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ABSTRACT 
Acute kidney injury continues to be a common and deadly condition 
despite medical advancements, occurring in upwards of half of all critically 
ill patients. Whether resulting from sepsis, the most common etiology, or 
from ischemic or nephrotoxic insults, acute kidney injury is associated with 
a systemic hyperinflammatory state that not only propagates additional 
kidney injury but often leads to injury of other organs as well. The 
Selective Cytopheretic Device is an autologous cell processing device 
that selectively targets and modifies the most inflammatory effector cells 

it is a novel approach to treating acute kidney injury by using cell-based 
rather than drug-based therapy with the aim of reducing inflammation, 
the causative factor of numerous disease states. Across multiple clinical 
trials, the selective cytopheretic device has demonstrated safety and 
efficacy as a treatment for acute kidney injury with reduced long term 
chronic dialysis sequelae, increased survival rates, and no device-related 
adverse events to date in both adult and pediatric populations. This 
innovative device has been granted FDA clearance under a Humanitarian 
Device Exemption to treat pediatric patients with sepsis associated acute 
kidney injury and its currently under evaluation in a pivotal trial in adults 
with renal injury as a step towards Pre-Market Approval. As the 
mechanism of action of the selective cytopheretic device lends it to be 
agnostic of the pathological cause, there is potential for it to be beneficial 
in treating other hyperinflammatory conditions as well. 
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Introduction 
Acute Kidney Injury (AKI) is a common condition 
characterized by reduced renal function and 
structural abnormalities, occurring in up to 15% of all  
hospitalized patients and increasing to 50-60% in 
critically ill patients1,2. It is a frequently-deadly 
complication among patients in the intensive care 
unit (ICU) with mortality rates of 50% or greater3-6. 
The heterogeneous condition, AKI, has diverse 
causes including sepsis, ischemia, and 
nephrotoxins. Often, multiple etiologies actively 
contribute to the condition simultaneously7,8. 
Despite the cause, there is a strong association 
between a dysregulated inflammatory immune 
state and AKI9. In the case of sepsis, one of the 

to infection activates a complex cascade of 
inflammatory mediators which are meant to 
eradicate infectious pathogens10-12. However, this 
response can become dysregulated and promote 
tissue injury13. The kidneys are especially 
vulnerable to this damage and are often among the 
first organs to be affected during sepsis13,14. The 
damage typically begins with acute tubular injury, 
because the renal tubular epithelial cells are 
especially susceptible to oxidative stress and 
inflammation, which can progress into full-blown 
AKI15,16. In contrast, with aseptic causes of AKI 
(ischemia, nephrotoxins, etc.) initial tubular cell 
injury is primarily caused through reduced 
perfusion or direct toxicity, rather than cytokine-
mediated damage due to a dysregulated immune 
state17. Regardless of the initial insult, injury 
triggers the tubule cells to release inflammatory 
mediators and set off an inflammatory cascade 
which exacerbates the initial damage18,19. This not 
only amplifies the local injury but can induce a 
hyperinflammatory state where there previously 
was not one. It is thought to significantly contribute 
to the propagation of the systemic inflammatory 
response and potential progression to multi-organ 
dysfunction with increased morbidity, though the 
exact mechanism is not known8,15,20. Thus, a 
hyperinflammatory state can both cause AKI, such 

as in sepsis, and AKI itself can initiate and 
perpetuate hyperinflammation8. 
 

The hyperinflammatory response associated with 
AKI plays a critical role in the severity and the 
progression of the condition to other organs16,21-23. 
During a hyperinflammatory response, capillary 
microvasculature and leukocytes, particularly 
neutrophils and monocytes, enter a state of 
activation. This highly activated state leads to 
changes in expression of cytokines where 
proinflammatory variants become more prevalent, 
impairing capillary blood flow via interactions 
between microvasculature and leukocytes8,24-26. 
Additionally, while in this state, degradative 
enzymes will be released by leukocytes infiltrating 
the tissues. Both processes of impaired capillary 
blood flow and degradative enzyme release will 
result in ischemic and toxic damage to the kidneys, 
and if this state of hyperinflammation is not 
resolved, the condition will progress to other 
organs with likely fatal outcomes8,24,26. Accordingly, 
efforts to understand and create therapeutics that 
modulate this immune response are among the 
most promising approaches to improving clinical 
outcomes of AKI8,16. 
 

