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Kidney Function




EDICAL PROGRESS HAS ALTERED THE COURSE AND THUS THE DEFINI-

tion of uremia, which once encompassed all the signs and symptoms of ad-

vanced kidney failure, Hypertension due to volume overload, hypocalcemic
tetany, and anemia due to erythropoietin deficiency were once considered signs of
uremia but were removed from this category as their causes were discovered. Today
the term “uremia” is used loosely to describe the 1llness accompanying kidney fatlure
that cannot be explained by derangements in extracellular volume, norganic ion con-
centrations, ot lack of known renal synthetic products. We now assume that uremic
Illness is due largely to the accumulation of organic waste products, not all identified

as yet, that are normally cleared by the kidneys. Nl Ved 07357131635



Not all of the llness of a patient undergoing dialysis can be ascribed to uremia.
Indeed, the evolution of dialysis has made the effects of uremia more difficult to dis-
tinguish, since the severity of classic uremic symptoms is attenuated. Instead, pa-
tients undergoing dialysis now have a new 1llness, which Depner? aptly named the
“residual syndrome.” This illness comprises partially treated uremia; 1l effects of di-
alysts, such as fluctuation In the extracellular fluid volume and exposure to bioincom-
patible materials; and residual inorganic ion disturbances, including acidemia and
hyperphosphatemia. In many patients, the residual syndrome is complicated by the

eftects of advancing age and systemic diseases that were responsible for the loss of
kidney function.
N Engl | Med 2007,357:1316-15.



Table 1. Main known uremic retention solutes

Vanholder et al: New insights in uremic toxins

Small water soluble solutes

Protein-bound solutes

Middle molecules

Asymmetric dimethylarginine
Benzylalcohol
B-Guanidinopropionic acid
B-Lipotropin

Creatinine

Cytidine

Guanidine
Guanidinoacetic acid
Guanidinosuccinic acid
Hypoxanthine
Malondialdehyde
Methylguanidine
Myoinositol

Orotic acid

Orotidine

Oxalate

Pseudouridine

Symmetric dimethylarginine
Urea

Uric acid

Xanthine

3-Deoxyglucosone
CMPF
Fructoselysine
Glyoxal

Hippuric acid
Homocysteine
Hydroquinone
Indole-3-acetic acid
Indoxyl sulfate
Kinurenine
Kynurenic acid
Methylglyoxal
N-carboxymethyllysine
P-cresol
Pentosidine

Phenol
P-OHhippuric acid
Quinolinic acid
Spermidine
Spermine

Adrenomedullin

Atrial natriuretic peptide
B:-Microglobulin
B-Endorphin
Cholecystokinin

Clara cell protein
Complement factor D
Cystatin C

Degranulation inhibiting protein 1
Delta-sleep-inducing peptide
Endothelin

Hyaluronic acid

Interleukin 1

Interleukin 6

Kappa-Ig light chain
Lambda-Ig light chain
Leptin
Methionine-enkepahlin
Neuropeptide Y
Parathyroid hormone
Retinol binding protein
Tumor necrosis factor alpha

CMPF 1s carboxy-methyl-propyl-furanpropionic acid.


http://www.uremic-toxins.org/index.html
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Table 1. Uremic Solutes.®

Solute Group Example Source Characteristics
Peptides and small Beta,-microglobulin  Shed from MHC Poorly dialyzed because of large size
proteins
Guanidines Guanidinosuccinic Arginine Increased production in uremia
acid

Phenols p-Cresol sulfate Phenylalanine, tyrosine Protein bound, produced by gut bacteria

Indoles Indican Tryptophan Protein bound, produced by gut bacteria

Aliphatic amines Dimethylamine Choline Large volume of distribution, produced by
gut bacteria

Furans CMPF Unknown Tightly protein bound

Polyols Myoinositol Dietary intake, cell synthesis MNormally degraded by the kidney rather

from glucose than excreted

Nucleosides Pseudouridine tRNA Most prominent of several altered RNA
species

Dicarboxylic acids = Oxalate Ascorbic acid Formation of crystal deposits

Carbonyls Glyoxal Glycolytic intermediates Reaction with proteins to form advanced

glycation end products

* Uremic solutes may have multiple sources, although only one is listed. MHC denotes major histocompatibility complex,
and CMPF 3-carboxy-4-methyl-5-propyl-2-furanpropionic acid.

N Engl | Med 2007,357.1316-25.



Early studies indicated
that urea itself causes only a minor part of
uremic illness.

One study showed that uremic

symptoms were relieved by initiation of dialysis,

even when urea was added to the dialysate to

maintain the blood urea nitrogen level at approximately
90 mg per deciliter.

Johnson WJ, Hagge WW, Wagoner

RD, Dinapoli RP, Rosevear JW. Effects of
urea loading in patients with far-advanced
renal failure. Mayo Clin Proc 1972:47:
21-9.
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(] urea (60), creatinine
(113), phosphate (134)

0 vitamin B12 (1355),
vancomycin (1448),

insulin (5200), endotoxin
fragments (1000-15000),
Parathromone (9425),

p2-microgobulin (11818)

0 myoglobin (17000),
Retinol-Binding Protein
(RBP) (21000), EPO
(34000), albumin (66000),
Transferrin (90000)

Small molecules <5OO
(No 68)

Middle molecules
500-15000 (No 22)

Large molecules

>15000 (No 12)



* Protein binding No 25
 Protein intake

» Intestinal bacterial flora

+ Concentrations range from ng/L
(methionine-enkephalin) up to g/L
(urea).



|I REVIEW ARTICIL.E

MEDICAL PROGRESS
Uremia

Tirmothy W. Meyveaer, M., and Thormas H. Hostetter, MDD

=1 _
= 120
E
En Patient 1
=
=
&
% Patient 2
2 0 T T I T I T 1
m Monday  Wednesday Friday Sunday

Figure 1. Blood Urea Nitrogen Levels in Two Theoretical
Patients Undergoing Conventional Thrice-Weekly
Hemodialysis for 3 Hours on Monday, Wednesday,
and Friday.

Urea nitrogen levels fall precipitously as urea is rapidly
removed during treatment and then rise gradually be-
tween treatments, with the highest levels observed after
the 3-day interdialytic interval (from Friday after dialysis
until Monday before dialysis). Both patients were re-
ceiving the same dose of dialysis, as evidenced by the
689% drop in urea levels for both patients with each
treatment. This drop constitutes adequate dialysis,
according to the current U.S. standard. Patient 1, who
had higher absolute plasma urea levels than Patient 2,
was presumably eating more protein. To convert the
values for blood urea nitrogen to millimoles of urea
per liter, multiply by 0.357.
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Figure 2. Time-Averaged Plasma Solute Levels in Patients
Undergoing Conventional Thrice-Weekly Hemodialysis.

Conwventional hemodialysis is prescribed to remowve
blood urea nitrogen effectively, so that the average
urea level in a patient undergoing hemodialysis is only
about four times the normal value. But dialysis is much
less effective in controlling the levels of other solutes.
Binding to albumin limits the dialysis of p-cresol sul-
fate, and large molecular size limits the dialysis of beta,-
microglobulin; as a result, the average levels of these
solutes in patients undergoing hemodialysis are about
10 times and 20 times the normal levels, respectively.
The plasma level of guanidinosuccinic acid is even
higher, averaging more than 40 times the normal wval-
ue. Guanidinosuccinic acid levels rise this high largely
because the production of guanidinoesuccinic acid in-
creases in patients with uremia; sequestration within
cells impairs the efficiency of dialysis and contributes
to the elevation of plasma levels of related guanidines.
Solute ratios are approximations based on data from
Martinez et al.,®>® Raj et al.,*® and Eloot et al_ ?!
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Figure 3. Dialysis versus Hemofiltration.

In dialysis (Panel A), solutes diffuse through a thin membrane separating the blood and dialysate, which flow in opposite directions.
Small solutes such as urea (small yellow spheres) diffuse readily. Larger solutes, including low-molecular-weight proteins (large green
spheres), diffuse less readily and are not cleared as effectively when blood passes through the dialyzer. In hemofiltration (Panel B), fluid
is forced through the same membrane by pressure, and solutes are carried with the fluid by convection. As compared with diffusion,
convection removes larger solutes at almost the same rate as small solutes. Standard dialysis treatments include some hemofiltration

in order to remove the fluid that accumulates with daily intake. The removal of large solutes can be augmented by increasing the amount
of ultrafiltration. The combined process of dialysis and high-volume ultrafiltration, which requires the provision of intravenous replace-
ment fluid to offset the ultrafiltration rate, is called hemodiafiltration.
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European trial of free light chain removal by extended
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Fig. 1. Passible preventive or therapeotic messures in the context of uremie cardiovascular disease.
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Table 2. Signs and Symptoms of Ulremia.

Meural and muscular

Fatigue

Peripheral meuropathy

Drecreased rmental acuity

Seizures

Arnorexia anmnd nausea

Decreased sense of smell anmnd taste
Cramps

Restless legs

Sleep disturbances

Corma

Reduced rmuscle rmembrane potential
Endocrimne and metabolic
Armenorrhea anmnd sexual dysfunction
Reduced body termperature

Altered amino acid lewvels

Bone disease due to phosphate retention, hvperparathy-
roidisrm, and wvitarmin D deficiency

Reduced resting energy expenditure
Insulin resistance

Imncreased proteimn—muscle catabolisrm
Other

Serositis (including pericarditis)
Itching

Hiccups

Oxidant stress

Arnermia due to eryvthropoietin deficiency and shortened
red-cell surwviwval

Granmnulocyte and yrmphocyte dystfurnction
Platelet dysfunction

N Eng | Mea 2007,357.1316-25



n dialysis have

* The reason for the debility of patients on dialysis
is far from clear despite years of study. R

+ The anemia of chronic renal disease is clearly a = -
contributing factor, but uremic myopathy and
resulting decreased muscle oxygen utilization
have a significant impact on the physical
functioning of patients on dialysis as well

Adv Ren Replace Ther. 1999 Apr;6(2):141-8.

