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ABSTRACT — OBJECTIVE: Sepsis is an im-
mune response to infections that are caused
by bacteria, viruses, fungi, or parasites. This
potentially life-threatening condition is as-
sociated with high mortality and morbidity
that causes a major global health burden and
hence requires intense therapeutic support
and close monitoring. As a result, substantial
work has been done to enhance outcomes by
focusing on alternate treatment strategies.
One such approach is CytoSorb®, an extra-
corporeal blood purification therapy that is
used for elevated cytokines levels in patients
admitted to ICU suffering from sepsis and
septic shock, cytokine release syndrome,
COVID-19, ARDS, etc. We present authors’
experience of using CytoSorb® therapy as an
adjuvant in six critically ill patients from India
with sepsis or septic shock.

PATIENTS AND METHODS: In this case
series, we report the outcomes of six se-
verely ill Indian adults with sepsis or septic
shock who were treated by CytoSorb® as an
adjuvant therapy.
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RESULTS: All patients across wide age
groups demonstrated significantly re-
duced inflammatory mediators and vital
parameters when CytoSorb® therapy was
initiated within 24 hours of admission in
ICU. It was also found to be effective and
safe in patients with COVID-19 and asso-
ciated post-COVID symptoms. The present
case series showed rapid hemodynamic
stability and enhanced survival in all pa-
tients except one, as a consequence of
hemoadsorption utilizing CytoSorb®, es-
pecially in individuals for whom therapy
was initiated early.

CONCLUSIONS: CytoSorb® treatment is
efficient in cases where elevated levels of
cytokines lead to hyperinflammation. It not
only resolves excessive inflammation, but
also improves organ dysfunction and pro-
vides further clinical benefits in severely ill
patients.
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INTRODUCTION

Sepsis is defined as the host’s dysregulated in-
flammatory response to an infection causing
life-threatening organ dysfunction. It involves
physiological, biochemical, and pathological pe-
culiarities that cause mortality and morbidity
among patients in the intensive care unit (ICU)".
Despite the significant advances in medical treat-
ment, ventilator management, antibiotic therapy,
and resuscitative strategies’?, sepsis remains the
most common cause of death in ICU?. As of 2020,
more than 49 million cases of sepsis were reported
globally; among these, 11 million deaths were due
to sepsis, accounting for approximately 19.7%. It
has been estimated that the cost of medical care
associated with sepsis is more than $24 billion an-
nually in the US alone*.

Clinical manifestations of sepsis start with in-
flammation and can develop to circulatory organ
dysfunction associated with significant haemato-
pathological changes. Consumptive thrombocyto-
penia, vascular microthrombosis®, multiple organ
dysfunction syndromes (MODS)S, septic shock,
and coagulopathy’ are well-defined clinical man-
ifestations of sepsis. Other features include fever,
leukocytosis, respiratory failure, increased heart
rate, and hypotension®. Notably, these clinical fea-
tures of sepsis are also common to the Corona-
virus 2019 (COVID-19)°. Also, COVID-19 is as-
sociated with a cytokine storm that demonstrates
the beginning of the sepsis process involving to
elevated pro-inflammatory and anti-inflamma-
tory cytokine levels!?. To eliminate the cytokine
storm and sepsis, the conventional treatment ap-
proach includes vasopressor therapy, mechanical
ventilation support, renal replacement therapy and
appropriate antibiotic therapy''. CytoSorb®, an Eu-
ropean CE mark approved and ISO certified he-
moadsorption device, is the recent advancement
in the management for sepsis and septic shock that
is used to eliminate cytokines from the body'. It
has been proposed as an adjunctive therapy that
reduces the excess inflammatory mediators in the
blood of critically ill patients with septic shock'*"
which could weaken the immense inflammatory
response associated with sepsis and hence lim-
it the incidence of developing multi-organ fail-
ure®. It is used worldwide for all indications with
elevated cytokines levels (Intended Use) in ICU
patients suffering from sepsis and septic shock,
COVID-19, cytokine release syndrome, acute re-
spiratory distress syndrome (ARDS), liver failure,
influenza and trauma'é. Also, the therapy could be
an alternative therapy to be used as an adjuvant
in the hyper-cytokinemic state in patients with
chronic kidney disease (CKD) caused due to sep-
tic shock and other secondary causes'’. The ther-
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apy has also showed remarkable improvement in
patients during emergency cardiac surgery treated
with anti-platelet agents. The therapy helped in re-
ducing the risk of bleeding complications, thereby
improving outcomes'®. CytoSorb®is also approved
for Emergency Use by the Food and Drug Admin-
istration (FDA) for COVID 19%. In this case se-
ries, we present authors’ experience of using Cy-
toSorb® therapy as an adjuvant in six critically ill
patients from India with sepsis or septic shock. Al

