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ABSTRACT

Aims: Central venous catheters are essential for establishing temporary or permanent vascular access in patients undergoing
hemodialysis. This study aimed to evaluate complications related to hemodialysis catheters and to identify factors influencing
their functional duration.

Methods: A total of 193 adult patients who required hemodialysis catheterization were evaluated prospectively. Demographic
characteristics, comorbidities, laboratory parameters, catheter type, insertion site, and the use of ultrasonographic guidance
were recorded. Catheter patency and reasons for removal were analyzed.

Results: Catheter survival differed significantly by insertion site (p<0.05). Femoral catheters had shorter patency compared
with catheters placed in the internal jugular or subclavian veins. Catheters inserted without ultrasonographic guidance were
more frequently removed due to dysfunction (p<0.05). Other removal causes did not differ significantly according to the use of
ultrasonography.

Conclusion: The study identified several factors influencing catheter longevity, in alignment with previously published
findings. Femoral access, absence of ultrasonographic guidance, lower educational level, advanced age, elevated ferritin, and

low albumin levels were associated with poorer outcomes.

Keywords: Central venous catheter, hemodialysis, vascular access

INTRODUCTION

The kidneys play an essential role in maintaining internal
homeostasis through the elimination of metabolic waste,
regulation of acid-base and water—electrolyte balance,
blood pressure control, and detoxification of endogenous
and exogenous substances.! When these functions become
impaired, renal replacement therapies are required.Dialysis
removes excess fluid and metabolic by-products that cannot
be adequately excreted due to renal dysfunction.? It functions
as an externally controlled artificial kidney and contributes
to maintaining patient well-being and quality of life.?

Dialysis indications are commonly classified as acute
kidney injury, chronic kidney disease (CKD) and conditions
requiring extracorporeal clearance independent of renal
failure. Hemodialysis is the most frequently used modality
for renal replacement therapy in clinical practice. Its essential
components include the dialysis machine, dialysate, and
vascular access route. Central venous catheters (CVCs)
provide either temporary or permanent vascular access for
hemodialysis. Temporary access is typically obtained via
catheterization of the internal jugular, subclavian, or femoral

veins. Permanent access methods include arteriovenous
fistulas, arteriovenous grafts, and tunneled catheters.®
Some tunneled catheters and implanted ports may remain
functional for several years,>® and there are reports of
hemodialysis catheters remaining patent for more than five
years.”® However, the ideal duration for maintaining such
catheters is still uncertain.

This study aimed to evaluate complications associated with
hemodialysis catheters and to identify factors influencing
catheter longevity. Catheter-related complications are
generally categorized as insertion-related events, flow
dysfunctions, mechanical or structural problems, and
catheter-associated infections. These categories were
examined comprehensively.

METHODS

This study was conducted under the supervision of the
Division of Nephrology, Department of Internal Medicine,
Cumbhuriyet University. This study has been approved by
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the Clinical Researches Ethics Committee of Cumhuriyet
University (Date: 09. 10. 2018, Decision No: 2018-10/01). The
study adhered to the principles of the Declaration of Helsinki.
The study was conducted prospectively.

Patients aged 18 years or older who underwent temporary or
permanent hemodialysis catheterization between November
2018 and January 2020 were included. For each patient, the
two most recent hemoglobin and C-reactive protein (CRP)
values, as well as serum albumin, ferritin, and pre-dialysis
creatinine levels, were collected from the hospital’s electronic
database. Demographic and clinical data—including age, sex,
presence of chronic infection, educational level, comorbidities
(diabetes mellitus, hypertension, heart failure), and body-
mass index—were recorded.

Statistical Analysis

Procedure-related variables included the site of catheter
insertion, use of ultrasonography, catheter material, insertion
and removal dates, prophylactic antibiotic use, adherence
to catheter-care protocols, catheter tip configuration, and
catheter type (temporary vs. permanent). When catheters
were removed, the date and reason for removal were
documented. Patients were monitored daily for catheter
function. All analyses were performed using SPSS version
22.0. Normality was evaluated with the Kolmogorov-
Smirnov test. The Independent samples t-test was used
when parametric assumptions were met; otherwise, the
Mann-Whitney U test was applied. The Kruskal-Wallis test
was used for comparisons involving more than two groups.
Logistic regression analysis was employed for multivariate
modeling, and categorical variables were analyzed using the
Chi-square test. Statistical significance was defined as p<0.05.

RESULTS

A total of 193 patients (age range: 23-96 years; mean age:
69.43%15.28) were included. Of these, 60.6% (n=117) were
undergoing hemodialysis for the first time. The most common
catheter type was the non-tunneled internal jugular catheter.
CKD was present in 46.1% (n=89). The prevalence of diabetes
mellitus (x*=4.17, p=0.041), hypertension (x*=6.65, p=0.010),
and heart failure (x*=4.88, p=0.024) was significantly higher
in patients with CKD.

Catheter survival differed significantly according to insertion
site  (p<0.05). Femoral catheters demonstrated shorter
functional duration compared with those placed in the
internal jugular or subclavian veins. Among first-time dialysis
patients, the proportion of femoral catheters was higher
than in chronic dialysis patients, but this difference was not
statistically significant (x’=1.98, p=0.371). Of the catheters
that remained functional for more than 30 days, 61.7% (n=29)
had been inserted under ultrasonographic guidance.

Although catheter survival differed across insertion sites, the
distribution of removal reasons did not differ significantly by
insertion site (p>0.05). Only 18.65% (n=36) of catheter removals
were due to catheter-related complications. Additionally,
5.70% (n=11) were removed upon the recommendation of the
infectious diseases department due to infections originating
from other sites. A significant association was observed
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between the use of ultrasonography and the reason for catheter
removal (p<0.05). Catheter malfunction was more frequent
when USG guidance was not used. Malfunction occurred in
8.8% (n=10) of USG-guided insertions and 15.0% (n=12) of
insertions performed without USG (Table 1).

Table 1. Impact of ultrasound guidance on reasons for hemodialysis

catheter removal

Ultrasound
Without ~ With  Total
S 4 7 11
Systemic infection
% 5.0% 6.2% 5.7%
S 12 10 22
Malfunction
% 15.0% 8.8% 11.4%
Catheter area S 1 2 3
bleeding or pain % 1.3% 1.8% 1.6%
S 1 6 7
Patient request
% 1.3% 5.3% 3.6%
Reason for S 14 2 56
catheter Cure
removal % 17.5% 372%  29.0%
S 13 17 30
Transition to fistula
% 16.3% 15.0% 15.5%
Transition to S 8 8 16
permanent catheter % 10.0% 7.1% 8.3%
Long-term S 1 2 3
catheterization % 1.3% 1.8% 1.6%
S 26 19 45
Exitus (ex)
% 32.5% 16.8% 23.3%
S 80 113 193
Total
% 100.0% 100.0%  100.0%

X?=15.67, p=0.047

Analysis of the data revealed that the risk of catheter-related
bacteremia was significantly higher in patients with femoral
catheters compared to those with catheters placed at other
sites (OR: 5.11; 95% CI: 1.17-22.42). Lower educational level
was associated with an increased likelihood of infection
compared to patients with higher education (OR: 0.055; 95%
CIL: 0.005-0.669). Additionally, older age was modestly but
significantly associated with an increased risk of infection
(OR: 0.842; 95% CI: 0.730-0.972).

No statistically significant association was observed between
infection risk and comorbidities, sex, catheter placement
setting, baseline hemoglobin, CRP, ferritin, or albumin
levels, nor with the presence of diabetes mellitus or nasal
colonization (Table 2).

Table 2. Factors significantly associated with the risk of catheter-related

bacteremia

] 95% CI
R"'ggs.sm't‘ SE  Sig. Odds
COCLICIC Lower Upper
Age -172 073 019 842 730 972
Catheter 1.633 754 030 5118 1.168 22.422
insertion site
Educational level 2902 1276 .023 .055  .005 669

SE: Standard error, CI: Confidence interval
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Ferritin levels were analyzed in relation to the reasons for
catheter removal among hemodialysis patients. A statistically
significant difference was observed between patients whose
catheters were removed due to clinical recovery, transition to
arteriovenous fistula, or death (p<0.05). Specifically, patients
who died had notably higher ferritin levels than those who
underwent clinical improvement or fistula placement,
suggesting a potential association between elevated ferritin
and adverse outcomes (Table 3).

A significant association was found between pre-
catheterization serum albumin levels and the underlying
reasons for hemodialysis catheter removal. Among patients
with albumin levels below 25 g/L, half of the catheters were
removed due to patient death, while 14.3% were removed
because of infection (p<0.05). In contrast, for patients with
albumin levels ranging from 25 to 40 g/L, 16.8% of catheters

were removed due to death and 11.2% due to catheter
dysfunction. These results suggest that lower albumin levels
may predispose patients to higher mortality and an elevated
risk of catheter-related complications (Table 4).