Physical functioning and exercise capacity in patients on dialysis.
Johansen KL



http://www.nature.com/ki/journal/v85/n3/
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CLINICAL STUDY

Relevance of Procalcitonin Levels in Comparison to Other Markers of
Inflammation in Hemodialysis Patients
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Maintenance of life in patients without kidney
function is a remarkable achievement of modern
medicine. But current treatment with dialysis car-
ries a high price and leaves a persistent burden of
disability. Although both the side effects of dialy-
sis and the coexisting conditions in patlents re-
ceiving this treatment contribute to the residual
illness, retained solutes that are poorly cleared by
standard treatment are an important part of the
problem. A better understanding of uremic solutes
and theilr toxic effects would place dialysis on a
more rational basis and should lead to more ef-
fective therapy.
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Guideline 1: Timing of Hemodislysis Initiation
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Hemodialysis dose

Components of the dialysis Prescription:
*Type of dialyzer
*Time
*Blood flow rate (Qb)
*Dialysate flow rate (Qd)
*Dialysate composition
*Dialysate temperature
eUltrafiltration rate
e Anticoagulation
*Dialysis frequency
eIntradialytic medications
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(a) Sodium and chloride ions separated by a membrane.
Figure 7.25 (B} Na"P  and Nao*Cl separated by a membrane: initial conditions.
(c) The final Donnan equilibrium conditions arising from (b).
© Physical Chemistry{e-book); Latdler, Melser, Sanctuar www.mchmultimedia .com

Diaalyzer
Key facets of a dialyzer:
*Capacity for solute clearance
Capacity for ultrafiltration of fluids
*Nature of dialyzer membranc (biocompatibility)

ideal dialyzer:
*Low & middle molecular weight molecule clecarance
*Viial solules
*Adequatce ultrafiliration
*Low adverse metabelic cvents
L ow blocd volume compartment
I _ow Cost
=Reliable
*Low Gibbs-Donnan cffects - in vitro vs. in vive




Dialyzer 2

*Diffusive vs convective clearance >300Da
esurface area, thickness, pore size, pore density, and potential to adsorb proteins

eUltrafiltration co-efficient

*Hollow fiber vs. parallel plate

*Humoral activation pathway clotting vs complement
*Cellular activation pathway

*Reuse

*Types of membranes
*Cellulosic, Coated, Synthetic
*Biocompatible membranes

Classification of dialyzers: solute vs water flux




Dialyzer Clearance

Mass solute transfer across a dialyzer or diffusive dialyzer clearance
(K)=QuC,-C,/C,
For solutes not present in dialysate K = Q,(C,.)/C,

~ SR . ; U -K))
Mass transfer area coefficient (K A) = %’ X(Q): l"((%b?{jd -K,)

removal of a specific solute and represents maximum clearance

Diffusive and convective. Small molecules move principally by diffusion

Clearance varies with blood flow. Mass transfer coefficient is constant K A:

K, (¢cm/min) may be thought of solute flux /unit arca/unit of concentration gradient
K. A is the most specific constant that describes the efficiency of a dialyzer for

Toxin related Procedure related
FACTORS AFTECTING LMW == HMW
CLEARANCE Size Dialysate Flux
Charge Q, Time
Prote:n binding Q, area
Vol. Distribution arca 81
Time Q,
Flux Dialysate

C, = conc. arterial
C, = conc. venous
C,, = conc dialysate
Q,, = flow dialytsate




Water Permeability

Measured by ultrafiltration co-efficient K p

ml/hr/mmHg of TMP, measured in vitro using bovine
blood. Taken from linear part of curve

Directly related to Pore size (power 4) and also size of
membrane

Solute and Water permeability do not necessarily correlate
Porosity (i.e. total area of pores) and depth of pores determines
small solute transfer whereas pore size affects water flux

Also HMW molecules can adsorb to hydrophobic microdomains,
increasing local concentrations



Discrepancy between solute and
water flux

Example 1. Cellulose acetate or PS membrane with Ky of
6ml/h/mmHg and 1.1m?, has B, clearance of 50ml/min and no
B,M clearance

Modified co-polymer membrane has same Ky has B, clearance
of 87ml/min and reduces [3,M by 20-30% during 3h dialysis

Example 2. Membrane Cellulosic PS
Kup 6ml/h/mmHg 8ml/h/mmHg
A 1.75m? 1.8m?
Thickness 9um 40pum

K A gentamicin 127ml/min ~ 84ml/min




Dialyzer membrane types

CELLULOSIC SYNTHETIC

Hydrophilic Hydrophobic

<prolein binds >protein binds

>(C3a, Ca -ve charge/Contact pathway*
>leukocyte activation

Thinner 8-15um (swell) thicker (20-40um)

>diffusion of pyrogens

FORMUILATIONS

Cuprophan Polysulfone (PS)

Cellulose acetate Polyether polycarbonate (PC)**
Hemophan Polyacrylonitrile (PAN) e.2. AN69*
SMC#** PMMA

Cellulose triacetate Polyethersulfone

Vitamin E

PPV is required to add hydrophilic domains to synthetic membranes

* Associated with anaphylaxis with ACEI - bradykinin/kallikrein syndrome
¥+ microdomain structure

C3,.C5, release -->VSMC contraction, vasc perm, MAC,PMN activation




Solute size and clearance

Size example clearance
Small molecule solutes <200D urca Diffusion
Middle molecules 200-12,000D vitamin B, Diffusion or below
LMW proteins 12,000-50,000D B.M ' Conv/Diff/Adsorb

Putative Middle Molecules

Putative LMW toxins

P-cresol
Indoxyl-sulfate
CMPF (acid)
Hippuric acid
Guanidines
Uric acid
Homocysteine
Phenolic acid
Quinolic acid
Homocysteine

complement factor D
B,-microglobulin

Giranulocyte inhibitory proteins
Parathyroid hormone

Advanced glycation end products
Anaphylactoids, C3a, C5a
Carbamylated proteins

Manv middle molecules are protein bound




Solute size and clearance

Size example clearance
Small molecule solutes <200D urca Diffusion
Middle molecules 200-12,000D vitamin B, Diffusion or below
LMW proteins 12,000-50,000D B.M ' Conv/Diff/Adsorb

Putative Middle Molecules

Putative LMW toxins

P-cresol
Indoxyl-sulfate
CMPF (acid)
Hippuric acid
Guanidines
Uric acid
Homocysteine
Phenolic acid
Quinolic acid
Homocysteine

complement factor D
B,-microglobulin

Giranulocyte inhibitory proteins
Parathyroid hormone

Advanced glycation end products
Anaphylactoids, C3a, C5a
Carbamylated proteins

Manv middle molecules are protein bound




Dialyzer Membrane Permeability

Dialyzer KA . (ml/min) K. water coeff Hyropilia Membrane
Low Flux <45() <10ml/mmHg/h  hydrophilic Symmetrical
High Efficiency  >450 10-19ml/mmHg/h Intermediate Intermediate
High Flux >45(0) >15 hydrophobic Asymmetrical

High Flux Dialyzers
Pores permit >10kD molecules to pass with K up to 40ml/min (i.e. 40mls of plasma
cleared of it per minute)
*High Protein/peptide binding
Synthetic dialyzers rely more on adsorption to the internal pore structure for clearance
Cellusolic dialyzers are thinner
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Use of High Efficiency & High Flux Dialyzers

LMW clearance Adequate HD in larger pts

HMW Clearance Better K of middle molecules (300-1500D)
& clearance of HMW substances
B,M=11.8kD

Biocompatibility Reduced complement/leukocyte activation
possibly reduced morb/mort

Time Reduced

L)

Unequivocal data that high flux dialyzers reduce the incidence of 3,M amyloidosis

Several large retrospective studies showing improved mortality using biocompatible
dialyzers. However may be confounded by high flux of dialyzers. No prospective
studies confirm this.




Flow rate

Flow limited mass transfer is part of clearance characteristics

*Resistance/turbulence, Non linear flow

*Boundary layers & streaming effects increased K A, maintaining
countercurrent gradient

For hollow fibre dialyzers K., increases between Q,, 200-
300ml/min, and rises less steeply to 400-500ml/min

*Solute removal: Sigdell/Tersteegen dialysate flow max 2 X blood
flow

*Recirculation: R=C-C,/C- C, Best C is from arterial port
where Q4 = 0 Q, = S0ml/min. Alternatives, saline/hematocrit or
cold bolus/temp probe

*Mismatch of blood/dialysate

. AW hwia y . sl Al
Opumlze fl()“/ fOI lndl\ ldUdlb Sipdell & Tersteegen Nephron, 1995714 )401-6.




Insertion of Tumnneled Central Venous Catheters 51

12. Always get a chest x ray (if fluoroscopy was not used) to check
position of hne and rule out any complications.

Principles of
Renal Medical
Procedures

loannis Griveas

- -

Resdfed Sci 2013 May; 15): 383-386.

izure 1. (a-f) different steps of catheter placement. (3) measuwrement of insertion
(b) creation of the stenle field. (c) msertion of guidewire. (d) creation of tunnel,
{e) passing the catheter mto the vein, (f) completion of procedure.



Time

*Solute clearance increased with time
eDiminishing returns
*Volume homeostasis and intra-dialytic complications
*Tassin experience
*6-8h, BP control, volume control, larger molecule clearance, Phosphate

control, best survival, less disparity between prescribed and delivered
dialysis

KUV 1.67 10y survival 88% (35y) 64% (65y) (Cellulosic)
*Daily dialysis experience

*Time as an independent variable?



“What is KyV???”

K is simply the clearance of the dialyzer. Tis time. Vs distribution volume of urea.

Ki/V = fractional urea clearance

K = dialyzer clearance (ml/min. or L/hr.)
t = time (minute or hour)
V = distribution volume of urea (ml or L)

Kxt=LUhrxhr=LITERS
V = LITERS
Kt/V = LITERS/LITERS = ratio



The resulting fraction 1s often converted to a percentage by multiplying the result by 100. This

latter formula 1s:

BUN mg/100cc

URR=(Pre BUN - Post BUN) / Pre BUN*100

100

URR= (Pre BUN - Post BUN) / Pre BUN

Example of Urea Rebound

90 -
80
70
60
50 4
40
30 -
5
10 |

Hours

24



The problem with V

Anthropometric formulas (Watson) vs. kinetic modeling (9-13% lower) vs.
bioimpedence vs. dilution

V is an independent predictor of mortality. V predicts low body mass and patients
with low body mass on dialysis are more likely to die.

Kt/V assumes that smaller people require less total treatment (Kt) to achieve
adequacy. However the survival curve is J shaped

Lowrie et al in a large retrospective study demonstrated that Kt is a predictor of

Conclusion: In patients with BMI
below 24, consider targeting Kt > 501./Rx

Lowsicepld KIQUgps6e 2 -~ s N B s o R R



Dialysate composition

Sodium: options similar to plasma Na, hyponatric, sodium modeling
*130-135. Used historically Prevents HTN, thirst, wt gain, but high dialysis dysequilibrium,
hypotension & cramps interdialytic

*140-144

*>145. Sodium modeling. May reduce symptoms but increased thirst, IDWG. hypertension.
stailored to patient’s plastna Na

Potassium:

*1-2% of 3000-3500mEq is in ECF. Rate largely dependent on predialyisis K.

*Setting K tends to be empirical.

*Evidence that arrhythmias occur in first half of HD during greatest change. Highest sudden
death in patients in lowest K bath.

*Consider stepwise approach.

Calcium:

*60% plasma Ca is not protein bountPositive intradialytic calcium balance. Achieved with
3.5mEq/L or 7.0mg/dL)

*2.5-3.0 to prevent hypercalcemia.