1 patients except one showed a speedy recovery
and were discharged in a stable condition from the
hospital.

CASE PRESENTATION
Patient 1

A 15-year-old female diagnosed with diabetic keto-
acidosis (DK A), seizures, severe metabolic acidosis,
septic shock, right-sided acute ischaemia, compart-
ment syndrome of right femoral, popliteal, artery
embolectomy and ampulla, with a medical history
of diabetes, was admitted to ICU on May 31, 2021.
Her demographic details and clinical conditions
were recorded by the hospital (Table 1). During the
initial physical examination, a body temperature of
37°C, heart rate of 151 beats/min, respiratory rate
of 26 breaths/minute, and blood pressure of 165/98
mmHg were observed. Haemoglobin (14 g/dL), to-
tal leucocytes count (TLC) (17400 /mm?), platelets
(4800 cells/ml), serum creatinine (1.11 mg/dL), se-
rum glutamic-oxaloacetic transaminase (SGOT)
(21.1 units/L), serum glutamic pyruvic transami-
nase (SGPT) (20.1 units/L), sodium (150 mEq/L),
potassium (3.84 mEq/L) and Procalcitonin (PCT)
(2.36 ng/ml) were measured (Table 2). Intravenous
antibiotics (Zostum, Mero and Tigecycline) and oth-
er drugs such as Ecosprin were also given to the pa-
tient. The patient’s condition was indicative of sepsis
and septic shock; CytoSorb® therapy was initiated
on June 1, 2021 post 24 hrs of admission in ICU.

CytoSorb® adsorber (3 devices in total, 16 hrs
each) was commenced with haemodialysis (HD)
(@PTT 31.34 seconds and ACT 31.30 seconds). An
improvement in the clinical parameters was ob-
served post-CytoSorb® therapy, with a reduction in
TLC, platelet counts, SGPT and PCT levels by 41%,
58%, 67% and 35%, respectively compared to the
baseline. Her heart rate (110 beats/min) and blood
pressure (120/90 mmHg) also ameliorated after Cy-
toSorb® therapy. She recovered post CytoSorb® ther-
apy and her antibiotics were switched to Tigecycline,
Zostum and Colistin and other drugs, Pantocid, So-
matostatin, Caspofungin. After 22 days, the patient
was discharged in
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Table I. Patients’ Demographic, Clinical Characteristics, Drugs Associated, and Outcome.

S.no Age Medical Comorbidities Drugs Drugs Outcomes
(years)/ History (pre- (post-
Sex CytoSorb) CytoSorb)
1. 15/F Diabetes DKA, septic shock, seizures, Zostum Zostum Survived
right sided acute ischaemia, Tigecycline Tigecycline
compartment syndrome of right ~ Ecosprin Colistin
femoral, popliteal, artery Mero Pantocid,
embolectomy and ampulla Somatostatin,
Caspofungin
2. 47/ M Cardiovascular Tachypnea, post- COVID-19 Teicoplanin Amphotericine® Survived
stroke mucomycosis, AKI, Meropenem
Right hemi- hypotension
maxillectomy
3. 61/F Hypertension  Left side flank pain, vomiting Survived
Diabetes left ureteric stone, septic shock,
MODS, AKI and ischaemic
heart disease
4. 30/M CKD COVID19-positive, acute viral Azee, Doxy, Remdesivir Survived
Hypertension pneumonia Cefereidone
Renopress,
Nicardia
Renolog
5. 70/F Urosepsis Coryza, sneezing, vertigo, Meropenem Feronem, Survived
AKI tachypnea, tachycardia, AKI Poly B Linezolid,
Hypertension Fluconazole Levoflox
Morbid obesity Targocid
6. 48/M Macrophage Hearing loss, generalised Merocit Dobutamine Not
activation weakness and weight loss, Teicoplanin Vasopressin Survived
syndrome, tachypnea, hypotension Poly B
MODS, Caspofungin
diabetes and
hypothyroidism