DISCUSSION

Hemodialysis is a renal replacement therapy performed via
a dialysis machine when the kidneys are unable to maintain
their physiological functions. It remains one of the most
frequently utilized modalities for both acute and CKDs.
Compared to peritoneal dialysis and renal transplantation,
hemodialysis continues to be the most commonly preferred
treatment. The number of patients receiving renal replacement
therapy in our country increases annually. In emergency
situations, where patients do not have an established vascular
access route, CVCs are the most frequently used option. In

Table 3. Association between ferritin levels and reasons for hemodialysis catheter removal

n Mean
Systemic infection 11 766.9091
Malfunction 22 630.9545
Catheter area bleeding or pain 3 326.3333
Patient request 7 773.5714
Cure 53 401.9396
Transition to fistula 30 316.3867
Transition to permanent catheter 16 578.6875
Long-term catheterization 3 1109.6667
Ex 45 888.7333
Total 190 589.9284

Standard error Minimum Maximum Results
720.68390 107.00 2000.00 KW=22.53
662.05722 14.00 2000.00 p=0.004*
172.71460 129.00 450.00
758.39454 20.00 2000.00
517.62619 12.00 2000.00
384.98233 28.00 1780.00
706.00583 35.00 2000.00
885.53957 229.00 2000.00
768.01132 15.00 2000.00
654.29857 12.00 2000.00

Table 4. Association between serum albumin levels and hemodialysis catheter removal reasons

Systemic infection

Malfunction

Catheter area bleeding or pain

Patient request

Cure

Reason for catheter removal

Transition to fistula

Transition to permanent catheter

Long-term catheterization

Ex

Total

73

Albumin levels
Total
-25 25-45 +40
6 5 0 11
14.3% 3.5% 0.0% 5.7%
2 16 4 22
4.8% 11.2% 50.0% 11.4%
0 3 0 3
0.0% 2.1% 0.0% 1.6%
2 5 0 7
4.8% 3.5% 0.0% 3.6%
9 45 2 56
21.4% 31.5% 25.0% 29.0%
2 26 2 30
4.8% 18.2% 25.0% 15.5%
0 16 0 16
0.0% 11.2% 0.0% 8.3%
0 3 0 3
0.0% 2.1% 0.0% 1.6%
21 24 0 45
50.0% 16.8% 0.0% 23.3%
42 143 8 193
100.0% 100.0% 100.0% 100.0%
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this study, we evaluated the complications associated with
these catheters, their functional survival, and the factors
influencing their performance.

Among the 193 patients included in the study, 55.4% (n=107)
were male and 44.6% (n=86) were female. This distribution
is consistent with the data from the European Clinical
Database, which collected information from 55 centers and
included 10,984 patients, of whom 56.84% (n=6.244) were
male and 43.16% (n=4.740) were female.

The use of ultrasound guidance during catheter insertion
provides procedural facilitation and contributes to a
reduction in potential complications. Previous studies
have demonstrated that ultrasound guidance significantly
decreases the failure rate of jugular and subclavian catheter
placement (odds ratio 0.32; 95% confidence interval 0.18-
0.55), reduces insertion-related complications (odds ratio
0.22; 95% confidence interval 0.10-0.45), and minimizes
the requirement for multiple insertion attempts (odds ratio
0.60; 95% confidence interval 0.45-0.79).° Consistent with
these findings, our study identified a statistically significant
difference in catheter dysfunction among patients in whom
ultrasound guidance was not utilized (p<0.05). These results
indicate that the application of ultrasound during catheter
placement positively affects catheter functionality and
performance.

Of the 193 catheters inserted, only five were permanent
tunneled catheters, whereas 188 were temporary non-
tunneled catheters. In terms of insertion sites, 61.1% of
catheters were placed in the jugular region, 25.9% in the
femoral region, and 13% in the subclavian region. Due to
the predominance of temporary catheters in our cohort, our
findings were primarily compared with studies evaluating
temporary catheter use.

A retrospective study involving 782 patients reported that
84.27% (n=659) had catheters placed in the jugular vein,
12.53% (n=98) in the femoral vein, and 3.19% (n=25) in the
subclavian vein.' Femoral catheters were associated with
a higher rate of dysfunction compared to internal jugular
catheters (odds ratio 0.029; 95% confidence interval 0.005-0.179).

Other studies have reported no significant difference in
infection incidence between internal jugular and subclavian
catheters; however, femoral catheters exhibited higher rates
of infection, thrombosis, and malposition, and these findings
were statistically significant." Similarly, in our study, catheter
functional survival varied significantly according to insertion
site (p<0.05), with femoral catheters demonstrating shorter
functional survival than jugular and subclavian catheters.'>**

The relationship between catheter insertion site and infection
risk has been consistently reported in the literature, with
femoral catheters being associated with a significantly higher
risk of infection compared to other access routes.

Regarding inflammatory markers, Hoen et al.'® reported
that elevated CRP values were a significant risk factor for
bacteremia in chronic hemodialysis patients, irrespective
of catheter site. Conversely, Thomson et al'® found no
significant association between CRP levels and catheter-

74

related complications. In our cohort, factors that significantly
increased the risk of infection included femoral catheter
placement, lower educational attainment, and advanced
age. Other variables, including comorbid conditions, sex,
insertion environment, baseline hemoglobin or CRP levels,
presence of diabetes mellitus, and positive nasal cultures,
were not significantly associated with infection risk.

Limitations

This study has several limitations. First, its retrospective
design limits the ability to establish causal relationships
and introduces the possibility of reporting bias due to
reliance on medical records. Second, since the study was
conducted at a single center, the generalizability of the
findings to other institutions or patient populations may
be limited. Third, the small sample size of patients with
tunneled permanent catheters reduces the power of subgroup
analyses. Additionally, patients under 18 years old, those in
intensive care, individuals who declined participation, and
patients with incomplete data were excluded, which may
have introduced selection bias. Finally, the predominance of
temporary catheters and variability in operator experience
may have influenced the complication rates and catheter
survival times.

CONCLUSION

This study offers a comprehensive analysis of the
various factors that influence the functional longevity of
hemodialysis catheters. It was found that the insertion site
of the catheter plays a critical role in its functional patency,
with femoral catheters demonstrating shorter functional
lifespans compared to those inserted into the internal jugular
or subclavian veins. Importantly, the use of ultrasound
guidance during catheter placement was associated with a
significant reduction in dysfunction rates, thereby enhancing
the duration of catheter functionality.

Key factors such as advanced age, lower educational
level, reduced serum albumin levels, and elevated ferritin
concentrations were identified as major contributors to the
development of complications in hemodialysis patients.
In particular, low serum albumin levels were found to be a
strong predictor of increased mortality, while higher ferritin
levels were linked more closely with negative outcomes,
including death, rather than successful clinical recovery or
the transition to a fistula.

The findings of this study emphasize the heightened infection
risk associated with femoral catheter insertion, especially in
older patients. Additionally, the use of ultrasound guidance
in catheter placement was shown to markedly reduce
complication rates and improve overall functional outcomes.

In conclusion, the results of this research underscore the
importance of considering clinical factors—such as the
insertion site, age, serum albumin, and ferritin levels—
when evaluating the risks and outcomes associated with
hemodialysis catheter placement. Further studies are
recommended to explore these factors in greater depth, with
the goal of refining clinical protocols to improve patient care
and minimize complications.
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ABSTRACT

Aims: The hemoglobin, albumin, lymphocyte, and platelet (HALP) score is a composite index reflecting inflammatory,
nutritional, and hematological status. While it has prognostic value in cardiovascular diseases, its relationship with the
development of coronary collateral circulation (CCC) in patients with chronic total occlusion (CTO) remains unclear. This
study aimed to investigate the association between the HALP score and the extent of CCC and to determine its predictive value
for poor collateral development in patients with stable CAD and CTO.

Methods: A total of 241 consecutive patients with stable CAD and at least one CTO were retrospectively included. Participants
were categorized into good (Rentrop grades 2-3, n=123) and poor CCC (Rentrop grades 0-1, n=118) groups based on blinded
angiographic assessment. The HALP score was calculated from admission blood samples. Independent predictors were
identified using multivariate logistic regression, and predictive performance was assessed by receiver operating characteristic
(ROC) curve analysis.

Results: Patients with good CCC had a significantly higher HALP score than those with poor CCC (p=0.007). The HALP score
showed a strong positive correlation with the Rentrop grade (r=0.69, p=0.034). Multivariate analysis confirmed that a lower
HALP score was an independent predictor of poor collateral development (OR=0.822, 95% CI: 0.618-0.992, p=0.026), alongside
other markers like NLR and NPAR. The ROC analysis demonstrated that a HALP score <31.2 predicted poor CCC with 78%
sensitivity and 82% specificity (AUC=0.822, 95% CI: 0.760-0.878, p=0.024).

Conclusion: The HALP score is a powerful and independent predictor of well-developed coronary collaterals in patients with
stable CAD and CTO. Derived from routine blood tests, it serves as an integrative biomarker for risk stratification, potentially
identifying patients who may benefit from more aggressive management strategies.

Keywords: HALP score, chronic total occlusion, coronary collateral circulation

INTRODUCTION

Ischemic heart disease constitutes a predominant global
health burden, ranking among the leading causes of
morbidity and mortality worldwide. In patients with chronic
total occlusion (CTO) of a major coronary artery, the
development of coronary collateral circulation (CCC) is a
critical compensatory mechanism. Well-developed collaterals
function as natural bypass conduits, thereby preserving
ventricular function, reducing the extent of infarction and
improving clinical outcomes."?

