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The Nitty-Gritties of Kt/V ___ Calculations in Hemodialysis and Peritoneal

Dialysis

Abstract

In advanced Chronic Kidney Disease, patients require renal replacement therapy (dialysis or
transplantation) for clearance of toxins, electrolyte and acid-base balance and removal of excess fluid.
Dialysis adequacy should be taken into consideration in the adjustment of the dialysis prescription.
Kt/V . is one method of measuring dialysis adequacy that is commonly used in clinical practice.
Different formulae for calculating Kt/V are available. The appropriate Kt/V formula to be used
depends on the clinical scenario, as well as parameters such as gender and size of patient, frequency
of dialysis, mode of dialysis (ie hemodialysis vs, peritoneal dialysis), inter-dialysis weight gain,
clinical symptoms, complications (fluid overload, hyperkalemia, intolerance to dialysis, etc), and
residual kidney function. Nutrition parameters including serum protein and albumin levels, vitamin
B12 and B2-microglobulin levels should be factored into the assessment of dialysis adequacy. In this
review, we have described how Kt/V, _ is calculated in hemodialysis and peritoneal dialysis with
examples. We reviewed the available literature by searching for papers related to calculating Kt/V,
single pool Kt/V, double pool Kt/V, weekly Kt/V, standard Kt/V, surface area normalized Kt/V,
and various equations commonly practiced in clinical practice. We found several original articles,
some review articles along with detailed information from manufacturers of different dialyzers
published on their websites or as package inserts. Understanding the different equations available for
calculating Kt/V and the application of these results in the clinical setting is important for refining

urea

patient care and for designing clinical studies.
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Introduction volume of fluid completely cleared of

urea in a single dialysis session. Kt/V
urea

was developed by Frank Gotch and John
Sargent.[*€!

Dialysis adequacy can be assessed
using several parameters. Clearance of
waste products and toxins such as urea,
creatinine and PB2-microglobulin may be
directly measured. Clinical parameters
including presence of uremic symptoms,
and nutrition markers such as serum
protein and albumin levels should also
be monitored."’! Combined assessment
of a patient’s laboratory markers and
overall clinical status should be taken

There is some controversy regarding
whether Kt/V -~ is the most appropriate
measure of adequacy as it is a surrogate
for small molecule clearance and does
not provide information on middle and
large molecule clearance. The Hemo
study showed that patients undergoing
hemodialysis thrice a week, with higher

into consideration in the determination of
adequacy and adjustment of the dialysis
prescription.

KtV . (‘K’ is dialyzer urea clearance, ‘t’
is total dialysis session time, and ‘V’ is
volume of distribution of urea which is
approximately equal to total body water)
is the most commonly used method
of measurement of dialysis adequacy

worldwide. The term ‘Kt’ (for urea) depicts
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Kt/V than that recommended (single pool
Kt/V . of at least 1.2), or use of high flux
membranes (that give better clearance of
larger molecules like P2-microglobulin)
have no major impact on mortality or on
serious adverse events like hospitalization
for infection or cardiac causes.! Though
the studies have shown conflicting results
regarding whether more frequent dialysis
improves mortality, there are other benefits
including regression of left ventricular
mass (if it was abnormal earlier), improved

How to cite this article: Churchill BM, Patri P. The
nitty-gritties of Kt/V __ calculations in hemodialysis and
peritoneal dialysis. Indian J Nephrol 2021;31:97-110.

© 2021 Indian Journal of Nephrology | Published by Wolters Kluwer - Medknow

Brian Mark
Churecihill,
Pallavi Patri'?

Associate Medical Director,
Medical Science and

Strategy (Asia), IQVIA,
Bengaluru, Karnataka, India,
!Consultant Nephrologist,
Transplant Physician, Head
of Department, Columbia
Asia Hospital — Sarjapur
Road, Ambalipura, Bengaluru,
Karnataka, India, *Faculty,
Weill Cornell Medical College,
New York, NY, USA

Received: 13-07-2019
Revised: 02-10-2019

Accepted: 23-12-2020
Published: 02-04-2021

Addpress for correspondence:
Dr. Brian Mark Churchill,

33, MIMS Ardendale,

Phase 2, Near Adarsh Serinity,
Kannamangala, Kadugodi Road,
Whitefield, Bengaluru - 560 067,
Karnataka, India.

E-mail: brianmarkc7@gmail.
com

Access this article online

Website: www.indianjnephrol.org

DOI: 10.4103/ijn.IJN_245_19
Quick Response Code:

97



Churchill and Patri: Calculating Kt/V

blood pressure control, reduced use of antihypertensives,
and better pregnancy outcomes.!®!

