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Abstract: Recent case reports of acute esophageal necrosis in patients with chronic kidney
disease (CKD) undergoing hemodialysis encouraged us to look beyond hypoperfusion/ischemia
as a sole explanation for this dramatic complication. At least three intriguing pathways, ie,
accumulation of protein-bound toxins, endotoxin translocation, and altered mucosal defense
mechanisms, have been proposed to explain the inherent susceptibility of CKD patients to
developing ischemia-related and cardiovascular events. Interestingly, all the proposed pathways
can be potentially antagonized or attenuated. At present, however, it is not known whether one
pathway predominates or if any interaction exists between these pathways. More solid experi-
mental and clinical data are warranted to acquire a better insight into the complex pathogenesis
of CKD-associated ischemia.
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Introduction

Acute esophageal necrosis (AEN, also known as “black esophagus™) in the absence of
ingestion of a caustic or corrosive agent is rarely described in the literature.' Its incidence
is estimated to be as low as 0.01%. Although AEN may present as a complication of vari-
ous pathologic conditions (eg, gastric outlet obstruction, allergic reaction to antibiotics,
gastric volvulus, viral infection), ischemia is the main culprit in most cases.'> AEN is
thought to result from a combination of esophageal ischemia, impaired mucosal barrier
function, and chemical injury due to backflow of gastric secretions and contents.'>*

In arecent report of AEN in a patient with dialysis-dependent chronic kidney disease
(CKD),’ the authors postulated that AEN was precipitated by repeated episodes of
hypovolemic hypoperfusion during hemodialysis. CKD patients undergoing dialysis
are indeed particularly prone to ischemia-related complications. First, a majority has
underlying diseases (eg, diabetes) characterized by a rapidly progressive atherosclerotic
process. Second, CKD itself is associated with enhanced formation of atherosclerotic
plaques. Finally, hypovolemic insults of any kind may occur during hemodialysis and
result in “acute-on-chronic” hypoperfusion. In addition to these well acknowledged
risk factors, new insights regarding ischemia in CKD have recently been elaborated.
Here we review some of the most relevant theories.

Accumulation of protein-bound toxins

P-cresyl sulfate
CKD is characterized by accumulation of so-called “uremic retention solutes”.® Colonic
microbial metabolism contributes substantially to the production of these solutes.
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Among them, p-cresyl sulfate (PCS) represents one of the
most discriminating biomarkers of uremia.*® Serum PCS
concentrations depend on intestinal uptake of p-cresol, PCS
metabolism, and renal PCS excretion.’ Renal dysfunction
leads to accumulation of PCS, mainly because of decreased
active tubular secretion.’ In CKD patients, serum PCS concen-
trations are independently linked and directly proportional to
cardiovascular disease progression and overall mortality.®®

Accordingly, reducing PCS levels might offer protec-
tion against cardiovascular and/or ischemic events in these
patients. PCS has a molecular weight of 188 Da, a large
volume of distribution, and high protein-binding. Thus,
convective removal will eliminate PCS more effectively than
peritoneal or high-flux intermittent hemodialysis.!” Other
purification techniques (eg, fractionated plasma separation
and adsorption)'' or specific dialysis membranes' could
be applied to amplify removal, but studies confirming their
benefit are still awaited. Albeit attractive, the p-cresyl sulfate
hypothesis, and by extension all other “uremic toxin theo-
ries”, still lack convincing evidence. Intestinal microbiota
in patients with CKD becomes progressively dominated by
bacterial phyla that degrade substantially more proteins than
carbohydrates.'

This flora produces an array of metabolites that used to be
called uremic toxins. Recent publications'*!* underline that
CKD contributes to increased gut permeability. Subsequent
bacterial translocation then induces chronic inflammation
that is further enhanced during hemodialysis. Whether these
toxin-mediated and inflammation-mediated gut processes are
associated with an increased risk of AEN can be challenged
since they remain restricted to the distal part of the small
bowel and colon. Yet, in contrast with healthy individuals,
patients with CKD may develop bacterial colonization of
the esophagus.'®

Indoxyl sulfate
Indoxyl sulfate is the metabolite of the common amino acid
tryptophan. Indoxyl sulfate also contributes to progression
of CKD by inducing an inflammatory reaction character-
ized by enhanced expression of profibrotic cytokines, such
as transforming growth factor beta 1.!7 Indoxyl sulfate also
accentuates endothelial dysfunction by generating oxidative
stress and inducing endothelial senescence.'®

Both P-cresyl and indoxyl sulfate are poorly eliminated by
commonly used dialysis techniques and thus accumulate dur-
ing the progression of CKD.'” Although they are considered
to be pathophysiologic players and not simple biomarkers,*
their individual potential to cause cardiovascular harm in

CKD is difficult to estimate. Differing toxicity might be
linked to a proportional difference of free and total toxin
fraction due to differences in affinity and/or competition in
protein binding,'” but this remains to be proven.

Endotoxin translocation

Dormant gut endotoxin

Cardiac and mesenteric perfusion undergo considerable
changes in dialysis-dependent patients with CKD. Patients
with CKD can suffer dramatic volume overload whilst
intermittent hemodialysis in combination with ultrafiltration
may repeatedly cause significant hemodynamic instability.
Subsequent ischemic injury to vulnerable vascular beds
promotes not only acute but also long-term cardiovascular
damage and increases mortality. Despite preserved sys-
temic blood pressure, long-term maintenance intermittent
hemodialysis and ultrafiltration are associated with reduced
splanchnic blood flow and mucosal ischemia.

