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C-reactive protein (CRP) apheresis may preserve myocardial tissue after acute
myocardial infarction with delayed revascularization. Ten consecutive patients
with cardiogenic shock were graded using the Society of Cardiovascular
Angiography and Interventions shock classification and treated with CRP
apheresis. All patients tolerated CRP apheresis well and were discharged in
good clinical condition.
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1 Introduction

C-reactive protein (CRP) apheresis has emerged as a promising novel intervention to
preserve myocardial tissue after acute myocardial infarction (AMI) with delayed
revascularization (Ries et al., 2021; Torzewski et al., 2022). CRP may act as a primitive
antibody (Torzewski et al., 2022) which labels hypoxic but still recoverable myocardial cells
(Sheriff et al., 2021) for FcγR-mediated phagocytosis by macrophages (Manolov et al., 2004).
This is achieved by a dramatic rise in circulating CRP levels, from below 5 mg/L (healthy) up
to 250 mg/L, within the first 48 h after the incident (Kunkel et al., 2023). Although the
increase is highly variable and, among other factors, depends on the extent of cardiac
ischemia, CRP levels above 10 mg/L are pathological. CRP apheresis, applied shortly after
AMI, interferes with this deleterious process (Pepys et al., 2006) and may reduce myocardial
infarct size and improve patient prognosis (Ries et al., 2021). Although CRP apheresis is
feasible and safe, and although data from first-in-man case reports (Ries et al., 2018) and
pilot trials (Ries et al., 2021) are certainly promising, this therapeutic concept awaits the

OPEN ACCESS

EDITED BY

Rajeev K. Tyagi,
Institute of Microbial Technology (CSIR),
India

REVIEWED BY

Werner J. Geldenhuys,
West Virginia University, United States
Praveen Sharma,
All India Institute of Medical Sciences
Jodhpur, India

*CORRESPONDENCE

J. Torzewski,
jan.torzewski@klinikverbund-

allgaeu.de

RECEIVED 31 August 2023
ACCEPTED 17 November 2023
PUBLISHED 11 December 2023

CITATION

Torzewski J, Mattecka S, Ries W,
Garlichs CD, Heigl F, Fiedler J and
Sheriff A (2023), Case report: C-reactive
protein apheresis in cardiogenic shock:
case series from the C-reactive protein
apheresis in acute myocardial infarction-
registry.
Front. Drug Discov. 3:1286710.
doi: 10.3389/fddsv.2023.1286710

COPYRIGHT

© 2023 Torzewski, Mattecka, Ries,
Garlichs, Heigl, Fiedler and Sheriff. This is
an open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Abbreviations: CRP, C-reactive protein; AMI, acute myocardial infarction; RCT, randomized controlled
trial; CS, cardiogenic shock; SCAI, Society of Cardiovascular Angiography and Interventions; ICU,
intensive care unit; LVEF, left ventricular function.

Frontiers in Drug Discovery frontiersin.org01

TYPE Case Report
PUBLISHED 11 December 2023
DOI 10.3389/fddsv.2023.1286710

https://www.frontiersin.org/articles/10.3389/fddsv.2023.1286710/full
https://www.frontiersin.org/articles/10.3389/fddsv.2023.1286710/full
https://www.frontiersin.org/articles/10.3389/fddsv.2023.1286710/full
https://www.frontiersin.org/articles/10.3389/fddsv.2023.1286710/full
https://www.frontiersin.org/articles/10.3389/fddsv.2023.1286710/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fddsv.2023.1286710&domain=pdf&date_stamp=2023-12-11
mailto:jan.torzewski@klinikverbund-allgaeu.de
mailto:jan.torzewski@klinikverbund-allgaeu.de
mailto:jan.torzewski@klinikverbund-allgaeu.de
https://doi.org/10.3389/fddsv.2023.1286710
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/drug-discovery
https://www.frontiersin.org
https://www.frontiersin.org/journals/drug-discovery
https://www.frontiersin.org/journals/drug-discovery#editorial-board
https://www.frontiersin.org/journals/drug-discovery#editorial-board
https://doi.org/10.3389/fddsv.2023.1286710


results of randomized controlled trials (RCTs) to achieve guideline
implementation (Torzewski et al., 2022).

