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Introduction

Introduction

In the course of evolution, the kidney has emerged from a simple canal by which
waste products could be excreted in a constant salty environment with the same
electrolyte composition of the extracellular fluid, info a very complicate organ
which can maintain the milieu interior within very narrow limits despite large
environmental fluctuations’?, and also displays endocrine functions.

In patients with end-stage renal disease (ESRD), these functions are impaired,
which leads, among others, to an accumulation of extracellular fluid, a
derangement in acid-base and electrolyte state, and an accumulation of waste
products {“uremic toxins”).

Renal replacement therapies, such as hemodialysis {HD), can partly correct these
abnormalities. HD is a very effective fechnique for rapid correction of electrolyte,
fluid, and acid base state, and is efficient in the removal of small uremic toxins.
HD is performed by cleansing the blood through an artificial kidney. In this
artificial kidney, blood is separated by a semipermeable membrane from the
dialysate, a purified solution with o balanced elecirolyte and  acid-base
composition. Abnormalities of the blood are corrected by means of diffusion {i.e.
transport through concentration differences), whereas the excess water is
removed by the application of a pressure gradient over the artificial kidney
(convection). Generally, HD is performed 2-3 fimes a week for 3-5 hours.
Despite its effectiveness, drawbacks of HD are its intermittent character, resulting
on one hand in rapid and pronounced changes in the interior milieu during the
dialysis treatment, which may lead to symptomatology, such as intra-dialytic
hypotension, whereas on the other hand, uremic toxins and excess fluid again
accumulate during the period between two dialysis sessions. Other drawbacks
are the ineffective clearance of larger uremic toxins, and the high incidence of
problems with vascular access.

By periioneal dialysis {PD), the correction of the milieu interior occurs at @ more
confinuous basis. The principle of PD resides in the exchange of water and
solutes between the peritoneal capillaries and sterile fluid, which is infused into
the perifoneal cavilty through o cotheter. After a certain time period [the dwell
time} during which the composition in the peritoneal cavity equilibrates with the
plasma water, the fluid is drained and o new cycle is started.

Also with the use of PD, abnormalities of the blood are basically correcied by
ditfusion, whereas the excess of body water is removed by the application of an
osmotic pressure gradient in the peritoneal fluid trough the use of different
hyperosmotic glucose concentrations (1.36%, 2.27%, or 3.86% [glucose/|, i.e.
75-214 mmol/l}).

Most commonly, 1.5 to 2.5 | of peritoneal solution is manually replaced 4-5
times daily (continuous ambulatory peritoneal dialysis [CAPD]). Nevertheless, by
the use of automated devices, it has become possible to perform these
exchanges automatically with the use of a so-called cycler (mostly during the
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nightime period), with, in most cases, one lor two} additional dwell(s) during the
daytime period. Advantages of PD are firstly the fact that the freatment can be
performed entirely outside the hospital by the patient iself, the absence of o
vascular access, and the probability of maintaining residual renal function (RRF)
during a longer period compared fo HD. It is also general practice to prescribe
a less sirict fluid restriction compaored to HD due to the continuous removal of
water. Disaodvantages of the technique are the fact that PD, even when
performed on a confinuous base, may lead to less clearance of uremic toxins
than HD, which may especially be a problem in large patients without RRF.?
Moreover, the presence of resorption of glucose from the peritoneal fluid {up 1o
75% is absorbed during a 6-hour dwell®l may contribute to metabolic
abnormalities and to the induction of structural abnormalities in the peritoneum
(vide infra). Another common complication of PD is peritonitis, which most often
responds well to Ireatment with antibiotics.

PD has, since the introduction of the basic concept by Moncrief and Popovich in
1976°, made a tremendous worldwide development. About 15% of the total
number of dialysis patients [£28% in the Netherlands) in industrial countries are
managed on PD® Nevertheless, in some countries like the USA, the relative
percentage of patients on renal replacement therapy treated with PD appears to
be declining, despite technical advances, such as an increase in patient and
technigue survival over the past 20 years and despite the fact that PD in general
is o less expensive therapy compared to HD. The reason for this phenomenon is
not well understoad, but is likely to be multifactorial ond includes physician
attitudes possibly based on interpretation of outcome data from recent surveys
[vide supral, reimbursement issues, and difficulties in aftaining clearance targets
suggested by the recent quality initiatives dialysis outcome and quality
improvement {DOQI.’

Determinants of outcome in patients on renal
replacement therapy

Both HD- and PD patients hove a greatly increased mortality risk compared 1o
the general population, with reported 5-year survival rates between 35-60%.°
The main cause of mortality in dialysis patients is cardiovascular disease.’
Cardiovascular disease in dialysis patients is chaoracterized both by a high
prevalence of atherosclerosis, as well as the frequent occurrence of
abnormalities of the heart and large orferies (arteriosclerosis). The presence of
these factors is strongly related to mortality in dialysis patients.”’’ Moreover, the
prevalence of hypertension in dialysis patients is very high.'?

Many of the cardiovascular abnormalities in dialysis patients appeor to be
interrelated. In HD patients, abnormalities of the large arteries appear fo be
strongly related to both left ventricular hypertrophy (LVH) and systolic blood
pressure. The former might be explained by an increase in systolic stress to the
left ventricle due to a reduction in buffering capacity of the arterial tree, whereas
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the relation between arterial wall abnormalities and systolic hypertension might
also be explained by an augmentation of the pulse wave due to a rapid forward
and backward reflection in the stiffer arterial tree.'’ Another important factor in
the pathogenesis of both LVH and hypertension in dialysis patients appears to
be fluid overload, resulting from the insufficient fluid removal during the dialysis
procedure. '

Crher factors which may be implicated in the increased cardiovascular mortality
in dialysis patients are anemia, the presence of an arteriovenous fistula (in the
case of HD), abnormalities in the calcium/phosphate metabolism and possibly,
the accumulation of uremic toxins.' It should be stressed however, that the great
majority of studies towards cardiovascular abnormalities in dialysis patients have
been performed in HD patients, whereas only few studies have been performed
in patients on PD. Nevertheless, as will be discussed later, the difference in
treatment profile between PD and HD patients may lead to differences in the
cardiovascular risk profile between both patient groups. Therelore, it is not clear
whether associations observed in HD patients can always be extrapolated to PD
patients.

A second foctor which is strongly reloted to outcome in dialysis patients is
malnutrition.'> It has been suggested that 18-56% patients of dialysis patients
show signs of malnourishment.’”®. The cause of malnutrition in dialysis patients is
multifactorial.”’'® Firstly, the renal disease itself may lead to a reduction in
appefite, possibly due fo accumulation of appetite-suppressing factors.'”
Morecver, nutrients may be lost through the artificial kidney or the peritoneal
membrane.'® Metabolic acidosis, commonly present in uremic patients, was also
found to play a role in the induction of protein breakdown and abnormalities in
amino acid metabolism.'®*°, An important determinant of malnutrition appears
to be the presence of an inflammatory state (vide infra), which may lead both to
muscle wasting and a reduction in appetite by the influence of cytokines.™
Moreover, inflammation may directly lead to a reduction in albumin synthesis
and redistribution between intra- and extravasculor compartments.?’ The foct
that malnutrition in dialysis patients is so multifactorial also explains why the
clinical features of malnourishment in dialysis patients may vary from o gradual
loss of lean body mass and body fat due to a reduction in profein-energy intake,
to a complex picture including severe muscle wasting and ¢ decline in serum
albumin levels.’®

A third important risk factor for morality is the presence of on inflammatory
state in dialysis patients, characterized by an increase in levels of C-reactive
protein (CRP)."® As holds true for the other risk factors discussed previously, the
cavse of inflammation in dialysis patients is multifactorial and includes factors
such as the dialysis treatment itself {properties of the arfificial membrane and
bacterial contamination in the case of HD, and perifonitis and bioincormpatibility
of the peritoneal dialysis fluids in case of PD), co-morbid diseases, and the
uremic state itself.'”” An inferesting new hypothesis fried fo couple these three
main determinanis of mortality in dialysis patients and the suggested existence
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of a trias of malnutrition, infloammation, and atherosclerosis in dialysis potients
(the MIA syndrome).??

Finally, a fourth important factor related to outcome is dialysis adequacy. It has
been shown both in HD and PD patients that removal of small uremic toxins
such as urea and creatinine is related to outcome.?** However, as will be
discussed later, in PD patients there is still ample discussion regarding the
relative importance of delivered treatment dose versus that of the RRF.

Outcome: hemodialysis versus PD patients

There has been considerable debate in the dialysis community about the relative
merits of MD versus PD. Whereas earlier reports, mainly distilled from large
databases or national registries® suggested an equal fo increased survival of
patients on PD compared to HD patients, mainly in the mid-90's sfudies
reported an increased mortality in PD patients.” However, recent and more
detailed analyses did not observe important differences in cuicome between
both treatment modalities®?®??, although there are fempting data which suggest
that PD may have o survival benefit over HD during the first two years of
therapy, which gets lost during the past years with even a tendency towards a
decrease in survival compared to HD.*?*% |t has been suggested that the
superior retention of RRF in PD compared to HD might be responsible for this
phenomenon®, although there still remains uncertainty whether the decline of
RRF actually differs between PD and HD patients.?’*? Nevertheless, the possible
survival benefit atfributed to PD patients during the first years after start of
dialysis has initiated the so-called stepped-care approach, in which dialysis
treatment is initiated with PD and the patient is switched ot o later stage {after
loss of RRF) to HD.™ It should be mentioned that until now, no randomised
studies have been performed which compared hard outcome parameters
between PD and HD, despite meficulous attempts. Therefore, the possible
influence of case-mix on the observed data may not be negligible.

Also not much is known about the influence of PD on surrogate outcome
parameters such os cardiovascular disease and malnutrition. In the following
paragraphs, o short overview of the current knowledge with regard fo
cardiovascular and nutritional state in PD patients will be presented.

Cardiovascular disease in PD patients

Although investigations towards the subject of cardiovascular disease is less
widespread compared to research on this subject in HD patients, also in PD
patients cardiovascular disease appears to be the predominant cause of
death.?** In agreement with data in HD patients, also in PD patients, the
prevalence of LVH is high ond found to be associated with increased
mortality.”*¢ Some studies suggested however, that LVH in HD patients may be
less severe compared to PD patients®’*® and may even decrease during the first
years of PD.**® On the other hand, the prevalence of LVH actually was reported
to be higher in patients on long-term PD treatment compared to HD
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patients. Whether this phenomenon con be atiributed to a loss of rendl
function in patfients on long-term PD has not been established yet.

With regard to the determinants of LVH in PD patients, o paucity of data is
present. It has been shown that hypertension plays an important role.* It is likely
that overhydration also might play an important role in the pathogenesis of LVH
in PD patients®, although very few data on fluid balance in PD patients are
present. Various authors have suggested o theoretical advance of PD due to the
continuous fluid removal and the fact that residual diuresis and RRF is suggested
to be befter maintained.*** Still, this does not comply with the huge consumption
of antihypertensive agents in PD patients*®*’, whereas a recent study even
suggested that long-term PD patients are actually more overhydroted than HD
patients.*” Moreover, it has been reported that in 36% of PD patients, prior to
transplantation, wedge and pulmonary artery pressures were elevated.*® Of
interest, Lameire et al. found o stable plasma volume and blood pressure during
the first two years of PD, in conirast to a parallel increase in plasma volume and
blood pressure in patients during the fourth and fifth year of PD.** This is in
agreement with findings by Menon et al.”°, who observed an improvement in
blood pressure control during the first year after starting PD treatment, followed
by o gradual deterioration during later stages of treatment.®® It would be
tempting to speculate that also the deterioration of blood pressure control
during later stages of PD would be related to a deterioration in RRF.
Nevertheless, data with regard fo the determinants of fluid state, blood pressure
and LVH and fluid state in PD patients are limited, whereas with regard to
arterial wall abnormalities, no data are present in PD patients.

Concluding, there appears to be o paucity of data with regard to fluid state and
cardiovascular structure of PD patients, and on the relation between fluid state,
blood pressure, and structural cardiovascular abnormalities in this population.

Malnutrition in PD patients

in PD patients, the prevalence of malnutrition appears fo be high, and
comparable to HD patients.”” Although the major causes of malnutrition are
probably comparable to those in HD patients'®?, there are some factors which
are specific for PD patients. Firstly, absorption of glucose from the peritoneal
fluid may directly suppress appetite.> Moreover, appetite may also be directly
impaired by the presence of fluid in the peritoneal cavity per se.” In contrast o
a standard artificial kidney, a (small) amount of proteins may be lost through the
peritoneal membrane [+9 g/day).””

On the other hand, fat mass also appears to increase during the course of FD
treatment.’ ¢! Although this may be related to an increased caloric lood due to
glucose absorption from the dialysate, it is not well known to which degree this
phenomenon results in changes in body composition. It has also been suggested
that genetic factors could play a role in this aspect, as the polymorphism in
uncoupling protein-2, which influences metabolic rate, appeared to be a main
determinant for changes in fat mass in PD patients.” Although it is not weil
known whether changes in fat mass bear any relation fo outcome®?, it is of
inferest that in pafients with o very strong increase in body fat mass on PD
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treatment, body cell mass is actually decreased.® Moreover, mcreuses’m body fat
mass may negatively influence the metabolic profile of these patients.****
Concluding, the deferminants and consequences of changes in body
composition in PD patients need to be further elucidated.

Intermezzo: How to assess fluid state and body composition in PD
potfientsé

When assessing fluid state in dialysis patients, it is very importont to use an
accurate marker. Tracer dilution techniques are generally considered fo be the
most reliable techniques available to measure the magnitude of body water
compartments {total body water, exracellular volume, plasma volume).
Bosically, o known omount of the marker is administered either orally or
infravenously. After the time needed for the marker to equilibrate in the
respective body water compartment, a plasma sample is taken and from the
relation between the amount administered and the plasma concentration, the
magnitude of the body water compartment is calculated. Tracer dilution
techniques give o very reliable indication of the distribution of the volumes of
body water compartments.®>* Nevertheless, a disadvantage of tracer dilution
techniques is the relative complexity of the method when used in clinical practice
and the need for advanced laboratory facilities.

Bioimpedance techniques would be ideal to use in clinical practice because of
their ease in application, operator-independence, and reproducibility.
Bioimpedance analysis is based on the conductive properties of biologic tissues.
The volume of conductive tissues can be deduced from the measurements of
their resistance. Tissues that contain @ combination of water and electrolytes are
basically more conductive thon bone, air-filled spaces, and fat, which cannot be
measured directly by this method.®” Fairly recently, multifrequency bioimpedance
analysis (MF-BIA), has been introduced for the use in dialysis patients.®® Due to
the use of multiple frequencies, MF-BIA is able to discriminate between
intracellular- and extracellular water compartments. At low frequencies, the cell
membrane acts as a condensator and blocks the flow of the current through the
cell, whereas at higher frequencies the current flows both through the intra- and
extracellular space.®’

Despite the fact that MF-BIA was shown to measure body water compartments
accurately in non-uremic subjects®®, there remains uncertainty regording the
reliability of this technique in patients with abnormalities in fluid state, such as
dialysis patients. Firstly, MF-BIA predicts the volume of total body water (TBW)
and extracellular water (ECW) from o general mixture theory, assuming specific
resistance values for ECW and intracellular water.®” These values, which are
considered as constants by the device, may be directly influenced by
abnormalifies in fluid state.”*”" Moreover, MF-BIA considers the body as three
conductive cylinders (arm, leg, and trunk), connected in series. In conductors
connected in series, the conductors with the smallest cross-sectional are (the
extremities) will determine most of the resistance whereas the part with the
largest cross-sectional area (trunk) will contribute little fo the resistance, despite
the fact that it contains a significant amount of body water.”? It has been
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suggested that the use of the segmental bicimpedance analysis (BIA), which
measures more specific the trunk resistivity, may alleviate the later problem.”
Both MF-BIA and segmental BIA have not yet been evaluated and compared
with regard fo the assessment of the absolute magnitude of body water
compartments in PD patiends.

Abnormalities in Hluid state may also interfere with nutritional evaluation. The
assessment of body composition is notoriously difficult in dialysis patients. It
should be stressed that no technique available for daily clinical practice can be
view as gold standard in the assessment of body composition. Dual energy X-ray
absorptiometry (DEXA) is considered to be most closely related to reference
techniques as neutron activation analysis.'®”® The principle of DEXA resides in
the emission of low- ond high energy X-ray beams, which are oftenuated to o
different amount by soft tissues and bone mass.”* DEXA estimates the body as a
three compartment model, i.e. lean body mass, fat mass, and bone cell mass.

A disadvantage of DEXA is the relatively high cost of the procedure, and the
radiation exposure. Therefore, it would be advantageous if more simple markers
could also be used in the assessment of body composition. MF-BIA has ailso
been widely used to assess body compaosition. The coleulation of lean body mass
{more correcily: fat-free mass) by MF-BIA is derived from the extracellular and
intracellular volume esfimations, assuming specific densities for both inira- and
extracellular volume.”” In addition to the limitations discussed previously, also
the assumption of body density may deviate in patients with large abnormalities
in fluid state compared to healthy subjects. With anthropometric methods, the
sum of skinfold thickness values ot four sites can be used to calculate body
density.'® The method is strongly operator dependent but appeared to correlate
surprisingly well with DEXA measurements in renal transplant patients.”* Both
techniques (MF-BIA and skinfold thickness} ossume the body as a two
compartment model (i.e fat mass and fat-free mass).

A limitation of all techniques discussed is the fact that lean body mass (or fai-
free mass), which comprises the intra- and exiracellular volume, may be strangly
influenced by the hydration state of the patient. Nevertheless, no data are
present on the influence of hydration state on the assessment of body
composition in PD patients.

Other factors related to outcome: RRF and peritoneal membrane
state in PD patients

There appear to be other factors influencing outcome, which are specific for PD.
In a subanalysis of the CANUSA study?®®, which was the first study in PD patients
that assessed the relation between weekly solute clearance and mortality in PD
patients, also a relation between both peritoneal membrane characteristics and
RRF with outcome was found.?® Although this observation has not been
unequivocal’’’®, and in some studies, appeared to be (portly) explained by a
relation between transport state and co-morbidity’®, it has been suggested that
peritoneal membrane characteristics may directly influence outcome in PD
patients, e.g. by contributing to abnormalities in cardiovascular and nutritional
Sio*e.??ﬂ?ﬂﬂf
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With regard to RRF, in the CANUSA study, the importance of urinary solute
clearance on outcome appeared to be even larger than the importance of
attained peritoneal solute cleorance.”® Indeed, a recently published, large
randomised study, could not show a benefit of an increase in peritoneal
clearance on survival in PD patients.?® Moreover, the reports of a survival benefit
of PD over HD, solely during the first 2 years of therapy, when residual renal
function is highest, might corroborate the importance of RRF as an important
determinont of outcome in PD patients (see earlier paragraphs).

In the following paragraphs, peritoneal membrane characteristics and RRF will
be discussed in more detail, with special emphasis for their potential relevance
with regard to cardiovascular and nufritional complications.

Peritoneal transport

The peritoneal membrane consists principally of three layers, ie the
mesothelium, the interstitial tissue, and the microvessels. Recent insighis suggest
that the capillary wall is the most important structure for transport of both water
and solutes.? Likely, transport of solutes and waters occurs through three
different kinds of pores. The percentage of large pores (250A), which allows
transport of macromolecules from blood to peritoneum, is probably very small,
in contrast to so-called small pores [40-50A), which allow transport of small
solutes, and ultrasmall pores (3-5A), which exclusively serve for the transport of
water through aquaporins.

For the transport of small solutes, diffusion is the most important mechanism,
although a small part is also transported by means of convection (“solvent
drag”} through net water transport. The rate of diffusion is determined by the
concentration gradient and the so-called mass transfer area coefficient. The
permeability of the peritoneum for small solutes, which appears to be mainly
determined by the peritoneal vascular surface area, is most commonly assessed
by the peritoneal equilibration test (PET).*® During this test, the relation
between the dialysate-to-plasma (D/P) creatinine ratio is assessed ofter a 4-hour
dwell, which gives an indication of the permeability of the peritoneal membrane
for small solutes. On the basis of the results of the PET-fest, patients are
generally classified into four "transport” cotagories: i.e. high, high average, low
average, and low. When using this classification however, it should be noted
that peritoneal clearance of small solutes are also dependent upon the drained
volume. For example, in patienis with a high D/P creatinine ratio, the clearance
of small solutes may be negatively influenced by an impoired ulirafiliration
capacity (vide supra). MNevertheless, although the term “low” or “high”
fransporters are probably misnomers, the term is very commonly used in the
literature and therefore will be maintained throughout this thesis.

During PD with standard glucose solutions, the main determinant of fluid
removal is the osmotic gradient imposed by the glucose concentration of the
peritoneal fluid. Other factors playing a role in the balance between fluid
removal and absorption by the peritoneal membrane are the hydrostatic and
oncotic pressure in the capillaries and lymphatic absorption. Fluid removal by
standard glucose solutions probably occurs through the ultrasmall pores, which



Infroduction

do not permit passage of glucose, and is therefore capable of imposing an
osmotic gradient. Small pores are probably not important in fluid removal, as
glucose can pass through these pores without much hindrance [i.e. the reflection
coefficient is low). Ultrofiliration increases when the glucose concentration is
higher, which is due to the fact that an increase in the peritoneal glucose
concentration leads to higher osmotic gradients.®® During the dwell time, as
glucose is progressively absorbed, the osmotic gradient between the peritoneal
fluid and the capillary gradient gradually diminishes. Patients with a high D/P
creatinine rotio generally absorb glucose faster, which leads to o decreased
capacity for fluid removal. The main deferminant for this loss in ultrafiliration
capacity appears to be an increase in vascular surface area. From experimental
and clinical data, it is known that a prolonged exposition to glucose, and
especially glucose degradation products, may play a role in these alterations.
Studies in rats have shown diabetiform alterations in peritoneal capillaries after
exposure to glucose in confrost fo exposure with saline solutions, which may be
mediated by trophic factors such as VEGF or TGF-B and accumulation of
advanced glycation end-products. %% This is corroborated in clinical studies, in
which the total exposure to peritoneal glucose was found to be related to an
increased peritaneal permeability. This was also evident from peritoneal biopsies
of long-term PD patients, in whom an increase in vessel density was found %%
These observations might explain the fact why in many patients ultrafiltration
capacity is gradually lost, which is a major reason of fechnique failure in
patients who remain on PD for longer periods of time.® It has been estimated
that ulirafiltration failure (characterized by less than 400 ml of fluid removal
during a 4 hour dwell with 3.86% solution or less than 200 ml during a 4-hour
dwell with a 2.27% solution) is present in 14-23% of PD patients®® !, with an
increasing prevalence during the years. Indeed, although other factors, such as
an increase in lymphatic absorption®” and impaired channel-mediated water
transport”™ may aiso play a role in this aspect, the presence of a "high” transport
stote is probably the most importont couse of ultrafiltration foilure in PD
patients 2489879 Nevertheless, the relation between peritoneal ulirafiltration
capacity and peritoneal transport state does not appear to be linear.”
Summarizing, changes in peritoneal membrane function are present in «
substantial number of PD patients. The potential role of these alterations in the
pathogenesis of cardiovascular and nutritional state will be discussed later in this
chapfer.

Residual renal function

Studies towards the effect of treatment adequacy on outcome in PD paotients
have consistently shown an important effect of RRF on outcome. Recent studies
even suggest that RRF might be more important than peritoneal clearance in
terms of outcome.?® The reason for this phenomenon is not clear and, as
discussed below, might rise guestions beyond the additional effect of solute
clearance alone. In most patients, RRF declines gradually during the course of
freatment, which may be influenced by factors such as concomitant
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inflammation”™  ond exposition io nephrotoxic substances such  as

aminoglycoside antibiotics or contrast media.

What could be the reason behind the influence of peritoneal
transport function and RRF on outcome?

Peritoneal transport function may have an effect on outcome through an effect
on solute clearance, fluid removal and glucose absorption.®®? The effect of
peritoneal transport function on solute clearance is not straightforward. Whereas
small solute clearance by diffusion would be expected to be higher in high
transporters, the amount removed by convection may be actually less.”® The net
balance on solute clearance is therefore not always easy to predict.®

As discussed previously, glucose is used to maintain an osmotic gradient
between the dialysate and blood to provide ultrofiliration. The rate of glucose
absorption in PD is determined by the permeability of the peritoneal membrane
in combination with the dwell time and glucose concentration of the dialysate. In
patients with o higher peritoneal transport rate, an increased glucose absorption
may result, through o decline in the osmotic gradient, in ulirafiltration failure
causing hypervolemia.” In HD patients, hypervolemia was found to be an
important factor for the development of hypertension, the major risk factor for
LVH."'2% It has therefore been suggested® that the relation between peritoneal
transport state and outcome might be partly related to overhydration.
MNevertheless, there are no studies in PD patients, which assessed the relation
between peritoneal membrane characteristics and cardiovasculor state using
detailed markers.

With regard to nutritional state, the increased transport capacity of the peritoneal
membrane results not only in enhanced systemic glucose absorption from the
dialysate, but also in an increased peritoneal amino acid and albumin loss™77,
which might, as discussed previously, on one hand lead to an increase in body fat
mass, and on the other hand, to an impairment in appetite, as shown in
experimental studies.™ Until now, few studies have focused on the relation
between nutritional state with peritoneal transport characteristics and RRF in PD
patients.”®*® In those studies however, controversial data on the relation between
peritoneal transport characteristics and nutritional state were reported, except for
the consistent inverse relation between peritoneal transport rote and serum
albumin.*>77971% Nevertheless, studies performed towards the relation between
peritoneal transport and nutritional state were either cross-sectional in design or
did not assess body composition and nutritional state in great detail.

The influence of RRF on outcome might be explained by the effect of solute
removal.'" Still, a recent randomized study which increased peritoneal solute
clearance failed to show an effect on outcome, suggesting that RRF may also
exert other effects beyond solute clearance.® Firstly, it would appear logical,
although detailed data are lacking, that fluid state is better maintained in those
patients with additional RRF, which might also influence structural cardiovascular



introduction

abnormalities. Moreover, the presence of RRF may also influence nutritional
state, because less glucose is needed to maintain an optimal fluid state.®
Nevertheless, it should not be forgotten that the relation between peritoneal
transport rate as well as RRF and outcome might also be influenced by other
factors. Firstly, the presence of an inflummatory state or co-morbid disease,
which was directly related to outcome in many studies, may have a direct effect
on both peritoneal membrane characteristics and on the decrease of the RRF. In
patients with co-morbid disease at the start of dialysis therapy a higher
peritoneal permeability for small solutes was already found to exist, compared
with patients without co-morbid disease at the start of dialysis therapy'®?.
Although another study only observed a relation between peritoneal transport
characteristics and mortality in those patients with significant co-morbidity during
PD treatment.?® Moreover, in patients in whom the D/P ratio increased during
the first years of dialysis™, RRF declined faster and levels of CRP were higher,
which would suggest that inflammatory factors might influence both peritoneal
transport characteristics and RRF.

Nevertheles, in general, the relation between both peritoneal transport rate and
RRF with outcome parameters appears to be well established. Moreover, from a
theoretical point of view, it is likely that both parameters may influence
important surrogote outcome markers such as cardiovascular and nutritional
state.

It can be hypothesized that patients with higher transport state and those with
loss of RRF are firstly more prone for overhydration due to a reduced daily fluid
removal, but also for abnormalities in nuiritional state due to the higher
peritoneal glucose concentrations needed to maintain  fluid state.'®
Mevertheless, there are still few studies which assessed the relation with
perifoneal membrane charaderistics and RRF with cardiovascular and nutriticnal
markers.

lcodextrin

Few dota exist with regord to fluid state in PD patients, there are ample
arguments for a disturbance in volume state, especially in patients with
ultrafiltration failure and loss of RRF. Although ultrafilration may be improved
with the use of high glucose concentrations in the peritoneal fluid, this also
increases the inducing metabolic and nutritional abnormalities through glucose
absorption.'” lcodextrin 7.5% is a glucose polymer produced by hydrolysis of
starch'™, which is slowly absorbed through the perifoneal membrane and
degraded to disaccharides and eventually glucose. lcodextrin, a solution iso-
osmotic with plasma, mainly exerts its effect on ultrafiltration through on
increase in oncotic pressure. Although the oncotic grodient imposed by
icodextrin is relatively less than the osmofic gradient of high perifoneal glucose
concentrations™, its absolute effect on ultrafiliration is equivalent to that of o
3.86% glucose solution, and 3.5-5.5 times higher compared to a 1.36%
solution, because ultrafiliration is more prolonged due to the slow absorbonce
of the glucose polymer.'®*'% Therefore, icodextrin appears fo be especiaily
useful during long dwells.'®® Side effects with the use of icodexirin are scarce
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and mainly include skin eruptions, which in most cases dissolve after freatment
is discontinued.'®® Occosiondlly, the occurrence of sterile peritonitis has been
reported.'% Moreover, elevations of maltose and other oligosaccharides have
been reportfed. Although these findings do not coincide with any clinical
symptomatology and return to baseline after cessation of treatment, icodextrin is
advocated for use once daily.'®

Despite the fact that there is ample evidence that icodextrin augmenis peritoneal
ultrafiliration'® %%, studies towards the effect of icodextrin on fluid state and
blood pressure in PD patients ore scarce. In the single published study, including
patients on automated PD, which assessed the effect of icodextrin on fluid state
in more detail, a beneficiol effect of icodextrin on fluid state and blood pressure
was observed.'” Nevertheless, this study did not use a randomized design, did
not apply reference techniques to assess volume state and did not assess the
effect of icodextrin on cardiac structure,

Moreaver, it is not well known which patients would benefit most of a potential
effect of icodextrin. Although its effect appears to be most pronounced in
patients with high peritoneal small solute clearance''®, its effect on actual
volume state and cardiovascular structure has not been studied in relation to
peritoneal fransport state.

Summarizing, cardiovascular and nutrifional abnormalities appear to be
widespread in PD patients. In HD patients, it has been shown that abnormalities
in fluid state likely have a strong effect on the hemodynamic state Nevertheless,
there oppears to be a paucity of data with regard to the prevalence,
determinants, and consequences of abnormalities in fluid state in the PD
population. This is further hampered by the fact that fluid state is notoricusly
difficult fo assess in a dialysis population.

Nevertheless, indirect evidence extrapolated from the literature suggests that in
PD patients both residual renal function and peritoneal transport rate may be
reloted both to cardiovascular and to nutritional abnormalities. It has been
suggested, but not shown, that both an increased permeability of the peritoneal
membrane for small solutes may lead to less effective fluid removal and
eventually overhydration, left ventricular hypertrophy, and death. On the other
hand, the increased glucose absorption in patients with @ more permeable
membrane may on one hand lead to an increase in body fat mass, but on the
other hand to a reduction in lean body mass due to an impairment of appetite.
Therefore, there appears to be o need for glucose-free solutions in the
maintenance of fluid balance in PD patients. The glucose polymer, icodextrin,
exerts its effect on peritoneal ultrafiltration through the application of an encotic
gradient and was shown to be as effective as hypertonic glucose solutions in
evoking peritoneal ultrafiliration. However, as yet there are no randomized
studies towards the effect of icodexirin on fluid state and cardiovascular end-
points in PD patients, nor is it entirely known, which patients would benefit most
from administration of icodextrin.
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The hypotheses of the present thesis are that:

1. Cardiovascular abnormalities are widely present in PD patients.

2. Coardiovascular abnormalities are related to abnormalities in fluid state.

3. Peritoneal transport and RRF are related to cardiovascular structure and
abnormalities in fluid state.

4. Peritoneal transport and peritoneal glucose prescription are related to body
composition.

5. The use of icodexrin results in an improvement in fluid state and
cardiovascular abnormalities.

4. The effect of icodexirin is related to the fransport state of the patient.

In chapter 2, arterial wall properties are compared between patients on renal
replacement therapy and patients with different stages of renal disease.

In chapter 3, different methods to assess fluid state in PD patients are
compared.

In chapter 4, the relation between fluid state, blood pressure, and
cardiovascular abnormalities are assessed, whereas fluid state in PD patients are
compared with renal transplant patients with stable renal function.

In chapter 5, the relation between peritoneal transport state and RRF with fluid
state and cardiac siructure are assessed.

In chapter 6, the influence of fluid state on different techniques to assess body
compuosition are assessed.

in chapter 7, the relation between body composition and peritoneal membrane
fransport state are studied.

In chapter 8, the effect of the prescription of icodexirin on fluid state and
cardiovascular structure are evaluated.

In chapter 9, using the experience from the previous chapters cut-off values for
MF-BIA in the assessment of fluid state are explored.

In chapter 10, in the general discussion, an overview will be presented of the
findings of the thesis.

Chapter 11 presents the summary and conclusions of this thesis.

Rationale for patient participation in the various chapters

It should be mentioned that the number of patients included in the various
chapters vary slightly. This is due to the fact that the data for chapters 2, 3, 4,
and 6 were analysed earlier in the stage of the thesis. This was also dore
because the results presented in these chopters were used to assess whether less
complicated techniques (such as MF-BIA and anthropometry] could replace
more elaborate and expensive technigues, such as tracer dilution methods and
DEXA. All continious ambulatory PD [CAPD) patients analysed in chapters 5 and
7 also parlicipated in the earlier chapters. In these observational studies only
CAPD patients were analysed because differences in glucose absorption and
sodium and fluid removal between automated PD (chronic cyclic PD [CCPDJ}
and CAPD may heavily influence fluid and nutritional state. For these chapters, 7
additional CAPD patients were included. In the randomized study presented in
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chapter 8, all patients who participated in the chapters 5 and 7, and whom
completed the longitudinal period, were included. Additional CAPD and CCPD
pafients were recruited to increase the power of the study.
In chapter 9, all CAPD patients who were described in the chapters 5 and 7 and
the CCPD patients who were described in the chapters 3, 4 and 6 were
included, if plosma volume measurements were ovailable.
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Abstract

Hemodialysis {(HD} potients commonly exhibit abnormalities of the arterial system. Only.
few studies have focused on arterial wall properties in patients with early stages of renal
insuficiency and in patients on peritoneal dialysis (PD). In this study, the distensibility
coefficicient (DC] as o marker of arterial stiffening, and intima-media thickness (IMT} of
the common carolid artery {CCA), as o surrogate marker of otherosclerosis, were
assessed in 4 age-matched groups of patients: 18 HD patients, 36 PD patients, 30
patients with chronic renal failure (CRF) not yet on dialysis with a creatinine clearance
{Cdl) between 10 and 70 ml/min, and 25 normotensive controls with normal renal
function. Arferial wall properties were assessed by an auvtomated vesse! wall detection
system.