The formation of CCC represents a sophisticated, dynamic
process influenced by inflammation, oxidative stress, and
angiogenesis.> While conventional risk factors for coronary
artery disease (CAD), such as diabetes and hypertension,
have been studied in collateral formation, the results have
been inconsistent.** This highlights the need for reliable,
easily measurable biomarkers that can predict the extent of

collateral development. In recent years, composite indices
derived from routine blood tests have gained attention for
their ability to reflect the underlying inflammatory and
nutritional status of patients with CTO. The neutrophil-to-
lymphocyte ratio (NLR), neutrophil percentage-to-albumin
ratio (NPAR) and C-reactive protein (CRP) are established
markers of systemic inflammation and have been linked to
poor collateral development.®-*

More recently, the hemoglobin, albumin, lymphocyte, and
platelet (HALP) score has emerged as a novel, integrative
biomarker. It simultaneously reflects hematological,
nutritional, and inflammatory status, where hemoglobin
indicates oxygen-carrying capacity, albumin represents
nutritional ~ status and anti-inflammatory  capacity,
lymphocytes reflect immune competence, and platelets are
involved in inflammation and thrombosis.” A low HALP

EY' HC  HD

@ @ @@ This work is licensed under a Creative Commons Attribution 4.0 International License.


https://orcid.org/0000-0001-6750-2601

J Cardiol Cardiovasc Surg 2025;3(4):76-81

The HALP score as a novel predictor of coronary collateral
circulation in patients with chronic total occlusion

score has been associated with adverse prognoses in various
cardiovascular conditions.'*'* However, its specific role in
predicting the development of CCC in patients with stable
CAD and CTO has not been extensively investigated.

Therefore, this study aimed to evaluate the association
between the HALP score and the extent of CCC and to
determine its potential as an independent predictor of poor
collateral development in a well-defined cohort of patients
with stable CAD.

METHODS

This study was approved by the Health Sciences Researches
Ethics Committee of Yiiksek Ihtisas University of Health
Sciences (Date: 30.10.2025, Decision No: 353). The research
protocol adhered strictly to international ethical standards as
outlined in the Declaration of Helsinki. In this retrospective
study, the cohort consisted of 241 consecutive patients (133
males, 108 females; median age 69 years, range 50-79) who
received a diagnosis of stable CAD and were found to have
a total occlusion in at least one major epicardial coronary
artery during angiography at Ankara Yiiksek TIhtisas
University Hospital between March 2021 and June 2025. We
applied the following exclusion criteria: a history of acute or
chronic infectious disease, chronic kidney disease (defined
by a serum creatinine level >2.0 mg/dl), prior coronary
artery bypass graft (CABG) surgery, an acute coronary
syndrome event within the preceding three months,
significant valvular heart disease, active malignancies,
hematologic proliferative disorders, chronic inflammatory
or autoimmune conditions (particularly those requiring
steroid therapy), active hepatobiliary disease, or symptomatic
heart failure with a left ventricular ejection fraction (LVEF)
below 50%. We systematically collected demographic and
clinical characteristics for all subjects, including age, gender,
hypertension status, smoking history, and the presence of
diabetes mellitus (DM).

Coronary angiographic procedures were conducted
employing the standard Judkins technique. Two independent,
experienced interventional cardiologists, who were blinded
to all clinical and laboratory information for the patients,
evaluated the images. The degree of CCC was scored according
to the established Cohen-Rentrop classification system: grade
0 indicated no filling of collateral vessels; grade 1 denoted
collateral filling of side branches without opacification of the
epicardial artery; grade 2 represented partial opacification
of the epicardial artery; and grade 3 signified complete
filling of the epicardial artery via collateral channels. For
the purpose of statistical analysis, patients were stratified
into two groups: a “poor CCC” group (encompassing grades
0 and 1) and a “good CCC” group (encompassing grades 2
and 3)."” In patients with collateral vessels supplying multiple
occluded arteries, the vessel demonstrating the most robust
antegrade or retrograde collateral flow was used for the final
classification.

Peripheral venous blood samples were drawn at the time of
hospital admission and subsequently processed within a
30-minute window. A fully automated hematology analyzer
was used to determine complete blood count parameters.
Standard serum biochemical assays, including measurements
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of creatinine, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and the full lipid profile,
were performed using an automated clinical chemistry
analyzer. We quantified serum albumin concentration
via the bromocresol green (BCG) dye-binding method,
a conventional and widely utilized technique in clinical
laboratories. The HALP index was derived from the following
calculation: Hemoglobin (g/L)xalbumin (g/L)xlymphocyte
count (10°/L)/platelet count (10%L). The relationship between
the HALP score and CCC status was then examined as a
primary objective of this study.'®

To ensure the reliability of the angiographic assessments,
we evaluated interobserver and intra-observer variability.
For this, data from 20 randomly chosen subjects from each
group were re-evaluated independently by the two original
cardiologists, who remained blinded to their own previous
assessments and to each other’s findings. The calculated
interobserver variability was 2.8%, and the intraobserver
variability was 2.7%.

Statistical Analysis

All statistical computations were performed with the IBM
SPSS Statistics software, version 20.0 (IBM Corp., Armonk,
NY, USA). Data conforming to a normal distribution are
summarized as meantstandard deviation, whereas non-
normally distributed data are reported as median values along
with their minimum and maximum ranges. The Kolmogorov-
Smirnov test was employed to verify the normality of the
data distribution. For comparative analyses between the
two independent groups, the Independent Samples t-test
was used for normally distributed continuous variables, and
the Mann-Whitney U test was applied for their non-normal
counterparts. Categorical variables are presented as number
(percentage) and were compared using the Pearson’s Chi-
square test, with Fisher’s exact test or continuity correction
applied where appropriate.

A post hoc power analysis was conducted using G*power 3.1
software to determine the statistical power of our study for
detecting the difference in HALP scores between good and
poor collateral circulation groups. Based on the observed
effect size (Cohen’s d=1.71), which represents a very large
difference between groups, with sample sizes of 118 patients
in the poor collateral group and 123 patients in the good
collateral group, and setting the alpha error probability at
0.05, the analysis revealed a statistical power of 100%. This
indicates that our study had more than adequate power to
detect the significant difference in HALP scores observed
between the two groups, substantially reducing the likelihood
of a type II error.

To identify independent predictors of poor collateral
circulation (CCC), we initially conducted univariate binary
logistic regression analyses. Variables that demonstrated
a significance level of p<0.05, or showed a trend towards
significance (p<0.10), in the univariate analysis were
subsequently entered into a multiple binary logistic regression
model using the ‘enter’ method. The results are presented as
odds ratios (OR) with their corresponding 95% confidence
intervals (CI) and p-values. Furthermore, a receiver operating
characteristic (ROC) curve analysis was utilized to establish
the optimal discriminatory cutoff value for the HALP score
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in predicting poor CCC. The area under the curve (AUC),
its 95% CI, and the p-value are reported. The consistency of
measurements was assessed using the intraclass correlation
coeflicient (ICC) along with its 95% CI.

RESULTS

The final study population comprised 241 individuals
diagnosed with stable CAD, stratified into a poor CCC
group (n=118) and a good CCC group (n=123). The
baseline demographic, clinical, and coronary angiographic
characteristics of the patients are detailed in Table 1. The two
groups were well-matched, showing no statistically significant
differences in terms of age, sex, prevalence of hypertension or
DM, smoking status, the anatomical location of the occluded
vessel, or the number of diseased vessels.

Table 1. Baseline characteristics and coronary angiographic findings

Poor CCC Good CCC

Variable All (n=241) (n=118) (n=123) P value
Age, years 69 (50-79) 70 (58-82) 73 (49-80) 0.688
Gender, male (%) 133 (55) 65 (55) 68 (55) 0.864
Hypertension, n (%) 140 (58) 65 (55) 75 (61) 0.122
Diabetes, n (%) 190 (79) 89 (75) 101 (82) 0.114
Smoking, n (%) 130 (54) 71 (60) 59 (48) 0.066
1 vessel disease, n (%) 89 (37) 44 (37) 45 (37) 0.888
2 vessel disease, n (%) 62 (26) 33 (28) 29 (24) 0.246
3 vessel disease, n (%) 90 (37) 40 (34) 50 (41) 0.122
Occluded LAD, n (%) 91 (38) 40 (34) 51 (41) 0.244
Occluded Cx, n (%) 58 (24) 28 (24) 30 (24) 0.784
Occluded RCA, n (%) 92 (38) 45 (38) 47 (38) 0.884

CCC: Coronary collateral circulation, Cx: Circumflex artery, LAD: Left anterior descending artery,

y artery

RCA: Right co:

As shown in Table 2, the comparative analysis of laboratory
parameters revealed that fasting blood glucose, creatinine,
ALT, AST, total cholesterol, LDL-cholesterol, HDL-
cholesterol, and triglyceride levels were comparable between
the poor and good CCC groups. However, significant
differences were observed in several inflammatory and
hematological markers. Specifically, the poor CCC group
exhibited significantly elevated levels of white blood cell count
(p=0.046), neutrophil count (p=0.038), NLR, (p=0.021), CRP,
(p=0.033), and NPAR, (p=0.018). Conversely, the HALP score
was found to be significantly higher in the good CCC group
compared to the poor CCC group (p=0.007). Correlation
analysis further demonstrated a significant positive
relationship between the HALP score and the Rentrop
collateral grade (r=0.69, p=0.034), as illustrated in Figure 1.

