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Key Messages

Patients with serious burn injuries, >30% of the total body surface, require immediate specialized care
in order to minimize morbidity and mortality.

Burn injury induces overall activation of the immuno-inflammatory system, resulting in suppressed
immune function and increased susceptibility to infection.

Extracorporeal blood purification (BP) could be of interest in this population to mitigate immune dys-
regulation, prevent secondary complications, and potentially reduce morbidity and mortality.
Current understanding of sepsis pathophysiology, acute pancreatitis, and ischemia/reperfusion lesions
following cardiac arrest should provide insights into the processes related to the inflammatory state
seen in burn patients. All these clinical settings may share similar potential new therapeutic pathways.
Lack of morbidity/mortality improvement with extracorporeal BP in randomized controlled trials in
sepsis may possibly be explained by significant heterogeneity in terms of indications, timing of initia-
tion, and patient populations.

Limited data is available although there is a strong rationale to assess extracorporeal BP techniques in

burn patients.

o Further research is needed in order to make recommendations regarding BP in burn patients.
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Abstract

Patients with serious thermal burn injuries require immedi-
ate and specialized care in order to minimize morbidity and
mortality. Optimal fluid resuscitation, nutritional support,
pulmonary care, burn wound care, and infection control
practices represent key aspects of patient care in burn cen-
ters. When severely burned, the patient usually presents a
systemic inflammatory response syndrome, soon balanced

by a counter anti-inflammatory response syndrome. These
may lead to immune dysregulation/exhaustion favoring in-
fectious complications that dramatically impair the progno-
sis of burn patients. This narrative review provides an over-
view of the main concepts, current understanding, and po-
tential applications of extracorporeal blood purification
techniques for burn patient management. Current under-
standing of burn patients’ immune responses is reported.
Hypotheses and data on the potential value ofimmunoregu-
lation are reviewed. Finally, how extracorporeal blood puri-
fication may be of interest in this specific population is dis-
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Introduction

Burns are among the most common and devastating
forms of trauma. Patients with serious burn injuries re-
quire immediate and specialized care in order to mini-
mize morbidity and mortality [1]. The survival rate for
burn patients has improved substantially in the past few
decades due to advances in medical care provided in spe-
cialized burn centers. Optimal fluid resuscitation, nutri-
tional support, respiratory care, burn wound care, and
infection control practices represent key aspects of pa-
tient care in burn centers.

There is always a local inflammatory response to trau-
ma. In severe cases, including burns, the patient also pre-
sents a systemic inflammatory response syndrome (SIRS)
that is caused by hormonal, metabolic, and immunologi-
cal mediators and is associated with a hemodynamic re-
sponse [2]. Significant burn injuries also induce a state of
immunosuppression favoring infectious complications
that dramatically impair the prognosis of burn patients.
Together, SIRS, sepsis, and multiple-organ dysfunction
syndrome remain major determinants of morbidity and
mortality [3, 4]. As a result, further efforts in the patho-
physiology understanding, treatment, and regulation of
immune response may hold some promise for the future
of burn treatment. The aim of this narrative review was
to provide an overview of the main concepts, current un-
derstanding, and potential applications of extracorporeal
blood purification (BP) techniques for burn patient man-
agement.

What Is the Current Knowledge on the Inflammatory
State of Burn Patients?

Our current understanding of burn wounds includes
three zones of injury: zone of coagulation, zone of stasis,
and zone of hyperemia [5]. Destroyed tissues (coagula-
tion zone) are surrounded by an area characterized by
inflammation and low levels of perfusion (zone of stasis),
which is itself surrounded by an area with preserved mi-
crovascular perfusion (zone of hyperemia). The zone of
stasis usually progresses to necrosis within the first 48 h
following burn injury, which results in the initial burn
expansion in both area and depth.

Three main pathophysiological pathways leading to
microvascular dysfunction are associated with burn-re-
lated disorders: vessel thrombosis resulting from vascular
damage mediated by inflammatory mediators such as
histamine, bradykinin, prostaglandins, leukotrienes, va-
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sopressors, platelet activation products, and complement
[5]; the release of proinflammatory mediators from se-
questered leukocytes in injured tissues that cause micro-
vascular damage [6]; and an increased expression of pro-
apoptotic factors including Bax, Bcl-xl, and caspase-3 ac-
tivity, partly due to the action of tumor necrosis factor
(TNF)-a [5].