The Selective Cytopheretic Device (SCD) is an 
immunomodulatory device developed from a 
serendipitous discovery during a previous cell 
therapy clinical trial in ICU patients with severe 
AKI27 28. The SCD houses fibers of synthetic, 
biocompatible, biomimetic membranes in a 
polycarbonate cylinder29, with a surface area 
determined therapeutic dose  ranging from 1.0-
2.5 m2. Treatment with the SCD is administered via 
incorporation of the device into an extracorporeal 
blood circuit (Figure 1) such as that used for 
hemodialysis, where the design of the cartridge 
utilizes low-velocity, low-shear force blood flow 
around the bundled fibers in conjunction with a low 
ionized-calcium (iCa) environment within the SCD 
to facilitate autologous immune cell processing30,31. 
The combination of the low iCa produced via 
regional citrate anticoagulation (RCA) and the low-
shear environment mimicking capillary beds, result 
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in activated leukocytes binding temporarily, for up 
to several hours, before releasing and returning to 
the patient. The low iCa environment is crucial for 
SCD treatment as it enables the immunomodulation 
of the bound cells as well as the maintenance of 
anticoagulation within the circuit32-34. The 
effectiveness and safety of SCD has been examined 
in multiple preclinical animal and clinical studies in 

various hyperinflammatory disease states, including 
AKI, with promising results. To date, there have 
been no reports of leukopenia or clinically 
significant hypocalcemia because of SCD treatment 
with RCA, suggesting that the immunomodulatory 
effect of SCD with RCA is not immunosuppressive 
and is safe when managed appropriately8,35. 
 

 

 
 

Figure 1. The Selective Cytopheretic Device (SCD) incorporated into a continuous renal replacement therapy (CRRT) circuit. 
 

Table 1. Selective Cytopheretic Device Mortality Rates vs. Contemporaneous or Historical Controls Across Studies. 
 

Study Patient Population SCD Tx (n) Control Tx (n) 
SCD Mortality 

Rate 
Control 

Mortality Rate p value 

Pilot (China) Adult AKI 9 HC 22.2% 77.8% 2 p = 0.027 
ARF-002 Adult AKI 35 HC 31.4% 50% 3 NR 
SCD-003 Adult AKI 19 1 27 1 15.8% 40.7% p = 0.11 
SCD-PED Pediatric AKI 22 HC 22.7% 45.2% 4 p = 0.04 
SCD-005 Adult COVID-19 AKI/ ARDS 16 1 HC 31.3% 81% 5 p = 0.012 

 

Table 1 reports a summary of mortality rates in patients receiving SCD therapy compared to contemporaneous or historical control groups from 
each completed clinical trial. The trend for higher survival rates in patients that received SCD treatment suggests a favorable risk-benefit relationship. 
HC = historical control, NR = not reported, Tx = treatment, SCD-PED = combined data from SCD-PED 01 & 02 trials 
1  only includes analysis of subjects treated per protocol. 
2  case-matched controls based on Sequential Organ Failure Assessment scores and age. 
3  historical data82,83 
4  contemporaneous controls from the prospective pediatric CRRT registry 59 
5  contemporaneous controls from the CRRTnet registry8 
 

A key area of investigation for treatment with the 
SCD has been AKI, with multiple clinical trials in 
both pediatric and adult patients with severe AKI. 
Initial pilot studies and clinical trials were 
conducted in patients with AKI before expanding 
to other patient populations, including those 
suffering from sepsis, muti-organ failure, and 
COVID-1936. Currently, the SCD has been 
approved by the Food and Drug Administration 
(FDA) for use in pediatric AKI patients weighing 

more than 10kg under a Humanitarian Device 
Exemption. Additionally, a phase 3 clinical trial is 
currently underway to gain Pre-Market Approval 
for the treatment of AKI in adults (ClinicalTrials.gov 
Identifier: NCT05758077)8.  
 
The SCD is a unique approach to treat AKI via 
autologous modulation of the immune cells without 
becoming immunosuppressive (corticosteroids) or 
narrowly targeting a single inflammatory mediator35,36. 

https://clinicaltrials.gov/ct2/show/NCT05758077
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An advantage in such a multifaceted disease 
condition. The SCD works to modulate the extreme 
immune response following acute injury by 
selectively sequestering the most activated 
neutrophils and monocytes, while leaving the 
reparative population intact. Once sequestered, 
the activated cells are processed into a less 
inflammatory state before being released back into 
the bloodstream (Figure 2). This is believed to have 
a biofeedback effect which quells the negative 

effects of the dysregulated immune state and 
allows the body to achieve a naturally reparative 
process and support recovery34,37,38. This report will 
detail how the SCD works to treat AKI, explore why 
an autologous cell processing device offers a 
better option than other narrower therapeutic 
targets, and provide an overview of the work done 
so far to bring SCD from bench to beside to treat 
critically ill patients with AKI. 

