UC Irvine
UC Irvine Previously Published Works

Title
Novel intestinal dialysis interventions and microbiome modulation to control uremia.

Permalink
https://escholarship.org/uc/item/2nb1760d

Journal
Current opinion in nephrology and hypertension, 31(1)

ISSN
1062-4821

Authors

Sumida, Keiichi

Lau, Wei Ling
Kalantar-Zadeh, Kamyar

Publication Date
2022

DOI
10.1097/mnh.0000000000000753

Copyright Information

This work is made available under the terms of a Creative Commons Attribution License, availalbe
at https://creativecommons.org/licenses/by/4.0/

Peer reviewed

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/2nb1760d
https://escholarship.org/uc/item/2nb1760d#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/

@URRENT
PINION

Novel intestinal dialysis interventions and
microbiome modulation to control uremia

Keiichi Sumida® Wei Ling Lau®, Kamyar Kalantar-Zadeh®,
and Csaba P. Kovesdy®°

Purpose of review

In patients with chronic kidney disease (CKD), the gut plays a key role in the homeostasis of fluid and
electrolyte balance and the production and disposal of uremic toxins. This review summarizes the current
evidence on the guttargeted interventions to control uremia, fluid overload, hyperkalemia and
hyperphosphatemia in CKD.

Recent findings

Studies have emerged that support the concept of intestinal dialysis, such as colonic perfusion with a
Malone antegrade continence enema stoma or colonic irrigation with a rectal catheter, as a promising
adjuvant approach to control uremia in CKD, although most findings are preliminary. The use of AST-120,
an oral adsorbent, has been shown to reduce circulating levels of indoxyl sulfate and p-cresol sulfate and
have potential renoprotective benefits in patients with advanced CKD. Diarrhea or inducing watery stools

may modulate fluid retention and potassium and phosphorus load. Accumulating evidence indicates that
plantbased diets, low-protein diets, and pre-, pro-, and synbiotic supplementation may lead to favorable
alterations of the gut microbiota, contributing to reduce uremic toxin generation. The effects of these gut-
targeted interventions on kidney and cardiovascular outcomes are still limited and need to be tested in

future studies including clinical trials.

Summary

Interventions aimed at enhancing bowel elimination of uremic toxins, fluid and electrolytes and at
modulating gut microbiota may represent novel therapeutic strategies for the management of uremia in

patients with CKD.
Keywords
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INTRODUCTION
Chronic kidney disease (CKD) has been a significant

public health problem worldwide due to its increas-
ing prevalence and strong association with poor out-
comes, contributing to a substantial global burden of
morbidity and mortality and consuming a dispropor-
tionate amount of financial resources [1]. The accu-
mulation of various uremic toxins associated with
reduced kidney function (i.e., uremia) is one of the
major factors for the excess risk of morbidity and
mortality in CKD, through the deleterious effects of
uremic toxins on various tissues and organs [2,3].
Over the past decades, considerable efforts have been
made to reduce the uremicload in patients with CKD,
particularly among those with end-stage renal disease
(ESRD), primarily by optimizing therapeutic modali-
ties, improving dialysis adequacy, reducing protein
intake, and administering oral adsorbents [4,5].
These efforts, however, have had little success, and
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the substantial disease burden attributable to uremic
toxins remains unresolved.

It is well known that antiquity medicine often
resorted to the use of enemas or rectoclysis to ‘free’
the body of the ‘poisons’ believed to originate in the
gut and cause diseases [6]. A large number of studies
in modern medicine have now provided proof of
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KEY POINTS

o Intestinal dialysis with colonic perfusion/irrigation may
be an effective supplementary therapy to control
uremia, fluid overload, hyperkalemia and
hyperphosphatemia in CKD.

e AST-120, an oral adsorbent, can reduce circulating
levels of indoxyl sulfate and p-cresol sulfate and has
renoprotective benefits in patients with advanced CKD.