In CRF and HD patients, but not in PD patients, the DC of the CCA was significantly
reduced {p<0.05) compared fo controls (CRF: 12.6+7.5 10%/kPa, HD: 11.6=7.6 10°%
/kPa, and PD: 14.7+6.2 10°%/kPa compared to controls: 16.7+4.6 10%/kPa). In patients
with CRF, o significant relation was found between Ccl and the DC {(r=0.41; p=0.02).
IMT was not different between CRF (589+115 um), HD (622+115 um), PD patients
(585121 pm) and conirols (6682150 um). In conclusion, compared with controls, the
DC of the CCA was found to be significantly reduced in HD and CRF, but not in PD
patients. In CRF patients the DC was significantly correlated to the Cel. WMT did not differ
between any group of renal patients and conirols.
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Introduction

Cardiovascular mortality in hemodialysis (HD) patients is more than tenfold
increased compared to the general population.! Abnormalities of the arterial
systern, represented both by o high prevalence of atherosclerotic disease and o
reduced wall distensibility of the large arteries, are common in HD patients and
were found to be related to cardiovascular morbidity and mortality.' The
relation between a reduced arterial wall distensibility and mortality in HD
patients might be explained by the fact that a reduction in the buffering capacity
(compliance) of the arterial system leads to an increased systolic stress, and
therefore to left ventricular hypertrophy, an important predictor of mortality in
this population.®

Although abnormalities in large arferial wall properties were studied in HD
patients in various studies®’, not many studies have addressed the relation
between the existence of arterial wall obnormalities and the level of renal
function in chronic renal failure (CRF).® The fact that overt cardiovascular
disease is often already present at the start of dialysis therapy suggests that the
development of vascular abnormalities starts early in the course of renal
insufficiency”, only few studies have provided corroborative data on arterial wall
properties in patients with CRF not yet on dialysis. Moreover, little data as yet
exist on arterial wall properties in peritoneal dialysis {PD) patients.’® With regard
to the other spectrum of vascular disease, i.e. atherosclerosis, there is still some
uncertainty whether this process is accelerated in chronic uremia.’

Recently it has became possible to detect subclinical atherosclerotic lesions with
the use of echographic assessment of the intima-media thickness (IMT] of the
corotid artery, whereas also distensibility of the large arteries can be assessed
directly by ultrasound techniques.'"'? Several studies showed a clear relation
between echographic assessment of the IMT and the histologic thickness.'*"
Moreover, in transversal studies, the IMT waos found to correlate not only with
atheroscleratic  lesions in the coronary, carotid, and femoral beds in
symptomnatic patients, but also with atherogenic risk factors in asympiomatic
patients.'*'® Therefore, these data suggest that an increased IMT can be used as
an eorly marker for atherosclerosis.

The hypotheses of the present study are that both atherosclerosis, characterized
by an increase in IMT, and artferial stiffening characterized by a reduction in
arterial compliance and distensibility develop early in the course of renal
insufficiency and are more pronounced in patients with end-stage renal disease,
treated with PD or HD.

Aims of the present study were therefore to compare arterial wall properties in
the common carotid artery (CCA} in patients with CRF with various stages of
renal insufficiency and patients on renal replacement therapy with those of age-
maiched controls.
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PATIENTS AND METHODS

Patients

Thirty patients with CRF defined as o Ccl between 10 1o 70 ml/"‘mi‘n, 1"8 HD
patients, 36 PD patients and 25 normotensive controls were included in fhe
study. All groups were age-muafched. Patient characteristics are presented in
Table 2.1. Exclusion criteria for the study were: cardiac failure (NYHA Il and
higher), unstable angina pectoris (NYHA Il and higher), symptomatic stenosis of
the carotid artery, type | diabetes mellitus, uncontrolled hypertension [systolic
blood pressure higher than 180 mmHg or diastolic blood pressure higher than
105 mmHg), and acute renal insufficiency.

The protocol was approved by the local ethics committee and all patients gave
written informed consent.

Table 2.1.  Boseline potient characteristics

Patient group

CRF PD HD Controls
{n=30) {n=38} (n=18) in=25)
Patient demograophics
Age {y) 59.7+14.4 57.1x9.6 60.1x11.9 56.7+5.0
Men/women 21/9(70/30) 20/16(56/44) 11/7(61/39) 18/7(72/28)
Causes of renal insufficiency
Glomerulonephritis 11 {36.7) 12 (33.2) 3 (16.7)
Inferstifial disease 4 (13.3) 2 (5.6) 3 (16.7}
Polyeystic disease 2 16.7) 2 (5.6} 3 (16.7)
Nephrosclerosis 1 {3.3) 2 (5.6) 2 (11.1)
Hypertension 9 {30} 7 {19.4) 4 (22.2)
Urological disorders 3 (10) 6 {16.7] 2 {1
Diabetic nephropathy 0 {0) 3 {8.3) 0 {0)
Eci 6 (0) 2 (5.6) 1 (5.5)
Macrovascular disease 10 {33.3) 8 (22.2) 7 (389
Diabetes mellitus {lype 2) 1 {3.3) 4 (11.7) 2 (1
Smoking 7 {23.3 8 {22.2) 8 (29.6) 8 (32}
Andihypertensive medication use
Ace inhibitor 9 (30.0) 9 {25.0) {(22.2
AT-1 antagonist 5(16.7) 3 (8.3) 2 (M
No. of antihyperiensive drugs
o 5 (16.7) 5 113.9) 5 (27.8)
1 11 {36.7) 13 (36.1) 5 (27.8)
2 8 (26.7) 12 (33.3) 4 (22.2)
3 5 (16.6) 5 {13.9) 3 116.7{
4 1{3.3) 1 (2.8) 1 (5.6}

Dato are given in mean +SD, other data are given as numbers of patients (%).
Macrovascular disease was defined as the presence of symptomatic coronary or peripheral arlerial
disease.
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Methods

Study design

In this study, arterial wall properties were compared between healthy
normotensive controls, patients with CRF and patients on renal replacement
therapy (either on HD or PD), using a cross-sectional design.

Measurement protocol

Arterial wall properties {IMT and the arterial distensibility coefficient (DC)) of the
right common carotid artery (CCA) were measured ofter o period of 15 minutes
supine rest at room temperoture. Measurements were performed in the
recumbent position. Patients were asked not to smoke, eat or drink starting 4
hours before the measurements were performed, although for ethical reasons
patients were allowed to take their regular medication.

Dialysis schedule

HD patients, scheduled on a maximum of one day between subsequent dialysis
sessions, were measured directly before dialysis, because measurements after
dialysis may be disturbed by the rapid changes in fluid and/or electrolyte state.
Diclysis schedules were changed if necessary to perform measurements in the
morning, such to avoid diurnal variations in the measured artericl wall
properties.'® All HD patients were dialyzed with o standard dialysate calcium
concentration of 1.50 mmol/L. All HD patients and PD palients were treated
according to the d|0|y515 outcome and quality lmplovemem (DOQYI) guidelines,
with respect fo dialysis efficacy and treatment of anemia.

Blood pressure

Arterial blood pressure (systolic blood pressure (SBP), diastolic blood pressure
{DBP), and mean orterial blood pressure (MAP)) were measured with an
outomatic blood pressure monitor ot the brachiol artery (Dinomep 1486 SX,
Critikon, Florida, USA) every 3 minutes. In heaithy controls, CRF, and PD
patients the right brachial artery, whereas in HD patients, the brachial arfery
contralateral fo the arteriovenocus fistula was used. Pulse pressure (AP} was
caleulated as SBP minus DBP.

Arterial wall properties

The distension of the right CCA was assessed using an automated echo-tracking
system (Wall Track Il, Pie Medical, the Netherlands)."® With this system the vessel
walls are detected with the use of ultrasound, using o 7.5 MHz linear array
echo-probe. A sample volume is placed at the posterior and anterior walls of the
CCA, 1 to 2 cm proximal of the bulbus. The raw radiofrequency data are
subsequently stored in o computer, after which the vessel wall motion during
each heart cycle is tracked with the electrocardiographic trigger as reference
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time-point. In this way the distension (AD) from diastole fo systole, and the
diameter (D) of the artery af end-diastole can be calculated. AD was expressed
as the mean of ot least 7 consecutive reproducible cardiac cycles. With the use
of D the cross-sectional area (A and AA] of the artery at the sife of measurement
can be derived. The distensibility coefficient [DC) was colculated using AP
obtained in the brachial arery according to the following formula'®:

DC = 2(aD/D)/AP

In an unselected subset of 12 PD patients, a correction for AP at the site of
measurement was made using the distension waves obtained at the right
CCAY* In combination with this corrected AP obtained at the side of
measurement af the right CCA, in this subset of patients the following adaptated
formula was used as recently described”:

DC = (AA/A)/AP = (2AD.D +AD?)/(AP.D?)

The DC calculated with the two different approaches gave a highly significant
correlation (r=0.85; p=0.001). Because of this highly significant correlation and
the complexity of the latter approach the first method described above was
further used in this study.

The IMT was derived directly from the radiofrequency data and calculated as the
median of af least 7 representative measurements.'''? With regard to IMT
measurements, the Wall Track system has a resolution of 0.01 mm and a
repeatability coefficient of 0.069 mm in young patients and 0.109 mm in older
patients.”” IMT area was calculated according to the formula?!:

IMT area = ((D/2+IMT)2-(D/2)?)

Laboratory parameters

In the patient groups, blood samples were taken for assessment of hemoglobin
(Coulter-Genis, California, U.S.A.), calcium, phosphate, albumin, and c-reactive
protein (CRP} (all Syncron LX 20, Beckman Coulter, California, US.A),
parathormone [PTH} ({IRMA assay, Nichols Institute Diagnostics, Californig,
U.5.A),

Renal function and dialysis adequacy

Creatinine clearance (Ccl) was used as a marker of renal function in the pre-
dialysis group and Ki/V, . as a marker of dialysis efficacy in the groups treated
with renal replacement therapy. Ccl was calculated with the use of the Cockeroft
and Gault formula.?? In the HD group Ki/V was calculated with the use of the
method of Daugirdas (double pool model).” In the PD patients Kt/V, .. was
determined with the use of a computer model (PD adequest, Baxter, wI‘.und,
Sweden).
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Statistical analysis

Differences in continuous variables between the various groups were analyzed
by the Kruskal-Wallis test, and if significant, with the use of the Mann Whitney U

test. Differences in discrete variables were assessed with the Chi-Square test. The

relation between different parameters waos assessed using Pearson’s r test. When
appropriate, a multiregression analysis was performed to assess the relative
contribution of various variables on arterial wall properties. Calculations were
made using SPSS-10 statistical software for Windows. All values are expressed
as mean +5D. A p value less than 0.05 was considered significant.

RESULTS

Baseline characteristics, laboratory parameters and dialysis efficacy

The use of antihypertensive medication was higher in the PD group compared to
HD and CRF patients, although these differences were not significant. The
presence of macrovascular disease, defined os the presence of symplomatic
coronary or peripheral artery disease, did also not differ significantly between
the different potient [CRF, PD, HD)} groups, dalthough it appeared to be
somewhat higher in the CRF and HD groups {Table 2.1}.

Loboratory parameters and Ki/V,,, are displayed in Table 2.2. There were no
significant differences between the three patient groups concerning the serum
concentration of hemoglobin, phosphate, calcium and PTH. The serum
concentration of albumin was significantly lower in the PD patients compared to
HD and CRF (p<0.05). There was no significant difference in blood pressure
between the three patient groups whereas the blood pressure was significantly
lower in the control group compared fo all patient groups.

Table 2.2. Blood pressure and laboratory parameters

Patient group

CRF PD HD Control
MAP (mmHg) 101 = 16 98 + 16’ 97 17 94 + 11
SBP (mmHg) 150 = 27 143 = 26 149 + 29 126 = 12
DBP {mmHg) B3 =12 80 = 11 80 + 15 74+ 7
Albumin (g/L) 405 £33 33.3=x377 373=zx50
PTH (pmol/L) 148+21.4 138161 198 =x274
Hemoglobin (mmol/L) 7.5+ 1.2 7.2 =09 6.9 = 1.1
Phosphate [mmol/L) 1.3£04 18+05 1.6 0.4
Calcium (mmol/L) 2.4+ 0.2 2.4 0.2 25 +0.2
Cci 336 0.2
Weekly Ki/V 2.2 05 3321

Values expressed as mean = SD.
'0<0.05 compared fo controls, "p<0.05 compared to CRF and HD.
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Distensibility coefficient (DC)

Data on the DC of the right CCA in the various groups are summarized in
Figure 2.1. Both in the HD, as well as in the group of patients with CRF, E)C was
significantly reduced compared with confrols [HD: 11.6x7.6 1 07°/kPa
CRF:12.6+7.5 10°/kPa versus controls: 16.7+4.6 107/kPa; p<0.01). In the PD
group the difference with controls was not significant {14.7+6.2 10 /kPa versus
16.7+4.6 10°%/kPa; ns). DC was significantly lower in HD compared to PD
patients (11.6=7.6 10°/kPa versus 14.7£6.2 10°3/kPa; p<0.07}.

L3} 5 kg - % i3 "'2"'1‘
CRE #0 O CONTROLS

GROUP

Figure 2.1. DC: Dist. Coeff. CCA.
‘p = 0.03, significant difference between CRF and PD patients versus condrols
“p = 0.03, significant difference between PD and HD patients
Covered boxes indicate 25-75% with median value, coptured bars indicate
the range of data (excluding outliers}.

In the overall group of renal patients, DC was significantly related to both age
fr=-0.66; p<0.01) and MAP (r=-0.48; p<0.01}, but there was no relation with
any laboratory parameter. There was also no significant relation of the DC with
any marker related to the Calcium/Phosphate metabolism. In the group of
patients with CRF, the DC of the CCA was significantly related to MAP (r=-0.52;
p=0.03), age (r=-0.78; p<0.01), and Ccl (r=0.43; p=0.02) (Figure 2.2).
Linear multiple regression analysis showed thal MAP (1=-2.6; p=0.02), age
{t=-6.7; p<0.01), and Ccl (t=2.1; p=0.04) were independently related to
distensibility.

Intima media thickness (IMT)

Both in the overall group renal patients as well as in the group of patients with
CRF, IMT was significantly related to age (r=0.23; p=0.03 and r=0.49;
p<0.01, respectively), but not to any other parameter. IMT did not differ
significantly between any group of PD, HD and CRF patients compared to
controls (PD: 585121 pum, HD: 622+115 um, CRF: 589+115 [m versus
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controls 668150 um; ns)(Figure 2.3A). There was also no significant difference
in the IMT area between any group of renal patients and controls (PD: 16.4+4.5
mm?, HD: 18.0£4.8 mm?, CRF: 16.0£4.1 mm? versus controls: 16.6+4.6
mm?; ns, see Figure 2.3B).
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Figure 2.3. [MT and cross-sectional IMT area of the CCA.
Covered boxes indicate 25-75% with median value, capiured bars indicafe
the range of data (excluding cutliers).

DISCUSSION

The main findings of the present study were firstly that DC of the CCA was
significantly reduced in HD and CRF patients compared to controls, which points
to an increased stiffening of the large arteries over the entire spectrum of renal
disease. Secondly, DC of the CCA was significantly related to renal function in
CRF patients. Thirdly, IMT of the CCA as a surrogate marker of atherosclerosis
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was not found to be different between renal patients and controls in the present
study. ‘
The reduced arterial wall distensibility in HD patients compared with confrols is
in agreement with findings by various authors %> However, it is less well
known that arterial distensibility is also reduced in patients with CRF, and also
the significont relation between the DC of the CCA and the level of renal
function has not been widely reported, although a recent publication of Mourad
et al? showed a significant relation between arferial wall properties and
creatinine clearance even in patients with essential hypertension and mildly
disturbed renal function. An increased stiffening of the large arteries may have
important clinical consequences, partly because of its relation to an increased
systolic blood pressure and concentric left ventricular hypertrophy.> Moreover,
an increased stiffening of the large arteries was even found to be an important
predictor of mortality in renal patients.”

The reason for the reduced CCA distensibility in renal patients is probably
multifactorial. Part of the difference with regard to arterial distensibility between
controls and renal patients will certainly be explained by the fact that blood
pressure levels in all three patient groups were higher compared to controls
despite antihypertensive treatment. However, the influence of other factors than
blood pressure per se on arterial wall distensibility is suggested by the
observation that arterial distensibility was also found to be reduced in long-term
normotensive HD patients in the Tassin population® and because of the fact that
in our multiple regression analysis the level of renal failure was significantly
related to CCA distensibility, independently from age and blood pressure.
Indeed, the level of renal function per se appeared to be more significantly
associated with the reduced arlerial distensibility than secondary factors, such as
the calcium/phosphate metabolism.?

Interesting is the finding that also in renal patients, age is an independent
determinant of both CCA distensibility and intima media thickness, which is in
agreement with the data of Blacher et al.?® This siresses the fact that groups
should be completely age-matched when arterial wall properties are to be
compared.

In contrast to HD and CRF patients, DC was not significantly different between
PD and control subjects, whereas it tended to be lower in HD patients compared
to the PD group. Part of the difference might be explained by the fact that both
in HD and CRF patients the prevalence of macrovascular disease was higher
compared to the PD patfienis. It can also not be excluded that the use of
antihypertensive medication, which tended to be higher in the PD population,
might also have influenced arterial wall properties.? Still, the relatively low
number of patients in the present study does not allow any firm conclusions
about differences in arterial wall properties between the various groups with
renal failure.

Surprisingly, we did not find o difference in IMT, as a surrogate marker of
atherosclerosis, between the three groups of renal patients and controls, which is
in agreement with the study of Savage et al.’, but in some disagreement with
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other authors.*>*' In one study, London et al. found a significantly higher IMT in
dialysis patients compared to controls.” Nevertheless, in this study, the mean
difference in IMT between patients with end-stage renal disease and controls
was rather small (0.8 versus 0.7 mm). Also, those values were still far below IMT
values associated with clinical disease in non-renal populations (0.9-1.0 mm)."?
In contrast, a clearly increased IMT in HD patients has been reported by
Kawagishi et al.*’ However, in their study, more patients with macrovascular
disease were included and not analyzed separately.

Using the IMT aren, as suggested in a previous study®', there was also no
significant difference between the different groups. Although the IMT area in our
HD patients was in the same range as found in the study of Stenvinkel et al.?' in
patients with end-stage renal disease, we were unable to find a significant
difference with our control group. This might have been influenced by the
selection of our controls, which was an unselected population sample, and were
not all mainly healthy hospital staff like in the study of Stenvinkel et al.?'

Apart from the cross-sectional design, which precludes assessment of time-
dependent changes in the present study, several other limitations deserve
attention. Firstly, as mentioned previously, the number of patients included was
relatively low, which does not permit firm conclusions about differences between
the various groups of renal patients.

Secondly, it should be stressed that only the arterial wall properties of the elastic
CCA were assessed. This was done becouse earlier studies found arterial wall
abnormalities to be more pronounced in central elastic large type capacitance
arteries than in medium-sized muscular arteries.”*? In addition, the variability of
arterial wall assessment is larger in muscular-type arteries compared with
elastic-type arteries.® Thirdly, patients remained on antihypertensive medication
whereas no control group with essential hypertensives were included.
Nevertheless multiregression analysis showed that the level of renal function was
correlated with arterial distensibility, independent from blood pressure. Finally,
the use of CCA IMT as o marker of atherosclerosis deserves consideration.
Although in studies in non-renal patients a clear association has been found
with atherosclerotic vascular disease™ ', the fact that IMT or IMT area was nol
found to be increased in renal patients, should in our opinion not be taken as
evidence agoinst progressive atherosclerosis in this population.

In view of the recent findings on increased vascular calcifications in dialysis
patients®™ % it could be hypothesized that atherosclerosis in renal patients is
somewhat different from other populations and more related to deposits of
calcified products in the arerial wall, possibly in part mediated through
disturbances in the calcium and phosphate homeostasis. The results of the
present study raise some doubt whether measurement of the IMT in renal
patients is the most appropriate method to assess atherosclerosis in this potient

group.

In conclusion, in this cross-sectional study, CCA distensibility was reduced in CRF
and HD patients compared to normotensive controls, pointing towards an
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increased stiffening of the large arteries over o wide spectrum of renal disease.
In patients with CRF a significant relation was found between renal funchion and
DC of the CCA. No differences in IMT and IMT areq, as surrogate markers of
atherosclerosis, were observed between renal patients and controls.
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Abstract

Technigues and formuloe used to estimate volume state and body composition in potients
on peritoneal diclysis (PD} may be offected by abnormalities in fluid state itself. Moreover,
it has also been suggested that multifrequency bioimpedance analysis (MF-BIA} may not
assess trunk volurme adequately. This was followed by the introduction of segmental BIA
(£-BIA}. In the present study, which included 40 patients (29 males, 11 females; 30
continuous ambulatory PD [CAPD], 10 continuous cyclic PD [CCPDY]), total body waoter
(TBW) and exiracellulor water (ECW) assessed by MF-BIA were compared to tracer
dilution fechniques (TBW:deuterium oxide [D,0] and ECW:bromide [NaBrl] and the
Watson formula, whereas the agreement between the various technigues was related o
hydration state (ECW [NoBr]:body weight [BW] and TBW [D,0]:BW) and body
composition {dusl energy X-ray cbsorptiometry [DEXA]). Moreover, body waoter
compartments were related to left ofrial diameter (LAD) and left ventricular end diastolic
diameter (LYEDD} (echocardiography). In an unselected subset of 23 patients olso Z-BIA
was performed.

TBW and ECW, assessed by tracer dilution fechniques and by MF-BIA and Z-BIA were
significantly related to LAD and LVEDD. Despite highly significant correlations between
the various techniques, o wide limit of agreement waos observed between tracer dilution
techniques and MF-BIA (difference between TBW [TBW D,0 — TBW MF-BIA] 2.0£3.9 litres;
difference between ECW [ECW NaBr — ECW MF-BIA] —2.7+3.9 litres). This difference was
related to the relative magnitude of body water compartments [r=0.70; p<0.05 for
ECW:BW, and r=0.40; p<0.05 for TBW:BW)]. The ogreement between tracer dilution
and bicimpedance was not improved by the use of Z-BIA {difference between ECW [ECW
NaBr - ECW Z-BIA] 3.7+2.9 litres).

Also wide limits of agreements were observed between D,O and the Watson formula
(difference between TBW [TBW D,O-TBW Watson] -2.3%3.3 litres). The difference
between TBW D,0 and TBW Watson was significantly related 1o TBW: BW and also to the
percentage of fat mass (r=0.70 and vr=-0.53; p<0.05}.

In conclusion, despite o significant relation to echocardiographic parameters, wide limits
of agreement were found between both MF-BIA and Z-BIA with dilufion techniques in PD
patients, which was parily due o the hydration state itself. The disagreements between
the Watsan formula and tracer dilution methods were also related o the hydration state.
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Introduction

An adequate assessment of fluid state is of major importance in peritoneal
dialysis (PD} potients. Determination of fluid siate serves firsily to detect
overhydration, which is strongly related to hypertension and left ventricular
hypertrophy (LVH)', but is often difficult to detect by clinical methods. Moreover,
total body water {TBW) may serve as a surrogate marker of urea distribution
volume and is therefore also an important parameter for the assessment of
dialysis adequacy. Multifrequency bicimpedance analysis [MF-BIA), which is able
to discriminate between intra- and exiracellular compartments, has been
proposed as a marker of fluid state in dialysis patients?®, whereas
anthropometric formulee (e.g Watson) are also widely used in order to assess
TBW in dialysis patients.” However, there remains uncertainty regarding the
agreement of bioimpedance methods and anthropometric formula with tracer
dilution techniques in dialysis patients.*” The reliability of anthropometric
formulae may be impaired by abnormalities in fluid state and/or body
composition whereas the reliability of BIA might be impaired because of the
abnormal water distribution in these patients*’, especially because standard
“wrist-to ankle” BIA appears not to be able to measure trunk water adequately.®
Recently, the sum of segmental BIA (£-BIA} has been proposed as a tool for an
adequate assessment of trunk water in PD patients.® However, Z-BIA has never
been evoluated in the assessment of the absolute magnitude of volume
compartments in PD patients. Although the measurement of trunk volume may
be of importance in the assessment of the absolute magnitude of body fluid
compartments (e.g. for determination of urea distribution volume), it is not well
known whether the frunk volume is relevant from o hemodynamic point of view.
Therefore, o comparison of both techniques with regard to their relation with
alternative hemodynamic parameters such os left ventricular end diastolic
diameter (LYEDD) might be appropriate and of clinical importance.

Aim of the present study in PD patients was firstly to study the agreement
between fracer dilution techniques, the Watson formula and bioimpedance
analysis and secondly to assess the influence of the relative magnitude of the
body water compartments and body composition on the agreement between the
various techniques. Moreover, the hemodynamic relevance of the fluid
parameters was studied by their relation with cardiac parameters and it was
attempted to define reference values for MF-BIA in the assessment of
overhydration.
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Materials and methods

Study design

In this multi-center study, the relation between different methods to determine
fluid state and echocardiographic parameters was studied in a cross-sectional
design.

Tracer dilution techniques and MF-BIA were compared with regard to the
assessment of total body water [TBW) and extracellular water (ECW) in PD
patienfs. With regard to the assessment of TBW, also the Watson formula and
dual energy X-ray absorptiometfry [DEXA] were included. The agreement
between the various techniques was also related to the relative magnitude of the
body water compartments, which was respectively expressed as TBW and ECW,
assessed by tracer dilution techniques, in relation to (divided by) gravimetric
body weight (BW). The agreement between the various techniques was also
related to the percentuge of fot mass, assessed by DEXA. Moreover, the
hermodynamic relevance of the fluid parameters was assessed by their relation
with cardiac dimensions, measured by echocardiography.

Secondly, Z-BIA, MF-BIA and tracer dilution fechniques were compared with
regard to the assessment of ECW, this to find out wether Z-BIA is superior in
comparison with whole body MF-BIA in predicting ECW.

Study protocol

Patients were admitted to the research center at the dialysis department of the
Academical Hospital of Maastricht in the early morning after an overnighi fast. If
patients had a filled abdomen over the night, PD fluid was first drained before
the measurements were started. After admission, isotope dilution techniques and
BIA measurements were performed. During this study period, patients were not
allowed o eat or drink. At noon, patients were allowed to eat a light meal, of
which the total amount of fluid did not exceed 200 ml Herealer,
echocardiography was performed.

Patients

40 stable PD patients were included (29 males; 11 females; 30 continuous
ambulatory PD (CAPD), 10 continuous cyclic PD (CCPDY, recruted from &
dialysis centers in the southeastern part of the Netherlands and one center in
Germany. All patients were native caucasians except for one patient {creole).
Patients with metal implants, and recent complications {e.g. malignancy or
surgery), insulin dependent diabetes mellitus, and dyspnea or angina pectoris
(NYHA Il and higher) were excluded. Dry weight was assessed on clinical
grounds according to the treating physician, avoiding signs of overhydration,
like an elevated central venous pressure, peripheral or pulmonary edema.
Patient characteristics are summarized in Table 3.1.
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All patients were included between 29 march 2000 and 2™ march 2001.

Table 3.1. Patient characteristics

Mean age {years) 53.6 +12.4 32-71
Man/Woman 29 {73%) / 11{27%)
Weight {kg) 77.8 +13.6 450-112.5
Body surface area (BSA) (m?2) 1.9 + 0.2 1.3-24
Body mass index (BMI) (kg/m?! 26.0 = 3 & 18.6-35.4
Time on CAPD {months) 271 = 17.3 3.0-66.0
Weekly total Ki/V_ 2.4 =07 1.4-50
Weekly total Ccl {L/1.73 m?) 854 x 30.7 44.5-179.2
Residual GFR {ml/min) 4.3+ 3.9 0-14.8
D/P creatinine 0.65 = 0.1 0.45 - 0.90
Cause renal insufficiency {number)

Glomerulonefritis 19 (47.5)

Glomerulosclerosis 3{7.5)

Hypertension 6 (15.0)

Polycystic disease 4 (10.0)

Urological disorder 6 (15.0)

Unknown 2 (5.0}

Data presented as meanx3D, also ranges are shown or numbers; numbers in bracklefs
are percentages; Ccl: creatinine clearance; GFR: glomerular filtration rate.

Z-BIA was also performed in all 23 patients (15 male, 8 female; mean age
53.5x11.5 years) who entered the study between 23™ august 2000 and 2™
march 2007,

Informed consent was obtained from each patient, and the study was approved
by the Ethics Committee of the Maastricht University Hospital.

Study parameters

Fluid state

Tracer dilution

Patients received on orally administered dose of deuterium oxide (D,0) of 25 ml
(99% D,O, Sigma Chemicals, St. Louis, USA} and 30 ml {150 mmol} sodium
bromide {NaBr, pharmacological department, Academical Hospital Moastrichi,
The Metherlands). Dose bottles were washed out and the rinse waler was also
ingested by the patients to ensure that all D,O and NaBr were consumed.
Enrichements of D,O and NaBr in the body fluid were measured in serum.
Immediately before D,O and NaBr intoke, a [background) blood sample was
taken. After the equilibration time of 4 hours a second blood sample was
collected. The concentration of D,O and NaBr in serum was determined by
isofope ratio mass spectrometry and gas chromatography respectively.”'? D,0O
and NaBr dilution spaces were calculated from respectively the enrichment of
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D,0 and NaBr affer 4 hours. TBW was calculated as the D,O dilution space
correc:ed for the exchunge of D,O with nonaguacus compmn‘men’rs by first
dividing the dilution space by 1 04 awnd thereafter muliiplying by 0.94 for the
concentration of water in the serum.”’ ECW was calculated as the NaBr dilution
space corrected for intracellular penetration of NaBr in erythrocytes, leukocytes
and secretory cells, for unequal NaBr concentrations in the extracellular fluids
(Gibbs-Donnan effect) and for the concentration of water in the serum.
Therefore, NaBr dilution space was multiplied by 0.90 * 0.94 * 0.95
respectively, resulling in a correctionfactor of 0.80."

Body water compartments were normalized for body weight in this chapter. This
was done in order fo express the relative magnitude of these compartments. For
the assessment of fluid state, normalization against body surface area or height
might be more appropriate (see the chapters 6 and 9).

The reproducibility of the NaBr assay wos tested by relating ECW measurements
obtained in 30 PD patients with an inferval of 4 months, yielding a coefficient of
variation of 15%. Also with regard fo TBW the coefficient of variation was 9.4%.

Muliifrequency bioimpedance analysis

Bioimpedance measurements were performed in a standard fashion while the
patient was lying supine on a flat, nonconductive bed for at least 15 minutes.
Multifrequency (5-500 KHz), imperceptible currents were introduced ot distal
elecirodes on the hands (just proximal to the phalangeal-metacarpal joint in the
middle of the dorsal side of the hand) and the feet {just proximal fo the
transverse, metatarsal, arch on the superior side of the foot), and resistances
were measured by proximal electrodes [to the wrist midway between the styloid
process, to the ankle midway between the malleoli). TBW and ECW were
predicted from the Hanai mixture theory (using a Cole-Cole model].’®' In this
model water compartments are directly calculoted from resistance values,
assuming specific resistances of ECW and intra-cellular water (JCW). Specific
resistances {p] of ECW and ICW are provided by the manufacturer (for men:
pECW=215, pICW=824, for women pECW=206, plCW=797]."° The
bioimpedance analyzer used in this study was the Xiron 4000B (Xitron
Technologies Inc, San Diego, USA). Predictive calculations were maode with
software provided by the manufacturer of the Xitron 40008B.'°

Sum of segmental BIA (Z-BIA)

E-BIA was performed as described by Zhu et al.? In short, two electrodes were
placed on the dorsal surfaces of the hand and foot on the same side of the
body. Sensing electrodes were placed on the ipsilateral side as the injecting
electrodes, which were placed on the wrist, the shoulder, the buttock, and the
ankle. The patients were in a supine position for at least 15 minutes.
Bioimpedance was measured in the arm, trunk, and leg segment, and between
the wrist and the ankle using the Xitron 4000B analyzer. The duration of the
cycle of measurements was 1 minute. Using multiple frequencies ranging from
5-500 kHz, extracellular resistance was calculated using the modeling technique
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supplied by the manufacturer. Segmental ECW was calculated according to the
formula: ECWe=k; x (1/o:) x (L/R), where o, is the conductivity of the
extracellular fluid, Lg is the length of the segment, R is the resistance of the
segment, and k=1 {or the arm and the leg, and k=4 for the frunk The sum of
segmental ECW is calculated as 2 (ECW,_ + ECW,_ ) + ECW,

!ruwk

Anthropometric formula

TBW according fo the Watson formula'® is calculated as follows:
Males: TBW=2.447 +(0.09156 x age)+(0.1074 x height)+{0.3362 x weight).
Females: TBW=-2.097+(0.1069 x height)+{0.3362 x weight).

Echocardiography

Left atrial {LA) diameter and LVEDD were assessed by two-dimensional
echocardiography wich was performed using o Hewlett Packard 5500

ultrasound system with standard imaging transducers with a frequency ranging
from 1.6 to 3.2 MHz.

Dual energy X-ray absorptiometry

DEXA measurements were performed in order to determine fat mass and bone
cell mass (BCM), the latter as a correction factor for ECW os proposed by Fisch
et al." Total body water was also assessed by DEXA by mulfiplying lean body
mass by 0.73. Although DEXA is specifically designed to assess body
composition in a three compartment model (fat mass, lean body mass, body cell
mass; vide infra), total body water can be deduced from lean body mass
because DEXA assumes a hydration siate of the lean body mass of 73%.'®
Therefore, TBW assessed by DEXA was assessed by multiplying lean body mass
by 0.73.

Statistical analysis

Data ore expressed as mean =5D. Correlations between body water
compartments measured by the different methods were estimated by the use of
Pearson product moment correlations. P-values <0.05 were considered
significant. Bland and Altman plots'® were used to visually assess agreement
between the different methods.

