet count x monocyte 
count)/lymphocyte count) were calculated. Differences between hemodialysis vascular access and PII values were statistically 
analyzed in SPSS package program. 
Results: According to hemodialysis vascular access routes, it was found that 182 (75.2%) of the patients had fistula dialysis, 
60 (24.8%) had catheter dialysis and 85% of the individuals on catheter hemodialysis had permanent catheters, 15% had 
temporary catheters, 88% had jugular, and 12% had subclavian and femoral catheters. Inflammation levels were calculated 
with PII. While PII was calculated as 21125.33±39621.37 in patients undergoing hemodialysis through fistulas, it was calculated 
as 29745.24±50905.25 in patients undergoing hemodialysis through catheters (p=0.037*). In correlation analyses; A strong 
positive correlation was observed with lymphocyte, monocyte, neutrophil and platelet counts (respectively; 0.242**, 0.871**, 
0.888**; 0.365**). A weak negative correlation was found with the duration of chronic kidney disease (-0.242*).
Conclusion: Since there is no directly related parameter developed for analyzing the level of inflammation, there is a need for 
formulation methods. PII is also a tool used for this purpose. In our study, we analyzed in which cases the increased oxidative 
stress in hemodialysis is higher with PII and the parameters that trigger it, and as a result, we found higher inflammation 
in patients hemodialyzed from catheters compared to patients hemodialyzed from fistulas. We concluded that the increased 
oxidative stress in chronic kidney disease can be further removed from the fistula by hemodialysis or that oxidative stress 
caused by foreign bodies such as catheters may be higher. For a more definitive decision, further examination is needed by 
evaluating before and after hemodialysis and examining individuals with chronic kidney disease who are on hemodialysis and 
those who are not. 

Keywords: Chronic kidney disease, inflammation, Pan-Immune Inflammatory Index, catheter, fistula

INTRODUCTION

Chronic kidney disease is a disease that causes systemic 
inflammatory processes; as the stage of the disease 
progresses, inflammation increases. Increasing inflammation 
in stage-5 dialysis patients has brought many problems with 
it.1,2 Realizing and preventing this situation, which is quite 
difficult to detect, will contribute positively to mortality and 
morbidity.3 The reference ranges of C-reactive protein, one 

of the indicators of inflammation, have also become open 
to interpretation as the stage progresses in chronic kidney 
disease. However, since biomarkers such as C-reactive show a 
more significant increase in infection as well as inflammation, 
the need for new biomarkers to detect infection-related 
inflammation has increased.4 Although there are many 
biomarker studies on this subject in the literature, many of 

DOI: 10.51271/JCCVS-0054

Cite this article: Öztürk H, Felek D, Varlıbaş A, Hacıömeroğlu A, Öztürk ZN, Çifci A. Comparison of Pan-Immune Inflammatory Index in patients dialysed 
from catheters and fistulas. J Cardiol Cardiovasc Surg. 2025;3(2):29-34.

Corresponding Author: Duygu Felek, d.kocamemik@gmail.com

Received: 28/05/2025 ◆ Accepted: 25/06/2025 ◆ Published: 27/06/2025

https://orcid.org/0000-0002-1600-5637
https://orcid.org/0000-0002-7689-4552
https://orcid.org/0000-0002-7724-4906
https://orcid.org/0000-0003-4288-8071
https://orcid.org/0009-0002-0922-5065
https://orcid.org/0000-0001-8449-2687


30

J Cardiol Cardiovasc Surg 2025;3(2):29-34 Öztürk et al.

them have not been routinely used in clinical practice due to 
factors such as effective results and cost.5 For this reason, it 
is still very valuable to detect inflammation with routinely 
studied tests in clinical practice.

Many studies have been conducted on inflammation in 
chronic kidney disease, such as hemopoietic cells, vitamin 
levels, nutritional status, and the presence of nutrition.6,7 
However, most of them have been treated by physicians, some 
of which are treatable and some of which are incurable. The 
modifiable factors of dialysis are; method, vascular access 
route, dialysate, dialyzer, and when these are examined, 
not every method is suitable for every patient, but the more 
widespread use of hemodialysis compared to peritoneal 
dialysis has made it more possible to investigate this group.8,9 

Various vascular interventional methods are used during 
dialysis treatment. The first of the two main methods is the 
use of a catheter in hemodialysis treatment, which allows 
blood to be taken out of the body, and the fistula method, 
which allows blood to return to the body by opening a direct 
vascular access.10,11 These two methods can significantly 
affect patients’ compliance with treatment, quality of life, and 
long-term survival. However, there are some complications 
associated with both methods and inflammatory processes 
that can affect the immune system.12 During hemodialysis 
applications, some systemic inflammatory responses can 
be observed with both methods used. These responses can 
affect the response of patients to treatment, the development 
of infection, vascular occlusion and other cardiovascular 
complications. Therefore, evaluating the effects of both 
treatment methods on inflammatory processes is important 
for an optimal approach in the treatment process.13

Pan-Immune Inflammatory Index (PII) ((neutrophil count 
x platelet count x monocyte count)/lymphocyte count) is a 
tool used to measure systemic inflammation, and how this 
indicator changes in patients receiving dialysis treatment 
is an important research question. Whether catheter and 
fistula use have different effects on this inflammatory index 
can provide important information about the treatment 
processes of patients. Although fistula use is generally seen 
as longer lasting and less complicated, dialysis treatment with 
catheters is preferred for some patients because it provides 
faster access. The aim of the study is to better understand the 
advantages and disadvantages of both treatment methods by 
comparing their effects on inflammatory responses and to 
provide guidance for clinical applications.14,15

METHODS

Ethics
The study was initiated after obtaining ethics committee 
approval from Yozgat Bozok University Non-interventional 
Clinical Researches Ethics Committee (Date: 09.04.2025, 
Decision No: 457). All procedures were carried out in 
accordance with the ethical rules and the principles of the 
Declaration of Helsinki. 

