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Case report: lipoprotein apheresis reduces the risk of cardiovascular events and prolongs pregnancy in a woman with severely elevated lipoprotein(a), cardiovascular disease, and a high risk of preeclampsia
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Background: Preeclampsia is a common and serious pregnancy-induced disease, with potential severe maternal and fetal complications. Recently, an increased lipoprotein (a) (Lp[a]) concentration, an important factor in cardiovascular diseases (CVDs) pathogenesis, has been identified as a sensitive and specific marker of preeclampsia severity. Although lipoprotein apheresis (LA) is currently used in patients with hyperlipoproteinemia(a) and CVD, real-life data on its efficacy among pregnant women with an increased risk of preeclampsia are limited.

Case presentation: We present the case of a pregnant woman with severely elevated Lp(a), two previous episodes of the acute coronary syndrome and multivessel coronary disease treated with long-term LA before pregnancy, and a high risk of preeclampsia (as assessed using combined test screening). An increased pulsatility index and early diastolic notch were observed on Doppler interrogation at 18 weeks’ gestation. Biweekly LA therapy was re-initiated at 21 weeks’ gestation. The LA safely removed 70% of the serum Lp(a) concentration and reduced low-density lipoprotein-cholesterol (LDL-C) levels by 60%. We also observed an improvement in her urine protein/creatinine ratio, a reduction in the pulsatility index, and a notch on Doppler interrogation. The pregnancy lasted until week 36, when severe preeclampsia prompted an emergency cesarean delivery.

Conclusion: Pregnancy in women with elevated Lp(a), CVD, and a high risk of preeclampsia can present challenges in clinical management. Our case report indicates the benefits of LA in preventing atherosclerotic CVD progression during pregnancy, its potential influence on uteroplacental circulation, and prolongation of pregnancy for the best possible intrauterine fetus development. LA may be considered as a treatment option during pregnancy in such conditions. In addition, in pregnant women with CVD, we suggest screening using a combined test and measurement of Lp(a) as a marker of preeclampsia severity.
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1. Introduction

Preeclampsia (PE) is a serious pregnancy-induced disease with potential severe maternal and fetal complications. It is caused by the improper invasion of the myometrium by the spiral arteries, which begins in the early stages of gestation. High blood pressure and proteinuria are the most common symptoms. However, the complexity of the disease results in diverse manifestations, including maternal renal and liver damage, maternal neurological and hematological symptoms, placental malfunction, fetal growth retardation, and preterm delivery. Ideally, high-risk individuals should be identified and administered with pharmacological prophylaxis. Severe PE requires urgent delivery to save the lives of the mother and her child. However, early PE is more challenging to manage, because termination of pregnancy is very hazardous due to risk of infant prematurity and associated complications. The recommended management strategy of early PE is one that safely enables prolongation of pregnancy and the best possible intrauterine fetal development (1, 2).

Recent studies have indicated similarities in the pathophysiologies of PE and cardiovascular disease (CVD). An increased lipoprotein(a) [Lp(a)] concentration has been proven to be an important risk factor for both conditions (3, 4). Lipoprotein apheresis (LA) is currently recommended for treatment of patients with hyperlipoproteinemia(a) [hyper-Lp(a)] and CVD, since pharmacotherapy is still undergoing investigation in clinical trials (3, 5–12). LA has been also investigated as an emerging treatment option in PE (13–15). Nevertheless, there remains a lack of data on LA therapy among pregnant women with an increased risk of PE (16).

Pregnant women with elevated Lp(a), CVD, and a high risk of PE may be challenging to manage. Thus, we describe the case of a pregnant woman with advanced, premature atherosclerotic CVD (ASCVD); severe hyper-Lp(a); and a high risk of PE who was treated with LA, since 21 weeks of gestation with a good clinical effect. To our knowledge, this is the first report on LA therapy for this clinical condition and could be serve as evidence in support of the safety and efficacy of LA during pregnancy.



2. Case description

A 37-year-old woman with advanced, progressive, premature ASCVD and severe hyper-Lp(a) was admitted to the Lipoprotein Apheresis Unit at the First Department of Cardiology in Gdansk. She had a past medical history of non-ST-elevation myocardial infarction, which was treated with a two-staged percutaneous coronary intervention of the right coronary and circumflex arteries and implantation of two drug-eluting stents. This was followed by an incident of unstable angina with left anterior descending artery angioplasty and additional drug-eluting stent implantation. Atheroma plaques in both the internal carotid arteries, with 50%–69% stenosis, were also confirmed.