Mesenteric ischemia tends to disrupt gut mucosal
structure and function, which results in increased gut
permeability.!” A huge amount of endotoxin lays dormant in
the mesenteric bed.” Ischemia-induced activation followed
by translocation of this endotoxin through a leaky gut will
generate or enhance local and systemic organ dysfunction.?
The degree of kidney injury is directly proportional to the
level of circulating endotoxin. If insufficiently inactivated or
cleared, perpetuating endotoxin aggression will foster hemo-
dynamic instability, cardiac depression, kidney injury, and
gut ischemia, and finally hasten mortality.?! Endotoxin-linked
cardiovascular and ischemic events in CKD patients may be
counteracted by using highly adsorbing dialysis membranes
and specific sorbents that facilitate endotoxin clearance from
the circulation.!? Therapies that modulate endotoxin produc-
tion (eg, administration of probiotic Lactobacillus strains)
are currently under investigation.?

Other sources of endotoxin

Endotoxin may become sequestrated during intermittent
hemodialysis as an effect of monocyte activation, which is
commonly observed during extracorporeal circulation, or by
direct adsorption on the dialysis membrane. Some material
used in dialysis membranes like polyacrylonitrile (PAN) or
polymethylmethacrylate (PMMA) have a potent ability to
adsorb a wide variety of circulating substances, including
endotoxin, deriving its high biocompatibility grade from
the capacity to buffer complement and other factors within
the reactive cascade.'>?* Exceptionally, endotoxin may also
emanate from water purification systems.
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Ischemia-induced complications in CKD

Altered mucosal defense
mechanisms

Reduced nitric oxide production

The mortality of upper gastrointestinal hemorrhage is higher
in patients with CKD than in patients with normal renal
function. Bleeding diathesis in CKD has been attributed
primarily to the mucosal vascular malformations and peptic
ulcerations that are frequently observed in this population.
Since CKD in itself does not cause gastric acid hypersecre-
tion, other mechanisms must be implicated in the develop-
ment of mucosal ischemia. Nitric oxide (NO), a molecule
synthesized from L-arginine, plays an important role in
mucosal defense. NO exerts “vasoprotective” effects by
enhancing endothelial cell survival and proliferation, inhibit-
ing excessive proliferation of vascular smooth muscle cells,
and suppressing adhesion of platelets and inflammatory cells
to the vessel wall.***> NO has been identified as a mediator of
bleeding tendency in uremic rodents. Specific NO inhibition
in these animals normalizes bleeding time.**

Asymmetric dimethylarginine (ADMA) is an endogenous
inhibitor of NO synthase. Topical application of ADMA
causes marked arterial vasoconstriction and endothelial
dysfunction.’ ADMA is recognized as a risk factor for devel-
oping cerebral and coronary atherosclerotic vascular disease
and may jeopardize gut mucosal defenses by reducing mes-
enteric flow.?>2¢ ADMA levels were found to be significantly
higher in dialysis patients than in normal controls.?%’

Of note is that various mechanisms may counterbalance
the deleterious effects of insufficient NO production at the
gastric mucosal level. Hypertension and anemia, which are
common in CKD patients, tend to increase gastric blood
flow. Vasodilating substances, such as adrenomedullin and
atrial natriuretic peptide, may actively increase submucosal
blood flow. In some patients, volume expansion will enhance
gastric blood flow and avoid the occurrence of mucosal
lesions. 28

“Denervation hypersensitivity” to

nitric oxide

The autonomic and immune system act in concert to pro-
tect the gut from ischemic insults. In this context, CKD
patients undergoing dialysis often develop “denervation
hypersensitivity” to NO. Low basal NO production may
upregulate overall NO sensitivity and produce an exaggerated
physiologic response to stimuli,* in particular to hypoxia.*’
Under these circumstances, alterations of non-adrenergic and
non-cholinergic neurotransmitters (eg, vasoactive intestinal

polypeptide and substance P, displaying respectively an
inhibitory and an excitatory effect) may play a pivotal role.
The most dreaded effect is increased blood flow in already
well-perfused gut areas whilst flow in less-perfused zones
will fall, thereby aggravating local ischemia.”

Of course, any ischemic effect of the above described
pathways may be enhanced or accelerated by other factors
whether or not related to CKD or its treatment (eg, intercur-
rent infection and repeated episodes of hypotension during
intermittent hemodialysis).

Conclusion

Recent case presentations of AEN in CKD patients undergoing
hemodialysis encouraged us to look beyond hypoperfusion/
ischemia as the most accepted pathophysiologic substrate
underlying this observation. We focused on three interest-
ing pathways (protein-bound uremic toxins [p-cresyl sulfate
and indoxyl sulfate], endotoxin translocation, and defective
mucosal barrier function). Evidence supporting involvement of
all these pathways in promoting gut ischemia in CKD patients
undergoing dialysis is gradually accumulating. However,
many aspects regarding these pathways (ie, their individual
contributions to the ischemic process, eventual interplay, and
therapeutic modulation) remain to be elucidated.
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