e Plantbased and low-protein diets and prebiotic,
probiotic, and synbiotic supplementation represent
novel gut microbiota-targeted strategies for the
management of uremia in CKD.

this theory, demonstrating the major role of the gut
in the disposal of nitrogenous waste products gen-
erated primarily in the large intestine [7]. Further-
more, with recent scientific and technological
advances in the field of microbiome research,
mounting evidence points to the pivotal role of
the gut microbiota in uremic toxin production
[8], which in turn has brought unprecedented atten-
tion to gut microbiota-targeted strategies in the
management of uremia in CKD [9%]. Herein, we
provide a narrative review of the history, recent
evidence, and therapeutic potential of bowel elimi-
nation (e.g., intestinal dialysis) and gut microbiota
modulation to control uremia in CKD.

INTESTINAL DIALYSIS

The first recorded use of bowel elimination as a
means of treating kidney disease dates back to 40
B.C. in Dioscorides’ Materia Medica, in which terra
sigillata was advocated for multiple disorders,
including diseases of the kidney [10]. Subsequently,
a large number of attempts have been made to treat
kidney disease and its complications by utilizing
intestinal lavage/perfusion (i.e., intestinal dialysis)
or drainage of bowel fluid (i.e., induced diarrhea)
until the mid to late 1900s, when modern renal
replacement therapy (RRT) (i.e., hemodialysis, peri-
toneal dialysis (PD), or kidney transplantation) was
introduced [7,11""].

Intestinal dialysis - historical approach

The application of clinically effective intestinal dial-
ysis for uremia was first reported by Kolffin 1947 [12].
An isolated intestinal loop was created by a double-
ended ileostomy in a 57-year-old man with uremia.
Perfusion with warmed dialysate in the loop removed
urea at a rate of 0.48 g/h, resulting in marked clinical
improvement. Subsequently in 1951, Twiss and Kolff
reported the case of a 36-year-old uremic man treated

1062-4821 Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

with intestinal dialysis by daily perfusion of rinsing
fluid (at a flow rate of 500-2,100 mL/h for 8-10h/
day) through a 2.5-m isolated loop of mid-intestine,
which removed an average of 8.6 g/day of urea over
16 consecutive days [13]. Following these seminal
studies, several trials of intestinal dialysis were initi-
ated in desperate attempts to forestall death in ure-
mia, and researchers were becoming convinced of its
beneficial effects on water, electrolyte, and acid-base
balance in uremic patients [12-15]. However, with
the advent and development of modern RRT in the
late 1900s, the need for and interest in intestinal
dialysis has waned. Furthermore, the limited long-
term survival benefit of intestinal dialysis could no
longer justify the extensive surgery required to create
an isolated intestinal loop, which halted further
exploration of this method to treat uremia [10,16].

Induced diarrhea

The benefit of induced diarrhea for the treatment of
uremia was discovered serendipitously while design-
ing a fluid replacement regimen for dehydration in
acute cholera [17]. A key discovery was the recogni-
tion of the substantial loss of nitrogenous waste
products in the voluminous diarrheal stools in chol-
era [18]. In the late 1970s, when the side effect of
saline-induced diarrhea (i.e., sodium and fluid
retention) had been overcome by incorporating
mannitol in the solution, diarrhea therapy was
introduced as a simple, inexpensive, and less inva-
sive method to alleviate uremia. In 1979, Young
et al. reported 17 uremic patients in Taipei (creati-
nine clearance of 2.1-7.3mL/min) treated with
thrice-weekly diarrhea therapy at home [19]. The
patients were instructed to drink 7 L of a warmed
mannitol-saline solutions at the rate of 200mL
every 5 min for 3 h. When their endogenous creati-
nine clearance decreased to 1.0-2.0mL/min and
their uremic symptoms, such as nausea, vomiting,
and fluid overload, reappeared, the therapy was
discontinued and switched to either peritoneal or
hemodialysis. Over a mean follow-up of 6.8 (with a
range of 1.3-16) months, all patients experienced
improvements in appetite, pruritus, and weakness
and demonstrated good tolerance to the strenuous
regimen of diarrhea therapy. During each diarrhea
session, urea and creatinine clearances were 27.8
and 7.4mL/min, respectively [19]. Later in 1991,
Miskowiak reported a case of uremic patient treated
with diarrhea therapy by oral administration of 1.0-
1.5 L of polyethylene glycol or mannitol every 4 h in
one day (up to 15 or 7 h, respectively), with a 10-day
interval [20]. The procedure was well-tolerated, and
the diarrhea was induced without abdominal
cramping. The patient’s intestinal clearances for
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creatinine, uric acid, and phosphate were 6.0-10.4,
4.0, and 10.7-15.4mL/min, respectively, which
were comparable to those obtained from 12h
weekly hemodialysis. Despite these findings, to date
no randomized controlled clinical trials of diarrhea
therapy have been conducted, and the safety and
efficacy of this therapy for the management of
uremia remain unclear.