Results

Total body water: relation between D,O, MF-BIA, Watson formula
and isotope dilution

The meon values for fluid parameters, assessed by the various techniques, are
displayed in Table 3.2.
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Table 3.2, Fluid stote, assessed by different fechnigues, and cardioc parameters

meon stondard deviation range
TBW,,, (liter] 38.8 8.0 21.9 - 54.3
TBW,,, . (lifer] 36.6 7.6 20.2 - 50.0
TBW,, . (liter) 41.1 6.9 24.6 - 56.0
ECW,, (liter) 18.4 6.2 10.6 - 35.6
ECW, ;o {liter) 21.1 4.5 11.7-32.9
ECW, 0 (liter] 14.0 2.6 9.7-198
TBW 0 BW %) 49.1 7.1 33.1-664
ECW,, 50 BW {%) 23.2 6.4 14.4-51.3
LA diameter (mm) 44,2 5.0 33-55
LVEDD (rmm) 50.4 5.6 40 - 64

TBW=total body water; ECWs=extracellular water;  MF-BlA=multifrequency
bicimpedance; Z-BlA= segmental BlA; DEXA= dual energy X-ray absorptiometry;
NaBr=sodium bromide; D,0=deuterium oxide; LA diemeter = left atrial diameter;
LVEDD = left ventricular end-diastolic diameter; Data for Z-BIA available for 23 patients.

The correlation coefficients between the different technigues are summarized in
Table 3.3. In general, MF-BIA tended to underestimate TBW according to D,O
{mean difference D,O-MF-BIA: 2.0+3.9 litres (range -9.2 to 10.7) (Figure 3.1A)
whereas the Watson formula tended to overestimate TBW according to D,O
{(mean difference D,O-Waotson: -2.3+3.3 lifres {range —13.0 fo 3.9) (Table 3.4).
DEXA tended to slightly underestimate D,O values, whereas the limits of
agreement were less wide compared to the other techniques [mean difference
D,O-DEXA: 0.9£3.0 litres [range —6.4 to 6.8]]. The discrepancy between TBW,
as respectively asssessed by D,O and MF-BIA, was significantly related to the
relative magnitude of the TBW (TBW D,0: BW) {r=0.40, p<0.05) (Figure 3.1B).
The same held true for the discrepancy between TBW assessed by D,O and the
Watson formula (r=0.74; p<0.05) (Figure 3.1C). The difference between D,O
and DEXA was not related to the magnitude of the TBW compartment.

The discrepancy between D,O and MF-BIA was not related to the percentage of
fat mass, in contrast to the discrepancy between D,O and the Watson formula,
which was significantly related to the percentage of fat mass (r=-0.53; p<0.05)
{Figure 3.24A).
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Table 3.3. Correlation coefficients between fiuid state, ossessed by different technigues,
and cardiac dimensions

TBW‘D?O TBWMF-BIA TBWDEXA ECWNG& ECWW%M ECW&W

TBW,,0 0.93

TBW, . 0.88 0.92

TBW,pon 0.91 0.85 0.88

TBWern 0.93 0.92

ECW,, .. 0.68
ECW, e n 0.79 0.92
LA diometer 0.42 0.53 0.43 0.53 0.55 0.43
LVEDD 0.44 0.57 0.64 0.45 0.63 0.54

For all correlations: p<0.05; TBW=total body water; ECW=extracellular water; MF-
BlA=multifrequency bioimpedance; E-BlA= segmental BlA; DEXA= dual X-ray
absorptiometry; NaBr=sodium bromide; D,0=deuterium oxide; LA diameter =left atrial
diameter; LYEDD = left ventricular end-diastolic diameter; Data for £-BIA available for 23
patients.

Extracellular water (ECW): relation between NaBr and MF-BIA

The mean values for ECW, assessed by the various techniques, are also
displayed in Table 3.2. The correlation coefficients between the different
techniques are summarized in Table 3.3. In general, MF-BIA tended fto
overestimate ECW according to NaBr (mean difference NaBr-MF-BIA: -2.7+3.9
litres (range; ~9.0 to +10.1) (Figure 3.2B). The discrepancy between ECW, as
respectively asssessed by NaBr and MF-BIA, was significantly related to the
relative magnitude of the ECW compartment (ECW NaBr: BW [r=0.70;
p<0.05]) (Figure 3.2C). This also held true when height was used as
normalization parameter (r=0.70; p<0.05).

Extracellular water: relation between NaBr, MF-BIA, and Z-BIA

In the subgroup of 23 patients in which Z-BIA and NaBr dilution were
performed, the correlation coefficient between ECW, assessed by NaBr and MF-
BiA was 0.74 {p<0.05) (Figures 3.2D), whereas the correlation between NaBr
and E-BIA was 0.70 (p<0.05). The correlation coefficient between MF-BIA and
£-BIA was 0.92 (p<0.05). The mean difference between NaBr and MF-BIA in
this subgroup was -2.8+2.8 litres [range -6.0 to 6.4], whereas the meon
difference between NaBr and I-BIA was 3.7£2.9 litres [range -0.7 to 13.3]
(Figure 3.2E). The mean difference between MF-BIA and Z-BlA was 6.9 [3.9-
1017 litres.
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Figure 3.1, TBW=iotal body water; MF-BlA=multifrequency bicimpedance;

D,0=deuterium oxide.

A, Limits of agreement between TBW, assessed by D,O and MF-BIA.

B. Discrepancy in the assessment of TBW by D, O and MF-BIA, in
relation to the relative magnitude of the TBW compartment {r=0.40,
p<0.05).

C. Discrepancy in the assessment of thw by 0,0 ond Watson, in
relation to the relative magnitude of the TBW compartment (r=0.74,
p<0.05).

Table 3.4. Differences in estimation of fluid state, assessed by different technigues

TBW [D,0O]-TBW [MF-BIA] 20+ 3.9 [-9.2 to 10.7] litres
TBW [D,O]-TBW [Watson} 23+ 33 [-13.0 to 3.9] litres
TBW [D,O1-TBW [DEXA] 0.9+30 {-6.4 to 6.8] litres
ECW [NaBr]-ECW [MF-BIA] 2.7+ 39 [-9.010 10.7] litres
ECW [NaBr]-ECW [Z-BIA] 37429 [-6.0 to 6.4] litres
ECW [MF-BIA]- ECW [E-BIA] 69+ 1.5 [3.910 10.1] lires
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TBW=total body water; ECW=exiracellular water; MF-BlA=multifrequency
bicimpedance; MoBr=sodium bromide; D,0=deuterium oxide.

A

B.
C.

Discrepancy in the assessment of TBW by D0 and the Watson
formula, in relation to the percentage of body fat [r=-0.53, p<0.05).
Limits of agreement between ECW, assessed by NoBr and MF-BIA,
Discrepancy in the assessment of ECW by NaBr and MFE-BIA, in
relation fo the relative magnitude of the ECW compartment [r=0.70,
p<0.05).

Correlation between ECW, assessed by MNaBr ond segmental BiA
(r=0.68, p<0.05).

Discrepancy in the assessment of ECW by NaBr and segmental BIA.
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Relation between fluid state and echocardiographic parameters

As displayed in Table 3.3, all parameters of fluid state were significantly related
o LA and LVEDD.

Discussion

The main findings of the study were firstly the highly significant correlation, but
also the wide limits of agreement between tracer dilution fechniques with both
$-BIA and MF-BIA as well as the Watson formula and secondly the influence of
the relative magnitude of the body water compartments on the relation between
tracer dilution fechnigues with MF-BIA and the Watson formula. Moreover,
despite a significant correlation to echocardiographic parameters, it appeared fo
be difficult to establish cut-off values for MF-BIA with reasonable sensitivity and
specificity.

The wide limits of agreement between bioimpedance and tracer dilution
techniques in dialysis patients, despite good correlations, ore in agreement with
earlier studies.®?"?" In the present study, BIA techniques did even not appear to
have significant advantages over the Waison formula regarding the prediction
of TBW, which is in disagreement with the data of Cooper and Wong*?? but in
agreement with the results of Arkouche et al.®

Still, regarding the agreement between MF-BIA and tracer dilution fechniques in
the assessment of TBW, also the limitations of dilution techniques have to be
taken into account. It is known from studies in healthy subjects that the accuracy
for the assessment of ECW by NaBr space is not absolute (£5%).'° Whereas in
healthy subjects the accuracy of D,0 by continuous flow isotope ratio mass
spectroscopy is excellent with regard to the measurements of TBW (1.6%)'",
Arkouche et al. found a mean difference of 4.3% between TBW measurements
with D,0 dilution in PD patients.® Nevertheless, in view of the high reproducibility
of the dilution methods, even after a prolonged period, and in view of the very
strong relation between TBW assessed by DEXA and tracer dilution technigues,
which exceeded those obtained with bioimpedance and the Watson formula, this
showed to our opinion the solidity of the dilution techniques used in our
laboratory.

With regard to the assessment of ECW and TBW, it is interesting that the
disagreement between MF-BIA and tracer dilution fechniques was strongly
related to the relative magnitude of the body water compartments, wich is in
agreement with our previously performed study in hemodialysis patients.?® This
can be explained by the fact that MF-BIA considers the body as three conductive
cylinders {arm, leg, ond trunk), connected in series. In conductors connected in
series, the conductors with the smallest cross-sectional (the extremities) will
contribute most of the resistance whereas the part with the largest cross-sectional
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area {trunk} will contribute less to the resistance, despite the fact that it may
comprise a significant amount of (excess) body water ?3%*

The discrepancy between tracer dilution measurements and the Watson formula
is interesting. In the present study, the Watson formula appeared to overestimate
TBW, which is in agreement with the study of Woodrow et al.?® but in
disagreement with others.®?*?® These discrepant findings are likely due to the
effect of the hydration state on the religbility of the Watson formula. In
agreement with the resulis of both Johansson and Wong*”, in the present study
Watson formula underestimated TBW in patients with higher body hydration
(those with increased TBW:BW), which can be explained by the fact that the
Watson formula assumes a normal hydration state.*” Thus also the agreement
between the Watson formula and deuterium oxide is highly dependent upon the
hydration state of the paotient. Another important factor in the reliability of
Watson appears to be body composition, as in patients with a high percentage
of body fat, the Watson formula strongly overestimated TBW, which is also very
much in line with the data of Johansson.’

The fimitations of standard MF-BIA in the assessment of fluid state have already
been recognized by several authors who hypothesized that Z-BIA was superior to
standard whole body MF-BIA in the assessment of trunk volume.® In those
studies, the ability of £-BIA to detect changes in exiracellular trunk volume was
found to be superior to MF-BIA.® Regrettably in the present study, with regard to
the assessment of the absolute magnitude of the exiracellular volume
compartment, I-BIA did not appear to be superior to MF-BIA as the limits of
agreement between Z-BIA and bromide dilution were as wide as those observed
for MF-BIA. Given these facts, it appears that the use of Z-BIA holds no
advantage over MF-BIA for the assessment of fluid state in PD patients, also
taking the relative complexity of the method into account.

Despite the wide limits of agreement between MF-BIA and tracer dilution
techniques, the relation between TBW and ECW assessed by the fechniques, and
LA and LVEDD was at least comparable. This would suggest that MF-BIA could
be a relevant clinical tool in the assessment of hydration state in PD patients. The
disagreement with regaord to the assessment of absolute volume compartments,
and the highly significant relation between MF-BIA ond cardiac dimensions
would suggest that MF-BIA mainly assesses the fluid compartments which are
actively implicated in the hemodynamic regulation. Indeed, it hos been shown

that during stable conditions, much of the fluid stored in the splanchnic

I 27.28

circulation is inactive [“unstressed’) from a hemodynamic point of view.
However, this does not preclude the importance of this compartment, which
serves as a blood reservoir (unstressed volume) which can be mobilized by
means of active and passive vasoconstriction in fimes of hemodynamic stress
(e.g. during a decline in blood volume).*®

Drawback of the present study is the fact that patients with severe heart failure
and insulin-dependent diabetes mellitus were excluded. This was done firstly
because severe heart failure may strongly influence the relation between

&1
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extracellular volume and cardiac parameters, whereas patients with insulin
dependent diobetes were excluded because of the possible influence of dicbetes
mellitus on the distribution between body fluid compartments.® It is
acknowledged that these exclusion criteric therefore do not permit an
extrapolation of the interpretation of the present data for the entire dialysis
population.

Lastly, although Z-BlA was not performed in all patients, it should be stated that
us described in the methods section this group composed an unselected group
of patients.

Concluding, with regard to the assessment of total body water and extracellular
volume in PD patients, a wide limit of agreement was observed between tracer
dilution methods and MF-BIA, which was partly related to the relative magnitude
of the body water compartments. The relation was found not to improve by the
application of Z-BIA. Also the disagreement between the Watson formula and
tracer dilution methods was found to be related to the hydration state, but also
to body composition.

Nevertheless, the significant relotion between MF-BIA and cardiac parameters
suggests that this technique may still be relevant as a clinical tool in the
assessment of fluid state in PD patients.
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Abstract

Hypertension, reduced arferiol distensibility coefficient (DC) and left veniriculor
hypertrophy (LVH} are risk factors for mortality in hemodialysis {HD} patients. However,
few studies have focused on the relation between fluid state, blood pressure (BP), and
cardiovascular abnormalifies in perifoneal dialysis (PD} patients. This study was designed
firstly to assess the fluid state in PD patients compared to o control population of stable
renal transplont (RTx) patients using fracer dilution techniques, secondly to study the
relation bebween fluid stale, blood pressure (BPY and arterial wall abnormalities, thirdly to
assess the determinanis of cardiac structure and lastly to compare office und ambulatory
BP measurements with regard to cardioc abnormalities. 40 stable PD patients (30
continuous ambulatory PD [CAPD], 10 confinuous cyclic PD [CCPD]), with a mean Ki/V,
of 2.4+0.7, and 77 stable RTx patients were included in the study. Fluid state was
ossessed by tracer dilution techniques (extracellular water (ECW): bromide dilution; total
body water {TBW}: deuterium oxide; plasma volume (PV: dexiran 70). Echocardiography
was performed 1o assess leff ventricular mass (LVM), left ventricular end-diastolic
diameter (LVEDD) and relative wall thickness (RWT) as indicators of LVH, echography of
the common carotid ortery {CCA} was performed to assess DC. Both office and 24-hour
ambulotory BP were performed.

Fluid state, as assessed by ECW corrected for body surface area (BSA), was significantly
different between PD and RTx patients (9.4+2.6 vs 8.6+1.2 I/m?, p<0.05). In 37.5% of
the PD patients ECW:BSA was above the 90™ perceniile of the RTx patients. Fluid state
corrected for BSA, either assessed by TBW, ECW and PV was significantly related 1o
diastolic BP {DBP} (r=0.35, r=0.37, r=0.53; p<0.05). DC of the CCA was related to
systolic BP (SBP) {r=-0.36; p<0.05). ECW was significantly related to LVEDD (r=0.41,
p<0.05) as marker of eccentric LYH, whereas DC was related to RWT {r=-0.53,
p<0.001}) as marker of concentric LVH. An abnormal day-night BP rhythm, which was
not related to fluid state, was observed in 65.0% of patients. Ambulatory DBP and SBP,
but not office DBP and SBP, were related to LVM (r=0.43, r=0.46; p<0.01).

In conclusion, a large proportion of PD patients with treatment prescription according to
Dialysis outcome and quaolity improvement (DOQN guidelines were found to be
overhydrated in comparison with o stable population of RTx patients. Fluid state was
significantly related to DBP and eccentric LVH, whereas DC of the CCA was significantly
related to SBP and concentric LVH. In contrast to ambulatory BP, office BP was not related
to LVM.
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Introduction

In patients with end stage renal disease (ESRD), cardiovascular disease (CVD) is
by far the most common cause of death. Cardiac abnormalities, such as left
ventricular hypertrophy (LVH], are strongly related to morbidity and mortality.! in
hemodialysis (HD) patients, several studies have shown a relation between fluid
overload, hypertension, and cardiac abnormalities”®, despite the fact that
interpretation of these data is complicated by the continuously changing fluid
state in these patients. Moreover, abnormalities of the large arteries, resulting in
a reduced arterial distensibility and compliance were also found to be related to
both systolic hypertension and changes in cardiac structure.” In contrast, few
detailed data exist on the fluid state of peritoneal dialysis (PD) patients, nor on
the relation between fluid state, blood pressure, and structural cardiovascular
abnormalities in this population. Various authors have suggested a theoretical
advantage of PD due to the continuous fluid removal and the fact that residual
diuresis is often better maintained®®, although this does not comply with the
huge consumption of antihypertensive agents in the population of PD patients’,
whereas a recent study even suggested that PD patients are actually more
overhydrated than HD patients.® Recent studies also showed that for an
adequate assessment of fluid state in HD and PD patients, tracer dilution
techniques are necessary.”'?

Clinical practice single office measurements are used to estimate blood pressure
{BP). However, at least in HD and renal transplant {RTx) patients, a wide
variability between single office measurements and 24-hours BP was
observed.'"'* It is however not well known whether ambulatory BP
measurements have an advantage over office measurements with regard to their
relation with end organ damage, e.g. cardiac abnormalities, in stable PD
patients.

The aims of the present study were fourfold. Firstly to assess the fluid state in PD
patients compared to o control population of stable RTx patients using various
dilution techniques. Secondly to study the relation between fluid state, blood
pressure and arterial wall abnormalities. Thirdly fo assess the determinants of
cardiac structure and lastly o compare office and ambulatory BP measurements
with regard to the existence of cardiac abnormalities in a cohort of stable PD
patients.

Patients

In this multi-center study which was performed in six hospitals, forty stable PD
patients were included {29 males; 11 females; 30 confinuous ambulatory PD
[CAPD], 10 continuous cyclic PD [CCPD]). Patients with metal imfplidn’rxs, and
recent complications (e.g. malignancy or surgery), insulin-dependent diabetes
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mellitus (IDDM), and congestive heart failure or coronary artery disease (NYHA
Il and higher) were excluded. Mean age of the patients was 53.6+12.4 years
[range 32-71]. ‘

Patients with severe cardiac failure and/or coronary arfery disease were
excluded because the underlying disease might severely influence relations
between fluid overload, blood pressure and cardiac structure and ﬁherefgre
obscure potentially important relations in a group of PD patients without cardtm‘:
failure. Insulin dependent diabetics were not included because the incr‘eosed
transcapillary escape rate for albumin in this population might interfere with the
reliability of measurements of plasma volume. ' .
Dry-weight was ossessed on clinical grounds according to the treating physician,
with no signs of overhydration, avoiding on elevated central venous pressure,
peripheral or pulmonary edema. Al PD patients were freated according to the
dialysis outcome ond quality improvement (DOQI) guidelines'é; they had o
mean Ki/V, . of 2.4+0.7.

Also included in this study were 77 RTx patients, with a stable renal function
{meon creatinine clearance 60.2:20.5 ml/min} under maintenance immuno-
suppressive therapy for at least 2 years.'” Creatinine clearance in this group was
calculated by the use of the formula of Cockroft and Gault.'® Informed consent
was obtained from each patient, and the study was approved by the Ethical
Committee of the Academical Hospital of Maastricht. Patient demographics are
demonstrated in Table 4.1 ond 4.2,

Methods

Study design

In this multi-center study, which included patients from four dialysis centers in
the south eastern part of the Netherlands, one dialysis center in Germany, and
the Academical Hospital of Maastricht, the relation between fluid state, blood
pressure, echocardiographic parameters and arterial wall abnormalities was
studied in a cross-sectional design.

Study protocol

Patients were admitted to the research center at the dialysis department of the
Academical Hospital of Maastricht in the early morning after an overnight fast. If
patients had o filled abdomen over the night, PD fluid was first drained before
the measurements were started. After admission, tracer dilution measurements
were performed and office BP was measured. During this study period, patients
were not allowed to eat or drink. At noon, patients were allowed 1o eat o light
meal, of which the total amount of fluid did not exceed 200 ml. Hereafter,
echocardiography was performed, followed by 24-hour ambulatory blood
pressure measurements.
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Table 4.1, Patient demographics PD patients
MNumber (%)
Man/woman 29(73)/11(27)
CAPD/CCPD 30/10
Mean: SD Range

Age (years) 53.6 =124 32- 71
Weight (kg 77.8 +13.6 45.9-112.5
Body surface area (BSA)(m?) 1.9 £0.2 1.3-2.4
Body mass index (Bil){kg/m?) 26.0 = 3.6 18.6- 35.4
Time on CAPD {months) 271 = 17.3 3.0- 66.0
24 Hours PD fill volume {ml/24hrs) 10268 = 2781.9 5000- 18500
24 Hours PD glucose admin.{gr/24 hrs} 191.1 £ 63.3 68.0- 306.5
Weekly Ki/V, 2.4 0.7 1.4-5.0
Weekly Creatinine Clearance {I/1.73 m? 85.4 + 30.7 44.5.17%9.2
Residual Glom. filiration rate (ml/min)’ 43 +39 0-14.8
Residual Diuresis (ml/24 hrs) 945.6 £ 943.3 0- 4400
Peritoneal Ultrafiltration (ml/24hrs) 1017.0 = 978.8 -1600- 3800
Total Body (D,0)(L) Water 383 %77 21.9-54.3
Plasma Volume {Dextran 7O 32x=07 2.0+ 4.6
B/P creatinine 0.65 = 0.1 0.45= 0.90
Hb (g/dl) 11.8+14 9.2-14.8
PTH (pmol/l) 12.0 111 0.8- 40.3
Cause renal insufficiency Number of pts (%)

Glomerulonephritis 19 {47.5)

Glomerulosclerosis 3 (7.5)

Hypertension 6 (15.0)

Polycystic disease 4 {10.0)

Urological disorder 6 {15.0)

Unknown 21(5.0
Antihypertensive medication use Number of pts (%)

ACE-inhibitor 17 (41.5)

AT-1 antagonist 4 (9.8

B-blocker 30 (73.2)

c-blocker 12 {29.3)

Calcium channel blocker 16 {39.0}
Anti-hypertensive medication use Number of pts

0 5(12.5)

1 10 (25.0)

9 12 (30.0)

3 9 (22.5)

4 4 (10.0)

‘Residual Glom.Filtration rafe calculated by kinetic modelling by the use of PD
converting enzym blocking agent; AT-1
antagonist: angiotensin | blocking agent; p-blocker: beta receptor blocking ogent; o-

adequest.'® ACE-inhibitor: angiotensin

blocker: alfa receptor blocking agent.
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Table 4.2. Patient demogrophics renal transplant patients

Number (%)}

Male/female 42 (54.5) / 35 [45.5)

Mean = 5D Range
Age {yeors} 51.0+=11.7 255 -78.2
Man / woman 42 (54.5) / 35 (45.5)
Weight (kg) 698+ 12.8 43.5- 995
Body surface area (BSA)(m?) 1.8 £ 0.2 1.4-22
Body mass index (B} {kg/m?) 248+ 48 16.7 - 42.2
Creatinine clearance (ml/min}’ 60.2 + 20.5 31.0-114.0

‘Creatinine clearance caleulated by the formula of Cockroft and Gault.”?

Study parameters

Peritoneal transport state

Within o maximum of two months before entry of the study the fransport state of
the peritoneal membrane was characterized using o standard peritoneal
equilibrium test after a four hour dwell with o 2.27% glucose containing PD
solution. At entry of study, on the same day, a 24-hour collection of the dialysis
fluid and the urine was performed to calculate the Ki/V, . and the weekly
creatinine clearance normalized to 1.73 m? body surface area {BSA} and the
residual glomerular filtration rate (rGFR}. All calculations were made using PD
Adequest software. '’

Fluid state

Patients received an orally administered dose of deuterium oxide (D,0} of 25 ml
(99% D,O, Sigma Chemicals, St. Louis, USA) and 30 mi (150 mmol} sodium
bromide (NaBr, pharmacological department, Academical Hospital Maastricht,
the Netherlands). Dose bottles were washed out and the rinsed water was also
ingested by the patients to ensure that all D,O and NaBr were consumed.
Enrichments of D,O and NaBr in the body fluid were measured in serum.
immediately before D,O and NaBr intcke, o (background} blood sample was
taken. After the equilibration time of 4 hours a second blood sample was
collected. The concentrafion of D,O ond NaBr in serum wos determined by
isofope ratio mass specirometry and gas chromatography respectively.”®?' D,O
ond NaBr dilution spaces were calculated from respectively the enrichment of
D,0 and NaBr after 4 hours. Total body water (TBW) was calculated as the D,O
dilution space corrected for the exchange of DO with nonaquacus
compartments and for the concentration of water in the serum by first dividing
the dilution space by 1.04 and thereafter multiplying it by 0.94.72 The
extracellular water compartment, i.e. extracellular water[ECW) was calculated as
the MNaBr dilution space corrected for intracellular penetration of NaBr in
erythrocytes, leukocytes and secretory cells, for unequal NaBr concentrations in
the extracellular fluids (Gibbs-Donnan effect), and for the concentration of water
in the serum; therefore, NaBr dilution space was multiplied by the following
correction factor: 0.90*0.95%0.94=0.80.7%%
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Plasma volume {PV) was determined by the disappearance of dextran-70 out of
the circulation, ofter an intravenous injection. During one hour, every 15
minutes blood samples were token to calculate a lineair disappearance line,
with an extrapolation of PV at t=0.2

Normalization of parameters

Regarding the relation with blood pressure, fluid state was normalized for body
surfuce area [BSA), although the optimal normalization procedure for fluid state
is not well known in didlysis patients.”” Earlier studies showed a better
correlation with hemodynamic variables when BSA instead of body weight was
used for normalization.” When comparing ECW between PD and RTx patients,
also height was used as normalization procedure.

The 90th percentile of ECW corrected for BSA in the group of RTx patients was
used as an arbitrary cut off point for overhydration. PD patients with a volume
state below the 25" percentile of the ECW corrected for BSA that of the RTx
patients were classified as being underhydrated.

Regarding the relation with echocardiographic parameters, fluid state was not
normalized because, except for left ventricular mass index (LVMI],
echocardiographic parameters are generally not corrected for BSA.
Nevertheless, as body structure per se may be related fo echocardiographic
parameters, BSA was included in a multiregression analysis.

Echocardiography

Two-dimensional echocardiography was performed using o HP Sonos 5500
ultrasound system (Hewlett Packard, U.S.A.) with standard imaging transducers
with a frequency varying from 1.6 to 3.2 MHz. Parameters included in the
analysis were LVM, LVMi, left ventricular end-diastolic diameter {LVEDD) as a
parameter of left ventricular eccentric hypertrophy, and relative wall thickness
(RWT) as a parameter of concentric left ventricular hypertrophy.

LVM was calculated according to the formula of Devereux and Reichek®”: LVM
=1.04 {{LVEDD+IVS-EDWT+ PW-EDWT)3-{(LVEDD)3)-13.6.

RWT was calculated according to the formula: RWT=(2*PW-EDWT)/LVEDD).
PW-EDWT: posterior wall end-diastolic wall thickness, IVS-EDWT: inferventricular
septal end-diastolic wall thickness.?®

24-hour ambulatory BP

In all patients, 24-hour BP measurements were performed using o Spacelabs
oscillometric BP monitor (Redmond, WA, USA]. BP was measured every 15
minutes from 7 a.m till 11 p.m and every 30 minutes from 11 p.m il 7 a.m.
Measurements were only included if more than 85% of the readings were
successful. If not, the measurement was repeated. For the separation of day-
and nighttime blood pressures, “fixed” hours were taken: 7 a.m fill 11 p.m for
daytime and 11 p.m till 7 a.m for nighttime BP."? Values larger than 135 mmHg
for ambulatory systolic and 85 mmHg for ambulatory diastolic blood pressure
(DBP) were used as criteria for hypertension.” An abnormal day-night blood
pressure rhythm was defined as a dedline in the mean arterial pressure (MAP) of
less than 10 % during the night.'**
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Office blood pressure

Arterial blood pressure [systolic blood pressure (SBP}, DBP and mean arteriol
pressure (MAP)) were measured with an automatic BP monitor at the brachial
artery (Dinamap 1486 SX, Critikon, Florida, USA), after a period of 15 minutes
supine rest. Pulse pressure (AP} was calculated as SBP minus DBP.

Arterial wall properties

The distension and diameter of the right common carotid arfery (CCA) was
assessed using an automated echo-tracking system (Wall Track I, Pie Medicdl,
the Netherlands).*® With this system the vessel walls are detected with the use of
ultrasound, using a@ 7.5 MHz linear array echo-probe. A sample volume is
placed at the posterior and anterior walls of the CCA, 1 to 2 cm proximal below
the bulb. The row radiofrequency data are subsequently stored in a computer,
affer which the vessel wall mation during each heart cycle is tracked with the
EKG trigger as reference time-point. In this way the distension (AD) of the artery
and diameter (D) at end diastole can be colculated. AD was expressed as the
mean of at least 7 consecutive reproducible cardiac cycles. Distensibility and
compliance were expressed as distensibility (DC) and compliance coefficient
(CC) using the pulse pressure (AP} obtained in the brachial artery according to
the following formula’s: DC = 2(AD/D}/AP, CC = (rDAD)/(2AP).*'** Pulse
pressure was assessed by the Dinamap described above.

Laborafory parameters

In the group of PD patients, blood samples were taken for the assessment of
hemoglobin {Coulter-Genis, California, U.S.Al), and parathormone (PTH) {IRMA
assay, Michols Institute Diagnestics, California, U.S.A).

Statistical analysis

Data are expressed as mean =SD. Correlations between body water
compartments measured by the different methods were estimated by the use of
Pearson product moment correlations. P-values <0.05 were considered
significant. If appropriate, a lineair multiregression analysis was used with LVM
as independent variable. The variables were included by forward selection. The
following variables were included in the lineair multiregression analysis: 24-hour
MAP, DC, BSA and ECW:BSA. Calculations were made using SPSS 10 stafistical
software for Windows. To show limits of agreement between different methods
to measure blood pressure, Bland and Altman plots were used.®

Results

Difference in fluid state between PD and transplant patients

ECW was significantly different between PD and RTx patients {18.3+6.4 | vs.
15.5x2.9 |; p=0.002), also when corrected for BSA (9.4+2.6 |/m? vs. 8.6+1.2



Fluid state, blood pressure, and cardiovascular abnormalities

Ifm?; p=0.03) (Figure 4.1) and for ECW corrected
(ECW:height}{10.5+3.2 I/m versus 9.2+1.6 I/m [p=0.02]).

The 20th percentile of ECW corrected for BSA was 9.9 I/m? in the group of RTx
patients, indicating that 15 patients out of the 40 PD patients (37.5%) were
found fo be overhydrated, this without overt clinical signs of overhydration (0™
percentile for ECW:height in RTx patients 10.8 I/m. 33% of PD patients
overhydrated occording to this limit]. Nevertheless, despite the significant
difference, o wide overlop existed in fluid state hetween PD patients and RTx
patients as is demonstrated in Figure 4.1,

for height

20 3
pa— e 22 S
! — B
i H
® H P
- | . . |
| ® !
18 8
I & :
- |
o A8 ®
CE\i 14 [ —
£ h =
=~ F o4 e
b P o @
g IS ——
=1 = a2
$ o @
w i
KL
8
08
s
¢ 8
|
' 04 -

[ RTx P e

Difference in fluid state of PD and RTx patients.
* p=0.03, ** p=0.02. Covered boxes indicate 25-75% with median value,
captured bars indicate the range of data, excluding outliers.

Figure 4.1.

A significant inverse relation between total Ki/V,. and the volume state
expressed by ECW:BSA (r=-0.38; p=0.015) was observed. rGFR was found to
be strongly related fo the total Ki/V, . [r=0.76; p<0.0001) and also
significantly to ECW:BSA (r=-0.37; p=0.02). On the contrary a positive relation
between peritoneal ultrafiltration volume and ECW-BSA was observed (r=0.34,
p=0.031).

Determinants of BP

Ambulatory and office BP values for PD patients are summarized in Table 4.3.
Although there was a good correlafion between office and ambulatory BP
measurements (for DBP: r=0.73, and for SBP: r=0.81; both p<0.05}, limits of
agreement between these variables were quite wide. The mean difference
between 24-hour ambulatory SBP and office SBP was -14.9 mmHg + 15.0
(range ~65.0 to 8), the mean difference between 24-hour ambulatory DBP and
office DBP was ~2.33 mmHg = 8.0 (range ~20 to 15].
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Table 4.3, Results PD patients: blood pressure, fluid stote, arterial destensibility, cardiac

dirmensions
Meon = 5D Range

BP
24 hrs ambulatory BP
DBP {rmig) " 809 = 17.8 62 - 1035
SBP (mmHg) 132.1 = 17.8 100 - 172
Day time ambulatory BP
DBP {(mmMg) 825 =100 64 - ‘106
SBP [mmHg) 1334+ 17.2 104 -171
Hight fime ambulotory BP
DBP (rmmHg) 76.3 = 12.0 53 - 105
SBP {mmHg) 127.1 £ 200 85-176
Office BP
DBP (mmHg) 83.3 = 10.3 56 -102
SBP {mmHg) 147.3 + 24.4 99217
Fluid state
TBW (D,0)(1) 383+ 7.7 21.9-54.3
PV {Dextran70)(l) 3.2 07 2.0-4.6
ECW NaBr ()
ECW: NaBr: BSA {I/m?) 9.1+ 2.1 6.0-15.0
ECW: height 10.5 = 3.2 6.6-19.6
Arterial distensibiity
DC (0.001/kPe) 16.0 = 6.5 3.9-33.2
CC [mm*/kPa) 0.8 =0.33 0.18-1.69
Cardiac dimensions
LVM (g) 225.6 = 48.3 126 -325
LYEDD {mm)} 503 £ 5.6 40 - 64

For used abbreviations see text. Values represent as mean 5D, ranges also given.

The correlations and limits of agreement are displayed in scotter and Bland and
Altman plots in Figure 4.2 and 4.3.

20 patients (50.0%)} had values larger than 135 mmHg for ambulatory SBP and
85 mmHg for ambulatory DBP, and were hypertensive according to the used
criteria for hypertension, despite the use of antihypertensive medication.

