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Abstract: We present 2 cases of severe Covid-19 with comorbidities (arterial hypertension, obesity, diabetes mellitus) treated with
membrane-based therapeutic plasma exchanges in combination with a short-term high-dose immunosuppressive therapy. The therapy
has been initiated in an attempt to alleviate the prevalent cytokine storm and to prevent intubation and invasive mechanical ventilation,
when a long-term nasal oxygen therapy with a maximum flow rate of 8L/min was insufficient to achieve an adequate oxygenation.
Even though patient 2 had to be intubated after the 4th cycle of plasmapheresis due to the exhaustion of the respiratory muscles and the
subsequent acquired sepsis with a microbiological evidence of a mixed bacterial-fungal infection, both patients showed a good
response to treatment, including improvement of laboratory and radiological findings. To our knowledge, this combination of
therapeutic plasma exchange with a high-dose steroid therapy has not been reported previously.
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Introduction
The worldwide spread of the coronavirus disease 2019 (COVID-19) caused by the severe acute respiratory syndrome
coronavirus 2 (SARS CoV-2) continues producing new variants at a very disturbing pace.

Many therapeutic strategies, including dexamethasone,1 anticoagulants,2 antibiotics for treatment and prevention of
possible bacterial coinfections,3 high-flow oxygen therapy4 and, finally, invasive mechanical ventilation, have been
shown to be effective in the supportive treatment of Covid-19. However, there are still many Covid-19 patients with
comorbidities that put them at an increased risk of a critical illness course with a much higher mortality rate than in the
general population.5 An overall mortality of about 3.4% (over 4.3 million absolute fatal cases) forced physicians and
scientists to redirect their focus towards finding an appropriate curative therapy.

Taking into consideration recent reports,6,7 it seems reasonable that the serious complications of COVID-19 can be
treated in a similar fashion as a vasculitis is being treated. Specifically, the removal of plasma constituents by therapeutic
plasma exchanges in combination with a short-term high-dose immunosuppressive therapy lowers excessive plasma
levels of cytokines and of complement and coagulation factors. This approach is currently an unproven but intensively
tested therapy for severe COVID-19.8,9

There have been several reports published describing the use of therapeutic plasma exchanges in Covid-19.7,10–13

None of them, however, described it in combination with a high-dose immunosuppressive therapy.
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In this report, we describe two cases of COVID-19 patients treated with plasmapheresis and high-dose corticosteroids
as an off-label therapy to prevent intubation and invasive mechanical ventilation.

Case Presentation
Patient 1
A 59-year-old woman presented to the emergency department with dyspnea at rest, myalgia and increased body
temperature.

Seven days prior to hospital admission, she was positively tested for COVID-19 in ambulatory settings. Back then,
she was in an asymptomatic condition. The test has been conducted due to a close contact with an infected and
symptomatic family member.

Upon admission, she had tachycardia and slight tachypnea. Blood pressure was within normal range. She denied any
change in smell (anosmia) or taste.

Patient 2
A 64-year-old man, complaining of worsening shortness of breath accompanied by a dry cough, which started about 1
week prior to hospital admission. The patient also did not notice any smell or taste disturbance.

Despite normal blood pressure and heart rate, the clinical condition was greatly reduced with tachypnea, fever, and
reduced transcutaneous oxygen saturation.

Both patients suffered from arterial hypertension and obesity. In addition, within the framework of metabolic
syndrome, Patient 2 had type-2 diabetes treated with insulin.

Laboratory Findings and Initial Treatment
A positive SARS-CoV-2 PCR results from a nasopharyngeal swab confirmed the earlier established diagnosis in both
patients. Both patients showed signs of acute hypoxic respiratory insufficiency upon admission, which could be
confirmed in earlobe arterialized capillary blood analysis with coexisting evidence of hyperventilation.

An initiated long-term nasal oxygen therapy with a flow rate of 2L/min was sufficient to achieve an adequate
oxygenation for Patient 1, whereas Patient 2 required an increase in oxygen supply to the available maximum flow rate of
8 L/min, still however, not yielding a full compensation of the inadequate gas exchange.

C-reactive protein was slightly increased in both cases with quite low plasma levels of procalcitonin and leukocytes
within the normal range. As the bacterial co-infection could not be ruled out at this stage, an antibiotic therapy with
azithromycin and ampicillin/sulbactam was administered.

