CHAPTER 14

ADJUNCTIVE THERAPIES IN SEPSIS:
CORTICOSTEROIDS, IVIG, BLOOD PURIFICATION, AND MORE

Hilal Ekici,' Zeynep Tiire Yiice?

14.1. Introduction

Adjunctive therapies encompass strategies that not only target the pathogen
with antimicrobials but also rebalance excessive or impaired host immune
responses and support circulation and organ function. Over the past decade,
randomized trials and network meta-analyses have clarified the indications for
corticosteroids in septic shock and severe community-acquired pneumonia,
suggested that intravenous immunoglobulin (IVIG) may confer benefit only
in selected phenotypes, and yielded heterogeneous, context-dependent findings
for extracorporeal blood-purification techniques."* Within a contemporary
precision-medicine framework, patient selection based on clinical phenotypes,
biomarker profiles, and transcriptomic-immunologic endotypes, together
with correct timing, dose, and duration, is emphasized. This approach offers
a practical roadmap to enhance efficacy and limit harm. The mechanisms,
indications, dosing principles, and risk—benefit profiles of commonly used
adjuncts are discussed below.’

14.2. Corticosteroids

14.2.1. Mechanism of Action

Glucocorticoids reduce pro-inflammatory gene expression by inducing
transrepression of transcription factors such as NF-kB and AP-1 via the nuclear
glucocorticoid receptor (GR); non-genomic effects can augment catecholamine
responsiveness and increase vasopressor sensitivity. Mineralocorticoid actions
(sodium—water retention and mineralocorticoid receptor activation) further
contribute to hemodynamic stability and preservation of endothelial barrier
integrity.® These mechanisms align with clinical observations of shorter shock
duration and reduced vasopressor requirements in septic shock.’
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14.2.2. Clinical Indications

* Refractory septic shock: The 2021 Surviving Sepsis Campaign recommends
hydrocortisone 200 mg/day when shock persists despite fluids and
vasopressors.” In large randomized controlled trials (RCTs), ADRENAL
did not reduce mortality but accelerated shock reversal,! whereas
APROCCHSS showed lower 90-day mortality with hydrocortisone plus
fludrocortisone (50 pg/day).® In a multicenter analysis of approximately
88,000 patients, adding fludrocortisone was associated with superior
outcomes,’ and a 2024 network meta-analysis reported a signal favoring
the combination.!®

* Severe community-acquired pneumonia (CAP): In 1CU-requiring severe
CAPD, early low-dose hydrocortisone reduced progression to respiratory
failure and mortality (CAPE-COD).?

o Acute respiratory distress syndrome (ARDS): DEXA-ARDS reported
more ventilator-free days with dexamethasone; phenotype-dependent
heterogeneity should be considered.”

Phenotyping. A JAMA study demonstrated distinct sepsis clinical phenotypes
with differential treatment responses, providing a conceptual basis for heterogeneity
in steroid effects.’

14.2.3. Dose, Timing, and Administration

The standard adult regimen is hydrocortisone 200 mg/day (50 mg every
6 h or continuous infusion).” Typical duration is 5-7 days; gradual tapering
may be considered for longer courses. Early initiation once hemodynamic
refractoriness is evident is rational to hasten shock resolution. The supportive
signal for adding fludrocortisone derives from APROCCHSS,® corroborated
by a multicenter cohort of 88,275 norepinephrine-treated patients in whom
fludrocortisone plus hydrocortisone outperformed hydrocortisone alone.’
In a network meta-analysis of 17 RCTs (7,688 patients), the combination
was associated with a 12% relative reduction in all-cause mortality versus
hydrocortisone monotherapy (RR 0.88; 95% Bayesian Crl 0.74-1.03), with a
93.6% probability of being the “best” treatment.”

14.2.4. Safety and Monitoring

Corticosteroids increase the risks of hyperglycemia and hypernatremia;
neuromuscular weakness and secondary infections warrant vigilance. A
comprehensive meta-analysis of 50 RCTs in adult sepsis confirmed higher rates of
hyperglycemia/hypernatremia without significant differences in superinfection or
gastrointestinal bleeding.” Routine monitoring of glucose, electrolytes, and muscle
strength is reccommended; dose tapering is not required in most modern protocols.”
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14.3. Intravenous Immunoglobulin (IVIG)

14.3.1. Mechanisms

IVIG provides pathogen-directed antibodies for direct neutralization!?
and modulates host immunity via Fc-receptor—-mediated effects, complement
regulation, and restoration of opsonization in hypogammaglobulinemia. It may
mitigate neutrophil dysfunction while preserving lymphocyte function, thereby
helping avert immune anergy.'* Persistent inflammation with concomitant
immunosuppression (PICS) represents a clinically important long-term burden
after sepsis."”