Recent advances in intestinal dialysis

Colonic perfusion with a Malone antegrade
continence enema stoma

After earlier reports and endeavors for the develop-
ment of intestinal dialysis, the beneficial effects of
this therapy have been periodically rediscovered, as
exemplified by a few recent basic and clinical stud-
ies. In a recent animal study using uremic rats with a
Malone antegrade continence enema (MACE)
stoma, the researchers evaluated the effect of
colonic dialysis on blood urea nitrogen (BUN) and
plasma creatinine levels by perfusing two different
(i.e., low vs. high osmolar) PD solutions through the
stoma [21]. Mannitol and activated charcoal were
added to both PD solutions in this study. Compared
with uremic controls without colonic dialysis, ure-
mic rats with colonic dialysis had consistently lower
levels of BUN and plasma creatinine and showed
better survival. They also found that colonic dialysis
with a high (vs. low) osmolar PD solution resulted in

better laboratory outcomes and was more suitable
for effective BUN and creatinine clearance [21]. In
humans, on the other hand, the MACE stoma (a.k.a.
appendicostomy; Fig. 1a) has been used primarily to
treat unremitting functional constipation or idio-
pathic fecal incontinence [22,23], but its application
to uremic patients has also been suggested. In a case
report of a 20-year-old uremic woman who had a
MACE stoma at the age of 11years for her severe
constipation due to sacral agenesis, a colonic dialy-
sis was selected as an alternative RRT because of her
refusal to receive any type of conventional RRT [24].
On admission, her blood pressure was 190/
100 mmHg and her BUN and serum creatinine were
29 and 6.5mg/dL, respectively. By changing the
colonic irrigation solution to 2L of standard PD
solution with 10g of activated charcoal and
100mL of 10% mannitol, the colonic dialysis was
continued at home by perfusing the solution in
~3h, 2 or 3 cycles/day, for 2 years until she received
kidney transplantation. During the 2 years of follow-
up, the mean levels of her BUN and serum creatinine
were 10.7 and 2.8mg/dL, respectively, and her
blood pressure and biochemical parameters
remained within the normal range except for two
episodes of mild hypokalemia.

Colonic irrigation with a rectal catheter

Nowadays, the practice of colonic irrigation (a.k.a.
colon hydrotherapy or cleansing; Fig. 1b) has been
rooted primarily in beauty centers where a slogan

(a)
Colonic perfusion with MACE stoma

Dialysis
solution

(b)
Colonic irrigation with rectal catheter

~

Rectal
catheter
\

t

Dialysis
solution

FIGURE 1. Schematic representation of intestinal dialysis: (a) colonic perfusion with MACE stoma and (b) colonic irrigation