 

 
 

Figure 2. The SCD Mechanism of Action diagram illustrates the impact of SCD therapy on activated neutrophils and monocytes. 
Activated neutrophils adhere to the SCD, and there, undergo autologous processing towards a pro-apoptotic phenotype before 
being released back into circulation where they will be cleared via phagocytosis. Activated monocytes that adhere to the SCD shift 
the circulating population to favor the reparative monocyte/macrophage phenotype. 
 

Mechanism of Action of the Selective 
Cytopheretic Device  
The mechanism of action of SCD therapy 
selectively targets the most activated and 
inflammatory neutrophils and monocytes, but not 
lymphocytes, to undergo autologous processing. 
This selectivity is thought to occur because of the 
low iCa levels within the SCD and the calcium 
dependency of leukocyte cell surface integrin 
binding reactions34. Thus, highly activated cells, 
which express more adhesion molecules and 
therefore have a greater capacity for adhesion, 
continue to bind in low iCa environments while less 
inflammatory cells do not bind39. This ensures the 
immunomodulatory processes do not become 
immunosuppressive. This process has been shown 
in both preclinical and clinical applications in 
multiple disease states37,40-42.  
 

Previous work has demonstrated that neutrophils 
degranulate upon binding to the SCD membranes34, 

supported by a release of exocytotic vesicles and 
reflected by an increase in carcinoembryonic 
antigen (CD66b), which is a component of 
exocytotic vesicles that move to the cell surface 
upon degranulation43,44. During states of inflammation 
the neutrophil lifespan is elongated, due to a delay 
in apoptosis45. Through cell processing in the SCD 
neutrophils that are bound, degranulated, and 
then released from the membranes of the SCD 
become apoptotic. This is reflected by a decrease 
in a cell surface marker (CD16), which has been 
shown to be associated with neutrophil apoptosis46. 
Also, an increase in the receptor that is critical for 
the clearance of apoptotic neutrophils from the 
blood, CD18447, is observed. The increase in 
apoptotic neutrophils released from the SCD is due 
to the low iCa environment within the cartridge, 
since a decline in calcium entry in neutrophils has 
been shown to promote apoptosis48,49. After being 
released from the membranes back into circulation, 
the apoptotic neutrophils are then phagocytosed 
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and digested by macrophages of the bone 
marrow, spleen and liver47,49. This clearance of 
senescent neutrophils promotes the return to a 
balanced immune state. Elevated white blood cell 
count (WBC) is a hallmark of hyperinflammatory 
disease states. Treatment with SCD has been 
shown to significantly decrease the WBC in 
patients with multi-organ failure due to AKI, with 
subsequent reductions in inflammatory cytokines.  
 

A recent analysis investigated the effects of SCD 
treatment on neutrophil-to-lymphocyte ratios 
(NLR), which has been shown to correlate with 
mortality and disease progression across several 
disease states including AKI. In AKI, specifically, 
work has demonstrated that a high NLR is 
associated with worsening disease severity, 
progression, and clinical outcomes50. The results of 
the analysis of 76 adult SCD-treated patients and 
32 control patients demonstrated that, even 
though both groups had similar NLRs on day 0 of 
treatment (SCD=23.6 vs. control=21.7, p=0.636), a 
distinct divergence emerged around day 3. The 
SCD group had a sustained decline in NLR by 
around day 2 until day 6 of treatment, while the 
control group experienced a reversal in trend 
shortly after day 3 and an increase in NLR by day 6 
(SCD=13.3 vs. control=25.7, p=0.002)50. The 
association between the SCD and a reduction in 
NLR is driven by both a reduction in absolute 
neutrophil count and an increase in absolute 
lymphocyte count. While the control group also 
experienced an initial decline in NLR, this is likely 
due to the clearance of low molecular weight 
inflammatory mediators by Continuous Renal 
Replacement Therapy (CRRT) and was short-lived 
as the trend reversed with an ultimate upward 
trend in the NLR. The reduction in absolute 
neutrophil count of the SCD-treated cohort 
supports the conclusion drawn from in-vitro studies 
that the SCD modifies bound and subsequently 
released neutrophils towards apoptosis34,50.  
 

Additionally, within hours of initiating SCD therapy, 
patients experience a reduction in vasopressor 
requirements, improved respiratory function, and 

can tolerate a greater net volume of fluid removed 
with CRRT34. This is believed to be a result of the 
selective modulation and then clearance of 
activated neutrophils. When activated neutrophils 
release inflammatory mediators and other harmful 
constituents, these molecules interact with and 
damage the microvascular endothelium39. This 
damage increases the vascular permeability and 
results in transudation and accumulation of fluid 
and inflammatory mediators within the interstitial 
tissues51, contributing to the need for vasopressors, 
impaired respiratory function, and edema. Thus, 
the reduction of activated neutrophils in circulation 
via autologous modulation towards apoptosis 
results in less capillary leak and an improvement in 
the clinical effects of hyperinflammation52.  
 