Patients and Methods
The retrospective study was planned to include dialysis 
patients who applied to Kırıkkale University Internal 
Medicine Clinic, Ankara Private Balgat Dialysis Center, and 
Yozgat Bozok University Internal Medicine Clinic between 

January 2025 and February 2025. A total of 242 individuals 
were included in the study. The data to be obtained within 
the scope of the study were obtained from anamnesis and 
clinical course forms. In addition, they were recorded from 
the hospital information system and laboratory system. 
Demographic data (age, gender), data regarding the past 
history (chronic diseases, continuously used medications), 
data regarding the duration of hemodialysis, laboratory data 
(HGB, WBC, PLT, MPV, neutrophil, monocyte, lymphocyte, 
C-reactive protein, urea, creatinine, glomerular filtration 
rate) were recorded. PII ((neutrophil count x platelet count 
x monocyte count)/lymphocyte count), a biomarker used to 
measure systemic inflammation, was calculated. Differences 
between hemodialysis vascular access and PII values ​​were 
analyzed statistically.

Inclusion criteria: Patients over 18 years of age with a 
diagnosis of chronic renal failure and on routine hemodialysis 
for at least one year.

Exclusion criteria: Patients under 18 years of age, patients 
on temporary hemodialysis (such as acute renal failure, 
intoxication, electrolyte imbalance), patients with signs of 
active infection, pregnancy, breastfeeding, patients with active 
malignancy, patients with a known history of rheumatologic 
disease, patients with a history of renal transplantation, 
patients receiving anti-inflammatory medical treatment, and 
patients who had surgery within the last 3 months.

Statistical Analysis
Data were evaluated with SPSS 22.00 package program and 
descriptive statistics were expressed as number (n), frequency 
(%), mean (Mean), standard deviation (±SD) in statistical 
analyses. Kolmogorov-Smirnov test was used to analyze the 
normality distribution of the data. Chi-square test was used 
to compare categorical variables. Independent groups T-test 
was used to compare two groups for normally distributed 
data and nonparametric Mann-Whitney U Test was used 
for non-normally distributed data. Chi-square test was used 
to compare the data. Statistically, p<0.05 was considered 
significant.

RESULTS

According to hemodialysis vascular access routes, 182 (75.2%) 
of the patients were dialyzed via fistula, 60 (24.8%) were 
dialyzed via catheter, 85% of the patients with hemodialysis 
via catheter had permanent catheters, 15% had temporary 
catheters, 88% had jugular catheters, and 12% had subclavian 
and femoral catheters. The mean duration of hemodialysis due 
to chronic renal failure was 6.37 years. The mean glomerular 
filtration rate was calculated as 7.28. Of the 242 individuals 
included in the study, 145 (59.9%) were male and 97 (40%) 
were female. There was no statistically significant difference 
between the two genders. The mean age of the individuals 
included in the study was calculated as 63.53 years and there 
was no statistically significant difference between the groups 
in terms of age.

Monocyte, lymphocyte, neutrophil and platelet levels 
were recorded. No statistically significant difference was 
found between the hemogram findings of the two groups; 
the results of the analysis were calculated as p=0.731, 
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p=0.244, p=0.154, p=0.654, respectively. PII was calculated 
as 21125.33±39621.37 in patients receiving hemodialysis 
through fistula and 29745.24±50905.25 in patients receiving 
hemodialysis through catheter (p=0.037*) (Table 1).

Inflammation levels were calculated with the PII. 
Inflammation was found to be higher in individuals receiving 
hemodialysis through catheter compared to individuals 
receiving hemodialysis through fistula (Figure).

PII (neutrophil count x platelet count x monocyte count)/
lymphocyte count) calculation is a formulation that is 
directly proportional to neutrophil, platelet and monocyte 
counts and inversely proportional to lymphocyte count. 
When the correlation results were evaluated in accordance 
with this formula, strong positive correlations were observed 
with monocyte, platelet and neutrophil counts, while positive 
correlations were observed with lymphocyte counts, as 
expected. In correlation analyses, strong positive correlations 
were observed between PII and lymphocyte, monocyte, 
neutrophil and platelet counts (0.242**, 0.871**, 0.888**, 
0.888**, 0.365**, respectively). There was a weak negative 
correlation between duration of chronic kidney disease and 
PII (-0.242*) (Table 2).

When the presence of chronic diseases other than chronic 
kidney disease was evaluated, it was observed that 137 

patients had diabetes mellitus and 153 patients had 
hypertension. When the relationship between each of these 
diseases and PII was evaluated separately, PII was calculated 
as 27533.12±49497.57 in individuals with diabetes mellitus 
and PII was calculated as 24809.33±43607.57 in individuals 
with hypertension; although PII was higher in the presence 
of chronic diseases, the data were not statistically significant 
(p=0.053; p=0.435; respectively) (Table 3).