with rectal catheter. MACE, Malone antegrade colonic enema.
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like ‘clean on the inside, beautiful on the outside’
has gained popularity [6]. In the scientific commu-
nity, however, there has been a heated debate with
harsh criticism over this procedure, largely due to
the lack of sufficient scientific evidence supporting
its clinical benefits vs. harms [25,26]. Nevertheless,
evidence has accumulated suggesting the effective-
ness of colonic irrigation for patients with severe
defecation disorders [27-32], and even in those with
CKD [33"]. This colonic dialysis does not require
surgical creation of an isolated bowel loop, which
was utilized in historical intestinal dialysis as
described above. In a recent retrospective study of
178 patients with CKD stages G3-G5 in China, Dai
et al. investigated the association between the use of
simplified colonic dialysis (or colonic irrigation) and
risk of CKD progression (>50% decrease in esti-
mated glomerular filtration rate [eGFR] or initiation
of RRT) with a follow-up of 36 months [33"]. For the
colonic irrigation, patients were instructed to lie left
lateral position, bent knees and relax. A disposal
catheter was inserted through the patient’s anus
to the colon (up to 65-75cm), and warmed hemo-
dialysis solutions were perfused into the colon for
105, followed by a drainage period of 18-20s, which
was repeated for ~1 h (with a total dialysate volume
of 15-16 L), 3 times per week. Results showed that
the use (vs. no-use) of colonic irrigation was signifi-
cantly associated with a lower risk of CKD progres-
sion (adjusted hazard ratio [HR] 0.37, 95%
confidence interval [CI] 0.20-0.69), which was evi-
dent in subgroups of patients with CKD stages G4
and G5 [33"]. In a follow-up study, fecal 16S tRNA
sequencing demonstrated that colonic dialysis mit-
igated CKD-associated gut microbial dysbiosis, with
species richness more similar to healthy subjects
[34]. Although uremic toxins were not measured
in this study, the results suggest that colonic irriga-
tion could be an effective supplementary therapy to
retard CKD progression in advanced CKD, perhaps
by reducing gut-derived uremic toxins.

Colon cleansing with laxatives

In line with the concept of intestinal dialysis, active
control of defecation (or colon cleansing) with lax-
atives may also be an appealing ‘bowel elimination’
strategy for the management of uremia, in a less
invasive, more readily applicable, and perhaps more
tolerable manner than colonic perfusion/irrigation.
This may also be supported by the facts of high
prevalence of constipation (up to ~90%) in patients
with advanced CKD [35,36], enhanced production
of uremic toxins in slow colonic transit [37], and
adverse clinical outcomes associated with constipa-
tion [38,39]. The theoretical safety concerns about
the use of laxatives (e.g., dehydration, progressive
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loss of kidney function, and hypokalemia) may be
alleviated by recent evidence on the associations of
laxative use with clinically negligible change in
eGFR and with no risk of hypokalemia in patients
with advanced CKD [40,41].

Fluid and electrolyte balance in intestinal
dialysis

Fluid balance

Volume overload is one of the common and poten-
tially life-threatening conditions in patients with
CKD, particularly among those with ESRD [42].
Current strategies to prevent or treat volume over-
load include restrictions of fluid and salt intake and
the use of low sodium dialysate, which unfortu-
nately are often not very successful [43,44]. In this
context, intestinal dialysis and induced diarrhea
using nonabsorbable solutions may be an effective
strategy to improve fluid control in these patients, as
shown in several previous studies [19,20,24,45]. In a
recent prospective study of 35 hemodialysis
patients, oral administration of 2L polyethylene
glycol solution successfully reduced the inter-dia-
lytic weight gains without inducing any adverse
effects including worsening of thirst sensation [46].