Abbreviations: DKA- Diabetic ketoacidosis; AKI- Acute Kidney Injury; CKD- Chronic Kidney Disease; MODS- Multiple Organ

Dysfunction Syndrome .

CLINICALLY STABLE CONDITION
Patient 2

A 47-year-old male with a six-year-old medical history
of cardiovascular stroke was admitted to the emergency
room. He had a right hemi-maxillectomy performed two
weeks before admission. His demographic details and
clinical conditions were recorded by the hospital (Ta-
ble 1). The patient was diagnosed with post-COVID-19
thino-sinus mucormycosis, tachypnea (42 breaths/min),
acute kidney injury (AKI-creatinine >3 mg/dl)) and hy-
potension (70/40 mmHg) with oxygen saturation (SpO,)
96% on room air. The arterial pH, bicarbonate, partial
pressure of carbon dioxide (pCO,), partial pressure of
oxygen (pO,) and total carbon dioxide (tCO,) of the pa-
tient were 7.40, 164 mmol/L, 26.3 mmHg, 82 mmHg,
and 14.6 mmol/L, respectively. Due to reduced oxygen
capacity, non-invasive Biphasic Positive Airway Pres-
sure (BiPAP) therapy was commenced. Considering
the ongoing hypotension, he was placed on vasopressin
therapy and norepinephrine. In addition, intravenous
antibiotic therapy including Teicoplanin (twice daily
on the first day and daily thereafter) and Meropenem

(three times daily) were administered to the patient. TLC
42,280/ mm?®), serum creatinine (3.58 mg/dL), C-reac-
tive protein (CRP) (226 mg/L), and PCT (100 ng/ml)
were recorded which corroborated a severe systemic hy-
perinflammatory state, associated with cytokine release
syndrome that could develop into septic shock (Table 2).
Despite giving the best standard therapeutic measures,
the patient’s clinical conditions kept on deteriorating.
Thus, CytoSorb® adsorber (one adsorber placed pre-dial-
yser for 16 hours, flow rate: 200 ml/min, heparin: 200 U
and aPTT: 50 seconds) was integrated into the haemo-
dialysis (HD) machine. Post-CytoSorb® therapy, the pa-
tient was haemodynamically stabilised (blood pressure
120/82 mmHg) with reduced CRP (88%), serum cre-
atinine (34%) and improved oxygenation (376 mmHg)
throughout 5 days, the blood pressure was maintained
and vasopressors were weaned off. As there was a ma-
jor improvement in his oxygenation (pO2-376 mmHg),
oxygen therapy was gradually weaned off. After 9 days
from his initial admission, the patient was discharged in
a clinically stable condition from the hospital. He was
administered a broad-spectrum antifungal drug (Am-
photericin b) to be continued until complete resolution of
the mucormycosis infection.
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Table Il. Effect of CytoSorb® Device on Various Values of Biomarkers.