Several formulae to calculate Kt/V ~ have been
developed for use in different clinical settings. These
include single pool Kt/V (non-equilibrated), double pool
Kt/V (equilibrated), estimated weekly Kt/V, standard Kt/V

and surface area normalized standard Kt/V.

In this article we will discuss these different equations and
specific settings in which each is used with examples.

Section 1 Hemodialysis
Calculating residual kidney function (RKF)

Mathew A.T, Fishbane S, Obi Y and Kalantar-Zadeh K
proposed that significant residual kidney function should
be defined as >500 ml of urine output per day. They also
proposed that RKF should be monitored regularly until
urine volume is <100 mL/day or KRU (residual urea
clearance by kidneys) is <2 mL/min/1.73m?."!

Residual kidney function is calculated as follows [Box 1]:11%
Step 1: Calculate urea clearance:
Parameters to be measured:

Post- dialysis BUN (mg/dL): BUN (Blood Urea Nitrogen)
measured from sample collected at the end of a session
of hemodialysis (arbitrarily named as session A). If
post-dialysis urea is being measured (and not BUN), then
pre-dialysis urea (and not BUN), and urine urea (and not
urine urea nitrogen) concentrations should be measured.

Pre-dialysis BUN (mg/dL): BUN measured before next
session of hemodialysis (arbitrarily named as session B).

Mean of pre-dialysis and post-dialysis BUN:
The mean is calculated and is called plasma BUN

concentration (mg/dL) (BUNplasma).
24-hours urine volume (Vurine measured
in ml/24 hours) and wurine wurea nitrogen

concentration (mg/dL) (UNurine): A 24-hour urine is
collected between sessions A and B (on a non-dialysis day).
24-hour urine Volume and urine urea nitrogen concentration

is measured from this sample.

UNurine X Vurine
Urea Nitrogen clearance = —— M —
BUNpjasma X 24 X 60

Urea nitrogen is the amount of nitrogen in urea. Molecular
weight of urea is 60, and of nitrogen is 28. If we calculate
Urea/Nitrogen, it is 60/28 = 2.14.

BUN is Blood Urea Nitrogen, the amount of nitrogen in
urea present in blood. So, urea is equal to BUN x 2.14. In
calculations, either urea nitrogen level or urea level should
be used (not both).

Urea Nitrogen clearance and Urea clearances are

same (see the equation below).
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in dialysis

urea

XV

urine urine)/

Urea clearance = (Urea (Urea X 24 X 60)

plasma

If Urea Nitrogen is measured, and not urea, then:

Urea clearance = UNurine x 2.14 x V . /[(BUNplasma x

2.14) X 24 X 60]
The 2.14 in numerator and denominator cancel each other.

Step 2: Calculate residual kidney function K t/V as follows:
* ‘K is urea clearance per week (‘r’ refers to ‘residual’)
* The term ‘t’ is time = 1 week

*  ‘V’is volume measured as total body water.

Calculating K,

K. is calculated in liters per week. Therefore, convert urea
clearance obtained above from ml/min to liters/week.

K, (L/week) = Urea clearance (ml/min)
X [(60 X 24 X 7)/1000] = Urea clearance (ml/min) X 10.08

Calculating V (total body water):

In practice ‘V’ is usually calculated using Watson’s
equation or Hume’s equation.

Watson's  equation for calculating the Total Body

Water (TBW) or V11121

Male TBW or V (in liters) = 2.447 + (0.3362 X Weight
in Kg) + (0.1074 X Height in cm) — (0.09156 X Age)
Female TBW or V (in liters) = -2.097 + (0.2466 X
Weight in Kg) + (0.1069 X Height in cm)

Hume-Weyers: 'l

Male TBW or V (in liters) = (0.194786 x height)
+ (0.296785 x weight) - 14.012934
Female TBW or V (in liters) = (0.34454 x height)
+ (0.183809 x weight) - 35.270121

The Watson formulas overestimates TBW in obese patients
and underestimates TBW in overhydrated people.¥! The
accurate measurement of total body water involves use of
isotope dilution techniques including deuterium isotope
dilution or tritium dilution.'>'* Since it is difficult to
use isotope dilution technique on a larger number of
patients, investigators have used bioelectrical impedance
analysis (BIA) technique to calculate total body water.!'>16]

BIA technique has been shown to accurately and reliably
measure TBW.IS19 As compared to single frequency BIA,
multi-frequency BIA (MFBIA) distinguishes intracellular
and extracellular water, and is more precise in measuring
body water.'® A study involving 2943 healthy Korean
subjects used BIA to calculate total body water, and made
a comparative study with formulae using anthropometric
measurements. The investigators found that TBW calculated
using Watsons formula for women, and Humes formula for
men correlated better with TBW calculated using BIA.I!%

Calculating Kt/V in hemodialysis

Calculating delivered hemodialysis dose
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Scenario 1: A 33-year-old female patient from Manipur
is undergoing hemodialysis twice a week, each session of
4 hours duration. She has a small body size. She complains
of pleuritic chest pain and breathlessness. On examination,
she is found to be having pericardial friction rub. There
is no history of fever. Past history: CKD, cause recurrent
pyelonephritis. There is no past history suggestive of
malignancy, autoimmune diseases, or tuberculosis.