In preparation for sophisticated RCTs, the C-reactive protein
apheresis in acute myocardial infarction-registry (CAMI-R)
investigates the effect of CRP apheresis on all sub-forms of
acute coronary syndromes in a daily life. Of these, cardiogenic
shock (CS) may be of special interest for the following reasons.
First, CRP apheresis in CS has never been reported. In addition,
CS is still a disease with a 6%–62% in-hospital mortality,
depending on Society of Cardiovascular Angiography and
Interventions (SCAI) shock classification (Baran et al., 2019;
Hill et al., 2023). Any approach to reducing this mortality
may be of particular interest.

Here, we describe the first ten consecutive patients with CS
treated by CRP apheresis within CAMI-R.

2 Patients and methods

2.1 Study design

CAMI-R is a prospective, multi-center, non-interventional
trial to investigate the effect of CRP apheresis in patients with
acute coronary syndromes and highly elevated CRP plasma levels
(https://drks.de/search/de/trial/DRKS00017481). Patients with
ST-elevation myocardial infarction, non-ST-elevation
myocardial infarction and CS were prospectively included.
Patients had to provide written informed consent. There were
no further exclusion criteria. Patients received treatment in
accordance with AHA/ESC guidelines. After acute
percutaneous intervention (PCI) and standard care, patients
received CRP apheresis. CRP levels as well as other cardiac
markers were regularly monitored during the hospital stay.
Follow-up included a medical visit at patient discharge and
phone calls after 30 days and after 1 year.

2.2 Cardiogenic shock

CS is a disease with various facets. As SCAI has recently
developed a standardized language to describe CS severity (Baran
et al., 2019), this analysis only relies on the SCAI shock classification
and its associated mortality (Hill et al., 2023). Attribution to shock
stages A to E was based on clinical symptoms and laboratory
parameters assessed in-hospital, starting at patient admission
(Hill et al., 2023).

2.3 C-reactive protein apheresis

CRP apheresis was performed with a selective CRP adsorber
(PentraSorb® CRP) (Mattecka et al., 2019) by peripheral venous
access (Ries et al., 2018; Ries et al., 2021). Patients received
2–4 sessions after PCI and intensive care unit (ICU)
admission. First apheresis started 17–65 h after the onset of
symptoms, and the second apheresis 24 ± 12 h later. A third
or fourth apheresis was performed if, another ~12 h later, the
CRP-concentration exceeded 30 mg/L (Ries et al., 2021).

Approximately 7,000 mL of plasma was processed in each
apheresis (Ries et al., 2018; Ries et al., 2021).

2.4 C-reactive protein quantification

The diagnostic laboratories were accredited by European law
(Ries et al., 2021), and CRP was quantified with standard
procedures. CRP tests remained the same throughout the study.
CRP-concentration during apheresis was adjusted by the hematocrit
of the same blood sample.

2.5 In-hospital mortality and 30-day
follow-up

In-hospital mortality was assessed by a medical visit at patient
discharge, 30-day follow-up by phone calls, and patient reports
provided by resident cardiologists.

TABLE 1 Patient characteristics. Values are shown as mean ± standard
deviation or as total number (portion in %).

Characteristic Value

Age (years) 60 ± 11

Sex (male) 10 (100)

SCAI classification on admission

B 1 (10)

C 6 (60)

D 1 (10)

E 2 (20)

Resuscitation

Yes 8 (80)

No 2 (20)

Out-of-hospital cardiac arrest

Yes 7 (70)

No 3 (30)

Lactate on admission (mmol/L, n = 9) 2.7 ± 1.4

Assisted ventilation on admission 1 (10)

PCI

RIVA 6 (60)

RCX 2 (20)

RCA 2 (20)

LVEF

Before apheresis (n = 7) 40.7 ± 10.0

After apheresis (n = 10) 46.3 ± 10.5

Mortality (in-hospital, 30 days, in %) 0
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FIGURE 1
C-reactive protein apheresis; time of the first CRP apheresis was variable, probably due to inter-patient variability of CRP synthesis in CS or to
logistical reasons in the participating hospitals. CRP levels were also variable depending on the extent of cardiac damage. CRP clearance ranged from 23%
to 78%, depending on blood flow and treated plasma volume, apheresis time intervals, and individual CRP synthesis rates. Overall, apheresis procedures
effectively reduced CRP without side effects.
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3 Results

3.1 Patients

Patient characteristics are summarized in Table 1. The ten
patients were 60 ± 11 years old, all male, and graded using SCAI
classification—1*B, 6*C, 1*D, and 2*E (Baran et al., 2019; Hill et al.,
2023). Eight patients were resuscitated during CS treatment; one
patient required assisted ventilation. Lactate on admission was 2.7 ±
1.4 mmol/L (reference range 0.5–1.6 mmol/L). Acute PCI was
performed on all patients, with six culprit lesions in LAD and
two in either RCA or RCX, respectively. LVEF (Teichholz/
Simpson method), although not routinely quantified in every
patient at both time points, was 40.7% ± 10.0% before first
apheresis and 46.3% ± 10.5% after final apheresis.

