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Long-term	effects	of	peritoneal	dialysis	 (PD)	were	 the	 topic	of	 this	 thesis.	 In	Chapter	1,	a	

general	introduction	and	outline	of	this	thesis	was	given.	This	final	chapter	summarizes	and	

discusses	the	study	findings.	Based	on	these	findings,	suggestions	for	future	investigations	

are	made.

Summary and discussion
Part I of	this	thesis	focused	on	long-term	PD	in	patients.	In	Chapter	2	computed	tomographic	

(CT)	scans	of	15	patients	with	encapsulating	peritoneal	sclerosis	(EPS)	were	compared	to	16	

scans	of	 long-term	PD	patients	without	EPS.	We	questioned	whether	 long-term	PD	per	se	

could	induce	abnormalities	seen	on	CT,	such	as	peritoneal	thickening	and	calcifications,	or	

whether	these	abnormalities	were	characteristic	for	EPS.	Previous	studies	had	not	addressed	

this	question.	Three	radiologists,	of	which	2	were	experienced	with	PD	and	EPS,	scored	sev-

eral	items	blindly	and	anonymously	on	each	CT	scan.	When	six	items	were	combined	and	

half	of	these	items	were	positively	scored	(peritoneal	enhancement,	thickening	and	calcifica-

tions;	adhesions	of	bowel	loops;	signs	of	obstruction;	and	fluid	loculation/septation),	high	

sensitivity	and	specificity	were	reached.	We	concluded	that	CT	can	accurately	diagnose	EPS,	

especially	when	the	scans	are	evaluated	by	experienced	abdominal	radiologists.	However,	CT	

findings	that	are	considered	characteristic	for	EPS,	such	as	peritoneal	calcifications,	were	also	

found	in	some	of	the	control	patients.	This	was	studied	in	more	detail	in	Chapter	5.

	 Chapter 3	provided	an	overview	of	all	 imaging	techniques	that	have	been	used	in	di-

agnosing	EPS	over	 the	past	decades.	 Features	on	plain	abdominal	films,	ultrasonography,	

CT,	magnetic	resonance	imaging,	follow-through	examinations,	and	imaging	techniques	us-

ing	radioactivity	were	discussed	in	this	chapter.	CT	is	the	most	frequently	studied	imaging	

technique	for	diagnosing	EPS	and	it	is	the	only	technique	that	has	been	investigated	in	case-

control	designs.	It	has	shown	to	accurately	diagnose	EPS	when	judged	by	experienced	radi-

ologists	with	knowledge	of	PD	and	EPS.	Therefore,	CT	should	be	the	modality	of	first	choice	

when	EPS	is	suspected.	

	 In	Chapter 4,	we	carefully	suggested	patients	with	Alport	syndrome	to	be	more	suscep-

tible	to	the	development	of	EPS.	Because	the	patient	described	in	this	chapter	was	treated	

with	a	biocompatible	regime	exclusively,	he	lacked	some	of	the	risk	factors	for	developing	

EPS,	such	as	exposure	to	lactate	buffered	dialysis	solutions	with	high	concentrations	of	glu-

cose	degradation	products.	Patients	with	Alport	syndrome	have	decreased	collagen	IV	sta-

bility	in	membranes	throughout	the	body,	leading	to	renal,	cochlear,	and	ocular	symptoms.	
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These	patients	do	not	have	skin	abnormalities,	probably	because	of	an	increased	deposition	

of	collagen	VII.	Although	there	is	no	current	knowledge	on	distribution	of	collagen	IV	and	

VII	in	the	peritoneal	membrane	of	these	patients,	it	could	be	possible	that	they	are	prone	to	

develop	peritoneal	fibrosis	and	sclerosis	because	of	an	increased	collagen	VII	deposition.