The patient has none of the following cardiovascular risk factors: cigarette smoking, arterial hypertension, diabetes, and obesity. In addition, she did not present a clinical phenotype of familial hypercholesterolemia. The maximal untreated low-density lipoprotein cholesterol (LDL-C) level in this patient was 160 mg/dl and a family history of hypercholesterolemia was negative. However, her father had experienced myocardial infarction at 40 years of age, without having Lp(a) measured, which indicated a family history of premature CVD. She had a history of miscarriage and three unsuccessful in vitro fertilization (IVF) procedures. The most common causes of thrombophilia were excluded, namely Leiden mutation, antiphospholipid syndrome, mutation in the prothrombin gene, antithrombin deficiency, and protein C and S deficiency. However, a methylenetetrahydrofolate reductase C677 mutation and a plasminogen activator inhibitor type 1 (PAI1) 4G/4G homozygous mutation were confirmed.

The patient’s untreated LDL-C and Lp(a) levels were 160 mg/dL and 249 mg/dL, respectively. The corrected LDL-C level, calculated using Dahlén’s formula was 83 mg/dL {LDL-CcorrDahlén = laboratory LDL-C−[Lp(a) mass × 0.30]} (17, 18). The patient was administered with 20 mg of rosuvastatin and 10 mg of ezetimibe daily, which reduced the LDL-C level to 54 mg/dL. A further increase in the rosuvastatin dose resulted in recurrent muscle pain.

Considering the severe hyper-Lp(a) and advanced premature CVD, the patient was initiated on regular biweekly LA after the myocardial infarction episode. Cascade filtration technique (MONET/Fresenius), a method of selective, extracorporeal removal of pro-atherosclerotic lipid particles was used. In MONET system after separation plasma is transferred through the second polysulphone filter, which allows albumin, HDL, and smaller immunoglobulins to pass, whereas Lp(a), LDL, VLDL and chylomicrons, are retained. LA-induced median Lp(a) reduction prior to the pregnancy was 65% (IQR 58–71). After 2 years of regular LA, the patient underwent an IVF procedure with pre-implantation genetic diagnostics. Directly before embryo transfer in September 2021, the patient stopped taking statins. Weighting the risk of potential uterine bleeding and loss of pregnancy, and the risk of CVE, shared decision-making brought us to suspending LA procedures after confirmation of pregnancy. The IVF procedure was successful, and she became pregnant. The patient was treated with subcutaneous enoxaparin (60 mg) and continued aspirin (75 mg) daily. Owing to a diagnosis of gestational diabetes at 8 weeks’ gestation, a long-acting insulin analog therapy was initiated at 8 units and gradually increased during the pregnancy.



3. Diagnostic assessment

At 12 weeks’ gestation, fetal ultrasonography and pregnancy-associated plasma protein A (PAPP-A) test results indicated a high risk of PE and intrauterine fetal growth restriction (FGR) (Table 1). The patient’s aspirin dose was increased to 150 mg daily, and regular uterine Doppler ultrasound examinations and urinalyses were scheduled. Repetitive 24 h ambulatory and home blood pressure monitoring indicated values in the expected range. A routine check-up between 17–18 weeks’ gestation revealed elevated LDL-C and triglyceride serum concentrations of up to 191 mg/dL and 179 mg/dL, respectively. Fetal ultrasonography revealed an increased pulsatility index (PI) and early diastolic notch on Doppler interrogation. To decrease the risk of both, PE development and progression of ASCVD, patient restarted regular biweekly LA at 21 weeks’ gestation. Patient underwent seven LA procedures during pregnancy (Table 2). LA procedures lasted 270 ± 40 min. Heparin in a dose of 5000 IU in priming solution was used, followed by the acid citrate dextrose anticoagulation in a ratio 1:20 – 1:40. Plasma volume of 3,200 ± 705 ml was treated from venous access without any significant adverse events. During pregnancy we aimed to increase a volume of plasma treated up to 3,600 ml (from 3,000 ml before pregnancy). Before and after each LA procedure, blood and urine tests were performed, which included tests for lipid parameters, urine protein/creatinine ratio (UPCR), and urinary protein excretion. Both the UPCR and urinary protein excretion normalized after a single LA procedure (Table 2). Furthermore, we noted a reduction in the PI and notch on Doppler interrogation.


