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Abstract

Aims: Elevated lipoprotein(a) [Lp(a)] is an overlooked and underdiagnosed risk factor for peripheral artery disease (PAD). Negligible testing
rates of Lp(a) in patients with PAD are suspected to be largely caused by implementation barriers and poor awareness. Here, we report pilot
results of the newly initiated Lp(a)-PAD inpatient care pathway that employs the LILAC-for-Lp(a) framework.

Methods: A review of the process of implementation of the inpatient Lp(a)-PAD pathway was undertaken using quality improvement
methods. The prevalence of elevated Lp(a), and its association with the severity of chronic limb ischaemia were investigated.

Results: At 3 months after integrating detection of Lp(a) in the care of patients admitted to hospital for PAD-related limb ischaemia issues,
22.6% of the 106 patients were detected to have elevated Lp(a) levels > 120 nmol/L, and 34.9% with mildly raised Lp(a) = 70 nmol/L. There
was a higher proportion of patients with levels > 120 nmol/L compared with Lp(a) < 120 nmol/L who had category 6 classification of chronic
limb ischaemia by Rutherford classification (95.8% vs 70.7%, p-value = 0.011). Lp(a) = 120 nmol/L and Lp(a) as a continuous variable were
associated with the highest severity of limb ischaemia, p = 0.032 and p = 0.045, respectively. The low-density lipoprotein (LDL) attainment
goal in our patients with PAD was suboptimal; LDL-C < 1.4 mmol/L goal attainment was achieved in 30.2% of all patients and 25.0% of the
group of elevated Lp(a), respectively.

Conclusion: This pilot study suggests that the LILAC-for-Lp(a) framework, via multidisciplinary collaboration and quality improvement
methods, is helpful to integrate Lp(a) testing into PAD management.
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1. Introduction

Elevated lipoprotein(a) [Lp(a)] is a hypercholesterolaemia form that is frequently overlooked risk factor for atherosclerotic
cardiovascular disease, including peripheral artery disease (PAD), despite calls for implementation of Lp(a), including in the recent
Brussels international declaration documentj:-9). Studies show that higher Lp(a) blood levels are an independent risk factor associated
with an increased risk of PAD onset, progression, and restenosis, worse major limb adverse outcomes, and increased rates of
PAD-related hospitalisationsiio-15;. Additionally, a recently published meta-analysis reported that individuals with higher Lp(a) levels
were at 2.5 times increased risk associated of premature onset of PAD, when compared with individuals with normal Lp(a) levelsi4).

Recent studies have shown that Lp(a) testing rates are very low in specialties managing patients with PAD, worse than cardiology,i6].
Similarly, we noticed negligible testing rates locally for elevated Lp(a) in patients with PAD[171. As shown by our recent educational
efforts across various disciplines, the LILAC-for-Lp(a) concept was very well received and improved short-term confidence and
perception of Lp(a) testing among healthcare professionalsiio.. The LILAC cognitive aid-tool and framework serve to aid healthcare
professionals to manage patients with elevated Lp(a)iu; the first L denotes the role of Lp(a) as a cardiovascular risk factor. I and second
L denote mitigation strategies to improve mitigatable risk factors, low density lipoprotein cholesterol (LDL-C), and Lp(a) levels. A is
used as a reminder to Assessment, Atherosclerosis, and Aortic valve stenosis, and lastly, C denotes cascade testing for family members
of individuals with severely elevated Lp(a)(1s,1].

Here, we aimed to report our experience with a newly initiated Lp(a)-PAD care inpatient pathway that employs the LILAC-for-Lp(a)
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framework, at the 3 month time point. We also report the prevalence of elevated Lp(a) and its association with the severity of lower
limb ischaemia in hospitalised patients with acute lower limb issues related to PAD.

