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Introduction

The Seraph® 100 Microbind® Affinity blood filter (Seraph® 
100) (ExThera Medical Corporation, Martinez, CA, USA, 
https://extheramedical.com) has been introduced for the 
elimination of bacteria1–3 and viruses4,5 from the blood. 
Authorization for emergency use in patients with COVID-19 
admitted to the intensive care unit with confirmed or immi-
nent respiratory failure was granted by the U.S. Food and 
Drug Administration (FDA) on April 17th, 2020.6 Data from 
an international registry,7 from a multicenter evaluation in 
the US,8 a case series in septic heart surgery,9 patients with 
bacterial superinfections after COVID-19,10 as well as from 

several case reports11–13 suggests that this device can be 
safely used, even in adolescents,14 and may have an impact 
on patient-centered outcome parameters. Unlike other 
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Introduction: The Seraph® 100 Microbind® Affinity blood filter (Seraph® 100) has been in use since 2019 for the 
treatment of fulminant or difficult to treat blood stream infections as an adjunct to pharmacotherapy. In 2020 the 
device received emergency use authorization by the US Food and Drug Administration for the treatment of critically ill 
COVID-19 patients with confirmed or imminent respiratory failure. Results of an international registry showed that the 
Seraph® 100 was operated under blood flow rates of 100–350 mL/min. As those conditions require a large bore central 
line, a dialysis catheter is currently considered indispensable to operate the Seraph® 100. The use of smaller catheter 
lumina has neither been evaluated in vitro nor in vivo.
Methods: In vitro pressure data before and after the Seraph® 100 at various blood pump rates (prepump line 16 G, 
postpump line 18 G) with saline and human plasma were obtained. Further, anecdotal flow and pressure data of two 
patients treated with the Seraph® 100 for a COVID-19 infection are reported.
Results: At a pump speed of 50 mL/min pre-Seraph® pressure using saline was −70 [−70 to −60] mm Hg. In comparison, 
using plasma pre-Seraph® pressure was lower at −120 [−120 to −105] mm Hg; p < 0.001 (t-test). The post-Seraph® 
pressure at 50 mL/min using saline of 120 [110–130] mm Hg was not different from plasma at 130 [120–140] mm Hg, 
p = 0.152 (t-test). Blood flow rates of 50 mL/min did not lead to preAP levels below −250 mm Hg in the two clinical cases.
Conclusion: Seraph® 100 blood flow rate of 50 mL/min may be achieved using low flow vascular access, allowing to 
treat a blood volume 72 L in 24 h.
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extracorporeal therapies, the Seraph® 100 does neither 
remove anti-infective agents15 nor drugs (previously con-
sidered) relevant for the treatment COVID-19.16,17

The Seraph® 100 is a single use device that is usually 
operated under blood flow rates of 200–350 mL/min for a 
time of 4 to <24 h.6 As those conditions require a large bore 
central line, a dialysis catheter considered indispensable to 
operate the Seraph® 100. Based on the paucity of informa-
tion regarding the use of the Seraph® 100 with central lines 
with smaller lumina, the aim of our study was to evaluate the 
in vitro pressure/flow curve using saline as well as human 
plasma and to evaluate the usability of the Seraph® 100 
under low flow conditions in clinical practice.

Materials and method

Patients and study protocol

Blood plasma was obtained from five voluntary donors 
during regular therapeutic plasma exchange treatments 
due to various indications. Written informed consent was 
given by every patient. The two patients in which the treat-
ment was performed through a non-dialysis catheter also 
consented to the acquisition of the treatment data.

Sham hemofiltration with the Seraph® 100

For all experiments primed a standard hemoperfusion blood 
tubing system (Fresenius Medical Care, Bad Homburg, 

Germany) as well as the Seraph® 100 Microbind® Affinity 
Blood Filter (Exthera Medical, CA, USA) with a total filling 
volume of about 2200 mL with normal saline (n = 5) or with 
human plasma and connected the hemoperfusion circuit 
with a 20 cm tri lumen central venous line (2 × 18 G and 
1 × 16 G, Certofix® safety trio s720, B. Braun REF: 
4167408S-07; Lot: 19D30A8551) that was inserted into a 
reservoir. The Multifiltrate (Fresenius Medical Care GmbH, 
Bad Homburg, Germany) was used to pump the saline 
through the adsorber. The “arterial”/pre-pump line was con-
nected to the 16 G lumen with a maximum flow rate speci-
fied by B.Braun of 46 mL/min and the “venous”/post-pump 
line to the 18 G lumen of the catheter specified with 22 mL/
min. Figure 1 illustrates the experimental setup. Blood flow 
was raised in steps of 10 mL beginning at 20 mL up to 
100 mL. “Arterial” and “venous” pressure was recorded at 
the different blood pump speeds.

In two patients, who were treated with the Seraph® 100 
for severe COVID-19, the hemoperfusion circuit of a 
Multifiltrate (Fresenius Medical Care GmbH, Bad 
Homburg, Germany), was connected to a five lumen 20 cm 
catheter (Certofix Safety Quinto S1220, B. Braun, 
Melsungen, Germany) 1 × 12 G, 1 × 16 G, 3 × 18 G that 
was inserted into the right internal jugular vein. The maxi-
mum flow rates specified by the manufacturer of the cen-
tral venous catheters are 185 mL/min for the 12 G lumen 
and 55 mL/min for the 16 G lumen. There is no informa-
tion on pressure resistance in the data sheet.