TABLE 1    Combined screening at 12 weeks’ gestation.

[image: Table 1]

 
TABLE 2    Biochemical parameters before and after LA.
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Blood pressure and urine dipstick monitoring at home revealed normal results. However, at 33 weeks’ gestation, an increase in the blood pressure was noted (mean home blood pressure, 152/98 mmHg). Methyldopa was immediately administered in adjusted doses; however, a further increase in the blood pressure was observed over 16 days.



4. Therapeutic intervention

At 36 weeks’ gestation, the patient required admission to the obstetrics and gynecology clinic for severe PE with uncontrolled blood pressure and severe proteinuria (10 g/24 h). After 3 days of hospitalization, a successful urgent cesarean delivery was performed under general anesthesia. The female infant weighed 1,890 g, which is below the 10th centile for gestational age. Due to a difficult extraction attributed to the transverse lie, prematurity, FGR, and general anesthesia, the newborn was assessed to have a low Apgar score (1, 6, 8, and 9 points at 1, 3, 5, and 10 min, respectively); however, upon further observation, the infant showed no neurological deficits.

Sudden maternal thrombocytopenia was observed after the cesarean section (platelet count, 50–60 G/L). The detection of antibodies to platelet factor 4 complexes and a suspicion of heparin-induced thrombocytopenia resulted in a conversion to fondaparinux. Moreover, significant increases in the alanine transaminase (87 U/L), aspartate transaminase (83 U/L), and lactate dehydrogenase (564 U/L) levels were observed. The patient’s hemoglobin level decreased to 7.6 g/dL, although no significant blood loss was observed. This triad of symptoms indicated the development of the “hemolysis, elevated liver enzymes, and low platelets” (HELLP) syndrome. Oliguria and severe systemic edema occurred due to worsening renal function (glomerular filtration rate, 44 mL/min). Intravenous diuretics and albumin supplementation normalized both clinical and laboratory parameters. The administration of statins and ezetimibe was immediately restarted after delivery.

Due to a slight elevation in the troponin level and transient chest pain, the patient underwent echocardiography and Holter electrocardiogram, which did not reveal any abnormalities. Doppler ultrasonography of the deep veins of the lower limbs excluded thrombosis. Based on the overall clinical presentation and diagnostic results, a pulmonary embolism was excluded, and type 2 acute coronary syndrome was suspected. However, owing to the resolution of clinical and laboratory symptoms and a lack of significant deviations in diagnostic imaging, angiography was waived.



5. Follow-up and outcomes

After 13 days of hospitalization, the patient was discharged with a restarted statin regimen (rosuvastatin 20 mg daily) in combination with ezetimibe 10 mg daily, followed by LA 5 weeks later. Coronary computed tomography angiography performed 3 months after delivery did not show any changes in the extent of the patient’s coronary artery disease during the pregnancy. Pre-apheresis LDL-C level on lipid lowering medications 5 weeks after delivery was 34 mg/dl. Table 3 shows a timeline with relevant data from this episode of care. This case report was specifically discussed with the patient, and informed consent to publish was obtained.


TABLE 3    Timeline with relevant data from this episode of care.
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6. Discussion

Pregnancy in women with elevated Lp(a), CVD, and a high risk of PE can present challenges in the management of CVD progression and PE-related complications. Increased morbidity and mortality in a mother and a child have to be prevented (19). Considering that LA is recommended in severe lipid disorders, including elevated Lp(a) concentrations, along with the proven safety of regular LA therapy in pregnant women with homozygous familial hypercholesterolemia (HoFH), LA could be an option to safely treat hyperlipoproteinemia(a) during pregnancy (20–23). Although the American Society for Apheresis (ASFA) guidelines on the use of apheresis in clinical practice recommends LA in hyperlipoproteinemia(a) and ASCVD (grade II, 1B), there is no mention about LA therapy in pregnant women with hyper-Lp(a). The ASFA Guidelines referred also to apheresis use in preeclampsia, grading LA or therapeutic plasma exchange (TPE) for severe PE as category III (decision-making should be individualized), level of evidence 2C. The ASFA guidance referred to 19 studies of LA/TPE for PE but none of these were randomized controlled trials (RCTs) and only 4 were controlled trials (15). To our knowledge, this is the first report on LA therapy in a patient with this clinical condition and could support the safety and efficacy of LA during pregnancy.