The products released by burned tissues result in a bi-
phasic proinflammatory and then anti-inflammatory re-
sponse syndrome. This release of cytokines and other in-
flammatory mediators at the site of injury is known to
mediate a systemic effect once the burn reaches 30% of
total body surface area (TBSA) [7]. Then, the imbalance
between the pro- and anti-inflammatory response syn-
drome occurs with an immune dysregulation and patient
vulnerability to a second hit such as sepsis.

The Systemic Proinflammatory Response

Innate Immunity Activation

Burns are first associated with the activation of innate
immunity. At the molecular level, the initiation of gen-
eral inflammation and SIRS broadly depends on damage-
associated molecular pattern (DAMP) and pathogen-as-
sociated molecular pattern (PAMP) [8].

DAMPs are released by injured tissues throughout
trauma, surgical procedure-related trauma, or acute pan-
creatitis, whereas PAMPs are associated with bacterial or
viral infection and toxic shock syndrome. Both DAMPs
and PAMPs are also released from burn-injured tissue
and transferred to systemic circulation when the burn
area is extensive. DAMPs released after tissue injury acti-
vate toll-like receptors (TLRs) and thus play a major role
in the activation of innate immunity. Data suggest that
TLRs and TLR-mediated responses are up-regulated after
a burn injury [9].

Cellular Response

As in severe trauma, neutrophils become primed by
chemoattractants in the injured tissue and by exposure to
circulating cytokines. They accumulate not only in the
injured tissue but also in the systemic circulation. These
neutrophils are protective against infection; however,
they release enzymes (elastase and myeloperoxidase) and
are capable of oxidative burst activity, which may cause
damage to uninjured tissue and can lead to remote organ
dysfunction. Owing to their activation, stimulation, and
excessive accumulation in injured tissue, neutrophil ac-
tivity is impaired.

Additionally, in the injured area, monocytes and en-
dothelial cells release proinflammatory cytokines, the
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main ones being interleukin (IL) -1-f, IL-6, IL-8, TNF-a,
and interferon y [10]. Another central cellular element is
the differentiation of monocytes into macrophages. These
are major producers of proinflammatory mediators, reac-
tive nitrogen intermediates, IL-6, and TNF-a [11]. More-
over, burn injury seems to increase the capacity of mac-
rophages to produce these mediators [12]. Dysregulation
of macrophage activity leading to increased release of
proinflammatory factors, also known as macrophage hy-
peractivity, appears to be of fundamental importance in
the development of postburn immune dysfunction [13].

Cytokine Release

Burn injury results in a prolonged and profound hy-
permetabolism involving increased production of proin-
flammatory cytokines as well as the release of reactive ox-
ygen species. These reactive oxygen species are harmful
and are involved in general inflammation, immunosup-
pression, infection and sepsis, tissue damage, and multi-
ple organ failure. Clinical response to burn may therefore
also depend on the balance between production of free
radicals and their detoxification [14]. Burn-related up-
regulation of the inducible NO synthase pathway may
produce peripheral vasodilatation, upregulate the nuclear
transcription factor-xB (NF-kB), and promote transcrip-
tion and translation of numerous inflammatory cyto-
kines [15, 16].

Enhanced catabolism and metabolism, both having a
significant impact on morbidity and mortality, are associ-
ated with high levels of pro- and anti-inflammatory cyto-
kines in burns [17, 18]. The inflammatory and hypermet-
abolic responses have been shown to begin early, within
the first 24 h after the burn injury, and to be burn-size
dependent [19, 20]. The first cytokines released after trau-
ma are TNF-a and IL-1 [21]; these stimulate many im-
munological cells and are able to induce secretion of oth-
er proinflammatory cytokines such as IL-6 and IL-8, and
the anti-inflammatory cytokine IL-10 [22]. Early mea-
surements of the circulating TNF-a/IL-10 ratio may rep-
resent an interesting biomarker of burn injury severity,
possibly predictive of the risk of hypersusceptibility to
subsequent infections [23, 24].

Among proinflammatory cytokines, only IL-6 has
constantly been shown to be elevated systemically after
burn injury. In experimental animal models of third-de-
gree burns >20% TBSA, serum IL-6 levels peaked during
the first hours after injury and were directly related to the
size of the burn injury area [25]. The secretion of IL-6 cor-
relates with the magnitude of the trauma, the duration of
surgery, and the risk of postoperative complications [26].