*Cardiac contractility/BP/QT dispersion




Dialysate composition

Magnesium:

*Magnesium flux unclear since 1% only is in plasma, 60% is ionic. Most centres use
ImEq/L

Buffers: Acetate- standard for 20y until high flux dialyzers

*Acetate toxicity (nausea, vomiting, headache, fatigue, hypoxemia)

*Bicarbonate. Proportioning systems (single patient) mixes bicarbonate and divalent ions
in acid.

*Rarely varied from 30-35

Can support pathogen growth. Membrane filters on dialysate

Chloride: Major anion. Defined by cation prescription

Glucose:
*Most dialysate used physiological 200mg/dL. Dialysis imposed glucose clamp. Affects
K+ removal, dialysis dysequilibruim. post dialysis fatiguc




Dialysate temperature

*Dialysate usually maintained between 36.5 and 38C

*Heat generation during HD. Response to heat generation

*Role of pyrogens

*Evidence that dialysate temperature determinant of intradialytic
BP, improved contractility, venous tone, complement activation
e[sothermic dialysis




Ultrafiltration Rate

*Definition of dry weight: lowest weight a patient can tolerate without signs or symptoms of
hypovolemia. Can be measured but usually determined clinically

*Hematocrit monitoring maybe of use in assessing dry weight

9
*Achieving dry weight should be accomplished gradually over a number of dialysis treatments
(usually over 4 1o 12 weeks, but it may require as long as 6 to 12 months) until evidence of
fluid overload is in abeyance. May take longer in diabetics

*eoal to render the patient euvolemic and normotensive. This includes counseling the patient
on sodium and fluid restriction, adequate ultrafiltration, and the use of diuretics in patients
with RKF (residual kidney function)

*Study of USRDS cohorts when adjusted for comorbidity, showed that weight gain between
dialyses of more than 4.8% (ie, 3.4 kg in a 70 kg person), a reflection of excessive sodium and
water intake, is associated with increased mortality

*Some patients require longer time to achieve fluid removal

*Hypotension induced by overzealous UF rate contributes to loss of RKF and coronary,
cerebral ischemia and short dialysis times.




National Cooperative Dialysis study |

1976-1984 Prospective 160 pts 2x2 factorial trial. Single pool urea kinetics model.

Group I Intensive Long TAC, ... 52 (Long 269min)
Group III Intensive TAC, ., 52 (Short 199min)
Group II Less Intensive TAC, .. 89 (long 271min)
Group IV Less Intensive TAC,,., 89 (short 194min)

Group IV discontinued. Groups 1, III better survival. TAC,,,, primary outcome,
time much weaker but statistically significant with outcomes

TAC,,., depends on UT, dialyzer size, time, e . masene
flow rate residual renal function etc.

Re-analyzed using single pool
Koirea X L'V ey (01 SpKH/V)

(focusing on intradialytic time) ;
Kt/V > (.8 had good outcome
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Subsequent retrospective & observational e S A S
studies (e.g. Hakim et al) showed increasing KA
Kt/V up to 1.2 was associated with increased survival

R e R 2




Hemo study

1846 patients. Prospective 3x a week dialysis, study period
. 2x2 factorial design HD dose & membrane flux
High dose, high flux
High dose, low flux
LLow dose, high flux
Low dose low Flux

Lk e

Prescribed equilibrated eKt/V 1.05, (spKt/V 1.25) vs
eKt/V 1.45, (spKt/V 1.65)
Achieved eKt/V 1.16 (sp 1.32) (URR 67%) vs
1.53 (spl.71) (URR 75%) respectively
B,-M clearance was 3 vs 34 ml/min

Primary (death) and secondary outcomes were no different between groups

Patients on HD for >3.7y had lower mortality with high flux dialyzers (RR 0.68 P =0.01)
Sub- analysis: high flux lead to fewer hospitalizations or death from cardiac discase, and
women had lower mortality with higher dose

Annual mortality rate in USA 20-22%

Several large observational studies indicate increasing spKt/V to 1.7 will lead to
improvements in mortality Exnovan et al NEIM (2002) 3472010
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Alternatives to the standard 3x
weekly prescription

Nocturnal slow dialysis 8h 3 x wkly
Daily short dialysis 2.5-3h 6 x wkly

Small prospective controlled study showing improved (8-10h vs 4h 3x wkly) :
Pre-dialysis BP, cardiac LVMI, cardiac FS, phosphate control, increased Hb,
decreased Epo resistance, reduction in tablets / anti-hypertensives, reduction in
PTH with nocturnal dialysis

Many other non-controlled studies showing improved nutrition, total body
nitrogen, QoL, BP control, fluid balance and mortality.
In Tassin Irance, mortality on >64y was 55% over 10y




Urea kinetic modeling

Single Pool Kt/V: =-In(R - 0.008 x t) + (4 - 3.5 x R) X UF/W
Double Pool (Equilibrated) Kt/V = single pool Kt/V - 0.6 x K/V + 0.03

R =C/C,, UF = UF volume (L), W = posl weight (Kg)
Kt/V Daugirdas - single pool

Kt/V Lowrie P

eKv/'V Daugirdas double pool T

URR =100 X (1-C/C,) UAR Eeit s

UKM (3 and 2 urea samples) et

Kt % i

Relationship between standard B A peesbi

weekly Kt/V and intermittent Kv/'V o

FEG

Guidelines: for patients on 3x weekly HD with e wsn ne are na
K, < 2ml/min/1.73m? targeted spKt/V = 1.4, or URR >70% uRH

Dauvgirdaset al (1993) JASN 4:1205
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1. Dicthod foor estomating splo™ froem the natoral bog-
arithen of the postdialiyvsis o predinlysis BLIN rodio.

A linear eguation has been developsed and been shown
o give relioble results for splE o™ when applied to HIDY
sdrministered 3 times per wesk '

spEL/Y = —In(F — {8 = T) + (4 — 3.5 <R}
LSS5 = Weight hoss

B is the rotio of postdialvsis o predialysis BLIMN:
W o im boxdy water wvolume and Weight loss  is
expressed in the sarme units: and T is reatrmeent i
in hours,

Howewver, for other schedules including twice or up
o T orestneents per week, the resulis strasy Troaon Bu™
valies assessed by foomal wres moedeling. The errors
are largely due o differences in the =ffect of uren
penernlion between reatrmse nis. A recent change o the
abowve established formulae acoouants for thies variable
and effectively eliminabes these errors:

SpK1L/V = —In{R — GFAC =T) %+ (4 — 3.5 = R)
= LSS = Weight boss /W'

This eqguation differs from the abowve by sobstim-
ton of GFEAC (G fector) Gor the constant OO0RE.
GEFEAC i o term that reduces R o its estimated vakae
in the absence of urea peneration and ranges fom
DS o D175, depending on the frequency of
reainsents, but meostly on the preceding interdialvsis
interval (FIIDT. VWalues can be obtained from o table in
the original publication and con be ronghly e stimrmoted
s (175 divided by the FID in doaws,

A J Kidney Dhs. 2015:5605): SH4-050

3. Method for estimating stdErY from spELY.

stdK W was conceived by Gotch'™® as a method
for downgrading intermittent dialveer clearances to
the equivalent of a continuous clearance by redefining
clearance as the urea generation rate (G) divided by
the average predialvsis BUN (avCpre). The calcula-
ton was based on a fixed volume model of urea ki-
netics during an entire week. The on ginal method was
later simplified by Levpoldt™” and then further
enhanced by Dangirdas et al,'""” who included the
patient™s ultrafiliration rate (U6 and K. As origi-
nally defined by Gotch,'"™ stdKuV includes the ef-
fects of U and Ko Howewver, when measured using
mdeled  wvalues for G eBKu™, and avCpre, the
contribution of Kru is inappropriately  downgraded
becanse GlavCpre assumes that the Era cormporent
also uses the avCpre instead of the avemge BUMN in
the denominator. To correct for this error when Kru is
incloded, meodeled values for G and WV mast be used to
calculate stdK o™ in the absence of Kru, which can
then be added as Kru = 10,0800, 50

The following set of equations allow a reasonable
approximation of troe stdEoW from spEo™  weith
accurate contributions by UT and Koy, e

eKi/V = spKt/V(t/(t + 30))

151
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stdKt/V =




Formal Urea Kinetic Modeling
Recommended by K-DOOQOIL. RPA

*Used to prescribe individual hemodialysis treatment
*Checks for errors in dosage

*Approximately take into account residual renal function
*Permits calculation of nPCR (an independent risk factor)

Measure delivered Kt/V by single pool differential equation:

AV x C)dt =G - (K + K)) x C (accumulation = generation - loss)

Where G = generation of urea, C = conc urea, V = volume distribution urea, K =

urca mass cleared by dialyzer

Incorporate residual renal function as urea clearance (K) = (U, X V)/(P
Corrected Kt/V=Kt/V,+ 55 X K/V

Complex formulae to derive V(_kinelically derived) and G requiring C, C,, C,,,

weights pre. post and pre(2), interdialytic interval

Measure prescribed KtV using K from: K A= be Q‘ ((%(% < )
bl X4 d

urea )

Protein catabolic rate (PCR) = 9.35G + 0.29V
nPCR = PCR/nBWT (V/0.58)
nPCR enables longitudinal analysis of nutritional status
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Figure 1. Systematic errors from 2 commonly used linear for-
mulas based on percent reduction in urea concentration (PRU).
The formula of Basile et al"™ has less error than the equation of
Jindal et al’™™ in the usual range, but it overestimates the dose
in the eritical area of KtV < 1.0. Reproduced with pem'usslm of
the American Society of Nephrology from Daugirdas. ™

Am J Kidney Dis. 2015;66(5):884-930

Estimations and Limitations
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Figure 2. Data from the Metherlands Cooperative Study
showing a marked increase inrisk of death in patients with no re-
sidual native kidney function (KrTA). Data source: Termorschui-
zen et al.’™
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Under-delivery of prescribed dialysis

Compromised urea clearance

. Access recirculation

g Inadequate access flow

. Dialyser clotting

. Dialyzer leaks

o Dialysate {low errors
Reductions in treatment time
. Inaccurate time measured

. Interrupted Rx
. Premature discontinuation

Laboratory or sampling errors
. Dilution of pre-BUN with saline

° Pre-BUN drawn late

. Post BUN drawn early

° Post-BUN drawn late



Six areas of Prescription and Delivery that directly and/or indirectly impact adequacy of
hemodialysis are:

» Weight
» Duration (Time)
» KtV (Technical / Practical)
» Blood Flow Rate
r Dialysate Flow Rate
r Dialyzers



Basis for How Patients Assess Adequate Dialysis

8%

0 How They Feel
Hl Labs, info from MD/Staff

O Miscellaneous

Sehgal et.al., 1997: n=145

QOL should be performed routinely to notice changes in patients’ lives or perceptions. It is
easier to work proactively in a patient’s environment than to work retrospectively.



Standard Kt/V

Methods to compare Kt/V from intermittent treatments and

continuous treatments.
Based on TAC

urca

Important for adding

K, to K, in patients with
residual renal function >
2ml/min/1.73m?