2. Methods

To construct a structured plan of testing and management of elevated Lp(a) detected in patients with PAD, three discussions were
held over a few months between the lipid and endocrinology specialist (WJL) and the vascular team, which included vascular
surgeons, an advanced practice nurse in vascular surgery, and a senior medical officer. Insights were also sought from our recent
pre-implementation qualitative study involving 41 cardiology healthcare professionals!'’l. The qualitative study revealed that major
barriers to under-detection of elevated Lp(a) in hospital were the lack of a dedicated care pathway for testing and managing Lp(a),
poor awareness and wide knowledge gaps among healthcare professionals, patients and the public. A fishbone analysis was
undertaken to summarise the key barriers of testing of Lp(a) in vascular surgery discipline, followed by the formation of
Plan-Do-Study-Act cyclel?%-21,

A novel inpatient Lp(a)-PAD pathway using the LILAC-for-Lp(a) framework was executed on 26" February 2025 at Changi General
Hospital. The aim was to improve inpatient detection and management of patients with elevated Lp(a) and PAD. The two key barriers
given priority were the formation of a workflow for a busy inpatient practice and the launch of a sustainable education method in a
hospital setting where medical officers and interns rotate monthly. Patients with mildly elevated Lp(a) levels = 70 nmol/L were
counselled to better manage cardiovascular risk factors and provided with a leaflet to read. Patients with severely elevated Lp(a)
levels = 200 nmol/L were referred to outpatient Lipid Clinic, where they were further managed using the LILAC-for-Lp(a) framework
(Figure S1)B2,

Serum Lp(a) were measured with Tina-quant Lipoprotein(a) Gen.2 (Latex) Roche, with an inter-assay coefficient of variation < 2.2%??l.
A threshold of 120 nmol/L was used, as our previous reports showed increased risk of coronary artery disease at this levell'’l. To
investigate the association of elevated Lp(a) = 120 nmol/L with chronic lower limb ischaemia, logistic regression adjusted for age,
body mass index (BMI), sex and chronic kidney disease was undertaken, comparing Lp(a) = 120 nmol/L with Lp(a) < 120 nmol/L using
the Rutherford classification for chronic limb ischaemia. Lp(a) was natural-log transformed for analysis as a continuous variable.
p-value < 0.05 was considered statistically significant. This quality improvement project is part of a series of quality improvement
efforts to improve the detection and management of Lp(a) locally. Ethical board review was not required according to institutional
guidelines for this quality improvement and implementation project.

3. Results

Figure 1 shows a fishbone analysis summarising the key barriers to testing of Lp(a) in the vascular surgery discipline. Four key themes
were identified: patients, doctors, challenges in practice and organisational constraints. A key barrier was the lack of a dedicated
workflow for management of elevated Lp(a) in patients with PAD. Other key barriers included poor awareness of patients and doctors,
frequent rotation of non-consultant doctors (i.e interns, medical officers and registrars), and that all nurses, including dedicated
vascular nurses, were not allowed to order blood tests. The unclear local prevalence of elevated Lp(a) among patients with PAD also
fuelled uncertainty about the value of testing of Lp(a) in patients with PAD. A one-page Lp(a) pathway was disseminated to doctors in
the vascular and general surgery departments and made available on our hospital intranet (Figure S1).

At 3 months after the Lp(a)-PAD pathway was launched, 106 patients were hospitalised for PAD-related limb ischaemia issues. All were
tested for Lp(a); 69.8% were male and mean age of 69 years (Table 1). Comorbidities were common: 99.1% had hypertension, 97.2% had
hypercholesterolemia, 94.3% had diabetes, 45.3% had ischaemic heart disease, 18.9% had stroke and 37.7% had chronic kidney disease.
The median Lp(a) was 38 nmol/L (range < 7 to 372 nmol/L). The detection rate for elevated Lp(a) levels = 120 nmol/L was 22.6% and
mildly raised Lp(a) = 70 nmol/L was 34.9%. In this study, 95.8% in patients with elevated Lp(a) levels = 120 nmol/L had the most
severe category (category 6) of chronic limb ischaemia by Rutherford classification, a higher rate than the 70.7% of patients with
Lp(a) < 120 nmol/L, p-value = 0.011. The LDL-C goal attainment was suboptimal: 30.2% of the patients achieved LDL-C < 1.4 mmol/L
and only 49.1% achieved LDL-C < 1.8 mmol/L. The group with elevated Lp(a) had worse LDL-C goal attainment compared with the
group Lp(a) < 120 nmol/L but not statistically significant: LDL-C < 1.4 mmol/L, 25.0% vs 31.7%; LDL-C < 1.8 mmol/L, 41.7 % vs 51.2%,
respectively. In multivariate regression, Lp(a) = 120 nmol/L was associated with the highest severity of limb ischaemia, p = 0.032
(odds ratio [OR] of 10.3, 95% confidence interval [CI] 1.2-87.3). Similarly, Lp(a) as a continuous variable was also associated with the
highest severity of limb ischaemia, p = 0.045 (OR 1.78, 95% CI 1.01-3.1).