In this case, LA safely removed 70% of the patient’s Lp(a) concentration and reduced 60% of her LDL-C level. Published data indicate that regular LA therapy results in an 80–92% reduction in the major adverse cardiovascular events. Furthermore, we observed a reduction in the UPCR and PI after LA, which indicated an improvement in uteroplacental circulation and an increased chance of prolonging the pregnancy (the main determinant of neonatal outcomes). The improvement in uteroplacental circulation could result from improved endothelium-dependent vasodilatation, as LA has been shown to present such an effect.

Obstetric societies recommend aspirin prophylaxis before 16 weeks’ gestation in all women with a history of PE, gestational hypertension, body mass index >30 kg/m2, and pre-gestational diabetes. Early screening for PE is also helpful in identifying high-risk women. Known predictors of PE at 11–13 weeks’ gestation are the mean arterial pressure, uterine artery PI, serum PAPP-A, placental growth factor, and soluble fms-like tyrosine kinase-1 (sFlt-1) (24). Our patient underwent screening using a combined test, and the risk of PE and FGR was assessed as high. Our patient was chronically on 75 mg of aspirin daily; this was immediately increased to 150 mg daily after her screening result. The recommended therapeutic option for patients at a moderate-to-high risk of PE is a daily dose of 100–150 mg of acetylsalicylic acid before 16 weeks’ gestation. Interestingly, aspirin also has the potential to reduce the Lp(a) concentrations by 20% and a greater decrease has been observed among patients with higher baseline Lp(a) levels above 30 mg/dL, irrespective of apo(a) isoform size (25). Lacaze et al. published the results of a study that indicated that aspirin decreased the rate of major adverse cardiovascular events in the primary prevention group (26).

Published data have indicated an association between hyperlipidemia and PE (19). The ABCD study showed that hypertriglyceridemia was related to PE (27). Li et al. showed that elevated triglyceride levels can be predictors of early onset PE (28). Another study, conducted among 50 women with a benign type of PE who were in their third trimester of pregnancy, revealed that Lp(a) was a predictor and marker of severe PE. An Lp(a) concentration of >40.5 mg/dL in a mildly pre-eclamptic patient was a predictor of the development of severe PE, and a concentration of >52.5 mg/dL was a sensitive and specific marker for PE severity. Lp(a) can enter arterial wall, stimulate endothelial activation and vascular wall inflammation (4, 29). Those findings suggest that Lp(a) is involved in PE pathogenesis (4, 16). As previously mentioned, the treatment of PE mainly includes hypotensive drugs and urgent delivery in the most severe cases (30). Hypolipemic drugs are generally not recommended for pregnant women, although some data have indicated their safety during pregnancy (31, 32). Döbert et al. analyzed the effectiveness of statin therapy among 1,120 women with a high risk of PE in the late stages of pregnancy (i.e., at 35–37 weeks’ gestation). Half of the patients were administered with pravastatin (20 mg daily), and the rest were assigned to the placebo group. The results showed no differences in the PE rates between the two groups (33).

In view of data indicating a relationship between hyperlipidemia and PE pathophysiology, LA was investigated as a therapeutic option for patients with severe and early PE. Numerous publications have shown that LA prolongs pregnancy in patients with PE; however, the underlying mechanism remains unclear (13). Clinical effect is obtained by the removal of atherogenic lipoproteins including Lp(a), but other factors have been also investigated. Thadhani et al. conducted dextran sulfate apheresis and investigated an elimination of sFlt-1 from 11 pregnant women (23–32 weeks’ gestation) with early PE. They found a 18% reduction in the sFlt-1 levels and an up to 44% reduction in the UPCR. Pregnancies were continued for a further 15 days in women who had undergone two or three apheresis procedures, compared with the 3 days in the women in the control group who did not undergo apheresis. Moreover, newborns of mothers who had undergone apheresis required lesser oxygen therapy and ventilation (34). Similar results were presented in “The Freiburg PE H.E.L.P.-Apheresis study.” Winkler et al. showed the safety and effectiveness of LA in pregnant women with PE. Pregnancies were prolonged, which allowed for the administration of steroids to induce fetal lung maturation. The authors reported that lowering the sFlt-1 level was crucial for the clinical benefits of LA in this condition (35). In our patient sFlt-1 levels were not measured due to inability to test it routinely in that time.