A

RE dpe sl

o 3's '!'.' -'.“ Y N
gt

L2

0 -
. K L A

b : .

A < "

% 7 3 ¥

¥ v ::

s ﬁ < -
Vi TET e = g
P RO A4 : «

2 § 5o

= ’ T B

:‘ - v&"""s. o

2 e
A A A b4
2 -~ w0 .
<P y b
O B 0 i
<< .'{:"‘) e “V‘"“‘ ;
' Z A 2

Z S "'"'“"g

7 R :;

kS s b4

o G o kS
> ’.:.z'-‘} g' e "v\ :;
' >

\:r: RS “z

g LA s
i s ) N k
oSt . N $

Moy .

e £

= . B o

7 . ; AR e § \5

¥ “ s .

Z e %
v : 7V, s ;
R g-- . m el ia -

z X v Bk "'g “

7 o -'."'I Lt A am e ARSI kS

F T R :

x " : - s

‘5.. ‘._.-"A e 2t et %

3 N X s > RpPEpRRY RIS

:;' - 0'-‘:...\.-.-'1"" s -...‘_-‘.\"‘..-‘..l‘t“o‘o'o'n'c‘.'4'v'""“‘ VARRA ¥ :: }

5 o . N A b

* 7 PP T L L > 5

’: ¥ AN L) . s

: "

O N N AR AA
- e v |.|' 0 " . X
R

-,

3 ¢ iy T B
3 § .5 >R

SEERY pey Rulvans

R LI S o
F YGRS JRE W

Pereira. Savegh, Blake Chronic Kidnev Disease. Dialysis. & Transplantation 2nd Edition



.

Timgy

Heaiiet Mlsin fodrnanbaiial doeh
mewnnn Wi gn foonventional dose] |

B
.".-...qill*.

Standard KAV (stdHLY)

10 the high

— — Men (high dose)

e Winmeen [high diose|

)
3
\
)
Ll T .:l: |I‘-I‘|."-I-_—.-——-u |

ELI} 1":5 44 HI.I' ljﬂ
Surfaca-nran-normAREa (Vi SA} Handard KY

(S SAcIKR V]

Figure 3. Deliversd diaiysis doses in e HEMO [Hemodishysis) Study. (A) A clear separation of the delvered dislysis doses

evpressed a5 standard KV was achieved for 2l patents dunng the HEMO Siudy. (B} When normalized 1o BSA, women randomized

of Mephrotogy from Daugindas et &’

duaaMHmmmhmmwnmm.mHMdmmﬂmﬂﬂmmmw

Am J Kadney Dig. 201566(5) 664-930



Toxins 2012, 4. 849-861: doi:10.3390/toxins4100849

OPEN ACCESS

foxins

ISSIN 2072-6651
www.mdpi.com/journal/toxins

Arricle

Do Only Small Uremic Toxins, Chromophores, Contribute to
the Online Dialysis Dose Monitoring by UV Absorbance?

Jiirgen Arund 1’*, Risto Tanner 1’2, Fredrik Uhlin ' and Ivo Fridolin !

Figure 1. Averaged HPLC chromatograms of the spent dialysate collected 10 min after the
start of the dialysis (m = 24) at three wavelengths. 1.2: Unknown: 3: Creatinine:
4: Unknown:; 5: Uric acid: 6; Hypoxanthine: 7: PAR Glucoronide: 8-10: Unknown;
11: PAR Sulfate; 12: Paracetamol (PAR); 13: Tryptophan: 14: Indoxyl Sulfate:
15: Hippuric acid: 16—-18: Unknown: 19: Indole-3-acetic acid.
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Hemodialysis

From Basic Researc

H Bepameia umokaTdoTaong TnG VEQPIKAG AciToupyiag He
aigokdOapon amaitei Thv Xpnon «EEvwv» UAIKWY, 6TTWGE ol
pepPpdaveg, Ta omoia GpwWC He Tn ocipd Toug emtnpedlouv
dpVNTIKA TO AVOOOTIOINTIKO cUOTNHA.

H maBoguaioAoyia Tng povadikng oxéong petalu
AgIToupyidC TOU AVOOOTOINTIKOU  OUOTAUATOG, TNG
oupaipia¢ kair Tnh¢ d1adikacia¢ ThG aidokdOapong amaiTei
épeuva oec Pdabog, woTe va eival amMOTEAEOUATIKEG Ol
omoleddnToTE OepameuTIKEC TTApePPATEIC.

Coen G, Haag-Weber M, Horl WH. Immune dysfunction in uremia. Kidney Int 1997:52:79-82.



AAAnAouxia pPiloAoyikWy yeyovoTwy OTnV TIopEid aATo TO
puaioAoyiké aTto maBoAloyiké. ‘Otav €pOel 0 opyaviouog oe
eTtapn pe éva taboyovo mapdayovrta (PAkTApIo, 10C, PUOIKOC R
XNUIKOC e1oPoAéac, aAAepyloydvog, ToCIKOC N OTIOI0CONTIOTE
TapdyovTtag «EEévoc» TPOC Tov opyaviopd) n piloAoyia Tou
aAAalel K TpoTroTroIEiTAl.

Otav akoAoUBwc¢ amaiTnOei kaAmolagc poppn OcpaTteia
(avTiPiwon yia PakTApio) TOTE HIAAUE Yid OepaTeUTIKA
KAIVIKA ProAoyia.

Stefoni s, La Manna G, Perna c, et al. Clinical biology of artificial organ substitution. Nephrol Dial
Transplant 1998,13:51-54.


http://ndt.oxfordjournals.org/content/current

Stefoni s, La Manna G, Perna c, et al. Clinical biology of artificial organ substitution. Nephrol Dial
Transplant 1998;13:51-54.



http://ndt.oxfordjournals.org/content/current

(C«Reactiww Prstan

Sphingzomypeliv

0

Phosphadrlohnline



| gival n |

» KdBe pepppdvn xapaktnpilerar amdé ThV
amodoo] TNG, TNV 1KAvOTNTd TnCg dnhAadh va
amopakpUVel oupdidikéC Toiveg Kal uypd amod Tov
avBpwTivo opyaviopd, Xwpi¢ Thv damwAeid
amapaiTNTWV oucIWY, Kai amoé Tnv PlooupPatotnta
TNG, ONAAOAR TNV IKAVOTNTA TNG vd TPOKAAEi TIC
AlyoTepeC duvaTtég avemOupunTe¢ aAAnAsmidpdosic
KATA ThV €TTAPA TNC HE TA OTOIXEIA TOU AipaToc.

> H 1davikn pepppavn AMK éxel uynAn anodoon
Kal ToAU KaAn Piooupparornra.



>

>

To Oéua Tnc PloouuParéTntac umopsi va
diaxwp100¢i oe dUo 10wV aAAnAemidpdocic:

a) Thv aAAnAeTtidpaon aipato¢ Kai pepppdavng
0T0 oUOThHA eWOWHATIKAG KUKAOYopiag Kal

B) Tnv aAAnAemtidpaon aipatoc Kai evéoBnAiou.

O diaxwpiohd¢ autoeg umevBupilel 0TI POvo
0tTav.  n  dAAnAemidpaon  aiparog-evooOnAiou
diatapaxOei  yivovrali avTIANTTEC 01  OTOIEC
diatapaxé¢ amé Thv dAAnAesmidpaon daipatocg-
uepppdvng aigokdBaponc.

Hakim RM. Clinical implications of hemodialysis membrane biocompatibility. Kidney Int 1993,44.484



http://www.nature.com/ki/journal/v85/n3/

Aciktec BiooupyparoTnrac

-+ EvepyoTmoinon oupmAnpwuaTog

- Evepyomoinon Twv AgUKWYV aipgoogaipiwy
+ Evepyomoinon Tng mAgng

+ Evepyomoinon Twv aigomeTaAiwy

+ Evepyomoinon povoTtuphAvwy

« AepypokUTTApA



Artificial Surface

Activation of
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Thrombus J‘k Fig. 1.—Blood material
interface reaction.
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Clinical implications of hemodialysis membrane
biocompatibility

EDITORIAL REVIEW

Table 1. Types of hemodialysis membranes

Membrane type Membrane structure
Cellulosic
Cellulose Polysaccharide units with hydroxyl
groups formed from cotton fibers
Derivatized cellulosic

Cellulose acetate Cellulose with 4 out of 5 hydroxyl

groups replaced with acetate

Hemophane Cellulose with 1.5% hydroxyl
groups replaced by
diethylaminoethyl radicals

Synthetic polymers

Polyetherpolycarbonate Hydrophilic synthetic

Ethylvinyl alcohol Hydrophilic synthetic

Polysulfone (PS) Hydrophobic synthetic

Polyamide Hydrophobic synthetic

Polymethylmethacrylate Hydrophobic synthetic

(PMMA)
Polyacrylonitrile (PAN) Hydrophobic synthetic

Table 2. Sequelae of complement activation (alternative pathway)

1. Release of anaphylatoxins (C3a, C5a) leading to:
Smooth muscle contraction
Increased vascular permeability
Release of histamine from mast cells
2. Formation of membrane attack complex (C5b-9)
3. Activation of neutrophils
—Degranulation and release of granulocyte enzymes (such as,
proieases)
—Production of reactive oxygen species (ROS)
—Increased expression of adhesion receptors
—Enhanced arachidonic acid metabolism (LTB,) and PAF
4. Activation of monocytes
—Increased transcription of IL-13 and TNF-a

Table 3. Surface potential of hemodialysis membrane®

Membrane Charge
Cuprophane® ~0
Cellulose acetate -3.4
Polyacrylonitrile -153.9

* Methylene blue dye method



OH~

OH~
OH-

Replacement by
Acetate-(Cellulose acetate)

Amino-(Modified cellulose)
Groups

Fig. 2.—Membrane modification.




EDITORIALES

Clinical relevance of biocompatibility. « The
material camnmnot be divorced frorm the
device»

mts sliabevann crys O, Falkanhaueny caxaet £ H- Coniaey €23

W - Democritica de Alemania. (2} Bioinginooring Unit, University
cira Linicdo.

il Fre bnmveres AMMecdicir
of Strathclyde. Glaspos, H

Table 1. Definition of biocompatibility

e ————————
Biocompatibility

No: — Thrombogenic toxic, allergic, inflammatory reaction.
— Destruction of formed elements.
— Changes in plasma-proteins and enzymes.
— Immunologic reactions.
— Carcinogenic effect.
— Deterioration of adjacent tissues.

m



EDITORIALES
Clinical relevance of biocompatibility. « The

material camnmnot be divorced from the

device»
| EREIR T R T AL ST e s e Attt i i -\ Sy
e TR a«:i*"f-\
L — — —
. o Table VII.  Influence of different dialysis
biocompatibility of a dialyzer beta-thromboglobulin (BTC) elease
e i ——
' o . BIG (ng/ml,
Blocon!;lpauglhly of a dialyzer MenbraneAncsapulan
= Membrane. Jmin, 6 min. 9 min.
~ Sterilization. —————m
— Flow-geometry, Cuprophan None 70 101 154
— Material Cuprophan Heparin (11Uml.) 89 102 103
y Cuprophan Citrate (15mmoll) 42 40 ¥
T An 695  None 74 105 205
— ! An69S  Heparin(llUml) 61 71 85
An695  Ciate(1Smmoll) 44 38 48




EDITORIALES ]
Clinical relevance of biocompatibility. « The
material camnmnot be divorced frorm the
device s

H. Klinkmann (1),
€1y KHinil fr bnnere MMedicine.
of Strathclhyde. Glasgoss, Reino l..lnlq:lo.

% Falkeﬂhaaen (1) and ).