DISCUSSION

Of the 242 individuals included in the study, 145 (59.9%) 
were male and 97 (40%) were female; the mean age of the 
individuals was calculated as 63.53±12.89 and there was no 
statistically significant difference between the groups in 
terms of age. The fact that there was no difference between 
the results of the statistical analysis in terms of age and 
gender increases the power of the study and the low effect 
rate of non-modifiable factors. In the most recent report of 
the Turkish Society of Nephrology, in which the practices 
and distributions related to hemodialysis across the country 
were given in 2023, the annual incidence of hemodialysis was 
calculated as 190.9 in men and 128.6 in women per million 
population, and it was observed that it was higher in men. It 
was also noted that the rate of hemodialysis increased with 
increasing age. In our study, the number of male patients 
was higher in the male gender in accordance with national 
data. In our study, 182 (75.2%) patients received dialysis 
from fistula and 60 (24.8%) from catheter, and 85% of the 
individuals who received hemodialysis from catheter had 
permanent catheters, 15% had temporary catheters; 88% 
had jugular, 12% had subclavian and femoral catheters. In 
our study, it was observed that the number of individuals 
receiving hemodialysis through fistula was higher than 
the number of individuals receiving hemodialysis through 
catheter and jugular vein was more preferred in the choice 
of vein for catheter. In the 2023 National Nephrology 
dialysis and transplantation registry report, it was found that 
arteriovenous fistula use was 26.58%, arteriovenous graft use 
was 0.18%, permanent catheter use was 51.44% and temporary 
catheter use was 21.80%.16 Our patient profile showed a higher 
rate of fistula use, which is different from national data. In 
his evaluation of the vascular access route of hemodialysis 
patients in clinical practice, he drew attention to the selection 
of the appropriate method for the appropriate patient. He 
recommends fistula as the first choice because of the low 
risk of infection. Although there is evidence that the rate of 
hospitalization increases with the increased risk of infection 
caused by hemodialysis with central venous catheters, he 
concluded that there is insufficient evidence to explain the 
relationship with infection-induced hospitalization and 
consequently mortality. It emphasizes the importance of 
appropriate method and graft selection considering the risks 
of long-term vascular complications in fistulas.17

PII (neutrophil count x platelet count x monocyte count)/
lymphocyte count) calculation was formulated as directly 
proportional to neutrophil, platelet and monocyte count 
and inversely proportional to lymphocyte count. When 
our correlation results were evaluated in accordance with 
this formulation, we observed a strong positive correlation 
with monocyte, neutrophil and platelet counts as expected 
(0.871**, 0.888**, 0.365**, respectively), while the positive 

Table 1. Comparison of general data and Pan-Immune Inflammatory Index 
with hemodialysis access route

Fistula (n=182) Catheter (n=60)
p

Mean STD Mean STD

Age (years) 63.53 11.41 63.57 16.73 0.304

Disease duration 
of time 6.81 7.11 5.05 5.57 0.050

Lymphocytes 4.44 8.21 4.69 8.54 0.731

Monocytes 4.16 5.63 5.32 10.79 0.244

Neutrophils 27.50 28.63 33.57 31.94 0.154

Platelets 200.17 68.40 202.60 76.91 0.654

CRP 16.14 22.70 17.61 26.61 0.492

PII 21125.33 39621.37 29745.24 50905.25 0.037*
CRP: C-reaktif protein, PII: Pan-Immune Inflammatory Index

Figure. Hemodialysis vascular access route
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correlation with lymphocyte count (0.242**) was thought to 
be due to the fact that other parameters in the hemogram 
were higher in individuals with higher lymphocytes. In 
inflammation, the increase in lymphocytes is not more than 
the increase in monocytes, neutrophils and platelets. In our 
study, the minimum duration of hemodialysis due to chronic 
renal failure was 1 year and the maximum duration was 55 
years with a mean of 6.37 years. A weak negative correlation 
was observed between the duration of chronic kidney disease 
and PII (-0.242*), suggesting that hemodialysis due to chronic 
renal failure reduces inflammation in the long term. Increased 
inflammation due to chronic renal failure is removed from 
the body by long-term hemodialysis and further investigation 
with data related to the frequency of hemodialysis is needed. 
Inflammation in chronic kidney disease is quite high and the 
factors that increase and decrease it have been investigated. 
Because it has been observed that inflammation increases 
mortality and morbidity.18 In fact, inflammation has been 
one of the factors blamed for fibrosis in the clinical course 
of chronic kidney disease.19 In our study, we examined the 
effect of catheter and fistula on systemic inflammation in 
the group in which end-stage inflammation was considered 
to be high rather than stage-related inflammation and we 
found that inflammation was higher in individuals receiving 
hemodialysis through catheter compared to individuals 
receiving hemodialysis through fistula. Many studies have 
addressed infection-related inflammation in hemodialysis 
patients with catheters.20 However, it has been concluded 
that the catheter can be almost as safe as the fistula in 
patients with clean and regular care and can be used safely in 
pregnant women when hemodialysis is necessary. However, 
it was still emphasized that the safest method should be 

preferred by informing about vascular access methods before 
pregnancy.21 As a result, it was expected that the catheter 
with a foreign body increased the infection rate by forming 
a biofilm layer and the associated inflammation was found 
to be high.22 However, in our study, we tried to minimize 
the effect of infection-related inflammation by studying in 
patients with no evidence of active infection. As a result, we 
observed that inflammation was high in the patient group 
with catheter even if there was no current infection. This 
result proved that there was a qualitative data proving that 
there was a condition related to inflammation caused by the 
foreign body. In the study conducted by Çantay et al.23 in 
the gastrointestinal system, data on inflammation caused 
by foreign body were obtained and local inflammation was 
mentioned. However, the inflammation caused by a foreign 
body such as a catheter, which was present for a long time in 
our study, is expected to be more widespread and may reach 
detectable levels in systemic terms. On the other hand, the 
results of the analysis also raised the question of whether the 
catheter would be less effective than the fistula in clearing 
the existing inflammation. Because according to the analysis 
results found in the literature, many biomarker studies have 
been conducted to evaluate inflammation. Malyszko et al.24 