For anticoagulation intravenous unfractionated heparin 
was used. An initial bolus of 5000 IU was followed by a 

Figure 1.  Experimental set-up of the sham hemoperfusion with the Seraph® 100 using either human plasma or 0.9% sodium 
chloride.
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continuous infusion of 1000 IU/h (patient # 1) and 900 IU/h 
(patient # 2). Blood flow as well as arterial and venous pres-
sure were recorded through the 24 h treatment. Also, param-
eters of hemolysis were recorded pre- and post treatment.

Results

Five in vitro runs with the Seraph® 100 using saline and 
five runs using human plasma were performed without any 
technical difficulties. The relationship between blood 
pump speed and the arterial as well as venous pressure 
using saline (left panel) and plasma (right panel) is pre-
sented in Figure 2. Differences between the pressure read-
ings using plasma or 0.9% sodium chloride were evaluated 
using t-test.

Two patients received hemoperfusion with the Seraph 
100® using a Fresenius Multifiltrate (Fresenius Medical 
Care, Bad Homburg, Germany) in hemofiltration mode. 
Using heparin in both patients, treatment over 24 h could 
be performed with a slight change in the “venous” and 
“arterial” pressure (Table 1). In patient #1 the 16 G line 
was used as “arterial” line and the 12 G Fr lumen as 

“venous” line. In patient #2 the 12 G/8.3 lumen was used 
as “arterial” line and the 16 G/5 Fr lumen as “venous” line. 
The blood flow pressure readings of the two patients are 
presented in Table 1.

In patient #1 the pre-/post-Seraph-Treatment levels of 
LDH and hemoglobin were 578/490 U/L and 13.9/12.7 g/
dL respectively. Despite an increase in LDH from 463 to 
573 U/L comparing pre- and post-Seraph-Treatment levels 
in patient #2 the hemoglobin level was not reduced but 
slightly increased from 13.0 to 13.3 g/dL. Further, the 
potassium level stayed within the reference range in both 
patients.

Discussion

Extracorporeal blood purification techniques such as dialy-
sis, continuous kidney replacement therapy (CKRT), or 
hemoperfusion in the intensive care unit require dialysis 
catheters. The vascular access diameter and length are  
the major determinants for the blood flow through these  
catheters.18 Based on Poiseuille’s law, the radius is the most 
important factor determining flow in homogenous fluids. 

Figure 2.  Relationship between pump speed and pressure readings (afferent = ‘‘arteria’’l line in RED | efferent—‘‘venou’’s line in 
BLUE) using saline (n = 5) and human plasma (n = 5).

Table 1.  Blood pump speed and arterial and venous pressure in two patients. In patient #1 for inlet blood flow the16 G lumen 
and for venous return the 12 G lumen of the Certofix® Safety Quinto S 1220 was used. In patient #2 for inlet blood flow the12 G 
lumen and for venous return the 16 G lumen of the Certofix® Safety Quinto S 1220 was used.
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Whole blood adds another level of complexity to this rela-
tionship as viscosity becomes another important determent.

While large bore catheters facilitate blood flow, cathe-
ters should have diameters as small as possible to decrease 
blood access complications. These limited diameters can 
cause high pressure gradients in the blood lines and high 
blood velocities resulting in an increase of shear forces, 
leading to hemolysis. Our measured pressure profiles in 
vitro using saline and human plasma indicate, that nega-
tive pressure before the pump and positive pressure after 
the pump only have a small influence on the blood flow.

As expected, our in vitro experiments showed that the 
negative “arterial”/pre-pump and positive “venous”/post-
pump pressure increased with increasing blood pump 
speed. Also, due to the higher viscosity, plasma exhibited 
higher pressure changes than  normal saline. Even at a 
blood pump speed of 100 mL/min “arterial” and “venous” 
pressure using plasma were within acceptable ranges. The 
lowest “arterial” pressure did not fall under −300 mm Hg. 
This is important as it is known that hemodialysis with 
negative “arterial”/pre-pump pressures lower than 
−350 mm Hg causes slightly higher hemolysis than dialy-
sis treatments with less negative arterial chamber pres-
sures.19 The National Kidney Foundation K/DOQI clinical 
practice guidelines for vascular access even recommends 
that the negative “arterial”/pre-pump pressure should not 
fall below −250 mm Hg.

The routine clinical chemistry parameters hemoglobin 
and LDH in the two patients gave no strong indication for 
hemolysis, with the limitation that high LDH levels are 
part of the severe COVID-19 disease and the slight increase 
and decrease of LDH levels may more likely reflect the 
underlying course of the COVID disease.20

Midline catheters have recently been introduced for the 
use of extracorporeal therapies like photopheresis.21 Our 
data suggest that catheters with a diameter smaller than 
regular dialysis catheters might be used to run the Seraph® 
100, especially in situations were concomitant kidney 
replacement therapy is not necessary.

Conclusion

In summary, our in vitro and anecdotal in vivo data show 
that at a blood pump speed of 50 mL/min the Seraph® 
100 can be safely operated using an “arterial”/pre-pump 
line 16 G or larger and a “venous”/post-pump line of 18 
G or larger.
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