- Courtmney (2)
ke University Rostock. Republica Democratica de Alemania. (21 Bicingineering Unit, University

"\'

4‘ Organo Oficial de I3 Socledad Espanola de Nefrologia

Gen.-Rate of C3a des Arg (ug/min)

700

6001

5001

P = 0.001
p < 0.001

A Hemophan
0 Cuprophan
@ Cell acetate

Fig. 4.—Comparison of C,a
generation during dialysis in

6bhtime (min.) 3different cellulosic membranes,



http://www.revistanefrologia.com/revistas/P1-E565/P1-E565-ES.pdf

a) umdpxouv TOAAd ouoThApaTa afioAdynong TNng
BProouupatoTntac Twyv pepppavwv AMK trou kdBe éva
amo auTd £XeEl HEIOVEKTANATA,

B) dev umtdpxouv TTOAAEC HEAETEC TTOU va OUYKpPivouv
Heydho ap1Ouo pepuppavwy petal Toug,

Y) vyia AGyoucg TeEXVIKOUC o1 HEAETEC AUTEC Oev £XOUV
pHeydAo apiBuo appwoTtwy,

d) n eKTignoNn Tou «@aivopévou» PioouppaToTnTa Kdal
n emidpaon Tou oThv KAIVIKA KATdoTdon Twv doBevwyv
dev gival TARPWC KATAvonTo oThv oAOTNTA TOU Kdl

£) w¢ @aivopevo n piooupparétnta dev  eivai
HOVOOHUAVTO Kdl €TTOHEVWCE TO OTrold cupmepdopard
o€ TTOAAEC TTEPITITWOEIC EAEYXOVTAL.
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CLINICAL STUDY

Biocompatibility Study Based on Differential Sequestration Kinetics
of CD14+CD16+ Blood Monocyte Subsets with Different Dialyzers
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ONOMAXIA OI'KOXL EIII®PANEIA IIAXOXL UF
(Amoorteipnon) (ml) (m?) (n) (ml/mmHg/hr)

1. Awogavn (GFS-PLUS 16) 95 7 8 94
Atnog

2. Kovmpogavy/Bit E 90 1.5 22 71
(CLCI15NL)
ATpog

3. TowoEeuxn nuttapivy 105 17 15 11.8
(SUPERFLUX 170G)
v oxtwv/ETO

4. PMMA 76 1.3 20 8.8
B3-1,3A
Y URTIY

5. ANG69Y 122 1,7 50 48
(FILTRAL 16 HF)
v oxtwv/ETO



1. Griveas et al.

CD14+16+ HAEMOPHANE

CcD14+16+ PMMA

CD14+16+ CELLULOSE
TRIACETATE

CD14+16+ VIT-E

1 2 3

Figure 1. Differential sequestratio
beginning of the session (1=0), (2) 30

The drop of the CD14+CD16+ subpopulation after 30
min of dialysis was striking and detectable in all patients
(p=<0.05), and this population then started to rise during
ongoing dialysis. At the end of the session, the levels of
CD14+CD16+ monocytes remained suppressed signifi-
cantly compared to pre-dialysis levels (p<0.05). The
CD14+CD16+ subsel decreased to 73.70% of pre-dialysis
level at 30 min and to 55.64% of pre-dialysis level at 240
min. The percentage of NK remained significantly sup-
pressed until the end of the session (p<0.05).

Cellulose Triacetate (CTA)

The total circulating leukocyte numbers strongly
decreased during the first 30 minutes (p<0.05) of a treatment

n kinetics of CD14+CDI16+ blood monocyte subsets with different dialyze

2

CD14+16+ AN69

rs (1) before the

min from the beginning of the session (t=30). and (3) at the end of the session (1=240).

session and then started to rise. Within 240 min of treat-
ment, white blood cells remained suppressed (p=0.05).
The percentage of monocytes increased during the first 30
min of dialysis (p<0.05) and at the end of the session was
nearly at pre-dialysis levels (p=0.526).

The drop of the CD14+CD16+ subpopulation after
30 min of dialysis was also striking and detcctable in all
patients (p<0.05). and this population also started to
rise during ongoing dialysis. At the end of the session.
the levels of CD14+CD 16+ monocytes remained sup-
pressed significantly compared to pre-dialysis levels
(p<0.05). The CD14+CDI16+ subset decreased to
23.47% of pre-dialysis level at 30 min and to 13.04% of
pre-dialysis level at 240 min. The percentage of NK

remained significantly suppressed until the end of session
(p<0.05).

informa




EAimvixry Negoodoyia 2007; 19 (4): 00 - 00

I'TpwrtoTorn epyadcia

DayoKUTTAPIKI] IKAVOTNTA Kal avanveuvoTikn ékpnin

1. F'oipeag!

I1. Ilacadaxnc?

A. PLEBa’

H. Osonc?

A. lloviitou?

I'. Buwopaednc!

A. TTamadomoviov!
B. Baoyenétng?

T I'. Taxeihaoiov!

INegooroyvieo Tunua,

Tev. Noo/neio Ilomayemoyion,
B erTalovixn.
llavemuarguuaxt] Neqoohoyixng
Kiwvexr), Apuoxoiteio
Hovemwotuo Goaxns.
AdeEavopovimoi.
JAvoookoyird Egyactijoto,

Tev. Noo/neio TTamayemoyiow,
O eEFTahovie

o aoBseveig uNo alpoxkadapon
HE 800 drawopstikég pepBpaveg*

IHeoiinyn

Eromog: TKOMOC t1iC Mapovoac HEASNC rftdVv 0 EASYXOC C Pa-
YOKULLQPIKIG IKAVOLLAC (IKaQvOouqa twy @ayoxkuttdpwy va ipo-
gAapBavouv ta pukpofiia) kdi 6 avanveuoTik g EKPNENG (1kavort]-
ta wv @ayoxkvrtdpwy va ta Bavarwveuv) oc acleveic, mov uiio-
BdAAovrar oe aipoxkdBapon pue Svo Swagopeuxkéc peufpdvec.

AoOsveic — MeO0obor: MeAsujOnrav 30 aipoxkalaipopevor a-
GHPVE:’(; amno 47 ewc 74 evwyv (peEon nAikia: 60, 1+8,7 eun, M+51)), (5i-
dprxeia aipoxdBaponc: 24, 1+14,5 urjvec, M+8SD). AMevepyrifnxke So-
Kipaoia sAgyxouv gpayokuvirtdpwonc (phago test) kal avanmveEvoLikig
expnéne (burst test) mpiv armo i cvvedpia arpoxalapong, 15 Asma
perd kai ouic 3 wpec anc v evapény tc, UE aiuo@dvhy kail pe rno-
AvakpuAovitpiAn/ varplouxo uefaAvAoBeikr (ANG69).

AnoreAd¢opara: Kard v ouvedpia pie aipo@davi), 1] ayoxkur iaoi-
KI] IK@VOTHTa 1V [OVOKUTIAewY Tagouciacde onpuaveikry aunan oa
180 Aerud (p<0,05), eV 1006 N @AYOKUTTARIKH IKk@VOTHNIA TWY MOAU-
HOP@ONUpvwy 000 Kal 1] avanveEUoTikr] Ekpnén twv HoOVOKUTL tApuwv
dev mapoudiaoayv onuaviikes peraffoisc. H avamveuoukr) Expnény twv
MOAUPOPEOTTUMIIVIWY auini@nie onuavaxd oca npwra 15 Aermd (p<
0,05) kat ora 180 Aermd g ouveSpiac (p<0,05). Kavd o ovvelSpia pe
ANG69, n payok vniapikn IKavoria Wy HOVOK UL tdpawV KAl (v moAu-
HOp@OITUOVa Y Sev Iapoudiade onuavnrkec perafoicc. AveiGera, n
avarmrveuotik ExKpnén tO000 WV HOVOKUTTAL WY 000 KAl WV ITOAULIOO-
wonupriviwv avérffnke onuaviukd ora 15 Aenwd (p<=0,05) kar owa 180
AeTrra tng guvedpiacg (p<,05). H oiykpion rwv tificVv oV M EpoUG
mapgauerpawy peralt rwyv Sto pepfpavayv, aric Sid@opec XPovIKES
onuyugce, Sev anordAuwe oranotikd onNuaviikee Siapopéc.

Fopnepaopara: () EAsYyXOC g @AYOKUIIAPIKIG IKAVOLNIAG Kal
NG avanveuouxknye ExPNENC AStoupyer OUUTTANRWHATIKG UV EKTI-
pnon tov faBuov fioovpBarotnrac twy pepfpavadd v aipokdfaponc,
EVLD avoiyel VEOUC OpPIfOVIES yia MEQAILEPW EpPguva ora aitd, 1ov
EMTOAGOHO kdl mv xkardAnén rwv Aoippwéewy g aippoxalaipopie-
vouc agleveic.

* THpogopuxn] Avaxoivioorn oto 14o IMTavelinjvio Zuvedpro Negpohoyiog.
TIdpro Koapods, Xadsuoun, 31/5-3/6/2006.




Hivaxag 4. O EAcyyoc Tic PayOXUTTAIRNS (RAVOTTOS #Al THS avasvevonxijc Exonine. [1. yodvog mpwv v EvapEn g ovvedpiog, 2.15
cuvedpias, 3.180 hemod ammo v £vapsny s ovvedpiog].

