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Abstract 

Over the past three years, the practice of H.E.L.P. apheresis has faced the daunting challenge 

of managing hypercoagulable states in COVID-19 and Long COVID. Due to the association 

of multiple organ damage in COVID-19 and Long COVID with endothelial injury, 

procoagulant factor dominance, and ischemia-induced tissue injury, H.E.L.P. apheresis has 

distinctly demonstrated its advantage. It effectively lowers plasma levels of clotting factors, 

the spike protein, toxins, cytokines, and harmful lipids, thereby mitigating disease-related 

morbidity and mortality during the ongoing pandemic. Here, we provide compelling evidence 

showcasing the distinctive efficacy of this therapeutic modality both with and without 

anticoagulation drug therapy. This approach has proven beneficial for a significant cohort of 

patients experiencing Long COVID and ME/CFS, addressing their needs across both the 

active and chronic phases of the disease. With the increasing prevalence of post-COVID-19 

vaccination syndrome patients, H.E.L.P. apheresis has attained a new modality of significance 

to help this group of suffers, in addition to the COVID-19 and Long COVID categories.  

 

  



1. Introduction 

 

As a result of the COVID-19 pandemic, the scientific community is challenged with 

pinpointing a specific treatment approach suitable for individuals experiencing both acute and 

chronic manifestations of the virus, commonly referred to as 'Long COVID.' Preventing acute 

lung failure, which arises from so-called ‘microthrombi’ and endothelial inflammation (1,2), 

is challenging due to an excessive immune response when the body's initial defense 

mechanisms have already faltered. Therefore, a holistic treatment approach is imperative to 

address the intricate interplay of these mechanisms. 

 

It is known that the SARS-CoV-2 spike (S) protein uses the angiotensin-converting enzyme 2 

(ACE2) receptor and the transmembrane serine protease 2 (TMPRSS2) as essential host 

proteins (3,4,5) to infect cells of the alveolar epithelium (6–9) and endothelial cells in the 

lungs, heart, kidneys, intestines, liver, and brain (10). This explains why patients with an 

upregulated receptor density, such as patients with coronary artery disease (11–15), 

hypertension (8,15), diabetes (8,15), or obesity (8,15), exhibit a higher mortality risk (16). 

This problem has become increasingly complex with the discovery of other receptors being 

able to facilitate viral entry into the cells (17). Histological studies have confirmed the 

presence of the virus in the primary affected tissue in the lungs, specifically in cell types such 

as alveolar type I and II epithelium, as well as basal endothelial cells (6–9, 18). Moreover, 

these inflammatory comorbidities further increase thrombogenicity and hyperactivate platelets 

by increasing the shear stress in the vessels (19-21). Alveolar tissue and adjacent capillaries 

have revealed massive inflammatory infiltrates and procoagulant activation, together with cell 

necrosis, thrombi, and massive ‘fibrinoid’ deposits (6–9,18,22,23). As a result of this, the 

clinical picture of an obstructed gas exchange emerges in the patients admitted with acute 

COVID-19 in hospitals, as the thickening of the diffusion barrier limits the benefits of 

artificial ventilation and extracorporeal membrane oxygenation (ECMO) (24-27).  

The identification of the S protein in circulation following COVID-19 vaccination has further 

complicated the challenge of choosing an appropriate treatment modality for individuals 

experiencing cardiovascular (CVS) adverse events post-vaccination (28-30). Therefore, over 

the past three years, the selection of therapy to extend beyond acute COVID-19 to encompass 

Long COVID and emerging instances of vaccine-related cardiovascular adverse effects has 

become increasingly intricate (31). 



Heparin-induced extracorporeal LDL/fibrinogen precipitation (H.E.L.P.) apheresis is a 

therapeutic procedure introduced by Seidel and Wieland in 1984, primarily for patients with 

severe hyperlipidemia or familial homozygous hypercholesterolemia (28-30,32-35). This 

therapy uses unfractionated heparin in the extracorporeal circuit to significantly contribute to 

the restoration of microcirculation in the lungs and other affected organs. H.E.L.P. apheresis 

has not only been proven beneficial as an ultima ratio treatment of arteriosclerosis and its 

atherothrombotic sequelae, but it has also been successfully applied in coronary heart disease 

(28,29,32,36-38) to prevent and treat graft vessel disease following heart transplantation (38-

44), acute thrombotic graft occlusion following aortocoronary bypass surgery (45), 

preeclampsia (46,47), strokes (48-51), unstable angina pectoris (52), and 

hyperlipoproteinemia (a) (37). Various types of harmful lipoproteins and lipids are filtered out 

of circulation during H.E.L.P. apheresis. H.E.L.P. apheresis has also been shown to exert an 

anti-inflammatory effect in chronic and acute inflammatory processes involving the 

endothelium in the micro- and macro-circulation (29–30, 32-40,45,53,54), as well as 

anticoagulant and anti-inflammatory influences (55,56). 

