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Abstract: Acute respiratory distress syndrome (ARDS) is a severe clinical condition characterized
by acute respiratory failure and a high mortality risk despite conventional mechanical ventilatory
support. Veno-venous extracorporeal membrane oxygenation (vwvECMO) has emerged as an effective
life-support technology for patients with ARDS. However, complications may arise following the
decannulation of vvECMO, with a relatively frequent development of systemic hyperinflammation
(SHI). Among the various treatment strategies for SHI, the use of hemoadsorption with CytoSorb®
has shown promising results in removing excessive levels of cytokines and attenuating the hyperin-
flammatory response. In this case series, we present three critically ill patients with ARDS secondary
to pneumonia who underwent vvECMO and subsequently received prophylactic hemoadsorption
with CytoSorb® following decannulation as a part of our clinical practice. This case series aims to
describe the potential positive effects of hemoadsorption in preventing the development of SHI after
vvECMO decannulation in ARDS patients.
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1. Introduction

Veno-venous extracorporeal membrane oxygenation (vvECMO) is a technology used
to support patients with acute respiratory distress syndrome (ARDS) and high mortality
risk despite the use of conventional mechanical ventilatory support [1,2]. The primary
purpose of ECMO is to increase oxygenation and maintain adequate gas exchange with or
without hemodynamic support to allow time for the recovery of the respiratory system.
Once the criteria for adequate tissue perfusion and respiratory system recovery are met,
patients are ultimately decannulated from vwvECMO [3]. Conversely, there are numerous
complications that may occur after weaning from vwvECMO, compromising the success of
the treatment, sometimes even to the extent of being life threatening [4,5]. Complex and
multi-faceted innate inflammatory response to the artificial materials of the extracorporeal
circuit contribute to the development of systemic hyperinflaimmation (SHI) [4-8]. Systemic
inflammation can also appear due to the nature of the underlying disease or secondary
infection, prolonged mechanical ventilation, aspiration, or extensive vascular injury [4].
SHI has already been identified by researchers as a clinical entity that follows ECMO
decannulation and is described in the literature. Worse, and sometimes lethal, outcomes
have been observed in those patients who had evidence of infection and concomitant
sepsis following decannulation [5-9]. This severe condition, associated with a dysregulated
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immune response (“cytokine storm”) to either an infectious or non-infectious trigger,
is often deleterious, especially if accompanied by vasoplegic shock. In addition to the
standard treatment of hyperinflammation, cytokine removal with extracorporeal blood
purification techniques represents a very attractive adjuvant treatment option. Over the
past decade, new adsorption materials were created and tested for use in patients with
severe elevation of cytokines. CytoSorb® (CytoSorbents Inc., Princeton, NJ, USA) is one of
the hemoadsorbers approved in Europe, with a large effective surface area of approximately
40,000 m? [10]. Literature data about the effect of CytoSorb® therapy on the prevention of
systemic hyperinflammation after vvECMO decannulation in ARDS patients are scarce.

This case series was compiled in order to describe the possible positive effects of the
use of CytoSorb® for preventing SHI following vvECMO decannulation in patients with
ARDS. There were no published reports on such clinical practice thus far.

1.1. Case Series Report

We present three critically ill patients with acute respiratory insufficiency caused by
pneumonia (non-COVID-19) complicated by ARDS of different etiologies. These patients
were admitted and treated in the medical intensive care unit (MICU) of the University Clin-
ical Centre Republic of Srpska (UCC RS). Routinely obtained clinical and laboratory data
were retrospectively collected and analyzed. Tables 1 and 2 provide a structured overview
of all three cases. The time-course of inflammatory markers is presented graphically in
Figures 1-3, which, together with the clinical course of the disease, served to assess the
outcomes of the three presented cases. There were no device-related adverse events and
none of the three patients expressed any intolerability to hemadsorption treatment.

The data were collected in accordance with the Declaration of Helsinki. The ethical
review and approval were waived due to the retrospective nature of this report, which
utilizes routinely obtained de-identified clinical and laboratory data. Written informed
consent was obtained from the patients for publication of their respective case reports.

Table 1. Demographic and clinical characteristics of the observed patients on MICU admission, and
the overall vvECMO treatment duration.