14.3.2. Clinical Indications

o Streptococcal toxic shock/necrotizing fasciitis: Consider as an adjunct to source
control and appropriate antibiotics in selected cases, though observational
data are conflicting.'

* Marked immune dysfunction/hypogammaglobulinemia in sepsis: Some
adult subgroups—particularly with IgM-enriched products—show
mortality signals.’

* Pediatric/neonatal sepsis: Meta-analyses report significant mortality

reductions with IgM-containing preparations."”

14.3.3. Dosing, Administration, and Safety

A commonly used total adult dose is 1-2 g/kg divided over 2-5 days.'?
Prolong infusion times in patients at risk for renal impairment; use sucrose-
containing preparations with caution. Increased serum viscosity can raise
thromboembolic risk."® Premedication (e.g., acetaminophen, antihistamines)
may reduce infusion reactions.

14.3.4. Fvidence and Limitations

Effects on mortality in adult sepsis are heterogeneous.®'*!'* In streptococcal
septic  shock/necrotizing fasciitis, benefit remains controversial; a large
propensity-informed analysis (-4,127 patients) did not show reductions in 28-
day mortality or hospital length of stay with IVIG."” Another dataset (IVIG
n = 786; control n = 14,373) reported lower 28-day mortality (11.9% vs.
16.4%) and in-hospital mortality (18.1% vs. 23.4%) with IVIG, with higher
albumin (days 14 and 28) and lower CRP (day 28)." Overall, routine use is not
recommended in unselected adults; IVIG may be considered in biomarker- or
phenotype-guided scenarios.®'>!
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14.4. Extracorporeal Blood Purification

14.4.1. Mechanism

Extracorporeal blood-purification therapies aim to rebalance dysregulated
immunity in sepsis by removing circulating inflammatory mediators (e.g.,
cytokines) and pathogen-associated molecular patterns (PAMPs, e.g.,
endotoxin).* Early reduction of pathogen or mediator burden may limit immune
cascade overactivation and downstream “cytokine storm.”™ Success depends
on appropriate timing, adequate immunomonitoring to select candidates, and
correct target selection; focusing on pathogens or specific host cell targets rather
than downstream cytokines alone may be more rational in some contexts.?!

Principal modalities:

* Endotoxin adsorption: Polymyxin-B hemoperfusion (Toraymyxin®) for
endotoxemia.?>?3

» Cytokine hemoadsorption: Removal of IL-6 and other mediators via cartridges
integrated into continuous renal replacement therapy (CRRT; also termed
continuous kidney replacement therapy, CKRT) (e.g., CytoSorb®).>**

 Therapeutic plasma exchange (TPE): For hyperinflammation, toxin-
mediated shock, and selected hematologic disorders.”

* High-permeability membranes: Large-molecule clearance within CRRT
circuits’.

Table 1. Extracorporeal Blood-Purification Modalities

Modality / Device ~ Technique Typical Protocol / Notes
Polymyxin-B Endotoxin adsorption Two 2-h sessions on consecutive days
(PMX-B) hemoperfusion (Toraymyxin®)

Integrated into CRRT/ECMO; 6-24

h per session

CytoSorb® Cytokine hemoadsorption

Therapeutic Plasma 1-1.5 plasma volumes per session;

Plasma removal and replacement

Exchange (TPE) 1-3 sessions
Coupled plasma filtration & 3-5 sessions; >0.2 L/kg plasma
CPFA .
adsorption treated
oXiris® Adsorptive hemodiafilter Integr.ated into CKRT (adsorption +
filtration)
HA330 Resin hemoperfusion 2 h/day for 3 days; + CKRT
Seraph® 100 Pathogen adsorption (heparin- In-line or stand-alone hemoperfusion
based)
FcMBL hemofilter Pfathf)gen clearance via lectin Combined RRT + pathogen removal
binding
Hemopurifier® Lectin-affinity plasmapheresis ~ Viral glycoprotein removal
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CRRT/CKRT, Continuous Renal (Kidney) Replacement Therapy; ECMO,
Extracorporeal Membrane Oxygenation; CPFA, Coupled Plasma Filtration
and Adsorption.