Hyperkalemia

Under physiologic circumstances, intestinal potas-
sium excretion is quite constant at approximately
10% of total potassium excretion, whereas the
remaining 90% is accounted for by renal excretion
[47]. However, when the kidney function declines
and the dietary potassium load cannot be fully
excreted by the kidneys, the gut becomes especially
important for maintaining potassium balance pri-
marily by enhancing potassium secretion via the
large conductance calcium-activated potassium
channel subunit-al (a.k.a. BK channel) expressed
on the apical surface of colonic epithelial cells
[48,49]. In hemodialysis patients, for example, a
series of potassium balance studies have demon-
strated that potassium excretion in stool was three
times higher than in healthy controls, reaching
approximately 80% of dietary potassium (up to
3000mg/d) for some patients [50]. It is therefore
conceivable that conditions with faster intestinal
transit time induced by intestinal dialysis or induced
diarrhea can enhance intestinal potassium excre-
tion and perhaps reduce intestinal potassium
absorption, helping to prevent hyperkalemia in
CKD [24,46,51,52]. A recent observational study
showing the association of laxative use (vs. nonuse)
with lower risk of hyperkalemia in advanced
CKD may also support the clinical utility of

www.co-nephrolhypertens.com 85

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.



Novel therapeutic approaches in nephrology and hypertension

‘gastrointestinal potassium wasting’ as a therapeutic
tool for hyperkalemia management in CKD [41].

Hyperphosphatemia

In advanced CKD with limited urinary phosphate
excretion capacity, reducing intestinal phosphate
absorption is pivotal in preventing hyperphospha-
temia. Intestinal phosphate absorption occurs via
active transcellular transport (mostly mediated by
sodium phosphate cotransporter 2b [NaPi-2b] in the
brush border membrane of enterocytes) and passive
paracellular transport [53]. Of interest, recent stud-
ies have demonstrated that intestinal phosphate
absorption efficiency is maintained even at low
1,25(0OH),D levels (and thus low NaPi-2b expres-
sion), suggesting the importance of paracellular
phosphate absorption in phosphate balance in
CKD [54,55]. In addition, while it is widely recog-
nized that the small intestine is responsible for most
phosphate absorption, several studies have reported
a significant involvement of the colon in paracel-
lular phosphate transport [56,57], as exemplified by
the findings that phosphate-containing enemas can
induce hyperphosphatemia [58-62]. Therefore,
reducing intraluminal phosphate concentrations
in the colon by means of intestinal dialysis or
induced diarrhea may be a reasonable approach to
mitigate hyperphosphatemia in patients with CKD.

ORAL ADSORBENTS

The oral administration of adsorbents, a group of
agents with the ability to adsorb uremic solutes, is
one of the bowel elimination strategies for uremia
[63]. Since the late 1900s, several adsorbents have
been developed and tested for use in advanced
uremia, including charcoal [64], oxycellulose [65],
locust bean gum (a mannose polymer derived from
seeds of the ceratonia siliqua tree) [66], and micro-
crystalline carbon [67]. Among these, porous micro-
crystalline carbon with an oxygen complex, AST-
120, has been most extensively studied and widely
used for the management of uremia in CKD.

AST-120

AST-120 (Kremezin, Kureha Chemical Co., Tokyo,
Japan) consists of fine spherical particles that are
approximately 0.2-0.4mm in diameter and com-
posed of porous microcrystalline carbon with an
oxygen complex including a surface oxide [68]. It
is insoluble in water and common organic solvents
and differs from activated charcoal in its uniform
composition [69]. It has a lower adsorption ability
for amylase, pepsin, lipase, and chymotrypsin
than charcoal, but adsorbs hydrophobic uremic

86 www.co-nephrolhypertens.com

substances, such as indole and p-cresol, in the gut
and excretes these substances into feces [69]. Both
indole and p-cresol are precursors of two major
uremic toxins, indoxyl sulfate and p-cresyl sulfate,
respectively, and hence, their excretion from the
gastrointestinal tract attenuates the accumulation
of uremic toxins (Fig. 2).