Furthermore, unfractionated heparin used in H.E.L.P. apheresis can effectively bind to the S 

protein, thereby mitigating endothelial injury, hypercoagulability, and thrombus formation 

triggered by the SARS-CoV-2 S protein and consequent sluggish circulation (28,55,56). 

Owing to this quality, individuals experiencing adverse CVS effects after mRNA COVID-19 

vaccinations may be considered potential candidates for H.E.L.P. apheresis. At present, there 

is no drug-based therapy to engage and remove the S protein from those suffering from these 

patient groups, suggesting H.E.L.P. apheresis may be a potential therapy arsenal to help 

individuals who have a sustained production of S protein after a COVID-19 infection or 

vaccination. Additionally, the removal of harmful lipoproteins and lipids means that patients 

with additional inflammatory comorbidities would obtain additional health benefits from this 

type of apheresis (28,55,56). 

The true impact of H.E.L.P. apheresis benefits can be assessed through two key parameters: a) 

the clinical enhancement observed in patients’ post-procedure, and b) the amelioration of 

biomarkers that were dysregulated before the treatment was administered. With regards to the 

signs and symptoms of the patients undergoing H.E.L.P. apheresis, a checklist of CVS and 

non-CVS related clinical presentations should be considered, as H.E.L.P. apheresis is also 

able to reduce well-known ‘neuro-COVID-19’ symptoms (51-53). Though the cardinal 

biomarkers are described in detail in the following sections, it is important to mention that the 



list should not be exhaustive and is central to the causation of hyper viscosity and endothelial 

injury. There is also potential that H.E.L.P. apheresis could help uncover the covert 

pathophysiology mechanisms underlying many diverse conditions that are not yet understood, 

including COVID-19, Long COVID, and Myalgic Encephalomyelitis/Chronic Fatigue 

Syndrome (ME/CFS). We have observed significant clinical benefits from applying H.E.L.P. 

apheresis, and it is crucial to communicate and share these advantages. This will facilitate the 

integration of this modality into patient treatment plans, enabling researchers and clinicians to 

advance in our collective effort to combat SARS-CoV-2 during the ongoing pandemic. 

 

2. Material and Methods 

2.1. The H.E.L.P. apheresis method 

During H.E.L.P. apheresis, the blood cells are first separated from the plasma in an 

extracorporeal circuit. Following this, 400.000 units of unfractionated heparin are added to the 

plasma, and the pH is lowered to 5.12 using an acetate buffer. This is the isoelectric point for 

optimal precipitation of the apolipoproteins from LDL cholesterol, lipoprotein (a) [Lp (a)], 

and VLDL, which are precipitated in the precipitation filter together with fibrinogen. The 

excess heparin is adsorbed, and bicarbonate dialysis balances the pH again. The blood cells of 

the patients are reinfused in parallel with a saline solution (32,55). The duration of treatment, 

two hours on average, can be shortened or extended to meet individual needs (55). 

 

2.2. Clinical testing before and after H.E.L.P. apheresis 

Participants underwent a program of functional and physiological testing before and within 24 

hours of H.E.L.P. apheresis. The clinical evaluations that were performed and their frequency 

are listed in Table 1. The tests were performed by trained volunteers assisting the treating 

physician (BRJ) and the nursing staff at the center. 

 

In the week before arrival, patients completed the following assessments remotely: 

• A detailed symptom and function checklist based on the modified COVID-19 Yorkshire 

Rehabilitation Screen (C-19 YRS) (57,58)  

• A baseline cognitive assessment was performed using a computerized cognitive battery 

(BrainCheck; Houston, Texas). The six measures that make up the cognitive battery are 

listed in Table 1. Each of the tasks was scored independently, and an overall score was 

automatically produced by the software, which has been validated in cases of sudden-onset 

cognitive impairment (59).  



 

The remaining functional and physiological testing and data collection were carried out face-

to-face:    

• Functional mobility testing was performed using the 10-meter walk test (10 MWT), which 

is a well-validated measure that can be completed with relatively low exertion on the part 

of the participant (60)  

 

Two autonomic measures were completed: 

• Root mean square of successive RR interval differences (RMSSD), which is known to 

correlate with autonomically-mediated changes in heart rate variability (HRV) (61) was 

collected using mobile app-based photoplethysmography technology developed by 

Happitech (Happitech, Amsterdam, The Netherlands).  

• Postural orthostasis was assessed by monitoring blood pressure and heart rate after three 

minutes in the supine position and then again after three minutes in the upright position (62) 

This made use of the guidelines for heart rate changes (≥30 beats per minute increase) set 

out by the American Autonomic Society (63).  