Peritoneal	calcifications	have	been	associated	with	EPS	but	also	with	disturbances	in	mineral	

metabolism,	which	is	common	in	dialysis	patients.	Possible	relationships	between	peritoneal	

calcifications	and	aortic	calcifications	or	disturbances	in	mineral	metabolism	in	long-term	PD	

patients	were	studied	in	Chapter 5.	We	used	our	previously	studied	patient	group	of	Chapter 

2,	consisting	of	long-term	PD	patients	with	a	PD	duration	of	at	least	4	years	who	had	under-

gone	an	abdominal	CT	scan	for	the	suspicion	of	EPS	or	for	other	reasons,	and	divided	them	

into	two	groups	based	on	the	presence	or	absence	of	peritoneal	calcifications.	We	were	not	

able	to	link	peritoneal	calcifications	to	abdominal	aortic	calcifications	assessed	by	a	severity	

scoring	system.	Plasma	calcium,	phosphorus,	and	PTH	levels	were	also	not	associated	with	

the	presence	or	absence	of	peritoneal	 calcifications.	PD	duration,	which	was	significantly	

longer	in	patients	with	peritoneal	calcifications,	and	perhaps	also	poor	biocompatibility	of	

conventional	peritoneal	dialysis	fluids	(PDF),	were	more	likely	to	contribute	to	the	develop-

ment	of	peritoneal	calcifications	in	our	study	population.	We	have	to	bear	in	mind	a	possible	

confounding	 effect	 of	 EPS	 due	 to	 the	 selection	 of	 long-term	 patients	 that	 underwent	 an	

abdominal	CT	scan.

Part II of	this	thesis	focused	on	experimental	animal	studies.	In	Chapter 6,	we	studied	the	

hydroxyproline	content	of	peritoneal	effluent	of	rats	with	normal	renal	function	and	renal	

failure,	 with	 and	 without	 exposure	 to	 PDFs,	 as	 a	 possible	 marker	 for	 peritoneal	 fibrosis.	

The	hydroxyproline	concentration	in	tissue	is	considered	a	gold	standard	for	assessing	the	

amount	of	fibrosis.	We	hypothesized	that	it	would	be	locally	produced	and	released	into	the	

peritoneal	cavity	during	the	process	of	fibrosis	and	would	appear	in	higher	concentrations	

in	the	peritoneal	effluent	than	based	on	free	diffusion	from	the	circulation.	Measuring	its	

content	in	peritoneal	effluent	would	make	invasive	peritoneal	biopsies	unnecessary.	Unfor-

tunately,	no	evidence	for	local	intraperitoneal	production	of	hydroxyproline	was	found,	dis-

qualifying	it	as	a	measure	for	peritoneal	fibrosis	in	the	experimental	rat	model.

	 Current	available	models	of	peritoneal	sclerosis	and	EPS	do	not	mimic	the	clinical	sit-

uation	 of	 PD	 patients	 because	 they	 often	 lack	 renal	 failure	 and	 exposure	 to	 conventional	

bioincompatible	dialysis	 solutions.	 In	Chapter 7,	we	attempted	 to	develop	a	 rat	model	of	
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peritoneal	sclerosis	with	renal	failure	and	exposure	to	a	conventional	PDF.	We	modified	the	

chronic	peritoneal	infusion	model	with	renal	failure	previously	used	by	our	group	because	

long-term	peritoneal	exposure	to	a	dialysis	solution	only	induces	peritoneal	fibrosis	but	not	

sclerosis	or	encapsulation.	We	added	a	 low	concentration	of	chlorhexidine	gluconate	to	a	

conventional	PDF	and	exposed	the	experimental	group	to	20	mL	daily	for	a	period	of	�	weeks.	

These	rats	showed	functional	and	structural	abnormalities	seen	in	peritoneal	sclerosis	-	fast	

peritoneal	 transport,	 ultrafiltration	 failure,	 impaired	 free	 water	 transport,	 severe	 fibrosis,	

and	high	vessel	counts	–	but	no	encapsulation	of	the	bowels	was	present.	One	control	group	

received	a	biocompatible,	glucose-free	buffer	in	combination	with	chlorhexidine	gluconate	to	

study	whether	the	conventional	PDF	played	a	contributing	role	in	the	model.	These	animals	

showed	similar	abnormalities	as	the	experimental	group,	indicating	that	the	addition	of	a	

conventional	PDF	did	not	have	an	effect.	A	second	control	group	that	was	exposed	to	a	con-

ventional	PDF	alone	did	not	show	any	sign	of	peritoneal	sclerosis	and	only	little	fibrosis.	In	

conclusion,	because	peritoneal	sclerosis	was	also	observed	in	the	rats	that	were	not	exposed	

to	a	conventional	PDF,	probably	because	the	effects	were	overruled	by	those	of	chlorhexidine	

gluconate,	the	addition	of	this	stimulus	seems	inappropriate	in	a	clinically	relevant	model.	