In an earlier study including 26 hemodialysis
patients with elevated levels of serum indoxyl sul-
fate, those with (vs. without) oral administration of
AST-120 (6g/day for 12weeks) had significantly
lower serum concentrations of indoxyl sulfate at
as early as 2 weeks after the administration, without
experiencing any side effects [69]. In another study
including 35 patients with nondialysis-dependent
CKD (NDD-CKD), those with (vs. without) oral
administration of AST-120 (6 g/day for 6 months)
demonstrated a significant reduction in both serum
and urine indoxyl sulfate levels (from 2.0 to 1.7 mg/
dL and from 66.8 to 43.4 mg/day, respectively) [70].
Similar to the earlier study from hemodialysis
patients, a significant reduction in indoxyl sulfate
was observed within 1 month of the AST-120 admin-
istration in this study. In addition, the study showed
a significant negative correlation between changes
in urine indoxyl sulfate levels and the slope of 1/
serum creatinine-time plot, which led to subsequent
larger randomized clinical trials to validate the effec-
tiveness of AST-120 on CKD progression.

In two multinational, randomized, double-
blind, placebo-controlled trials (EPPIC-1 and
EPPIC-2), when AST-120 was added to standard
therapy in adults with moderate to severe CKD,
the results failed to show a benefit toward slowing
CKD progression [71]. However, the high pill bur-
den of AST-120 (30 capsules per day) in these trials
might have affected drug adherence, and hence it
remains unclear if proper administration of this or
other similar adsorbents could be renoprotective. In
fact, a recent post-hoc analysis of the EPPIC trials
showed a renoprotective benefit in the subgroup of
patients with high proteinuria and hematuria [72].
Of interest, a recent animal study suggested the
influence of AST-120 on the gut microbiota, which
may explain its preferential reduction of p-cresyl
sulfate (rather than indoyl sulfate) via decreasing
the abundance of Erysipelotrichaceae and Clostridium
species which express a gene involved in p-cresol
production [73].

GUT MICROBIOTA MODULATION

Gut microbiota and uremic toxins

Under physiologic conditions, the gut microbiota
participates in a variety of metabolic activities and
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FIGURE 2. Potential mechanistic links between gut dysbiosis, uremia, and adverse outcomes and therapeutic targets by

intestinal dialysis, oral adsorbents, and microbiota modulation
TMA, trimethylamine; TMAO, trimethylamine N-oxide.

thus can be considered as a metabolically active
endogenous organ in itself [74]. One of such activi-
ties of the gut microbiota is protein fermentation,
which generates precursors of the two major gut-
derived uremic toxins, indoxyl sulfate and p-cresyl
sulfate [75]. Certain intestinal bacteria, such as
Escherichia coli, have tryptophanase that converts
tryptophan to indole, which is subsequently
absorbed into the systemic circulation and metabo-
lized by the liver to indoxyl sulfate [76]. Meanwhile,
p-cresyl sulfate is a 188-Da protein-bound solute
that originates from the sulfation of p-cresol, which
is a colonic fermentation product of the amino acid
tyrosine and phenylalanine [76,77]. Trimethyl-
amine-N-oxide (TMAO) is another toxic gut-derived
metabolite, which is a circulating organic com-
pound derived from the metabolism of dietary L-
carnitine and choline by intestinal bacteria [78,79]
(Fig. 2).

Gut dysbiosis and uremic toxins in chronic
kidney disease

Significant alterations of the gut microbiota (a.k.a.
gut dysbiosis) have been reported in CKD, which is
often characterized by the shift from a saccharolytic
(carbohydrate-fermenting) to a more proteolytic

1062-4821 Copyright © 2021 Wolters Kluwer Health, Inc. All rights
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phenotype [37]. The proteolytic bacteria dominat-
ing in CKD accelerate protein fermentation, in par-
ticular the amino acids prevalent in animal-derived
proteins, contributing to the excessive production
of uremic toxins [8]. Further, these uremic toxins
impair gut barrier function, allowing translocation
of uremic substances and other gut-derived products
(e.g., endotoxins, microbial DNA fragments, and
intact microbes) into the systemic circulation [80].
The uremic toxins that cannot be fully secreted by
the impaired kidneys and thus accumulate in the
blood exert deleterious effects on various tissues and
organs, such as renal tubular cell damage, endothe-
lial dysfunction, leukocyte activation, coagulation
disturbances, insulin resistance, and cardiac fibrosis
and hypertrophy [2,3], collectively contributing to
the excess morbidity and mortality in patients with
CKD [81-84] (Fig. 2).