 

Spirometry and peripheral venous oxygen saturation tests were also completed:  

• Spirometry with flow volume loop (FVL) and diffusing capacity for carbon monoxide 

(DLCO) were performed and analyzed following standards approved by the American 

Thoracic Society and European Respiratory Society (64,65) using the EasyOne Pro® lung 

function equipment (NDD Medical Technologies; Zurich, Switzerland). Global Lung 

Function Initiative (GLI) reference values for spirometry and DLCO were employed (66,67) 

• Peripheral venous oxygen saturation (SpvO2) was measured in a sample of venous blood 

drawn into a heparinized syringe at the time of cannulation of the antecubital vein for 

apheresis, and again after the procedure. The samples were processed using the GEM 

Premier 5000 blood gas analyzer  (Werfen; Bedford, Maine, USA).  

 

 

 

 

 

 

 

 

 

 



Table 1: Functional testing schedule for a group of patients undergoing H.E.L.P. apheresis. 

Measure Domain Pre-

Apheresis 

Post-

Apheresis 

10-Meter Walk Speed (10 MWT) Functional Mobility Yes Yes 

Symptom and Function Checklist Symptom self-report Yes No 

Heart Rate Variability (HRV) Autonomic Yes No 

Postural orthostasis Autonomic Yes Yes 

Spirometry with flow volume loop (FVL) Respiratory Yes Yes 

Diffusing Capacity for Carbon Monoxide 

(DLCO) 

Respiratory Yes Yes 

Peripheral Venous Oxygen Saturation 

(SpvO2) 

Respiratory Yes Yes 

Trails A (Attention) Cognition Yes Yes 

Trails B (Mental Flexibility) Cognition Yes Yes 

Digital Symbol Substitution  

(Executive Function) 

Cognition Yes Yes 

Stroop (Executive Function) Cognition Yes Yes 

Immediate Recognition (Memory) Cognition Yes Yes 

Delayed Recognition (Memory) Cognition Yes Yes 

 

 

2.3. Microscopic visualization of the blood before and after H.E.L.P. apheresis 

Heightened anomalous clotting of fibrin(ogen) and plasma proteins have been formerly 

observed in Long COVID patients (68-69) using a technique that has previously been 

described in detail. Naïve platelet-poor plasma (PPP), derived from citrated whole blood 

(WB) was exposed to the fluorescent dye, Thioflavin T (ThT) (final concentration: 0,005mM) 

(70), for 30 minutes at room temperature and protected from light. After incubation, 4 µL PPP 

was smeared on a glass slide and covered with a coverslip. The excitation wavelength for ThT 

was set to 450–488 nm, while the emission was set to 499–529 nm. The incubated samples 

were then observed using a Zeiss Axio Observer 7 fluorescent microscope with a Plan-

Apochromat 63x/1.4 Oil DIC M27 objective (Carl Zeiss Microscopy, Munich, Germany) 

(71). 

 



In addition to this assessment of anomalous clotting and plasma proteins, platelet 

hyperactivation is also assessed in the Long COVID patients using the hematocrit of the 

citrated blood once the PPP has been removed. This analysis has been previously explained 

thoroughly. Two fluorescent antibodies are added to the hematocrit: CD62P (staining for 

platelet surface P-selectin) (68-69) and PAC-1 (staining for activated GP IIb/IIIa) (68-69). 

During platelet activation, CD62P/P-selectin is released from the platelet cellular granules and 

relocates to the platelet membrane surface. The PAC-1 antibody detects the neoepitope of 

activated GP IIb/IIIa receptors. After incubating for 30 minutes at room temperature, 10 µL 

hematocrit is placed onto a glass slide and covered with a coverslip. The sample is then 

viewed using a Zeiss Axio Observer 7 fluorescent microscope with a Plan (71). The excitation 

wavelength was set at 406–440 nm and the emission at 546–564 nm for the PAC-1 marker. 

For the CD62P antibody, an excitation of 494–528 nm and an emission wavelength of 618–

756 nm was used. 

 

2.4. Blood gas analytics before and after H.E.L.P. apheresis 

“Blood gas analysis” is commonly used in our setting as a prognostic tool to evaluate the 

partial pressures of gas and acid-base content in the blood of patients undergoing H.E.L.P. 

apheresis. The use of blood gas analysis enables us to understand any related respiratory, 

circulatory, and metabolic disorders. Blood gas analysis is performed on blood obtained from 

anywhere in the circulatory system (artery, vein, or capillary). In our setting, venous or 

arterial was used. An arterial blood gas analysis assesses a patient's partial pressure of oxygen 

(pO2) and carbon dioxide (pCO2). pO2 provides information on the oxygenation status, 

whereas pCO2 offers information on the ventilation status (chronic or acute respiratory 

failure). Although oxygenation and ventilation can be assessed non-invasively via pulse 

oximetry and end-tidal carbon dioxide monitoring respectively, arterial blood gas analysis is 

the standard procedure and was hence performed. While many diseases are evaluated using an 

arterial blood gas analysis, including acute respiratory distress syndrome (ARDS), severe 

sepsis, septic shock, hypovolemic shock, diabetic ketoacidosis, renal tubular acidosis, acute 

respiratory failure, heart failure, cardiac arrest, asthma, and inborn errors of metabolism, we 

perform this test to assess the endothelial injury relayed as an alteration in blood gases. These 

alterations are expected in the hypercoagulable state present in Long COVID and post-

COVID-19 vaccine syndrome with associated CVS adverse reactions.  