As with neutrophils, SCD also selectively binds the 
most inflammatory subset of monocytes and 
transforms them into a less inflammatory state, 
while leaving the reparative subset less altered. 
This has been shown in previous work, where the 
bound and subsequently released monocytes have 
significantly higher secretion rates of 
proinflammatory cytokines compared to the 
circulating monocytes. Also, the monocytes 
released from the membranes were found to have 
a less inflammatory phenotype and a lower 
secretion rate of inflammatory cytokines than those 
bound to the SCD34. The change in monocyte 
phenotype has also been demonstrated through a 
change in the cell surface markers (CD14 and 
CD16), which denote a circulating monocyte as 
either classical and intermediate (proinflammatory) 
or non-classical (anti-inflammatory)53,54.  
 

During AKI, circulating inflammatory monocytes 
will infiltrate the kidneys to become inflammatory 
macrophages (M1), which have a significant role in 
the progression of the renal injury55. When treated 
with SCD, the proportion of circulating 
inflammatory monocytes is reduced and prevents 
them from exacerbating the renal injury. Instead, 
bound inflammatory monocytes are modified 
towards the more anti-inflammatory phenotype. 
This is believed to support the natural transition of 



Autologous Cell Processing with the SCD for the Treatment of AKI 

© 2025 European Society of Medicine 6 

the initial pro-inflammatory (M1) phenotype to the 
reparative phenotype (M2) and promote improved 
tissue repair after AKI34. This transition from an 
inflammatory to a reparative population is often 
hindered by the dysregulated immune response 
after AKI and may not occur on its own before long-
term damage has been done to the tissues55,56. The 
net effect of initiating and supporting the 
transformation of the monocyte population to a 
more anti-inflammatory phenotype has been 
observed with SCD therapy in various 
hyperinflammatory disease states, including the 
treatment of chronically inflamed end stage renal 
disease patients34,57. The shift in monocyte 
phenotype could explain the phenomena that in 
both pediatric and adult clinical trials of AKI 
requiring CRRT have demonstrated an 
improvement in renal recovery and dialysis 
independence of the SCD-treated cohort 
compared to control patients receiving CRRT 
alone58,59. Changes in monocyte phenotype and 
activity are highly plastic and complex. As such, 
more evaluation is required to fully elucidate the 
mechanism of action of the changes occurring in 
monocytes during SCD therapy.  
 

A project is currently underway to provide further 
insight into how the SCD modifies monocytes 
during treatment by utilizing single cell ribonucleic 
acid sequencing (RNAseq) methodology. 
Preliminary data has demonstrated that SCD 
treated monocytes have a lower expression of 
proinflammatory gene products as well as a 
downregulation of calcium dependent gene 
pathways (data not shown, a full manuscript is in 
preparation). Other groups using single cell RNAseq 
have also shown that citrate anticoagulation itself 
alters multiple genes involved in the cell cycle 
regulation, metabolism and cytokine signaling of 
monocytes60. This affirms that RCA plays a crucial 
role in SCD therapy by not only acting as the 
anticoagulation within the circuit and selectively 
targeting the activated cells to bind, but now it 
seems likely to also affect the modulation of 
monocyte phenotype. So far, SCD therapy has 
mainly been targeted at treating acute conditions, 

like AKI, which are dominated by neutrophil driven 
pathologic processes. As it has been shown that 
the SCD modifies the monocyte population as 
well57, with a deeper understanding of the 
mechanism, SCD therapy could conceivably be 
utilized for the treatment of both acute and chronic 
disease states. The SCD has the potential to 
transform the treatment of a diverse range of both 
acute and chronic conditions by utilizing a cell-
directed therapy to target inflammation, the primary 
causative factor in so many clinical disorders. 
 
Clinical Use of SCD for the Treatment 
of AKI 
Promising clinical results of SCD therapy have been 
seen in both adult and pediatric populations. The 
initial pilot study to evaluate the safety and efficacy 
of SCD treatment for adults with AKI requiring 
kidney replacement therapy in the ICU was 
conducted in a single-center in China. This 
prospective study enrolled a total of 9 patients and 
demonstrated a promising safety profile with no 
device related adverse events, no reports of 
neutropenia, nor subsequent infections. The 
resulting significant decrease in mortality rates on 
the SCD treatment group compared to the control 
group (22.2% vs. 77.8%, p=0.027) was also 
encouraging37. Following the success of the pilot 
study, the Acute Renal Failure-002 (ARF-002) trial 
was a single-arm, multicenter study in the United 
States designed to test the safety and efficacy of 
SCD in a larger population of adult patients (n=35) 
with AKI requiring CRRT in the ICU. Again, there 
were no device related adverse events, and a 
reduced mortality rate (31.4%) was seen compared 
to the upwards of 50% mortality expected from 
standard treatment of patients with AKI in the 
ICU61. The success of these two pilot studies led to 
the development of a larger-scale, two-arm study, 
the SCD-003 trial. 
 