study on inflammation-associated neutrophil genatinase; 
Doğan et al.25 study on Apelin 13; Mohammed et al.26 study 
on asymmetric dimethylarginine. It is obvious that these 
and similar biomarkers have no place in clinical practice. 
Because high cost and effective results limit the use of these 
and similar biomarkers. However, in addition to these 
biomarkers, prediction of inflammation with the results of 
routine analysis has also been the subject of the literature. 
The use of leukocyte-related inflammation index not only 
in hemodialysis patients but also in tremor and studies on 
inflammation prediction with hematologic laboratory data in 
patients with lupus are examples.27,28 Studies have also been 
conducted in chronic kidney disease and there are studies 
on additional systemic inflammatory index.29,30 Unlike the 
existing studies, our study also examines the relationship of 
the known increased inflammation with the vascular access 
route and the duration of chronic kidney disease. The finding 

Table 2. Correlation of Pan-Immune Inflammatory Index with general data and hemogram values

CKD duration (years) Lymphocyte Monocyte Neutrophil Platelets CRP PII

CKD duration (years) r

p

Lymphocyte r -0.019

p 0.766

Monocyte r -0.069 0.459

p 0.282 <0.001

Neutrophil r -0.107 0.376 0.748

p 0.095 <0.001 <0.001

Platelets r -0.065 0.298 0.215 0.255

p 0.316 <0.001 <0.001 <0.001

CRP r 0.108 0.029 -0.041 0.048 0.127

p 0.096 0.658 0.525 0.455 0.049

PII r -0.127 0.242 0.871 0.888 0.365 <0.001

p 0.050 <0.001 <0.001 <0.001 <0.001 0.982

CKD: Chronic kidney disease, CRP: C-reaktif protein, PII: Pan-Immune Inflammatory Index

Table 3. Association between Pan-Immune Inflammatory Index and chronic 
disease

Yes No p

Diyabetes mellitus 27533.12±49497.57 17420.29±30566.12 0.053

Hypertension 24809.33±43607.57 20384.64±41076.65 0.435
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that inflammation was higher with increasing duration of 
chronic kidney disease did not show that the presence of a 
catheter increased inflammation more than a fistula, but 
supported that the catheter could not remove inflammation-
related toxins as well as the fistula.

When the etiologic factors of hemodialysis patients were 
analyzed in our study, it was observed that diabetic and 
hypertensive nephropathy were the major etiologic factors. 
Although PII was found to be higher in the presence of 
chronic diseases other than chronic kidney disease, the data 
were not statistically significant. This result again increases 
the power of the study in the relationship between chronic 
kidney disease and PII. According to national nephrology 
registry data, diabetes mellitus rate was 34.87% and 
hypertension rate was 24.42% in individuals undergoing 
hemodialysis due to end-stage renal failure in our country; 
however, the frequency of hypertension was found to be 
higher in our patient profile.16 In the literature, there are 
studies evaluating the presence of chronic disease and PII and 
in the study by Tuzimek et al.31 no significant difference was 
observed in the systemic inflammation index used to predict 
acute coronary syndrome in diabetic patients. In the study by 
Huang et al.,32 a positive correlation was observed between 
fragility fracture in postmenopausal anemic women with 
type 2 diabetes, indicating that the systemic inflammatory 
index is a useful tool in predicting this condition. Xiu et al.33 

evaluated the use of the systemic inflammation index as a 
predictive factor in hypertension follow-up and concluded 
that it can be used as an early warning parameter in the 
determination of mortality and poor prognosis. It has been 
observed that systemic inflammation index has a wide range 
of studies in chronic diseases.

CONCLUSION 

Inflammation is a problem that occurs in many diseases 
and conditions and it is very important to detect, prevent 
and attempt to reduce it. Unfortunately, it is not yet 
possible to predict the level of inflammation with a single 
biomarker. Since there is not yet a directly related parameter 
developed to analyze the level of inflammation, the need 
for formulation methods is obvious. In our study, PII was 
used for inflammation assessment. PII is a value calculated 
by neutrophil count x platelet count x monocyte count)/
lymphocyte count and has been proven to increase in 
inflammation. In our study, we analyzed in which conditions 
the oxidative stress increased in hemodialysis with PII is 
higher and what are the parameters that trigger it, and as a 
result, we found that inflammation was higher in patients 
undergoing hemodialysis through catheter compared to 
patients undergoing hemodialysis through fistula. It was 
thought that the increased oxidative stress in chronic kidney 
disease may be further removed by hemodialysis through 
fistula or inflammation caused by foreign body such as 
catheter may be higher. For a more definitive decision, 
further investigation is needed by examining pre- and post-
hemodialysis evaluation in individuals with chronic kidney 
disease with and without hemodialysis.
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ABSTRACT
Aims: Death in patients with peripheral artery disease (PAD) is most often due to coronary artery disease (CAD) or 
cerebrovascular accidents (CVA). Systemic Immune-Inflammation Index (SII) can be used as a prognostic indicator in different 
cardiovascular diseases (CVD), including PAD. Our aim in this study was to investigate the predictive value of SII in detecting 
the coexistence of other CVD in patients with PAD. 
Methods: The study included the results of 100 patients who were admitted to the cardiovascular surgery outpatient clinic 
of our hospital and diagnosed with PAD. PAD, CAD and carotid artery disease (CAAD) were diagnosed by history, physical 
examination, electrocardiography, duplex ultrasonography and ankle-brachial index (ABI) calculation. SII was determined as 
neutrophil count multiplied by platelet count and divided by lymphocyte count. 
Results: 38 patients had CAAD, 28 had CAD, 19 had only PAD and 15 had all 3 diseases. Platelets levels (285±32.6 vs 234±9.6, 
p<0.001), Neutrophils levels (4.9±1.1 vs 4.1±9.8, p<0.001) and SII levels (4.9 ±1.1 vs 4.1±1.8, p<0.001) were compared in both 
groups with and without other arterial diseases in terms of laboratory findings, while other laboratory findings were not 
statistically different between both groups (p<0.05).
Conclusion: In our study, we found that those with CAD or CAAD had higher SII levels than those with only PAD. 