Enablers of this successful pilot implementation included the active collaboration of the vascular and lipid teams and adoption of an
acceptable and feasible workflow. Another key enabler was that the existing inpatient vascular care was conducted by a single
dedicated rounding team consisting of three vascular surgeons, a registrar, medical officers, and crucially, a dedicated inpatient
advanced practice nurse clinician. To promote sustainability, strategies being employed are tutorials, e-learning, and exploration of
nurse-led and pharmacist-led interventions.
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A Patients Challenges in Practice

= Presumption that Lp(a) is not the main or important
risk factor for PAD

» Medical officers, interns and registrars rotate frequently

making teaching logistically difficult

= Lack of clarity in lipid goals in patients with PAD

= No prior Lp(a)-PAD collaboration in Singapore

= No formalised Lp(a)-PAD pathway in hospital

= Recent American and European PAD guidelines did not

adequately address Lp(a) in their guidelines

= Completely Unaware
about Lp(a)

= Assumes doctor will know what
test is best

Lack of

Lp(a)
testing in

= Busy workplace, lack of time to learn = Unaware of resources for healthcare professionals to read—__, PAD
something new on Lp(a) inpatients
= Nurses (including specialist nurses) unable to order for __,
Lp(a) test without doctor’s review

= Most patients with PAD are elderly and
unable to retain too much information

= Low awareness and knowledge of Lp(a)
= Lp(a) not taught in medical school

= High workload of doctors in busy.
inpatient and outpatient setting

= Unclear relevance of high —%

Lp(a) in PAD in Asians . . .
Doctors Organisation Constraints

= No local consensus on Lp(a) testing in PAD —

B [The barriers and enablers identified from fishbone analysis, were used for the formation of ‘Plan’ in PDSA cycle.

Do #1: Training of vascular surgeon consultants and advanced practice nurse

Plan #1: Discussion on barriers and enablers for implementation of Lp(a) into
to test and manage Lp(a).

vascular surgery inpatient care. This was done using fishbone analysis, review
of analysis of interviews of cardiology department, in-person group [>
multidisciplinary discussions

Do #2: Implementation of the inpatient Lp(a)-PAD pathway:
Testing of all hospitalised patients with PAD-related issues (vascular
surgery and inpatient referrals).

Plan #2 :Formation of an acceptable guide of Lp(a)-PAD
pathway for inpatient practice

Do #3: A patient education pamphlet of Lp(a) given to
patients with Lp(a) 270nmol/L.

Do #4: Patients with Lp(a) 2200nmol/L referred to
lipid clinic outpatient.

Plan #3: Planning of education sessions to the doctors
and nurses in vascular surgery team

Act #1: Sharing of the LILAC-for-Lp(a) educational
videos on e-learning modules on hospital intranet for
sustainable education of rotating doctors, nurses,
pharmacists

Act #2: Repeat sharing of the ‘Simple Guide of Lp(a) for
Changi General Hospital’ guide for Lp(a) testing.