In the univariate binary logistic regression analysis; WBC,
hemoglobin, platelet, neutrophil, lymphocyte count, CRP,
albumin, NLR, NPAR, and HALP were evaluated. Variables
with p<0.10 were included in the multiple binary logistic
regression analysis. We acknowledge the potential for
collinearity when including both NPAR and its component,
albumin, neutrophile (in NLR) in the same multivariate
model. To rigorously address this statistical concern, we have
revised our analytical approach: in all multivariate models
featuring NPAR, albumin and NLR was systematically
excluded (in model 1 and 2). Furthermore, to provide a
meaningful clinical context for the predictive utility of NPAR,

78

Table 2. Comparison of laboratory parameters between poor and good CCC

groups

. Poor CCC Good CCC
Variable (n=118) (n=123) P
Glucose, mg/dl, mean+SD 130 (73-386) 121 (72-274) 0.076
AST, IU/L, mean+SD 26+4.6 32+6.4 0.122
ALT, IU/L, mean+SD 36+6.6 38+6.1 0.746
Creatinine, mg/dl, mean+SD 0.94+0.36 0.98+0.22 0.877
Total cholesterol, mg/dl, 214+28.6 176+17.7  0.444
mean+SD
LDL-C, mg/dl, mean+SD 130+34.4 118+30.2 0.646
HDL-C, mg/dl, mean+SD 30.8+9.4 33.1+8.8 0.622
Triglyceride, mg/dl, 144423 3 1324166  0.566
mean+SD
WBC, x10*/mm?, mean+SD 9.2+2.4 8.5+2.3 0.046
. .
Neutrophils, 10°/L, median 4 95 (365_751) 432 (3.53-5.61) 0.038
(min-max)
; .
Lymphocytes, 10°/L, median | 4 (080-1.32) 220 (1.86-2.60) 0.042
(min-max)
Hemoglobin, g/dl, median 1,1 (107.139) 12.8(10.8-146) 0.082
(min-max)
3 3
Platelet count, x10%/mu’, 269+31.2 246+27.7 0.078
mean+SD
Albumin, g/dl, mean+SD 3.79+0.98 4454166  0.086
CRP, mg/dl, median (min-max) 2.9 (0.9-5.5) 1.7 (1.1-4.1) 0.033
NLR, mean+SD 3.85t1.5 2.42+1.4 0.021
NPAR, mean+SD 19.8+3.1 11.142.7 0.018
HALP, mean+SD 17.4+4.6 4974261  0.007

SD: Standard deviation, Min: Minimum, Max: Maximum, ALT: Alanine aminotransferase,
AST: Aspartate aminotransferase, CCC: Coronary collateral circulation, CRP: C-reactive protein,
HALP: Hemoglobin, albumin, lymphocyte, and platelet, HDL-C: High density lipoprotein

cholesterol, LDL-C: Low density lipoprotein cholesterol, NLR: Neutrophil-to-lymphocyte ratio,
NPAR: Neutrophil percentage-to-albumin ratio, WBC: White blood cells

r=0.69 (p=0.034)

HALP Score

(]

Rentrop Score
Figure 1. Correlation analysis between HALP score and Rentrop score
(p=0.034)
HALP: Hemoglobin, albumin, lymphocyte, and platelet

we performed a comparative ROC analysis that included
the NLR, a well-established inflammatory marker. This
direct comparison allows for a clearer evaluation of NPAR’s
discriminant power relative to a standard benchmark.
Multiple logistic regression analysis identified that a lower
HALP score (OR=0.822, 95% CI: 0.618-0.992, p=0.026),
higher NPAR (OR=0.766, 95% CI:0.525-0.982, p=0.026),
higher NLR (OR=0.704, 95% CI:0.440-0.900, p=0.036),
higher CRP (OR=0.678, 95% CI: 0.404-0.890, p=0.022),
increased neutrophil count (OR=0.636, 95% CI:0.410-0.884,
p=0.028) and lower lymphocyte count (OR=0.602, 95%
CIL:0.388-0.862, p=0.042) were independent predictors of
poor CCC (Table 3).
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Table 3. Results of multivariate logistic regression

Variable Univariate OR (95% CI) P Multivariate (model 1) OR (95% CI) P Multivariate (model 2) OR (95% CI) P

Hemoglobin 0.788 (0.412-1.372) 0.664 0.766 (0.408-1.262) 0.774 0.766 (0.408-1.262) 0.774
Albumin 0.684 (0.312-1.174) 0.786 0.588 (0.266-1.079) 0.555 - -

WBC 0.744 (0.402-0.972) 0.044 0.788 (0.412-1.372) 0.664 0.788 (0.412-1.372) 0.664
Platelet 0.777 (0.532-1.066) 0.264 0.642 (0.478-1.166) 0.334 0.642 (0.478-1.166) 0.334
NPAR 0.714 (0.576-0.882) 0.033 - - 0.766 (0.525-0.982) 0.026
Lymphocyte 0.598 (0.312-0.742) 0.034 0.602 (0.388-0.862) 0.042 0.602 (0.388-0.862) 0.042
Neutrophil 0.694 (0.404-1.962) 0.038 0.636 (0.410-0.884) 0.028 0.636 (0.410-0.884) 0.028
NLR 0.708 (0.444-0.908) 0.044 0.704 (0.440-0.900) 0.036 - -

CRP 0.688 (0.398-0.906) 0.032 0.678 (0.404-0.890) 0.022 0.678 (0.404-0.890) 0.022
HALP 0.748 (0.410-0.972) 0.036 0.766 (0.525-0.982) 0.026 0.822 (0.618-0.992) 0.026

CCC: Coronary collateral circulation, CI: Confidence interval, CRP: C-reactive protein, HALP: Hemoglobin, albumin, lymphocyte, and platelet, NLR: Neutrophil-to-lymphocyte ratio, NPAR: Neutrophil

percentage-to-albumin ratio, OR: Odds ratio, WBC: White blood cell

ROC analysis revealed that HALP score had an optimal advantages. The negative correlation between NLR and
cutoff value of <31.2 for predicting poor CCC, with 78%  collateral development observed in our study is strongly
sensitivity and 82% specificity. The AUC was 0.822 (p=0.024, supported by previous research. High NLR was founded to
95% CI: 0.760-0.878) comparable with the other independent  be independently associated with poor collateral circulation
parameters (Figure 2). in CTO patients, with similar predictive performance (AUC:
0.71 in their cohort vs. 0.704 in our study).”'* The relationship
between PLR and collateral circulation has been more

<
a variable across studies. While we found PLR to be significant
- in univariate analysis but not in multivariate models.?® The
= principal advantage of the HALP score over these established
markers lies in its multidimensional nature. While NLR
S and PLR primarily reflect the systemic inflammatory state,
g HALP integrates information about inflammation (through
| NPAR: AUC 0.766 (0.525-0.982); p=0.02 e . . .
3 3+ AL (:m_o)s:m::m lymphocytes), nutritional status and antioxidant capacity
Lymphacyte: AUC 0.522 (0.398-0.832); p=0.042 (through albumin), oxygen—carrying Capacity (through
o = NLR:AUC 0.702 (0.430-0850); p=0032 hemoglobin), and thrombotic tendency (through platelets).
e e s T This comprehensive profile likely explains why HALP
== HALP:AUC 0.824 (0.620-0.99¢6); p=0.022 . . N . . .
g - W it maintained stronger independent predictive value in our
! J ' ! ! ) multivariate models compared to NLR or PLR alone.
0.0 0.2 0.4 0.6 0.8 1.0
Specificity
Figure 2. ROC curves for independent predictors of poor CCC The development of CCC is a complex, adaptive response

AUC: Area under the curve, CCC: Coronary collateral circulation, CRP: C-reactive protein,

HALP: Hemoglobin, albumin, lymphocyte, and platelet, NLR: Neutrophil-to-lymphocyte ratio, ~ t0 chronic myocardial ischemia, orchestrated by a balance
NPAR: Neutrophil percentage-to-albumin ratio, ROC: Receiver operating characteristic between pro-angiogenic and inflammatory pathways.! Our
p glog Yy P Yy
findings of significantly higher NLR, CRP, and neutrophil
DISCUSSION counts in the poor CCC group strongly reinforce the well-
established concept that a heightened systemic inflammatory
In this study, we identified the HALP score as a significant  state is detrimental to collateral formation.®” Inflammation
and independent predictor of well-developed CCC in can impair endothelial function, promote apoptosis of
patients with stable CAD and at least one CTO. Our results  endothelial progenitor cells, and disrupt the signaling of key
demonstrate that patients with good CCC had a significantly  angiogenic factors like vascular endothelial growth factor
higher HALP score, and a strong positive correlation was  (VEGF), thereby hindering the process of arteriogenesis.*"
observed between the HALP score and the Rentrop collateral
grade. Multivariate logistic regression analysis confirmed The biological rationale underpinning the HALP score can
that a lower HALP score was independently associated with ~ be deconstructed by examining its individual components.
a higher likelihood of poor collateral development, alongside ~ Hemoglobin is critical for oxygen transport, and anemia has
other inflammatory markers such as NPAR, NLR, and CRP.  been previously linked to poorer cardiovascular outcomes and
Furthermore, the HALP score showed a robust predictive  impaired adaptive responses to ischemia.?? A low hemoglobin
performance with an AUC of 0.822, suggesting its potential  level may limit oxygen delivery to the peri-ischemic tissue,
utility as a clinical biomarker. To the best of our knowledge,  blunting the hypoxic drive that stimulates VEGF release and
this is the pioneering study to identify the HALP score as  subsequent collateral growth.! Albumin is not only a marker
a novel, significant, and independent predictor of well- of nutritional status but also a potent antioxidant and anti-
developed CCC in this specific patient population. inflammatory agent.”® Hypoalbuminemia, as seen in our
poor CCC group, indicates a state of chronic inflammation
When contextualized within the existing literature on and oxidative stress, which can directly damage the
inflammatory biomarkers and collateral circulation, our endothelium and inhibit its reparative and proliferative
findings for HALP show both convergence and distinct capacities. This aligns with studies showing that low albumin
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levels are associated with more severe CAD and worse
prognosis.>* Lymphopenia is a common consequence of
chronic inflammation and is associated with poor prognosis
in heart failure and CAD.* Lymphocytes, particularly T-cells,
play a crucial role in vascular repair and angiogenesis.”® A
low lymphocyte count may signify an impaired immune
response necessary for the tissue remodeling required
for collateral vessel development. Finally, a high platelet
count (thrombocytosis), which lowers the HALP score,
can promote a pro-thrombotic microenvironment and
release inflammatory mediators like CD40 ligand, further
exacerbating endothelial dysfunction.”