Keywords: Peripheral artery disease, Systemic Immune-Inflammation Index, multi-territorial atherosclerotic disease

INTRODUCTION

Atherosclerosis is a systemic and inflammatory disease that 
can involve the entire arterial system.  The most common 
types of atherosclerosis are coronary artery disease (CAD), 
carotid artery disease (CAAD) and peripheral artery disease 
(PAD). Studies have shown a link between the severity of 
atherosclerosis in one arterial territory and the occurrence of 
atherosclerotic disease in other territories.1-4 In patients with 
CAAD and carotid artery stenosis ≥70%, 12.5% have PAD 
and 3.1% have CAD.5 24.5% of patients with PAD and 11.1% 
of patients with CAD have ≥70% carotid artery stenosis.6 
Therefore, in patients with PAD, the cause of death is mostly 
due to CAD or cerebrovascular events (CVAs). 

The Systemic Immune-Inflammation Index (SII), a parameter 
of inflammation, is a prognostic indicator of adverse outcomes 
in various types of cancer.7-9 Furthermore, recent studies have 
shown that SII, calculated by multiplying neutrophil and 

platelet counts multiplied by lymphocyte count divided by 
lymphocyte count, can be used as a prognostic indicator in 
different cardiovascular diseases (CVD), including PAD.10-13

Our aim in this study was to investigate whether SII can be 
used to detect the coexistence of other CVDs in patients with 
PAD.

METHODS

This study was prepared using data obtained from the 
Medical Master’s Thesis titled ‘’Risk of cardiovascular and 
cerebrovascular diseases in patients with PAD’’ which we 
completed in 2007 (Medical Specialization Thesis, Erciyes 
University, Faculty of Medicine, Department of Surgical 
Medical Sciences, Department of Cardiovascular Surgery, 
Kayseri, Turkiye, 2007 / Thesis No:193683). Our hospital’s 
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Institute of Research Ethics reviewed this study involving 
human subjects The study was conducted in accordance with 
the guidelines set out in the Declaration of Helsinki. The 
ethics committee was informed about the non-experimental 
design of the retrospective study and approved the study. 

The study included the results of 100 patients who were 
admitted to the cardiovascular surgery outpatient clinic 
of our hospital and diagnosed with PAD between 02/2005-
09/2006. History and physical examination were recorded. 
PAD, CAD and CAAD were diagnosed by history, physical 
examination, electrocardiography, duplex ultrasonography 
and ankle-brachial index (ABI) calculation.  The diagnosis 
of ABI was made by measuring the systolic pressures of the 
posterior tibial artery and dorsalis pedis and dividing the 
higher value by the systolic pressure of the brachial artery. 
Similar measurements were made in both extremities and 
the lower ABI value was accepted as the patient’s ABI value.14  

PAD classification was performed with Rutherford15 grading. 
CAAD was investigated by duplex ultrasonography.  The 
intima-media thickness of the right and left internal carotid 
artery and the bifurcation area was measured and the 
presence of a lesion was recorded. 

Exclusion criteria for the study were as follows: Patients 
with a history of acute coronary syndrome, anemia, active 
infection or systemic inflammatory disease, autoimmune or 
chronic inflammatory disease, heart failure (ejection fraction 
<40%), chronic anti-inflammatory drug use, impaired liver 
and kidney function, ABI greater than 1.3. 

Blood samples were collected between 08:00-10:00 in the 
morning. Antecubital venous blood samples were collected 
in tubes containing tripotassium EDTA as anticoagulant. 
All routine biochemical tests and hematologic parameters 
were evaluated using an autoanalyzer. SII was determined as 
neutrophil count multiplied by platelet count and divided by 
lymphocyte count.

Statistical Analysis
The data analyses were performed using SPSS 21.0 for 
Windows (SPSS Inc., Chicago, IL, USA). The distribution of 
quantitative variables was checked with the Shapiro-Wilk 
test. Descriptive data were presented as mean±standard 
deviation and median (interquartile range, IQR) depending 
on the normality of the distribution. Median and quartile 
ranges were given for non-normally distributed variables. 
An independent samples t-test was used for the comparison 
of quantitative variables with normal distribution, and the 
Mann-Whitney U test was used for quantitative variables 
without normal distribution. Categorical variables were 
compared using the Chi-square test. p values below 0.05 were 
accepted to show statistically significant.

RESULTS

A total of 100 patients were included in the study. The mean 
age was 59.8±13.1 years. 93 of them were male. 58 patients 
were smokers. 38 patients had CAAD, 28 had CAD, 19 had 
only PAD and 15 had all 3 diseases. Diabetes mellitus (DM) 

was present in 32 patients and hypertension (HT) was present 
in 46 patients. Patients were divided into 2 groups: those 
with PAD only and those with concomitant disease in other 
arterial systems. When demographic characteristics were 
compared, no difference was observed between the groups 
in terms of age, gender, history of DM/HT/dyslipidemia, 
smoking history, body-mass index, heart rate, blood pressure 
measurements and Rutherford classification (p<0.05) (Table 1).