	 Chapter 8	described	a	second	attempt	to	develop	a	peritoneal	sclerosis	model	with	renal	

failure.	We	based	this	model	on	the	theory	that	several	“hits”	are	needed	before	(encapsu-

lating)	peritoneal	sclerosis	develops.	Exposure	to	a	bioincompatible	conventional	PDF	for	a	

period	of	�	weeks	twice	daily,	10	mL	in	the	morning	and	20	mL	in	the	afternoon,	was	the	

first	hit	in	this	model.	Clinically,	EPS	patients	often	present	with	blood-stained	ascites	and	

blood	enhances	the	formation	of	adhesions.	Therefore,	as	a	second	hit,	we	chose	to	admin-

ister	blood	of	donor	rats	intraperitoneally	after	�	weeks	of	exposure	to	a	conventional	PDF.	

One	control	group	received	a	conventional	PDF	alone	and	the	other	control	group	received	

a	biocompatible,	glucose-free	buffer	only.	The	rats	that	received	blood	as	a	second	hit	had	

developed	numerous	intraperitoneal	adhesions	as	seen	in	EPS	but	without	cocoon	formation.	

Microscopically	no	differences	were	present	in	fibrosis	scores	and	vessel	counts	between	the	

three	groups.	Also	peritoneal	function	parameters	were	similar	in	all	groups.	Although	an	

ideal	experimental	model	of	EPS	was	not	created	in	the	studies	described	in	Chapter 7	and	

Chapter 8,	these	attempts	may	have	brought	as	a	step	further	in	the	right	direction.	

	 Development	of	new,	more	biocompatible	PDFs	is	a	topic	of	great	interest	in	PD	research.	

In	Chapter 9,	rats	with	normal	renal	function	were	exposed	to	an	experimental,	more	bio-

compatible	pyruvate-buffered	PDF	with	a	combination	of	three	osmotic	agents	(amino	acids,	
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glycerol	and	glucose)	for	20	weeks	and	compared	to	rats	that	were	exposed	to	a	conventional	

heat-sterilized	solution	or	to	a	filter-sterilized	solution	without	glucose	degradation	products	

(GDP).	The	rational	behind	the	assumed	higher	biocompatibility	of	this	experimental	solu-

tion	is	the	partial	replacement	of	glucose	as	an	osmotic	agent	and	lactate	as	a	buffer.	Glucose	

in	conventional	PDFs	is	believed	to	have	direct	toxic	effects,	for	example	by	inducing	new	

vessel	formation,	as	well	as	indirect	toxic	effects	through	the	formation	of	advanced	glycoly-

sation	end	products.	Lactate	as	a	buffer	of	conventional	PDFs	may	also	contribute	to	the	tox-

icity	of	glucose	by	influencing	the	NADH/NAD+	ratio	that	leads	to	a	state	of	pseudohypoxia,	

once	again	creating	an	environment	for	new	peritoneal	vessel	formation.	The	results	of	this	

study	supported	these	theories	on	new	vessel	formation	because	the	experimental	PDF	that	

was	tested	induced	less	peritoneal	vessels	than	the	conventional	heat-sterilized	solution	or	a	

filter-sterilized	solution	without	GDPs.	However,	peritoneal	function	was	similar	in	all	three	

groups.	In	the	rats	that	received	a	conventional	heat-sterilized	solution,	fibrosis	was	most	

pronounced.	This	confirmed	the	role	of	GDPs	in	causing	peritoneal	fibrosis.	

	 Another	experimental,	more	biocompatible	solution	was	tested	in	Chapter 10.	To	par-

tially	replace	glucose	as	an	osmotic	agent,	a	combination	of	glycerol,	amino	acids	and	dex-

trose	was	used	 in	 a	buffer	of	bicarbonate	and	 lactate	 (GLAD).	 This	 experimental	 solution	

was	tested	 in	rats	with	renal	 failure	and	compared	to	a	conventional	PDF	as	well	as	 to	a	

glucose-free	buffer.	All	 three	groups	were	exposed	for	16	weeks	because	we	 learned	from	

previous	experiments	that	this	is	the	longest	period	that	these	rats	can	endure	renal	failure.	