LETTA od Ty EvopEn mg

wa MEMBPANH NK 1 NEK-like 1 NK2 NK-like 2 NK 3 NK-like 3 PHAGO MONO 1
1 ATMOPANH 17,36+/-6,37 441 +/-487 11.83+/-496 4.26+/-5.30 10,83 +/-4,19 3.36+/-4,04 T9.38+/-9.67
s AN 69 19.40+/-7.32 4.05+/-4.53 13 49+/-5.57 3.84+/-4.58 13,38+/-5.31 3.23+/-4,09 80.46+/-7,38

wae MEMBPANH

MFI MONO 1

PHAGO MONO 2

MFI MONO 2

PHAGO MONO 3

MFI MONO 3

PHAGO NEU 1

MFINEU 1

1 ATMOPANH
2 AN 69

17, 70+/-1 .66
18,92+/-5,17

T8.49+/-10,9
83,23+/-5,63

B3,18+/-8,55
B3.65+/-6,87

19,60+/-8.29
20,45+/-7 .82

92,15+/-8,23
94.29+/-0,97

25 3T+/-11.67
Z71.29+/-8.61

wa  MEMBPANH

PHAGO NEU 2

MFI NEU 2

PHAGO NEU 3

MFI NEU 3

BURST MONO 1

MFI MONO 1

BURST MONO 1 HIGH

1 ATMOPANH
2 AN 69

91,32+/-8,76

93.72+/-1,2

ds

24 28 +/-10.40
26,97 +/-8.20

01.26+/-8,89
93 41+/-485

28,15+/-12.91
28 8B7+/-8.96

T8,55+/-13.39
THE3+/-11.34

LTS8 +/-0.75
L61+/-0,61

91,82+/-11.73
01.09+/-8.03

Hivaxas 4. (Evveyeua)

o' MEMBPANH

MFI MONO 1 HIGH

BURST MONO 2

MFI MONO 2

BURST MOMNO 2 HIGI

MFI MONO 2 HIGIE

BURST MONOG 3

MFI MONO 3

1 ATMODANH
2 AN 60

RB2.644/-14.50

T A114-/-7.23

21 2+/-0, 80
LO04 /077

91,294/-13.72
04,26 4/ -4,50

5.164+/-9.62

2.054/-1,67

B3,
87.75+/-9.30

F24+/-11,92 2244105

2.654+/-1.45

o' MEMBPANH BURST MONO 3 HICH MFI MONO 3 HIGIH BURST NEU 1 MFI NEU 1 BURST NEU 1 HIGH MFI NEU I HIGIT BURST NEU 2

1 ATMODANH 9027 +/-12.25 224+4/-1.0 04 65+/-4.96 8.82+5.650 982 (2,23 16.454+/-10.27 9T.05+/-2.94

2 AN a0 BT.75+/-030 2054/-1,67 05 06+/-5.02 TOT4+/AT2 QB 274 16.51+/-11.20 AT AT +/-334
o MEMBPANH MFI NEL 2 BURST NEU 2 HIGH MFI NELU 2 HIGH RBRLURST NELU 3 MFI NELT 3 BURSTNEU 3 HIGH MFI NELU 3 HIGH

1 ATMOPANH
2 AN 69

12.90+/-10.56
12,22+/-9.46

90,07 +/-0,89
99.05+/40.93

93 464+/-7.27

04 01 +/-T 23

12.54+/-12 .02

13.41+/-12.31

OB32+/12.44
QR AT+/-2.90

19.9%%9+/-18,15
2198 +/-20, 10

FHACGO, PayoxUTTamx] iRavGTfne

BURST. Avamvevorx] Exonin

MONC,. In vivo
High. Me diepeorny

MFI. Méon frvaoy @logiguot, 1§ omoia ssepodler Ty oferdmTiza] inavdrgre

NELL IMTodweopgomipgia
MONC. MovoxiTroaoa



v O maparnpnhoei¢ 1600 ol OIKEC Hac 600 Kal TNnG
01eOvoUlc pipAioypagiac oupgwvoUv OTI Tapd Thv
yVwoTh diapopd otnv pirooupupartotnta peTall Twv
OUo peuPppavwv n @AyokKUTTAPIKA 1kavoTnTad HdAAov
dcv tapouaidlel onUAvTIKEC O1APOPEC.



v H duoappovia petall @ayokUuTTApIKAC
IKAVOTNTAC Kdl AvamveUdTIKAC £kpnéng
TNV id01d XPOVIKA OTIYUA €ivadl KATI TTOU

EXel TmapathpnOei oe  peAétn  pe
BbroaocUuparec pepppdvec (koumpowdvn),
TTPWTN  0OUCIACOTIKA  TIPOOEYYION  TNC
PAYOKUTTAPIKAC  0pdoThpiOTRTAC WG
0cikTh prooupuparoTnrac.

Ward R, McLeish K. Hemodlialysis with cellulose membranes primes the
neutrophil oxidative burst. Artificial Organs 1995,8:907-807.
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I'pwtotvnn epyaocia

®ayoKUTTApIKI IKAvOTITa Kal avanveuotikng ékpnin
ot acBsevzig und aipokadapon
pe S0 dlagopetikég pepBpavec*

»1un). H mo coPaon) pehém mov Beter tov mpopin-
uatoud tov yoovov AMK eivar avny twv Pereira
waw ovv.?’ to 2004, mov ywe ota mhalow e HE-
MO study, #now cuveérpve novmpogdvy), ToAvoouh-
oV ®al avayevviuévn ®uttapivny. Ae duamotm-
Onxe diagood o gayorvTTaoLX doaoTnOLOTHT,
evad oto O€pa g avamvevoTxis £XoNENG, 1) HEN-
Podvn amo avayevvnuEV HutTaeivy elye yaunho-
TepEC eMOO0ELS. Aev VTAEYEL, OMmg avopepbnxe,
wavomomTinog aptbuds afiomotay epeuvay, al-
Aé ot perén vt tibetal o moopfinuatiopog, ym-
olg va umopet va dobel ouyreroévn amdavinon,
OTL 0 XOOVOC TV CUVEDOLWV UE Pl CUYRERDLUEVT
ueupodvn (omg va E4eL RATOLO POAO TOTO OTLS OLat-
Tapay€g Tov puetafoirol mpoglh 600 %ol OV
CITORATATTOOT) TOUG.



o Pt

1AT HOM
1550

* O1 ouvOEeTIKEC HepPppdaveC KuplapXoUv oThv
kaOnpepivotnta tng AMK oTov OuTIKO
Koopo (To XapnAd KOoToC €xel CUHPAAAE
0¢ AUTAV ThV TIPAYHATIKOTNTA) KAl oiyoupd
TA OToIXEid UTEP ThC  KAAUTeEPNG
BiooupparoTntac  Tou¢  odhyei  ToOV
VEPPOAOYO 0€ AUTHV ThV €TTIAOYA.
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ETION HE voong

Ocwpceital amwd moAAoUC epeuvnTEC OTI W digokdOapaon
ue high flux peuppdveg, n aigodinBnon kar n
aigodiadinBnon eivar o ‘PioouupaTtéc amoé Thv
KAQOIKA aigokdaBapon.

v H kaAUTepn Prooupparotnta oxetileTal 61 HOVO HE

Ta oféa ouppduata (kapdiayyelakn aortdBeia,
urtolaipia, aAAepyikéc avTidpdoeic) aAAd kai  pe
ATTWTEPEC ETNTIAOKEC (apuhocidwon,
aOnpwokAnpuvon) oOmwe  Kalr  0ilaTdpadx€éC  Tou
avoaiakoU cuoThpaTo¢ (Aoipwéeic, kKakonBeieg).

Locatelli F. Influence of membranes on morbidity. Nephrol/
Dial Transplant 1996,;2.116-120.




£PAOUATIKA,
I0TTOINUEVEC avaodpe
€l eAdTTWON OTN
20% oc 9-11% xpnonuonouwvmg oqusnKsc;
pneuPppdvec avri Kouttpowdavng.

> ()oT600, Ot TETOIOU TUTTOU HEAETEC N avdAuon
TWV ATTOTEAEOUATWY TIPETTEI vd Yivel HE TTOAAR
TIPOOOXN yiaTi TTOAAEC POPEC oev
ouvuttoAoyiovTal d1dpopol TTAPAYOVTEC.

» Ta amoteAéopata peydAwv HeAeTWwy, akopa

kai  ToU NIH, é£xouv avTikpouopeva
amoTeAéOpUATA, YEYOVOC TIOU KdAvel OUOKOAN
TRV akpIPA ouoxEéTion Twv HepPppavwyv
aigokdBapon¢ He TNV VvoonpoTNTA KAl ThV
OvntoéTnTd TWvV aoBevwyv 0O  TPOYpApud
TeP100IKNC aigokdBapaonc.

Locatelli F. Influence of membranes on morbidity. Nephrol Dial Transplant 1996;2:116-
120.




Table 1| Improvements in hemodialysis membranes

Traditional membranes
1. Biocompatibility: New materials and chemical modifications of side
chains
2. Refining pore dimensions to enhance hydraulic pemeability and
middle molecule dearance

Innovative membranes
1. Microfluidics and membraneless systems
2. Nanofabrication with synthetic channels
3. Nanofabricated silicon membranes with slit pores

Living membranes
1. Endothelial cell-lined membranes for hemocompatibility and

durability
2. Tubule cell-lined membranes for active transport and metabolic
activities
httpyfwww. kidney-international.org mini review

2006 Intemational Society of Nephrology

The future of hemodialysis membranes

HD Humes', WH Fissell' and K Tiranathanagul'
"Department of Internal Medicine, Division of Nephrology, University of Michigan School of Medicine, Ann Arbor, Michigan, USA
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Enhanced Selectivity of Slit Pores
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Beyond the nanometric scale
?

Nanometric size increases the specific surface, which
Is often used to enhance well established properties at
macrocale:

-Bacteriostatic properties of silver nanoparticles
«Catalysis of oxidation reactions in fuel cells
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Beyond the nanometric scale:
the nanometric structure

1

B j‘&;«
g .'}; m\

1E-3 0.01 0.1 1 10 10C 1000 10000

o

O, Permeability (Barrer)

Typical molecular
sieves

Rubber polymer
Glass polymer

Particles with a controlled
nanostructured have much
better properties than
standard ceramic or polymer
films

T.-S. Chung et al. / Prog. Polym. Sci. 32 (2007) 483-507


https://www.google.gr/imgres?imgurl=http://www.asn-interactive.org/wp-content/themes/nephron/lib/scripts/thumb.php?src=http://www.asn-interactive.org/wp-content/uploads/2013/07/kw13badge.png&w=600&h=340&zc=1&q=100&imgrefurl=http://www.asn-interactive.org/&docid=xGE3EAgkxok83M&tbnid=XrYuqdjnZUfMvM&w=600&h=340&ei=snAlU6SPPKev0QXd_YHICA&ved=0CAYQxiAwBA&iact=c

Mixed matrix
(nanocomposite) membranes

A. Galve e: al. / Journal of Membrane Science 370 (2011) 131-1£0

hydrogen

K
ORI

UL XN

'
Y
Fig 2. Scheme of the approach for MMMs using sheet-shaped inorganic materials with horizonta arientation.



Mimicking natural beauty...

Aqguaporins= water channel
through bilipidic bi-layers

Agre P, Preston GM, Smith BL, Jung
JS, Raina 8, Moon C, Guggino WE,
Mielsen S (1 Cctober 1993).

Am. J. Physiol. 265 (4 Pt 2): F463-76.