Blood Purification in Burns

Furthermore, clinical and experimental studies have re-
ported a significant increase in IL-6 production after burn
injury and sepsis that was correlated with suppressed cell-
mediated immunity and increased mortality [27, 28]. In-
terestingly, although IL-6 is a proinflammatory cytokine
in the early hours following the injury, it also induces the
production of prostaglandin E2, suggesting that it has an-
ti-inflammatory and immunosuppressive effects as well
[29, 30].

The Counter Anti-Inflammatory Response Syndrome

The counter anti-inflammatory response syndrome
depends on T helper cells (Th-2) and three key mediators
(IL-4, IL-10, and TGF). Recent findings have also identi-
fied a role played by other regulatory T-cell populations
in suppressing T-cell immunity such as natural killer T-
cells (NKT) and gamma delta T-cells [31]. Patients with
TBSA >30% had different reactions of burn trauma com-
pared to those with TBSA <30% and developed an ex-
tended inflammatory response, which covers not only
proinflammatory aspects as described previously but also
immunoinhibitory aspects [32]. This immune dysregula-
tion may lead to impaired immunoreactivity and increase
incidence of septic complications and death. An increased
production of IL-10 has been described following major
injury with an increased occurrence of infection and
poorer resistance to this [33].

In conclusion, the inflammatory state of severe burn
patients could be summarized in two phases. The first one
is a major proinflammatory response and may cause re-
mote organ dysfunction. The second one is a counter an-
ti-inflammatory response syndrome that may make pa-
tients and their exhausted and dysregulated immune sys-
tem vulnerable to a potential second hit such as sepsis
(shown in Fig. 1).

Why Does Extracorporeal BP Make Sense for Severe
Burn Injury?

Sir William Osler stated in 1904 in The Evolution of
Modern Medicine that “except on few occasions, the pa-
tient appears to die from the body’s response to infection
rather than from it” [34]. Our current understanding of
sepsis, acute pancreatitis, and ischemia/reperfusion inju-
ries following cardiac arrest may help provide some in-
sight regarding the processes related to the inflammatory
state seen in burn patients.

Cytokine biosynthesis runs through two major signal-
ing pathways: p38 mitogen-activated protein kinase (p38

Blood Purif 2023;52:17-24 19
DOI: 10.1159/000525085

20z aunf Lz uo Jasn suuesne NOg Ad Jpd'580625000/L 1| 96€/L L/1/2S/sPpd-ajo1e/ndq/wod 1abley//:dpy woly papeojumoq



catecholamines and
stress hormones

-,

Histamine

- ~=f [ P totic )
’ ) ‘“‘< Bradykinin (el )
( Leukotrienes ) . Ta /
—l N
- =X v
- Vs \_: Prostaglandins /,- Mic!’ocirculatory
e~ disturbance
7 ~
Complemem/l
- Sequested
— . leukocytes
= Vessel \
thombosis /
__I" _;/ascular \\
\\ damages /

Multi organ
dysfunction syndrome

N
Release of — == Count (s )
pro-inflammatory i ?Iun er ) N
o cytokines / ROS anti-intlammatory — { “i.-10 )
7~ DAMPS ™ response syndrome ———_~
S (e )
\_PAMPS_/ ~
Mast cell activation
Pro/Anti
Release of inflammatory

Innate immunity
activation

(s )
Systemic Sy
inflammatory |;/|L—\é'f ‘_/
response syndrome " nF
N\ S -

response imbalance

Immune
dysregulation &
exhaustion

Burn patients
immune
response

Second hit
vulnerability

Organ dysfunction & l.D

Sepsis
complications

Fig. 1. Burn patients’ immune response.

MAPK) and NF-kB. Data suggest that p38 MAPK activa-
tion is one aspect of the signaling cascade that culminates
in post-burn secretion of TNF-a [35]. A study shows that
inhibition of p38 mitogen-activated protein kinase large-
ly improves resulting vascular dysfunction [5]. Other
studies enhanced that continuous BP could potentially
downregulate the p38 MAPK signaling pathway, sup-
press inducible nitric oxide synthase expression, reduce
the serum levels of nitric oxide and TNF-a, and thus im-
prove symptoms of multiple organ failure [36, 37].
Down regulation or control of this dysregulated im-
mune response could be the next target for future practice
to mitigate inflammation-related complications, organ
dysfunction, morbidity, and mortality. This has pushed
physicians and researchers to focus on the potential value
of immunomodulation for burn patients, either by the
topical delivery of (anti-TNFa)-hyaluronic acid conju-
gates or systemic use of immunomodulation of macro-
phage hyperactivity in animal models [38-41]. One could
therefore consider that a nonselective approach using ex-
tracorporeal BP could be an attractive adjuvant treatment
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option; BP could help to restore a better balance of pro-
inflammatory and anti-inflammatory state homeostasis
until the pathophysiology of the inflammatory response
related to burns is more deeply understood [42, 43].