The SCD-003 trial is among the most significant 
recent clinical trials, designed to compare survival 
and kidney outcomes in patients receiving CRRT 
with and without SCD therapy. Unfortunately, the 
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trial was terminated early after enrolling 134 
patients due to national shortages of calcium which 
created difficulties maintaining safe systemic 
calcium levels and appropriate iCa levels within the 
circuit during the RCA required for optimal SCD 
therapy. Consequently, iCa levels within the circuit 
were frequently outside of the recommended 
therapeutic range and as a result no difference in 
mortality rate was found between the SCD and 
control cohorts. However, post hoc analysis 
revealed that patients treated with the proper 
levels of iCa trended towards a lower mortality rate 
(16% vs. 41%, p=0.11) and a reduction in dialysis 
dependence (0% vs. 25%, p=0.10) by day 60 than 
the control group58. These findings highlighted the 
importance of maintaining the proper levels of iCa 
within the circuit for effective SCD therapy. As a 
result, subsequent adult and pediatric trials have 
implemented strict RCA protocols, ensuring the 
safe and effective use of the SCD. 
 

Following the early termination of the SCD-003 trial 
due to the national calcium shortage, several 
pediatric trials were conducted. Critically ill 
children in the ICU are a particularly vulnerable 
population, with recent data indicating that 1 in 3 
will develop AKI62. In children, the mortality rate of 
AKI remains around 50% with CRRT alone as the 
treatment63,64. The SCD has been shown across 
multiple clinical trials to have the potential to 
improve outcomes in this context.  
 

safety and feasibility in pediatric patients with AKI 
was SCD-PED-01, a single-arm trial. The study 
consisted of 16 patients who required CRRT, 
weighing 15 kg or more with AKI and at least one 
other organ dysfunction. The results were promising 
with 94% of the subjects surviving through the end 
of SCD therapy, and 75% surviving through day 60. 
Of those who survived, all were dialysis-
independent on day 60 and 91% had completely 
normal kidney function. In addition to the 
promising survival and renal recovery rates, there 
were no device related adverse events. The limited 
sample size of the study prevented any claims of 

efficacy on patient outcomes, but the results did 
successfully establish the safety of SCD for a 
Humanitarian Device Exemption application. 
However, it is worth noting that the 75% survival 
rate in SCD-PED-01 compares favorably to the 
historical survival rate near 50% for critically ill 
children requiring CRRT65. A subsequent single-
arm trial that focused on patients weighing 
between 10 and 20 kg, SCD-PED-02, produced 
similar results to the previous trial. Of a total of 6 
patients enrolled, 5 subjects survived through the 
end of SCD therapy and through day 60. All 5 
survivors were also dialysis-independent with 
completely normal kidney function by day 60. 
Again, there were no device related adverse events59. 
 

The combined data from the two SCD-PED trials 
resulted in an overall 77% survival rate after 
receiving CRRT+SCD treatment59. This was 
considerably higher when compared to the ICU 
survival rate of 51.7% seen in a comparative control 
cohort receiving CRRT alone found in the 
Prospective Pediatric CRRT registry (ppCRRT)66. 
Additionally, there was a substantially higher 
proportion of patients successfully becoming 
dialysis-independent and recovering complete 
kidney function in these studies (100%) than those 
in the cohort found in the ppCRRT registry (51%). 
Interestingly, extracorporeal membrane oxygenation 
(ECMO) provision was an exclusion criterion in the 
comparator studies in the ppCRRT, so a potentially 
more relevant statistic is a 94.1% survival rate 
(excluding five patients receiving ECMO in the 
CRRT-SCD cohort) compared to the 51.7% in the 
ppCRRT cohort59. The promising results from these 
SCD-PED trials were sufficient for the FDA to 
approve the Humanitarian Device Exemption for 
the use of SCD to treat AKI due to sepsis or a 
sepsis-like condition in pediatric patients weighing 
more than 10 kg who require CRRT.  
 