Study #1: 100% testing rate of Lp(a) in PAD inpatients:
¥’ Adetection rate of 22.6% for elevated Lp(a) 2120 nmol/L.

v' Abnormal (mildly elevated) Lp(a) 270 nmol/L affected
34.9% of patients

Study #2: Reassessing barriers and enablers to ensure
education of Lp(a) testing and management.

Act #3: On-the-ground reinforcement of Lp(a) testing.
Difficulty in educating medical officers because of busy workload and

Act #4: Quality improvement project coinciding with the Barriers: frequent rotation (monthly)
‘Lipid and Lp(a) awareness week April 2025 in Changi General Hospital’ — > General low to zero awareness of medical officers and patients on Lp(a)
increasing the awareness

v Single rounding team with dedicated supportive vascular nurses and
Al 0 Enablers: vascular surgeons
% L v' Acceptable and feasible Lp(a)-PAD pathway

Figure 1. Fishbone analysis (A) and first PDSA (B) cycle of a pilot implementation study of Lp(a) testing in hospitalized patients with PAD. PDSA: Plan-Do-Study-Act; PAD:

peripheral artery disease.

Table 1. Characteristics of patients with PAD hospitalised for acute PAD issues.

All Patients (n = 106) Lp(a) <120 nmol/L (n =82) Lp(a) 2 120 nmol/L (n = 24) p-value
Age (mean + SD) 69.2+10.0 69.1+99 69.6 +10.7 ns
Male (%) 74 (69.8) 32(39.0) 13(54.2) 0.058
Statin prescribed (%) 115(99.1) 81 (98.8) 24 (100) ns
Past Medical History
Hypertension (%) 105 (99.1) 81 (98.8) 24 (100) ns

Diabetes (%) 100 (94.3) 77(93.9) 23(95.8) ns
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Ischaemic heart disease (%) 48 (45.3) 39 (47.6) 9(37.5) ns
CABG (%) 11 (10.4) 10(12.2) 1(4.2) ns
PCI (%) 11(10.4) 10(12.2) 1(4.2) ns
Stroke (%) 20(18.9) 13(15.9) 7(29.2) ns
Chronic kidney disease (%) 40 (37.7) 34 (41.5) 6(25.0) ns
Dialysis (%) 22 (20.8) 19(23.2) 3(12.5) ns
Limb Events

Angioplasty (%) 87(82.1) 57 (82.6) 18 (75.0) ns
Amputation (%) 71 (67.0) 54 (65.9) 17 (70.8) ns
Toe amputation (%) 54 (50.9) 43 (52.4) 11 (45.8) ns
Below knee amputation (%) 5(4.7) 5(6.1) 0(0.0) ns
Above knee amputation (%) 1(0.9) 1(1.2) 0(0.0) -
Forefoot amputation (%) 11(10.4) 5(6.1) 6(25.0) 0.016
Mid-foot amputation (%) 1(0.9) 1(1.2) 0(0.0) -

Rutherford Classification

Grade 1 (%) 1(0.9) 1(1.2) 0(0.0) ns
Grade IIA (%) 0(0.0) 0(0.0) 0(0.0) ns
Grade IIB (%) 3(2.8) 2(2.4) 1(0.0) ns
Grade 3 (%) 5(4.7) 5(7.2) 0(0.0) -
Grade 4 (%) 1(0.9) 1(1.2) 0(0.0) :
Grade 5 (%) 15(14.2) 15(18.3) 0(0.0) -
Grade 6 (%) 81(76.4) 58 (70.7) 23(95.8) 0.011

Blood lipid concentrations

Lp(a) level (median, IQR) 38(20, 110) 28.5(17,49) 178 (136, 225) -

LDL-C level (median, IQR) 1.7(1.2,2.4) 1.7(1.2,2.5) 1.8(1.4,2.3) ns
LDL-C < 1.0 mmol/L (%) 15(14.2) 12 (14.6) 3(12.5) ns
LDL-C < 1.4 mmol/L (%) 32(30.2) 26 (31.7) 6 (25.0) ns
LDL-C < 1.8 mmol/L (%) 52 (49.1) 42 (51.2) 10(41.7) ns

Lp(a): Lipoprotein(a); LDL-C: low-density lipoprotein cholesterol levels; CABG: Coronary Artery Bypass Grafting; PCL: Percutaneous Coronary Intervention. ns: not significant;
IQR: interquartile range; PAD: peripheral artery disease.