1000

commercial

desalination 167
1004 membranes

36 LMHB I

productivity {um/s/bar)

2

i | -
|

RO

"EE-EQO ABA AqpI-ABA

022
o 1—
FO

Fige . Comparsen of reported permsability wvalues for polyrmaric memn-
brares to those obtairaed in this study. FO is a commercial forward-osmosis
meamrbrane with data rom MoCutchaon and Elimealach (27) at 20°C RO0s a
cormmercial reverse-osmosis desalination meambrane with data fromMatsura
|28} at room temperature (sssumed 25°C). EE-EC is a polyethylethylene-
palyethylane oxide diblock polymer with datz from Discher et 2l (13 at 207C
ABRA represents the polymar wvesicles used in this study with permeakbility
calculated at 20°C AqpF-ARA represonts tha polymar vasiclas with incorpos
rated AgpZ at 1:50 molar ratio used in this study at 200, Data for ABA and
Agpd were obtained at 5.5°C and caculated at 20°C by using £, values.

M. Kumar, M. Grzelakowski, J. Zilles, M. Clark,
WW. Meier, PNAS, 104(52) (2007) 20723—-20728



Nanostructured particles: ideal
candidate for desalination membranes ?

a)
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Fig. 5. Effect of zeolite loading on (a) surfece properties and (b) separation
performance of synthesized TFC and TFN membrancs. Note: TFC data are
plotted at 10~ fce convenienze.

Next Generation
Water Purification Technology

NamcoH:z0 leverages the benefits of nanotechnology to create advanced
membrane materials for desalination and water reuse

Jeong B.-H., Hoek EM.V,, Yan Y., Subramani A., Huang X_, Hurwitz G., Ghosh A. K_, Jawor A., J. Membr. Sci., 294 (2007) 1-7.



Design of ion channels by
supramolecular chemistry
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Scheme 1. Structures of the cation-carriers 18-crown-6, 1 and 15-crown-6, 2
My—My and of the phenylureidoarens anion-carrers 3-5.

Mixed supramolecular cation-carrier and anion-carrier facilitated transport for the selective alkali
cations transport, C. Amal-Hérault, M. Michau, M. Barboiu, JMS (321) 2008.



Beyond the nanometric scale: Let's scale-up!

An interesting example at the University of Twente... at the microscale

—e
XSB BBZwin A4S 14 DEC 6

Fig 2. Fibers spunwith dope D1, using atr gaps of (a) S, (b) 12Zmmy, (¢ 32mm and (4] S8 mm.

Microstructured hollow fibers for ultrafiltration, P. Zeynep C, ulfaz, E. Rolevink, C. van Rijn, R. G.H.
Lammertink, M. Wessling. Journal of Membrane Science 347 (2010) 32-41



Concluding remarks

Membrane technologies are at the nanometric scale
Membranes not yet involved in (litterally) “nanotechnology”

The interest of the “Membrane community” for nano* is still
growing fast.

Papers on membranes in sensors or “lab-on-chip” (the
smallest scale devices so far in operation) are published
elsewhere (Small, Lab-on-Chip, Nano, ...)

Promising perspective for membrane technology:
— Properties of nanometric particles
— Self assembling molecules or supramolecular architecture.

Next challenges are CO2 capture / Water supply and
treatment / Gas purification / Fuel cells for ground
transportation etc...:

— = mass production is the issue
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Dialysis adequacy today:

a European perspective
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Table 2. Clinical studies examining the mfluence of haemod infiltration on patient survival

NDT

phrology Dialysis Transplantation

MNephml Dial Transplant (2012): Editorial Review

First author'vear of
publication

Sudy design

Type of study Mo, of

patients

Survival between
treatment modalities

Comments

Locatelli er afl /1996
[58]

Locatelli er af /1990
[59]

Wizemann ef al/
2000 [640]

Bosch et af 2006
[61]

Canmid ef ol /2006
[52]

Jika er al 72006
[62]

Schiffl/ 2007 [63]

Panichi er ol /2008
[64]

Wilar er af 2000
[65]

Timnathanagul
e al 2009 [H6]

Locatefli ef af 20010
[53]

LF-HD versus HF-HD
versus HDF

HD vesus HDF versus
HF

LF-HD vemsus HDF

HE-HD versus HF-HD»
versus HDF

LF-HD vemsus HF-HD
wversus HDF (Low-/
Hig h-etfic iency)
LF-HD versus HF-HD
versus FHIDF

HF-HD versus HDF

LFE-HD verus HDF

HF-HD» versus HDF

HF-HD versus HDF

LF-HD versus HF-HD
versus HDF

Prospective, randomized 380
ront ficentre

Historical, prospective
rmulticentre
Prospective randomized =44
single centre

Prospective 183
observational, single
cantre

Historical prospective
observat onal ,

il ticentre
Frospective
observational,
ol tie entre
Prospective randomized, TG
single centre

Pmspective 757
ohservat ional

roiit fic entre

Retrospective R58
observatonal,

O FLOOETL e

Prospective 2
observational , single

centre

Prospective, randomized 146

w344

2165

Mo difference

109 reduction in
relative risk

Mo difference
Improved survival with
HDF than naotional

average
35% improvement

35 improvement

Mo difference

15%% improvement

4% mmprovement

Mo difference

Mo difference

Primary aim o compare LF
polvsulfone and cuprophan
MNon-significant trend towards
betier survival

Standardized mortality ratio
relative o USRDS data

Survival improvement observed
for high-efficiency HDF versus
LFE-HD

Snudy part of Eurcpesn Clindcal
Database (EwClid)

Ulhtrapure fluids used for both
HF-HD and HDF groups
Improved survival independent
of dose

Incident patients studied over
1B-wear period

Snudy evaluated tolerance
and patient acceptance

Primary aim cardiovascular
grability

Criteria used to inchide the published studies reported in this table: all studies dealing with survival mwvolving high-flux  haemod iafilran on,

irrespective of study type, design or sample size,
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Table 2| Research recommendations

¢ Obsenational data from registries providing additional information
about the risks and benefits of more frequent hemodialysis. At a
minimum, registries should collect prescription data that include the
frequency of dialysis per week and the number of hours per
hemodialysis session. Combining this data with labomtory information
and patient outcome data, indluding hospitalzations, change in
modality, and death, would provide much needed information on
patient outcomes, even accounting for the potential selection bias of
patients who are capable of choosing frequent hemadialysis.

Clirical trials in more frequent hemodialysis could allow for meta-
analyses of specific frequent modalities. It is also not known whether
providing dialysis either four times a week or every other day would
provide some or most of the bendfits shown with six times per week
dialysis, but at a lower cost.

All studies should include careful baseline and perodic measurement of
residual kidney function.

Much wark needs to be done to provide a less complex method for
performing hemodialysis at home. Factors that are likely to limit the
number of patients who perform home hemodialysis include the need
to troubleshoot dialysis machines, the need for an appropriate partner
at home, acceptance of a complex piece of machinery, avoiding
hypaotension, and avoiding access complications. Mare funding is
needed to develop a simpler, more user-centric hemodialysis machine
that will minimize the time needed for setup and take down, and
further decrease the risks of having an adverse event while performing
hemodialysis at home

Vascular acoess
+ Preoperatve mapping
» Ultrasound- assisted first cannutation
+ Autologous vascular grafts

* Drug-elutng penvascular wrags

Figure 1/Innovations in hemodialysis technology.
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Peritoneal Dialysis dose

sPeritoneal dizlysis adequacy indices
Peritoneal membrane characteristics
eDialysate composition

«Dwell time

*Mode of delivery

«VYolume status

«Nutrition

Electrolytes

«Quicomes




Indices of dialysis adequacy

*Urea clearance normalized to body water [K/V)

+Creatinine clearance normalized to body surface area

sBoth include dialytic and residual components

sResidual function is a ereater component in PD patients and Jasts longer

=Samples from PD cffluent. In CAPD any time. but in APD blood samples at mid-
aflcmoon

oV derived from anthropometric Watson formula and BSA from DuBois Formula

In patients with wi. loss [rom malnuurition suggest using desivable body weight for V

Measure PD adequacy in tirst 2-4 weceks then 2x 1n first 6 months, then 4 monthly.
Residual RFE should be measured with same regularity unuld KoV <001
(< 100OMIi/24h)

Guidelines: Minimum Kt/V(totall of 1.7. Current guidelines do not include weekly CrClL
Consider mimmmum U5 11240, consider higher KUV in APDYCCPD.

Note lided data in anuric patiests. Consider min woial CrO of SOLAwEK. Consider 240
dialysis in all anuric patients.




PD techniques and parameters

Manual PD,

Rapid cycling
CAPD, CCPD (APD)
NIPD

TPD

To achieve adequacy:
*CAPD Increase volume (CAPD 2.0 to 2.51.)
*Nocturnal exchange device
*APD: dwell volume, no. exchanges. total time, no. daytime dwells
*High wransporters rapid cycle short dwell *
To manage technique symptoms:
*Use tidal PD. vary exchange volume vs. exchange frequency




Volume Status

*Evidence that PD patients have poor volume status
*Patients with poor volume status but better clearance have increased mortality
*Urine volume and K, both important. ACEI and ARB preserve K,

*Diuretics preserve urine volume

Studies of PD patient survival

Causes of volume overload

% survival by transport group

Pis L LA HA H
503 91 80 72 71
123 100 89 o 71
46 100 o0 63 i6
303 70 57 46 42
202 72 66 60 31

Typel - high effective  Excess salt + water
Membrane area Decline in UO

Type I - inadequate Non compliance
Effective membrane area Wrong solution tonicity

Type II - excessive PD Peritoneal leak
flud absorption Poor catheter function
Other Hyperglycemia




Nutrition

PD dialysate protein losses (9g/d) (higher than HD). impaired gastric emptying.
anorexic effect of dialysis glucose absorption. peritonitis episodes

Protein intake 1.0-1.2g/Kg/day

Peritoneal Kv'V >1.7

Consider amino acid dialysate

nPNA and Kv/V may be coupled

In prospective studies nPNA may rise as Kv/V rises possibly reflecting increased
DPI (daily proicin intake)

As in HD, KtV/'V may mask malnutrition (remember V)

To calculate PCR {g/day) = 10.76 X (G, + 1.46)

G, = urea nitrogen generation in mg/min which can be calculated from 24h dialysate
collection

Calculaie nPCR from BUN and KvV. nPCR can be used 1o determine a patient’s
nitroeen balance




Residual Renal Function

ACEI/ARB indicated.

Consider diuretics for volume only

Avoid:

*Contrast

*Aminoglycosids

*NSAIDS

*Volume depletion

sUrinary track obstruction

eHypercalcemia

*Withdrawal of transplant immunosuppression
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PD and Increased Intra-abdominal
Pressure (I1AP)

instillation of dialysate into the peritoneal
cavity leads to increased |IAP

the magnitude of the increase depends upon:
-volume of dialysate instilled

-position of the patient
(sitting>standing>supine)

-age, body mass index

-coughing, lifting, straining at stool, aerobics
class (!), chopping wood (!)