 

 

 



2.5. Biomarker analysis in serum before and after H.E.L.P. apheresis 

The selection of biomarkers in Long COVID and post-COVID-19 vaccination syndrome is an 

emerging niche of research. The selection of biomarkers in specific organs affected, as well as 

biomarkers in COVID-19, Long COVID, and post-COVID-19 vaccination syndrome, focused 

on endothelial injury, hypercoagulation, platelet hyperactivation and aggregation, and 

activation of clotting factors. The biomarkers listed in Table 1, both before and after H.E.L.P. 

apheresis, were anticipated to offer valuable insights into the pathophysiology, prognosis, and 

treatment outcomes for patients undergoing H.E.L.P. apheresis. 

 

2.6. High-throughput microfluidic imaging of whole blood samples 

Real-time deformability cytometry (RT-DC) on WB was performed as described in detail 

elsewhere (72,73). Briefly, a polydimethylsiloxane (PDMS)-made microfluidic chip with two 

inlets (sheath- and sample-flow) and an outlet connected by a channel constriction of 20 x 20 

µm was mounted onto an inverted microscope (Axiovert-200, Zeiss, Germany) equipped with 

an LED (CBT-120, Luminus Devices, USA) and a high-speed camera (EoSens CL MC1362, 

Mikrotron, Germany). Two syringe pumps (NemeSyS, Cetoni, Germany) were used to deliver 

blood cell suspension and sheath flow through the microfluidic chip at a sample flow rate of 

0.015 µL s−1 and a sheath flow rate of 0.045 µL s−1, resulting in a total flow rate of 0.06 µL 

s−1. The sample consisted of WB and measurement buffer (MB) in a 1 to 20 ratio, respectively. 

The MB was based on phosphate-buffered saline (PBS, Mg2+-, and Ca2+-free) and 0.6% w/w 

methylcellulose (4,000 cPs; Sigma Aldrich, USA). Viscosity and osmolarity were adjusted to 

26 mPa s at room temperature and 280 – 290 mOsm/kg, respectively. At the end of the channel 

constriction (the region of interest), an image (250 x 80 pixels) of every cell was captured at a 

frame rate of 3600 fps using ShapeIn Software (Zellmechanik; Dresden, Germany). In total, 

0.45 µL blood was measured. Analysis of microclot-like structures was done using the freeware 

ShapeOut2 version 2.9.2 (74). 

 

 

 

 

 

 

 

 

 

 

 

 



3. Results 

3.1. Clinical testing results 

A total of 19 patients (six females) completed baseline clinical testing before their first apheresis 

session. All 19 patients also completed the post-apheresis evaluation 24 hours after treatment. 

One participant was unable to complete the 10 MWT both pre- and 24 hours post-apheresis due 

to limitations imposed by their condition.  

 

3.1.1. Cognitive and Functional Outcomes 

The results of all pre-and post-apheresis clinical and functional measures are presented in 

Tables 2-3 and Figure 1. Notably, patients showed significantly improved scores in walking 

speed measured during the 10 MWT (mean difference: 0.27m/s, p<0.001; Figure 2) and the 

Digit Symbol Substitution (DSS) cognitive task (mean difference: 13.3, p<0.001) post-

apheresis. Post-apheresis improvements in the DSS were significantly correlated with 

improvements in the 10 MWT (r=0.55, p<0.02). Mean scores on the Trails A, Trails B, Stroop, 

Immediate Recognition, and Delayed Recognition domains did not show significant changes 

post-apheresis in comparison to pre-apheresis baseline. However, for the Trails B (r=-0.68, 

p<0.002), Stroop (r= -0.91, p<0.0001), and Delayed Recognition (r = -0.75, p<0.0001) tests, 

strong negative correlations were observed between the baseline pre-apheresis score and the 

change in score post-apheresis, indicating that any post-apheresis improvements in these 

domains were of greater magnitude in those who scored below average before the procedure.  

 

Table 2: Cognitive function tests before and after H.E.L.P. apheresis. 

COGNITIVE DOMAIN 

PRE (MEAN ± 

SD) 

POST (MEAN ± 

SD) P-value 

TRAILS A 97.9 ± 17.1 103.3 ± 11.4 0.46 

TRAILS B 97.4 ± 15.6 102.2 ± 11.9 0.23 

DIGIT SYMBOL 

SUBSTITUTION 94.3 ± 19.6 107.3 ± 9.5** 0.001 

STROOP 88.7 ± 26.5 100.8 ± 10.6 0.06 

IMMEDIATE RECALL 103.2 ± 12.1 105.3 ± 12.8 0.48 

DELAYED RECALL 96.8 ± 18.9 98.1 ± 14.6 0.78 

OVERALL SCORE 98.0 ± 16.3 105.4 ± 13.0* 0.03 

*p<0.05, **p<0.002  

 



 

 
Figure 1: Change in walking speed (meters/second) immediately following one apheresis 

session compared with baseline. **p<0.001 

 

3.1.2. Autonomic Outcomes 

Heart rate variability was only collected at baseline. Patients had an RMSSD that was, on 

average, 80% lower than the median expected RMSSD for age- and gender-matched controls. 