Most BP techniques focus on the removal of cytokines
and/or endotoxins (or PAMPs) that trigger the immuno-
inflammatory cascade. Interestingly, some renal replace-
ment therapy membranes, exhibiting enhanced ad-
sorptive properties, combine cytokine and endotoxin
removal with renal replacement function and antithrom-
bogenic properties [44].

Mostly described in sepsis, extracorporeal BP tech-
niques may be proposed in acute pancreatitis, trauma, but
also burns [44]. As stated above, regardless of the source
of inflammation, the human response may represent a
“common pathway”, with SIRS and an immune dysregu-
lation that could lead to better patient care by modulating
cytokine levels and that could reduce their harm [42].

One way to prevent this dysregulated immune re-
sponse is based on the “peak concentration hypothesis”.
It states that by reducing total cytokine levels in the early
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proinflammatory phase, subsequent organ failure and
mortality may be prevented [45]. One could consider that
early initiation of BP, being continuous and unselective,
might be beneficial in cutting the peaks of the concentra-
tions of both pro- and anti-inflammatory mediators, and
help to restore immune homeostasis.

In contrast, a second hypothesis, called “the threshold
immunomodulation theory”, describes the potential
nonselective benefit of BP by removing cytokines from
the blood but also cytokines from the interstitium and tis-
sues because of a concentration gradient until a new equi-
librium is achieved. The cascade of exaggerated inflam-
mation might therefore be stopped and organ damage
could possibly be prevented [46].

In the third so-called “mediator delivery hypothesis”,
the potential of high replacement volumes to increase
lymphatic flow is proposed, as it may help to transport
and deliver cytokines to the blood compartment where
they can be removed using BP techniques [47].

BP has also been suggested to act at the inflammatory
cell level, to help to restore immune function of mono-
cytes, neutrophils, or lymphocytes regulation, either
through their direct removal or through an immune cell
reprograming (modulation of surface markers expres-
sion, improvement of antigen-presenting capability, or
adjustment of apoptosis) [48]. Several studies have re-
cently supported this new “system reprogramming” the-
ory [49, 50]. For instance, it has been reported that poly-
myxin-B hemoadsorption may increase the expression of
leukocyte surface markers such as HLA-DR even if the
mechanisms by which it happens remain unknown [49].
This new “cellular level” theory effect of BP, which may
help to restore immune response, may conduct to recon-
sider the timing and indications of BP.

How Could BP Techniques Be of Interest in Severe
Burn Patients?

The current literature on BP is dominated by studies
including septic patients, with an interest in BP in the
early phase of septic shock. The two most recent Surviv-
ing Sepsis Campaign guidelines could not make any
strong recommendations regarding the use of these BP
techniques in sepsis since the evidence, either in favor or
against BP, is lacking [51, 52].

For example, the EUPHRATES randomized con-
trolled trial evaluated polymyxin-B hemoperfusion in
septic patients and included 450 adults with septic shock
and high endotoxin activity [53]. Overall, the interven-
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tion was not effective in reducing mortality, although a
post hoc analysis did suggest a survival benefit of poly-
myxin-B hemoperfusion in patients who experienced an
endotoxin activity between 0.6 and 0.89 [54].

In this research area, many aspects remain to be fully
elucidated; for instance, it is not precisely known how
these therapies interfere with sepsis pathophysiology,
which patients would benefit the most from BP, when to
use these techniques, and what to exactly remove [45, 55,
56]. Our better understanding of sepsis-induced immune
responses and associated treatments could benefit the
burn population of critically ill patients. Immunomodu-
lation with extracorporeal BP techniques could therefore
be proposed in burn patients, particularly in the setting of
refractory shock and organ dysfunctions. Burn patients
do indeed commonly present with acute kidney injury
(AKI), the frequency of which is reported to be as high as
30%, and related mortality as high as 80% [57]. Chung et
al. [58] recently reported in several cohorts that the ap-
plication of renal replacement therapy in adult patients
with severe burns and AKI was associated with a decrease
in morbidity and mortality [59]. Animal studies in burn
models also exhibit promising results with a significant
removal of IL-1, IL-6, IL-10, and myoglobin by the Cyto-
sorb™ hemoadsorptive column when performed for 6 h
sessions during a 3 day period, even if no significant sys-
temic or pulmonary reductions of cytokines were found
[60].