Gut microbiota modulation for uremia

Vigorous efforts have been devoted to develop ther-
apeutic strategies targeting the gut microbiota to
control uremia [9%,74]. These include dietary mod-
ifications (e.g., plant-based diet and low-protein diet
[LPD]) [85%,86,87] and dietary supplementation of
prebiotics (i.e., nondigestible food ingredients that

87

reserved. www.co-nephrolhypertens.com

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.



Novel therapeutic approaches in nephrology and hypertension

“espasip [pual abpjs-pus ‘QYs3 ‘espasip Asupiy d1uoiyo ‘gD

uonpdiysuod
o1uolyo yim sjuaiod qys3 pue ayd
swoydwAs
olwain yum sjusiod qys3 pue gyD
910D JIA|DIPUOU SADAISSUOD
95000 oYM sjualpd @)D PIdUDAPY
swoydwAs olwain ym spusyod gy
(ounuisjoud
ybiy yum ssoy; “B-s) uoisseiboid
aspasIp Jo ysii ybiy 4o sjusypd gy

swoydwAs ojwein ypim sjusod qyD
(o1nuisjoid

ybiy yum esoyy “*6-9) uoissaiboud

aspasip Jo ysi yBiy 4o sjusyod gD

saljljopow OlA|DIP [OUOLUSAUOD

0} $5900D pajiwl| yim sjusypd qys3
uoypdijsuod

o1uolyo yim sjualnd ys3 pup gyD
saidoiay} SISA|DIP [DUOLUSAUOD

asnjol oym sjuslpd gD pedupApy
solji[opow SUA[DIP [DUOLUSAUOD

0} $59000 pajiwl| yim sjusyod qys3
$5900D

sIsA|pIp Jo ain|iv} yim sjusyod qys3
uonpdysuod

o1uolyo yim sjusipd Qys3 pue gD
saidoiay} sisA|oip

|PUOHUSAUOD Bsnjal oym sjusipd qyS3
sousuluodUl
|23y o1yipdoipl 1o uonodysuod

[PuouOUNy B19A8S UM sjuaipd qys3
$5900D

sISAPIp Jo a1n|iv} yim sjusypd qy¥s3

(oeyupIp pup
‘aoug|niply ‘Buypolq [pulwopgo
'*B°8) HOJWOISIp [DUlSBIUIONSDS)

soualaypp pup Ajjiqoiojod moq
poo| wnissojod ybi

SPIoD oulwDp [pLUSSSS ajnbapoy
Buysom ABisus-utejoid Jo ysiy

(0esnou pup uoyodysuod 6-s)
suolpoI|dwod |pulsejulolsDS)
9oUBIBYPD MO
uspinq |jid yBiy
uoydiosgojpw jusiinN
Ajoixoy Bnig
payLIDIP
paonpul-Bnip o} enp plws|oyodAH
(Buypoiq
pup ‘uipd |pulwopgo ‘DayLPIP
"*6°9) HOJWODSIP [DUlSSIUIONSDS)

uondiosqojow jusiynN
piws|pyodAH
uonpipAye(q
uoypiopiad [omog

juswyoaly
Bunnp sauiAyoD [poIsAyd payiwi
801A8p UoHDBILI D1UOJOD Joj PN
uondiosqojow jusiinN
piws|pyodAH
uoypipAyeq
uoypiopad [amog

(uonoayur eys
"*69) suonpoljdwod pajoja-bWolg
AisbBins buiojs 1oy pasN

pjoIqoIdIW
in6 sy} Buyp|npow Aq suixoy
olwain Jo uoyonpoud sonpay

ayypjul ugjoid mo| puo

Jaqy ybiy yBnouyy ojoigoolw

inB sy Buypjnpow Aq suixoj
slwain Jo uoyonpoud sonpay

pjoIqoIdIW
inB ay4 Ajipow Ajjoyusjod

$909 OJul UOLJRIOXD

J1ay} 9s0SIdUI PUD $105IND31d
uIxo} dlwalin quospo A[oAldsjeg

pjolqoIdIw
inB sy} spojnpow Ajjoyusiod
59094
ojul ajpydsoyd pup wnissojod
‘pInj} ‘suIxo} dlwaIN Jo UoHBIOXe
aspauoul pup Ayjow nb edupyug