No significant relation was found between markers of fluid state and office BP.
TBW was significantly related to 24-hour DBP when corrected for BSA (r=0.35,
p<0.05). The relation between TBW [corrected for BSA) and 24-hour SBP did
not reach significance. ECW was significantly related to 24-hour diastolic BP
when corrected for BSA (r=0.37; p<0.05) (Figure 4.4). The relation between
ECW corrected for BSA and 24-hour SBP did not reach significance. PV was
significantly related with 24-hour DBP, when corrected for BSA (r=0.53;
p=0.001). The relation between PV [corrected for BSA) and 24-hour systolic BP
did not reach significance. Twenty-six (68.4%) patients had o decline of their
MAP during the night of less than 10% and were classified as non-dippers. No
significant difference in fluid state was observed between the group of dippers
and non-dippers.



Fluid state, blood pressure, and cardiovascular abnormalities

o
g’r‘,ﬂ“. & i fatal s
fiy 6@ ; H .
'y B ° e Hg w0 o
_gF e @ ap a -
Y ° a5
140 o ow i a ? d
st dwy B N /
Hrs i = 3 b o
am a P‘Ef’!i P /m// o
5 wn o . ,;’]"
5 6
//DB
24 24 g
160 B o E
B /r.: n
r=0.81; p<0.05 o a . 5
” o /’ 5 r=0.73; p<0.05
80 R 20 EEl 184 19y 20 pieii] & B b #iy " A 13
office syt 8P [mekg ) office diast . BP {mmbig)
Figure 4.2. Correlation between office BP and 24-hour ambulatory BP.
e B as
T E4
£ £
N T T s 5 -
& <a s " .
p i
3 S e o S S0 S
ol n kS
. . . »
? s | : @ L-? o o i
S P £ oa ©
e L. L1
= 2 Lwm®
- T L UL S
: :
O a0 Bl
o . 3 i
T T
oo g
T :
-0, ] R
80 A 124 D G0 183 200 L2l (] ko) Eili) ag (L] 740

avarage 24 hes ambs. syst. BP & office BP {maen Hi)

ovarage 24 Hrs omb, dinst. BP & office BF fmmbig)

Figure 4.3. Difference between office BP and 24-hour ambulatory BP.

Despite the significant relation between volume state and BP, also in 14 PD
patients who were classified as being underhydrated by the used definition, BP
was elevated despite the use of antihypertensive medication in 5 out of these 14
(36.0%) patients.

Regarding the relation between arterial wall characteristics and BP, DC of the
CCA was significantly related to 24-hour SBP (r=-0.36, p<0.05) but not to 24-
hour DBP. The relation between CC and SBP did not reach significance.

Determinants of cardiac structure

Both 24-hours SBP and DBP were significantly related to LVM (r=0.43;
p=0.006, respectively r=0.46; p=0.003) (Figure 4.5], and LVMi (r=0.45;
p=0.003, respectively r=0.40; p=0.012). LVEDD was negatively related o RWT
(r=-0.68, p<0.001}.

Regarding fluid state, both PV (r=0.60), ECW (r=0.45) and TBW (r=0.44] were
significanily related to LVM (p<0.05) and also to LVEDD (r=0.64 (PV); r=0.4]
(ECW) and r = 0.55 (TBW), p<0.05), but not to RWT.
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DC and CC were significantly related to RWT {r=-0.53, p<0.001, r=-0.42,
p=0.008) (Figure 4.6). Hemoglobin and PTH were not significantly related to
any cardiac parameter.

In the lineair multiregression model, 24-hours MAP, DC and BSA acted as
independent variables related to LVM (t=3.1, t=2.4 and 2.3, resp.; p<0.05}.
ECW: BSA was nearly significant in this model (t=1.9, p=0.06}

Discussion

The main findings of the present study are fourfold: firstly the presence of
overhydration in a significant number of PD patients who are treated according
to the DOQI guidelines, secondly the fact that, in contrast to office BP,
ambulatory BP was related fo LVH, thirdly the relation between ambulatory DBP
on one hand and fluid state and arterial wall abnormalities and SBP on the
other hand, and lastly the observation that eccentric LVH is mainly related to
fluid state whereas concentric LVH is mainly related to structural abnormalities of
the farge arteries.

Using a cohort of stable age-matched RTx patients as o control population, over
one third (37.5%) of PD patients waos overhydrated according to the 90"
percentile for ECW:BSA of RTx patients. Although it can be argued that RTx
patients are not the optimal control subjects and that this cut-off point is
arbitrary chosen, and is by no means absolute, it should only be regarded as an
indicator for the existence of overhydration in a significant proportion of PD
patients in comparison with RTx patients who were in stable condition and had a
mean creatinine clearance of 60.2+20.5 ml/min, which makes it highly unlikely
that abnormalities in fluid state due to renal disease per se would occur in this
cohort. We believe that it can be defended fo use RTx patients as a control
group, also because the use of healthy subjects without any history of renal
disease as controls subjects for PD patients might introduce flaws, e.g. because
of their great difference in terms of body composition. Fluid state was assessed
in both groups with tracer dilution techniques performed in the same laboratory.
Interestingly, as can be seen from Figure 4.1, the variation in fluid state of PD
patients was much wider compared to RTx patients.

If PD patients were divided according to their fluid state into two groups (i.e.,
overhydrated versus not overhydroted), o wide overlap in their D/P ratio,
residual diuresis and rGFR was observed. Nevertheless, Ki/V, . and rGFR were
significantly and inversely related to ECW:BSA. The fact that, as might be
expected, rGFR was inversely related to ECW:BSA whereas peritoneal
ultrafiltration volume was actually positively related to this parameter might
indicate that the relation between Ki/V, . and volume state is more explained by
the rGFR than by the dialysis prescription. It is tempting fo speculate on the role
of the liberal salt and water intake in this aspect. We believe that the present

77



78 |

Chopter 4

findings may certainly emphasize closer aftention to these factors in the volume
regulation of PD patients.

The second finding of the study is the significant relation between BP on one
hand, and fluid state and arterial wall properties on the other hand. These
relations were observed despite the fact that the great majority of patients used
anfihypertensive medication. No marker of fluid state [TBW, ECW or PV} was
clearly superior regarding the relation with BP. Regarding fluid state and BP, the
relotion was stronger for DBP than for SBP. The relation between overhydration
and DBP hypertension is in agreement with the concept of Guyton, who
proposed that an increase in body fluid leads to an autoregulatory increase in
peripheral vascular resistance in order to keep tissue perfusion constant It
should however be stated that the hemodynamic mechanism of the influence of
overhydration on BP cannot be deduced from the present study firstly because
vascular resistance was not measured in the present study and secondly because
most patienfs were on antihypertensive medication. Nevertheless, from the
present study, overhydration appeared not to be the only factor involved in the
pathogenesis of hypertension in PD patients, as a significant number of PD
patients with o ECW:BSA below the 25" percentile of that of the RTx patients still
were found to be hypertensive.

Systolic hypertension was strongly related to arterial distensibility, which is in line
with data in HD patients and in patients with essential hypertension.*3 Systolic
hypertension and reduced arterial distensibility may be interrelated, as an
increase in SBP itself may lead to a reduction in distensibility whereas a
reduction in distensibility may lead to an increase in SBP due to an increased
stiffness of the arterial wall %

Both ambulatory SBP and DBP were strongly related to LYH. This however only
held true for ambulatory BP and not for office BP, which is in agreement with the
superior predictive value of ambulatory BP measurements in a population with
essential hypertension.” It may be hypothesized that the lack of agreement
between office BP and LVH is further enhanced by the disturbed day-night BP
rhythm found in a large proportion of our patients, yielding an increased BP
load in these patients. Nevertheless we admit that the use of ambulatory BP
measurements may not be suitable for routine clinical practice. An interesting
subject for future studies might be to assess the relation between home BP
measurements and cardiac structures in PD patients.

As was to be expected from a theoretical point of view, fluid state was related to
left ventricular end diastolic diameter as a parameter of eccentric hypertrophy,
whereas altered wall properties of the CCA were mainly related to concentric
hypertrophy. The latter can be explained by the fact that a reduction in arterial
wall distensibility (@ marker of the elastic properties of the arterial wall) leads to
an increase in systolic stress to the heart.?

In contrast to other studies in patients with end-stage renal failure, hemoglobin
levels were not related to cardiac structure, which is probably explained by the
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fact that in most of the patients in the present study, hemoglobin levels were well
in the range as proposed by DOQI guidelines. '

The fact that overhydration appears to be widely prevalent in PD patients and
the finding that fluid overload had o major effect on both BP and cardiac
paramefers, despite the overwhelming use of antihypertensive agents in our
population, leads to the question how fluid overload should be better controlled
gn the PD population. In a recent study, Gunal et al. observed an impressive
improvement in BP regulation with salt resiricion and the use of hypertonic
dialysis solutions, which resulted in a significant reduction in residual renal
clearance®, and this might be of importance in view of the strong relation
between residual renal clearance and mortality.®® Neither the study of Gunal et
al.®, nor the present study presents a solution to this dilemma. There is some
circumstantial evidence that the role of salt and fluid restriction in PD patients is
not fully appreciated.

An increased use of hyperfonic high concentrations glucose containing PD
solutions might have an adverse effect on the structure of the peritoneal
membrane®” and may contribute to metabolic abnormalities. Preliminary studies
hove shown promising results of polymeric solutions on fluid state and BP
regulation in HD patients.®. Future studies are needed fo assess the advantages
and drawbacks of polymeric or alternative PD solutions on fluid state and BP
regulafion in PD patients. Above the clinical implication of the relation between
altered arterial wall properties, systolic hypertension and concentric LVH remains
to be elucidated. Nevertheless it should be mentioned that an increase in pulse
wave velocity, as a marker of stiffness of the arterial tree, was clearly found to be
related to mortality in HD patients.®®. Interestingly, those patients, who
responded with an improvement in pulse wave velocity towards treatment with
an angiotensin converting enzyme (ACE) inhibitor, had a significantly improved
survival compared fo patients who did not.*’

Drawbacks of the present study are its cross-sectional nature and the fact that a
high number of patients used antihypertensive medication. Nevertheless, as the
study comprised an unselected group of patients obtoined from various dialysis
centers, this reflects common daily practice in our region. Moreover, the high
prevalence of hypertension is in agreement with a large ltalian multi-centre
study, which included more than 500 PD patients, of whom 88% used anti-
hypertensive medication.*” The fact that o large proportion of the PD patients
used antfihypertensive medication including ACE inhibitors, might have interfered
with the relations between fluid state, BP, and cardiovascular structure observed
in the present study. However, because of ethical reasons antihypertensive
medication was not stopped. On the other hand the present study shows that,
even in a cohort of patients using (multiple) antihypertensive agents, fivid state is
still a significant determinant of BP and cardiac structure.

In conclusion, overhydration is present in a significant percentage of PD paotients
despite treatment prescription according to dialysis outcome and quality initiative
(DOQI) guidelines. Fluid state is significantly related to both DBP and eccentric
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LVH, whereos orterial wall abnormaolities are more dosely related to SBP and
concentric LVH. Both ambulatory SBP ond DBP are significantly related to
echocardiographic abnormalities, whereas such o relation was not observed for

office BP measurements.
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Abstract

Both peritoneal ransport characteristics as well as residual renal function are found to be
reloted 1o outcome in patients freated with continuous ambulatory peritoneal dialysis
(CAPD). It has been suggested that part of this relation might be explained by an effect of
both porameters on the fluid state in CAPD patients or by the relation hetween
inflammation and peritoneal transport. In the present study, the relation between fluid
state {extracellular water [FCWI; peritonieal fransport characteristics [2.27% glucose
dialysate/plasma creatinine [D/P] ratiol); residual renal function (residual glomerulor
filtration rate [rGFR] determined by urine collection}, and inflammation (C-reoctive
profein [CRP]) was assessed in 37 CAPD patients, in a cross-sectional and longitudinal
design. Finally 25 patients completed this study.

In the cross-sectional part, ECW corrected for height (ECW:height) was inversely related
to rGFR (r=-0.40; p=0.016), whereas during the longitudinal port, D/P was related fo
the change in ECW (r=-0.40G; p=0.05). Neither D/P, nor rGFR were relafed to CRP,
whereas a significant relotion was observed between ECW:height and CRP (r=0.58;
p=0.0001}). When the patients were dichotomized according 1o their rGFR (<2 or >2
mi/min), a highly significant difference in fluid state was observed between these groups
(ECW:height: 12.5+3.8 I/m wversus 9.242.2 |/m? respectively; p=0.003), despite a
significantly larger daily peritoneal glucose prescription {216.3260.0 gram/24 hrs versus
156.54£53.0 gram/24 Hrs; p=0.004) and peritoneal ultrafiltration volume {1856+644
mi/24 Hrs versus 658+781 ml/24 Hrs respectively; p=0.0001} in the group with o
rGFR<2 mi/min compared to the group with a rGFR >2 mil/min.

Concluding, fluid state was significantly related to peritoneal transport characteristics and
rGFR. The larger ECW:height in CAPD patients with o negligible rGFR existed despite a
higher peritoneal ultrafiliration volume and higher peritoneal glucase prescription. These
findings raise doubt on the fact whether fluid state in these patients with a diminished
rGFR can be adequately maintained on standard glucase solutions without an additional
sodium and fluid resiriction. The preliminary relation between CRP and fluid state found
in the present study might suggest o relafion between overhydration and inflammation.
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Introduction

Interest in the tronsport characteristics of the peritoneal membrane has
increased since the subanalysis of the CANUSA study, in which o high transport
state, characterized by o high dialysate/plasma creatinine (D/P) ratic', was
found to be an independent risk factor for mortality. Following this observation,
also other studies showed an increased mortality in so-colled high transporters,
although in some studies, this only oppeared to hold true for potients with co-
morbid disease.??

Due 1o the finding that peritoneal fluid removal is less in patients with a more
permeable peritoneal membrane whereas albumin loss is higher®, it has been
suggested that the relation between transport state and mortality might be partly
related 1o overhydration, which is an important risk foctor for hypertension and
left ventricular hypertrophy.®?

Another factor found to be related to outcome in dialysis patients is residual
renal function (RRF), which has been attributed by an effect of RRF on both total
solute clearance and fluid state.®

Until now, few studies have focused on the relation between fluid state with
peritoneal transport characteristics and RRF in continuous ambulatory peritoneal
dialysis (CAPD) patients.” Moreover, in those studies, which have been
performed?, fluid state was not assessed in great detail.

Another factor which has been widely implicated in the increased mortality in
dialysis patients is the presence of an inflammatory state.” It has been
hypothesized that peritoneal transport state might be influenced by
inflammation, although the only study which addressed this topic failed to
confirm this hypothesis.” In order to gain more insight in the pathogenesis of
important determinants for outcome in peritoneal dialysis patients, the aim of
the present study was to assess the relation between fluid state, peritoneal
transport characteristics, RRF and inflammation in a cohort of peritoneal dialysis
patients using both a cross-sectional and a longitudinal design.

Study design

in this multi-center study, including patients from & dialysis centers, fluid stafe,
peritoneal transport, residual renal function, peritoneal ultrafiliration volyme,
glucase prescription, and C-reactive profein were related in o croﬁs-sectnonpl
design. Moreover, parameters were compared after arbitrary dividing patients in
two groups according fo residual renal function, measured at baseline (residual
glomerular filtration rate [rGFR]) <2 or >2 ml/min). o

Afier the baseline investigations, patients were followed longitudinally during
four months after which the same investigations were performed, not changing
the treatment regimen. Eligible patients, who did not meet the exclusion criteria,
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were asked to particapfe in the study. Exclusion criteria were: acute intercurrent
infection, malignancy and cardiac failure (NYHA >11).

Patients

in the cross-sectional part of the study, 37 CAPD patients were included. The
baseline characteristics of these patients are given in Table 5.1. The causes of
renal insufficiency were: glomerulonephritis: 18 patients, glomemloscﬂemsisﬂ: 3
patients, hypertension: 6 patients, polycystic disease: 4 patients, urologicol
disorder 3 patients, diabetes mellitus: 2 patients, scleroderma: 1 patient.

Of the included patients, 25 completed the longitudinal part of the study. The
reason for drop out in the longitudinal part of the study were: 4 patients
underwent a renal transplant procedure during follow up, 2 patients had an
peritonitis during follow up, 2 patients switched to hemodialysis because of
technique failure, 3 patients did not return for the second measurement, and in
1 patient PD was stopped because of return of renaol function. All patients were
only treated with standard glucose containing peritoneal solutions (Dianeal®;
Boxter, Lund, Sweden). The glucose concentration waos prescribed at the
discretion of the treating physician. None of the patients had clinical signs of
overhydration.

Table 5.1. Patient demographics

Number

Male/Female 26 /11

Mean = SD
Age {ysars) 552 +11.8
Weight (kg) 78.4 + 158
Body surfoce area (BSA) (m?) 1.9+02
Time on CAPD (months) 22.6 = 185
Waeekly KtV 2.4+ 0.7
Weekly creatinine cledrance (L/1.73 m?) 864 =+ 33.4
rGFR [ml/min) 4.3+ 4.2
/P creatinine 0.68 + 010
Serum albumin {g/) 320 4.4
C-reactive protein {mg/L) 7.0+ 13.0
24-hours SBP {mmHg]} 130.5+ 15.8
24-hours DBP (mmHg) 787+ 10.4
Number of anlihypertensive agents 17418

Study protocol

Patients were admitted to the research center at the dialysis depariment of the
Academical Hospital of Maastricht in the early morning ofter an overnight fast. If
patients had a filled abdomen over the night, PD fluid was first drained before
the measurements were started. After admission, fluid state was determined by
tracer dilution. During the equilibration period, patients were not allowed o eaqt
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or drink. At noon, patients were allowed to eat a light meal, of which the total
amount of Huid did not exceed 200 ml.

Study parameters

Peritoneal transport characteristics

At inclusion of the cross sectional part of the study, the transport characteristics
of the peritoneal membrane were characterized using a standard peritoneal
equilibrium test (PET) after a 4 hour dwell with o 2.27% glucose solution. At the
day of investigation, 24-hours collection of the dialysis fluid and the urine was
performed to calculate dialysis adequecy rGFR: Ki/V ., and weekly cregtinine
clearance normalized to 1.73 m? body surface area [BSA). All caleulations were
made using PD adequest software. '

Peritoneal ultrafiltration volume and glucose prescription

Peritoneal ultrafiltration volume was calculated from the 24-hours diolysate
collection performed af the day of investigation. The 24-hours peritoneal
glucose dosage prescription was calculated from the volume and glucose
concentration of the prescribed PD fluid.

Fluid state

Patients received an orally administered dose of 30 ml (150 mmol} sodium
bromide {NaBr, pharmacological department, Academical Hospital Maastricht,
the Netherlands). Dose bottles were washed out and the rinsed water was also
ingested by the patients to ensure that all NaBr was consumed. The enrichments
of NaBr in the body fluid was measured in serum. Immediately before NaBr
intake, a (background) blood sample was taken. After the equilibration time of 4
hours a second blood sample was collected. The concentration of bromide in
serum was determined by gas chromatography.'' Bromide dilution space was
caleulated from the enrichment of bromide after 4 hours. The extracellular water
compartment, i.e. extracellular volume (ECW) was calculated as the NaBr
dilution space corrected for intracellular penetration of NaBr in erythrocytes,
leukocytes and secretory cells, for unequal NaBr concentrations in  the
extracellular fluids (Gibbs-Donnan effect), and for the concentration of water in
the serum: therefore, NaBr dilution space was multiplied by the following
carrection factor: 0.90*0.95%0.94=0.80."

MNormalization of parameters

Regarding the relation with blood pressure, fluid state was normalized for height
and BSA, although the optimal normalization procedure for fluid state is not well
known in dialysis patients. BSA was also used, because an earlier study showed
the best relation between ECW and hemodynamic variables when BSA was used

for normalization.™

24-hour ambulatory blood pressure

in all patients, 24-hour blood pressure (BP) measurements were performed
using a Spacelabs oscillometric BP monitor (Redmond, WA, USA). BP was
measured every 15 minutes from 7 a.m fill 11 p.m and every 30 minutes from

11 pomiill 7 a.m.
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Inflammatory parameters ,
in all PD patients, blood samples were taken for the assessment of albumin and

C-reactive protein (CRP} (Syncron X 20, Beckman Coulter, California, U.S.AL
The detection limit of the CRP assay was a value of 2 mg/ml.

Statistics

Correlations between the different parameters were estimated by the use of
Pearson product moment correlations. Differences during the follow up period
were estimated by the use of the paired standard T-test. Differences between
groups were assessed by the unpoired Student’s T-fest.

Caleculations were made using SPSS 10 statistical software for Windows. P-values
<0.05 were considered significant. Data are expressed as mean *=5D.

Results

Peritoneal transport characteristics

In the cross-sectional part, an inverse relation was observed between the D/P
ratio and the perifoneal ultrafiltration volume (r=-0.37; p=0,02), but not
between D/P ond daily glucose prescription. Also no relation was observed
between D/P and the time on dialysis. D/P was also not found to be related to
the ECW:BSA and ECW:height in the cross-sectional part. Mevertheless, during
the four months follow-up period, a significant relation between the D/P and the
change in the ECW (r=0.40, p=0.04) was observed (Figure 5.1). The change in
ECW was significantly related to the change in systolic blood pressure (SBP)
[r=0.45; p=0.03) but not to diastolic blood pressure (DBP).

Residual renal function

In the cross-sectional part, rGFR was significantly related to the time on dialysis
treatment {r=-0.44; p=0.003} (Figure 5.2). There was a significant inverse
relation between rGFR with ECW:BSA and ECW:height {r-0.48; p=0.003}, and
=-0.40 (p=0.016}. When patients were arbritary divided according to rGFR
(<2 or >2 ml/min), ECW:BSA [p=0.001) and ECW:height were significantly
higher in the group with rGFR<2 ml/min (Figure 5.3)(p=0.003), despite o
significantly higher peritoneal ultrofiliration volume and peritoneal glucose
prescription (Table 5.2).
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Figure 5.1. D/P versus the change in ECW during four months follow-up.
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Figure 5.2. rGFR in relation Yo fluid state [ECW:height)
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Figure 5.3. ECW in patients with rGFR below 2 ml/min and larger than 2 mi/min

p=0.003.

Covered boxes indicate 25-75% with median value, captured bars indicate
the range of data {excluding outliers).
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Figure 5.4. LogCRP in relation to fluid siate (ECW:height)
r=0.47; p<0.001

Inflammation

CRP was not significantly related to either D/P or rGFR. There was a significant
relation between CRP with ECW:BSA [r=0.41) and ECW:height {r=0.54,
p<0.001}, which also held true for the relation with logCRP (r=0.47;
p<0.001){Figure 5.4). The relotion remained significant when the outliers had
been removed from the anaclysis. Serum albumin was inversely related to D/P
[r=-0.38; p=0.02), but not to ECW:BSA and ECW:height.

Table 5.2. Comparison hetween patients with rGFR<2 ml/min and rGFR>2 mi/min

rGFR<2 ml/min rGFR>2 ml/min p
n=15 n=22

ECW:BSA (I/m?2) 11.0+=32 8.2 = 1.4 0.001
ECW:height {I/m)] 12538 93 = 272 0.003
Time on PD 319+ 174 167+ 1465 0.016
Peritoneal ultrafiltration volume {mi/day) 1856 + 644 658 + 781 0.0001
Peritoneal glucose prescription (g/day) 2163 £60.0 1565 =530 0.004
Residual diuresis {mi/day) 270 + 566 1438 = 1213 0.001
Serum albumin {g/!) 31.5+ 3.08 32+ 52 ns
C-reactive protein {mg/l) 1142197 4.1+ 3.5 ns
24-hour SBP [mmHg) 1308 2194 1303 £13.1 ns
24-hour DBP (mmHg) 776114 795> 99 ns
Mumber of antihypertensive agents 1.3+1.0 1.9+ 1.1 ns
Weekly Ki/V_ . 20=x=03 27 =08 ns
rGER (ml/min) 0.40 x 0.45 6.9 = 3.4 0.0001
D/P creatinine 0.69 £0.11 0.67 = 0.1 ns
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Discussion

The main findings of the study were firstly the significant relation between fluid
state with peritoneal transport characteristics and rGFR, secondly the significantly
highexr ECW in patients with a rGFR below 2 ml/min despite o significantly
higher daily peritoneal glucose prescription and peritoneal ultrafiliration volume
compared to patients with a higher rGFR, and finally the significant relation
between fluid state and CRP levels.

The relation between peritoneal transport characteristics (D/P) and ECW, which
only became apparent during the longitudinal part of the study, was not very
pronounced. Nevertheless, it appears likely that the relation between the D/P
ratio, measured at the start of the study, and the change in ECW during the
follow-up period is explained by a reduced fluid removal caused by a higher
permeable peritoneal membrane, which is also suggested by the inverse relation
between D/P and daily peritoneal ultrafiltration volume. Despite the rather weak
correlation, these findings suggests that a more permeable peritoneal
membrane is a risk factor for progressive overhydration, as could be expected
from a theoretical point of view.

The relation between rGFR and fluid state appeared to be more pronounced.
Indeed, when patients were dichotomized in two subgroups according to rGFR,
a highly significant difference in fluid state was observed between the two
groups. It was remarkable that the higher ECW in the patients with a rGFR
below 2 ml/min occurred despite a significantly higher peritoneal ulirafiltration
volume (nearly approaching 2 liters/day), and a higher 24-hours glucose
prescription. Although it should be acknowledged that a cut-off point of
2 ml/min is arbitrary, the present study suggests that it may be difficult to
maintain normohydration in CAPD patients with negligible renal function with
the use of standard glucose solutions without a stronger emphasis on sodium
and fluid restriction.

In contrast with the strong relation between rGFR and fluid state observed in the
cross-sectional part, rGFR was not related to the chonge in ECW during the 4
months period. Although this may seem counferintuitive, it can be hypothesized
that the lack of such a relation is explained by the fact that in patients with o
negligible rGFR, ECW is stabilized at a higher level by the use of more
concentrated glucose solutions, without reaching normohydration. This might
also explain why ECW is not normalized in patients with an absent rGFR despite
o nearly comparable daily fluid removai as observed in patients with a rGFR
higher than 2 ml/min.

Regarding inflammation, no relation between peritoneal transport characteristics
and CRP was observed. These results should be interpreted with some caution,
because in the present study, CRP was not assessed with an ultra-sensitive assay.
Nevertheless, the absent relationship between CRP and peritoneal fransport
characteristics is in agreement with earlier observations by Wang et al.*

An interesting finding of the present study is the significant relation between CRP
levels and fluid state. Although the limitations of our CRP assay have already
heen outlined, and the present data should, also in view of the skewed

93



94

Chapter 5

distribution of the CRP data, be regarded as highly preliminary,
pathophysiological basis for the present findings might be found in eai
observations in non-uremic patients''® in which an increase in inflammat
was observed in patients with congestive heart failure. In these patients, if 1
hypothesized that gut edema, resulting from overhydration, might lead to
increased possage of endotoxins from the infestines into the blood. Whether
also holds frue for our patient group is highly speculative and should
oddressed in more detail in future studies. Another explanation for the relal
between fluid state and CRP might be the loss of body cell mass, induced
inflammation, which may lead to a state of overhydration when “dry weight
not adjusted.

Drawbacks of the present study are the short follow-up period, the relatfis
small number of patients included and the large number of dropouts in
longitudinal part. The first drawback is however inherent to the complexity ¢
the expense of the methodology. Moreover, in a study including relatively srv
numbers of patients, longer follow-up periods will undoubtedly lead to a mc
percentage of drop-outs, as was indeed already apparent. Another point
criticism might be the fact that transport characteristics were only assessed by
D/P ratio, assessed ot the start of the study. Nevertheless, this approach v
chosen because the D/P ratio still appears to be the most widely used test
measure perifoneal transport characteristics and was used in most other stuc
assessing the influence of transport state on outcome parameters in
patients.”’ Moreover, when looking at the results in more detail, in so
patients ECW decreased during the follow-up period despite the fact that the
prescription was not changed. The reason for this finding is not entirely cle
Nevertheless, we belief that it is not due to methodological problems, since i
very strong relation between ECW measurements at baseline and ofter 4 mon
follow-up is a strong argument for the reliability of the bromide assay.

One might question if changes in sodium or fluid intake may have ployec
role. It should be mentioned that neither sodium intoke, nor wurinary o
peritoneal sodium removal were measured in the present study. Therefore, i
results presented in this paper should be regarded as preliminary, and sho
be followed by o more detailed study, which also takes these, potentially wi
important, parameters into account,

It should also be pointed out that patients were included with different dialy
duration. Therefore, the follow-up period of 4 months, which was used in es
patient, is somewhat arbitrary. However, including e.g. only incident patie
would have made it impossible to study the effect of rGFR on fluid state, becad
of the disturbed fluid state which is often present when dialysis therapy
intiated.

Concluding, in the present study, fluid state was significantly related
peritoneal transport characteristics and rGFR. Compared to patients with a rG
larger than 2 ml/min, ECW was significantly higher in CAPD patients with
negligible rGFR despite a higher peritoneal ultrafiltration volume and gluce
prescription. These findings raise doubt on the fact whether fluid state in patie
with negligible residual renal function can be adequately maintained |
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standard glucose solutions without additional sodium and fluid restriction. The
relation between CRP and Huid state found in the present siudy might suggest o
relation between overhydration and inflammation.
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Abstract

A reliable assessment of nutritional state in peritoneal dialysis (PD) patients is of great
imporiance. Nevertheless, techniques used fo ossess body composition in patients on FD
may be affected by abnormalities in Hluid state. Aim of the study was firstly to compare
different technigues used to evaluate body composition and to assess the influence of
Huid state on the assessment of body composifion, the second aim was fo assess the
relationship of handgrip muscle strength and the nutrifional state of the patient. In 40 PD
patients, dual energy X-ray aobsorptiometry (DEXA], multi frequency bicimpedance
analysis (MF-BIA] and anthropometry were compared with regard to the evaluation of
body composition (fat mass and lean body mass [LBM] derived by DEXA or fat-free mass
[FEM] derived by MF-BIA, and anthropometry). The influence of the fluid stafe on the
measurement of LBM/FFM by the various technigues was assessed by their relotion fo left
ventricular end-diastolic diameter (LVEDD), assessed by echocardiography, and by
estimoting the rotio between extraceliular water (ECW) and total body water {TBW),
assessed by bromide and deuterium dilution, in relation to LBM. The relevance of the
handgrip muscle strength os o nutrifional parometer was assessed by its relation to
LBM/FEM and other nutritional parameters.

Despite highly significant correlations, wide limits of agreement were present regarding
the assessment of body composition between the various techniques {expressed os %
bodyweight): LBM (DEXA)-FFM (MF-BIA): 2.7+11.8%, LBM (DEXA)-FFM [Anthropometry):
-5.747.8%, fot mass (DEXA)-(MF-BIA] ~3.148.0%, fot mass (DEXA)-(Anthropomelry):
2.947.2%, which were most pronounced for anthropometry. The ratio between ECW and
LBM (DEXA) was 0.36+0.08 l/kg {ronge 0.25-0.67), and the ratio between TBW and LBM
0.75+0.06 l/kg [range 0.63-0.86}, which shows the variability in hydration state of
LBM/FFM between individual patients. LBM/FFM measured by oll three fechniques were
significantly related to LVEDD, suggesting an important influence of hydration state on
this parameter. Handgrip muscle strength was significantly related to LBM/FFM, as
measured by all three techniques, but not to other nutritional parameters.

In conclusion, wide limits of agreement were found between various techniques used to
assess body composition in PD patients, which appeared to be smaller for MF-BIA than
for onthropometry. The assessment of body composition was found to be strongly
influenced by hydration state. Handgrip muscle strenght is well related 1o body
compaosition, but not to other nutritional parameters.
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Introduction

An adequate assessment of nutritional state is of main importance in peritoneal
dialysis (PD) patients, in view of the sirong relation between malnutrition and
mortality in renal patients.! Ideally, nutritional assessment should be based on a
detailed measurement of body composition as well as on the evaluation of
functional parameters, such as handgrip muscle sirength and globo! parameters
of nutrition, such as serum albumin and subjective global assessment (SGA).'
With regard to body composition the most frequently used techniques in dialysis
patients appear fo be multifrequency bicimpedance analysis (MF-BIA}, dual
energy X-ray absorptiometry (DEXA) and anthropometry.??

However, there remains uncertainty about the reliability of techniques used to
assess body composition in PD patients, especially in view of the high prevalence
of abnormalities in fluid state in dialysis patients, which may, from o theoretical
point of view, predominantly have a large influence on the evaluation of lean
body mass (LBM) estimated by DEXA, and fat-free mass (FFM) assessed by MF-
BIA or anthropometry.®? However, until now, the influence of fluid state is not
well considered in the nutritional assessment of PD patients. The primary aim of
the present study was to compare various techniques used to assess body
composition in PD patients and also to assess the influence of fluid state on
LBM/FFM. Moreover, the usefulness of handgrip muscle strength as a nutritional
parameter was assessed by its relation with other nutritional parameters.

Materials and methods

Study design

With regard to the assessment of body composition, the following techniques
were compared: anthropometry, MF-BIA and DEXA. The influence of hydration
state on these parameters was assessed by their relation with an
echocardiographic parameter (left ventricular end-diastolic diameter {LVEDD]).
Extracellular water (ECW), estimated by a tracer dilution method, was used fo
assess the relative contribution of the ECW compartment to LBM (DEXA].
Moreover, handgrip muscle strength (HGS), which was related fo body
composition assessed by these techniques was related to other nutritional
parameters.

Study protocol

Patients were admitted to the research center in the early morning affer an
overnight fast, with “empty” abdomen. After admission, bromide dilution and
MF-BIA were performed, followed by the ossessment of the other nutrifional
parameters (except DEXA). During this study period, patients were not allowed to
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eat or drink. At noon, patients were allowed fo eat a light meal, of which the
total amount of fuid did not exceed 200 ml. Hereofter, DEXA and
echocardiography were performed.

Patients

Forty PD patients, from six cenfers in our region, were included (29 males; 11
females). Patients with metal implonts, and recent complications [e.g.
malignancy or surgery], dicbetes mellitus, and dyspnec or angina pecioris
(NYHA Il and higher] were excluded. Other patients whom were eligible were
asked to participate in the sfudy.

Patient characeteristics are displayed in Table 6.1. Informed consent was
obtoined from each patient, and the study was approved by the Ethics
Committee of the Maastricht University Hospital, The Netherlands.