Patient 1 Patient 2 Patient 3
Sex Q Jd Q
Age (years) 33 35 50
BMI 21 26.1 245
Comorbidity / / HTA
HR/min 80 130 115
RR/min 30 33 33
MAP (mmHg) 80 85 80
FiO3 (%) 1.0 1.0 1.0
PEEP (cm H,0) 16 22 16
PaO,/FiO; (ratio) 34.4 84 74
Murray Score (Lung Injury 38 35 4
Score)
Vasopressors / / /

Microbial isolates

BAL: Acinetobacter HC:

(BAL—bronchoalveolar BAL: Klebsiella spp. 10° BAL: Acinetobacter . g
lavage; HC—hemoculture) Staphylococcus epidermidis
Days on vvECMO 4 7 11

Different colors in columns correspond to colors of graphs and other elements in Figures 1-3 belonging to appropriate patients.
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Table 2. Longitudinal presentation of laboratory findings (hematological, biochemical, and inflam-
matory) of observed patients.

Patient Patient Patient
Laboratory N°1 N° 2 N°3
Findings vvECMO Decannulation  48h after De- vvECMO Decannulation  48h after De- vvECMO Decannulation  48h after De-
Day 1 Day cannulation Day 1 Day cannulation Day 1 Day cannulation
Leucocytes
Nx1t/D) 19.7 136 10.5 27 a2 39 10.5 95 8.6
Platelets
(N % 10°/1) 202.0 196.0 169.0 30.0 94.0 104.0 283.0 95.0 108.0
Creatinine 52.0 47.0 450 506.0 131.0 211.0 81.0 117.0 72.0
(nmol/L)
(G% 151.0 1220 133.0 112.0 33.0 69.0 95.0 180.0 108.0
(S}I) 288.0 269.0 286.0 59.0 81.0 211.0 286.0 211.0 86.0
Bilirubin
total 448 336 50.0 72.0 31.0 287 12.3 346 315
(pmol/L)
Bilirubin
direct 247 27 319 53.4 143 20.1 86 2438 215
(numol/L)
CRP
13.1 37 10.8 2348 249 32.9 142 137.7 124.1
(mg/L)
Procalcitonin 02 0.07 0.06 256 03 02 275 13 07
(ng/L)
Lactate
(mmol/L) 13 08 1.0 14 16 12 42 1.8 08
Tem}iecr;‘t“re 37.1 36.3 36.6 36.6 36.5 36.8 36.5 36.7 36.7

Different colors in columns correspond to colors of graphs and other elements in Figures 1-3 belonging to appropriate patients.
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1.2. Patient 1

Patient 1 was a 33-year-old female, with twin pregnancy at week 23 of gestation
admitted to the MICU for deterioration of acute respiratory failure. The patient had
been previously treated on the gynecology ward for nineteen days, where she underwent
cervical cerclage placement due to the risk of premature birth. Seven days before MICU
admission, the patient developed fever, cough, headache, and fatigue. Due to the rapid
worsening of her symptoms and increased oxygen demand, the patient was transferred
to the MICU of UCC RS. At the time of admission, she was conscious but extremely
fatigued, tachypneic and dyspneic, afebrile, but with oxygen saturation (SpO;) of 92%
(non-rebreather (NRB) mask, flow 15 L/min), respiratory rate (RR) of 30 breaths/min, heart
rate (HR) 80 beats/min, and blood pressure (BP) of 105/75 mmHg (Table 1). An increase in
inflammatory parameters was observed (Table 2, Figures 1-3, blue), and the arterial blood
gas analysis (ABG) indicated metabolic acidosis with electrolyte disturbance. Immediately
after admission, the patient was treated with noninvasive ventilation (NIV), but within two
hours, this had proved insufficient; therefore, endotracheal intubation was performed. Due
to the severe ARDS, the patient was ventilated in a prone position. During the course of the
same day, her respiratory failure worsened despite optimal mechanical ventilatory support,
indicating the need for the initiation of vwvECMO therapy. Over the following few days,
her clinical condition improved significantly, and therefore she was successfully weaned
from vvECMO on day 4. As per our internal protocol, immediately after decannulation, the
patient was connected to the extracorporeal circuit for prophylactic 24 h hemoadsorption
treatment with one CytoSorb® adsorber. No signs of systemic hyperinflammation were
noted over the following days (Table 2, Figures 1-3, blue). Her clinical condition gradually
improved, and on MICU day 10, she was successfully extubated. After another 4 days, she
was eventually transferred back to the gynecology ward for further treatment. Fifty days
after transfer, she delivered two healthy babies.