Platelets levels (285±32.6 vs 234±9.6, p<0.001), Neutrophils 
levels (4.9±1.1 vs 4.1±9.8, p<0.001) and SII levels (4.9±1.1 vs 
4.1±1.8, p<0.001) were compared in both groups with and 
without other arterial diseases in terms of laboratory findings, 
while other laboratory findings were not statistically different 
between both groups (p<0.05) (Table 2).

Table 1. Demographic characteristics of the study populations

Another artery disease

Yes No p value

Variables (n=81) (n=19)

Age (years) 57.8.2±8.6 61.2±10.1 0.502

Women gender (n, %) 5 (6.2%) 2 (10.5%) 0.455

Diabetes mellitus (n, %) 26 (32.1%) 6 (31.6%) 0.655

Hypertension (n, %) 36 (44.4%) 10 (52.6%) 0.672

Dyslipidemia 19 (23.5 %) 4 (21%) 0.391

Carotid artery disease (n, %) 38 (46.9%) 0 (46.3%) -

Coronary artery disease (n, %) 28 (34.6%) 0 (6.9%) -

Smoking (n, %) 47 (58%) 11 (57.9%) 0.145

Body-mass index (kg/m2) 28.3±4.1 29.5±4.8 0.931

Systolic blood pressure (mmHg) 133.6±13.7 132.8±15 0.654

Diastolic blood pressure (mmHg) 81.7±8.7 84±9.9 0.331

Heart rate 88.1±14.7 92.3± 8.5 0.07

Rutherford classifications (≥3) 22 (27.2%) 5 (26.3%) 0.717

Table 2. Laboratory findings of the study populations

Another artery disease

Yes No p value

Number of patients (n=81) (n=19)

Glucose (mg/dl) 100.5±33.8 91.5±32.1 0.566

 Serum creatinine (mg/dl) 0.91±0.41 0.95±0.39 0.620

AST (U/L) 25.2±7.3 22.7±7.9 0.667

ALT (U/L) 27.9±7.5 25.4±7.9 0.723

LDL cholesterol (mg/dl) 149.6±41.1  146.5±53.6 0.089

Hemoglobin (mg/dl) 13.5±2.4 13.8±2.5 0.606

Platelet (103/µL) 285±32.6 234±9.6 <0.001

White blood cell (103/µL) 9.4±6.3 8.3±4.1 0.132

Neutrophil (103/µL) 4.9±1.1 4.1±1.8 <0.001

Lymphocyte (103/µL) 2.09±0.7 2.25±0.8 0.056

SII 699 (443-1139) 431 (299-599) <0.02
AST: Aspartate aminotransferase, ALT: Alanine aminotransferase (U/L), LDL: Low-density 
lipoprotein, SII: Systemic Immune-Inflammation Index
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DISCUSSION

In this study, we reached results that may suggest that SII, 
which is considered a good inflammatory marker, can be 
used to predict the presence of CAAD and CAD in patients 
with PAD.

Peripheral arterial disease (PAD) is a group of diseases 
that are common and usually related to atherosclerosis, 
causing morbidity and mortality. It may occur due to 
living conditions, habits and occupation.16,17 A significant 
proportion of patients with PAD have been reported to have 
CAD.18-20 Some autopsy studies have shown that almost all 
patients with severe lower extremity PAD have extensive 
atheroscleric disease in the coronary arteries.20 In addition, 
a significant association between low ABI values and CAAD 
has been shown.21

As the severity of inflammation increases in the host, 
it is obvious that inflammation markers will increase 
accordingly. PAD patients had higher neutrophil counts 
than CAD patients, suggesting higher inflammation and 
thus more aerosclerosis in PAD than in CAD patients.22,23 

Bravetti et al.22 showed that CAD patients with concurrent 
PAD had higher neutrophil counts than those with CAD 
alone. Similarly, Rossi et al.24 in another study showed that 
blood leukocyte counts in patients with acute myocardial 
infarction increased in proportion to the plaque density in 
the carotid arteries. Vidacovic et al.25 found that patients with 
atherosclerotic vascular disease had more elevated CRP levels 
when each peripheral arterial territory was included. In our 
study, we found that blood neutrophil counts were higher in 
patients with PAD, regardless of which arterial segment had 
atherosclerotic disease. 

The ABI is an inexpensive and readily available test for the 
diagnosis of PAD. It has shown improved mortality prediction 
when PAD is determined to be present based on an ABI ≤ 
0.9 and when combined with NLR.26 A higher neutrophil 
count has been shown to be associated with major adverse 
cardiovascular events, death and a composite of myocardial 
infarction, stroke and death in patients with PAD.27 Aykan 
et al.28 claimed in a study that NLR is associated with the 
prevalence and complexity of PAD. A review by Bhat et 
al.29 also evaluated that NLR was an independent predictor 
of early and mid-term amputation in patients with acute 
limb ischemia after embolectomy, a predictor of mortality 
and/or major amputation in critical limb ischemia, and 
an independent predictor of PAD severity. Songur et al.30 

found a correlation between PLR and higher amputation 
rate in patients with PAD. In addition, Yalım et al.31 also 
claimed a correlation between PLR and NLR in multisite 
atherosclerosis. 