Normal range Parameters
PCT (ng/ml) TLC (103/ml) Platelets CRP (mg/L) Lactate Haemo- Serum IL-6
<0.1 ng/ml 4000- (103/mi) <10 mg/L (mg/di) globin creatinine (pg/mi)
11,000/pL 50-400,000/ Venous: (g/dl) (mg/L) 0-43.5
mm?3 4.5-19.8 Men:13.2- Men: 0.74 - pg/ml
Arterial: 16.6 g/dl 1.35 mg/dL
4.5-14.4 \X’omen: \¥Yomen: 0.59-
mg/di 11.6-15 g/di 1.04 mg/dL
Patient 1 Pre-CytoSorb 2.36 17.4 4.8 20.1 14 111
Post-CytoSorb 1.53 10.2 2.03 12 8.4 2.19
Patient 2 Pre-CytoSorb 100 4.2 226 3.58
Post-CytoSorb 27.8 2.38
Patient 3 Pre-CytoSorb 68.19 12.18 187 6.17 6.35 7.4 1.12
Post-CytoSorb 35.45 10.48 401.6 80.14 6.38 10.3 1.43
Patient 4 Pre-CytoSorb 3.8 1.85 10 3.6
Post-CytoSorb 24.6 2.14 7.3
Patient 5 Pre-CytoSorb 172.53 28.19 1.97 50.21 9.6 2.03 4519
Post-CytoSorb 42 18.21 1.72 51.18 9.3 1.64 532
Patient 6 Pre-CytoSorb 1.33 84 59 230.6 7.2 0.7
Post-CytoSorb 6.12 49 38 9 0.4
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Patient 3

A 6l-year-old female with a history of hypertension
and diabetes was admitted to the hospital on December
30, 2020. Her demographic details and clinical condi-
tions were recorded by the hospital (Table 1). She had
the complaints of left sided flank pain directing from
the back, and was diagnosed with a left ureteric stone,
vomiting, septic shock, multiple organ dysfunction
syndrome (MODS), and AKI and ischaemic heart dis-
ease. Initial vital signs revealed a respiratory rate of 18
breaths/min, SpO, of 98% on room air and blood pres-
sure of 130/90 mmHg. On January 10, 2021, the pa-
tient’s glycated hemoglobin (HbAlc) was 6.43%, TLC
was 14,180/mm?®, CRP was 6.17 mg/L and troponin
I was 24.5 ng/L (Table 2). His clinical condition wors-
ened, and he was admitted to ICU. Within 24 hours of
admission to ICU, CytoSorb® therapy was started as
the patients was in septic shock (with AKI and MODS)
with a single device (@PTT: 27 seconds). Post-Cyto-
Sorb® therapy, the laboratory parameters showed an
improvement from the baseline with a decrease in TLC
(26%), PCT (48%) and potassium (9%) levels and an
increase in haemoglobin (39%) levels. Within 24 hours
of CytoSorb® therapy, her condition was haemodynam-
ically stable. The patient was discharged after 20 days
from the initial admission to the hospital.

Patient 4

On December 6, 2020, a 30-year-old male with a medi-
cal history of chronic kidney disease (CKD) and hyper-
tension was admitted to the hospital. He was confirmed
to be COVID-19-positive with symptoms of acute vi-
ral pneumonia. The patient’s demographic details and
clinical conditions were recorded by the hospital (Table
1). His body temperature (36°C), heart rate (100 beats/
min), respiratory rate (20 breaths/min), urine output
(200 ml/day) and blood pressure (120/80 mmHg) were
recorded at time of admission. The patient was given
antibiotics (Azee, Doxy, and Cefereidone), anti-hyper-
tensive drugs (Renopress, Nicardia) and medication
for CKD (Renolog). Blood reports revealed the re-
duced levels of haemoglobin (10 g/dl), TLC (3800 cell/
uL), platelet count (1.85x10°/ml) and slightly increased
serum creatinine (3.6 mg/L) (Table 2). Based on the
clinical findings, the patient was admitted to ICU on
December 8, 2020 and a treatment protocol devised.
CytoSorb® therapy (two devices for 16 hrs each with a
flow rate of 1220/520) was initiated 2 days later. Post-
CytoSorb® therapy, an increase of 547%, 16% and 67%
in TLC, platelet count and serum creatinine level were
respectively observed. Additional dialysis was per-
formed on December 12, 2020. The patient stabilised
and improved clinically. All the drugs were stopped
except Remdesivir. He was discharged in a stable con-
dition from the hospital on December 13, 2020.