Furthermore, a chest X-rays showed patchy opacities with basal and peripheral predominance.
Following the anticoagulation recommendations for COVID-19, both received anticoagulation therapy with subcu-

taneously applied enoxaparin since admission, even though only Patient 2 presented with abnormal D-dimer levels.
In addition, a low dose dexamethasone therapy (6 mg/day) was applied for its anti-inflammatory and immunosup-

pressant effects since admission in both patients. All initial laboratory findings are shown in Table 1.

Course of Disease
Due to the rapid progression of respiratory failure within 3 days after admission, patient 1 was transferred to the
intensive-care unit.

The chest X-ray findings have progressed, showing consolidated infiltrates in the right middle pulmonary lobe and
newly occurring opacities in the left lower pulmonary lobe (Figure 1: 1A–C).

Subsequently, a heated humidified high-flow therapy with a flow of 50L/min and oxygen concentration (FiO2) of
100% as well as an early prone positioning therapy were applied.

In Patient 2, the initial chest X-ray findings showed severe spotty bilateral opacities, progressing in both middle and
basal pulmonary lobes, being consistent with pneumonic consolidated infiltrations accompanied by alveolar pulmonary
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Table 1 Initial Laboratory and Clinical Findings

Parameter Patient 1 Patient 2 Reference

Clinical presentation

Age [years] 59 64

Weight [kg] 90 117

Height [cm] 156 162

BMI [kg/m2] 37 44.6 <25

Body temperature [°C] 37.3 38.8 <37.5

Heart rate [bpm] 106 74 60–90

Respiratory rate [bpm] 18 26 12–16

Blood pressure [mmHg] 112/76 106/66 90–140/60–90

Blood

Hemoglobin [mmol/l] 9.3 8.4 8.4–10.7

Hematocrit [l/l] 0.45 0.41 0.4–0.51

RBC [1012/l] 5.3 4.4 3.9–5.2

WBC [109/l] 4.3 5.9 3.9–10.2

PLT [109/l] 154 268 150–370

Potassium [mmol/l] 3.6 4.7 3.5–5.1

Sodium [mmol/l] 134 134 135–145

Calcium [mmol/l] 2.19 2.07 2.15–2.5

LDH [µmol/l × s] 4.02 7.7 <4.2

Creatinine [µmol/l] 144 117 62–106

GFR [mL/min/1.73m2] 35.0 57.5 >90

C-reactive protein [mg/l] 43.0 76.6 <5

Procalcitonin <0.5 µg/l 0.13 0.16 35–52

Quick-test [%] 101 90 80–130

INR 0.99 1.06 2.5–4.5*

PTT [s] 35.7 29.0 26.5–40

D-dimer [<0.62 mg/l] 0.5 1.62 <0.62

SARS-CoV-2 PCR Ct-value 28.25 25.93

Capillary blood gas analysis

O2-Volume 0L/min 7L/min

pH 7.524 7.417 7.37–7.45

pO2 [kPa] 7.6 6.9 9.5–13.9

pCO2 [kPa] 4.1 4.4 4.3–5.7

(Continued)
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edema (see Figure 1: 2A). Likewise for Patient 1, Patient 2 has been immediately transferred to an intensive care unit,
where the same therapeutic measures have been applied.

Plasmapheresis in COVID-19 Patients
Considering that both patients were in a critical condition, had worsening global respiratory insufficiency and suffered
from relevant comorbidities, an off-label use of therapeutic plasma exchanges with albumin replacement has been
initiated to avoid an endotracheal intubation. The main reason for this decision was that those comorbidities are
considered to be independent risk factors for endotracheal intubation and, consecutively, incur a high likelihood of
death in hospital.13

For each patient, after obtaining informed consent, a temporary, uncuffed dialysis catheter was placed into a jugular
internal vein, 5–6 membrane-based therapeutic plasma exchanges were performed over 8 days using the Octa Nova
apheresis system by Diamed Medizintechnik (Cologne, Germany). Blood flow was 100–120 mL/min. As a replacement
fluid, a 5% albumin solution (3 liters or 86–107% of estimated plasma volume. Plasma volume was estimated by

Figure 1 Chest X-Ray by Patient 1(1A–D) and Patient 2(2A–D). (1A) On admission, (1B) Control after 3 days, (1C) Control on the day 1 at ICU (12 hours after 1B), (1D)
Control after treatment. (2A) On admission, (2B) Control on day 8, (2C) Control on day 35 during antibiotic and antifungal Therapy, (2D) After treatment.

Table 1 (Continued).