There is a growing body of evidence suggesting that SII, 
calculated with three, is a stronger predictor of immune 
and inflammatory status in patients than single-component 
(neutrophils, lymphocytes, platelets) and two-component 
(PLR and NLR) inflammatory markers. There are studies 
showing that high SII levels are superior to NLR and 
PLR in predicting the risk of clinical outcomes in various 
diseases.7,9,11,12 In addition, Zhang et al.32 found that elevated 
SII on admission was independently associated with 

the presence of plaque thickness and ulceration in acute 
ischemic stroke. Aktemur et al.33 found that SII is an effective 
predictor of mortality risk in patients with iliac artery disease 
undergoing percutaneous intervention. Higher SII may 
indicate the possibility of more complex lower extremity 
arterial disease.13 Oflar et al.13 claimed that increased SII 
levels are an independent predictor of CAAD severity. In our 
study, we found that those with CAD or CAAD had higher 
SII levels than those with only PAD. When evaluated together 
with the literature, it can be speculated that individuals with 
more inflammation have higher SII levels. Although NLR and 
PLR levels were not evaluated, when considered together with 
other study results, it can be concluded that SII is a better 
inflammatory marker for the detection of those with more 
extensive atherosclerotic disease. 

Considering our results in terms of physiopathologic 
mechanisms, neutrophils invade the plaque and initiate and/
or exacerbate tissue damage and inflammation by directly 
and indirectly affecting both endothelial and smooth 
muscle cells through the mediators they secrete.35,36 With 
endothelial damage, monocyte/lymphocyte migration 
to the subendothelial region and subsequent foam cells, 
fatty streaks, which are the first stage of atherosclerotic 
plaques, are formed, and then the atherosclerotic plaque 
progresses with the continuation of slow inflammation. 
In addition, proteolytic enzymes and growth factors 
released from monocytes (foam cells) and lymphocytes 
have important roles in damage and repair.37 Lymphopenia 
occurs due to physiological stress and a mechanism such as 
decreased cell production, tissue-level redistribution or cell 
apoptosis.38 With increased lymphocyte apoptosis within 
the atherosclerotic plaque, plaque development progresses 
and destabilization occurs within the plaque.38 Platelets are 
a key component of the cellular process in hemostasis, as 
well as being important in maintaining vascular integrity 
in the absence of injury and protecting against spontaneous 
bleeding.39 Platelets regulate lymphocyte activation and 
influence the function of lymphocyte subpopulations. They 
also contribute to the migration and proliferation of smooth 
muscle cells.37,40,41

Limitations
This study has some limitations. The study included a small 
number of patients and was a single-center, retrospective 
study. The number of patients in our study may have been 
insufficient and our data set is quite old. This may have caused 
unintentional bias in our statistical results. In our study, we 
only evaluated the presence of CAAD. Therefore, we did not 
evaluate the carotid artery stenosis rate. Considering that 
the severity of carotid artery stenosis is related to LVH, this 
can be considered a limitation of our study. SII levels were 
calculated only during hospital admission. Furthermore, 
parameters potentially affecting atherosclerosis, such as 
VEGF, TGFα-β, and NO, were not measured and the lack of 
a follow-up study does not provide insight into the long-term 
changes and effects of SII.

CONCLUSION

Neutrophils and platelets positively influence inflammation 
and the development of atherosclerotic plaques, whereas 
a decrease in lymphocytes has a negative effect. These 
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findings suggest that SII may serve as a more accurate 
and comprehensive measure to predict immunologic and 
inflammatory/anti-inflammatory states in the individual. The 
results of the present study suggest that SII, a useful, simple, 
easily measurable and inexpensive indicator of inflammatory 
status, is a powerful inflammatory marker for predicting 
additional arterial system diseases (CAD and CAAD) in PAD 
patients. Larger and multicenter studies are needed to better 
analyze all possible predictors of disease development.
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ABSTRACT
Cardiac papillary fibroelastomas are the second most common benign heart tumor after myxomas. They are usually 
asymptomatic but may cause embolic symptoms. In this case report, we present a patient who developed acute thrombosis 
in the lower extremity and was operated for cardiac papillary fibroelastoma in addition to embolectomy. In addition, tumor 
recurrence developed 2 years later, multiple embolisms occurred in the kidney and spleen, and aortic valve replacement was 
performed.

Keywords: Cardiac papillary fibroelastoma, heart tumor, embolism

INTRODUCTION

Cardiac papillary fibroelastomas (CFE), accounting for <10% 
of all cardiac tumors, are the second most common benign 
heart tumor after myxomas.1 They are usually asymptomatic 
and diagnosed incidentally. However, according to the 
localization and size of the tumor; stroke, myocardial 
infarction, pulmonary embolism, embolism in extremity 
arteries, renal artery and splenic artery may occur, sudden 
cardiac death may develop.2 In this case report, we present 
a patient who first developed acute thrombosis in the iliac 
artery, therefore embolectomy was performed and then 
cardiac mass was removed, and two years later, kidney and 
spleen infarction developed and aortic valve replacement 
(AVR) was performed due to the recurrence of the tumor in 
the aortic valve.

CASE

Patient consent was obtained for this study. A 50-year-old 
female patient was admitted to an external center with the 
complaint of pain in her right leg and embolectomy was 
performed due to the detection of acute thrombus in the right 
iliac artery. She was referred to us after a 12x12 mm mass was 
detected at the level of the aortic valve in the transthoracic 
echocardiography (TTE). Her vital signs were stable, and 
there was no abnormality in her examination, history and 
laboratory parameters. However, due to sudden onset of 
pain, coldness and color change in the left leg, left femoral 
embolectomy was performed. She was then operated with a 
median sternotomy, and a fragile, lobulated mass extending 
over the aortic valve noncoronary leaflet was removed. 