In the present case, the patient’s course of LA was safe without adverse effects, especially hypotension. Both the mother and the child were carefully monitored during the procedure. The pregnancy lasted for 36 weeks, which allowed the best possible intrauterine fetal development and avoided complications due to premature delivery. Careful monitoring also allowed an immediate reaction to the patient’s sudden development of severe PE with proteinuria and uncontrolled hypertension. A cesarean section was performed in the early phase of the HELLP syndrome, which was resolved with supportive treatment (36, 37).

To summarize, PE remains a poorly understood disease with complex pathophysiology and potentially serious maternal and fetal complications. Dyslipidemia, including hyper-Lp(a), may play a role in the pathogenesis of PE. Elevated Lp(a) levels can be a sensitive and specific marker of PE severity. Currently, there are no dedicated treatment methods for treating pregnant women with severely elevated Lp(a) levels, CVD, and a high risk of PE. Numerous studies have highlighted the beneficial effects of LA in PE and the safe prolongation of pregnancy.

Our case report indicates the safety and efficacy of LA during pregnancy in a patient with elevated Lp(a) and ASCVD, its potential influence on uteroplacental circulation, and the prolongation of pregnancy for the best possible intrauterine fetal development. We conclude that the early initiation of LA in our patient, before the onset of PE symptoms, improved endothelial dysfunction aggravated by the severely elevated Lp(a). No significant progression of ASCVD was noted in our patient. Further studies are needed to clarify, whether continuing LA from the point of conception could have improved an endothelial dysfunction and prevented the PE in patients on high risk of developing PE.

To our knowledge, this is the first case report on a pregnant woman with severely elevated Lp(a) levels and a high risk of PE who was safely and effectively managed with LA therapy. This report describes the usefulness of LA as a therapeutic option in pregnancy, highlights the importance of screening in the first trimester to evaluate the PE risk, and contributes to the literature on Lp(a) as both a cardiovascular risk factor and marker of PE severity.



7. Patient perspective

I and my husband were supposed to start training at the adoption center; however, I experienced myocardial infarction after a miscarriage and three unsuccessful IVF procedures. Shortly after the myocardial infarction episode, I was diagnosed with hyperlipoproteinemia (a) and was started on biweekly lipoprotein apheresis. While this new situation was terrifying, the knowledge that I was receiving effective treatment and that I was protected against disease progression reassured me. After 2 years of regular apheresis and intensive hypolipemic pharmacotherapy, we decided to undergo an IVF procedure for the final time. Although it required temporary suspension of the hypolipemic pharmacotherapy, I was ready to take the risk. Thankfully, this IVF procedure was successful, and I got pregnant. During pregnancy, I was under careful medical supervision, and both the cardiologist and gynecologist stayed in regular contact with me. As I was aware of the risks for both me and the baby, I complied with all the recommendations provided and participated in regular testing, such as attending the doctors’ appointments regularly and undergoing hypotensive drug adjustment, blood pressure measurements, and urine testing. I agreed to re-start the lipoprotein apheresis therapy at 21 weeks’ pregnancy to prevent cardiovascular disease progression and preeclampsia development. I was monitored carefully during the procedures, and no complications occurred. I believe that this management allowed sufficient time for my baby to mature and a prompt response while my condition worsened. After cesarean section, the hypolipemic drugs were adjusted immediately. I believe that I received an innovative treatment that allowed me to go through this pregnancy safely and deliver a healthy baby. Without a doubt, this was my only chance to realize my dream of having a child.



Data availability statement

The original contributions presented in this study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent from the patient was not required to participate in this study in accordance with the national legislation and the institutional requirements. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

JM-L collected the blood, interpreted the data, and drafted the manuscript. AM arranged the medical treatment and drafted and finalized the manuscript. KW-Z, DW, MF, and MG contributed to the data analysis. All authors contributed to the interpretation of data and critical review of the manuscript and agreed to be held accountable for the content of the work.



Funding

This study was funded by a grant (grant number 01-10023/0004989/01/182/0/2023).