Long-term	exposure	to	both	GLAD	and	a	glucose-free	buffer	resulted	in	less	peritoneal	ves-

sels	and	fibrosis	than	exposure	to	a	conventional	PDF.	However,	both	exposure	to	GLAD	and	

a	conventional	PDF	showed	faster	peritoneal	transport	than	exposure	to	a	glucose-free	buf-

fer.	Therefore,	in	Chapter 11,	we	investigated	whether	the	state	of	dilation	or	constriction	of	

peritoneal	vessels	was	responsible	for	this	discrepancy	between	less	peritoneal	vessels	after	

GLAD	exposure	on	one	hand,	and	fast	peritoneal	transport	on	the	other	hand.	Dilation	of	

peritoneal	vessels	can	be	caused	by	exposure	to	amino	acids,	which	are	present	in	GLAD,	or	

upregulation	of	endothelial	nitric	oxide	(NO)	synthase.	To	test	the	role	of	the	latter,	rats	with	

renal	failure	were	treated	with	GLAD	in	combination	with	a	NO	inhibitor	and	compared	to	

rats	treated	with	GLAD	alone	or	a	glucose-free	buffer.	No	effect	of	NO	inhibition	was	found	

on	peritoneal	transport	or	morphology.	This	makes	it	unlikely	that	NO	is	directly	involved	

in	fast	peritoneal	transport	induced	by	exposure	to	GLAD.	Vasodilating	effects	of	the	amino	

acids	present	in	GLAD	are	more	likely	to	be	responsible.	
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Future perspectives
New	diagnostic	and	somewhat	controversial	pathophysiological	insights	in	EPS	and	the	oc-

currence	of	peritoneal	calcifications	in	patients	were	discussed	in	this	thesis.	Future	studies	

should	focus	on	validating	the	CT	scan	as	a	diagnostic	tool	for	EPS.	Perhaps	radiologists	in	

PD	centers	could	be	trained	to	recognize	features	of	this	condition.	This	would	be	helpful	

in	accurately	diagnosing	this	devastating	complication	of	long-term	PD.	Whether	imaging	

techniques	for	screening	purposes	can	be	used	in	the	future	is	questionable.	It	could	very	

well	be	possible	that	the	structural	changes	and	cocoon	formation	that	can	be	seen	with	ab-

dominal	imaging	only	develop	in	a	late	stage.	In	stead,	one	could	focus	on	finding	biomark-

ers	in	peritoneal	effluent	to	assess	the	state	of	the	peritoneal	membrane	because	it	makes	

invasive	peritoneal	biopsies,	of	which	the	value	can	be	questioned,	unnecessary.	Also	genetic	

profiling	of	EPS	patients	might	have	clinical	implications	to	select	patients	at	risk.	Causes	for	

peritoneal	calcification	formation	in	long-term	peritoneal	dialysis	patients,	with	or	without	

EPS,	remain	unknown.	It	may	be	worthwhile	to	further	investigate	the	possible	contribution	

of	poor	biocompatibility	of	conventional	PDFs	as	suggested	in	this	thesis.

	 In	the	experimental	studies,	emphasis	was	put	on	the	development	of	a	peritoneal	scle-

rosis	model	and	on	the	development	of	more	biocompatible	dialysis	solutions.	An	animal	

model	based	on	clinically	relevant	factors	could	potentially	elucidate	some	of	the	pathophys-

iological	mechanisms	leading	to	EPS.	It	would	also	provide	a	sensible	basis	to	test	therapeu-

tic	interventions.	Future	experimental	models	should	not	involve	the	usage	of	chlorhexidine	

gluconate	anymore	because	 in	our	experiments	this	overshadowed	the	possible	effects	of	

exposure	 to	bioincompatible	PDFs.	Further	modifications	of	 the	described	 rat	model	with	

renal	failure	and	exposure	to	conventional	PDFs	are	required.	Also	development	of	new,	more	

biocompatible	PDFs	 is	of	great	 clinical	 value	because	of	 its	potential	beneficial	 effects	on	

patient	 outcome.	 Bioincompatibility	 of	 PDFs	 is	 believed	 to	 be	 one	 of	 the	 most	 important	

contributing	factors	to	peritoneal	alterations	in	long-term	PD.	

In	conclusion,	future	research	should	focus	on	biomarkers	that	can	predict	EPS,	genetic	profil-

ing	of	EPS	patients,	the	development	of	new	experimental	EPS	models,	and	the	development	

of	new	peritoneal	dialysis	solutions.	Until	now,	it	is	an	unsolved	mystery	why	some	patients	

do	and	others	do	not	develop	EPS.	Studies	that	focus	on	these	subjects	may	be	a	step	forward	

in	the	prevention	of	EPS.