No dysfunction was observed in the aortic valve. Fibrous 
material was detected in the pathology report of the operation 
material. After the left femoral embolectomy, the material 
sent to pathology was also found to be fibrinous material. The 
patient did not develop any complications in the follow-up, 
and was discharged with 300 mg of acetylsalicylic acid (ASA).

Two years later, a solid mass of 10x9 mm was detected in 
the left leaflet of the aortic valve in the TTE of the patient 
who developed dyspnea. Ejection fraction: 40%, mild 
mitral regurgitation, moderate aortic regurgitation, and 
a maximum gradient of 27 mmHg in the aortic valve were 
detected. Thereupon, cardiac magnetic resonance (MR) was 
performed to evaluate the recurrence of the mass and other 
cardiac cavities, and a solid mass was observed in the same 
place (Figure 1). In addition, bilateral renal hypoechoic areas 
were detected in abdominal ultrasonography. On computed 
tomography of the abdomen, there was an ischemic lesion 
area of embolism and infarct areas in the right kidney in the 
middle and upper pole posterolaterally. There were ischemic 
areas in the upper pole posterior and lower pole of the left 
kidney, but no infarction had developed yet (Figure 2). In 
addition, an infarct area due to embolism was detected in the 
posterosuperior part of the spleen (Figure 3).

Thereupon, it was decided to re-operate the patient. Median 
sternotomy was performed at the same place, and there was a 
1x1x0.5 cm rough, hard mass on the right aortic leaflet with 
a broad base, extending between the right and left leaflets, 
and restricting the movement of both leaflets. The mass 
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was excised together with the dysfunctional aortic valve. 
The aortic root was enlarged with the Nick technique using 
a synthetic graft and a number 23 St. Jude mechanical valve 
(St. Jude Medical, Minneapolis, USA) was inserted. In the 
pathology report, it was observed that fibrous connective 
tissue was formed in the blood-fibrin association. In the 

follow-up, the patient was extubated on time and discharged 
with ASA 300 mg and warfarin.

DISCUSSION

Primary tumors of the heart are less common than secondary 
tumors. CFE comes after myxomas, which is the most 
common heart tumor, and is the second most common 
heart tumor and has a benign character.1 CFE consists of a 
small papillary, pedunculated, avascular tumor covered by 
a single endothelial layer containing variable amounts of 
elastic fibrils in the form of collagenous connective tissue 
in the hyaline stroma.3 The worldwide prevalence of CFE 
during autopsies and open heart surgery ranges from 0.02% 
to 0.45%, respectively.4 CFE occurs in the aortic valve in 29%, 
the mitral valve in 25%, the tricuspid valve in 17%, and the 
pulmonary valve in 13%.5

Patients are mostly asymptomatic. Although it is histologically 
benign, it varies according to the location, size, growth rate 
and embolization tendency of the tumor; It can cause life-
threatening complications such as stroke, valve dysfunction, 
embolism, myocardial infarction, pulmonary embolism and 
sudden death. Mechanisms of thromboembolism include 
tumor embolization and thrombus formation on the tumor. 
Tumor size may not be an indicator for thromboembolism 
risk.6

Warfarin or antiplatelet therapy can be used in the treatment 
of small and asymptomatic lesions and may be useful in 
preventing thromboembolic events.7 However, surgical 
removal of tumors larger than 1 cm is recommended due 
to the risk of embolization and sudden death.4 Although 
the need for surgery in small and asymptomatic cases is 
controversial, embolization has also been reported in a 3 mm 
tumor.8 In our case, the size of the tumor was more than 1 
cm and we excised it surgically because it was symptomatic. 
After the first operation, valve functions were observed to be 
normal and the patient was discharged without complications. 
However, two years later, recurrence developed in the same 
place. This time, aortic valve functions were also observed to 
be impaired. For this reason, this time we had to remove the 
aortic valve along with the mass, and therefore we performed 
AVR.

Recurrence is not common because CFE is benign. In our 
case, the first complaint of the patient was distal arterial 
embolism, which developed at close intervals and twice. At 
his second visit, in addition to the recurrence of the tumor, 
ischemic findings and infarct areas were also detected in the 
kidney and spleen. Since the coexistence of these conditions 
is very rare, we think that this case report contributes to 
the literature. Therefore, cardiac evaluation is extremely 
important in patients presenting with embolism in the 
extremity arteries and visceral organs. In the case of recurrent 
and multiple embolism in patients with a previous history of 
cardiac tumors, it should be kept in mind that benign tumors 
may also develop recurrence, and imaging methods such 
as MR or transesophageal echocardiography (TEE) should 
be investigated. In addition, the surgical material should 

Figure 1. Red arrows indicate recurrent cardiac papillary fibroelastoma in the 
left leaflet of the aortic valve on cardiac magnetic resonance

Figure 2. Red arrows indicate ischemic and infarct areas in the kidney on 
computed tomography

Figure 3. Red arrows indicate the area of infarct due to embolism in the 
posterosuperior part of the spleen on computed tomography
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be examined pathologically in patients presenting with 
embolism.

CONCLUSION

Although cardiac fibroelastomas are benign, recurrence 
can be seen. It can cause embolization and should be kept 
in mind in the differential diagnosis of patients presenting 
with embolism. Although there is no definite consensus on 
surgical removal in asymptomatic patients, they should be 
surgically removed in symptomatic patients.
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