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spKt/V >12
Hematocrit > 33%

Serum albumin > 4.0 g/dL

Caclium 84 - 95 mg/dL
Phosphorus 3.5 - 5.5 mg/dL

iPTH

Predialysis BP < 140/90 mmHg
Preservation of residual renal function T

Dry body weight (Fluid status) ?

Nutritional status nPCR 1.0-1.2 g/kg/day
Vascular access ?

Health-related quality of life SF-36, KDQOL

Solute transport

« Diffusion
- Movement of solutes from greater to lower concentration
— Urea, creatinine, uric acid, and electrolytes
+ move from the blood to the dialysate
+ the net effect of lowering their concentration in the blood

Blood returning to the
Panent has lowsr
Cragtining

Blood from patiert
has high creatinng

Creatinine ensiched
Fluid discarded
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Solute transport

« Convection

— The process of solute transfer associated with flow of water
+ Solvent drag

— Hemodialysis
* the amount of low-molecular weight solute (eg, urea)

removed by convection is negligible

— Continuous renal replacement therapies (Hemofiltration)

* this is a major mechanism for solute transport

Biod re

gtothe
pabent wath less
volums

Blood from patient
With high ECF volume
Under high hydrostase
pressure

Ultrafiltration

Osmosis
[Water maves by
concentration gradient)

Dialysis adequacy index

Urea reduction ratio

Kt/v

Protein catabolic rate (nPCR), Albumin
Solute removal index

Time averaged concentration of urea

Dialysis adequacy: Urea reduction ratio
« URR = (Pre BUN — Post BUN) / Post BUN x100 (%)

+ 2006'4 NKF-DOQI guideline9)0j| A{= Zt0{ 41 7| 51t
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( dialysis initiation: time = 2 hrs, blood flow <120 mL/min)

Dialysis adequacy: Kt/V

KV
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Total Body Urea Fraction
Removed in Relation to Kt/V
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(corrected for volume lost during UF) |

Dialysis adequacy: Kt/V in HD

+ Single pool (non-equilibrated) Kt/V

= -In(R-0.03) + [(4-3.5R) x (UF + W)]

(UF = ultrafiltration volume in liters, W =postdialysis weight in kg, and
R = the ratio of the postdialysis (£ & 22 BUN) to predialysis BUN )

Calculator: Kt Dialysis Dose Daugirdas Formula
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Kt/V in HD
double pool, weekly stdKt/V

Urea Kinetics During Hemodialysis
LR

8

—8 5 4 =3

The stdKt/V Concept

Single pool: Urea generation 2t 44 2+

Double pool: Urea generation
+ intercompartmental urea redistribution

152 22| extracorporeal urea clearance
X 10.080 (minutes/week) /V

Directly compatible with PD weekly Kt/V
and with native residual renal Kt/V.
Minimum target std-Kt/V of 2.0/week

Dialysis adequacy: Kt/V in HD

= The equilibrated, double-pool Kt/V
— The equilibration of urea from the extravascular compartment
into the vascular space can take up to 30 minutes after
dialysis ends (£4 £ 2 302 & BUN),
— Since the urea concentration measured with the equilibrated
sample is higher than that observed in the non-equilibrated
sample.

— 0.21 for the usual range of delivered doses of hemodialysis.

» Target of Kt/V
— US KDOQI: sp Kt/V> 1.2 (dialysis one session, minimum level)
+ Urea reduction ratio = 65%
— European Best Practice guideline: equilibrated kt/V > 1.2

= spKt/V of 1.2 or eKy/V of 1.0 - SpKyv > 14
in anuric patients
HEMO study The causes of low kt/V in HD
s w0, KtV
1.32 £0.09 ? g 13
%01 o o Vs Moo B4 BAE x FMAMZ /| 94 22 2H= total body water,
g 1714011
g o = 40%
g 2ol — a lower than prescribed blood flow or time of dialysis.
4 — Inadequate needle placement and patient-initiated time
2 o constraints, respectively.
— + 25%
— significant access recirculation
6 12 18 24 30 36 42 48 54 60 + The others

Mo. of Follow-up

No.at Rex
Standard dose 854 756 830 524
High dose BS7 7583 63 538

451 382 s 283 17 149
am e 37 %6 219 166

NEIM, 2000

— Increased body mass, impaired sodium removal, and poor
dialysate flow rate; blood tubing effects; and needle gauge
size, dialysis using a central venous catheter

Management of Low Kit/V

Optimizing Low kt/V in HD

« Fistula integrity
— Access problems are common causes of inadequate dialysis.
+ Treatment duration

- a late-arriving patient, the late initiation of dialysis by staff,
early termination because of patient request, and events
during the treatment that cause the temporary cessation of
dialysis (such as hypotension, a blood leak, needle difficulties,
excessive triggering of machine alarms related to high venous
pressures).

Method of obtaining blood urea nitrogen (BUN) samples
« Dialysis machine and patient-specific variables

- Inadequate machine calibration, low blood flow rates, and
overestimation of dialyzer clearance all may result in low Kt/V.
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Dialysis adequacy: weekly Kt/V in PD

* The daily Kt/Vurea is calculated from the daily urea clearance
- the daily urea clearance (Kt): sum of the all 24 hrs drain volumes
(peritoneal + urine) and the ratio of the urea concentration in the
pooled drained dialysate or urine to the plasma (D/P urea).
- Kt is normalized to total body water: the volume of distribution of
urea (V).