Dialysis records show that her hemoglobin level is 11 gm%.
BP is 138/78 mm Hg, pulse 68/min, respiratory rate 34/min.
She has good 24-hour urine output (1-1.5 liters). URR is
good (71%), interdialytic weight gain is 1-1.5 kg. There is
no sign of fluid overload. Uremic pericarditis is suspected.

Scenario 2: A 44-year-old man, with big and strong built body
structure, is receiving hemodialysis twice a week. His urine
output is a little less than 1 liter per day. The regular investigations
show normal serum albumin, serum creatinine 9.2 mg/dl, serum
phosphorus 6.7 mg/dl, serum calcium 9.8 mg/dl, uric acid 10.2
mg/dl. Patient has no complaints. Treating nephrologist wonders
whether he is receiving adequate dialysis.

Discussion: In scenario 1, calculating Kt/V may reveal
that subject is being underdialysed, despite a normal URR.
This subject may need increased dialysis dose, and regular
monitoring of adequacy of dialysis (Kt/V), and the regular
protocol of dialysis advised to manage uremic pericarditis
patient. In scenario 2, the subject’s serum creatinine
is 9.8 mg/dl. His other labs are also high (high serum
phosphorus and uric acid). This may raise the suspicion
of delivering inadequate dialysis dose. Assessing dialysis
adequacy by measuring Kt/V can be helpful in this case.

Single pool Kt/V is most commonly measured parameter
for measuring dialysis adequacy. Double pool Kt/V is more
accurate but needs the patient to wait for 30-60 minutes
post dialysis.

Advantage: Kt/V calculation assures clinicians, patients,
insurance companies, and any concerned authority that
adequate dialysis dose is being given to a patient. Also, it may
help in timely intervention to modify dialysis dose prescription.

Single pool Kt/V__ (spKt/V  ): In this model, it is
assumed that urea is in only one compartment or ‘pool’
of the body and that there is a linear decline in urea
level during dialysis, and an immediate equilibration
occurs between the blood and tissue compartments after
dialysis. This is not true, as urea exists in intracellular
and extracellular spaces (different compartments). Urea
from intracellular space diffuses out into the extracellular
space, but complete equilibration is not immediate as
it is assumed in this model and takes 30 to 60 minutes
after the end of dialysis session. As the test is performed
before equilibration can occur, spKt/V is also referred
to as ‘non-equilibrated Kt/V’.'7! Please see Figure 1 for
understanding the basic concept of single pool Kt/V__ .
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CAVEAT

This is not true, as urea exists
in intracellular and
extracellular spaces (different
compartments). Urea from
intracellular space diffuses out
into the extracellular space,
but complete equilibration is
not immediate as it is
assumed in this model and
takes 30 to 60 minutes after
the end of dialysis session.

Intracellular and Extracellular
spaces considered as a single
compartment

In spKt/V model, it is assumed that urea is in only one
compartment or ‘pool’ of the body and that there is a
linear decline in urea level during dialysis, and an
immediate equilibration occurs between the blood and
tissue compartments after dialysis.

Figure 1: Understanding single pool Kt/V

Towards the end of dialysis session, the blood flow pump
is slowed to a speed of 100 ml/min for 15 seconds and then
stopped, and blood sample is collected for post-dialysis
BUN. This method helps in preventing hemodialysis access
recirculation.!!”

The following equation for calculating spKt/V gives
reliable results when hemodialysis is being given three
times per week [Box 2].'%!

Equation 1: spKt/V = -In (R — 0.008 x T) + (4 — 3.5R) x

0.55 x Weight loss/V

* ‘R’ is ratio of post-dialysis to pre-dialysis BUN or Blood
Urea. In some parts of the world (for example, America)
BUN is assayed; and in other parts (for example, Europe),
blood urea is assayed [Urea = BUN x 2.14].01820]

e ‘V’is total body water volume.