More recently, the results of these studies have 
been compared to a more contemporary registry, 
the Worldwide Exploration of Renal Replacement 
Outcomes Collaborative in Kidney Disease (WE-
ROCK), as the original comparator cohort data 



Autologous Cell Processing with the SCD for the Treatment of AKI 

© 2025 European Society of Medicine 8 

found in ppCRRT was 20 years old. Preliminary 
analysis has resulted in a similar improvement of 
SCD patient survival rate compared to the 
contemporaneous control. While this more recent 
study is still limited by the small sample size of the 
SCD cohort, it is strengthened by the fact that the 
two cohorts received treatment in the same era, 
reducing the potential for temporal differences in 
ICU care having an impact on outcomes. Therefore, 
it is a reasonable conclusion that SCD therapy may 
be beneficial in the treatment of critically ill 
children with AKI and multi-organ dysfunction 
receiving CRRT. Regardless, larger scale pediatric 
studies are needed to validate these results. 
 

One of the following trials, SCD-005, was a study 
designed to evaluate the use of SCD in adult 
patients with COVID-19, AKI, and acute respiratory 
distress syndrome by comparing those treated with 
the SCD to a contemporaneous control group 
found in the CRRTnet database. Results indicated 
patients treated with SCD for a least 4 days (per 
protocol) had a reduction in mortality compared to 
the control group (31% vs. 80%, p=0.012). Moreover, 
SCD treatment was associated with a significant 
reduction in white blood cells and a substantial 
decrease in levels of key cytokines, including 
interleukin(IL)-6, IL-2, IL-15, and IL-10, all of which 
are predictive of mortality in COVID-19 patients38. 
 

To validate the findings of the previous clinical 
trials, a current phase 3 NEUTRALIZE-AKI trial 
(ClinicalTrials.gov Identifier: NCT05758077) is an 
ongoing study designed to find Pre-Market 
Approval from the FDA for the use of SCD to treat 
adult AKI. The NEUTRALIZE-AKI trial will be the 
largest pivotal trial to date with a planned 
enrollment of 200 patients and the aims of 
reducing mortality and dialysis dependence of 
adult patients with AKI and multiple organ 
dysfunction requiring CRRT. Based on several 
lessons learned in previous clinical trials, it has 
been designed such that the clinical sites must 
strictly adhere to the protocol of keeping the circuit 
iCa levels within the optimal range (less than 
0.4mM)8. Also, from previous work on the SCD-005 

trial, which indicated that in severely 
hyperinflammatory disease states at least 4 days of 
SCD treatment may be necessary to see significant 
clinical improvement38, the minimum duration of 
treatment for 96 hours with SCD was made a key 
inclusion criterion in the NEUTRALIZE-AKI trial.  
Additionally, there have been several indications 
that SCD therapy could potentially have long term 
effects on organ recovery, well beyond the ICU. For 
this reason, the primary endpoint for NEUTRALIZE-
AKI is 90 days, rather than 60 days, with a 
composite of both mortality and dialysis 
dependence. The results of this study have the 
potential to demonstrate the effectiveness of SCD 
therapy to reduce mortality and dialysis 
dependence in critically ill adult patients with AKI 
and multiple organ dysfunction. 
 

As an autologous cell processing device that acts 

SCD therapy does not need to be limited to any 
one organ or disease state. There is potential for 
the SCD to have a positive impact on the treatment 
of many acute and chronic inflammatory conditions. 
The SCD is unique as it shifts the treatment 
paradigm from drug-based therapeutics to cell-
based therapy, making it broadly applicable to a 
diverse range of diseases by focusing on inflammation 
as the fundamental origin of the disorders. 
 
Medical Devices used in the 
Treatment of Acute Kidney Injury 
The SCD is not the only device that is placed into 
an extracorporeal blood circuit with the aim of 
treating AKI, particularly in the case of sepsis. 
However, it is the only device utilizing cell-based 
therapy which allows SCD treatment to have broad, 
sustained impact that is agnostic to the root cause 
of the condition. Others, such as the Polymyxin B 
(PMX) cartridge and the Seraph cartridge, focus on 
binding and removing specific pathogens or 
components of pathogens to alleviate the effects 
of sepsis and hopefully improve clinical outcomes. 
 