« 2006 K/DOQI work group recommend the following
— For patients with residual renal function (urine volume >100 mL/day),
: Kt/Vurea =1.7/week.
- For patients without RRF (urine volume <100 mL/day),
: Kt/Vurea of 21.7/week.
— We suggest that the minimal dose of Kt/Vurea should be 1.7/week for
those undergoing APD.

ADEMEX study
1.80 + 0.02
E Vs
1227 £0.02
2
2
7]
t
2
I
; 50% RR (Treated:Control) = 1.00
T o IRCEO80,12 - |
0 4 B8 12 16 20 24 28 32 36
Months After Randomization
JASN, 2002

Dialysis adequacy: weekly Kt/V in PD
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The causes of low kt/V in PD

Dialysate solute concentration and volume0| &7 !

Poor compliance

Hypercatabolism

Loss of residual renal clearance

Decreased peritoneal transport

Increased peritoneal transport

Peritoneal transport

Interpretation of Peritoneal Equilibrium Test Results

(K 15
10+
09

. oA

LI -8 High transport
o z 4
T 8 Low transport
Total dialysate v CriL fexchange
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Optimizing low kt/V in PD

« These causes can be distinguished in part by PET

« Low peritoneal transport
— increasing the volume of inflow dialysate per exchange and possibly
the number of exchanges/day.
- Among patients on automated peritoneal dialysis (APD) such as
continuous cycler peritoneal dialysis (CCPD) who are not performing
a midday exchange, adding a midday exchange.

+ Impaired peritoneal ultrafiltration
— High peritoneal transport, acute episode of peritonitis
— Shortening the dwell time of each exchange, or by using more
frequent hypertonic exchanges.
— the use of diuretics in patients with residual renal function.
— Icodextrin dialysate
- APD
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Ultrafiltration volume

time and concentration Mode of dialysis
" papp
i 20 : Day Time
b 1o | \ Ambulatory
4 {  386% || i .
g m codextin. & NIPD
;‘ o 20 A4 AAAAA : Night
S 0 | ] Intermittent
i . il LA
4001 -] wll’\nmmmmmmmm(ﬂn‘o "2 ¥ AT CAPD
Time (min) - : Continuous
a o) { Ambulatory
g i =1 . { ) |
CCPD
| : Continuous
20 4 Cyd“:
an | | | \
PD adequacy Limitations of Kt/V
[T riteria for Peritoneal Dialysis Adequacy
Patient feels well and has stable lean body mass fKt/V
Clinical Mo symptoms of anorexia, asthenia, nausea, emesis, insomnia '_%é_‘ oto| g4 53_’.:_% xm;r / : Bt/: Y
Stable nerve conductance velacity === ol ot bodoyﬁwa ter

Small-solute clearance

Weekly Kt/Vurea >1.7 (renal + peritoneal)
Weekly creatinine clearance >50 1/1.73m ?

' (corrected for volume lost during UF) |
+ OVERESTIMATE

Large-solute cl Albumin clea 0.15 i
ko No ed::r; bl - A high Kt/V may indicate either high Kt (clearance x time) or low V
Fluid balance No hypertension (volume).
No postural hypatension ~ Low volume may reflect reduced skeletal muscle mass and malnutrition.
Electrolyte balance Serum potassium <5mmal/l - :g;;‘ﬁlrrbgshg :\;eﬁr::t;mate delivered dialysis among small-sized or
Acid-base balance Serum bicarbonate >24 mmol/fl 5
S ~ Such patients may be under-dialyzed if their dialysis time is shortened
Detlyprotein knisks 21.29/lg because of high KtV.
Nkt Dl ‘a']";::"ake gpalka + Urea clearance determined by any method may not represent the kinetic
:;Tl;u?su m",rr'n)f'sg" behavior of other potentially toxic molecules (other small solutes, middle
Al e e fararies molecules, protein-bound solutes, phosphate, etc).
Dialysis adequacy

normalized Protein Catabolic Rate (nPCR)

St gL YUES CUE UHYE FYstD 0/0] wet BAtel FY
A

HEfE Tetshs T E ojatsE (PCR)Z 2 LEE.

Hemodialysis

+  G=[(C2V2-COV0)+Uurea]/Tid (g/minute)
: PCR (or PNA)=9.35G+0.294V (g/day)
: nPCR=PCR/DW (g/ka/day)

Peritoneal dialysis

+ nPCR =[(UUN+DUN)x6.25]/weight (kg)

« Target

G: 24 44§ (urea generation rate)
C2: 54 5 H BUN

V2: £4 I total body water

C0: 0| 54 S84 BUN

VO: 0| §£4 S8 A total body water
Uurea: F47F B0 SHE 229 Y
Tid: interdialytic interval (minutes)

V: volume of urea distribution

DW: Dry weight

UUMN: 24412 44 BUNS &

DUN;: 24| 2} dialysated] 4{ 2| BUNE T

— HD > 1.0 g/kg (ideal body Weight)/ &

- PD>12g/Kg

New paradigms in dialysis adequacy

» Uremic toxins
— Range from very small metabolite-Na, P-to peptide, proteins.

+ Assessing and managing more effectively fluid status
— Monitoring a more adequate dry body weight

— The patient remains normotensive, without antihypertensive
medication, until next dialysis session.

= Assessing and correcting underlying chronic inflammation
— In, CKD-5D, chronic inflammation is independently associated
with malnutrition and anemia, leading to accelerated
atherowclesosis, cardiovascular complications, and mortality.
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SUMMARY

Target spKt/V

— Although minimal level are well defined, there are no
optimal targets to be achieved.

-HD>12
-PD>17

nPCR
- 1.0 - 1.2 g/kg/day
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