Table 6.1, Patient demographics

Mean age {years) 53.6 + 12.4
Mon/Woman 29 (73%) /11 {27%)
CAPD/CCPD 30 (75%) / 10 (25%)
Weight [kg) 77.8 = 13.6
Body surface area (BSA) (m?) 1.9 = 0.2

Body mass index (BMl) (kg/m?) 260+ 3.6

Time on CAPD {months) 27.1 +17.3
Weeldy total KtV 2.4 =07
Weekly total creatinine clearance (L/1.73 m?) 854 = 30.7
Residual GFR (ml/min) 4.3+ 3.9

D/P crectinine 0.65 = 01
Subjective global ussessment 55 %038
Cause rendl insufficiency (number)

Glomerulonefritis 19 {47.5)
Glomerulosclerosis 3 (7.5)
Hypertension 6 (15.0)
Polyeystic disease 4 {10.0
Urological disorder 6 {15.0)
Unknown 2 (5.0

Study parameters

Dual energy X-ray absorptiometry (DEXA)

DEXA (DPX-L [Lunar Radiation Corp., Madison, WI]) was used for measurement
of fat mass (FM), LBM (comprising muscle, inner organs and body water] and
bone mineral density. Measurements were performed in a standard fashion
while the patient was lying in a supine position. From a X-ray source and K-edge
filter below the patient, X-ray beams of stable energy radiation of 38 and 70
KeV were emitted. The composition of the soft-tissue was estimated by the ratic
of beam attenuation at lower energy relative to the higher energy in soft-tissue
pixels; this ratio is inversely and linearly related to the percentage fat.'® LBM is
estimated by subtracting body fat and bone cell mass from body weight.
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Anthropometry

Body weight was measured to the nearest 0.1 kilogram using o balance scale.
Body height was measured to the nearest 0.5 centimeter with the patient
standing, back to a stadiometer.

Skinfold measurements were used fo estimate total body fat mass. Skinfold
thickness was measured to the nearest 0.1 mm by a skinfold caliper.
Measurements were made at the non-dominant side of the body at four sites:
biceps, triceps, subscapula and iliac crest. Skinfolds were measured three himes;
thereafter, the sum of the individual skinfolds was averaged. The logarithm of
the sum of the four skinfolds was used in age- and gender specific regression
equations of Durnin and Womersly'' to compute body density (D). Fat mass was
computed as body weight (kg} X ([4.95/D] - 4.5); FFM (kg) as body weight (kg) -
fat mass (kg).

Multifrequency bioimpedance analysis

Bioimpedance measurements (Xitron 4000B: Xitron Technologies Inc, San
Diego, USA) were performed while the patient was lying supine on a bed for at
least 15 minutes. Multifrequency (5-500 KHz) currents were infroduced at distal
electrodes on the hands and the feet in a standard fashion, and resistances were
measured by proximal electrodes. Intraceliular water (ICW) and ECW were
predicted from the Hanai mixture theory (using a Cole-Cole model).™ In this
model water compartments are directly calculated from resistance values,
assuming specific resistances of ECW and ICW. Specific resistances of ECW and
ICW are provided by the manufacturer (for men: pECW = 215, plCW = 824,
for women pECW = 206, pICW = 797).%° FFM is derived from the ECW and
ICW, after multiplication with a constant factor (Dge,=1.45 kg/! for males and
1.48 kg/! for females) and ICV (Djc,=1.31 kg/l for males ond 1.23 kg/l for
females), according to caleulations and assumptions provided by the
manufacturer: FFM=(Dgey.X ECW)+ (Do X ICW). FM is calculated as body
weight minus FFM."

Handgrip muscle strength (HGS)

HGS was evaluated in the dominant arm using the Harpenden dynamometer
(British Indicators Lid). HGS measurements were repeated three times. The
greatest value was used for analysis.’

Subjective global assessment (SGA) ‘ |
SGA was assessed on a seven-point scale, ranging from severely malnourished
{1} to well nourished (7)."

Tracer dilution techniques

Patients received an orally administered dose of deuterium oxide (0,0} of 25 mi
(99 % D,O, Sigma Chemicals, St. Louis, USA) and 30 ml {150 mmol)‘sodium
bromide [NaBr, pharmacological department, University Hospital Maastricht, the
Netherlands). Enrichments of NaBr in the body fluid were measured in serum.
Immediately before NaBr intake, a (background) blood sample was taken. After
the equilibration time of 4-hour a second blood sample was calledwgd. The
concentration of D,O and NaBr in serum was determined by isotope ratic mass
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spectrometry and gas chromatogrophy respectively.’® NaBr dilution spaces were
calculated from the enrichment of bromide after 4-hour. Total body water {TBW]
was calculated as the D,0 dilution space corrected for the exchange of DO
with nonagueous compartments and for the concentration of water in the serum
by first dividing the dilution space by 1.04 and thereafter multiplying it by 0.94.
The ECW was calculated os the NaBr dilution space corrected for intracellular
penetrafion of NaBr in erythrocytes, leukocytes and secretory cells, for unequal
MaBr concentrations in the extracellulor fluids (Gibbs-Donnan effect], and for the
concentration of water in the serum; therefore, NaBr dilution space was
multiplied by the following correction factor: 0.90%*0.95*0.94=0.80."°

Echocardiography
LVEDD was assessed by @ two-dimensional ultrasound system with standard
imaging fransducers {Hewlett Packard 2500 or 5500).

Statistical analysis

Data are expressed as mean %SD. Correlations between body compartments
measured by the different methods were estimated by the use of Pearson
product moment correlations. For the correlation with SGA, also the Spearman'’s
rank-test was used. P-values <0.05 were considered significant. Bland and
Altman plots'” were used to visually assess agreement between the different
methods. Multiregression analysis was performed to separate the effects of LBM
from those of body size on LVEDD.

Results

Relation between techniques used to assess body composition

Correlation coefficients between various techniques used fo assess body
composition are summarized in Table 6.2, limits of agreement between various
techniques to assess body compesition are summarized in Table 6.3.

Table 6.2. Correlations between the various techniques used to assess body composition

LBMDEM FFMMF-BIA FMW-E;A FMAa'x!Ewopome!!y
LBM 5, 0.92
FFMye 0.92
T 0.83 0.82
Mpgxa 0.88 0.82
My 0.74

For all correlations: p<0.001

The correlation coefficient between LBM (DEXA) and FFM (MF-BIA) was 0.93,
between LBM (DEXA) and FFM (Anthropometry) 0.86, and between FFM
(Anthropometry and MF-BIA) 0.84 [all p<0.001]). Limits of agreement between
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LBM {DE)&A) orﬂmd FFM (MF-BIA), expressed as percentoge of body weight, were
5_7’.‘7:5::&1:8/6 (ﬁgure 6.1}, between LBM ([DEXA] and FFM (Anthropometry)
-ggz?f‘;ﬁ;(ﬁgwe 6.2} and between FFM ({MF-BIA} and FFM [Anthropometry)
-8.3814.1%.
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Figure 6.1. Limits of agreement between LBM assessed by DEXA and FFM assessed by
MF-BIA
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Figure 6.2. Limits of agreement between LBM assessed by DEXA and FFM,
assessed by anthropometry

With regard to FM, the correlation coefficient between DEXA and MF-BIA was
0.88, between DEXA and anthropometry 0.78, and between anthropometry and
MF-BIA 0.74 (all p<0.001). Limits of agreement between DEXA and MF-BIA,
expressed as percentage of body weight were —3.118.0% (Figure 6.3), between
DEXA and anthropometry 2.9+7.2% (Figure 6.4), and between MF-BIA and
anthropometry —~4.8+£10.9%.
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Table 6.3.  Differences in estimation of body composition, assessed by the different
technigues
Mean = SD Runge
LBM (DEXA)-FFM [MF-BIA} 1.1+£43 (-13.81tc 6.5) kg
LBM (DEXA)-FFM (Anthropometry) 4.9+ 6.1 {(-19.6 10 7.2} kg
FEM [MF-BIA)-FFM (Anthropometry) -5.1%6.6 {-18.310 7.7} kg
Fid (DEXA)-[MF-BIA) 4.4+ 45 {(-12.0 10 9.0} kg
Fid [DEXA)-(Anthropometry) 1.5£53 -10.7 t0 15.3}) kg
Fid (MF-BIAJ-(Anthropometry) 5.6 +6.3 {-7.7 10 18.3} kg
Faf riass lovacage of DERA and MF.BIAY jkyl
Figure 6.3.  Limits of agreement between FM assessed by DEXA and MF-BIA
% i - _,7
‘% 20
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Figure 6.4,  Limits of agreement between FM assessed by DEXA and Anthropometry
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Figure 6.5. Relation between LBM [DEXA] as percentage of body weight, and LYEDD

Relation between body composition and hemodynamic parameters

Mean value for LVEDD is 50.3+5.6 mm {40-64). In 9 patients (23%), LVEDD was
255 mm, indicating severe left ventricular dilatation.

LBM/FFM assessed by DEXA, anthropometry, and MF-BIA were significantly
reloted to LVEDD {r=0.60, r=0.56, and r=0.51%; p<0.05}, also when expressed
as a percentage of body weight (r=0.54, r=0.36, and r=0.46; p<0.05},
showing the influence of hydration state on parameters used to assess body
composition in PD patients (Figure 6.5). The relation remained significant when
both the LBM, assessed by DEXA and BSA, os o parameter of body size, were
entered in multiregression analysis (LBM; t=3.23; p<0.001, BSA; t=-0.35;
p=ns).

Relations between ECW and hemodynamic parameters in the same cohort of
patients are described elsewhere (chapter 4).

The amount of LBM, measured by DEXA, consisting of ECW (mean 0.36+0.08
I/kg) varied widely between 0.25 and 0.67 l/kg, which shows the variability in
hydration state of LBM/FFM between individual patients. This is also reflected by
the wide difference in the ratio between TBW and LBM [mean 0.75+0.06; range
0.63-0.86 I/kg).

Relation between body composition, handgrip strength, and SGA

HGS was significantly related to LBM assessed by respectively DEXA, MF-BIA,
and anthropometry, respectively r=0.62; p<0.001, r=0.63; p<0.001, and
r=0.58; p<0.001.

HGS was not related to SGA or serum albumin, whereas SGA was positively
related to FM, assessed by DEXA and MF-BIA r=0.31 and r=0.46; respectively
r=0.36 and r=0.25.
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Discussion

The main results of the present study are firstly the strong relation, but large
limits of agreement, between body composition assessed by respectively DEXA,
MF-BIA and anthropometry, secondly, the strong relation befween
echocardiographic parometers and LBM or FFM, indicating an important
influence of hydration on tfechniques used to assess body composition in PD
potients, and thirdly the significant relafion between HGS and LBM. With regard
to the wide limits of agreement in the assessment of body composition between
the various techniques, it should be mentioned that neither technique should be
considered as “gold standard”, although in recent literature DEXA was shown to
be most closely related to the reference technique of neutron activation
analysis.'® DEXA also assesses body composition in more detail compared to
MF-BIA and anthropometry, as DEXA assumes the body as o three compartment
model, consisting of LBM, FM and bone cell mass, whereas MF-BIA, and
anthropomeiry assumes the body as a two-compartment model, consisting of
FEM and FM. Limits of agreement between DEXA and MF-BIA in the assessment
of body composition were not widely different from those observed in stable
renal transplant patients in an earlier study.'® This despite the fact that in the
calculation of FFM by MF-BIA the assumptions of the specific resistances may
deviate in patients with large abnormalities in fluid state compared to healthy
subjects, apart from the fact that MF-BIA probably does not assess trunk volume
adequately.”? On the other hand, the disagreemeni between DEXA ond
anthropometry appeared to be larger in PD patients compared to the renal
transplant patients. It cannot be excluded that this is partly due to the fact that
the assumption for body density in anthropometric formulae is violated by
chonges in fluid state. MF-BIA structurally overestimates FM compared to DEXA.
In contrast to DEXA, which estimates FM directly, FM by MF-BIA is calculated by
subtracting FFM from body weight. FFM is derived from the estimaotion of intra-
and extracellular resistance. Therefore, in the calculation of FFM, MF-BIA does
not distinguish between bone cell mass and “LBM”. Thus, becouse bone cell
mass is not taken into account, FM is overestimated. Therefore, it is also more
appropriote to speak of FFM instead of LBM in the assessment of body
compositionn by MF-BIA. The same holds frue for anthropometry, which primarily
eslimates FM, but also does not take bone cell mass into account.

Fluid state appeared to have o large effect on the estimation of body
compaosition, as shown by the significant relation between LVEDD and LBM or
FFM assessed by all studied techniques. Moreover, the relative contribution of
ECW and TBW on LBM appeared to be highly varighle and will remain an
unpredictable factor when fluid siate is not assessed in detail. Many of the
patients included in the present study were actuolly overhydrated, as in 37.5% of
the patient presented in this study, ECW was above the 90" percentile of stable
renal transplant patients (see chapter 4). Moreover, in nearly 25% of the patients
under study, severe left ventricular dilatation was present.



Influence of fluid state on body composition

We believe that this observation warrants a correction for ECW when LBM has to
be assessed in detail, e.g. for research purposes. This presents a dilemma, as
the reliability of MF-BIA with regard to the assessment of the absolute magnitude
of body water compartments appears to be reduced in overhydrated patients.”?'
Therefore, we suggest that when changes in body composition have to be
assessed in detail in PD patients, LBM assessed by DEXA should be used and
corrected for ECW measured by tracer dilution techniques, thus achieving a
four-compartment model for body composition.

Lastly, in agreement with the results from Heimbirger et al in patients with
chronic renal failure, HGS was significantly related to LBM assessed by all
techniques, suggesting that this simple parameter may be a relevant marker in
the nutritional evaluation of PD patients.? HGS may be especially important in
the follow-up of nutritional state in renal patients. Nevertheless, HGS was not
related fo SGA, whereas SGA itself was weakly related only to FM in our cohort
of patients. This maoy be explained firstly by the fact that our population was
relatively well nourished, as patients with severe co-morbid diseases were
excluded from the study, and secondly by the fact that the SGA score is strongly
dependent on changes in nutritional state, which were not detected in this cross-
sectional study.

Apart from its cross-sectional nature, a drawback of the study is that only
relatively stable patients were included, excluding those with severe co-morbid
diseases and cardiac failure. This was done because firstly because intrinsic
heart disease could heavily influence cardiac parameters and thus, the
associations in the present study, ond secondly, because severe co-morbid
disease could lead to rapid changes in fluid state and body composition and
thus flaw the effects of the renal failure. Therefore, the resulis of the study may
not be directly exirapolated to all PD patients. Nevertheless, apart from the
exclusion criferia, the patient group represented a fairly unselected sample.
Concluding, despite a highly significant relation between DEXA, MF-BIA, and
anthropometry in the assessment of body composition, limits of agreement
between these techniques appeared to be wide. Nevertheless, MF-BIA appears
to be preferable over anthropometry. All techniques appeared to be strongly
affected by fluid state, which warrants a correction for ECW when body
composition has to be assessed in detail. HGS was strongly related to b‘oc’iy
composition, suggesting that this simple parometer may be relevant in
nutritional evaluation of PD patients.
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Abstract

it hos been suggested that peritoneal transport characteristics may influence nutritional
and metabolic state in confinuous ambulatory peritoneal dialysis {CAPD) patients because
of higher diclysate glucose concentrations needed fo maintain fluid state. In the present
study, the relotion between peritoneal fransport characteristics and peritoneal glucose
prescription with body composition and metabolic parometers was assessed in stable
CAPD patients. Thirty-six CAPD patients were included in the cross-sectional siudy of
which the longitudinal study was completed by 24 patients. Body composition was
assessed by dual energy X-roy absorptiometry ond corrected for volume state
{extracellular water [ECWI]): determined by bromide dilution). Regarding the metabolic
profile; albumin, lipid parameters, insulin and insulin-like growth factor were assessed.

in the cross-sectional sfudy, the daily peritoneal glucose prescription was significantly
related to body mass index {r=0.40; p=0.019) and to profein catabolic rate (r=-0.38;
p=0.026}, but not to the percentoge of body fat. In contrast, daily peritoneal glucose
prescription was highly significant related to the change in body fat (r=0.53; p=0.012]
and inversely 1o the change in body cell mass during the longitudinal part of the study
[r=-0.56; p=0.007). Daily peritoneal glucose load was inversely related to HDL-
cholesterol {r=-0.41; p=0.018}, whereas body fat corrected for body weight was related

creafinine rafio was not related fo any nutritional or metabolic parameter.

In conclusion peritoneal transport characleristics were not directly related to nutritional or
metabolic parameters. In contrast, peritoneal glucose absorption prescription was
significantly related to the increase in body fat but also to the decline in body cell mass
during a four months follow-up period. These results suggest thai dialysate glucose on
one hand may lead to o decline in body protein stores by a loss of appetite and on the
other hond to on increase in body fat by an increased calory load. Both glucose
prescription and body fat were significantly related to abnormalities in the lipid profile.
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Introduction

Interest in the ftransport characteristics of the peritoneal membrane has
increased since the subanalysis of the CANUSA study, in which a high transport
state, characterized by o high dialysate/plasma creatinine {D/P) ratio'?, was
found to be an independent risk factor for mortality. Following this observation,
also other studies showed an increased mortality in so-called high transporters,
although in some studies, this only appeared to hold true for patients with co-
morbid disease.”

It has also been suggested that transport characteristics might be related fo the
nutrilional state of the patient. Such an effect may be caused by an increased
loss of body proteins and amino acids.* On the other hand, from a theoretical
point of view, the increased absorption of glucose from the peritoneal fluid may
lead to an increase in body fat, despite a reduction in appetite.*® An increase in
body fat in peritoneal dialysis patients may also have metabolic consequences
and may be involved in abnormalities in lipid state as frequently observed in
dialysis patients.

Until now, few studies focused on the relation between nutritional state with
peritoneal transport characteristics and residual function in  continuous
ambulatory peritonal dialysis (CAPD) patients.®® Moreover, in those studies body
composition and nutritional stafe were not assessed in great detail.

Aim of the present study was to assess the relation between peritoneal transport
characteristics and peritoneal glucose prescription with body composition and
metabolic abnormalities in CAPD patients, using both a cross-sectional and a
lengitudinal design.

Study design

In this multi-center study, firstly peritoneal transport, nutritienal and metabolic
parometers were related in o cross-sectional design. After the cross-sectional
part of the study at inclusion, patients were followed longitudinally during four
months ofter which body composition was assessed again, not changing the
freatment regimen. Exclusion criteria were: acute intercurrent infection,
malignancy and cardiac failure (New York Heart Association >1i) and metal
implonts.

Patients

In the cross-sectional part of the study, 36 stable CAPD patients were included
(for in- and exclusion criteria: see chapter 5). In one patient, with a metal
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implant, who was included in chapter 5, DEXA could not be performed, this
patient was not included in this study.

The baseline characteristics of these potients are given in Table 7.1.

Of the included patients, 24 completed the longitudinal part of the study. The
reason for drop ouf in the longitudinal port of the study were: 4 patients
underwent a renal transplant procedure during follow up, 2 patients had an
peritonitis during follow up, 2 patients switched to hemodialysis because of
technique failure, 3 patients did not return for the second measurement and in 1
patient CAPD was stopped because of return of renal function.

Table 7.1. Patient demographics

Number

Male/Femnale 25/ 11

Mean = SD
Age {years) 551 = 11.9
Weight {(kg) 787+ 159
Body surface grea {m?} 191+ 0.23
Time on CAPD {months) 232+ 185

Weekly KtV 24x 07
Weekly Creatinine Clearance {L/1.73 m?) B85.5 + 33.4
Protein catabolic rate (graem1 . kg) 0.96+ 0.24

Residual Glomerular . filiration rate (ml/min) 4,2+ 4.2
D/P creatinine 0.68 + 0.11
Daily glucase prescription {gram) 180.4 + 435

Study protocol

Patients were admitted to the research center ot the dialysis department of the
Academical Hospital of Maastricht in the early morning after an overnight fast,
PD fluid was first drained before the measurements were started. After
admission, tracer dilution measurements were performed ond office blood
pressure (BP) was measured. During this study period, patients were not allowed
to eat or drink. At noon, patients were allowed to eat a light meal, of which the
total amount of fluid did not exceed 200 ml.

Study parameters

Peritoneal transport state

At inclusion of the cross-sectional part of the study, the dialysis- and clearance
characteristics of the peritoneal membrane were characterized using a standard
peritoneal equilibrium test after a 4 hour dwell with a 2.27% glucose solution
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(dialysote/plasma, ... [D/P] ratio). Hereafter a 24-hours collection of the
dialysis fluid and the urine was performed to calculate the Ki/V,_, normalized
protein catabolic rate (nPCR), weekly creatinine clearance normalized to 1.73
m? body surface area [BSA) and residual glomerular filtration rate (rGFR). All
caleulations were made vsing PD adequest software.”

Nutritional parameters

Dual energy X-ray absorptiometry (DEXA)

DEXA was used for measurement of whole-body composition, including fat
mass, lean soft tissue mass [comprising muscle, inner organs and body water)
ond bone mineral density. The equipment used in this study was DPX-L {Lunar
Radiation Corp., Madison, WI).

DEXA. measurements were performed in a standard foshion while the patient
was lying in a supine position. From a X-ray source and K-edge filter below the
patient, X-ray beams of stable energy radiation of 38 and 70 KeV were emitted.
Attenuation of the X-rays was measured with o detector situated above the
patient. Transverse scans of the body were made from top to toe. For each
transverse scan, about 120 pixel elements with a size of approximately 5 to
10 mm were used, vielding data on the aftenuation ratio. Approximately 40 to
45% of the pixels over the body contain bone and soft tissue, 55 to 60% contain
soft-tissue alone.” Bone mass was estimated from the ratio of the attenuation at
low energy peaks relative fo offenuation at high energy peaks through bone
confaining pixels affer correction for the overlying soft-tissue. The composition of
the soft-tissue was estimated by the ratio of beam attenuation ot lower energy
relative to the higher energy in soft-fissue pixels; this ratio is inversely and
linearly related to the percentage fat.'® By the use of these estimations the lean
body mass (LBM) and the fat mass (FM) were determined. In the cross-sectional
parameters, LBM and FM were corrected for body weight.

Correction for fluid state

As LBM, assessed by DEXA, does not differentiate between extracellular and
intracellular woter and becouse abnormalities in fluid state may be widely
prevalent in CAPD patients'', it was corrected for extracellular water (ECW],
assessed by bromide dilution (vide infra). The parameters obtained (LBM minus
ECW) is referred to as body cell mass. In the cross-sectional analysis, body cell
mass is corrected for body weight.

Fluid state

Patients received an orally administered dose of 30 ml (150 mmol) sodium
bromide {NaBr, pharmacological department, Academical Hospital Maastricht,
the Netherlands). Dose boftles were washed out and the rinsed water was also
ingested by the patients to ensure that all NaBr was consumed. The enrichments

of NaBr in the body fluid was measured in serum. Immediately before NaBr

intake, a {background) blood sample was taken. After the equilibration time of 4
hours o second blood sample was collected. The concentration of bromide in

[N
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serum was determined by gos chromatography.'® NaBr dilution space was
caleulated from the enrichment of NaBr after 4 hours. The extracellular water
compartment, i.e. ECW was calculated os the MaBr dilution space correcied for
intracellulor penetration of NaBr in erythrocytes, leukocytes and secretory cells,
for unequal NaBr concentrafions in the extrocellular fluids [Gibbs-Donnan
effect], and for the concentration of water in the serum; therefore, NaBr dilution
space  was multiplied by the  following correction factor:

0.90*0.95*0.94=0.80."

Laboratory parameters

In all PD patients, blood samples were faken for the assessment of albumin, ¢-
reactive protein (CRP), serum albumin, insulin, insulin-like growth factor | (IGF-
1), and the lipid profile ({total cholesterol, LDL- and HDL-cholesterol,
triglycerides) {all Syncron LX 20, Beckman Coulter, California, U.S.A.).

Statistics

Correlations between the different parameters were estimated by the use of
Pearson product moment correlations. Calculations were made using SPSS 10
statistical software for Windows. P-values <0.05 were considered significant.
Data are expressed as mean +5D.

Results

Peritoneal transport state, perifoneal glucose prescription and body
composition

Parameters are summarized in Table 7.2. Daily peritoneal glucose prescription
was not significantly related to D/P, but was found to be related to rGFR
(r=-0.44; p=0.009).
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Table 7.2. Nutritional and metabolic parameters

MNumber
Body weight [kg) 787+ 159
Body moss index {I/m) 264+ 45
Body fat [kg) 245+ 9.4
Percentage of body fat (%) 31.8+98
Lean body mass {kg) 508+ 11.2
Extrocellulor volume (1) 181+ 6.6
Body cell mass (kg) 32.8+ 8.0
Serum albumin {g/L) 320 % 45
C-reactive protein {mg/L} 7.2+ 133
Total cholesterol {mmol/L} 56+ 1.4
LDL-cholesterol {mmol/L) 3.23 + 1.09
HDL-cholesterol {mmol/L} 1.30 £ 0/56
Serumn triglycerides {mmol/L) 23+1.3

In the cross-sectional part, D/P ratic was not related to any nutritional
parameter, except for serum olbumin {r=-0.38; p=0.02), olso not when males
and females were analyzed seperately. D/P was also not related to the change
irt body composition during the 4-month follow-up period. rGFR was not related

to nutritional indices.

Also daily glucose prescription was not related to any nutritional parameter in
the cross-sectional part, except for body mass index (r=0.40; p=0.029) and
nPCR [r=-0.38; p=0.026). However there waos a significant relation between
glucose load and the change in body fat during the follow-up period {r=0.53;
p=0.012){Figure 7.1} and an inverse relation to the change in body cell mass

[r=-0.56; p=0.007) (Figure 7.2).
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Figure 7.1. Daily peritoneal glucose prescription and the change in body fat during

four months follow-up. r=0.53; p=0.012
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and body

Peritoneal frmns!aorf state, glucose prescription
composition in relation to metabolic abnormalities

Daily peritoneal glucose load was inversely related to HDL-cholesterol (r=-0.41;
p=0.016), whereas body fot corrected for body weight was related fo serum
triglycerides {r=0.35; p=0.03). D/P was not related to any other metabolic
parameter.
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Figure 7.2. Daily peritoneal glucose prescription and the change in body cell mass
during four months follow-up
Discussion

The main findings of the present study were the relation between daily perifoneal
glucose prescription and changes in body fat and body cell mass during a four
months follow-up period, the absence of any relation between the D/P and any
nutritional or metabolic parameter, except for serum albumin, and the weak but
significant relation between body fat as well as daily glucose prescription with
lipid abnormalities.

Regarding the relation bebveen peritoneal transport with nuiritional and
metabolic state, it has been suggested that o high peritoneal transport rate
might lead to malnutrition due to an increased loss of albumin and amine acids
by the more permeable membrane as well as by the higher glucose absorption,
which might impair dietary protein intake.® On the other hand, the higher
glucose absorption might lead 1o an increase in body fat and therefore to
metabolic abnormalities.” Despite of the inclusion of fairly detailed parameters
of body composition, no significant relation between peritoneal transport
characteristics and nutritional state was observed, except for the inverse relation
between the D/P ratio and serum albumin, which is probably caused by the
increased albumin loss in patients with a more permeable peritoneal
membrane.'! The absent relotion between peritoneal transport characteristics
and nutritional parameters is in disagreement with the study of Kang et al® but in
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iﬂ;ﬁgﬁfgﬁﬂgtﬁﬁ&g; jud;es."” Po;sab%y, fhe ubsem relation between peritoneal
' ] ‘ .pmceme”rers may be explained by the fact that the sn
increase in albumin | high tr : T e small
| . nin loss in hig transporters may not result in dinically opparent
chonges in nutritional state, whereas the peritoneal glucose load is not onl
dependent on the membrane characteristics of the peritoneum but r:ﬂs ‘ ﬂ?y
ﬁuc*tm:s such as the residual renal function. ©oneme
Despn*rfe "rhe relqhvgly short | follow-up period, daily peritoneal glucose
prescription was significantly related to an increase in body fat and a decrease
in hody cell mass during the four months follow up period, suggesting that the
dmlﬂysus prescription may have a strong effect on the nutritional profile ot the
pu’raen“t mThe fact that, in contrast to the longitudinal study, daily glucose
prescription was not related to body composition in the cross-sectional study
moy beQ fexpﬂumed by the large inter-individual differences in body size and
composihion.
The increase in FM in CAPD patients found in the present study is in nccordance
with earlier studies.'®?® Nevertheless, to our knowledge, this is one of the few
studies showing a relation between peritoneal glucose prescription and changes
in body fat in CAPD patients.”® Interestingly, peritoneal glucose prescription was
significantly related to the rGFR but not to the D/P ratio, suggesting that the
maintenance of residual renal function may also have nutritional and metabolic

consequences, aparf from the strong influence on hydration state found in a
recent study from our group.”'

Remarkably, an inverse relation between daily glucose prescription and changes
in body cell mass was observed during the relatively short follow-up period. We
believe that one of the strengths of the present study is that LBM, which consists
of both intra- and extracellular water, and therefore is particularly affected by
abnormalities in fluid state’', wos corrected for ECW assessed by tracer dilution
techniques. The relation between the daily glucose prescripfion ond the decline
in body cell mass has a basis in recent experimental studies, in which glucose
containing peritoneal dialysate was found to have a strong appetite suppressing
effect.® This is also suggested by the inverse relation between the glucose
prescription and protein catabolic rate found in the present study.

Due to its relatively small number of patients included and the short follow-up
period, one must be cautious with drawing major clinical implicafions fr.om the
present study. Nevertheless, if appears prudent fo hypmbesize that dialysate
glucose on one hand may lead to a decline in body protein stores by o loss of
appetite and on the other hand to an increase in body fat by an lr’fcreose“d mlleory
load. Moreover, regarding the relation between serum triglycerides with boply
composition and the inverse relation between HDL cholesterol .onc-i'ﬂne daily
glucose prescription in PD patients, this variqbbe may have significant and
untoward effects on the metabolic profile of the CAPD patient. It should .be
acknowledged that the latter relafions were fairly wejuk, whereas a retoﬁoq‘mn
hetween peritoneal glucose prescripfion and serum Tf«glzfer:des, w@ﬂ‘u?h m‘“?h#
have been expected from o theoretical point of view?', was lacking. The
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observed relafion between nutritional state, dialysis prescription and metabolic
parameters may have been somewhat disturbed by the fact that some of the
patients used lipid lowering drugs.

As already mentioned above, drawbacks of the present study are the shori
follow-up period, the relatively small number of patients included and a large
number of dropouts in the longitudinal part. The first drawback is however
inherent fo the complexity and the expense of the methodology used in the
present study. Moreover, in a study including relatively small numbers of
patients, longer follow-up period will undoubtedly lead to a major percentage of
drop-outs, as was indeed already apparent in the present study. In addition,
only daily peritoneal glucose prescription, but not glucose absorption was
assessed in the present study.

Another point of criticism might be the fact that fransport characteristics were
only assessed by the D/P ratio. This approach was chosen because the D/P ratio
still appears to be the most widely used test to assess peritoneal transport
characteristics and was used in most other studies assessing the influence of
transport state on outcome parameters in PD patients.'? Moreover, despite the
fact that rGFR was not directly related to nufritional parameters, residual renal
function may still be an important factor in the nutritional state of PD patients.
Firstly, rGFR is an important determinant of glucose prescription during PD,
secondly, a decline in rGFR may from a theoretical point of view, contribute to a
decline in body cell mass because of a reduction in appetite®”. It is not
impossible that a longer follow-up period would have been needed to explore
the latter factor.

Concluding, peritonenl glucose prescription was found to be significantly related
to an increase in body fat but also to a decline in body cell mass during a four
months follow-up period. These results suggest that dialysate glucose on one
hond may lead 1o a decline in body protein stores by a loss of appetite and on
the other hand to an increase in body fat by an increased calory load. Both
glucose prescription and body fat were significantly related to abnormalities in
the lipid profile. Peritoneal transport characteristics were not directly related to
nutritional or metabolic porameters.
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Abstract

Overhydraiion is a risk factor for hypertension and left veniricular hyperrophy in
peritoneal dialysis [PD) patients. Recently, o high prevalence of subclinical overhydration
wos observed in PD patients. Aim of the present open-label randomized study was to
assess the effect of o icodextrin 7.5% solution on fluid state {exiracellular water [ECW:
bromide dilution], blood pressure reguiation [24-hours ambulatory measurements] and
echocordiographic parameters) during a study period of four months, and to relate the
effect to peritoneal membrane characieristics (D/P creatinine ratio). Forty PD patients {22
icodexirin, 18 controls) were randomized to either treatment with icodexirin during the
long dwell or standard glucose solutions. Thirty-two patients {19 icodextrin, 13 conirols]
completed the study.

The use of icodextrin resulled in a significant increase in daily ulirafiliration volume
(744+767 ml versus 167041038 ml; p=0.012} and a decrease in ECW (17.5£5.2 versus
15.8+3.8 |; p=0.035]. Also the change in ECW between controls and patients reated
with icodextrin was significant {-1.743.3 versus +0.9+2.2 |; p=0.013). The effect of
icodexirin on ECW was not reloted to peritoneal membrane characteristics, bt
significantly related 1o the fluid state of the patients (ECW:height) {r=-0.72; p<0.0001).
Left ventricular mass (LVM] decreased significantly in the icodexirin-treated group
[2471+53 versus 22842 grams; p=0.03), but not in the control group.