Acknowledgments

We thank all nurses who participated in lipoprotein apheresis treatment and the patient for sharing her perspective.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Mol BWJ, Roberts CT, Thangaratinam S, Magee LA, De Groot CJM, Hofmeyr GJ. Pre-eclampsia. Lancet. (2016) 387:999–1011. doi: 10.1016/S0140-6736(15)00070-7

2. Filipek A, Jurewicz E. [Preeclampsia–a disease of pregnant women]. Postepy Biochem. (2018) 64:232. doi: 10.18388/pb.2018_146

3. Kronenberg F, Mora S, Stroes ESG, Ference BA, Arsenault BJ, Berglund L, et al. Lipoprotein(a) in atherosclerotic cardiovascular disease and aortic stenosis: a European Atherosclerosis Society consensus statement. Eur Heart J. (2022) 43:3925–3946. doi: 10.1093/eurheartj/ehac361

4. Fanshawe AE, Ibrahim M. The current status of lipoprotein (a) in pregnancy: a literature review. J Cardiol. (2013) 61:99–106. doi: 10.1016/j.jjcc.2012.09.009

5. Leebmann J, Roeseler E, Julius U, Heigl F, Spitthoever R, Heutling D, et al. Lipoprotein apheresis in patients with maximally tolerated lipid-lowering therapy, lipoprotein(a)-hyperlipoproteinemia, and progressive cardiovascular disease: prospective observational multicenter study. Circulation. (2013) 128:2567–2576. doi: 10.1161/CIRCULATIONAHA.113.002432

6. Thompson GR. Recommendations for the use of LDL apheresis. Atherosclerosis. (2008) 198:247–255. doi: 10.1016/j.atherosclerosis.2008.02.009

7. Schettler VJJ, Peter C, Zimmermann T, Julius U, Roeseler E, Schlieper G, et al. The German lipoprotein apheresis registry (GLAR) – more than 7 years on. Atherosclerosis. (2021) 331:e21. doi: 10.1111/1744-9987.13780

8. Mickiewicz A, Marlega J, Kuchta A, Bachorski W, Cwiklinska A, Raczak G, et al. Cardiovascular events in patients with familial hypercholesterolemia and hyperlipoproteinaemia (a): indications for lipoprotein apheresis in Poland. J Clin Apher. (2021) 36:370–378. doi: 10.1002/jca.21872

9. Banach M, Burchardt P, Chlebus K, Dobrowolski P, Dudek D, Dyrbuś K, et al. PoLA/CFPiP/PCS/PSLD/PSD/PSH guidelines on diagnosis and therapy of lipid disorders in Poland 2021. Arch Med Sci. (2021) 17:1447–1547. doi: 10.5114/aoms/141941

10. Szymański FM, Mickiewicz A, Dzida G, Gorczyca-Głowacka I, Kozłowski D, Widecka K, et al. Management of dyslipidemia in Poland: interdisciplinary expert position statement endorsed by the polish cardiac society working group on cardiovascular pharmacotherapy. The Fourth Declaration of Sopot. Cardiol J. (2022) 29:1–26. doi: 10.5603/CJ.a2021.0147

11. Nugent AK, Gray JV, Gorby LK, Moriarty PM. Lipoprotein apheresis: first FDA indicated treatment for elevated lipoprotein(a). J Clin Cardiol. (2020) 1:16–21.

12. Waldmann E, Parhofer KG. Lipoprotein apheresis to treat elevated lipoprotein (a). J Lipid Res. (2016) 57:1751–1757. doi: 10.1194/jlr.R056549

13. Contini C, Pütz G, Pecks U, Winkler K. Apheresis as emerging treatment option in severe early onset preeclampsia. Atheroscler Suppl. (2019) 40:61–67. doi: 10.1016/j.atherosclerosissup.2019.08.028

14. Easterling TR. Apheresis to treat preeclampsia: insights, opportunities and challenges. J Am Soc Nephrol. (2016) 27:663–665. doi: 10.1681/ASN.2015070794

15. Connelly-Smith L, Alquist CR, Aqui NA, Hofmann JC, Klingel R, Onwuemene OA, et al. Guidelines on the use of therapeutic apheresis in clinical practice–evidence-based approach from the writing committee of the American society for apheresis: the ninth special issue. J Clin Apher. (2023) 38:77–278. doi: 10.1002/jca.22043

16. Konrad E, Güralp O, Shaalan W, Elzarkaa AA, Moftah R, Alemam D, et al. Correlation of elevated levels of lipoprotein(a), high-density lipoprotein and low-density lipoprotein with severity of preeclampsia: a prospective longitudinal study. J Obstet Gynaecol. (2020) 40:53–58. doi: 10.1080/01443615.2019.1603214

17. Dahlén GH. Incidence of Lp(a) lipoprotein among populations. In: Scanu AM editor. Lipoprotein (A). San Diego, CA: Academic Press (1990). p. 151–173. doi: 10.16/B978-0-12-620990-7.50014-0