Patient 5

A 70-year-old female with a history of hypertension,
diabetes, morbid obesity and complaints of sneez-
ing and coryza (past 14 days), vertigo and decreased
urine output (past lday) was admitted to the hos-
pital on August 20, 2020. Her demographic details
and clinical conditions were recorded by the hos-
pital (Table 1). On examination, she had urosepsis,
tachypnea (30 breaths/min), tachycardia (120 beats/
min), AKI and hypertension (140/90 mmHg). Labo-
ratory tests showed an increased TLC (24570/mm?),
serum creatinine (2.03 mg/L), Interleukin - IL-6
levels (4579 pg/ml), hyperkalaemia (6.06 mEq/L),
PCT (>100 ng/ml) and altered electrolytes (Table
2). Based on these blood results, she was admitted
to ICU on August 21, 2021. The patient was man-
aged with BiPap, intravenous antibiotics (Targocid,
Meropenem, Poly-B), low molecular weight heparin
(LMWH), nebulisations and other drugs. CytoSorb®
therapy was started within 24 hours of admission to
the ICU. Post-CytoSorb® therapy, an improvement in
the vital parameters including a reduction in TLC
(35%), platelet count (13%), PCT level (76%), serum
creatinine (19%) and potassium (29%) was observed.
The patient was discharged in a stable condition on
August 24, 2021. The patient was given intermittent
BiPAP support, glucose levels were managed, the
Foley catheter was removed and she was able to pass
the urine freely. She was discharged in a haemody-
namically stable condition after 9 days in the hos-
pital. The patient was further advised to continue
BiPAP (twice a day), and medications (including
Feronem, Linezolid, Levoflox) for further 3 weeks,
to check fasting and post-prandial blood sugar lev-
els every alternate day at home and to follow up in
the Out Patient Department (OPD).

Patient 6

A 48-year-old male with complaints of hearing loss
(past 7 days), weight loss and generalised weakness
(for the previous 2 months) and a medical history of
macrophage activation syndrome, MODS, diabetes
and hypothyroidism was admitted to the hospital. On
November 27, 2020, due to sudden breathlessness (30
breaths/min), SpO, of 94% on room air, high heart
rate (120 beats/min) and hypotension (110/70 mmHg),
he was admitted to ICU and was immediately given
BiPAP support. The patient’s demographic details and
clinical conditions were recorded by the hospital (Ta-
ble 1). Due to his clinical state including oliguria and
hypotension, he was intubated and ventilated, and giv-
en inotropic support. Reduced TLC (840 cells/mm?),
platelet count (59000 cells/ml) and elevated inflam-
matory markers indicated increased infection (Table
2). He was managed with a mechanical ventilator, an-
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tibiotics (Merocit, Teicoplanin, Poly-B) and antifungal
drugs (Caspofungin) appropriately. However, he was
anuric and his condition deteriorated further; so, it was
decided to start HD dialysis with CytoSorb® adsorber
(16 hours duration) within 24 hours of this admission
to the ICU. Post-CytoSorb® treatment, he showed a
mild improvement in his laboratory tests with in-
creased haemoglobin (25%) and reduced TLC (42%)),
platelet count (55%), and serum creatinine (43%). The
patient was given an intravenous injection (dobuta-
mine) to treat the weakened heart muscle and started
vasopressin to try and improve urine production, and
the persistent hypotension. His vital parameters con-
tinuously dropped including pCO, (28.4 mmHg), pO,
(148.7 mmHg) and tCO, (19 mmol/L). On November
30, 2021, the patient developed bradycardia with high
positive end-expiratory pressure (PEEP), hypoxia and
hypotension. Emergency drugs and cardiopulmonary
resuscitation (CPR) were given for 30 minutes; how-
ever, unfortunately, the patient was not revived and
was declared dead on November 30, 2021.