Concluding, in this randomized open label study, the use of icodextrin resulted in o
significant reduction in ECW and LVM. The effect of icodextrin on ECW was not related to
peritoneal membrane characteristics, but was related to the initial fluid state of the
patient.



lcodexdrin and fuid stote

Introduction

Cardiovascular disease is the single most common cause of death in dialysis
patients. One of the known risk factors for cardiovascular mortality is lefi
ventricular hypertrophy (LVH)." Although the pathophysiology of LVH is
undoubtedly multifaciorially determined, overhydration is  known to play a
major role, at least in hemodialysis patients.?” Recently, we and others showed a
huge prevalence of subclinical overhydration in peritoneal dialysis {PD) patients,
despite the fact that potients were adequately dialyzed according to dialysis
outcome and quality improvement (DOQI) guidelines.*” Importantly, volume
state was related to both hypertension and eccentric LVH.®

It has been suggested that the use of a glucose polymeric solution, icodextrin
7.5%, is able to improve volume state in peritoneal dialysis patients due to an
improved and prolonged ultrafiliration, especially during long dwells.®?
However, studies towards the effect of icodexrin on volume stote in peritoneal
dialysis patienfs are scarce, whereas in the single published study, including
patients on automated peritoneal dialysis, which assessed the effect of icodextrin
on fluid state in more detail, did not use a randomized design, did not apply
reference techniques to assess volume state and did not assess the effect of
icodextrin on cardiac structure.®

Moreover, it is not well known which patients would benefit most of a potential
beneficial effect of icodextrin. From a theoretical point of view, especially
patients with a more permeable peritoneal membrane (so-called high
transporters)’, would be expected to benefit, although in a recent study of our
group the effect of residual renal function on volume state appeared as
important as the effect of membrane permeability (see chapter 5). Moreover, the
enhanced ultrafiltration imposed by icodextrin might influence diuresis and
therefore counteract any potential beneficial effects of icodexirin in those
patients with significant residual function.

Aims of the present study were firstly 1o compare the effect of icodextrin on
volume state, blood pressure and cardiac structure in o randomized open-label
design using detailed methodology and secondly fo assess the effects of
icodextrin in relation to membrane permeability, residual renal function and
volume state in an unselected group of peritoneal dialysis (PD) patients.

Patients

Forty stable PD patients were included (29 males; 11 females]. Patients with
recent complications fe.g. peritonitis, malignancy or surgery), and congestive
heart failure or coronary artery disease (New York Heart Association Il and
higher) were excluded. Patient characteristics are displayed in Table 8.1. Aparl
from the mentioned exclusion criteria, no selection criteria were applied.
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Patients with severe cardiac failure and/or coronary artery disease were
excluded because the underlying disease might severely influence relations
between fluid overload, blood pressure and cardiac structure and therefore
obscure potentially important effects of icodextrin. Dry weight wos assessed on
clinical grounds according to the ftreating physicion, avoiding signs of
overhydration, i.e. an elevated central venous pressure, peripheral or pulmonary
edema. The treatment goals for treatment adequacy were set according to the
DOQI guidelines. Patients were treated with 1.36% glucose solutions for the
long dwell.

Study design

Patients were recruited from five dialysis centres in the south eastern part of the
Netherlands, and one dialysis centre in Germany. In this open-label randomized
multi-centre study, unselected PD patients were randomized towards treatment
with either the contfinuation of their PD prescription with standard glucose
solutions, or treatment with icodextrin during nighttime (in continious ambulatory
PD [CAPD] patients) or daytime {in continious cycling PD [CCPD] patients). No
other interventions in the dialysate prescription were performed during the study
period. At the start of the study and ofter a follow-up period of four months,

volume state, blood pressure,
assessed,

Table 8.1. Patient demographics

and echocardiographic parameters were

Body surface area [m?2)

Time on PD {months)

Weekly Kifv

Weekly Creatinine Clearance (L/1.73 m?)
Residal Diuresis (ml/24 Hrs)

Residual glomerular filtration rate (ml/min)
D/P creatinine

Serum albumin (g/)

Hemoglobin (mmol/l)

C-reactive protein {mg/L)

24-hour systolic blood pressure {mmHg)
24-hour diastolic blood pressure {mmHg)

Number of antibypertensive agents

% pohients on antihyperensive treaiment

1.9 £0.2 [1.34-2.20)
19.1£15.8 [3-47]
2.5:0.6 [1.6-4.3)

85.6+40.0 [67.4-170.5)

11311099 {0-4000]
5.4+3.6 [0-13.8]
0.64+0.11 [0.45-0.90]
31.6+3.5 [23.4-37.5]
7.2+0.8 [5.5-8.7]
11.4+19.5 [2-89]
135.6420.6 [100-177]
81.2411.9 [56-105]
2.0£1.1 [0-4]
90.9

Group icodextrin Control
(n=22} n=18)
Male/Female 14/ 8 15/3
CAPD/CCPD 16/6 15/3
Mean+SD [range]
Age (years) 52.7+10.9 [35-69] 56.4:11.6 [36-71]
Weight (kg) 77.6 £13.6 [46.1-98.1] 79.8+14.8 [54.1-109.1]

2.0+0.2 [1.59-2.34]
25.1£18.0 [4-66]
2.4+0.7 [1.7-5.0]

67.2+33.4 [65.3-134.3]

1031849 [0-3490)
4.13.2 [0-14.1)
0.6540.09 [0.47-0.79]
31.8+2.8 (27.4-38.1)
7.310.6 [6.4-8.6)
8.3+10.2 [2-37]
136.9+18.5 [105-177]
84.2410.6 [64-107]
1.941.2 [0-4)
89.9

Data for patients whom were enrolled in the study
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The study was approved by the ethics commitiee of the University Hospital
Maastricht, The Netherlands. All patients signed informed consent.

Rendomization procedure and power analysis

Patients were rondomised with the use of sealed envelopes. The primary
outcome variable was the difference in ECW between icodextrin-treated patients
and the confrol group. In order to detect a difference of 3 litres [a=0.05, 1-
p=0.20) between the icodexirin- and control groups, 33 patients would be
needed. However, because we wished to include as much patients as possible
(moximum  of 50) to maoximize power, 50 envelopes were available for
randomization. As we learned that additional inclusion of patients in our region
was not possible, we terminated the study ofter the inclusion of 40 patients.

Study protocol

Patients were admitted to the resecrch centre ot the dialysis department of the
University Hospital of Maastricht in the early morning after an overnight fast. PD
fluid was first drained before the measurements were started. After admission,
tracer dilution measurements were performed and office blood pressure was
measured. During this study period, patients were not allowed to eat or drink. At
noon, patients were allowed to eat a light meal, of which the total amount of
fluid did not exceed 200 ml. Hereafter, echocardiography was performed,
followed by 24-hour ambulatory blood pressure measurements.

Peritoneal dialysate and urine collections were performed the day before the
study. Patients randomised to icodextrin used this solution during the long dwell
li.e the nighttime dwell in CAPD patients and the daytime dwell in CCPD
potients).

Study parameters

Peritoneal ultrafiltration

Peritoneal ultrafiltration was assessed with the use of the 24-hours dialysate
collection, performed the day before the start and the day before the end of the
study.

Peritaneal transport state

Within a maximum of two months before entry of the study the transport state of
the peritoneal membrane was characterized using standard  peritoneal
equilibrium test after a four hour dwell with a PD solution containing 2.27% of
glucose. At entry of the study, on the same day, a 24 hours collection of the
dialysis fluid and the urine was performed fo calculate the Ki/V, ., and the
weekly creatinine clearance normalized to 1.73 m? body surface area (BSA) and
the residual glomerular filtration rate (rGFR). All calculations were performed
using PD Adequest software. '
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Body weight and body composifion

In order fo obtain maximal accuracy, changes in body weight were assessed by
dual energy X-ray absorptiometry [DEXA).'' DEXA [DPX-L (Lunar Radiation
Corp., Madison, WI)] was used for measurement of fat mass, lean body mass
{comprising muscle, inner organs and body water) and bone mineral density.
Body weight was measured by DEXA because this method allows a very precise
measurement of body weight, which is not influenced by clothing, which could
disturb the assessment of discrete weight changes. Moreover, it allows o
distinction between changes in lean body mass and fat mass (vide supra). It has
been shown in dialysis patients that DEXA measurements were linearly related to
conventional gravimetric weight procedures and were able to predict small
changes in body weight accurately (12). In the present study, the correlation
coefficient between body weight measured by DEXA and by conventional
gravimetric scales was r=0.98 (p<0.0001). DEXA measuremenis were
performed in o standard fashion while the patient was lying in a supine position.
From a X-ray source and K-edge filter below the patient, X-ray beams of stable
energy radiation of 38 and 70 KeV were emitted. The composition of the soft-
tissue was estimated by the ratio of beam attenuation at lower energy relative to
the higher energy in soft-tissue pixels; this rafio is inversely and linearly related
to the percentage fat.'? Body weight was computed by summation of body fat,
lean body mass, and bone cell mass. In patients randomized as controls, the
coefficient of variation of body weight assessed by DEXA between the start and
end of the study was 3.2%.

Fiuid state

Patients received an orally administered dose of 30 ml (150 mM} sodiuvm
bromide {NaBr, pharmacological department, Academical Hospital Maastricht,
The Netherlands]. Enrichments of NaBr in the body fluid were measured in
serum. Immediately before NaBr intake, o (background) blood sample was
taken. After the equilibration time of 4 hours o second blood sample was
collected. The concentration of MaBr in serum was determined by gos
chromatography.'® NaBr dilution spaces were calculated from the encichment of
bromide after 4 hours. The extracellular water compariment (ECW] waos
caleulated as the MaBr dilution spoce corrected for infracellular penetration of
MaBr in erythrocytes, leukocyles and secretory cells, for unequal NabBr
concentrations in the exrocellular fluids {Gibbs-Donnan effect), and for the
concentration of water in the serum; therefore, NaBr dilution space was
multiplied by the following correction factor: 0.90*0.95%0.94=0.80."" In
patients randomized as cantrols, the coefficient of variation of ECW between the
start and end of the study was 12.6%.

Normalization of parameters

Regarding the relation between the effect of icodextrin with regard to the initial
fluid state of the patient, extracelivlar volume was normalized both for body
surface area [BSA) and height, because the optimal normalization procedure for
fluid state is not well known in dialysis patients.’”
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Echocardiography

Two-dimensional echocardiography was performed using a HP Sonos 5500
uljkm‘sound system (Hewleft Packard, U.S.A.) with standard imaging transducers
wiith a frequency varying from 1.6 to 3.2 MHz. Parameters included in the
mrwalysns were left ventricular mass (LVM) and left ventricular end-diastolic
diameter (LVEDD) as o parameter of left ventricular eccentric hypertrophy.

LVM was calculated according to the formula of Devereux and Reichek':

LVM =1.04 [(LVEDD+IVST+PWT)3-(LVEDDJ3]-13,6.

IVST =intraventriculor septum thickness, PWT=posterior wall thickness.

24-hour ambulatory BP

In all patients, 24-hour BP measurements were performed using a Spacelabs
oscillometric BP monitor (Redmond, WA, USA). BP was measured every 15
minutes from 7 a.m till 11 p.m and every 30 minutes from 171 p.m #ill 7 a.m.
Measurements were only included if more than 85% of the readings were
successful. If not, the measurement was repeated. For the separation of day-
and nighttime blood pressures, “fixed” hours were taken: 7 a.m till 11 p.m for
daytime and 11 p.m fill 7 a.m. for nighttime blood pressures."”

Statistics

Data are expressed as mean +SD. Differences between the icodexirin and
control groups were assessed with the unpaired Student t-test. Changes within
groups were assessed with the paired Student t-test. For data, which were not
normally distributed (ultrafiltration volume, rGFR, residual diuresis, total daily
fluid removal, peritoneal glucose prescription, C-reactive protein), non-
parametric tests were used [respectively Mann-Whitney and Wilcoxon tests).
Correlations between variables were estimated by the use of Pearson product
moment correlations. P-values <0.05 were considered significant.

Results

Of the forty patients that were included in the study, twenty-two patients were
randomized to use icodextrin, 18 patients were randomized into the control
group. Thirty-two patients (19 icodextrin, 13 controls] completed the sfuldym Three
patients dropped out in the icodextrin group (one patient switched fo
hemodialysis because of technique failure, one patient had a recovery Df ‘rhe
renal failure and CAPD was stopped, one patient developed a hypersensitivity
reaction during the use of icodexirin lexfoliative dermatitis wich was completely
resolved after stopping the icodextrin). In the control group 5 patients dropped
out [two patients underwent a renal transplantation during follow up, two
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patients developed a perifonitis, one patient was switched to hemodialysis
because of technique failure.

Data for ECW and ambulatory blood pressure are available for all patients, and
for echocardiography in all but one potient. Urine collections were missing in
three patients in the icodexirin group and two patients in the control group. Data

presented in Table 8.2 comprise those who ended the study.

Table 8.2
lcodextrin-treated group (n=19)

Start End p
ECW {f) 17.5£5.2 [9.0-29.0] 15.8+3.8 [8.3-23.9] 0.035
UF-volume [ml) 7441767 [-400 ~2500] 1670+£1038 [200-4420] 0.012
Residual divresis {ml} 11311099 [0-4000] 9134962 [0-3800] 0.005
Daily fluid removal {ml} 1854908 [400-3800] 238141188 {340-4858] 0.031
Residual GFR {ml/min) 4.843.2 [0-9.0] 3.4£3.0 [0-9.3] 0.010
Systolic BP {mmHg) 138121 [100-177] 135428 [100-194] ns
Diastolic BP (mmHg) 8212 [56-105] BO+11 [54-108] ns
LVM (g) 241.2452.6 [125-346]  228.3+41.8 [120-307) 0.031
LVEDD {mm) 51.6£6.0 [38-62] 50.8+5.7 [37-60] ns
Lean body mass {kg) 51.8x11.2[29.5-69.5] 50.7+11.3 [27.7-70.0) 0.014
Fat mass {kg) 22.1£8.9 [9.9-42.5] 21.0=9.1[8.2.42.8] ns
Glucose prescribed (g/d} 200499 [82-524] 161496 (61-450] 0.000
Body weight [kg) 76.6+13.8 [42.2-95.7)  74.9+14.5[37.3-93.4] 0.002
C-reactive protein (mg/I) 12.9+20.6 [2-89] 8.2+8.2 [2-30] ns
Hemoglobin {mmol/l) 7.2+0.7 [5.5-8.7] 7.541.0 [6.1-9.8] ns
Serum albumin (g/1) 32.143.3 [23.4-37.5] 31.944.6 [19.1-38.0] ns

Conirol group (n=13)

ECW () 16.5£3.6 [10.9-22.1] 17.424.7 [11.1-25.6] ns
UF-volume (ml) 907+787 [-820- 2355]  1063+960 [-1320 -2000] ns
Residual diuresis (ml) 10614890 [0-3490] 9484858 {0-3100] ns
Daily fluid remaoval {mi} 19681980 [580-3790]  2001+1230 [-370 —4080) ns
Residual GFR (ml/min) 4.5£3.5 [0-14.1] 4.114.3 [0-16.4] ns
Systolic BP {mmHg) 138421 [105-177] 133422[94-177] ns
Diastolic BP {mmHg) 85+12 [64-107] 80+11 [59-95] ns
LVM (g} 21942 [158-310] 22041 {170-320] ns
LVEDD {mm) 48.54+4.7 [42-56) 49.543.9 [43-57] ns
Lean body mass [kg) 51.8+9.9 [34.4-63.8] 52.9+9.9 [36.8-71.4] ns
Fat mass kg) 24.6+9.8 [8.7-40.5) 24.0£8.3 [7.9-35.5] ns
Glucose prescribed {g/d) 174458 [68-259] 17458 [68-259] ns
Body weight (kg) 79.6%11.7 |59.6-104.9] 80.0+13.1 [58.0- 110.5) ns
C-reactive protein (mg/l} 4.543.9 [2-15] 4.4:+4.4 [2-16] ns
Memaoglobin (mmol/l) 7.1+0.6 [6.4-8.6} 7.3+0.5[6.5-8.3] ns
Serum albumin {g/l) 32.143.3 [23.4-37.5] 31.643.8 {22.0-37.0] ns

Data for the patients who completed the study; meantSD [range]; ECW=extraceliular water; UF-
volume= peritoneal ulirafiltration volume; BP=bload pressure; GFR=glomerular filtration rote;
Wid=leht ventricular maoss; LVEDD=Ileft ventriculor end-diastolic diameter; Glucose prescribed=
daily peritoneal glucose prescription; Daily fluid removal= sum of peritaneat fluid removal and diuresis.
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Effect of iﬁcodexfrip on fluid state, body weight, blood pressure, and
echocardiographic parameters

Variables for ECW, 24-hour ambulatory blood pressure, LVM and LVEDD are
summarized in Table 8.2. In contrast to the control group, ECW declined
significantly in the group treated with icodextrin. Alsc the change in ECW
between the icodextrin-treated and control group was significantly different
[Figure 8.1] {-1.74£3.3 versus +0.9%2.2 liter; p=0.013). Also body weight
decreased in the icodexirin-treated group, in contrast to control subjects
(p<0.03 for the difference between groups). The relation between the change in
body weight and ECW did not reach significance [r=0.30).

24-hour blood pressure did not change significantly in the icodextrin-treated
and control groups. Nevertheless, LVM decreased in the icodextrin-treated
group, in contrast to the control group [Figure 8.2]. Still, no direct relation
between changes in ECW or body weight with changes in LVM was observed.
Although the change in LVEDD in the icodexirin-treated group was not
significant, there was a significant relation between the change in LVEDD and
LVM (r=0.69; p=0.001).

Relation between fluid state, peritoneal membrane characteristics,
and the effect of icodextrin

In icodextrin-treated patients, there was no relation between peritoneal
membrane characteristics and the decline in ECW, but a highly significant
relation between the initial fluid state of the patient, expressed as ECW:BSA, and
the change in ECW was observed (r=-0.75; p<0.001) This relationship glso
remained significant when the initial fluid state was expressed as ECW:height
{(r=-0.72; p=0.001) (Figure 8.3).

Change in ECW {1)

teonaT e

Fi i i i in- d control group

Figure 8.1. Change in ECW in the icodextrin-treated an ‘ . |

o ECWS extracellular water. Difference between lcodextrin omt'i Cgmrgl
group at p=0.013. Box indicates 25" and 75" percentiles g:hrck line is
‘me‘di‘un volue), capped bars indicate minimum ond maoximum value

{excluding ouiliers]
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chance in LV mass (g)
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ingtetin oo

Figure B.2. Change in LV-mass in the icodextrin-treated and control group.
LV=left ventricular. Difference between lcodextrin and Control group ot
p=0.050. Box indicates 25" and 75" percentiles (thick line is median
value), capped bars indicate minimum and maximum volue (excluding
outliers)

Effect of icodextrin on residual diuresis and residual GFR

Residual diuresis declined significantly in the icodextrin-treated group (Table
8.2). rGFR decreased slightly, but significantly, in the icodexrin-ireated group
but not in the conirol group.

4

s

Change in ECW
/

ECW height (K

Figure 8.3. Relation between the initial fluid state and the chonge in ECW aoffer
treatment with icodextrin
ECW =exiracellular water; r=0.72; p=0.001

Discussion

The main results of this open-label randomized study are the significant effect of
icodextrin on exiracellular volume, assessed by tracer dilution techniques, and
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’fh@ signiﬁcicmf relation between the initial fluid state of the patient and the effect
of icodextrin on extracellular volume.

In contrast to 1he_ gow:ﬂrol group, extracellular volume declined significantly in the
group frrem;ec.i with icodextrin, with a highly significant difference between the
n:on“rrp! and icodextrin freated groups. The decline in extracellular volume is
explained by the impressive effect of icodextrin on peritoneal ultrafiliration. The
effect of icodexirin on ultrafiltration volume and exiracellular volume is in
m‘gr‘ee'men’n with the study of Woodrow et al. in patients on automated peritoneal
dialysis.® However, this study was a non-randomized study using bioimpedance
measurements as a marker of volume state. In the present siudy, we chose to
use tracer dilution techniques in the assessment of volume state, as the reliability
of volume measurements by bioimpedance appears to be especially
compromised in overhydrated patients.'®'” In contrast to Woodrow et al, we did
not observed a significant effect on 24-hour ambulatory blood pressure
measurements.® If is possible that absence of a significant effect of icodextrin on
blood pressure regulation might be explained firstly by the fact that, in line with
a recent survey of patients on peritoneal dialysis®™, most of our patients used
antihypertensive medication, which may have blunted the effect of changes in
volume state, and secondly that other factors than fluid state, such as arterial
wall properties, have an important effect on blood pressure in PD patients.” In
the icodextrin group, LYM decreased significantly, in contrast to controls.

In addition to the decline in ECW and the reduction in LVM, also body weight
and lean body mass declined in the icodextrin-treated patients, whereas body
weight remained stable in the control group. It is most likely that the decline in
body weight and lean body mass also reflects an improvement in fluid state. The
fact that the relation between the change in body weight and ECW did not reach
significance might be due to the variation in ECW measurements. Another
explanation for this phenomenon might reside in the fact that, even during o
relatively short time period, changes in body composition, unrelated to fluid
state may occur in PD patients.?’. In a recent analysis, we observed significant
changes in body cell mass and fat mass in individual patients during a 4-month
follow-up period (see chapter 7).

Moreover, the fact that in the icodextrin-treated group as a whole, ECW, body
weight and LVM all changed significantly in the same direc’rion‘, oppears «
strang argument for beneficial effect of icodextrin on fluid state in unselected
PD patients. Body fat mass did not decrease in the icodexfrfn—?‘reu‘ied group,
despite the reduction in peritoneal glucose prescription. This might be explained
by the fact that the follow-up fime was relatively short or by the fact "rh’cﬂr the
reduction in glucose prescription (£40 grams/day) was too small to achieve a
significant reduction in body fat.

The effeci of icodextrin on ECW was not related to perifror'feul membrane
characteristics but highly significantly related to volume state, i.e. much more
pronounced in patients with an expanded ECW compartment. The mechanisms
behind this phenomenon cannot be elucidated from the present gtudy. One
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could speculate that the effect of icodexirin on peritoneal u!?*raf‘i@n'aﬁqn is most
pronounced in overhydrated patients, e.g. due to a higher peritoneal capillary
pressure. Another hypothetical explanation could reside in the possibility thot the
increased peritoneal ultrafiltration by icodextrin would result in increased thirst
and water intake in normovolemic pofients, counteracting the effect on wolume
state.

The fact that icodextrin was most effective in patients with an expanded ECW
leads to the problem of the diagnosis of overhydration in peritoneal dialysis
pafients. Although this problem is beyond the scope of the present study, i
should be mentioned that clinical examination appears to be insufficiently
sensitive for this purpose, as o high prevalence of subclinical overhydration,
assessed by tracer dilution methods, was observed in an unselected group of PD
patients with adequate treatment according to DOQI guidelines with dry weight
prescription according fo the clinical judgement of the physician.*® We admit
that the use of tracer dilution techniques is not suitable for daily clinical practice.
As already mentioned, multifrequency bioimpedance analysis MF-BIA, which is o
simple and non-invasive tool, carries the disadvantoge of a lack of agreement
with tracer dilution techniques, especially in overhydrated patients.’®'” In ¢
recent study by our group in peritoneal dialysis patients, it was not possible to
find a cut-off point for (MF-BIA), which could predict left veniricular dilatation
with adequate sensitivity and specificity.'® Additional studies, including an
adequate sample of control subjects, should be carried out in order to find
whether it is possible to elucidate a cut-off point for MF-BIA measurements which
also carries a prediclive value for hemodynamic abnormalities in PD patients
(see chapter 10).

A potential point of concern is the foct that residual diuresis declined in the
icodextrin group, olthough this phenomenon was also observed, although to o
lesser degree, in patients freated with a standard treatment regimen, the latter
possibly due to the progressive decline in renal function normally observed in
dialysis patients.??

Possibly, part of this phenomenaon might be explained by reduction in so-called
pressure divresis, stimulated by overhydration.”® Nevertheless, the small but
significant decline in rGFR observed in the icodextrin group cannot be neglected.
Whether the observed decline in rGFR outweighs the beneficial effeci of
icodextrin on fluid state cannot be answered from the present study.

Drawbacks of the present study are the relotively short follow-up period, which
was chosen because longer follow-up periods in dialysis patients may result in
significant dropout due to factors such as transplantation and morbidity. We
should also point to the fact that in the present study, both patients on CAPD
and CCPD were included, although the potential disturbing effects of this factor
are counteracted by the randomized freatment design. Moreover, patients with
severe cardiac failure and other underlying pathology, who might especially
benefit from the effects of icodextrin, were not included in the present study
because of the potential overwhelming effect of the underlying disease on ECW.
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Another potential drowback of the study is the fact that icodextrin dwells were
compared with 1.36% glucose solutions. Use of 1.36% glucose solutions for
long dwells is standard procedure in our region, due to the potential negative
effects of high glucose absorption on the metabolic profile of the patient and
because of the potentially negative effects of high glucose concentrations on the
structure of the peritoneal membrane.? Moreover, one should keep in mind that
also side effects have been described with the use of icodexirin, such as skin
eruptions, which also occurred in one of our patients, and sterile peritonitis.?*2¢
According to the small number of available literature data and the widespread
use of icodexirin solutions, the incidence of these complications is probably
small.?

Concluding, in this randomized study, the use of icodexirin during the lang dwell
resulied in a significant increase in peritoneal ultrafiltration and an improvement
in fluid state and LYM during a four months period compared to a control group
using standard glucose solutions. The effect of icodextrin was not found to be
related to peritoneal membrane characteristics, but was related to the initial fluid
state of the patient.
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Abstract

The relevance of multifrequency bicimpedance analysis {MF-BIA} in the assessment of
fluid stute in peritoneo! dialysis (PD) patients is still not fully elucidated. Most importantly,
it is not known whether cut-off value derived from a control population bear any relation
with other relevarnt hemodynamic markers in o PD population. Aim of the present study
was firstly to distillaie cut-off values for extracellular water (ECW) and secondly, to assess
the relevance of these cut-off values by their relation with other hemodynamic
parameters. 60", 75" and 90" percentiles of ECW corrected for height were obtained in
stable renal fransplant [RTx] patients (n=77; mean creatinine clearance 60.22£20.5
mi/min) and used in PD patients as cut-off values for the prediction of the hemodynamic
state, ossessed by left afrial diometer (LAD) and left ventriculor end-diastolic diameter
{LVEDD) {echocardiography), ombulatory blood pressure [BP) measurements, plasma
volume [PV] (Dextran 70} and inferior caval vein digmeter (IVCD) in 45 PD patients.

The use of the 75" percentile of ECW:height (11.94 I/m) obtained in the RTx patients as
cut-off value resulted in large differences in LAD (45.744.3 wversus 42.845.2mm;
p<0.05}). LVEDD [47.544.9 versus 53.744.3mm; p<0.0001) and PV [2.7+0.5 versus
3.720.5 |; p<0.0001) between PD potients clossified as either overhydrated or not
overhydroted, whereas also LAD, IVCD ond diastolic BP were significantly different
between these groups. Using receiver-operating curves, the use of the 75" percentile for
ECW:height predicted a LVEDD above 52 mm with 85% sensitivity and 62% specificity.

In conclusion ECW:height assessed by MF-BIA bears a strong relation with hemodynamic
abnormalifies in PD patients and can be considered as relevant in the diagnosis of
overhydration in PD patients. Still, no single value of fluid state in PD patienis can be
regarded as an absolute marker for overhydration.
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Introduction

In contrast to earlier beliefs, overhydration appears to be widespread in patients
on peritoneal dialysis (PD)."* This is not only important in view of the relation
between overhydration, left veniricular hyperirophy, and hypertension'?, but
may even be important in ferms of outcome.® Nevertheless, an adeguate
estimation of fluid status in PD potients is notoriously difficult. Clinical
parameters, such as oedema ond distended jugular veins only occur in cases of
severe overhydration®’, whereas blood pressure, though strongly related to fluid
state, is neither o sensitive, nor specific fool to detect overhydration.'” The lotter
is due to the fact that other factors, such as activity of the renin-angiotensin and
sympathetic nervous system, influence blood pressure in patients with end-stage
renal disease’ and to the fact that the majority of PD patients use
antihypertensive medication.®

in the assessment of fluid state, it would be of prime importance to achieve an
adequate estimation of extracellular water (ECW). The extracellular compartment
is very relevant from a hemodynamic peint of view and bears o direct relation
with blood pressure and cardiac abnormalities.’. Multifrequency bioimpedance
analysis {MF-BIA), which estimates ECW by assessing the resistance of the body
to an alternating current, has been widely evaluated in the assessment of fluid
state in dialysis patients.”'? Because of its ease in applicability and its
reproducibility, MF-BIA would be an ideal method fo use in daily clinical
practice. Regrettably, in previous studies, significant discrepancies in the
assessment of fluid status were observed between BIA and “gold-standard”
tracer-dilution techniques, especially in overhydrated patients.”'? Because of the
strong relation observed between ECW assessed by MF-BIA  and
echocardiographic parameters found in a recent study by our group'®, it would
appear that MF-BIA could sfill play o role in the assessment of fluid state in PD
patients. However, apart from the lack of absolute agreement with tracer
dilution techniques, another problem with the use of MF-BIA is the lack of a
useful cut-off point for the diagnosis of overhydration.

Aim of the present study was firstly to distillate cut-off values for ECW in PD
patients by the use of a conirol group, and secondly to eV‘malugﬁeg the relevonge
of these cut-off values in PD patients by their relationship with hemodynamic
parameters.

Patients

In this study, forty-four stable PD patients were included. Patients wifnh recent
complications {e.g. malignancy or surgery) or symptomatic Icongesmfe heart
failure [NYHA IIl and higher} were excluded. Patient characteristics are disployed
in Table 9.1.
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Table 9.1, Patient demographics of peritoneal dialysis patients

Number (%)
Male/Female 31 (71} / 13(29)

Mean = 5D
Age [years) 547 + 11.9
Height [m) 172+ 0.1
Weight {kg) 767 = 145
CAPD/CCPD 33(75) /7 11{25)
Body surface area (m?) 1.9+ 02
Body mass index (kg/m?) 259 = 4.2
Time on PD [months) 234+ 17.5
Weeldy Ki/V 24 =07
D/P creatinine 0.67 = 0.11
Hemoglobin (mmol/L) 7.2x 0.9
Serum albumin {pmol/L) 31.7 = 4.6

CCPD=continuous cyclic peritoneal dialysis; PD=peritoneal dialysis; D/P= diailysate/
plasma creatinine ratio; CAPD =continious ambulafory peritoneal dialysis.

Patients with severe cardiac failure were excluded because the underlying
disease might severely influence relations between fluid overload, blood
pressure and cardiaec structure and therefore obscure potentially important
relations. Dry-weight was assessed on clinical grounds according to the freating
physician. All PD patients were treated according to the DOQI guidelines.” As
contral group were included 77 RTx patients with o stable renal function {mean
creatinine  clearance 60.2x20.5 mil/min} under maintenance immuno-
suppressive therapy for at least 2 years.'* Creatinine clearance in this group was
caleulated by the use of the formula of Cockroft and Gault’”® (Table 9.2).
Informed consent was obtained from each patient, and the study was approved
by the Ethical Committee of the University Hospital Maastricht.

Table 9.2. Patient demographics of RTx patients

Number {%)
Male/Female 42 (55) / 35 (45)
Mean = 5D
Age (years) 51.0x 11.7
Height (m) 1.67+ 0.9
Weight (kg) 698 12.8
Body surface area (m?) 1.8+ 0.2
Body mass index (kg/m?) 24.8 * 4.8

Creatining clearance{ml/min)® 60.2 £ 20.5
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Study design

ECW measurements were obtfained in RTx patients and normalized for body
weight and height. Firstly, it was determined which parometer should be used os
denominator, as the optimal normalisation procedure for ECW is not well
defined. Histograms for ECW in RTx patients were constructed after correction
for either weight, body surfoce area (BSA), or height (Figure 2.1A-9.1C). It
appeared that the distribution of ECW:height and BSA approached the normal
distribution much coser than ECW:body weight. As BSA and height appeared to
be equivalent in this aspect, height was used as denominator in the
normalization procedure for reasons of simplicity.

N . . 20+ 1
A B !
8 8
z B
= ué
g g
§ :
2 4
ECW height (Ym) ECW.BSA (¥m2)

@]

number of patients

ECW weight (Wkg)

Figure 9.1.  Distribution of extracellular water (ECW) divided by height [A), BSA (B), and
weight (C) in RTx patients.
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Hereafter, the 60", 75", and 90" percentiles for ECW:height were respectively
used as cut-off value for overhydration. The thus derived groups were compared
with regard to other parameters that are relevant in the assessment of fluid state,
i.e. echocardiographic parameters, the diameter of the inferior caval vein
(VCD), plasma volume (PY), 24-hour ambulatory blood pressure (BP)
measurements, and the number of antihypertensives used.

Study protocol

Patients were admitted to the research cenire at the dialysis depariment of the
University Hospital Maastricht in the early morning after an overnight fast. if
patients had o filled abdomen over the night, PD fluid was first drained before
the measurements were started. After admission, MF-BIA measurements were
performed and office BP was measured. During this study period, patients were
not ailowed to eat or drink. At noon, patients were allowed to eat o light meal,
of which the total amount of fluid did not exceed 200 ml. Hereafter,
echocardiography was performed, followed by 24-hour ambulatory blood
pressure measurements.

Multifrequency bioimpedance analysis (MF-BIA)

Bioimpedance measurements were performed in a standard fashion while the
patient was lying supine on a flat, nonconductive bed. Multifrequency (5-500
KHz), alternating currents were infroduced at distal elecirodes on the hands {just
proximal to the phalangeal-metacarpal joint in the middle of the dorsal side of
the hand} and the feet (proximal to the tronsverse (metatarsal} arch on the
superior side of the foot), and resistances were measured by proximal elecirodes
(to the wrist midway between the styloid process, to the ankle midway between
the malleoli). ECW was predicted from o general mixture theory {Cole-Cole
model)'é: water compartments were directly calculated from resistance values,
assuming specific resistances of ECW provided by the manufacturer {for men:
pECW =215, for women pECW=206)."” The bioimpedance analyser used in this
study was the Xitron 4000B (Xitron Technologies Inc, San Diego, USA).

Echocardiography

Two-dimensional echocardiography was performed using o HP Sonos 5500
ultrasound system (Hewlett Packard, U.S.A.) with standard imaging fransducers
with a frequency varying from 1.6 to 3.2 MHz. Parameters included in the
analysis were left ventricular end-diastolic diometer (LVEDD) and left atrial
diagmeter.