Selected innovative devices:

o Seraph® 100 Microbind® Affinity Blood Filter: Heparin-immobilized
polyethylene beads adsorb pathogens; usable in-line in an RRT circuit or
as stand-alone hemoperfusion. Many pathogens use heparan sulfate as a
receptor for invasion; heparin’s structural similarity confers comparable
binding characteristics.”® As a polyanion, heparin electrostatically binds
positively charged domains on microbial surfaces; in-vitro studies show
broad adsorption of resistant bacteria and several viruses, as well as
positively charged cytokines.?!

* GARNET® Hemofilter (FeMBL-Coated): Mannose-binding lectin (MBL)
recognizes conserved microbial carbohydrates;*> FcMBL-coated hollow-
fiber hemofilters enable combined RRT and pathogen clearance.”

* Hemopurifier®:  Lectin-affinity ~ plasmapheresis  capturing envelope

glycoproteins (and soluble forms) from viruses, including coronaviruses

and filoviruses.**

14.4.2. Evidence

* PMX-B: EUPHRATES showed no overall mortality benefit but suggested
a signal in subgroups with high endotoxin activity.”

* Cyrokine Hemoadsorption: RCTs demonstrate physiological improvements
(e.g., IL-6 reduction, hemodynamics) but no consistent survival effect.?*2%%

e TPE: One RCT reports clinical/biochemical improvements, but evidence
remains insufficient for routine use.”

* Network Meta-Analysis (2023): Points to potential survival benefit for
PMX-B and TPE in selected adults.

14.4.3. Practical Considerations

Anticoagulation strategy, circuit coagulation, bleeding risk, hemodynamic
instability, drug—membrane adsorption, device compatibility, and cost must be
weighed. Biomarker-guided selection (e.g., Endotoxin Activity Assay) is advisable;
these modalities should preferably be employed within clinical trials.**

14.5. Other Adjunctive Therapies

14.5.1. Vitamin C-Thiamine—Hydrocortisone (“Metabolic Resuscitation”)

The hypothesized synergy of vitamin C (antioxidant/endothelial stabilization),
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thiamine (energy metabolism), and hydrocortisone (anti-inflammatory) has not
translated into primary outcome benefits in large RCTs. VICTAS, VITAMINS,
and LOVIT collectively do not support routine use and even raise potential
harm signals at high-dose intravenous vitamin C.?>*® Consider only in confirmed
deficiencies or research settings.”

14.5.2. Statins and Omega-3 Fatty Acids

Statins can modulate the Nrf2/HO-1 axis with antioxidant and endothelial-
stabilizing effects,”” and large observational data link their use to lower
mortality,*® yet definitive RCT evidence is lacking. Initiation solely for sepsis is
not recommended; continuing chronic therapy is reasonable.’”* For omega-3
fatty acids, limited single-center parenteral data exist without consistent mortality
or organ-dysfunction benefits.*!

14.5.3. Cell-Based and Targeted Immunomodulators
14.5.3.1. Mesenchymal Stem/Stromal Cells (MSCs)

MSCs exert immunomodulatory, anti-inflammatory, tissue-repair, and
antimicrobial effects via paracrine signaling that reshapes cytokine networks,
stabilizes the endothelium, rebalances macrophage/T-cell phenotypes, and
augments microbicidal functions.** Early human studies suggest acceptable
safety, but optimal dosing, timing, source (bone marrow, adipose tissue, umbilical
cord), and GMP standardization require further work.*% Efficacy likely varies
by phenotype/endotype and may be more evident in hyperinflammatory
subtypes.?”#* The SEPCELL program in ICU patients with severe community-
acquired bacterial pneumonia (expanded allogeneic adipose-derived stem cells,
eASC; Cx611) represents one of the largest efforts exploring safety and efficacy.**™°

14.5.3.2. Thrombomodulin

Disseminated intravascular coagulation (DIC) entails systemic thrombin
generation with microvascular fibrin thrombosis and has long been
recognized as a key component of sepsis-related organ failure.>! Recombinant
thrombomodulin has shown signals of benefit in DIC-phenotype sepsis in

observational analyses,’* but in the SCARLET RCT it did not significantly
reduce 28-day all-cause mortality.”