18. Yeang C, Karwatowska-Prokopczuk E, Su F, Dinh B, Xia S, Witztum JL, et al. Effect of pelacarsen on lipoprotein(a) cholesterol and corrected low-density lipoprotein cholesterol. J Am Coll Cardiol. (2022) 79:1035–1046. doi: 10.1016/j.jacc.2021.12.032

19. Lewek J, Banach M. Dyslipidemia management in pregnancy: why is it not covered in the guidelines? Curr Atheroscler Rep. (2022) 24:547–556. doi: 10.1007/s11883-022-01030-w

20. Cuchel M, Raal FJ, Hegele RA, Al-Rasadi K, Arca M, Averna M, et al. 2023 Update on European atherosclerosis society consensus statement on homozygous familial hypercholesterolaemia: new treatments and clinical guidance. Eur Heart J. (2023) 44:2277–2291. doi: 10.1093/eurheartj/ehad197

21. Parhofer KG. Apheresis: what should a clinician know? Curr Atheroscler Rep. (2023) 25:77. doi: 10.1007/s11883-023-01081-7

22. Bláha M, Veletová K, Blaha V, Lánská M, Žák P. Pregnancy in homozygous familial hypercholesterolemia-A case series. Ther Apher Dial. (2022) 26(Suppl 1):89–96. doi: 10.1111/1744-9987.13841

23. Safarova MS, Moriarty PM. Lipoprotein apheresis: current recommendations for treating familial hypercholesterolemia and elevated Lipoprotein(a). Curr Atheroscler Rep. (2023) 25:391–404. doi: 10.1007/s11883-023-01113-2

24. O’Gorman N, Wright D, Syngelaki A, Akolekar R, Wright A, Poon LC, et al. Competing risks model in screening for preeclampsia by maternal factors and biomarkers at 11-13 weeks gestation. Am J Obstet Gynecol. (2016) 214:103.e1–103.e12. doi: 10.1016/j.ajog.2015.08.034

25. Akaiek M, Azuma H, Kagawa A, Matsumoto K, Hayashi I, Tamura K, et al. Effect of aspirin treatment on serum concentrations of Lipoprotein(a) in patients with atherosclerotic diseases. Clin Chem. (2002) 48:1454–1459. doi: 10.1093/clinchem/48.9.1454

26. Lacaze P, Bakshi A, Riaz M, Polekhina G, Owen A, Bhatia HS, et al. Aspirin for primary prevention of cardiovascular events in relation to lipoprotein(a) genotypes. J Am Coll Cardiol. (2022) 80:1287–1298. doi: 10.1016/j.jacc.2022.07.027

27. Vrijkotte TGM, Krukziener N, Hutten BA, Vollebregt KC, Van Eijsden M, Twickler MB. Maternal lipid profile during early pregnancy and pregnancy complications and outcomes: the ABCD study. J Clin Endocrinol Metab. (2012) 97:3917–3925.

28. Li J, Lu J, Wang M, Hu W, Jin N, Li X, et al. Predictive value of second-trimester maternal lipid profiling in early-onset pre-eclampsia: a prospective cohort study and nomogram. Front Med (Lausanne). (2021) 8:688312. doi: 10.3389/fmed.2021.688312

29. Pirro M, Bianconi V, Paciullo F, Mannarino MR, Bagaglia F, Sahebkar A. Lipoprotein(a) and inflammation: a dangerous duet leading to endothelial loss of integrity. Pharmacol Res. (2017) 119:178–187. doi: 10.1016/j.phrs.2017.02.001

30. Regitz-Zagrosek V, Roos-Hesselink JW, Bauersachs J, Blomström-Lundqvist C, Cífková R, De Bonis M, et al. 2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy. Eur Heart J. (2018) 39:3165–3241.

31. Kusters DM, Lahsinoui HH, Van De Post JAM, Wiegman A, Wijburg FA, Kastelein JJP, et al. Statin use during pregnancy: a systematic review and meta-analysis. Expert Rev Cardiovasc Ther. (2012) 10:363–378.

32. Vahedian-Azimi A, Bianconi V, Makvandi S, Banach M, Mohammadi SM, Pirro M, et al. A systematic review and meta-analysis on the effects of statins on pregnancy outcomes. Atherosclerosis. (2021) 336:1–11.