Diameter of the inferior caval vein (IVCD)

IVCD was wlso assessed with the HP Sonos 5500 ultrasound system (Hewlett
Packard, U.S.A.). IVCD was measured just below the diaphragm in the hepatic
segment with the patients lying in supine position during 10 minutes.
Simultaneous  echocardiographic recording was done. The diameter was
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meqsurgd befors fhe p-wave and was corrected for body surface area. In earlier
S?!J*dilgs in hgmodnuﬁysns patients, highly significant correlations between IWCD
with right atrial pressure and PV were observed.'®

Plasma volume (PV)

PV was determined by the disappearance of dextran-70 out of the circulation,
after an infravenous injection. During one hour, every 15 minutes blood
samples were token to calculate a linear disappearance line, with an
extrapolation of PV at t=0."7

Ambulatory blood pressure measurements

Z4-hours BP measurements were performed using a Spacelabs oscillometric BP
monitor [Redmond, WA, USA). BP was measured every 15 minutes from 7 a.m
till 11 p.m and every 30 minutes from 17 p.m {ill 7 a.m. Measurements were
only included if more than 85% of the readings were successful. If not, the
measurement was repeated.

Statistics

Groups classified as overhydrated or not-overhydrated according to MF-BIA
were compared using the Student-f test. The predictive value of ECW:height in

the detection of left ventricular dilatation was assessed by receiver operating
curves (ROC).

Results

Cut-off values, derived for the 60th, 75th and 90th percentile of normalized
ECW for height in RTx patients, were respectively 11.25, 11.94 and 13.5 I/m
(see also Figure 9.1a). The distribution of ECW:height in PD patients is displayed
in Figure 9.2 (NB: note that absolute values for cut-off for ECW assessed by MF-
BIA are not comparable because of the discrepance between MF-BIA and tracer
dilution measurement [chapter 3]).

Hemodynamic parameters, compared between PD patients whom were
classified as overhydrated or not-overhydrated according to these percentiles are
displayed in Tables 9.3-9.5. Almost all parameters differed greqtly beMeen PD
patients classified in this way, especially when using the 75" percentile of
ECW:height obtained in RTx patienfs (see also Figure 9.3 and 9.4). The
discriminatory ability of the 60" and 90" percentile appeared fo be gom@whuﬂ
less, as the difference between some parameters lost significance when using
this value as cut-off point.
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Figure 9.2.

Figure 9.3.

number of pafien
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Distribution of extracellular water (ECW) divided by height in peritoneal
dialysis patients
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Left ventricular end-diastolic diameter (LVEDD) in peritoneal dialysis
patients classified as overhydrated or not-overhydroted, according fo the
75" percentile for ECW:height obtained in RTx patients

ECW=exiracellular water; Hght=height; Height<75"=patients with
ECW:height below the 75" percentile of RTx patients; Height>75"= patients
with ECW:height above the 75" percentile of RTx patients. Box indicates the
25th-7 5th percentile range (line in box=median). Capped bars indicate the
10th-90th percentile range.
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Figure 9.4. PV in peritoneal dialysis patients cdlossified os overhydrated or not-

overhydrated, occording to the 75™ percentile for ECW:height obtained in RTx
patients.
ECW =extracellular  water;  Hght=height; Height<75"=patients  with
ECW:height below the 75" percentile of RTx patients; Height>75"=patients
with ECW:height above the 75" percentile of RTx patients. Box indicates the
25th-75th percentile range (line in box=median). Capped bars indicate the
range of data excluding outliers.
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Figure 9.5. ROC for defermination of sensitivity and specificity of the ECW:height in
predicting a LVEDD>52 mm
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Table 9.3.  Hemodynamic parameiers in PD patients, classified according to the &o™
percentile of ECW:height in RTx patients

ECW :hgi<{60™) ECW hgt>{60™) p
r 8 36
LVEDD {rmm) 46.5+5.9 51.0+4.5 0.04
LAD {rmm) 39.3+5.2 451+ 4.4 0.002
WCD {mm) 14.0+2.4 17.2+3.9 0.03
Plasma volume () 2.29 +0.31 3.29 £ 0.67 0.001
24-h systolic BP (mmHg) 124.0+14.2 133.2+17.5 ns
24-h diastolic BP {mmHg) 73.0x8.6 815+11.3 ns
number of antihypertensives 20+£1.2 18+1.2 ns

Table 9.4.  Hemodynamic parameters in PD patients, classified according to the 757
percentile of ECW:height in RTx patients

ECW :hgt<(75™) ECW hgt>{75™) p
n 25 19
LVEDD {mm} 47.5 = 4.9 537+ 4.3 0.000
LAD {mm) 42.8 = 5.2 45.7 +4.4 0.047
IVCD [mm} 152 = 2.9 18.1+ 4.3 0.02
Plasma volume {l) 2.69 = 0.54 3.67 (.52 0.000
24-h systolic BP {mmHg]) 127.6 £ 17.1 1363 = 16.4 0.09
24-h diastolic BP (mmHg) 770+ 11.1 83.7 + 10.7 0.05
nurnber of antihypertensives 1.7+ 1.2 21 =11 ns

Table 9.5. Hemodynamic parameters in PD patients, classified according to the 90"
percentile of ECW:height in RTx patients

ECW :hgt<{90") ECW hgt= (20" P
n 34 10
LVEDD {mm)] 494« 57 53.0 = 4.5 0.049
LAD {rmm) 428 5.2 457 = 4.4 0.03
IVCD (rmm) 6.1 £ 4.1 18.1 = 2.7 ns
Plasma volume (1) 288 = 0.60 3.89 = 0.47 0.000
24-h systolic BP {(mmHg) 128.8 = 15.6 140.3 = 20.1 0.07
24-h diastolic BP {mmHg] 783+ 111 854 = 10.8 0.08
number of antihypertensives 1.8+ 1.2 20+ 08 ns

LVEDD = left ventricular end-diastolic diameter; LAD=left atrial diameter; WCD= inferior
caval vein diameter; BP=blood pressure.

When the predictive value of the 75" percentile of ECW:height (11.94 I/m} in
detecting left ventricular dilatation was assessed by ROC, the area under the
cutve nearly reached significonce (Figure 9.5) {r=0.73, p=0.056). A
ECW:height value of 11.94 was able to predict an LVEDD above 52 mm with a
sensitivity of 86% and a specificity of 62%. With the use of the other cut-off
values (60" or 90™ percentile] for ECW:height, it was not possible to achieve an
area under the curve that approached significance. The use of these values io
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detect an overhydrated state resulted in an unacceptably low sensitivity or
specificity.

Discussion

In this study, the relevance of cut-off values for ECW by MF-BIA was determined
by assessing their agreement with other relevant variables related to fluid state.
Especially when the 75™ percentile of ECW measurements obtained in stable RTx
patients was applied as cut-off value, large differences in cardiac dimensions,
PV, IVCD, and ambulatory BP measurements were observed in patients
characterized as overhydroted or not-overhydrated according to this cut-off
value.
Though in our earlier experience, large differences between MF-BIA and tracer
dilution techniques in the assessment of the absolute magnitude of fluid
compartments were observed”'%', the present investigation was prompted by
the fact that in a recent study we also observed a highly significant relation
between MF-BIA measurements and LVEDD.'® Though the wide variability
between MF-BIA and tracer dilution techniques on one hand, and the significant
relation with cardiac structure would seem paradoxical, we hypothesize that o
possible explanation resides in the fact that MF-BIA mainly assesses the fluid
compartments that are actively implicated in the hemodynamic regulation.
Roughly spoken, MF-BIA considers the body as three conductive cylinders {arms,
legs, and trunk), connected in series. In conductors connected in series, those
with the smallest cross-sectional area (the exiremities) will determine most of the
resistance whereas the part with the largest cross-sectional area {trunk) will
contribute less, despite the fact that it may comprise a signiﬁcnnt. amount of
body water.??' However, it has been shown that during stable conditions, much
of the fluid stored in the splanchnic circulation is inactive ("unstressed’) from a
hemodynamic point of view.” ‘
By performing ROC analysis, the 75" percentile for ECW correc:ted fqr h@;glﬂ:ﬁn
(11.94 1/m) in RTx patients appeared to be more useful thon the use of the 60
or 90" percentile in the diagnosis of an overhydrated stafe. Ho‘w?ver, gh}'rleugjh
this value was able to predict an LVEDD above 52 mm with 85?/0 ‘SQHSIMVSW,DWS
specificity in detecting left ventricular dilatation remamed UnsaiuS‘Fucﬂ'wOF“y (62 A{)'
Nevertheless, it should be stated that LVEDD, like all ,oflwer' hemodyna_mm
parameters related to fluid state in dialysis patients, is qiso mﬂgenced by vczr\nous
other factors, such as anaemia or intrinsic mrdm.c d:s‘e‘ase. Umfoﬂrumm‘rely, no
“gold standard” marker for fluid state exists in the dialysis pﬁ’)pula‘.hon.‘The:[ef.ore,
absolute agreement is not to be expected from a pathophysiologic pgm“r ol vcnlr,w
The absence of a “gold standard” isﬂois;jo the rgu;En wrynv;w;e chose to include a
i ‘ vant markers to assess fluid state in patients.
g?i;«f&bl,e? w?wfilhrig clear that not one single cut-off value can ’be. dﬂ:shiﬂz@i to sepurilsz
overhydrated from normohydrated p\oﬁen:‘rs. As often in clinica nerﬂ;ﬂiS,Ond
strongly believe that a sliding scale exsts hehween the normovole
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hypervolemic state. Therefore, the values evaluated in this study should merely
be regurded as signalling points which should aftend the clinician to the
possibility of overhydration and which might prompt a more detailed evaluation,
Although it was not the primary aim of the study, this paper again shows the
high prevalence of overhydration in PD patients. Indeed, ECW:height was above
75" percentile of RTx patients in more than 40% of the PD patients.

Apart from the use of RTx patients as control subjects, other potential points of
criticism are the cross-sectional design of the study and the fact that the great
majority of patients used vasoactive medication. It might indeed be argued that
RTx patients do not represent an ideal control group due to the fact that in these
patients, o complete normalisation of renal function is often not achieved.
Nevertheless, it should be stressed that all RTx patients were in stoble condition
and had o mean creatinine clearance of 60.2+20.5 ml/min, which makes i
highly unlikely that abnormalities in fluid state due to rencal disease per se would
occur in this cohort. We believe it can be defended to use RTx patients os a
control group, alse becouse the use of healthy subjects without any histary of
renal disease as controls subjects for PD patients might also introduce flaws, e.g.
because of their great difference in terms of body composition. In terms of age
and body size, PD and RTx patients oppeared to be well comparable.

The use of antihyperfensive medication in the great majority of PD patients is
common practice not only in our region, but also emerges from larger surveys.?
In view of the vulnerability of dialysis patients for cardiovascular events and the
use of multiple antihypertensive agents in many of our patients, we considered it
unethical o stop these drugs for longer periods of time. Moreover, it is likely that
stopping these drugs would only have increused the differences already
observed in the present study.

On the other hand, we feel that a strong point of the study is the use of multiple
relevant parameters reloted to fluid stafe, including PV measurements,
echocardiography, IVCD and ambulatory blood pressure measurements.
Therefore, we believe that the present data show that despite limitations in the
assessment of fluid state, which were discussed in earlier studies™ ™', MF-BlA
can have an important role in the assessment of fluid state in PD patients, as the
cut-off values assessed in the present study appeored to have strong
hemodynamic relevance. The 75" percentile for ECW:height (11.94 |/m)
appeared to be the most useful in detecting overhydration, but should, also in
view of s moderate specificity, never be regarded as an absolute value but
always be interpreted in terms of the clinical picture.
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General discussion |

introduction

When_ fhg treatment adequacy of peritoneal dialysis {PD) is discussed, the main
aftention is devoted towards solute clearance. This is supported by data from the
CANUSA study, which found a strong relation between total solute clearance
and outcome in the PD population.' These findings are reflected in recent quality
guidelines such as dialysis outcome and quality initiative (DOQI), which propose
strict targets for solute clearance in dialysis therapy.? In contrast, the importance
of optimizing fluid balance as a target for adequate dialysis has not received an
equal amount of attention in literature, despite the recent publication of ad-hoc
guidelines on ultrofiliration management in PD patients.® This is somewhat
surprizing, in view of the fact that olso in PD patients cardiovascular mortality is
greatly increased®, and because of the fact that studies in hemodialysis patients
hove shown that overhydrotion may predispose the patient to structural
cardiovascular abnormalities.” Indeed, it has recently been suggested that part
of the relation between residual renal function and ocufcome chserved in the
CANUSA study might be due to o beneficial effect on fluid state®, whereas on
the other hand, the relation between the peritoneal capacity for small solute
clearance, reflected by the dialysate to plasma {D/P) creatinine ratio, and
outcome might be due to the impaired fluid removal in so-called “high-
transporters”.” With some exceptions very few studies have been performed in
PD patients using detailed parameters for the fluid state.® Goal of this paper is,
as an update on the review by Coles in 19977, to discuss current knowledge and
new insights with regard to fluid state in the PD population.

Cardiovascular abnormalities and fluid state in PD
patients

in hemodialysis (HD} patients, a strong relation has been observed between
overhydration, hypertension, and left veniricular hypertrophy (LVH)®, this may be
of considerable importance in view of the strong relation between LVH and
mortalify, which is also observed in the PD population.* In addition to LVH, also
an increased arterial stiffness was found to be related to mortality in HD
patients. In chapter 2, we also found arterial wall abnormalities inldialyai‘s
patients and patients with chronic renal failure. Allfhough arterial 'wcrll
abnormalities appeared fo be somewhat more pror.nounced in HD ‘pcﬂlerﬂs
compared to PD patients, it is not impossible that this is due to case-mix. More
studies are needed to compare arterial wall abnormalities be‘rwe:en HD mjd FD
patients. In addition, also in PD patients, the importance of crfervgl wul‘lﬂ usf»ﬁne’ss
was corroborated by the inverse relation between arterial wall distensibility (the
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reciproke of stiffness], concentric LVH, and systolic blood pressure described in
chapter 4.

In general, in PD paotients, far less hemodynamic studies have been performed
compared to HD patients. This may be due 1o the fact that PD is often regarded
as o more advantageous therapy regarding the maintenance of fluid balance
due to the continuous peritorneal fluid removal and the better preservation of
residual renal function.'®"" In daily clinical practice, usually less aftention is
devoted towards sodium ond fluid restriction compared to HD patients.
Nevertheless, recent studies suggest that fluid balance moy be less well
preserved in PD patients than previously assumed, os the consumption of
antihypertensive cgents oppears to be distressingly high in the PD
population.'”'® Previously, Issod et al. found an elevation of pulmonary artery
pressure above 25 mmHg in 36% of PD patients.'® In agreement, we observed
that in 37.5% of PD patients, extracellular water (ECW) was above the 90th
percentile of ECW in stable renal transplant patients (chapter 4).'° Moreover, in
other studies, fluid state in PD patients certainly did not oppear fo be beter
maintained compared to HD patients.'*!”

Abnormalities in fluid state are important with regard to outcome, s recently o
relation between an impaired fluid and sodium removal with mortality was
observed in PD patients.'® It should be acknowledged that this observation does
not necessary imply o cousal relationship due to the strong influence of
peritoneal membrane characteristics on sodium and fluid removal.” However,
also in PD patients, abnormalities in fluid state appear to be directly related to
both ambulatory blood pressure and eccentric LVH (chapter 4).'° Interestingly,
overhydration may even be related to inflammation, as described in chapter 5
where o significant relation between ECW and C-reactive protein was
observed.'” Although these data should be regarded as preliminary, they are in
agreement with the finding of an inflammatory state in patients with congestive
heart failure, which improved after treatment with diuretics.?”® An alternative
explanation for this finding however might be a reduction in body cell mass by
inflammation, which if undetected, may result in an incorrect assessment of “dry
weight” and therefore in overhydration

How to assess fluid state in PD patients

The diagnosis of overhydration in PD patients is notoriously difficult. Clinical
parameters, such as oedema, increased jugular venous pressure and pulmonary
pressure rates, only occur in case of severe overhydration. Therefore, as
highlighted by the ad-hoc committee, an “oedema-free” state is certainly not
equivalent with a state of normohydration.” Blood pressure, though strongly
influenced by fluid state, is neither sensitive nor specific due to the fact that
blood pressure in dialysis patients is determined by many other factors, such as
stiffness of the large arteries, and increased activity of vasopressor systems.
This may explain why a subset of patients may suffer from hypertension without
any evidence of fluid overload, even when assessed by detailed parameters.'®??
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Eghog‘mphy of }‘he inferior cavgj vein is a relevant parameter in the assessment
ot HUlld' state in HD patients®™, but has not yet been validated in the PD
population.

A?Iihoughltrucer dilution techniques can reliobly assess fluid compartments in
renal pchents,“ its use is limited fo research focilities. Therefore, there is a great
n‘ee'd for a reliable non-invasive method that can diagnose overhydration in PD
patients. Bioimpedance analysis {BIA], which can estimate fluid compartments by
wssessing the resistance of the body to an alternating current, would be an ideal
methad fo use in daily clinical practice because of its ease in applicability and its
reproducibility. Regreftably, significant discrepancies in the assessment of fluid
stafe were observed between BIA and tracer dilution techniques, especially in
overhydrated patients {chapter 3). **?° This can be explained by the fact that BIA
mainly assesses the resistance of the extremities, whereas the trunk is not weell
included in the measurements.”® Although it would appeor that the use of
segmental BIA, which also includes the resistance of the trunk®®, would alleviate
this problem, there still appears to be a discrepancy with tracer dilution
techniques in the assessment of fluid compartments (chapter 3).%

Abnormalities in fluid state may also interfere with the assessment of body
composition in PD patients, as lean body mass/fat-free mass, whether assessed
by DEXA, MF-BIA, or anthropometry, is unpredictably influenced by changes in
ECW (chapter 6). Therefore, when assessing changes in body composition in PD
patients, we propose to correct lean body mass/fat free mass for ECW obiained
by tracer dilution techniques.

With regard to the assessment of fluid state in PD patients, MF-BIA may still be
relevant, because of the strong relation observed between extracellular volume
and echocardiographic parameters found in chapter 3.25 A problem still is the
lack of a useful cut-off point for the diagnosis of overhydration. As described in
chapter 9, the 75" percentile of ECW:height (1 1.9 I/m), assessed by MF-BIA, for
stable renal transplant patients appeared to be relevant as a cut-off point for
overhydration in PD patients, as this value was found to have discriminatory
value with regard to differences in plasma volume and echocardiographic
parameters,

What is known about the determinants of fluid state in PD patients?

in recent literature, the main aftention has been devoted towards peritoneal
membrane characteristics as a culprit for overhydration in PD patients. This is
logical, because of the strong relation between the D/P creatinine rcm‘o and
impaired ultrafiltration capacity.”?’ The hemodynamic importance of penfrongol
membrane characteristics is further corroborated by the Qbsewed relation
between ultrafiliration failure and ambulatory blood pressure.” Also in chop“rjer
5, D/P creatinine ratio was weakly, but significantly related to on increase in
extracellular volume during a four-months follow-up period. However, a factor,
which is af least equally as important, is the residual renal function (RRF). We
also observed a significant inverse relation between RRF ond extracellular
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volurne assessed by the bromide dilution technigue [(chapter 5).7° In those
patients with absent RRF, ECW was significantly higher despite the use of more
concentrated glucose solutions.

In general, during prolonged PD treatment, solute clearance through the
peritoneal membrane tends fo increase, leading to an increase in glucose
absorption and less effective ultrafiltration.” On the other hand RRF tends to
decrease. The influence of both peritoneal membrane characteristics and RRF on
fluid bolance may present an explonation for earlier studies thot found an
impaired blood pressure control and more severe LVH in patients on long-term
PD treatment. %! It is tempting to speculate that the findings of Lameire et al.,
who also observed an increase in plasma volume and blood pressure during the
fourth and fifth year of PD freatment®, can be attributed to either changes in
peritoneal membrane characteristics, a decline in RRF, or o combination of both.
Thus, available evidence suggests that both peritoneal membrane characteristics
and RRF are of importance in the maintenance of fluid balance in PD patients. In
those patients with negligible RRF, it appears to be difficult to maintain ¢
normovolemic state with the use of conventional glucose containing solutions
and without special emphasis on sodium or fluid restriction.

How to improve fluid balance in PD patients

Improving fluid balance may result in improved blood pressure control®*** and
probably, a reduction in LVH.? In patients with remaining RRF and significant
diuresis, diuretics should be applied® In order to increase peritoneal
ultrafiltration, usually more concentrated glucose solutions are prescribed, which
leads to more effective ultrafiliration because of the larger osmotic gradient.
Long-term exposure to glucose and glucose degradation products may have
detrimental effects on the peritoneal membrane®® ™ probably due to stimulation
of neoangiogenesis.” Moreover, peritoneal glucose absorption may lead to
obnormdlities in the lipid profile and hyperinsulinemia.” In addition, peritoneal
glucose prescription may have an impact on the nutritional state of the patient.
In chapter 7, a significant relation was observed between changes in fat mass,
assessed by dual energy X-ray absorptiometry (DEXA) during o four-month
period, and peritoneal glucose prescription {submitted data). In addition, alse o
decrease in body cell mass was observed in those patients with the highest
peritoneal glucose prescription, in combination with a reduced protein catabolic
rate (chapter 7). This would mirror experimental data, in which a strong effect of
peritoneal glucose solutions on appetite in rats was observed.

The use of automated PD has been advocated to improve the fluid balance,
especially in those patients with a high D/P creatinine ratio. The rationale for this
approach is the more effective fluid removal due to short cycles, which use the
advantage of the high osmotic gradients in the beginning of the dweli.”? These
short cycles also have the disadvantage of an increase in sodium sieving, which
could lead to a reduction in sodium removal in the long run.*® Some studies
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even s‘ho‘wed a higher left ventricular mass and impaired blood pressure control
in qm:mem‘sj on continuous cyclic PD compared to CAPD patients.*'*? However,
i‘hese studies only included a small number of patients and were cross-sectional
in nature. Therefore, when interpreting these data, the possibility of case-mix on
the results has to be taken into account.

There appears to be o need for alternatives for glucose-containing solutions, The
use of the glucose polymer icodextrin results in ot least equal ultrafiliration
compared ‘f"ih 3.86% glucose solutions without the disadvantages of glucose
absorption.®™* In contrast to glucose solutions, the ultrafiltration gradient for
icodexirin is smaller but longer maintained. Whereas the beneficial effect of
icodextrin solutions on peritoneal ultrafiltration is well described ¥/, few studies
hove assessed the effect of icodexinin on fluid state and hemodynamic variables.
In patients on contfinuous cyclic PD, Woodrow et al. observed a reduction in
extracellular volume, assessed by BIA, and an improvement in blood pressure
control when using icodextrin for the long dwell.*® Moreover, in the randomized
study in 40 PD patients described in chapter 8, we observed a significant
reduction in ECW of 1.7 | in the icodexirin group compared o an increase of
0.9 | in the control group during a follow-up period of 4 months. Moreover, left
ventricular mass decreased significantly in the icodextrin group

This leaves us the choice of patients whom would benefit most from the effect of
icodextrin. Studies until now showed that the relafive effect of icodextrin on
peritoneal ultrafiltration is largest in those patients with a high D/P creotinine
clearance or those with impaired peritoneal ultrafiltration.***” We observed the
largest decrease in ECW in patients who were most overhydrated. Nevertheless,
there will remain a subgroup of, mainly anuric, patients in whom it is not
possible fo maintain a normovolemic state. In these patients, strict sodium and
fluid restriction should be adhered to or alternatively, transfer to hemodialysis
should be considered.

A word of caution should be applied with regard to possible underhydration, as
a significant decrease in RRF was observed in a study in which strict volume
control was achieved by salt restriction and use of hypertonic glucose solutions™,
as well as in the patients treated with icodextrin, described in chapter 8.

Future prospects

Abnormalities in fluid state appears to be widespread in PD patients, which may
have a major influence on blood pressure and left wamhricu!qr structure.
Especially patients with a high peritoneal fransport state qu those with declining
RRF may be at risk for overhydration. It would therefore l\pwotul fo preserve bgth
RRF and peritoneal membrane function as long as possuble. Alfrhough a decline
in RRF is mainly an inherent consequence of the underlying rerjpo disease, one
should be very careful in refraining from the use of all possible nephroqu:c
agents, but also in preventing underhydration. With regard to the prgserycilorw
of membrane infegrify, much research is being devoted fo fhg evaluation of
newer peritoneal solutions with either substitutes for glucose or with less glucose
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degradation products and a maore physiological bulfer profile. Although the use
of these solutions resulted in an improvement of markers of mesothelial cell
furnover and o reduction in perttoneal inflammation, it remains to be
determined whether this will also lead to o reduction in ulirafiltration failure in

the long-term.
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Summary

Summary

The main aims of this thesis were firstly to study the prevalence of obnormaolities
in fluid state and cardiovascular structure in peritonea! dialysis {PD} patients and
secondly to assess the relation between fluid stote, blood pressure and
cardiovascular structure in these PD patients. Thirdly the influence of the
peritoneal membrane fransport state and residual renal function on fluid state
and cardiovascular structure was studied. Forthly, the relotion between these
parameters and body composition was assessed, also in view of the peritoned!
glucose prescription needed to maintain o stable fluid state. Lastly, the effect of
icodextrin on fluid state, cardiovascular structure and body composition was
assessed in relation to the peritoneal membrane characteristics and fluid state of
the treated PD patient.

In chapter 1, an introduction fo the thesis was given with a review of the
literature. Both cardiovascular disease and malnutrition are important predictors
of mortality in PD patients. Observotional studies also showed that both a higher
permeability of the peritoneal membrane to small solutes [high transport state)
and residual renal function were related to outcome in this population. It has
been suggested that part of the relation between these factors and outcome
might be related to abnormalities in fluid state. In case of o high tronsport state,
this might be due to the increased glucose absorption from the peritoneal fluid,
leading to a reduction in the osmotic gradient needed for peritoneal fluid
removal. The presence of a high peritoneal fransport state and a loss in residual
renal function might also have implications for nutritional state. This because the
increased peritoneal glucose concentrations needed to maintain ultrafiltration
may result in a reduction in appetite leading to o decrease in lean body mass,
but also on the other hand also in an increase in body fat mass.

Nevertheless, until now, there are very few studies that assessed fluid stale and
body composition in relation fo peritoneal membrone characteristics and
residual renal function.

A recently introduced peritoneal solution with glucose polymers {icodextrin} was
tound fo result in more effective ultrafiftration compared to conventional glucose
solutions because of the application of an oncotic gradient. Nevertheless, of
present there are no randomized studies that assessed the influence of icodextrin
on fluid state, cardiovascular structure and body composition in PD patients.
There is also a paoucity of dafo with regord to the selection of patients in whom
icodextrin would be most effective.

In chapter 2, orterial wall properties were assessed in patients with chronic renal
failure, peritoneal dialysis patients, hemodialysis patients, and healthy controls,
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The main finding of this chapter wos the presence of o reduced arferial
distensibility in patients with renal disease. In patients with chronic renal failure,
arferial distensibility was related to the degree of renal insufficiency. Although
arterial distensibility appeared to be somewhat higher in PD patients compared
to hemodialysis patients, the potential influence of case-mix on this observation
should not be neglected. Surprisingly, intima media thickness as a surrogate
marker of otherosclerosis did not differ between renal patient and controls in this
study. This does however not necessarily implicate thot atheroslerosis is not
increased in these patients with chronic renal failure. Data from the literature
suggest that atherosclerosis in renal patients might be different in character and
is more related to deposits of calcified products in the arterial wall.

In chapter 3, the relation between fluid stote, assessed by various iracer dilution
methods, blood pressure (24-hour ambulatory measurements), and cardiac
struciure was assessed. A significant relation was observed between fluid state
with diastolic blood pressure and eccentric left ventricular hypertrophy, wheraas
arterial distensibility was inversely related to systolic blood pressure and
concentric left ventricular hyperfrophy. Moreover, using stable renal fransplant
patients as a control group, more than one third (37.5%) of PD patients
appeared to be overhydrated. This chapter shows that abnormalities in fluid
stole are widespread in PD patients, which may have important consequences
for the blood pressure and cardiac structure.

In chapter 4, it was investigated whether multifrequency bicimpedance
measurements, which are able to assess the intra- and extracellular
compartments by measuring the resistance of the body to an alternating current,
could substitute tracer dilution techniques in the assessment of fluid state. It was
shown that despite a good correiation between the bromide dilution method and
bioimpedance techniques, wide variations in the estimation of the absolute
magnitude of body compartments were found, which actually appeared to be
related to the relative magnitude of these compartments. Although this might be
explained by the fact that mainly the resistance of the extremities is assessed by
the so-called whole-body opproach, also the use of segmental bicimpedance
measurements, which takes the resistivity of the trunk seperately into account,
did not improve the agreement with tracer dilution techniques. Still, BIA
measurements might not be without relevance, because these were significantly
related 1o other relevant hemodynomic parameters, such as left ventricular end-
diastolic diameter.

In chapter 5, determinants of fluid state in continuous ambulatory PD (CAPD)
patients were investigoted both in a cross-sectional and a longitudingl design,
with special emphasis on peritoneal transport state and residual renal function.
Because of the possible disturbance of different treatment prescription on these
parameters, patients on continuous cyclic PD were not included in this study. In
the cross-sectional part, a large difference in fluid state was observed between
patients with and without significant residual renal function, despite the use of
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much higher dialysate glucose prescriptions. Peritoneal transport state wos
found to be weakly, but significantly, related to changes in extracelluiar volume
during the follow-up period of 4 months. This chapter corroborates the
importance of both residual renal function and peritonedl transport state in the
volume homeostasis of CAPD patients.

In chapter 6, the influence of fluid state on the agreement of techniques to
assess body composition was assessed. Extracellular volume, as a component of
lean body mass, varied widely between individual potients. Moreover, the effect
of fluid state on the assessment of body composition was further shown by the
relation between lean body mass and left ventricular end-diastolic diameter,
which held true for dual energy X-ray obsorpliometry, multi-frequency
bioimpedance analysis (MF-BIA}, as well as anthropometry. This chapter stresses
the fact that leon body mass should be corrected for extraceliular volume,
assessed by tracer dilution techniques, when assessing body composition in PD
patients.

Chapter 7 addressed the relotion between peritoneal fransport stote and
residual renal function with nutritional state in o cross-sectional and longitudinal
design. No relation between both variables and nulriional parameters was
observed, expect for an inverse relation between D/P creatinine ratio and serum
albumin. Nevertheless, peritoneal glucose prescription was significonily related
to an increase in body fot mass during the follow-up period, but also to a
decline in body cell mass (lean body mass corrected for extracelluiar volume).
The results of this chapter suggest thot peritoneal glucose prescription can have
o negative effect on body composition.

In chapter 8, the influence of the polyglucose solution, icodextrin, on fluid state
and cardiac perameters in o randomized design, with o follow-up period of 4
months is descibed. Prescription of icodextrin during the long dwell resulted in a
significant decrease in extracellular water and left veniricular mass. This waos
however not translated in o change in blood pressure, which might be due io
the multifactorial causolity of the latter parameter. The effect of icodexirin on
extracellular volume was not related to the D/P crectinine ratio, but strongly
related to the initial fiuid state of the pafient. Fat mass did not change during the
study period. Summarizing, this chapter shows that prescription of icodextrin
during the long dwell results in an improvement in fluid stote, especially in
overhydrated patients.

In chapter 2, an attempt was made to validate cut-off values for the diagnosis of
overhydration in PD potients obtained by multifrequency bioimpendance
analysis. The 75" percentile of ECW:height (11.9 I/m) for stable renal transplant
patients appeared fo be relevont as o cui-off point for overhydration in PD
patients, as this value was found to have o discriminatory value with regard to
differences in plasma volume and echocardiographic parameters. Nevertheless
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the relatively wide overlap between these parameters necessitates a continuous
use of this cut-off value.

In chapter 10, the results of the present thesis are discussed and related fo
findings in the literature.






174 Chapter 12



Samenvaiting

Samenvatting

De nier speelt een zeer belangrijke rol bij het instandhouden van een constant
volume en scmens’ne“ing van de lichaamsviceistoffen. Bij een afgenomen functie
von“mde nier kunnen derhalve ernstige verstoringen in het interne milieu von de
patiént ontstaan, zoals een accumulatie van afvalstoffen en een verstoring van
de zout- en waterhuishouding in het lichoam. Bij een ernstige storing in het
functioneren van de nier kon derhalve nierfunctievervangende therapie
noodzakelijk zijn. De meest toegepaste vormen van nierfunctievervangende
therapie zijn hemodialyse en peritoneaal dialyse.

Bij hemodialyse wordt de samenstelling en het volume van het interne milieu
enkele malen per week gecorrigeerd door contact tussen bloed en
dialysevloeistof (een gezuiverde oplossing bestoonde uit water, zouten en
buffers), welke zijn gescheiden door een halfdoorlaatbare (semipermeabele)
membraam. Het basale principe van hemodialyse berust op diffusie [vitwisseling
op basis van concentratieverschillen) tussen het bloed en dialysevioeistot, Met
teveel aan lichaamsvolume wordt verwijderd door middel van drukverschillen
tussen bloed en dialysevioeistof {ultrafiltratie).

Bij peritoneaal dialyse {PD) wordt het buikvlies [peritoneum] als semipermeabele
membraan gebruikt. Via een katheter wordt steriele dialysevloeistof in de buik
gebracht. Vervolgens vindt uitwisseling van opgeloste stoffen en water plaats
tussen het bloed en de dialysevioeistof. Het overtollig lichaamswater wordt
verwijderd door in de dialyse vloeistof een hogere glucose concentratie aan te
brengen ten opzichte van het bloed, hefgeen een canzuigende werking heeft
voor water vanuit het bloed (osmose). Na enige tijd wordt de verzadigde
dialysevioeistof via de katheter uit de buikholte (peritoneaaiholte) verwijderd.
Door deze cyclus enkele malen per dag, gedurende 7 dagen per week, fe
herhalen, vindt er een meer geleidelijke correctie van het interne milieu ploals.
Buiten dit feit is een ander voordeel van PD dat deze in principe door de patiént
self verricht wordi., Wel is de kans op het optreden van buikvliesontstekingen
verhoogd en kan de aanwezigheid van de hoge concentraties glucose de
structuur van het buikvlies nadelig beinvloeden.

Ondanks de effectiviteit van de verschillende vormen wvan nierfunctie-
vervangende therapie is de gemiddelde overleving van dialysepatignten
verminderd ten opzichte van patiénten zonder nierziekien. Factoren welke
gerelateerd zijn aaon de prognose van dialysepatiénten zijn ?n“der meer
afwijkingen van het hart- en vaatstelsel (cardiovasculaire mfvmklur‘wgen) en
ondervoeding. Deels zijn deze complicaties inherent aan het nierlijden zelf.
Echter, de dialysebehandeling self kan deze factoren ook beinvioeden.
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in tegenstelling fot patiénten die behandeld worden met hemodialyse, zijn er
relatief weinig gegevens over de deferminanten wvan cordiovasculaire
afwijkingen en stoornissen in de voedingstoestand bij PD patiénten.