3.2 C-reactive protein apheresis

Figure 1 provides data on CRP apheresis. Two patients required
four apheresis sessions, two required three apheresis sessions, and
six only required two apheresis sessions. A CRP concentration
of <30 mg/L was achieved in nine out of the ten patients.

The time of the first CRP apheresis was variable, probably due to the
inter-patient variability of CRP synthesis in CS or to logistical reasons in
the participating hospitals. The first CRP apheresis started at a mean of
44.9 ± 14.8 h after the onset of symptoms, the second started at a mean
of 66.5 ± 15.3 h, the third at amean of 89.0 ± 17.4 h, and the fourth CRP
apheresis at a mean of 124.5 ± 12.1 h after the onset of symptoms.

CRP levels were also variable. The first CRP apheresis started at a
median of 45.4 (15.6–236.9) mg/L, the second at a median of 40.3
(9.2–170.3) mg/L, the third at a mean 81.9 ± 63.0 mg/L, and fourth
CRP apheresis at a mean 98.0 ± 89.1 mg/L. All patients tolerated
CRP apheresis well without side effects.

3.3 Clinical outcomes

3.3.1 In-hospital mortality
A medical visit at patient discharge revealed no in-hospital

mortality (Figure 1). None of the ten patients had neurological
complications, and all were discharged in good clinical condition.

3.3.2 30-day follow-up
Phone calls revealed no 30-day mortality (Figure 1). One-year

follow-up has already been completed for nine out of ten patients.
One patient died approximately 8 months after the acute event. The
tenth patient is still alive but has not completed follow-up yet.

4 Discussion

CSmortality is high (Baran et al., 2019; Hill et al., 2023). As CS is
a volatile clinical condition characterized by changing symptoms
during the clinical course, precise definition is of utmost importance.
Recently, SCAI has defined shock classes A–E relying on physical
findings, laboratory findings, and hemodynamics during the in-
hospital stay (Baran et al., 2019). SCAI shock classification correlates

with mortality risk and provides an adequate basis for scientifically
evaluating new treatment options (Hill et al., 2023).

Here, we grade patients using SCAI shock classification and
evaluate mortality at patient discharge and after 30 days. In addition
to guideline-adopted standard treatment with PCI and ICU care, the
patients were treated with CRP apheresis within CAMI-R.

Elevation of CRP plasma levels after AMI has an inverse correlation
with prognosis (Dimitrijević et al., 2006; Stumpf et al., 2017; Ries et al.,
2021; Świątkiewicz et al., 2021). This has also been shown specifically in
cardiogenic shock patients (Kunkel et al., 2023). CRP obviously plays a
significant role in damaging hypoxic cardiomyocytes (Manolov et al.,
2004; Sheriff et al., 2021). CRP apheresis interferes with this deleterious
process and may preserve LVEF by reducing the deleterious
concentration of CRP (Ries et al., 2021; Tiller et al., 2021; Torzewski
et al., 2022). This may explain the positive effects of CRP apheresis in
the open-label, non-randomized (and therefore inconclusive) CAMI-1
trial (Ries et al., 2021). Recently, the German Federal Joint Committee
has approved the potential of CRP apheresis in AMI and will even
provide funding for a RCT that may pave the way to guideline
implementation (CRP-Apherese bei akutem Herzvorderwandinfarkt
(§137eSGBV) - Gemeinsamer Bundesausschuss (g-ba.de).

This case series is hypothesis-generating—no more, no less. CRP
apheresis in CS seems feasible and safe. Some 70% of cardiac arrests
were out-of-hospital. This fits well with the expected range of 50%–80%
out-of-hospital cardiac arrests described in the USA (and Germany)
(Virani et al., 2021). A 30-day mortality of 0% and a good neurological
outcome in ten consecutive CS patients with SCAI shock classifications
B–E are remarkable, but far from conclusive—the results may still be
accidental. However, given its 6%–62% in-hospital mortality (Hill et al.,
2023), any potential new CS treatment may be of considerable
importance. Consequently, CRP apheresis in CS should be carefully
evaluated in future clinical trials, predominantly in a RCT.

5 Learning objectives

1) To understand the role of inflammation/CRP in CS.
2) To understand the potential role of CRP apheresis in AMI and CS.
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