You et al. [61] have proposed a protocol of high-vol-
ume hemofiltration therapy for 3 days within 3 days after
the burn injury. The “Randomized Controlled Evaluation
of Hemofiltration in Adult Burn Patients with Septic
Shock and Acute Renal Failure” (RESCUE) trial is ongo-
ing and will address the potential utility of high-volume
hemofiltration in the setting of delayed complication of
burn injury [62]. Zhang et al. [43] recently reported a me-
ta-analysis of current data regarding the efficacy and safe-
ty of BP in the burn population. Nevertheless, the effects
and potential benefit of BP techniques in burn patients
are still based on scarce data and are pending on research
and data as stated by Linden et al. [42].

To date, no strong recommendation can be made re-
garding the timing of BP initiation, the modality to use,
monitoring, or the duration of therapy. From a theoretical
point of view, early initiation of BP, within the first hours
after the insult is likely to be associated with the best clinical
response; at this point a significant amount of inflamma-
tory mediators are, or are about to be, released in the blood.
This early initiation may therefore mitigate the inflamma-
tory response and potentially prevent remote organ dys-
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function. Interestingly, in burns, as opposed to sepsis, the
precise moment of the injury is known, which may facilitate
the standardization of initiation timing. A recent study by
Chung et al. [58] reported that early intervention with con-
tinuous high-volume hemofiltration may reduce the inci-
dence of sepsis, septic shock, and organ failure in patients
with burns >50% TBSA and may improve the survival of
patients with burns >80% TBSA [61]. Several other cases
and studies were reported and demonstrate excellent ad-
sorption rates for inflammatory cytokines, hemodynamic
stabilization, and a potential value to prevent organ failure
in critically ill burn patients [63].

The question of which parameters could be used as
triggers for BP initiation remains largely unanswered.
Further studies should be conducted to assess potential
candidate biomarkers such as IL-6 or procalcitonin. Sim-
ilarly, other markers could help identify a state of immu-
nosuppression and serve as “late” biomarkers; a candi-
date biomarker for this could be mHLA-DR [64].

The modality of BP and the duration of therapy have
been poorly studied in burn patients. Clinical experience
with BP adsorptive devices for burn patients are limited
to Coupled Plasma Filtration Adsorption, Jafron HA, or
CytoSorb® cartridges which are all nonselective extracor-
poreal cytokine adsorbers [65, 66]. Hemoperfusion de-
vices targeting cytokine removal and implemented early
after burn trauma are the most likely to exhibit clinical
efficacy.

Finally, little is known about therapy monitoring and
endpoints assessing the technique’s efficacy. Evaluation is
currently done using the clinical response in terms of im-
provement of hemodynamic or respiratory parameters.
Future clinical studies should therefore consider the evo-
lution of candidate biomarkers and evaluate which ones
can be considered to monitor therapy monitoring.

One should note that, as opposed to sepsis, in severe
burn injuries the insult seems less heterogenous, the tim-
ing is well known, and patients are generally rapidly re-
ferred to a specialized center. Therefore, early or late ex-
tracorporeal BP and its modality could be considered
more accurately and potentially be initiated in a homog-
enous burn population that may help investigators to rap-
idly design interesting trials.

Conclusion
Burn injury induces overall activation of the entire im-

muno-inflammatory system, resulting in suppressed im-
mune function and increased susceptibility to infections.
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Extracorporeal BP could be of interest in this population
to mitigate immune dysregulation, prevent secondary
complications, and potentially decrease morbidity and
mortality.

Current understanding of sepsis pathophysiology,
acute pancreatitis, or ischemia/reperfusion injuries fol-
lowing cardiac arrest might provide insights into process-
es related to the inflammatory state seen in burn patients.
All these clinical situations may benefit from the same
innovative immunomodulatory treatments such as BP.
Despite promising clinical data and trials, further inves-
tigations in both animal models and human clinical stud-
ies (including large prospective studies) are required to
further elucidate the benefits of these therapies in severe
burn injuries.
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