33. Dobert M, Varouxaki AN, Mu AC, Syngelaki A, Ciobanu A, Akolekar R, et al. Pravastatin versus placebo in pregnancies at high risk of term preeclampsia. Circulation. (2021) 144:670–679.

34. Thadhani R, Hagmann H, Schaarschmidt W, Roth B, Cingoez T, Karumanchi SA, et al. Removal of soluble Fms-like tyrosine kinase-1 by dextran sulfate apheresis in preeclampsia. J Am Soc Nephrol. (2016) 27:903–913.

35. Winkler K, Contini C, König B, Krumrey B, Pütz G, Zschiedrich S, et al. Treatment of very preterm preeclampsia via heparin-mediated extracorporeal LDL-precipitation (H.E.L.P.) apheresis: the Freiburg preeclampsia H.E.L.P.-Apheresis study. Pregnancy Hypertens. (2018) 12:136–143. doi: 10.1016/j.preghy.2018.04.007

36. Petca A, Miron BC, Pacu I, Dumitrașcu MC, Mehedințu C, Șandru F, et al. HELLP syndrome—holistic insight into pathophysiology. Medicina (B Aires). (2022) 58:326. doi: 10.3390/medicina58020326

37. Khalid F, Mahendraker N, Tonismae T. HELLP syndrome. Treasure Island, FL: StatPearls (2022).


OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Case report: lipoprotein apheresis reduces the risk of cardiovascular events and prolongs pregnancy in a woman with severely elevated lipoprotein(a), cardiovascular disease, and a high risk of preeclampsia



		1. Introduction



		2. Case description



		3. Diagnostic assessment



		4. Therapeutic intervention



		5. Follow-up and outcomes



		6. Discussion



		7. Patient perspective



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References

















OPS/images/fmed-10-1190446-t003.jpg
In vitro fertilization (IVF) procedure
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8 weeks’ gestation: gestational diabetes treated with long-acting insulin analog

herapy
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2 weeks’ gestation: fetal ultrasonography and pregnancy-associated plasma

protein A test results revealed a high risk of preeclampsia (PE) and intrauterine
fetal growth restriction

Vv

7-18 weeks’ gestation: routine check-up between 17 and 18 weeks of gestation
revealed elevated low-density lipoprotein cholesterol and triglyceride serum
concentrations of up to 191 mg/dL and 179 mg/dL, respectively. Fetal
ultrasonography revealed an increased pulsatility index and early diastolic notch

on Doppler interrogation.

Vv

21 weeks’ gestation: the patient was initiated on regular biweekly lipoprotein

apheresis

1

33 weeks’ gestation: an increase in the blood pressure was noted. Methyldopa was

immediately administered in adjusted doses.

1

36 weeks’ gestation: the patient required admission to the obstetrics and

gynecology clinic for severe preeclampsia with uncontrolled blood pressure and
severe proteinuria.

Vv

After 3 days of hospitalization, a successful urgent cesarean delivery was
performed under general anesthesia

Vv

Sudden maternal thrombocytopenia was noted after the cesarean section
(platelet count, 50-60 G/L). Detection of antibodies to platelet factor 4
complexes and a suspicion of heparin-induced thrombocytopenia led to a
conversion to fondaparinux.

Vv

Significant increases were noted in the alanine transaminase (87 U/L), aspartate
transaminase (83 U/L), and lactate dehydrogenase (564 U/L) levels. The patient’s
hemoglobin level decreased to 7.6 g/dL, although no significant blood loss was
observed. This triad of symptoms indicated the development of the HELLP

syndrome.

1

Oliguria and severe systemic edema occurred due to worsening renal function

(glomerular filtration rate, 44 mL/min). Intravenous diuretics and albumin
supplementation normalized both clinical and laboratory parameters.

1

The administration of statins and ezetimibe was immediately restarted after

delivery.

1

Slight elevation of the patient’s troponin level and transient chest pain were

noted.

1

Echocardiography and Holter electrocardiogram did not reveal any

abnormalities. Doppler ultrasonography of the deep veins of the lower limbs

excluded thrombosis.

Vv

A pulmonary embolism was excluded and type 2 acute coronary syndrome was
suspected.

Vv

The patient was discharged after 13 days of hospitalization

Vv

Coronary computed tomography angiography performed 3 months after
delivery did not show any changes in the extent of the patient’s coronary artery
disease during the pregnancy.
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