The novel aspect of our study is the introduction and
validation of the HALP score in this context. The strength
of HALP lies in its ability to integrate multiple physiological
pathways into a single metric. When we compare our results
with other composite indices, HALP appears to offer a
more comprehensive prognostic snapshot. For instance,
while the NLR primarily reflects the systemic inflammatory
burden, it does not account for nutritional status or oxygen-
carrying capacity. Our study found that HALP (OR=0.822)
had a comparable, if not marginally stronger, independent
predictive value than NLR (OR=0.704) and NPAR (OR=0.766)
in the multivariate model. This suggests that the additional
dimensions of nutrition (albumin) and oxygen delivery
(hemoglobin) captured by HALP provide incremental
prognostic information beyond pure inflammation.

When we contextualize our findings within the broader
literature on HALP, a coherent picture emerges. For example,
it was demonstrated that a low HALP score was a strong
predictor of mortality in cancer patients, a condition also
characterized by chronic inflammation and malnutrition.?$-3
Similarly, in cardiovascular settings, HALP was founded
to be a prognostic marker in acute coronary syndrome.'s
Our study extends the applicability of the HALP score to
the microvascular and adaptive physiological process of
collateralization, suggesting that HALP is a versatile marker
of a patient’s overall resilience and capacity to mount an
effective compensatory response to chronic ischemic stress.

The ROC analysis yielded an optimal HALP cutoft value
of <31.2 for predicting poor CCC with 78% sensitivity and
82% specificity. This cutoff provides a tangible and easily
calculable metric for clinicians to risk-stratify patients with
CTOs. Identifying patients with a low HALP score could
help pinpoint those at high risk for having inadequate
collateral support. This subgroup might benefit from more
aggressive risk factor modification, intensified monitoring,
and potentially earlier revascularization, even in the absence
of severe symptoms, to protect the viable myocardium at
risk. The high sensitivity and specificity are comparable to,
and in some cases better than, other proposed biomarkers for
collateral prediction, highlighting its clinical potential.

Limitations

The strengths of our study include its systematic, single-
center design, the use of consecutive patients to minimize
selection bias the use of consecutive patients to minimize
selection bias, and the blinded, quantitative assessment of
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coronary angiograms by two experienced interventional
cardiologists, which resulted in the low inter- and intra-
observer variability. However, several limitations must be
acknowledged. First, the retrospective design is inherently
susceptible to selection bias and unmeasured confounding,
despite our use of consecutive patients. Second, the single-
center nature of the study may limit the generalizability of
our findings, and the proposed HALP cutoft of 31.2 requires
external validation in larger, multi-center, ethnically diverse
populations. Second, the cross-sectional design establishes
an association but cannot prove causation. While we
adjusted for major clinical confounders, the possibility of
residual confounding from unmeasured variables (e.g.,
medication adherence, duration of occlusion, genetic factors)
persists. Third, we measured HALP at a single time point;
investigating the dynamic changes in HALP over time and its
correlation with the evolution of collateral circulation could
provide deeper insights into the causal relationship. Finally,
while we documented the association, further basic science
research is needed to elucidate the precise mechanistic
pathways through which the components of HALP directly
influence arteriogenesis.

CONCLUSION

As a result, this study identifies the HALP score as a novel,
powerful, and independent predictor of coronary collateral
development in patients with stable CAD and CTO. It
outperforms or complements existing inflammatory markers
by providing a holistic view of a patient’s inflammatory,
nutritional, and hematological status. Its derivation from
routine, inexpensive blood tests makes it an attractive
tool for clinical risk stratification. Future prospective,
longitudinal studies are warranted to validate our findings
and to explore whether interventions aimed at improving the
HALP score (e.g., nutritional support, managing anemia) can
subsequently lead to improved collateral formation and better
clinical outcomes.
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ABSTRACT

Elevated lipoprotein(a) [Lp(a)] is a genetically mediated, independent, and causally implicated risk factor for atherosclerotic
cardiovascular disease (ASCVD) and aortic valve stenosis. Approximately one quarter of adults worldwide have Lp(a)
concentrations >50 mg/dl (=125 nmol/L), representing a substantial component of residual cardiovascular risk even when low-
density lipoprotein cholesterol (LDL-C) is well controlled. Conventional lipid-lowering therapies have little influence on Lp(a),
underscoring the need for targeted approaches. Recent development of antisense oligonucleotide (ASO) and small-interfering
RNA (siRNA) therapies has generated considerable interest, with early-phase trials reporting reductions nearing 80-90%.
Several phase 3 outcome studies are ongoing and are expected to clarify whether these marked biochemical reductions
translate into clinical benefit. This review discusses the clinical relevance of elevated Lp(a), summarises current and emerging
therapeutic strategies, and contextualises existing evidence within contemporary international guideline recommendations.
Despite major advances, important gaps remain regarding screening strategies, assay standardization, and understanding the
long-term clinical impact of emerging therapies. As these uncertainties are addressed, Lp(a) testing and targeted treatment are
likely to become integral components of personalised cardiovascular prevention.

Keywords: Lipoprotein(a), cardiovascular risk, aortic valve stenosis, antisense therapy, siRNA therapy

INTRODUCTION

Lipoprotein(a) (Lp(a)) is alow-density lipoprotein-like particle
composed of apolipoprotein B-100 covalently linked to
apolipoprotein(a) [apo(a)], a highly polymorphic glycoprotein
structurally related to plasminogen. This distinctive
configuration confers atherogenic, pro-inflammatory, and
antifibrinolytic properties. Large epidemiological cohorts and
Mendelian-randomisation studies have firmly established
Lp(a) as a causal contributor to atherosclerotic cardiovascular
disease (ASCVD), independent of traditional lipid parameters
such as LDL-C, triglycerides, and HDL-C."*

Circulating Lp(a) levels are determined predominantly by
inherited variation in the LPA gene on chromosome 6q26-
27, particularly by the number of kringle IV type-2 repeats;
individuals with fewer repeats tend to exhibit markedly
higher plasma concentrations.*® Unlike other atherogenic
lipoproteins, Lp(a) levels remain remarkably stable
throughout life and are minimally influenced by diet, physical
activity, or other lifestyle factors.® As a result, elevated Lp(a)
has emerged as a key component of residual cardiovascular

risk, persisting even when LDL-C is successfully lowered to
guideline-recommended targets.

For decades, clinical interest in Lp(a) was limited partly due
to the absence of effective therapeutic options and partly
due to substantial inter-assay variability.” Considerable
heterogeneity persists among available measurement
methods, and the lack of universal standardisation continues
to complicate interpretation across laboratories and clinical
settings. A further practical challenge is the absence of a fixed
conversion between mg/dl and nmol/L, as apo(a) molecular
weight varies widely with kringle IV-2 repeat number;
therefore, direct numerical conversion between units is not
recommended. However, the development of RNA-targeted
therapies capable of producing profound reductions in Lp(a)
has renewed enthusiasm for this long-neglected risk factor. In
parallel, major international societies have begun to integrate
Lp(a) measurement into contemporary risk-assessment
algorithms, underscoring its growing relevance in preventive
cardiology.®
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CLINICAL IMPLICATIONS OF ELEVATED Lp(a)

Coronary Artery Disease

Extensive  observational cohorts and  Mendelian-
randomisation analyses consistently demonstrate a graded,
approximately linear association between circulating Lp(a)
levels and coronary artery disease (CAD). Each 50 mg/dl
increase in Lp(a) confers an estimated 15-20% rise in CAD
risk, and elevated concentrations predict recurrent events
even in patients receiving intensive lipid-lowering therapy
with statins or PCSK9 inhibitors. These observations highlight
Lp(a) as a key determinant of residual cardiovascular risk.
Mechanistically, oxidised phospholipids carried on apo(a)
promote endothelial dysfunction, macrophage activation,
smooth-muscle proliferation, and foam-cell formation,
providing a biologically plausible link to atherogenesis."**

Aortic-Valve Stenosis

Beyond its atherogenic effects, Lp(a) plays an active role in
the development of calcific aortic-valve stenosis. Genome-
wide association studies have identified robust links between
LPA gene variants, elevated Lp(a) levels, and calcific valve
disease, suggesting a causal pathway mediated by deposition
of oxidised phospholipids within valvular interstitial cells.
These lipids stimulate osteogenic differentiation, thereby
accelerating valve calcification and the progression from
aortic sclerosis to hemodynamically significant stenosis.
Importantly, high Lp(a) levels predict faster disease
progression independent of LDL-C or blood pressure,
reinforcing its distinct pathogenic contribution.'®

Stroke and Peripheral Artery Disease

Prospective cohort meta-analyses indicate that elevated
Lp(a) is associated with approximately 30% higher risk of
ischaemic stroke, particularly among younger individuals or
those lacking conventional vascular risk factors.” Elevated
Lp(a) is also linked to peripheral arterial disease (PAD),
greater symptom burden, and increased frequency of limb
revascularisation procedures.”® Lp(a)’s thrombogenicity
driven by competitive inhibition of plasminogen binding
and impaired fibrinolysis provides mechanistic insight into
its contribution to cerebrovascular and peripheral arterial
events.'”"?