Relationship among Intra-Abdominal
Pressure (IAP), Position & Dialysate

Volume
IAP SItting
(mmHg)
standing
—  Supine
afrer 0 1 2 3

I'wardowski VOLUME OF DIALYSATE (L)




Hernias

Clinical Presentation:
» lump or swelling that may be tender
- bowel incarceration or strangulation

* rarely, peritonitis (if associated bowel
strangulation)




Hernias (cont’d)

Treatment:

= warn patient about signs of incarceration
e surgical repair:
-dialysis around repair depends on renal
function and condition of the patient
-don’t usually have to put them on HD !

-reintroduce PD with low volumes, supine
posture, increase volume over 2 weeks




So What Happened to Horton?

continued night cycler dialysis
 dry during day (RRF 8 ml/min)
elective hernia repair

no PD for 2 days

back to night cycler 1.5L volume X 2
weeks, 2Lvolume X 2 weeks, then 2.5 L
volume

day dwell re-introduced 2 months later




Abdominal Wall and Genital Edema

Presentation:

abdominal swelling or bogginess, scrotal or
labial edema

diminished effluent return -
weight gain without peripheral edema

pericatheter leak: wetness or swelling at exit
site




Abdominal Wall & Genital Edema

Diagnosis:

 physical exam (have patient stand in front of
you)

- unchanged PET results

« CT scan

» pericatheter leak: ultrasound around exit site




Abdominal Wall and Genital Edema

Diagnosis by CT Scanning:
> add 100-150 ml Omnipaque to dialysis bag
» infuse dialysate into patient

= have patient ambulatory for 30 to 60 minutes
to increase intra-abdominal pressure

» send for CT scan - discuss with the
radiologist !




Abdominal Wall & Genital Edema

Management:

* reintroduce low pressure PD (eg APD with
low volumes)

= temporary HD to allow healing
= Abdominal wall: CT scan for occult hernia

* Genital: CT scan for patent processus
vaginalis, which is easily repaired




Ms. F.M. Gets SOB (contd)

She comes for home peritoneal dialysis training
2 weeks later. This goes well and she is

discharged on 2L exchanges TID. Residual
GFR is 10 ml/min.

One week later she calls the unit that she has
become progressively short of breath over
the past 3 days. There is no cough, wheeze
or sputum production. She is 1 kg above her
target weight.
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Hydrothorax

Definition:. The presence of peritoneal dialysis
fluid in the pleural cavity

Incidence: Probably < 5%

Pathogenesis: Movement of dialysate, under
increased intra-abdominal pressure, from
peritoneal to pleural cavity through congenital
or acquired defects in the diaphragm




Hydrothorax (cont’d)

Presentation:

may be asymptomatic
shortness of breath
worsening SOB with hypertonic dialysate
diminished effluent return
right-sided pleural effusion on CXR




Hydrothorax

Diagnosis:
* thoracentesis for relief of symptoms and/or
diagnosis
» pleural fluid analysis:
-transudate
- high glucose concentration (uswually, but not
always)
-cell count variable




Hydrothorax

Treatment:

» thoracentesis may be helpful if very SOB

- stop PD

= temporary hemodialysis, if dialysis necessary




Hydrothorax

Treatment

* trial of re-introducing “low pressure” PD (the
dialysate in pleural cavity may have
functioned as a sclerosing agent)

* pleurodesis (talc, tetracycline, bleomycin,
autologous blood)

> operative or pleuroscopic repair

(diaphragmatic defects identified and patched
Oor oversewn)




The Cloudy Bag (cont’d)

He presents to the emergency department with
12 hours of progressive abdominal pain,
anorexia and nausea.

On examination, he is afebrile and
normotensive. There is diffuse abdominal
tenderness and diminished bowel sounds

The day bag is drained out a




Peritonitis - Diagnosis

* The diagnosis of peritonitis requires at least 2
of the following 3 features:

— peritoneal fluid leukocytosis (>100/mms3,
and at least 50% polymorphonuclear cells)
 the fluid should dwell 2 to 4 hours

— abdominal pain
— positive culture of the dialysis effluent




Peritonitis - Differential Diagnosis
(cont’d)

pancreatitis
ischemic bowel
pyelonephritis
nephrolithiasis
constipation
strangulated hernia




Peritonitis - Differential Diagnosis
(cont’d)

» Also, surgical causes can lead to
secondary peritonitis:

— strangulated hernia
— diverticulitis
— appendicitis
— ruptured viscus
Careful physical examination needed !
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How Does Bacteria Gain Entry Into
the Peritoneal Cavity?

» during catheter connection for the exchange

= tracking around the catheter from the exit site,
through the tunnel, to the peritoneal cavity

* across the bowel wall (eg diverticulosis)
* transvaginal (rare)

 hematogenous (rare) (but even rarer is for
peritonitis to cause bacteremia)



Complications of Peritonitis

hospitalization

technique failure

transient problems with ultrafiltration
peritoneal adhesions

malnutrition

death




Peritonitis - Principles of Treatment

- start antibiotic treatment quickly

* cover for both gram positive and gram
negative organisms until cultures available

= adjust antibiotics according to culture results

*= re-evaluate the treatment if no improvement*
in 36-48 hours

— ~ improvement: less abdominal pain, falling
peritoneal fluid WBC count




Peritonitis - Principles of Treatment

consider removal of the PD catheter if little or
no improvement in 4-5 days (especially if
Staph. aureus or pseudomonas)

fungal peritonitis: catheter removal as soon
as possible

watch for acute problems with UF

don't let peritonitis drag on for days ! |




Peritonitis — Special Situations

1F: THEN CONSIDER:
abdominal pain is localized appendicitis
or diverticulitis

tender hernia strangulation
patient very hypotensive toxigenic s.aureus




Catheter Removal for Peritonitis

P

urgent elective




Peritonitis -Indications for Catheter

Removal
- Urgent: :
— unresolving or worsening peritonitis after 3
-5 days

— "surgical” peritonitis (eg bowel perforation)
— unresolving peritonitis associated with exit
site or tunnel infection

— fungal peritonitis




Fungal Prophylaxis —
Prophylaxis

oral anti-fungals administered concomitantly
with any antibiotic regimen

start at the onset of antibiotic treatment

continue throughout therapy and for up to
one week after antibiotics

candidates - those on immunosuppressives,
diabetics, all PD patients?




Indications for Catheter Removal

e Elective:

— relapsing or recurrent peritonitis with same
organism

— continuing culture positivity of PD fluid

— ongoing exit site infection, especially if
recent peritonitis with same organism
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A 31 yo Type | diabetic starts on home cycler
peritoneal dialysis. He does very well, but
about 6 months later complains of discharge
and discomfort at the PD catheter exit site.

On examination there is erythema and pus at
the catheter exit site. The catheter tunnel

appears swollen, and pus can be milked from
the tunnel to the exit site.

A swab of the pus grows Stabh aureus.




Exit Site and Tunnel Infections

» Diagnosis of exit site infection

— erythema around exit site +/- seropurulent
drainage

— don’t culture a normal-looking exit site
» Diagnosis of tunnel infection

— edema and tenderness along catheter
tunnel

— may need ultrasound




EXit Site and Tunnel Infections

* best treatment is prevention
- careful perioperative care
= good exit site maintenance care
« immobilization of catheter

> treatment of siaph. aureus nasal carriage
(difficult)

e intranasal or exit site mupirocin (reduces
risk by about 50%)

= recent siudy suggests gentamicin cream
may be even more effective




Exit Site and Tunnel Infections

 Treatment (contd):
— local antiseptic agents
— antibiotics (topical or systemic)

— shave distal cuff if protruding, or revise
tunnel

— catheter removal and replacement
— nothing




The Mucky Exit Site (contd)

Part Il

The patient comes to the emergency 1 week later
with abdominal pain and cloudy fluid.

On examination, the exit site and tunnel appear
unchanged from the week before. There is
generalized abdominal pain and rebound

tenderness. The bowel sounds are quiet.
The PD fluid is cloudy. Cell count is 6000 X 10%/L

with > 90% neutrophils. Gram stain shows Gram
positive cocci in clusters.



Transient “Rapid Transporter” Status
During PD Peritonitis

the “leakier’ the peritoneal membrane (2°to
hyperemia of inflammation)

d

the faster glucose will diffuse out of the
peritoneal cavity

d

the faster the osmotic gradient will dissipate




Peritonitis: Visceral Leakage
Harwell et al. Perit Dial Int, 1997

» Etiology:
— appendicitis 4
— cholecystitis 3

— ischemic bowel
i1

— diverticulitis 6
— perforated ulcer/
endoscopy 3

Slide courtesy Dr. T. Golper
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Encapsulating Peritoneal Sclerosis

Incidence: rare

Presentation: recurrent bowel obstruction
abdominal pain
hemoperitoneum

**May present when a patient is no
longer on PD

(transplanted, HD)



Encapsulating Peritoneal Sclerosis
(cont’d)

Diagnosis:
» recurrent bowel obstruction
» patient may no longer be on PD

- Consider especially if PD was stopped
because of severe, unresolving peritonitis

e characteristic CT appearance
Many gastroenterologists, surgeons and
radiologists are unaware of this entity!




Encapsulating Peritoneal Sclerosis

Treatment:

* nutritional support (eg pureed food, TPN)

e surgical dissection of fibrous tissue

« anti-inflammatory/immunosuppressive meds
« tamoxifen, sirolimus




Hemoperitoneum

Definition:
- Bloody peritoneal effluent

Presentation:
* scary ! (not as bad as it looks)
* must consider “benign” and “serious” causes




Hemoperitoneum (cont’d)

"Benign” Causes:

menstruation

ovulation

ruptured renal or ovarian cysts
trauma

coagulopathy




Hemoperitoneum (cont'd)

Serious Causes:

* ischemic bowel

» colon cancer

* pancreatitis

= encapsulating peritoneal sclerosis
* urologic cancer




Hemoperitoneum (cont’d)

Treatment:

* |IP heparin to avoid clotting of catheter
» flushes

- dialysate at room temperature

* investigations depend on whether benign or
serious type of presentation

During training, warn females in advance of
this complication!




Summary Points ()

 hernias are unsightly, enlarge with time, and
pose a risk for leaks and incarceration

- they can usually be repaired operatively
without putting the patient on hemodialysis

e patients at risk should be on a “low pressure”
PD regimen




Summary Points (II)

« edema of the abdominal wall and genitals is
through a leak of dialysate

» often this resolves with “low pressure” dialysis

* fixed defects, such as hernias or patent
processus vaginalis should be surgically
repaired




Summary Points (ll1)

* it is important to be aware of
hemoperitoneum and encapsulating
peritoneal sclerosis as complications of PD

* think of encapsulating peritoneal sclerosis if a
(present or former) PD patient presents with
bowel obstruction

- commonest cause of hemoperitoneum is
menstruation, and is benign




" If I have seen further it is because I
have stood on the shoulders of
Giants”

Sir Isaac Newton
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“One must not stay within the lines”- Eric Carle