Most patients did not show physiological signs consistent with an objective diagnosis of 

postural orthostatic tachycardia syndrome (POTS), with the average heart rate change after 

assuming the upright position being 13.2 (±15.0) beats per minute (bpm). Post-apheresis, the 

average positional heart rate change was 14.2 (±11.0) bpm. However, three patients presented 

with orthostatic changes that met the AAS criteria for POTS, with an average positional change 

of 39 (±7.6) bpm; this improved to 14.7 (±9.0) bpm after the H.E.L.P. apheresis procedure. 

Following apheresis, no patients in the cohort met the AAS criteria for POTS. 

 

3.1.3. Respiratory Outcomes 

Mean dynamic lung volumes- both forced expiratory volume in one second (FEV1) and 

forced vital capacity (FVC)- were normal across the cohort both before and after apheresis. 

The mean FEV1/FVC ratio (using a cut-off of <70% to define airflow obstruction) 7 was 

unchanged pre- and post-apheresis. Of note, no patient had a significant smoking history 

(defined as ≥20 pack-years). Similarly, the mean DLCO expressed as a percentage of the 

predicted value was normal and remained unchanged after the procedure. Only one patient 

had a low DLCO of 70% predicted pre-apheresis, and post-apheresis this remained virtually 

unchanged at 71% predicted. There was no significant difference in mean SpvO2 measured 



before and after apheresis. We elaborate on the interpretation and significance of the SpvO2 

findings in the discussion. 

 

Table 3: Respiratory function tests before and after H.E.L.P. apheresis. 

RESPIRATORY 

DOMAIN 

PRE (MEAN ± 

SD) 

POST (MEAN ± 

SD) P-value 

FEV1 3.7 ± 0.9 3.8 ± 0.8 0.19 

FEV1 % Predicted 97.3 ± 13.5 98.8 ± 13.2 0.14 

FVC 5.0 ± 1.1 5.0 ± 1.0 0.36 

FVC % Predicted 104.6 ± 12.0 105.4 ± 12.0 0.41 

FEV1/FVC Ratio 0.8 ± 0.09 0.8 ± 0.08 0.46 

DLCO % Predicted 106.9 ± 13.2 106.2 ± 13.8 0.93 

SpvO2 56.3 ± 19.5 62.0 ± 15.1 0.30 

 

3.2. Microscopic examination of the patient's blood for platelets 

Microscopic abnormalities including abnormal platelet aggregation (Fig.2 A3) and spreading 

(Fig.2 A4) have been noted in Long COVID and post-COVID-19 vaccine syndrome patients 

in comparison to healthy controls (Fig.2 A1 and A2). Hence, the extent of platelet 

hyperactivation was assessed before and after H.E.L.P. apheresis. Before H.E.L.P. apheresis 

the platelets were seen in a hyperactivated phase (Fig.2 B1 and B2) with pseudopodia 

formation and enhanced aggregation and spreading. Following H.E.L.P. apheresis, the normal 

platelet morphology is regained (Fig.2 B3 and B4).  

 

 

 

 



 

 

Figure 2:Illustration of platelet hyperactivation, spreading, and clumping in Long COVID, 

and how this hyperactivation is reduced with H.E.L.P. apheresis and anticoagulant therapy. 

A1-A2. Examples of minimal platelet hyperactivation in healthy individuals. In control 

patients, minimal platelet spreading, and aggregation is observed. A3-A4. Example 

micrograph images from severe Long COVID cases. Image A3 demonstrates severe platelet 

aggregation (diameter ± 80µM), while Image A4 illustrates an increased concentration and 

spreading of hyperactivated platelets. B1-B2. Micrograph images are taken of a patient before 

treatment with H.E.L.P. apheresis. Although the platelet aggregation is not severe in this 

patient, the concentration of hyperactivated platelets is significantly noticeable. B3-B4. 

Micrograph images were taken after the patient's treatment with H.E.L.P. apheresis. The 

concentration of hyperactivated platelets was greatly reduced, along with reduced aggregating 

structures.  

 

3.3. Amyloid-like micro clot structures, endothelial damage, plasma protein 

misfolding, and fibrinogen-like structures in Long COVID and post-COVID-19 

vaccine syndrome   

Additionally, patients with Long COVID and post-COVID-19 vaccination syndrome display a 

consistent presence of amyloid-like microclot structures, endothelial damage, plasma protein 

misfolding, and fibrinogen-like structures, which are hypothesized to promote ischemia and 

cause vessel obstruction or thickening. In control patients, minimal amyloid-like microclots, 

plasma protein misfolding, and endothelial damage are observed (Fig.3 A1 and A2). 