The PMX cartridge utilizes polystyrene fibers on 
which polymyxin B is bound to selectively remove 

https://clinicaltrials.gov/ct2/show/NCT05758077
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endotoxin (lipopolysaccharide), a major component 
of the outer membrane of gram-negative bacteria, 
from the bloodstream67,68. As blood passes through 
the column of the cartridge, polymyxin B binds to 
the lipid A portion of endotoxin, which neutralizes 
its toxic effects on the body. The PMX cartridge has 
demonstrated its potential to improve the clinical 
outcomes of patients afflicted with sepsis caused 
by gram-negative bacteria. It has been in clinical 
practice for over three decades outside of the 
United States and has been used in more than 
200,000 patients, indicating its efficacy and 
safety67,69. In the most recently completed 
multicenter, randomized control trial, EUPHRATES, 
it was found that when the endotoxin activity assay 
(EAA) score did not exceed the absorption capacity 
of the device the PMX treated group had a 
significantly reduced 28-day mortality rate than the 
control group (26% vs. 37%, p=0.04). However, 
when the EAA score did exceed the absorption 
capacity of the device no difference was seen in the 
mortality rates between the control and PMX 
treated subjects. This has narrowed the therapeutic 
target of the PMX cartridge further by suggesting 
that it may be specifically beneficial for patients 
with moderate endotoxin levels70.While the PMX 
cartridge has had a long history of safety and 
efficacy, the narrow therapeutic target greatly 
limits how many critically ill patients suffering from 
sepsis can benefit from PMX therapy. Historical 
data indicates that only approximately 45% of 
sepsis infections were caused by gram-negative 
bacteria71, highlighting how the specific pathway 
targeting gram-negative bacteria used by the PMX 
cartridge would lead it to be ineffective in many 
cases of sepsis. 
 

The Seraph cartridge is composed of 300 µm micro 
polyethylene beads chemically bonded with 
heparin sulfate to bind a wide range of pathogens 
including viruses, bacteria, and fungi72,73. The 
heparin sulfate coated beads work by mimicking 
the protective brush border of endothelial cells, 
and binding pathogens via electrostatic interactions 
between the negatively charged beads and the 
positively charged amino groups on the surface 

proteins of pathogens. So far, results have been 
promising with the filter able to achieve more than 
99% reduction in most blood pathogens within one 
4-hour session72. The first randomized control trial, 
PURIFY-RCT, to evaluate the Seraph cartridge in 
patients with septic shock is currently underway. 
While no conclusions can be drawn about efficacy, 
previous retrospective observational studies have 
had promising results. One study on critically ill 
COVID-19 patients treated with the Seraph 
demonstrated a greatly reduced mortality rate 
between Seraph treated subjects and the matched 
control cohort (32% vs. 64%, p=0.001)74. Although 
the Seraph targets a broader range of pathogens 
than the PMX, it still is focused on targeting and 
removing a pathogen to improve clinical outcomes 
which is still limited. While the Seraph may prove 
to be effective at improving clinical outcomes of 
AKI due to sepsis or another similar pathogenic 
condition, it likely would not be effective in treating 
a substantial number of cases of AKI where 
pathogens may not actively be in circulation at the 
time of treatment or are not even the root cause.  
 

The direct comparison of SCD and other 
comparable devices in development highlights 
how innovative the SCD is as a therapeutic device. 

effector cells to be in a less inflammatory state, it 
shifts the therapeutic target from neutralizing 
pathogens or specific inflammatory mediators to 
modulating the overactivated immune response. In 
doing so, it also broadens the scope of conditions 
where SCD therapy may be effective at improving 
clinical outcomes.  
 

Potential of the Selective Cytopheretic 
Device Beyond Acute Kidney Injury 
Even though AKI has been the focus for a 
significant amount of the clinical evaluation of SCD 
therapy, multiple pilot feasibility studies of other 
acute dysregulated immunologic conditions have 
demonstrated promising safety and efficacy. These 
other conditions so far include acute respiratory 
distress syndrome (ARDS) from COVID-1938,41, 
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hemolytic uremic syndrome from Shiga toxin75, 
toxic shock syndrome, hemophagocytic 
lymphohistiocytosis76, acute-on-chronic liver failure 
(ACLF)42, and acute-on-chronic cardiac failure40. 
 

A two center, prospective, single-arm clinical trial 
enrolling 22 COVID-19 patients with ARDS 
requiring mechanical ventilation demonstrated 
substantial improvements with SCD treatment 
compared to the selected control cohort. 
Specifically, improvements in leukocytosis and 
Po2/Fio2 ratios were seen during SCD therapy that 
were not observed in the control group. 
Additionally, the mortality rate of the SCD-treated 
patients was reduced compared to the control 
group (50% vs. 81%) and was even further reduced 
when only comparing those that received greater 
than 96 hours of SCD treatment (31% vs 81%, 
p=0.012). While further investigation is needed, 
the results demonstrated safety without any device 
related serious adverse events and a potential to 
improve clinical outcomes of COVID-19 ICU 
patients progressing to multiple organ failure38.  
 