Microvascular and Inflammatory Pathways

Emerging data suggest that Lp(a) may exert important
effects on the coronary microcirculation. Associations
have been reported between high Lp(a) levels and coronary
microvascular dysfunction (CMD) or the coronary slow-flow
(CSF) phenomenon, supported by evidence of endothelial
inflammation, nitric oxide depletion, and heightened
oxidative stress. Patients with elevated Lp(a) frequently
demonstrate impaired microvascular reactivity despite
angiographically normal epicardial arteries.?*' However,
current evidence remains preliminary, and mechanistic
pathways linking elevated Lp(a) to microvascular dysfunction
require confirmation in larger, dedicated studies.

Collectively, elevated Lp(a) identifies a subgroup of patients
at persistently increased cardiovascular risk despite
optimisation of traditional risk factors. This underscores
the importance of aggressive risk-factor modification and
supports the rationale for dedicated Lp(a)-lowering therapies
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now under development. Thresholds commonly used for risk
stratification in clinical practice are summarised in Table 1.2

Table 1. Lipoprotein(a) risk thresholds (EAS Consensus 2022)

Category Lp(a), mg/dl  Lp(a), nmol/L  Clinical interpretation
Normal <30 <75 No additional risk
Intermediate Possible risk-enhancing
risk 30-50 75-125 >125 nmol/L level
Strong risk-enhancing
factor; consider
High risk =50 =125 aggressive LDL-C

lowering and family
screening

Thresholds are intended for clinical guidance but are not universally standardised across assays or

societies.

THERAPEUTIC STRATEGIES

Conventional and Indirect Approaches

Most traditional lipid-lowering therapies have little
meaningful effect on circulating Lp(a) concentrations.
Statins may even lead to a modest increase of approximately
10-15%, potentially through up-regulation of hepatic LPA
gene expression, although this effect is generally considered
clinically modest.” Niacin can reduce Lp(a) by roughly 20%;
however, major outcome trials such as AIM-HIGH and
HPS2-THRIVE failed to demonstrate cardiovascular benefit,
resulting in its near disappearance from contemporary
clinical practice.'*?>2¢

Lipoprotein apheresis remains the only licensed treatment in
Europe for patients with markedly elevated Lp(a) levels (=180
mg/dl or >430 nmol/L). It produces acute reductions of 60—
70%, although the effect is transient and supported primarily
by small registries suggesting improvements in event rates.

PCSK9 inhibitors (evolocumab, alirocumab) lower Lp(a) by
approximately 25-30%, primarily through enhanced LDL-
receptor recycling. In secondary analyses of the FOURIER
and ODYSSEY OUTCOMES trials, the degree of Lp(a)
reduction correlated with fewer cardiovascular events
independent of LDL-C lowering, implying potential clinical
relevance.””?

A comparative overview of available and emerging Lp(a)-
lowering agents, their mechanisms, and key clinical trials is
summarised in Table 2.

Antisense Oligonucleotide (ASO) Therapies

ASOs reduce Lp(a) synthesis by inhibiting apo(a) mRNA
translation in hepatocytes. Pelacarsen (AKCEA-APO(a)-LRx)
demonstrated dose-dependent reductions of 80-90% in phase
2 studies.

The ongoing Lp(a)HORIZON phase 3 trial (NCT04023552),
enrolling more than 8,000 patients with established ASCVD
and elevated Lp(a), is expected to determine whether these
marked biochemical reductions translate into clinical
outcome benefit. Results are anticipated in 2025.%°

Small-Interfering RNA (siRNA) Therapies
siRNA therapies silence LPA gene expression post-
transcriptionally via RNA-induced silencing complexes.
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Table 2. Major Lp(a)-lowering agents and ongoing clinical trials

Agent Mechanism
Antisense oligonucleotide
Pelacarsen (AKCEA-APO(a)-LRx) inhibiting apo(a) mRNA
Olpasiran (AMG 890) siRNA targeting LPA expression
SLN360 siRNA blocking LPA mRNA
translation

Zerlasiran (ALN-Lp(a)01) Long-acting siRNA formulation
Monoclonal antibodies—indirect

PCSK9 inhibitors and modest Lp(a) reduction

Lipoprotein apheresis Physical removal of Lp(a) particles

Phase/trial Mean Lp(a) reduction % Key reference
Phase 3-Lp(a)HORIZON 80-90% Viney NJ et al., Lancet
(NCT04023552) ? 2016
Phase 3-OCEAN(a) 90-95% Nissen SE et al., NEJ]M
(NCT05581303) ° 2022
Phase 2-NCT04606602 >90% Mo, o Gie
roc 2023
Reyes-Soffer G et al.,
Phase 2-NCT06070725 >90% Circulation 2023
Approved - FOURIER, 25-30% O’Donoghue ML et al.,
ODYSSEY OUTCOMES 0 Circulation 2019
Clinical practice 60-70% (transient) Paragh %ggal., Life

Lp(a) reductions shown are mean values from phase-specific clinical trials; therapeutic availability varies by regulatory region.

Olpasiran (AMG 890) achieved median reductions of
approximately 95% in the phase 2 OCEAN(a)-DOSE trial,
with effects persisting for 248 weeks after the final dose.

SLN360 and zerlasiran (ALN-Lp(a)01) demonstrated similar
>90% reductions in early-phase studies.*

The OCEAN(a) phase 3 outcomes trial (NCT05581303) is
currently underway to evaluate whether these therapies
reduce ASCVD events. A practical distinction between
these platforms is dosing frequency: ASO therapies generally
require monthly or quarterly administration, whereas siRNA
agents achieve sustained LPA suppression with twice-yearly
dosing.

Future Perspectives

Several emerging strategies have the potential to broaden the
therapeutic landscape for elevated Lp(a). Combining PCSK9
inhibitors with RNA-targeted therapies may offer additive or
synergistic effects, particularly in individuals with markedly
elevated baseline concentrations or accelerated atherosclerotic
progression. Gene-editing approaches most notably CRISPR/
Cas9-based Technologies are being explored in preclinical
models with the aim of achieving durable or potentially
permanent LPA silencing, although safety, immunogenicity,
and off-target effects will require rigorous evaluation before
clinical translation.'>?

Beyond pharmacologic innovation, future risk assessment
may shift toward more personalised frameworks. Integration
of Lp(a) levels with inflammatory biomarkers, coronary or
valvular imaging indices, and polygenic-risk scores could
refine global cardiovascular risk prediction and guide tailored
prevention strategies." Such multidimensional models may
be particularly relevant in populations with intermediate
risk, where treatment thresholds remain uncertain.

Another key research direction involves determining whether
profound Lp(a) lowering approaching >90% reductions
achieved with siRNA or antisense therapies translates into
proportional clinical benefit. The results of large phase 3
outcome trials, including Lp(a)HORIZON and OCEAN(a),
will be critical in shaping future treatment algorithms and
informing regulatory decisions. Long-term safety data will
also be essential, as the clinical implications of achieving
extremely low Lp(a) concentrations remain unknown.
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Finally, successful implementation of Lp(a)-targeted therapies
will require addressing practical challenges such as assay
standardisation, testing accessibility, cost considerations,
and integration into routine lipid management pathways.
As these scientific and operational advances converge, they
collectively signal a movement toward precision lipidology, in
which Lp(a) becomes an integral component of individualised
cardiovascular prevention and therapy.

GUIDELINE RECOMMENDATIONS

Major international societies now recognise elevated Lp(a)
as a clinically meaningful contributor to cardiovascular
risk, as reflected in the 2019 ESC/EAS Dyslipidaemia
Guidelines, the 2022 European Atherosclerosis Society
(EAS) Lp(a) Consensus Statement, and the 2025 ESC/
EAS Focused Update, all of which recommend at least
one lifetime Lp(a) measurement as part of comprehensive
cardiovascular risk assessment.>'**?> These documents further
emphasise that individuals with premature ASCVD, familial
hypercholesterolaemia, or a family history of markedly
elevated Lp(a) may warrant repeat testing.> The updated
ESC/EAS guidance also notes that Lp(a) levels =50 mg/dl
(=125 nmol/L) may justify more intensive LDL-C lowering
approaches, effectively reclassifying certain patients into a
higher-risk category.* Clinical decision thresholds endorsed
by major societies are summarised in Table 1.

The 2018 AHA/ACC Cholesterol Guideline similarly
identifies Lp(a) =50 mg/dl as a risk-enhancing factor that
may support more intensive LDL-C lowering in borderline,
intermediate, or high-risk individuals. Subsequent AHA/
ACC scientific statements reinforce the value of incorporating
Lp(a) into shared decision-making, particularly when
treatment thresholds are uncertain.?’ Complementing these
recommendations, the 2024 National Lipid Association
(NLA) Scientific Statement advocates cascade screening of
first-degree relatives and early initiation of high-intensity
statin therapy, with consideration of PCSK9 inhibitor therapy
when LDL-C remains above goal in the presence of markedly
elevated Lp(a).’