4, Discussion

Here, we report that Lp(a) = 70 nmol/L and = 120 nmol/L affected 34.9% and 22.6% of patients with PAD admitted to hospital,
respectively, highlighting an urgent unmet need. Our study found that elevated Lp(a) = 120 nmol/L was associated with an increased
risk of the most severe category of chronic limb ischaemia by Rutherford classification. As far as we are aware, there are no
previously published reports of Lp(a) with Rutherford classification. This pilot implementation of the Lp(a)-PAD care pathway using
LILAC revealed encouragingly positive results. The quality improvement analysis suggested a few important enablers!?>-2!l, These
included an acceptable and simple Lp(a) workflow that used the LILAC-for-Lp(a) framework, which was approved by stakeholders.
Additionally, a dedicated vascular nurse and a collaborative vascular team were crucial to promoting and sustaining the practice of
Lp(a) testing and counselling. A continuous education strategy via short educational videos instead of long lectures was helpful for
rotating doctors in a busy workplace.
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An Australian study of 1,472 patients with PAD also revealed that Lp(a) = 30 mg/dL (= 70 nmol/L) was associated with an increased
hazard ratio of 1.2-1.3 times for PAD operations and peripheral revascularisation!'?l. A systematic review of 15 studies showed that
higher Lp(a) levels was associated with an increased risk of incident PAD events, re-stenosis, limb amputation and hospitalisation!'?. A
recent meta-analysis of 51 studies reported that higher Lp(a) was associated with a 2.5-fold increased risk of PAD and coronary artery
diseasel'!l. A study of Asian patients (including Singaporean) showed 3 times increased likelihood of requiring intervention and worse
postoperative outcomes compared with Caucasians, suggesting Asians may be at greater risk!?’..The pro-atherogenic,
pro-inflammatory, and pro-calcific properties of Lp(a) explains its role in PAD, whether the ischaemia is above or below the kneel'l.

The LILAC framework focuses on the importance of overall cardiovascular risk mitigation by controlling modifiable cardiovascular
risk factors, while the results of cardiovascular outcome trials of specific Lp(a) lowering therapies are awaited. In our study, we found
that 70% of patients did not achieve the LDL-C goal of < 1.4 mmol/L despite having active PAD issues, highlighting a large treatment
gap. Similarly, a study in a German hospital found that only 16% of 263 patients with PAD had LDL-C < 1.4 mmol/L, which improved to
49%(121, Despite calls by expert consensus and medical societies to recognise that elevated Lp(a) is an actionable risk factor, the
implementation of Lp(a) remains a major challenge worldwide, with inertia in adoption even among medical specialists!?3->18:24],
However, the 2024 American clinical guideline for PAD published jointly by ACC/AHA and other societies did not address Lp(a) at alll>],
while the 2025 ESC guidelines for the management of PAD included only a single sentence recommending Lp(a) testing®l. Therefore,
harmonisation of recommendations across specialties related to PAD is necessary to facilitate implementation!' 321,

Limitations of this study include the small sample size, as only inpatients were included with no follow-up data. Nevertheless, we
showed a feasible opportunistic strategy for detecting elevated Lp(a) of patients with PAD. Our approach may not be generalisable to
other hospitals with different operational workflows. Chronic kidney disease affected 37.7% of our patients!?’l; blood Lp(a)
concentrations may be elevated due to renal impairment°l.

5. Conclusion

From this pilot study, we report that inpatient Lp(a) testing for patients with active PAD issues can be implemented via
multidisciplinary collaboration between the lipid clinic, vascular team and nursing. Our study supports the need for systematic
testing of patients with PAD.
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