The SCD has also been utilized to treat two cases 
of severe ACLF with multiple organ failure. The first 
case had severe alcohol associated hepatitis and 
was rapidly deteriorating with more than 4 organ 
failures. The second case had non-alcoholic 
steatohepatitis and 3 organ failures. Both cases, 
prior to initiating SCD treatment, had systemic 
hyperinflammation related to their clinical decline. 
Treatment with the SCD in both patients was 
associated with rapidly reduced systemic levels of 
cytokines, decreased neutrophil activation, and 
shifted circulating monocytes to a less inflammatory 
state. In both cases, the patients survived either 
through 90 days or to successful liver transplantation42. 
The success in these two cases demonstrated the 
potential of the SCD to act as a bridge between 
ACLF and successful liver transplantation, although 
further investigation is needed.  
 

The proof of concept, first use of SCD to treat 
chronic systolic heart failure in humans was 
performed under the ongoing NEUTRALIZE-CRS 
(clinicaltrials.gov, NCT03836482), a multicenter 

single-arm trial to evaluate the safety and feasibility 
of the SCD as a bridge to left ventricular assist 
device (LVAD) implantation. The subject was a 
longstanding slowly progressive idiopathic 
cardiomyopathy, deemed ineligible for heart 
transplant due to age and co-morbidities. The 
subject was also ineligible for LVAD implantation 
due to age, decreased renal function, and 
moderate right ventricular dysfunction. Despite 
aggressive treatment with diuretics and inotropic 
agents, the lack of improvement in right atrial 
pressure or renal function led to his enrollment in 
the trial for SCD treatment as a potential bridge to 
LVAD implantation. During the 6 days of SCD 
treatment significant improvements were observed 
in the cardiac output and cardiac index (p=0.023), 
the left ventricular stroke volume index (p=0.0009), 
and the right ventricular stroke volume index 
(p=0.008) compared to values during the six days 
prior to SCD treatment initiation. During SCD 
therapy, diuretic treatment continued resulting in 
net fluid loss without worsening renal function. 
Three days after discontinuing SCD therapy, the 
improved cardiac parameters and stable renal 
function allowed him to successfully undergo LVAD 
implantation40. The preliminary results are 
encouraging that the SCD may be successful as a 
bridge to a lifesaving procedure for refractory 
patients that are ineligible for heart transplantation 
or LVAD implantation who would otherwise have a 
life expectancy of days to weeks.  
 

Currently, SCD therapy is only administered in the 
ICU in patients as it requires CRRT pump systems, 
RCA, and a central dialysis catheter. It would not 
be possible to administer SCD therapy in its current 
form in the general hospital nor in ambulatory, out-
patient settings. In this regard, the need for 
development of a form of SCD therapy that utilizes 
a simple outpatient blood pump system with a 
peripheral inserted central catheter and short-term 
RCA is indicated. If successfully developed, the 
number of patients SCD treatment has the 
potential to benefit would expand substantially. In 
sepsis, of which clinical results to date provide a 
strong signal for efficacy in the ICU38, earlier 

https://clinicaltrials.gov/study/NCT03836482
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intervention with the SCD may prevent organ 
failure and transfer to the ICU altogether. 
Preclinical large animal data suggests that SCD 
could be beneficial in the treatment of type 2 
diabetes mellitus as the condition develops from 
insulin resistance due to adipose tissue 
inflammation. The use of SCD therapy would be a 
novel intervention to reduce inflammation-induced 
insulin resistance and may provide a more effective 
and sustainable approach rather than GLP-1 
agonists or glucose management with insulin77,78. It 
has also been proposed that SCD therapy may be 
able to support and improve the treatment of 
certain metastatic cancers. In pancreatic ductal 
adenocarcinoma, specifically, surgical and 
chemotherapy fail to significantly impact patients 
with advanced stages due to the 
immunosuppression of T-cells by tumor associated 
neutrophils (TANs)79-81. Since the SCD shifts 
neutrophils to apoptosis, SCD therapy may reduce 
the number of circulating TANs towards apoptosis 
and allow T-cells to promote their cytotoxic effect 
on the tumor cells. However, much development 
and investigation are needed before the 
therapeutic application of the SCD can be 
broadened to such disease conditions. 
 
Conclusions 
Acute kidney injury is a common condition that 
continues to have elevated mortality rates despite 

advancements in CRRT. SCD is a novel cell-based 
therapy and works to modify the effector cells via 
autologous processing to ameliorate the 
dysregulated immune state without becoming 
immunosuppressive. So far, results of both adult 
and pediatric clinical trials of AKI have 
demonstrated the safety and efficacy of SCD 
therapy as a treatment for AKI. Since the SCD 
targets effector cells directly, the treatment is 
agnostic to the cause of the dysregulated immune 
state and has the potential to be beneficial in 
numerous disease states beyond AKI. However, 
further exploration is still needed. 
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