1.3. Patient 2

Patient 2 was a 35-year-old man who was admitted to the MICU of UCC RS due
to deteriorating acute respiratory failure with the development of septic shock. He was
treated for one day in the regional hospital for bilateral pneumonia. The disease had started
six days before MICU admission with fever, fatigue, dyspnea, and cough with hemoptysis.
Previously, he was healthy and without any comorbidities. At the time of admission, he
was conscious but lethargic, pale, and damp with cold sweat. The patient had a high fever
(39 °C), was tachypneic and dyspneic, with a low SpO2 of 86% (NRB mask, flow 15 L/min),
high RR of 33 breaths/min, high HR of 130 beats/min, and his BP was 130/80 mmHg.
Laboratory findings revealed signs of acute kidney injury, low values of hemoglobin and
platelets, high values of aminotransferases and bilirubin, as well as extremely increased
inflammatory markers (Tables 1 and 2, Figures 1-3, red). Chest imaging with computed
tomography (CT) scan depicted multifocal pneumonic bilateral infiltrates affecting 80% of
the right lung and 50% of the left lung, but no pulmonary embolism was seen. Initially, the
patient was treated with NIV. After a few hours, NIV failed to provide sufficient oxygen
delivery, and therefore endotracheal intubation and ventilation were performed due to
the rapid worsening of his acute respiratory failure and development of severe ARDS. On
MICU day 2, the patient’s condition deteriorated, and the repeated CT scan revealed disease
progression. The patient was put in the prone position and inhaled nitric oxide (iNO) was
administered as a rescue therapy for the persistent hypoxemia. Unfortunately, due to
refractory respiratory failure despite all measures, vvECMO had to be initiated. During
vvECMO treatment and the “lung rest” mode of mechanical ventilation, the patient was
repeatedly prone positioned with the aim of improving ventilation—perfusion mismatch.
On MICU day 7, the patient’s condition again deteriorated after the onset of septic shock.
All necessary resuscitation measures (sepsis bundle) were employed and, since the criteria
for the initiation of renal replacement therapy were met, the continuous method of veno-
venous hemodiafiltration (CVVHDF) with hemoadsorber (CytoSorb®) was commenced as
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an adjunctive therapy for another 24 h. The antibiotic therapeutic scheme was corrected
according to the microbiological and laboratory findings, and the antibiotic dosages were
adjusted according to the dosing guidance for CVVHDE. Over the following days, the
patient’s condition began to improve, and on vvECMO day 7 (MICU day 9), he was
decannulated. Following decannulation, the patient received another hemoadsorption
treatment with one cartridge of CytoSorb® for SHI prophylaxis for a minimum duration
of 12 h. No signs of systemic hyperinflammation were noted over the following days
(Table 2, Figures 1-3, red); however, the C-reactive protein (CRP) levels failed to drop
below physiological threshold over the whole course of treatment. On MICU day 21,
percutaneous dilatational tracheostomy was performed. The patient’s clinical condition
continued to improve, and weaning from mechanical ventilation was thus initiated. After a
total of 34 days in the MICU, the patient completely recovered, and was transferred to the
pulmonary ward. Six days later, the patient was able to be discharged home.

1.4. Patient 3

Patient 3 was a 50-year-old woman who was admitted to MICU due to sepsis and
respiratory failure caused by bilateral pneumonia. She reported a cough, sore throat, fever,
and fatigue for eight days. Additionally, she had a history of hypertension. The diagnosis
of bilateral pneumonia was confirmed through radiological imaging (chest X-ray). Upon
admission to the MICU, she was conscious, alert, tachypneic, dyspneic, with a low SpO2 of
90% (NRB mask, flow 15 L/min), high RR of 33 breaths/min, high HR of 115 beats/minute,
normal BP, and afebrile. Laboratory tests showed elevated markers of inflammation
(Table 2). Initially, she was placed on NIV, but her respiratory dysfunction worsened;
thus, she was intubated and connected to controlled mechanical ventilation. In order to
improve oxygenation, iNO was added to her therapy and she was prone positioned while
on mechanical ventilation, although this only temporarily stabilized her gas exchange. The
next day, her respiratory insufficiency progressed further, and there was no response to
the implemented measures; therefore, she was eventually connected to vvECMO. Over
the period of 11 days on vv ECMO, the patient remained hemodynamically stable, with a
slight improvement in respiratory function (shown in Figures 1-3, green). On MICU day 12,
after significant improvement, weaning from vwvECMO was performed. Subsequently,
a dialysis central venous catheter was placed for CRRT, which served as a platform for
hemoadsorption with CytoSorb®. This procedure was initiated to prevent the possible
development of SHI after vvECMO decannulation. After 24 h of single-hemoadsorber
therapy, the prophylactic hemoadsorptive treatment was terminated. The white blood
cell count and procalcitonin level were within the normal range 48 h post-decannulation,
but the CRP remained highly elevated despite an observed generalized attenuation of
inflammation (Table 2). To facilitate weaning from prolonged mechanical ventilation, a
percutaneous dilatational tracheotomy was performed on MICU day 17. Furthermore,
analgosedation was discontinued so that the patient was alert, remaining conscious, and
breathing with the assistance of a ventilator, with no signs of an inflammatory response.
The process of weaning off the ventilator was slow. On MICU day 32, tracheostomy
decannulation was performed. In order to continue the recovery process, the patient was
transferred to the rehabilitation center on day 44 of her stay in the MICU.