14.5.3.3. Activated Protein C (Drotrecogin Alfa)

Activated protein C (APC) is a pivotal modulator at the coagulation—
inflammation interface; it arises when thrombin bound to thrombomodulin
activates its zymogen precursor.’ In sepsis, downregulation of thrombomodulin
impairs APC generation,” and protein C levels are frequently reduced and
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associated with mortality.”® In the PROWESS trial, recombinant human APC
(drotrecogin alfa, activated) reduced mortality butincreased serious bleeding during
infusion—consistent with its antithrombotic mechanism and predominantly
in patients predisposed to bleeding.”” In PROWESS-SHOCK, drotrecogin alfa
(activated) did not significantly reduce 28- or 90-day mortality compared with
placebo; serious bleeding occurred in 10 vs. 8 patients (p = 0.81).%®

14.5.4. Extracorporeal Membrane Oxygenation (ECMO)

Extracorporeal life support (ECLS) was introduced in the 1960s as rescue
therapy for cardiac arrest.”” Miniaturization of membrane oxygenators and
centrifugal pumps, together with thin-walled cannulas, enabled rapid peripheral
implantation and broader clinical adoption.®® Venoarterial ECMO (VA-ECMO)
is now applied beyond cardiogenic shock to selected cases of septic shock refractory
to conventional therapy. In a multicenter cohort, patients supported with VA-
ECMO presented with more severe myocardial dysfunction and hemodynamic
compromise at baseline yet had higher 90-day survival than controls; lactate and
catecholamine clearance improved as well.®! Lactate clearance on ECMO is an
independent marker of illness severity and mortality; satisfactory clearance reflects
hemodynamic responsiveness.® In a sepsis ECMO cohort, age > 65 years, high
vasoactive—inotropic score (VIS) at 24 hours (260), hyperoxemia at 24 hours, and
lactate clearance <10% at 24 hours independently predicted in-hospital mortality;
the Sepsis-ECMO score may aid risk stratification and shared decision-making.®

14.6. Conclusion

When applied to appropriately selected phenotypes with biomarker
guidance, at the right time and dose/duration, adjunctive therapies (including
corticosteroids, IVIG, and extracorporeal purification techniques) can confer
clinical benefit in sepsis (Table 2A/B). Nonetheless, heterogeneity remains
substantial, and strong universal recommendations are not supported for many
modalities. Current evidence supports hydrocortisone for refractory shock (with
a possible added benefit from fludrocortisone in selected cases), early steroids
in severe CAD, selective/non-routine IVIG, and biomarker-guided application
of blood purification. Early signals for MSCs and targeted immunomodulators
persist, but standardized protocols and large, rigorous RCTs are required for
routine clinical adoption. Comprehensive contemporary overviews of sepsis
therapeutics are available.*
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Table 2A. Adjunctive Therapies in Sepsis: Indications, Dosing, and Evidence

Target Population /

Therapy Phenotype

Dose / Duration Key Evidence

Hydrocortisone  Refractory septic shock 200 mg/day, 5-7d  SSC 2021; ADRENAL

Hydrocortisone +

HC 200 mg + FC 50

Fludrocortisone Refractory shock ug/day APROCCHSS
IVIG (s IgMy  \mmune dysfunciion; 1-2 g/kg total Meta-analyses
pediatrics

PMX-B Endotoxemia (high EAA) 2 x2h EUPHRATES

CytoSorb® Hyperinflammation 6-24 h/session Mixed RCTs

TPE DIC / hyperinflammation  1-3 sessions Small RCT

%i:.ami,n “ Research only Trial protocols VICTAS, LOVIT
iamine-HC

MSCs Investigational phenotypes Not standardized Phase I-1I

HC: Hydrocortisone, IVIG: Intravenous Immunoglobulin, PMX-B: Polymyxin-B, EAA: Endotoxin Acti-
vity Assay, RCT: Randomized Controlled Trial, TPE: Therapeutic Plasma Exchange, DIC: Disseminated
Intravascular Coagulation, MSCs: Mesenchymal Stem/Stromal Cells

Table 2B. Adjunctive Therapies in Sepsis:Expected Benefits, Risks, and Monitoring

Therapy Expected Benefit Key Risks Monitoring
Corticosteroids Faster shock resolution Hyperglycemia Glucose, Na*
IVIG Benefit in subgroups Thrombosis, AKI Renal, viscosity
PMX-B Hemodynamic improvement Bleeding Circuit, BP
CytoSorb® L 1L-6 Drug removal Drug levels

TPE Physiologic stabilization Bleeding Ca?', coagulation
Vitamin C (high-dose) None proven Oxalate AKI Renal

MSCs Immunomodulation Unknown Trial protocol

1VIG: Intravenous Immunoglobulin, AKI: Acute Kidney Injury, PMX-B: Polymyxin-B, BP: Blood Pressu-
re, TPE: Therapeutic Plasma Exchange, MSCs: Mesenchymal Stem/Stromal Cells
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