Parameter Patient 1 Patient 2 Reference

SO2 [%] 91 83 94–98

ABE [mmol/l] 3.4 −2.6 −2–3

HCO3- [mmol/l] 27.2 21.9 21–26
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Table 2 Laboratory Controls Under Plasmapheresis

Days in ICU Patient 1 Patient 2

Day 1 Day 2 Day 4 Day 5 Day 8 Day 1 Day 2 Day 3 Day 5 Day 7 Day 9

Plasmapheresis Cycle 1/5 2/5 3/5 4/5 5/5 1/6 2/6 3/6 4/6 5/6 6/6

WBC 9.5 8.7 12.3 13.8 14.9 6 8.2 16.5 16.2 16.1 16.8

PLT 268 299 323 332 297 268 389 417 271 268 276

LDH [µmol/l] 6.91 5.29 3.97 7.77 7.02 6.32 8.28 6.75 4.72

Procalcitonin [µg/l] 0.3 0.25 0.17 0.18 0.11 0.8 0.7 0.13

CrP 324 135 16.7 6.7 13.4 76.6 46.7 13.3 9.3 40.2 12.9

IL-6 [ng/l] <5.9 55.9 9.7 4.1 6.9 9.5 16.8 16.2

FiO2 1 1 0.8 0.8 0.45 1 1 1 1 0.6 0.4

pH 7.37–7.45 7.441 7.408 7.397 7.403 7.436 7.33 7.37 7.42 7.45 7.42 7.48

pO2 [kPa] 9.5–13.9 8.1 8.1 5.7 10.5 11.8 11.1 12.0 7.6 8.5 13.7 10.8

pCO2 [kPa] 4.3–5.7 5.6 5.9 5.7 5.5 5.3 5.4 5.3 5.0 5.9 6.6 5.6

SO2 [%] 94–98 90 89 74 96 97 95 94 90 92 97 96

ABE −2.0–3.0 4.1 2.8 1.2 0.8 2.3 −4.5 −1.8 −0.1 5.6 6.1 6.7

HCO3- 21–26 27.9 26.7 24.9 25.1 26.4 20.7 22.8 24.2 29.4 30.0 30.5

Quick 80–130% 79 74 74 51 74 90 78 67 65 73 76

INR 2.5–4.5 1.17 1.22 1.22 1.63 1.22 1.06 1.18 1.31 1.34 1.23 1.20

PTT 26.5–40 s 44.60 38.10 33.50 47.30 70.50 29.00 40.30 36.40 34.40 36.20 42.30

Thrombin Time 16–24 s 19.60 20.00 28.50 25.20 23.80 23.00

Fibrinogen 1.6–4 g/l 4.42 1.39 0.58 3.67 1.84 1.88

DD mg/l 1.11 0.75 0.27 0.30 1.62 1.05 1.02 11.00
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Nadler’s formula for blood volume14 and multiplied by (1-hematocrit) yielding an estimated plasma volume of 2.8 L in
patient 1 and 3.5 L in patient 2.

As for anticoagulation, heparin-based systemic anticoagulation was started for 2 therapeutic plasma-exchanges in
Patient 2. As a complication, patient 2 developed a type-2 heparin-induced thrombocytopenia proven by positive
antibodies. The platelet count was 80–109 Giga particles/L. Except for the 2 initial plasmapheresis sessions in patient
2, both patients received a regional citrate-based anticoagulation until the end of the scheduled 5–6 sessions. Calcium
was reinfused until free plasma calcium was within normal range. Membrane-based plasmapheresis using regional
anticoagulation with citrate was adopted and reported previously by our group.15

In addition, a 4/5-day course of methylprednisolone (100 mg per day) was applied. After the pulse therapy, a gradual
taper-off over 5 days was performed concurrently to therapeutic plasma exchanges. The total methylprednisolone doses
applied were 675 mg to Patient 1 and 750 mg to Patient 2. Throughout methylprednisolone taper, we continued the
dexamethasone-therapy (6 mg/day) over 10 days in total.

In both subjects, during the therapy, a swift decrease of C-reactive protein, procalcitonin and lactate dehydrogenase
was observed, as well as concurrent reduced oxygen demand as shown in Table 2 and an improved radiological findings
(Figure 1: 1D and 2B).

In Patient 1, after the fifth session of therapeutic plasma exchange, anti-SARS-CoV-2-Virus IgG was detectable. The
patient reported an improvement in symptoms and general condition – she could be transferred to a regular ward and
participate in an intensified physiotherapy program. After 22 days, Patient 1 was discharged from hospital with a long-
term oxygen therapy with a flow of 0.5 l/min at rest and 2L/min on exertion.