Bij hemodialysepatiénten is aangetoond dat afwijkingen in de volumestatus (de
relatieve hoeveelheid vochi in het lichaam) en hoge bloeddruk {hypertensie} een
belangrijke rol spelen bij het ontstaan van cordiovasculaire afwijkingen.
Aangezien de verwijdering van overtollig vocht geleidelijk en continu verloopt bij
PD, werd vaok aangenomen dat de volumestatus bij patiénten behandeld met
deze techniek minder atwijkend zou zijn. In de recente literatuur is echter twijfel
gerezen aan deze aanname. Er is echter nog slechts weinig onderzoek verricht
naar de relatie tussen afwijkingen in de volumestatus, hoge bloeddruk
(hypertensie), en cardiovasculoire afwijkingen bij PD patiénten. Een andere
factor welke nog weinig is bestudeerd bij deze patiéntengroep is de
aanwezigheid van afwijkingen aon het slagaderlijk systeem {arteriéle systeem].
Bij hemodialysepatiénten is aangetoond dot een afgenomen soepelheid
[distensibiliteit) van de grote orterién een negatieve relotie heeft met de
overleving. Bij PD patidnten zin echter wrijwel geen gegevens bekend
betreffende de soepelheid van de grote arterién.

Uit de literafuur is bekend dat zowel bij hemodialyse- als bij PD patiénten
stoornissen in de voedingstoestand frequent optreden. Een mogelijk belangrijke
factor bij PD patignten is de aanwezigheid van hoge glucoseconcentraties in de
perifoneaal dialyse vioeistof. Theoretisch zou opnome van glucose wuit de
dialysevioeistoffen kunnen leiden tot een toename van vetweefsel, doch aan de
andere kant ook tot een afgenomen eiwitinname door een negatief effect op de
eetlust. Er zijn echter nog weinig gegevens voorhanden betreffende de inviced
van glucoseopname vanuit het dialysaat op de voedingstoestand van PD
patiénten.

In hoofdstuk 1 van dit proefschrift wordt een algemene inleiding gegeven met
een overzicht van de huidige lteratuur betreffende cardiovasculaire complicaties
en stoornissen in de voedingstoestand bij PD patidnien.

Tevens wordt ingegoan op het belang van de doorlaatbaarheid (permeabiliteit]
van het peritoneum en de restnierfunctie bij de prognose van deze
patigntengroep. De toegenomen permeabiliteit lijkt deels samen te hangen met
de continue blootstelling van het peritoneum can hoge concentraties glucose.

In de literatuur is aangetoond dat zowel een toegenomen permeabiliteit van het
peritoneum als  een sterk afgenomen resinierfunctie  (waarbij dus de
overgebleven functie van de nier vrijwel nihil is) een negatieve relatie hebben
met de overleving van PD patiénten. Er is in de literatuur gesuggereerd dat deze
relatie deels verklaard zou kunnen worden door afwijkingen in de volumestatus
loverhydratie). Bij een toegenomen permeabiliteit van het peritoneum zal de
glucose vanuit de peritoneaalholte sneller in het lichaam worden opgenomen en
zal derhalve de osmotische (concentratie) gradidnt, welke nodig is voor de
verwijdering van vocht uit het lichaam, te snel afnemen. Door de afgenomen
diurese (urinehoeveelheid) bij patiénien met een vrijwel afwezige restnierfunctie
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bestaat er ook meer kans op overhydratie, hetgeen zou kunnen bijdragen aan
hyperfep5|:e en cardiovasculaire afwiikingen. Een toegenomen permeahbiliteit van
het peritoneum en een afgenomen resinierfunctie kunnen ook consequenties
hebben voor de voedingstoestand van PD patiénten. Dit omdat de toegenomen
glucosebehoefte in de dialysevioeistof, welke benodigd is om voldoende
ultrafiltratie (vochtverwijdering) te bewerkstelligen, kan leiden tot een toename
van de vetmassa en een afname van de eetlust (zie boven). Tot heden zijn er
echter zeer weinig studies verricht naar de relatie tussen de permeabiliteit van
het peritoneum en de restnierfunctie met cardiovasculaire afwijkingen en
stoornissen in de lichaamssamenstelling.

Recent is er een nieuwe peritoneaal dialyse vioeistof, icodexirin, ontwilkkeld, die
bestaot uit glucose polymeren (ketens) welke minder snel in het lichaam worden
opgenomen en derhalve een meer effectieve ultrofiltratie zouden kunnen
bewerkstelligen. Tevens kan met het gebruik von deze vioeistof de peritoneale
blootstelling aan glucose afnemen. Tot heden zijn er echter slechts zeer weinig
vergelitkende studies verricht naor het effect van icodextrin op de volumestatus
en de lichaomssamenstelling van PD patignten.

in dit hoofdsiuk werd tevens de doelstelling van dit proefschrift viteengezet.

De doelstelling van deze thesis was ten eerste om afwijkingen in de volumestatus
en het cardiovasculaire systeem noder in kaort te brengen en  de onderlinge
relotie tussen deze factoren nader te bestuderen. Tevens werd de relatie tussen
de permeabiliteit van het peritoneum en de restnierfunctie met zowel
cardiovasculaire als voedingsparameters bestudeerd. Als laatste werd het effect
van icodextrin op de volumestatus, cardiovasculaire structuur en  de
lichaamssamenstelling bestudeerd.

In hoofdstuk 2 werd de arerigle distensibiliteit (soepelheid) en de dikte van de
vaatwand (intima-media dikte) van de halsslagader (arteria carofis) bestudeerd
bij patiénten behandeld met hemodialyse, bij PD patiénten, bij patiénten mef
chronisch nierfalen die nog niet met een dialysetechniek worden behandeld en
bij een gezonde controle groep. Ten opzichte van de controlegroep was de
arteriéle distensibiliteit bij nierpatiénten afgenomen. Bij patiénten met chronisch
nierfalen was deze afname gerelateerd aan de ernst van de nierfunctie. Bij PD
patiénten leek de afname van arteriéle distensibiliteit iets minder uitgesproken
ten opzichte van patiénten behandeld met hemodialyse, heigeen echter ook
mogelijk verklaard kan worden door een verschil in samenstelling tussen beide
groepen. De intima media dikte was niet verschillend tussen nierpatiénten en
controles.

in hoofdstuk 3 werd de relatie tussen overhydrotie, hypertensie (24-uurs
ambulante bloeddrukmeting) en cardiovasculaire afwijkingen onderzocht bij
stabiele PD patiénten. Er werd een relatie aangetoond tussen de volumestatus,
bestudeerd middels dilutiemethoden (waarbij de concentratie van toegediende
merkerstoffen in het bloed gemeten wordt], de diastolische bloeddruk en een
toegenomen diameter van het hart {excentrische linker venirikelhypertrofie). De
arterigle distensibiliteit was negatief gerelateerd aan de systolische bloeddruk en
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een foegenomen wonddikte wvan  het  hart  {concentrische  linker
ventrikelhypertrofie]. Ook bleek dat 24-uurs ambulonte bloeddruk metingen
veel beter gerelateerd waren oan structurele otwijkingen van het hart in
vergeliking met een eenmalige spreekkomer bloeddrukmeting.

Tevens bleek, met nierfransplantatiepatiénten met een stabiele nierfunctie als
controlegroep, bij 37.5% van de PD patiénten overhydratie aanwezig.

Aangezien het gebruik van dilutiemethoden bij het bestuderen van de
volumestalus kosthaar em in de dagelijkse praktijk moeilijk uitvoerbaar is, werd
in hoofdstuk 4 bestudeerd of de multifrequente bioimpedantie (MF-BIA} methade
bruikboar is bij PD patiénten. Met MF-BIA wordt de weerstand in het lichaam
(impedantie) ten opzichte van een wisselstroom bij meerdere frequenties
bepaald. Vanuit de gemeten impedontie bij wisselende frequenties kan het
volume van verschillende lichoomscompartimenten {totaal lichaomswater en
extracellulair  water) worden bepaald.  Alhoewel het volume van de
lichaamscompartimenten, zoals respectievelijk gemeten middels MF-BIA en
dilutiemethoden, sterk aan elkaar gerelateerd was, werden toch relatief grote
afwijkingen gevonden. De mate van de afwijking tussen beide methodes was
gerelateerd ocon  de  relatieve  grootte  van  de  bestudeerde
lichaamscompaortimenten. Dit zou mede verklaord kunnen worden door het feit
dat de impedantie van de romp middels MF-BIA niet goed gemeten kan
worden. Het gebruik van een modificatie van de BIA techniek, te welen
segmentale BIA, waar de impedantie van de romp aport gemeten wordt, leidde
echter niet tot een verbetering van de overeenkomst met de dilutiemethoden.
MF-BIA zou echter toch van belong kunnen zijn bij de bepaling van de
volumestatus van PD  patiénten, aangezien de relatieve groofte van de
lichaomscompartimenten toch gerelateerd bleek aan de diameter van het linker
ventrikel (hartkamer].

I hoofdstuk 5 werden zowel de invioed van de permeabiliteii van de
peritoneaalmembraan en de restnierfunclie op de volumestatus van PD
patiénten bestudeerd. Beide factoren bleken gerelateerd aan de volumestatus,
bepaald middels diluiemethoden. Met name bleek er een groot verschil in
volumestalus aanwezig tussen patiénten met vrijwel afwezige resinierfunctie en
patignten mel nog aanwezige restnierfunctie, ondanks het feit dat de gebruikte
glucoseconcentraties in het diolysaat bij de eerste groep vesl hoger was. Het
onderzoek in dit hoofdstuk suggereert een belangrike rol voor zowel een
toegenomen perifoneale permeabiliteit als een afgenomen restnierfunctie bij het
ontstaan van overhydratie bij PD patiénten.

Afwilkingen in de volumestatus zouden ook een invioed kunnen hebben op de
betrouwbaorheid van  methoden welke gebruikt  worden om de
lichaamssamenstelling van PD potiénten te meten. In hoofdstuk & werd de
invloed van  de volumestatus op verschillende technieken (Dual X-ray
absorptiometry, MF-BIA en anthropomeirie], welke frequent voor dit doel
gebruikt worden, bestudeerd. Afwijkingen in de volumestatus bleken deze



Samenvatting |

methoden duidelifk fe beinviceden. Dit hoofdstuk benadrukt het feit dat
methoden welke worden gebruikt om de lichaamssamenstelling bij PD patiénten
te meten, gecorrigeerd moeten worden voor afwijkingen in de volumestatus.

In  hoofdstuk 7 werd de invlced van de permeabiliteit van de
peritoneaalmembraan en de restnierfunctie op de lichaamssamenstelling van
PD patiénten bestudeerd, waarbij geen directe relatie tussen deze parameters
kon worden aangetoond. Wel bleek de dagelijkse glucosetoediening van het
dialysaat gerelateerd can een toenome van de vetrassa en een afname van de
lichaomscelmassa bij PD patiénten. Het laatste zou verklaard kunnen worden
door de geobserveerde relatie von peritoneale glucosetoediening met een
afname van de eiwitinname. De resultaten van dit hoofdstuk suggereren dot de
absorptie van glucose vanuit het diclysoat een negotieve inviced op de
lichaamssamenstelling van PD patiénten kan hebben.

In hoofdstuk 8 werd de invioed van icodexirin, een glucosepolymeeroplossing,
op de volumestatus en cardiovasculaire parameters bestudeerd in een
gerandomiseerde (vergelijkende) studie. Bij de patiéntengroep welke icodextrin
kreeg voorgeschreven werd een afname van het extracelluloire water en de
linker ventrikel massa gevonden. Het effect van icodexirin was het meest
vitgesproken bij patiénten met een relatief toegenomen extracellulair volume.
Tiidens de studie traden geen veranderingen in de vetmassa op. De resultaten
van dit hoofdstuk tonen aan dat icodextrin een gunstig effect op de volumestatus
bii PD heeft en suggereert dat dit effect het meest uitgesproken is bij
overgehydreerde patignten.

Klinisch is het van groof belang is om bij PD patiénten afwijkingen in de
volumestatus op eenvoudige wijze fe kunnen vaststellen. In hoofdstuk 9 werd
onderzocht of de relatieve groofte van het extracellulair volume, bepaold
middels ME-BIA, behulpzaam zou kunnen zijn bij de diagnose van overhydratie
bij PD patignten. Hierbij werden transplantatiepatiénten met een  stabiele
nierfunctie als controlegroep gebruikt. Alhcewel het mogelijk bleek een
relevante woarde te destilleren, lijkt deze toch met de nodige voorzichtigheid
geinterpreteerd te moeten worden.
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Verklarende woordenlijst

Ambulante bloeddrukmeting

Cardiovasculair
Concentrische hypertrofie
Dialysaat

Diastole
Diffusie
Dilutiemethoden

Diurese

Excentrische hypertrofie
Extracellulair water
Gerandomiseerde studie
Hypertensie

lcodextrin

Impedantie
MF-BIA

Hierbij kon de bloeddruk gedurende een
bepoalde periode  automatisch  gemeten
worden. Onder meer geschiki voor het meten
van de bloeddruk in de thuissituatie gedurende
een langere periode (b.v. 24 uur)

het hart en vaotstelsel befreffend

toegenomen wanddikte van de hartkamer
gezuiverde wuoterige vioeistof met opgeloste
stoffen, gebruiki om het interne milieu van
dialysepatiénten fe corrigeren. Bij hemodialyse
is stroomf deze vloeistof langs een kunstnier. Bij
peritoneaal dialyse wordt sterigle vioeistof via
een katheter in de buikholte gebracht
onderdruk

vitwisseling op basis van concentratieverschillen
hiermee kunnen de groofte van verschillende
watercompartimenten gemeten worden. Basaal
principe van deze methoden is dat de patiént
een vaste hoeveelheid van een merkerstof
{broom of deuterium)} krijgt toegediend. Deze
stof  verdeelt zich over het betreffende
lichaamscompartiment  {(broom: extracellulair
volume; deuterium: totaal lichaamswater). Door
na een bepaalde periode, waarin de merkerstof
zich over het lchagmscompartimant vargeald
heeft, de concentratie in het bloed te meten,
kan de grootte van het lichaamscompartiment
berekend worden

urineproduktie

uitzetting van de {linker) hartkamer

water dat zich buiten de cel bevindt
vergelijkende studie met een controlegroep
hoge bloeddruk

peritoneale  dialyseviceistof  met  glucose
polymeren {worden minder makkelijk door het
buikvlies geabsorbeerd)

weerstand tegen wisselstroom

multifrequente bioimpedantie [hierbij wordt de
volumestatus  en  de lichaomssomenstelling
bepaald middels meting van de weerstand van
het lichaam voor een wisselstroom)



Osmose
Owverhydratie

Perifoneaalholte
Peritoneum
Permeabiliteit
Polymeren
Semipermeabel
Systole
Ultrafiltratie
Ventrikel
Volumestatus
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ganzuiging van  water door concentratie-
verschillen van opgeloste stoffen

teveel aan lichaamswater [cok wel overvulling
genaamd)

buikholte

buikvlies

doorloatbaarheid

ketens

halfdoorlaatbaar

bovendruk

verwijdering van vocht door drukverschillen
hartkamer

de relatieve hoeveelheid vocht in het lichaom
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Dankwoord

Het schrijven van een proefschrift is een traditie waarin het dankwoord niet mag
ontbreken. Een proefschrift kan slechts tot stand komen met de hulp van zeer
velen en het is een utopie te denken dat het lukt om iedereen voldoende te
bedanken. Met de kennis van deze wetenschap zal ik toch trachten om iedereen
die bij de totstandkoming van dit proefschrift betrokken is geweest te bedanken,

voor diegenen die ik hier vergeet te noemen, bij voorbaat mijn excuses voor
deze omissie.

Allereerst wil ik alle patiénten bedanken die hebben mee gedaan aan dit
onderzoek. lk besef dot het voor patiénfen met sen chronische nierziekte een
grote opgave is om gan een dergelijke intensieve studie deel te nemen. Echfer
de motivatie van de deelnemende patiénten was indrukwekkend en getuigde
van een grote mate van solidariteit met de mede-patiénten. Hiervoor nogmaals
mijn dank en grote waardering. Ook de conirole personen, waaronder vele
ouders van vrienden en bekenden alscok collega’s wil ik bedanken voor hun
bereidwilligheid om aan deze studie mee te werken.

Prof. dr. K.M.L. Leunissen, beste Karel, ik wil je bij deze graag bedanken voor
alle energie en stimulatie die je als promotor in deze studie hebt gestoken. Je
goede humeur en tomeloze inzet zijn tekenend voor de goede werksfeer die je
hebt weten te creéren op de afdeling nefrologie in het azM. Dit heeft er mede
toe bijgedragen dat het voor mij een groot plezier was om bij je op de afdeling
werkzaam te mogen zijn en mijn promotie-onderzoek te mogen verrichten.
Nogmaals hiervoor mijn hartelijke dank!

Dr. J.P. Kooman, beste Jeroen, voor jouw eindeloze inzet mef betrekking tot
deze promotie schieten woorden fekort om je fe bedanken. De snelheid
waarmee |ij wetenschappelijke gegevens weet te doorgronden is nagenoeg
onnavalgbaar en indrukwekkend. Het enthousiosme waarmee il wetenschap
bedrijft heeft er voor een groot deel toe bijgedragen dat deze promotie zo snel
is afgerond. Nogmaals mijn eindeloze dank en ik hoop dat we in de foekomst
nog veel onderzoek samen vanuit Maastricht en Eindhoven kunnen opzeften,
om te beginnen natuurlijk met een vervolgstudie van ons CAPD project. Maar nu
cerst eens die fles Chassagne-Montrachet opentrekken!

Dr. E.M. van der Sande, beste Frank, ik wil je bij deze graag bedanken voor je
geduld en begeleiding bij deze promotie. Op onze kamer (of eigenlijk jouw
kamer natuurlijk, waar ik niefsvermoedend bleek te zijn ingetrokken) op de
dialyse afdeling hebben we alle promotie-leed met elkaar gedeeld. Het was
voor mij een eer om eerst bij jouw promotie paranimf te mogen zijn, en ben
seer vereerd dat jij nu bij deze promotie co-promotor kunt zijn.
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Een speciaal woord van dank wil ik richten tot Marc Schonck; jij stond aan de
basis van het CAPD onderzoek en was medebedenker van hei protocol. Je
bereidwilligheid om vanuit Hoorn can dit onderzoek mee te werken heb ik zeer
gewaardeerd, tk weet hoe moeilijk het voor je is geweest om als auteur van het
CAPD protocol de studies van afstand te moeten volgen. Je sportieve en correcie
houding in deze heeft bij mij zeer grote waardering opgewekt, nogmoals mijn
hartelijke dank voor de goede somenwerking.

Als voorzitter van de beoordelingscommissie wil ik natuurlijk ook Prof. dr. ir.
A.P.G. Hoeks hartelijk bedanken voor de voortvarendheid waarmee deze taak
werd verricht. Beste Arnold, het was voor mi| een grote eer om met je fe mogen
samenwerken, één van de mensen die aan de wieg van de wall frack heeft
gestaan.

De overige leden van de beoordelingscommissie: Prof. dr. P.JLEH.M. Kitslaar,
Prof. dr. R.Th. Krediet, Prof. dr. N. Lameire en dr.ir. AM.W.J. Schols wil ik allen
hartelijk danken wvoor hun bereidwilligheid om het monuscript van  dit
proefschrift te becordelen.

Notuurlijk wil ik hier ook alle verpleegkundigen van de dialyse afdeling in het
azM bedanken voor hun gastvrijheid en geboden gezelligheid tijdens mijn
verblijf bij jullie op de ofdeling. Daor jullie goede zorg voor de patiénten was er
biina iedere dag een zgn. “vlagi-alarm”, met bijbehorende koffiepauze. Pierre
en Michel, mijn hartelilke dank om bij jullie op de aofdeling mijn onderzoek te
mogen verrichten. In het bijzonder wil ik ook alle PD verpleegkundigen
bedanken (zonder overigens de andere verpleegkundigen te kort te willen
doen), te weten {in alfabetische volgorde): Jaap, Luud, Mariette, Peter en last but
not least Sabine. Jullie enthousiosme voor het T34 protocol heeft er toe
bijgedragen dat alle experimenten goed verliepen en dat alle patiénten met
plezier naar het azM kwomen om te participeren in ons onderzoek (getuige het
lage aantal drop-outs). Hiervoor nogmaals mijn grote dank en waardering.

Verder wil ik natuurlifk iedereen van de technische dienst, tw. Piet Claessens,
Leo Nijssen en Paul Bocken hartelifk bedanken voor de goede service die zij
voortdurend geboden hebben, wi] hebben hierbij nooit een tevergeefs beroep
op jullie gedaan, en dit op niet altijd even makkelijke tiidstippen (altiid net voor

“sluitingstijd"). Mogmaals dank voor deze goede support.

Alle nefrologen binnen de regio die patignten hebben geincdudeerd voor deze
studie wil ik groog hartelijk bedanken voor hun bereidwilligheid om mee te
werken can dit ambitieuze CAPD onderzoeksprotocol. Eén van de redenen dat
alle studies zo snel konden worden ofgewerkt is het feit dot er vanuit de
parficiperende ziekenhuizen zoveel potiénten werden doorgestuurd om in het
ozM te worden geincludeerd. tk denk dat dit kenmerkend is voor de goede
samenwarking tussen alle nefrologen binnen onze regio. lk wil dan ook graag
alle nefrologen die patidntens hebben geincludeerd van harte danken voor hun
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im;e? met betrekking tot dit proefschrift te weten Hans Wolters, Leon Frenken,
Wim Verstappen, Paul Gerlag en loris Wirtz.

Sehr vig‘l dank méchte ich auch an Dr. Ulrich Gladziwa richten. Seinen
Enthousiasmus  for  unserem  studium  war  unnagfolgbohr, und die
Suzammenarbeit war, wie immer, hervorragend.

Verder wil ik Dr. Dirk Siruijk nog in het bijzonder bedanken. Beste Dirk, het was
voor ons een grofe eer om met je saumen mogen fe werken, en uiteindelijk bleek
het concept om nog een aantal “high transporters” vanuit jullie kliniek te

includeren zeer succesvol te zijn getuige de conclusies in hooldstuk 5 en 7.
Hiervoor nogmaals mijn hartelijke dank.

Nel Cox-Reijven wil ik hartelijk danken voor de prettige samenwerking waarin
de segmentele BIA s werden verricht. Ook Eugenie van der Ham wil ik hartelijk
danken voor het vrijelijk beschikbaar stellen von alle gegevens met betrekking
tot de door jou onderzochte transplantatiepatiénten. Eugenie, nogmaals
bedankt en veel succes met je promotie, hopelijk kunnen er nog veel patiénten
vanuit Eindhoven in jouw siudie geincludeerd worden.

Beste Ruben Dammers, voor jouw een apart dankwoord; het enthousiasme
waarmee jij alle wall track metingen in zeer korte tijd wist te bewerken was acht
onvoorstelbaar en ik wil je hiervoor op deze plaats nogmaals hartelijk
bedanken. Verder wens ik je natuurlijk afle succes met je eigen promotie en
verdere opleiding toe.

Dr. B. van Kreel en natuurlijk Lou Donselaer wil ik hartelijk danken voor de
goede samenwerking met chemie 4 in het azM. Ook hier werd ik altijd even
enthousiast ontvangen als er weer een meting werd verricht. Jullie bereidwillige
samenwerking heeft zeker de vaart in de studie gehouden. Voor iedereen op
chemie 4, nogmaals mijn harelike dank voor de goede en plezierige
samenwerking.

Dr. Cheriex, Andrea Palmans en Jos Habets wil ik hartelijk danken voor hun
bereidwilligheid om op dezelfde dag dat onze patiénten in het azM aanwezig
waren direct een echocardiografie te verrichten, en voor de hoge goede kwaliteit
van de door jullie verrichte echo’s. Hiervoor nogmaals mijn hartelijke dank.

Een speciaal woord van dank wil ik ook richten tot mijn opleider binnen de
nefrologie, Prof. dr. J.P. van HooH. Beste Hans, bedankt voor je steun oan het
onderzoek dat ik bij jullie binnen de werkgroep heb kunnen verrichten. QOok
natuurlijk miin hartelijke dank voor de financiéle support zoals het beschikbaar
stellen van de laptop waarop biina alle data van deze thesis zijn ingevoerd.
Aanvankeliik sprak men binnen de werkgroep over die lelijke paarse loptop met
Duitse Windows versie, echter een jaar later wilde plots iedereen een dergelijke
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laptop. Nogmaals mijn hartelijke dank voor je onvoorwaardelijke support en
vertrouwen.

Alle collega s op de afdeling nefrologie van het azM wil ik hartelijk danken voor
de goede samenwerking en preffige werksfeer waarin we konden samenwerken.
Beste Hans, Elly en Maarten; bij deze nogmaals mijn hartelijke dank voor de
goede samenwerking met de subsectie transplantatie van het azM. Hans, ik
wens |e samen met Sabine veel succes in de foekomst en veel geluk en
voorspoed in je huwelitk, want door de ISBP in Celle was ik helaas niet
aanwezig op jullie bruiloft, hiervoor mijn excuses. Zoals je weet vraagt een
promotie vele offers.

Willi, ik wil je groog bedonken voor de goede samenwerking in het azM,
waaronder natuurlijk de CAPD poli die doags tevoren altijd door ons samen
werd voorbereid (mijns inziens de gezelligste poli van Nederland!). Ik wens je
natuurlijk veel succes in Venlo. Een speciaal woord van dank wil ik ook richten
aan Charles, we hebben samen veel promotie-lief en leed gedeeld en vele
metingen, zoals die in Tilburg, samen verricht. Het was pretiig om met je samen
te werken en ik wens je notuurlik ook veel succes met je verdere promotie-
onderzoek. Alle andere fellows op de ofdeling nefrologie, waaronder Mariélle
Gelens, Mariglle Krekels en Marc Hermans wil ik bi] deze ook hartelijk danken
voor de pretige samenwerking en wens hen ailen cok veel succes toe in de
toekomst, En natuurlijk het secretariaat, Anke, Marleen en Etignne; ook jullie wil
ik bedanken voor de prettige samenwerking.

En dan is er natuurlik nog iemand in het azM die absoluut niet vergeten mag
worden, de fantastische Tiny Wouters. Beste Tiny, eenmaal met mijn manuscript
bij je aangeland begriip ik de uitspraak ‘veilige haven' pas goed. De rust en de
ervarenheid waarmee je in korte fijd van ieder manuscript iets moois weet te
maken is werkelijk fantastisch. Kortom na alle jaren stress was dit eindelijk even
een rustpunt in het hele promofiecircus, even uitpuffen, want het komt wel goed
allemaall Tiny nogrmaals bedankt voor al je inzet [zelfs in vakantietijd) en succes
nu er in korte tijd zo vliak voor de kersi nog een cantal promoties moeten
worden ofgerond.

Verder wil ik mijn opleiders in de interne geneeskunde, te weten Dr. C. van der
Heul en Prof. dr. H.F.P. Hillen hartelik danken voor de mogelijkheid die ze mij
hebben geboden om me te bekwamen in de interne geneeskunde. Een speciaal
woord van dank wil ik hierbij richten tot Cees van der Heul. Beste Cees, mijn
opleidingstijd in Tilburg heb ik als zeer inspirerend ervaren en ik denk dat het
bijna onmogelijk is om elders in een dergelijk goede sfeer zo veel werkervaring
op te doen. Gezelligheid en een goede dosis humor zijn mijns inziens
noodzakelijke ingrediénten voor een goede opleidingstijd. Bepaalde begrippen
zoals de ‘rode bankjes’ van weleer, alsook de grappen op het ochtend-rapport
zullen mij nog lang bijblijven. Zo ook de afscheidsborrel waar tot mijin grote
verbazing deze rode bankjes plots weer opdoken. Ik wil dan ook alle internisten



Dankwoord

n Tii‘b‘urg en collega arts-assistenten hartelijk danken voor deze mooie
opleidingstijd.

Een bijzonder woord van dank wil ik richten tot Wiek Rensma en Fred Apperloo.
Beffe Wiek en Fred, jullie hebben mij aangespoord om verder te gaan in de
nefrologie en gezien de prettige samenwerking in Tilburg en het feit dat we onze
eerste studies rond arteriéle vaatstiffheid in Tilburg hebben verricht, hebben jullie
beiden can de bakermat van dit proefschrift gestean. lk hoop dan ook dat we in
de toekomst binnen onze regio nog veel onderzoek samen kunnen opzeten.
Nogmaals dank voor jullie stimulerende rol en enthousiosme. Dit geldt
natuurlijk ook voor de verpleging en het secretariaat van de dialyse afdeling in
Tilburg, alwaar ik altijd zeer hartelijk werd onthaold als ik weer eens een meting
kwam verrichten. Een speciaal woord van dank wil ik ook richten can het
secretaricat van de internisten in Tilburg. Door jullie ondersteuning kwamen
altijd de juiste patiénten gegevens boven tafel. Met name lanine, secretaresse
van Dr. Rensma dient hierbij speciaal verncemd te worden, voordat ik de
patiént gezien had was deze door jouw enthousiasme al geincludeerd in de Wail
Track studie. Hiervoor nogmaals mijn hartelijke dank !

Speciale dank gaat ook uit naar Yes en Michiel; wij doorstonden samen een
fantastische opleidingstiid in Tilburg en ik ben dan ook zeer trots dat jullie, als
collega's en als vrienden, bij mijn promotie paranimf zijn, ook al zitten jullie hier
niet direct in de regio. Ik wens jullie veel succes en geluk in het verdere leven en
ga ervan uit dat we elkaar ook in de foekomst regelmatig zullen zien om onze
vriendschap te bestendigen.

De maatschap interne geneeskunde van het Catharina Ziekenhuis in Eindhoven
wil ik bedanken voor de gastvrijheid en de goede collegiale werksfeer die ik
aldaar geniet sinds mijn infrede in april 2002. Een speciaal woord van dank
gaat uit naar Steven Hoorntie en Petra Douwes-Draaijer, mijn directe collega-
nefrologen. Onze gezellige besprekingen met uitgebreide maatschappelijke
bespiegelingen geven aan hoe goed de intercollegiale werksfeer is. Het is voor
mij dan ook een grote eer om met jullie te mogen samenwerken op de volledig
nieuwe en prachtige dialyse afdeling in het Catharina Ziekenhuis die in april van
dit joar werd geopend. ik hoop in de naaste toekomst nog vele jaren intensief in
deze goede werksfeer met jullie te mogen samenwerkern.

Zeer veel dank ben ik verschuldigd aan mijn ouders die mij de mogelijkheid
hebben geboden om me te lafen studeren en me verder fe ontwikkelen. Een
bijzonder woord van dank aan mijn vader can wie dit proefschrift is
opgedragen en die zo trots was op het feit dat ik geneeskunde ging studeren. tk
vind het ontzettend jammer dat hif uiteindelijk deze kroon op zovele jaren studie
niet meer mee kan maken. Ma, ik weet daot je erg ongerust was foen ik op 17-
jarige leeftiid naar Amsterdam verirok om de wereld te verkennen. Uiteindelijk
na vele avonturen en omzwervingen ben ik veilig in Eindhoven ferechtgekomen.
Ik hoop dat dit je geruststelt. Ik wil dan ook mijn moeder als ook mijn
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schoonouders, Herbert en Mieke van harte bedanken voor hun oprechte steun
en inferesse in mijn werk.

Lieve Marion, ol sinds onze inmiddels historische ontmoeting in 1985 in
Amsterdam op de Vosmaerstraat hebben we een zeer goede relatie. Of de
broodrooster echt kopot was zullen we natuurlik nooit meer lkunnen
achterhalen, wel stoat vast dat we sinds die fijd voor- en fegenspoed samen
hebben gedeeld. Afgelopen jaren waren zowel voor mij als voor jou erg zwaar
qua studiebelasting, een periode die nu in december met een doctors- en een
MBA fitel wordt afgesloten. Ik hoop dat na alle verhuizingen en omzwervingen
eindelijk een rustiger tijd aanbreekt.

En dan natuurlijk de twee om wie het uiteindelijk allemaal goat: Lotte en Veerle,
ik hoop dat jullie ery gelukkig worden in Eindhoven, met ons, op de nieuwe
school, dicht bij opa en oma. En dat we straks wat meer tijd voor elkaar zullen
hebben om samen naar het Genneperpark te goon naar de voor jullie zo
favoriete speeltuin met de grote schommel!



Stiin Konings werd op 12 augustus 1963 in Roosendaal (NB) geboren. Alhier
werd het St. Norbertus college doorlopen, daarna volgde de studie genees-
kunde te Amsterdam. In 1991 was hij kortdurend werkzaam in het West Fries
Gasthuis te Hoorn, waarna hij tot 1992 werkzaam was in het Universitaire
Ziekenhuis te Anitwerpen. Vervolgens was hij werkzoam in het St. Elisabeth
Ziekenhuis te Tilburg op de ofdeling interne geneeskunde. Hier werd gestart met
de opleiding inwendige geneeskunde (opleider Dr. C. van der Heul) en werden
de eerste studies opgestart die deel uiimaken van dit proefschrifi. In 1998
werden de werkzoomheden voorigezet in het azM te Maasiricht {opleider Prof.
dr. H.F.P. Hillen] en werd tevens het aandachisgebied nefrologie doorlopen
(opleider Prof. dr. J.P. van Hooff]. In okiober 2000 volgde de registratie als
internist-nefroloog. Voanof okfober 2000 tot en met maart 2002 was hij
verbonden can de aofdeling nefrologie van het wzM te Maosiricht als
onderzoeker. Een groot gedeelte van de in dif proefschrift beschreven studies bij
CAPD paotiénten werden in deze fijd binnen de ROZON verricht. Vanaf april
2002 is hij werkzaam als internist-nefroloog in het Cataharina Ziekenhuis te
Eindhoven. Hij woont samen met Marion Hinderdael, samen hebben zij 2
dochters: Lotte en Veerle.