However, in Long COVID and post-COVID-19 vaccination syndrome patients, elongated 

structures are observed (Fig.3 A3) that are thought to contain misfolded fibrinogen and small 

microclot structures. With H.E.L.P. apheresis, this presence of endothelial damage and 

misfolded plasma proteins (Fig.3 B1 and B2) is minimized, and the microscopic examination 

reveals a decreased presence of these structures (Fig.3 B3 and B4).  

 

 



 

3.4. Long COVID and post-COVID-19 vaccination syndrome patients exhibited 

blood gas derangements characterized by low oxygen (pO2) levels and elevated 

carbon dioxide (pCO2) levels in both arterial and venous blood 

 

A key method for evaluating the effectiveness of H.E.L.P. apheresis was through the 

comparison of blood pO2, pCO2, and pH values in patients before and after the procedure. A 

remarkable increase in pO2 and a noticeable decline in pCO2 was observed in our patient 

groups. Additionally, the normalization of the pH values indicated the impact of H.E.L.P. 

apheresis on addressing metabolic acidosis. Figure 3 illustrating this in a large cohort of 

patients can be seen below, while additional data can be seen in the supplementary material. 

Figure 3. Illustration of amyloid-like microclot structures, endothelial damage, plasma 

protein misfolding, and fibrinogen-like structures in Long COVID, and how this presence is 

reduced with H.E.L.P. apheresis and anticoagulant therapy. A1-A2. Examples of amyloid-like 

microclot structures, endothelial damage, and plasma protein misfolding in healthy 

individuals. In control patients, minimal presence is observed. A3. Example micrograph 

image from a severe Long COVID case. Image A3 demonstrates a worm-like structure, which 

is hypothesized to contain misfolded fibrinogen and small microclot-like structures. The 

length of the structure is around 2400 µM (2,4 mm). B1-B2. Micrograph images are taken of a 

patient before treatment with H.E.L.P. apheresis. A significant presence of endothelial 

damage and amyloid-like microclot structures is observed. B3-B4. Micrograph images were 

taken after the patient's treatment with H.E.L.P. apheresis. The concentration of these 

structures was greatly reduced. 

 

 

 

 



 

Figure 4. Blood gas analyses over time (X-axis) in Long COVID, post-COVID-19-vaccination 

syndrome, or “combination” patients (n) treated with H.E.L.P. apheresis and anticoagulants. 

The Y-axis is reflective of average pCO2 (mmHg) which decreases over time with  

treatment with a linear regression of m=-0,97, while the average pO2 (mmHg) was seen to 

increase with a linear regression of m=1,158. Examples of individual patient's blood gas 

pressure can be found in the supplementary material. 

 

 

 

 

 



3.5. Serum biomarker derangements seen in Long COVID and post-COVID-19 

vaccination syndrome and how these biomarkers improve with H.E.L.P. 

apheresis.   

Typical indicators of hypercoagulation and systemic inflammation, such as C-reactive protein 

(CRP), D-Dimer, bleeding time, clotting time, and partial prothrombin time (aPTT), did not 

show any trends with H.E.L.P. apheresis treatment, and varied patient to patient. However, 

one interesting marker that was found to be altered in cases of Long COVID and post-

COVID-19 vaccination syndrome is elevated IgG against the nucleocapsid (N) antigen in 

Long COVID patients. This phenomenon was not observed in post-COVID-19 vaccination 

syndrome patients. Additionally, a reduction of spike protein levels was observed in several 

patients after treatment with H.E.L.P. apheresis (Figure 5), with a 92% reduction.  

 

Figure 5. Reduction of spike protein levels (pg/ml) after treatment with H.E.L.P. apheresis. A 

92% reduction of the spike protein was observed. 

 

3.6. High-throughput microfluidic imaging of whole blood samples  

Real-time deformability cytometry was used to assess microclot-like structures in WB of Long 

COVID patients before and after H.E.L.P. apheresis. RT-DC is a microfluidic-based imaging 

technology used to acquire the physical properties of particles in flow at a speed of up to 1000 

events per second and has been used previously to document changes in the physical phenotypes 



of blood cells during acute COVID-19 infection (75). We used a simple gating strategy to 

identify microclot-like structures by plotting 100,000 of the approximately 1.2 million acquired 

events for each patient, according to their projected area and deformation. We then applied a 

polygon gate to detect events as shown in Figure 6A. Representative appearances of gated 

microclot-like structures are illustrated in Figure 6B, whilst Table 4 displays the overall analysis 

of the microclot-like structures. A significant reduction in the overall count of microclot-like 

structures and a reduction in the percentage of microclot-like structures to all measured events 

in a blood sample was noted immediately after apheresis (p<0.05; Figures 6A and 6B). The clot 

size (projected area) and the standard deviation of the projected area did not change (Figures 

6C and 6D). However, it should be kept in mind that not all events are necessarily clots, as 

damaged endothelial cells or cellular debris generated by the apheresis process may have been 

present and therefore recognized in the analysis. 