Although no pharmacologic agent is yet formally approved
specifically for lowering Lp(a), the 2025 ESC/EAS Focused
Update identifies antisense and siRNA-based agents as
promising investigational therapies.”> Ongoing phase 3
outcome trials including Lp(a)HORIZON and OCEAN(a)
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are expected to clarify whether profound reductions in
circulating Lp(a) translate into clinically meaningful
reductions in ASCVD events.’®*' Until such treatments
become available, clinicians should incorporate Lp(a) into
global risk estimation and ensure optimal management of
all modifiable cardiovascular risk factors as part of routine
Care.2’10’32

CONCLUSION

Elevated Lp(a) represents a major and persistent contributor to
global cardiovascular risk. It influences both atherosclerotic
disease progression and calcific aortic valve stenosis. Even in
patients who have achieved optimal LDL-cholesterol control,
markedly elevated Lp(a) levels may sustain a substantial
residual risk, reinforcing the need for systematic and routine
assessment. The convergence of international guidelines
recommending at least one lifetime Lp(a) measurement
reflects its growing relevance in contemporary cardiovascular
prevention.

Traditional lipid-lowering therapies have little impact on
Lp(a), but the emergence of antisense and siRNA-based agents
has introduced a fundamentally new therapeutic paradigm.
These agents achieve profound reductions in circulating
Lp(a), and the results of large phase 3 outcome trials most
notably Lp(a)HORIZON and OCEAN(a) are expected to
determine whether these biochemical improvements translate
into meaningful reductions in cardiovascular events. Until
these data become available, clinicians should incorporate
Lp(a) into global risk estimation, ensure optimisation of all
modifiable risk factors, and identify individuals who may
ultimately benefit from targeted therapies.

Despite substantial scientific progress, several important
challenges remain. Access to Lp(a) testing is inconsistent,
assay standardisation is incomplete, and the long-term
implications of achieving very low Lp(a) levels are not yet
known. Addressing these gaps will be essential as the field
advances toward more precise, mechanism-driven lipid
management. Ultimately, increased awareness, systematic
screening, and integration of next-generation Lp(a)-lowering
therapies hold significant promise for reducing the overall
burden of Lp(a)-mediated cardiovascular disease worldwide.
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ABSTRACT

Radiofrequency ablation (RFA) is widely accepted as an effective and minimally invasive treatment for superficial venous
insufficiency, particularly for the great saphenous vein (GSV). However, its use in patients with concomitant deep venous
insufficiency remains controversial due to potential hemodynamic consequences and increased recurrence rates. We present
a case of a 54-year-old male with preexisting deep venous insufficiency who underwent RFA of the GSV three years ago and
developed extensive recurrent superficial varicosities postoperatively. Despite complete occlusion of the GSV, the patient’s
symptoms, including leg swelling, nocturnal cramps, and pain, persisted, and varicosities became more diffuse. This case
highlights the complex interaction between the superficial and deep venous systems and the importance of individualized
treatment planning. A review of the literature is presented, focusing on the indications, contraindications, complications, and

alternative treatments for RFA in patients with combined venous disease.

Keywords: Radiofrequency ablation, endovenous laser ablation, deep venous insufficiency, venous hypertension

INTRODUCTION

Chronic venous insufficiency (CVI) is a prevalent vascular
condition, affecting approximately 15-25% of the adult
population worldwide.! It is characterized by valvular
incompetence and reflux within the superficial, perforator, or
deep venous systems, leading to venous hypertension, edema,
pain, and skin changes.? The great saphenous vein (GSV) is
the most commonly affected superficial vein, and its reflux
contributes significantly to symptomatic varicose veins.
Over the past two decades, endovenous thermal ablation
techniques—namely radiofrequency ablation (RFA) and
endovenous laser ablation (EVLA)—have largely replaced
conventional high ligation and stripping due to their minimal
invasiveness, lower complication rates, and faster recovery
times.> Nevertheless, in patients with coexisting deep
venous insufficiency, the hemodynamic impact of superficial
vein ablation is not fully understood, and inappropriate
elimination of the GSV can potentially worsen venous return
dynamics.* Here, we present a case of extensive recurrent
superficial varicosities following RFA of the GSV in a
patient with preexisting deep venous insufficiency, and we
discuss relevant literature concerning treatment selection,
complications, and postoperative management. CEAP
SCORE evaluates is C: Clinical, E: Etiologic, A: Anatomic,
P: Pathophysiologic parameters.

« CO: No visible or palpable signs of venous disease
o CI: Telangiectasias or reticular (thin) varicose veins

o C2: Varicose veins
o C3: Edema
 C4: Skin changes
» C4a: Pigmentation and lipodermatosclerosis
» C4b: Ectasia/ulceration or fibrotic changes (chronic
lymphedema or fibrosis)
 C5: Healed venous ulcer
« C6: Active venous ulcer

CASE

Recurrent Superficial Varicosities After Surgery

A 54-year-old male, an active smoker with no major
comorbidities, presented to the vascular surgery clinic
with persistent bilateral leg swelling, pain, and nocturnal
cramps. He had undergone RFA of the left GSV three years
prior for symptomatic varicose veins. Preoperative duplex
ultrasonography at that time had demonstrated reflux (more
than 6 seconds) within both the GSV and the deep venous
system but there was not any venous ulcer (CEAP 4). Ablation
was performed on the superficial component only. The patient
worked in a bakery, standing for prolonged hours in front
of a hot oven, and had never used compression stockings.
His current medications included acetylsalicylic acid 100
mg daily. Follow-up duplex imaging revealed complete
obliteration of the right GSV from the saphenofemoral junction
to the mid-calf, with no recanalization. However, there was
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persistent reflux in the deep venous system, particularly
within the femoral and popliteal veins. Numerous dilated
tributaries and reticular veins were seen diffusely throughout
the thigh and calf, indicating extensive collateral formation.
The patient’s symptoms remained unchanged compared to
the preoperative condition, and new varicose veins developed
extensively along the leg. These have become increasingly
pronounced, particularly over the last 6 months, leading
to discoloration around the veins and increased nocturnal
cramps. This suggests a redistribution of venous hypertension
rather than a resolution with treatment (Figure).

+ & L
Figure. Diffuse superficial varicosities three years after GSV RFA despite
persistent deep venous reflux
GSV: Great saphenous vein, Radiofrequency ablation

DISCUSSION

RFA is a thermal endovenous procedure that delivers
controlled heat to induce endothelial destruction and
fibrotic occlusion of the targeted vein. Indications include
symptomatic saphenous reflux (CEAP class C2-C6)
documented on duplex ultrasonography and failure of
conservative therapy.® Contraindications include extensive
deep venous thrombosis, severe peripheral arterial disease,
pregnancy, active infection, or immobility that prevents
postprocedural ambulation.®* While RFA achieves occlusion
rates exceeding 95% at 3 years, recurrent varicosities occur
in up to 20-30% of cases, often due to recanalization,
incompetent tributaries, or new reflux pathways.” In the
present case, recurrence was not due to recanalization but
rather redistribution of venous hypertension in the setting of
preexisting deep venous insufficiency.

Deep venous insufficiency alters hemodynamics by elevating
distal venous pressure and reducing outflow capacity. In such
settings, ablation of a compensatory superficial vein like the
GSV may eliminate an auxiliary drainage pathway, thereby
exacerbating venous hypertension in other superficial
channels. This mechanism has been described emphasizing
the necessity of duplex-based hemodynamic mapping before

considering RFA in complex venous disease. The absence of
compression therapy and the patient’s occupational factors—
prolonged standing and heat exposure—further contributed
to venous dilation and symptom persistence.

Reported complications of RFA include ecchymosis,
paresthesia, superficial thrombophlebitis, deep vein
thrombosis (DVT), skin burns, and pigmentation changes,
though serious events are rare (<2%).® Inappropriate patient
selection, however, can lead to paradoxical outcomes, as in
this case. The literature describes several mechanisms of post-
RFA recurrence: neovascularization at the saphenofemoral
junction, development of reflux in accessory saphenous or
perforator veins, and compensatory collateral formation
secondary to unresolved deep venous hypertension.’

Alternative  treatments to RFA  include EVLA,
mechanochemical  ablation = (MOCA), cyanoacrylate
adhesive closure (VenaSeal), and ultrasound-guided foam
sclerotherapy (UGFS). These methods vary in thermal injury
profile, postprocedural discomfort, and recanalization rates.
Randomized controlled trials comparing RFA and EVLA
have demonstrated similar long-term occlusion rates, but
RFA generally causes less postoperative pain and bruising."
Non-thermal, non-tumescent methods such as MOCA
and VenaSeal are particularly advantageous in patients
with neuropathy or intolerance to tumescent anesthesia."
Nonetheless, the success of any modality depends on accurate
assessment of the underlying hemodynamic disorder.

For patients with concurrent deep venous insufficiency,
current guidelines advocate conservative measures such
as graduated compression therapy, weight control, and
occupational modifications as first-line management.'?

When intervention is required, combined treatment strategies
addressing both superficial and perforator reflux may yield
better outcomes than isolated GSV ablation. In advanced
cases, venous stenting of the iliac segment or deep vein
reconstruction may restore outflow and relieve pressure on
the superficial system. Comprehensive postoperative follow-
up with duplex imaging is essential to detect early recurrence
and guide adjunctive therapy.