DjOIGOIDIW
in6 sy} spojnpow Ajjpyusioy
seds} ojul spoydsoyd
pup wnissojod ‘pinjy ‘suixoy
S1WalIN JO UolBIOXa 9sDaIOUI
puD UOJOD Yo By} 85UDS|D

pjolqoIdIW
in6 sy} sppjnpow Ajjpyusioy
sed9} ojul sjoydsoyd
pup wnisspjod ‘piny ‘suixoy
dlWalIN Jo UOlBIOXe 9sDaIdUI
pUD UOj0D B1luS By} ASUDS|D

uoypjuswa|ddns dyoiquAs pup ‘oyoiqoid ‘oyoiqeid

LBIp C_Q«O‘_Q.;O_ pun pssog-up|d

sjusquospo |pIO

SSAIJOXDT

Jajayioo |pjoal yim uoyoBiul o1uojoD

DWOjs PWaUd JIUo|0d O_UU._OQ._:U SUOIDW B Yiim co_wbucmn_ dluojo)

sISA|pIp |oulsaju|

@D Ul plwaln oy suoyuaAssiul pajebiny-inb jo sabus|pyp |prUsjod pup UOKDD JO SwsiUPYdB L dqPL

Volume 31 o Number 1 o January 2022

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

www.co-nephrolhypertens.com

88



Intestinal dialysis for uremia Sumida et al.

induce specific modifications in the composition
and/or activity of the gut microbiota) [88], probi-
otics (i.e., live microorganisms which confer health
beneficial effects when administered in adequate
amounts to the host) [89], and synbiotics (i.e., both
probiotics and prebiotics) [90].

In a recent study evaluating associations
among diet quality, serum uremic toxins, and
the gut microbiota profile in patients on hemodi-
alysis, higher adherence to plant-based diet was
significantly associated with lower serum indoxyl
sulfate levels and lower relative abundances of
bacteria that were related to elevated indoxyl sul-
fate levels [91]. Similarly, a study of NDD-CKD
patients undergoing LPD for 6 months demon-
strated that those who adhered (vs. did not adhere)
to the LPD had significantly lower levels of serum
p-cresyl sulfate, along with the change in the gut
microbiome profile [92]. A favorable effect of pre-,
pro-, and synbiotic supplementations on uremic
toxins has also been reported in some studies
[93,94], although a recent systematic review and
meta-analysis of clinical trials showed low cer-
tainty of evidence to support the overall treatment
effect of these supplementations on uremic toxins.
Of note, similar therapeutic properties (i.e.,
change in the gut microbiota and reduction in
circulating uremic toxins) have also been reported
in colonic irrigation [34,95] and certain types of
laxatives, such as lactulose, chloride channel acti-
vator, and guanylate cyclase C agonist [96-99].

CONCLUSION

With growing recognition of the importance of the
gut and the gut microbiota in health and disease,
evidence is accumulating that supports the concept
of intestinal dialysis and gut microbiota modulation
as promising adjuvant approaches to the manage-
ment of CKD. While acknowledging the challenges
(Table 1), given the substantial disease burden asso-
ciated with uremia, fluid overload, and electrolyte
disturbances and the limited ability of conventional
dialysis therapy to reduce the consequences of these
conditions, perhaps the time has come to further
explore the clinical application of gut-targeted inter-
ventions and confirm their effectiveness on uremia
and relevant clinical outcomes through well
designed clinical trials. Some of these interventions
may be especially useful in parts of the world with
limited access to conventional dialytic modalities.
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