 

Figure 6. Representative RT-DC measurements of whole blood (approximately 1.2 million 

event images per participant were acquired). A. Gating strategy to identify microclot-like 

structures from WB before and directly after H.E.L.P. apheresis. Scatter plots of area and 

deformation show representative RT-DC measurements. Every dot is a measured event ranging 

from normal blood cells or cell agglomerates to microclot-like structures (100,000 events are 

shown). The events outside the gate (dashed polygon) are blood cells or cell agglomerates. B. 

Representative images of microclot-like structures in RT-DC measurement channel. Red lines 

outline the event contour, which automatically gets assigned to the event in real-time and is the 

basis for size analysis (area within the contour in µm²). 

 



 

Table 4. Overall analysis of n=16 patients of microclot-like structures derived from RT-DC 

measurements.  count of microclot-like structures per 0.45 µl of blood, B. microclot-like 

structures expressed as a percentage of all measured events (blood cells and cell agglomerates), 

C. projected area (µm²) of microclot-like structures; and D. standard deviation of the projected 

area (µm²) of microclot-like structures before and directly after H.E.L.P. apheresis. 

 Measurement 
Before apheresis 

(Mean ± SEM) 

Directly after 

apheresis 

(Mean ± SEM) 

P-value 

A Count [per 0.45µl] 13 ± 1.9 7.86 ± 1.44 0.0136 

B % [of all events] 0.00081 ± 0.00015 0.00053 ± 0.0001 0.0769 

C Area [µm²] 420.1 ± 24.8 385.4 ± 15.6 0.2514 

D Area std [µm²] 129.7 ± 9.6 104.3 ± 11.4 0.0101 

 

 

 

Figure 7. Analysis of microclot-like structures from RT-DC measurements of 0.45 µl of whole 

blood. A-D. Bar plots of n = 16 patients (repeat samples were not received for three patients). 

A. Count of microclot-like structures per 0.45 µl of blood. B. Microclot-like structures 

expressed as a percentage of all measured events (blood cells and cell agglomerates). C. 

Projected area (µm²) of microclot-like structures. D. Standard deviation of the projected area 

(µm²) of microclot-like structures. 

  



 

 

4. Discussion  

 

This paper debates and provides comprehensive evidence of the benefits of H.E.L.P. apheresis 

in a group of patients with Long COVID and post-COVID-19 vaccination syndrome. 

Essential to the understanding of these conditions is the fact that patients present with 

multiorgan and multisystem dysfunction that is difficult to ascribe to a single pathogenetic 

event. Therefore, the broad positive impacts of H.E.L.P. apheresis position it as an ideal 

therapeutic approach. Firstly, circulating cytokines, CRP, harmful lipids, and fibrinogen are 

reduced considerably up to 50% within 2 hours. As a result, the flow and deformation of the 

pulmonary microcirculation have been seen to be immediately relieved—without reduction of 

the erythrocyte concentration. Fibrinogen is the effector of plasmatic coagulation and a 

decisive determinant in vascular microcirculation, viscosity of the blood, and erythrocyte 

aggregability. Owing to the use of unfractionated heparin in H.E.L.P. apheresis, the 

antithrombotic effect is maximal. Additionally, in-depth initial studies investigating the 

influence of H.E.L.P. apheresis on the kinetics of the procoagulation and fibrinolytic cascades 

have shown that, except for antithrombin III (which is reduced by 25%), the precursors of 

both procoagulation and fibrinolytic cascades are reduced by 35–50% within 2 hours. As a 

result, H.E.L.P. apheresis de-escalates the excessive coagulation without any risk of bleeding 

owing to the complete adsorption of unfractionated heparin. In the case of COVID-19, 

H.E.L.P. apheresis is also advantageous owing to its ability to diminish the trigger of the 

overwhelming immune response: the SARS-CoV-2 S protein. The S protein can induce 

deleterious effects on the endothelium and the clotting cascade, resulting in ischemia and a 

decline in organ function and performance. Even if ischemia is not an aetiological cause, 

H.E.L.P. apheresis (and other drugs) offers improvements in decreasing the extent of 

endothelial injury and hypercoagulation in patients, as well as improving symptoms.  

 

This improvement is visualized using fluorescent microscopy analysis. Before H.E.L.P. 

apheresis treatment, many of the patients displayed derangements in platelet morphology and 

abnormal fibrinogen-like strands, coupled with endothelial dysfunction and the presence of 

amyloid-like microclots. The notable improvements depicted following H.E.L.P. apheresis are 

remarkable and correlate with an enhanced clinical presentation. This shows evidence of the 

benefits of H.E.L.P. apheresis in Long COVID and post-COVID-19 vaccination syndrome 

patients. The second most significant criterion to assess the benefits of H.E.L.P. apheresis is 



the blood gas parameters in the form of pO2 and pCO2 in arterial and venous blood samples 

collected before and after H.E.L.P. apheresis treatments. The elevation in pO2 and reduction 

in pCO2 are evidence of improved microcirculation and oxygen exchange. Measured 

biomarker levels of individual organs and endothelial were also used to assess the benefits of 

H.E.L.P. apheresis in Long COVID and post-COVID-19 vaccination syndrome patients. Our 

results show that with and without supplementary anticoagulant medication, H.E.L.P. 

apheresis helped reduce the biomarker levels of organ damage to near baseline levels.  