DISCUSSION

Sepsis is a common life-threatening condition, and is
one of the leading causes of death in I[CU?*?'. It is asso-
ciated with effects on primary and secondary immune
tissues, endothelial tissues, parenchymal tissues, the
microcirculation, and coagulation®’. The mortality
rate is usually high for severe sepsis and sepsis shock
ranging from 18% and 50%%. In the present study
we evaluated the use of CytoSorb® therapy concern-
ing clinical outcomes in six critically ill patients with
sepsis or septic shock. CytoSorb® haemoadsorption
device can be inserted either into a dialyser or used
as a standalone. It is a detoxification system which is
usually used to reduce the excess levels of several me-
diators with the aim to control the cytokine storm'. In
the present case series, CytoSorb® therapy is utilized
to manage the critically ill patients. The therapy has
proved to significantly reduce the inflammatory me-
diators and vital parameters (Table 2).

A recent study conducted in patients with sepsis
reported that a significant decrease in PCT was ob-
served post-CytoSorb® therapy (p=0.004)**. Another
study reported marked reduction in CRP (27%) and
PCT (65%) levels in patients with sepsis after Cyto-
Sorb® therapy (16). A previous study conducted in
135 patients with severe sepsis showed a significant
reduction in IL-6 and PCT levels post CytoSorb®
treatment®. Similar observations were made in our
study where a reduced CRP and PCT levels were ob-
served post-CytoSorb® treatment.

In addition, CytoSorb® therapy can provide max-
imum benefit if the therapy is applied early in the
treatment course especially within 24 hours of ad-
mission in ICU and for an adequate duration until
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haemodynamic stability in the patient is achieved'*.
In the present study, the patients (except patient 6)
achieved clinical stabilisation after the early use of
CytoSorb®therapy. Even patient 6 demonstrated mild
improvements in haemodynamics after early use of
CytoSorb® therapy; however, none of the medical
treatments would have helped the patient to survive
given that his condition was very critical. Several
studies have demonstrated CytoSorb®to be a rescue
adjuvant therapy to treat critically ill patients in all
age groups ranging from 1 month to 80 years?*. In
the current study, CytoSorb® therapy was used in
patients with a wide range of ages (15 years to 70
years). As of 2021, CytoSorb® therapy has been used
to treat over 5,750 critically ill patients infected with
COVID-19 in 30 countries®, with sepsis the prima-
ry cause of most deaths in COVID-19 patients®. A
clinical trial in COVID-19 patients in the ICU with
CytoSorb® is ongoing and expected to be complet-
ed by November 2022(NCT04391920)*'. Wunderlich
et al*? observed in a case series of 13 patients with
COVID-19 related ARDS treated with CytoSorb®
therapy, a significant decrease in CRP as compared
with baseline. Another study conducted in a patient
with COVID-19 reported a reduction in CRP values
from 1,040pg/ml to 415 pg/mL post-CytoSorb® ther-
apy>. In the present case series, a reduction of 88%
in CRP level was observed after CytoSorb®™ therapy
in patient 2 with post-Covid complications.

In addition, the most studied inflammatory bio-
marker is PCT in sepsis and the degree of induc-
tion of PCT is associated with the presence of organ
dysfunction and severity of septic infection**. This
study also reported that the average serum PCT
levels were four-times higher in severe patients and
were eight-times higher in critical patients compared
to moderate COVID-19 patients®. Moreover, an in-
creased level of PCT can mark the initiation of Cyto-
Sorb® therapy?®®. Similar observation was made, and
therapy was initiated in patients 1, 2, 3 and 5, where
baseline PCT levels were 2.36 ng/ml, 100 ng/ml, 68
ng/ml and 178 ng/ml, respectively (Table 2).

CONCLUSIONS

The present study describes the experiences of the
authors for the effectiveness and safety of CytoSorb®
therapy in six critically ill patients within a wide age
range. It is also effective in patients with COVID-19
and associated post-COVID-19 symptoms. Cyto-
Sorb® treatment efficiently resolves/ modulates hy-
perinflammation by removing elevated levels of
cytokines. This further improves organ dysfunction
and provides clinical stability with no serious ad-
verse effects. When initiated early after admission
to ICU, CytoSorb® therapy can be a potential rescue
therapy in severely ill patients.
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