CONCLUSION

This case highlights the importance of careful patient
selection and hemodynamic evaluation before any ablation
procedure, especially in patients with concomitant deep
venous insufficiency. The issue is not solely related to RFA.
Because venous hypertension is the primary factor in
varicose vein formation, and if treatment to address it is
not applied, recurrences cannot be avoided. While RFA
remains an effective treatment for isolated saphenous
reflux, its indiscriminate use in complex venous disease can
paradoxically worsen symptoms due to redistribution of
venous hypertension. Preoperative duplex mapping, multi-
level treatment planning, and consistent postoperative
compression therapy are essential to optimize long-term
outcomes. Clinicians should maintain a high index of
suspicion for recurrent varicose veins and consider this in
patients with deep venous pathology and persistent symptoms
after successful superficial venous ablation.
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Dear Editor,

The recently published 2025 ESC/EAS (European Society
of Cardiology/ European Atherosclerosis Society) focused
update on the management of dyslipidaemias' is a significant
advancement in cardiovascular prevention. It provides an
evidence-based framework that not only redefines the target
levels of low-density lipoprotein cholesterol (LDL-C) but also
emphasizes the speed at which clinicians should aim to reach
these levels. This update is crucial for all healthcare providers
involved in cardiovascular risk management, ensuring they
are informed and up to date with the latest guidelines.

The 2025 focused update takes a different approach from
the 2019 Guideline, which was big and all-encompassing. It
does not change the actual LDL-C targets—still <1.4 mmol/L
(<55 mg/dl) for very high-risk and <1.8 mmol/L (<70 mg/
dl) for high-risk patients. The new document places stronger
emphasis on the timing and intensity of lipid-lowering
therapy. The central message of the updated document is that
both the timing and intensity of lipid-lowering therapy are
now considered critical determinants of cardiovascular risk
reduction.? Achieving LDL-C targets rapidly is emphasized
as being as important as the absolute value attained. Table
provides a structured comparison of the key conceptual and
therapeutic changes introduced in the 2025 focused update
relative to the 2019 Guideline.

Risk estimation gets a major update this time. The guideline
now formally uses the Systematic COronary Risk Evaluation
2 (SCORE2) and Systematic COronary Risk Evaluation -
Older Persons (SCORE-OP) models.** Relative to the prior
guideline approach, which focused only on the fatal 10-
year risk, these new models predict both fatal and non-fatal
cardiovascular events and adjust for age and region across
Europe. The very-high-risk group includes people with
established atherosclerotic cardiovascular disease (ASCVD),
those with repeat events, diabetics with organ damage,
patients with advanced chronic kidney disease, and anyone
flagged by SCORE2 or SCORE2-OP as having the highest 10-
year risk.

This update improves the accuracy of identifying who is
at higher risk, especially among older adults and helps
clinicians offer more individualized guidance. On top of
that, the 2025 update moves away from the old step-by-step
treatment method. Instead of starting with high-intensity
statins, then considering ezetimibe, and adding a proprotein
convertase subtilisin/kexin type 9 (PCSK9) inhibitor
only if needed, the new guideline recommends starting
combination therapy early—statin plus ezetimibe—if the
patient is at high or very high risk. This strategy enables
patients to reach LDL-C targets more rapidly, minimizes

Table. Key differences between the 2019 ESC/EAS guidelines and 2025 ESC/EAS focused update of guidelines for the management of dyslipidaemias

Aspect 2019 ESC/EAS Guideline 2025 ESC/EAS Focused Update

Integrates SCORE2 / SCORE2-OP, including fatal and non-fatal events, age-

Risk estimation and region-specific calibration

SCORE system (fatal CVD risk)

Promotes early combination therapy (statin + ezetimibe) in high- and very-

Stepwise escalation: statin > +ezetimibe > +PCSK9
high-risk patients

Treatment strategy inhibitor

Clinical focus Emphasis on LDL-C goal values Shifts toward “time-to-target” and rapid goal attainment
Introduced PCSKY inhibitors

LDL-C check at 4-6 weeks post-initiation

Novel therapies Adds bempedoic acid and inclisiran as valid options

Follow-up Reassessment at 2-4 weeks to expedite adjustments

ESC: European Society of Cardiology, EAS: European Atherosclerosis Society, ACS: Acute coronary syndrome, CVD: Cardiovascular disease, LDL-C: Low-density lipoprotein cholesterol, PCSK9: Proprotein

ystematic COronary Risk Evaluation 2-Older Persons

convertase subtilisin/kexin type 9, SCORE2: Systematic COronary Risk Evaluation 2, SCORE2-OP: S

@ @ @@ This work is licensed under a Creative Commons Attribution 4.0 International License.
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delays in treatment escalation, and may ultimately reduce
cumulative atherosclerotic risk—an approach supported by
long-term outcome data from clinical trials such as further
cardiovascular outcomes research with PCSK9 inhibition in
subjects with elevated risk-open-label extension (FOURIER-
OLE) and cholesterol lowering via bempedoic acid, an ACL-
inhibiting regimen (CLEAR) Outcomes.>®

The update spells out which LDL-C-lowering combinations
matter most, especially for high- and very-high-risk groups.
High-intensity statin plus ezetimibe is the go-to starting
point when patients need a quick, substantial drop in LDL-C.
If that is still not enough, or if a patient needs really aggressive
lowering fast, triple therapy with a statin, ezetimibe, and
a PCSK9 inhibitor comes into play. There is also a role for
statin-bempedoic acid combinations if the patient cannot
tolerate full-dose statins or is not responding adequately, and
inclisiran is an option for tough cases where LDL-C remains
stubbornly high. All in all, the field’s moving from a slow,
stepwise approach to a more proactive, combination-heavy
strategy.”

The guideline also doubles down on the “time-to-target”
approach, particularly in light of recent data from the
FOURIER-OLE and CLEAR outcomes trials. The update
now recommends initiating intensive lipid-lowering therapy
during hospitalization for acute coronary syndrome (ACS),
rather than postponing treatment until after discharge. The
overarching principle is that achieving lower LDL-C levels
earlier is associated with more favorable clinical outcomes.

The 2025 focused update also expands the range of available
lipid-lowering therapies. While the 2019 guideline focused
primarily on PCSK9 inhibitors, the 2025 update incorporates
bempedoic acid and inclisiran, offering additional options
for patients who cannot tolerate statins or who continue to
have elevated LDL-C despite standard treatment. With these
additions, RNA-based and enzyme-targeted therapies have
become more integrated into routine clinical practice. The
update also adds a new recommendation for evinacumab in
patients with homozygous familial hypercholesterolaemia
aged 5 years and older who continue to exceed LDL-C
targets despite maximally tolerated therapy. This expands
the therapeutic options available for a group with some of the
most severe lipid disorders.

One more thing: measuring lipoprotein(a) [Lp(a)] is now a
much stronger recommendation, especially for patients with
early-onset atherosclerosis or a family history of ASCVD.
It used to be optional, but now Lp(a) is recognized as an
independent, causal risk factor for ASCVD—and possibly a
target for future treatments.®

The 2025 ESC/EAS focused update sticks with the follow-up
schedule set in 2019, so clinicians still check LDL-C about 4
to 6 weeks after starting or adjusting lipid-lowering therapy.
This interval allows clinicians to assess the patient’s initial
response and to adjust therapy when LDL-C targets have
not been achieved. The update emphasizes achieving LDL-C
targets more quickly, yet the practical monitoring interval
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remains unchanged at 4-6 weeks. The aim is to maintain
consistency in follow-up timing while encouraging more
timely adjustments when treatment response is inadequate.

The update puts a spotlight on certain high-risk groups,
especially people with HIV (PWH). They face a substantially
higher risk of ASCVD due to chronic inflammation, the
lipid effects of antiretroviral therapy, and the tendency of
standard risk calculators to underestimate cardiovascular
risk in this population. For PWH aged 40 and older, the
new guidance backs statin therapy for primary prevention,
drawing on the randomized trial to Prevent Vascular Events
in HIV (REPRIEVE)® trial results. If more LDL-C lowering is
needed, the update also supports adding ezetimibe or PCSK9
inhibitors. Cancer patients treated with anthracycline-
based chemotherapy make up another group with greater
cardiovascular risk—cardiotoxicity is a well-recognized
concern in this setting. Findings from randomized trials—
particularly the Statins to Prevent the Cardiotoxicity of
Anthracyclines (STOP-CA)' study—indicate that statins
may offer cardioprotection in this context. However, results
from smaller studies have been less consistent. Following the
2022 ESC cardio-oncology recommendations, the update
recommends statins for patients at high or very high risk of
cancer treatment-related cardiac problems."

Lifestyle changes still matter, but the update goes further,
calling out the influence of social determinants of health
and the importance of team-based care. It recognizes that
medication alone does not guarantee good outcomes—real-
world factors such as support systems, socioeconomic status,
and access to care shape adherence and outcomes.

In short, the 2025 focused update keeps the same LDL-C
targets as before but shifts the mindset. The question is not
just “How low can we go?” but “How fast can we get there?”
This new focus shows up in recommendations for early use of
combination therapy, novel lipid-lowering drugs, and faster
follow-up. Altogether, these changes push lipid management
toward modern preventive cardiology, urging clinicians
to bridge the stubborn gap between research and everyday
practice.
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