Patient 2 initially showed a good response to treatment, including improvements in radiological findings as well.
However, the patient’s condition suddenly deteriorated as a result of exhaustion of his respiratory muscles, despite high-
flow oxygen therapy. He had to be intubated after the fourth plasma exchange. D-dimer levels were found to be
increased. After intubation, two more plasma exchanges were applied resulting in both clinical and laboratory
improvements.

Two days after the completion of the therapy described above, inflammatory parameters rose (Procalcitonin: 62 µg/L,
C-reactive protein: 363 mg/L and IL-6:80 ng/L). Proteus mirabilis, Staphylococcus epidermidis, and fungal antigen were
detected in serial blood cultures. Since an antibiotic therapy consisting of azithromycin and ampicillin/sulbactam has
already been discontinued, a new course of antibiotics with meropenem, linezolid and caspofungin for 10, 9 and 12 days,
respectively, was started. A chest X-ray control confirmed the progression of pneumonia (Figure 1: 2C). After
a prolonged treatment, the patient could be extubated and was in a stable condition. In chest X-ray controls,
a regression of pulmonary infiltrates was found (Figure 1: 2D). The patient was transferred to a regular ward to take
part in an intensive physiotherapy program. He was discharged after 57 days of hospitalization and underwent further
physiotherapy in an inpatient rehabilitation facility.

Discussion
Recent reports suggest that COVID-19 cannot be treated by eliminating the virus itself, but it can possibly be treated by
an early and effective management of the underlying immune dysregulation in terms of overly elevated serum cytokine
levels known as a cytokine storm. Immune mediators (eg IL-1, IL-2, IL-6, GM-CSF, IFN- γ, TNF) are known to interfere
with vascular hemostasis through at least two mechanisms: firstly, they cause an endothelial-cell damage followed by
hypercoagulation as an innate pathway to limit blood loss, and secondly, they enhance the activity of the complement
cascade.16

In addition, as part of the cytokine storm, interleukin-6 stimulation was shown to impair endothelial-cell-barrier
function.17 A virally mediated reduced endothelial-cell permeability is known to promote vascular leakage and extra-
vasation of fluid into the alveolar space.18

The indication for plasmapheresis has been discussed for quite some time by different groups.8,9,19 Without
randomized clinical trials, the use of plasmapheresis is considered to be an ultima ratio therapy driven by considerations
of comorbidities, the need for intubation and evidence of cytokine storm based on elevated interleukin-6 plasma
concentrations. Clearly, the use of plasmapheresis in the 2 patients presented here was based on those grounds and on
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preliminary data published recently,6 where 4 out of 6 critically ill COVID-19 patients undergoing plasmapheresis
survived. Here, a short-time course of a high-dose methylprednisolone given intravenously was performed concurrently
to plasmapheresis. In fact, this combination therapy has not been reported previously. Based on the experience of these 2
patients who both survived, this combination therapy appears to be superior to either therapy option alone. However, in
the presence of bacterial infections like in Patient 2, the high-dose steroid therapy should be withheld. Nevertheless, the
cytokine storm appears to be at the highest peril for seriously ill COVID-19 patients. From our experience, many ICU
patients suffering from COVID-19 were initially deemed to be in a stable condition, thus remaining off bounds for an
ultima ratio plasmapheresis therapy. However, they presented evidence for a cytokine storm and died shortly after the
initial assessment.

We therefore urge the medical community to plan a randomized clinical trial assessing therapeutic plasma exchanges
in combination with a short-term steroid pulse in severely ill COVID-19 patients presenting evidence for a cytokine
storm.

Conclusion
In summary, in 2 cases of severely ill COVID-19 patients doomed for endotracheal intubation due to respiratory global
insufficiency, a combination of therapeutic plasma exchanges and short-term steroid pulse therapy stabilized the clinical
condition, improved the radiological lung findings and attenuated the laboratory findings associated with the cytokine
storm. Based on comorbidities, both patients were deemed to have a poor prognosis, yet they recovered within 18 and 56
days, respectively, after the start of this combination therapy. On the down-side, the short-term steroid pulse therapy has
the potential for bacterial and/or fungal superinfections. Based on these 2 cases and on previous small studies, we
encourage the initiation of a clinically randomized study investigating this combination therapy as ultima ratio in
severely ill COVID-19 patients with evidence for cytokine storm.

Abbreviations
IL-6, interleukin 6; Ig, immunoglobulin; FiO2, fraction of inspired oxygen; GM-CSF, granulocyte-macrophage colony-
stimulating factor; IFN- γ, interferon gamma; TNF, tumor necrosis factor.
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