2. Discussion/Conclusions

The literature has extensively documented the clinical relationship between ECMO
and systemic inflammation [8]. Introducing blood into an extracorporeal system is known
to trigger a strong innate humoral and cellular response that was previously described in
the literature as systemic inflammatory response syndrome (SIRS). Numerous downstream
effects have been established, including dysregulation of leukocyte function, comple-
ment activation, and endothelial and thrombotic processes [4,7,8,11]. This interaction
between coagulation, complement, and endothelial systems initiates and perpetuates a
pro-inflammatory environment with cellular and cytokine involvement. If left uncontrolled,
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this can result in vascular and end-organ damage [11-15]. Furthermore, if this condition
evolves into a dysregulated immune response like that seen in sepsis, with excessive both
pro- and anti-inflammatory cytokine activity, the risk of death becomes overwhelming [16].
Several studies have shown that SHI commonly occurs after decannulation from vvECMO
support, with an overall incidence of approximately 50%. This incidence remains simi-
lar in patients with or without concurrent COVID-19 infection [5-8]. Despite the older
age and longer duration of vvECMO support in COVID-19 patients, these factors do not
significantly affect the incidence of SHI or relevant outcomes. Initially, it was hypoth-
esized that prolonged cannulation might lead to endothelial activation and sustained
pro-inflammatory activity [5]. On the other hand, the presence of bacterial biofilm on the
cannulas’ surfaces cannot be excluded, even in patients without proven bacteriemia [17,18].
The critical time for the development of inflammatory response is shown to be 48 h [19].
However, the risk factors for the development of the post-decannulation SHI phenomenon
remained undetermined [20]. Consequently, the term “vvECMO gap” was introduced,
represented by the patients that are successfully weaned off ECMO but still die during
their hospital stay, most often from multiorgan failure and sepsis [21]. We have observed
this gap in our institution as well, thus prompting us to seek potential solutions to min-
imize it. Adjunct hemoadsorption has increasingly been utilized to target underlying
hyperinflammation derived from ARDS. A systematic review on the combined use of
CytoSorb® together with vvECMO found significant improvements in clinical outcomes
associated with hemoadsorptive treatment—better PaO, /FiO, ratio, reduced levels of CRP
and interleukin-6, as well as favorable trends in norepinephrine dosages and survival [22].
Similarly, the potential mortality benefit was also observed in COVID-19 patients who
required vvECMO for ARDS [23]. To the best of our knowledge, however, prophylactic
use of hemoadsorption after decannulation has not been described in the literature so far,
making our case series the first one in this field of application. This series demonstrates
that vwvECMO and concomitant extracorporeal blood purification with cytokine adsorber
can potentially be a life-saving intervention when conventional methods fail to treat severe
pneumonia and sepsis. The treatment approach involved a multidisciplinary strategy.
Firstly, broad-spectrum antibiotic therapy was used for infection control, followed by the
utilization of vvECMO for respiratory support and then attenuation of the hyperinflamma-
tory response using the CytoSorb® hemoadsorber. In all three cases, the hemoadsorber was
also deployed immediately after weaning to prevent possible post-decannulation SHI. No
patient required any vasopressor support throughout the course of the vvECMO treatment
and after. Although cytokine values before and after decannulation and separation from
vvECMO were not available, the initial inflammatory parameters and parameters 48 h
after the use of the hemoadsorber in most parts demonstrated the absence of systemic
hyperinflammation, both clinically and biochemically (Table 2, Figures 1-3). The observed
reduction in inflammatory markers correlated with improved clinical findings, as well as
the respiratory and hemodynamic status of the patients in this case series. Although a
causal relationship could not be established, we believe that the use of CytoSorb® to control
the (anticipated) excessive inflammatory response contributed to the patients’ stabilization
and prevented the occurrence of post-decannulation SHI. Additional research is needed
to better understand the impact of hemoadsorption therapies such as CytoSorb® on the
prevention of hyperinflammation after weaning from vvECMO, and its potential role in
vvECMO gap reduction.
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