While the investigations conducted before and after H.E.L.P. apheresis treatment suggest 

theoretical improvements, the pivotal criterion for assessing the impact of H.E.L.P. apheresis 

is the evaluation of symptoms during the treatment. Our study shows a clear improvement in 

patient symptoms after the procedure, and when combined with anticoagulant medication to 

further combat the hypercoagulability state of the patient. We show that, after H.E.L.P. 

apheresis treatment, organ perfusion in general improves significantly in the affected 

individuals undergoing the procedure (Table 3). A hypothesis suggests that the patients who 

did not experience significant benefits may fall into two categories: those with reduced 

compliance and those with notable non-COVID-19-related comorbidities. It is important to 

mention here that the choice of the patients to undergo H.E.L.P. apheresis in our setting 

depended on numerous factors; including the extent of platelet hyperactivation, the presence 

of fibrinogen-like strands and damaged endothelium, deranged biomarkers, and the clinical 

severity of the patients. Patients classified as “mild” were advised to take a triple 

anticoagulant therapy to observe improvements.  

 

We have previously reported on the mechanism through which H.E.L.P. apheresis reduces 

organ damage in COVID-19 and Long COVID. However, a novel aspect of the current study 

is the documentation of its benefits in post-COVID-19 vaccination syndrome. This syndrome 

has been on the rise since the latter part of 2022 and early 2023. In addition to the known 

mechanisms by which heparin helps in prothrombotic states, we are also studying the 

possibility of the binding effects of heparin to the receptor binding domain (RBD) of the spike 

protein, and adsorption of conotoxins harboring gut microbes released by SARS-CoV-2. 

These mechanisms appear to be additional pathways that H.E.L.P. apheresis may benefit both 

Long COVID and post-COVID-19 vaccination syndrome patients. It is also important to 

mention that H.E.L.P. apheresis is not restricted to a two- or three-hour treatment modality. 

The system can be recirculated for many hours until the precipitate filter is saturated. As the 



precipitate filter can also be renewed and replaced during the procedure, the fibrinogen 

concentration theoretically could be reduced considerably if desired.  

Since the patients improved clinically with low-dose heparin post-H.E.L.P. apheresis and an 

improvement in the fluorescent microscopy results and biomarkers was noted, this therapy 

may be beneficial in patients with Long COVID and those with post-COVID-19 vaccination 

syndrome. As a sustained production of S protein has been shown to increase 

hypercoagulability in these patients, H.E.L.P. apheresis is emerging as a methodology of 

choice with its ability to combat endothelial injury, antithrombotic effects, and dysregulated 

cytokine production.  

 

5. Conclusion and Future Directions  

To treat COVID-19 most effectively, Long COVID, and post-COVID-19 vaccination 

syndrome, it is essential to identify the underlying factors that trigger symptom presentation 

in these patients. It appears that the S protein incites vascular events responsible for an array 

of vascular and flow dynamics that result in tissue ischemia and injury. Autoimmune 

antibodies formed in patients with Long COVID additionally exacerbate the previously 

injured vascular endothelium and complicate the clinical picture. H.E.L.P. apheresis, 

combined with anticoagulant medication targeting the coagulation cascade, has proven to be 

enormously beneficial in the included patients. This calls for future research to identify 

currently unknown pathways, aiding patients with COVID-19, Long COVID-19, post-

COVID-19, and vaccination syndrome. Securing funding and bringing these conditions to 

light is essential to ensure the affordability and accessibility of these treatments. This is 

crucial to realizing the widespread benefits of H.E.L.P. apheresis for the growing number of 

patients affected by COVID-19, Long COVID-19, and post-COVID-19 vaccination 

syndrome.  
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Supplementary Material 

 

 

Figure S1. Further illustrations of platelet activation (A) and amyloid-like microclot structures, 

endothelial damage, plasma protein misfolding, and fibrinogen-like structures (B) in Long 

COVID and post-COVID-19 vaccination syndrome. A4 has a diameter of approximately 53µM, 

B1 has a diameter of around 80µM, and B7 has a length of approximately 500 µM (0,5mm), to 

give a rough indication of the size of these structures in circulation. 

https://github.com/ZELLMECHANIK-DRESDEN/ShapeOut2.2019
https://github.com/ZELLMECHANIK-DRESDEN/ShapeOut2


 
 

Figure S2. Individual blood gas analysis (pO2 and pCO2) of three patients that showcase the 

typical changes in venous oxygen and carbon dioxide pressure 
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