*  ‘Weight loss’ and ‘V’ are expressed in same units.

e ‘T’ is dialysis session time, or treatment time in hours.

* LN (or In) is natural logarithm. Ln = log_. This means
that natural log is equal to log to the base of e. The
value of ‘e’ is 2.178.

Equation 1 for calculating spKt/V does not give accurate
results when hemodialysis sessions are fewer than 3 times
per week (or more - up to 7 times per week) due to
differences in inter dialytic urea generation. Following
equation is more accurate in these cases 18

Equation 2: spKt/V = -In (R — GFAC x T) + (4 — 3.5R) x
0.55 x Weight loss/V

GFAC or G-factor (urea generation factor that adjusts for
urea generation) value depends on frequency of dialysis and
preceding interdialysis interval (PIDI). John T Daugirdas,
et al. have given a table [see Table 1] to help find the value
of GFAC.I'Y Roughly it is 0.175 divided by the preceding
inter-dialysis interval in days.['8!

Calculating weekly standard Kt/V is more appropriate in more
frequent dialysis. Standard Kt/V is explained later in the text.

Urea reduction ratio (URR) refers to reduction in urea due
to dialysis, a commonly used parameter to quantify efficacy
of dialysis. URR of more than 65% is recommended
as a marker of adequacy for patients who are stable on
hemodialysis three times a week schedule.*'? URR is
calculated using following equation:
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Table 1: GFAC (G-Factor) Value

Dialysis Preceding Inter-Dialysis Interval (PIDI) in days
sessions 1 2 3 4
per week

2 0.0055 0.0045
3 0.008 0.006

4 0.0155 0.009

5* 0.0175 0.0095

6* 0.0175 0.0095

7* 0.0175 0.0175

*If dialysis session is more than 300 min, add 0.001 to GFAC value
given above. Reproduced with permission from John T. Daugirdas.
Reference: Daugirdas J.T, et al. Improved equation for estimating
single-pool Kt/V at higher dialysis frequencies. Nephrology Dialysis
Transplantation. August 2013;28 (8):2156-2160

Pre-dialysis urea level — Post dialysis urea level

X 100

Pre-dialysis urea level

Mathematical relationship between URR and spKt/V, the
basic equation

Here is the mathematical equation expressing how URR
and spKt/V are related:!**!

spKt/V = -In (1-URR)

The expression ‘In’ represents ‘natural logarithm’.
If URR is 60%, let’s calculate spKt/V.

spKt/V = -In (1-0.6)

= -In (0.4)

Value of ‘In 0.4’ from rapid tables is -0.916
Hence, spKt/V = - (-0.916)

spKt/V = 0.916

spKt/V and URR, correction for urea generation and
ultrafiltration (UF)

The basic equation given above does not consider
the impact of urea generation and ultrafiltration on
spKt/V  during dialysis. During dialysis, the body
continues to generate urea. Also, for a given value
of URR, the actual urea removal is more due to
ultrafiltration.*]

Let’s understand this with an example.

Patient ‘A’ has pre-dialysis ‘V’ = 45 L, UF is 3 L, so
post-dialysis ‘V’is 42 L.

Pre-dialysis BUN concentration is 80 mg/dl or 0.8 g/L.
So total BUN is 0.8 x 45 = 36 g.

Post dialysis BUN concentration is 40 mg/dl or 0.4 g/L.
So, total BUN post-dialysis is 0.4 x 42 = 16.8 g. Total urea
reduction is 36 — 16.8 = 19.2 g.

URR is [(0.8 — 0.4)/0.8] x 100 = 50%

100

wea IN dialysis
Patient ‘B’ has pre-dialysis ‘V’ = 45 L, UF is Nil, so
post-dialysis ‘V’ is 45 L.

Pre-dialysis BUN concentration is 80 mg/dl or 0.8 g/L, so
total BUN pre-dialysis is 0.8 x 45 =36 g.

Post dialysis BUN concentration is 40 mg/dl or 0.4 g/L.
So, total BUN post-dialysis is 0.4 x 45 = 18 g. Total urea
reduction is 36 — 18 = 18 g.

URR is [(0.8 — 0.4)/0.8] x 100 = 50%

So, in this example we see that for the same URR (50%),
actual urea removal is more when UF is more. This
implicates that spKt/V is more when UF is more, as spKt/V
has “V’ in denominator, so if UF is more, the post dialysis
‘V’ will be lesser giving a higher value of spKt/V.

Deriving spKt/V from URR (including effect of urea
generation and ultrafiltration)

From the discussion above, we see that a simple or basic
mathematical equation representing the relation between
URR and spKt/V is not sufficient. We need to include the
effect of urea generation (g) and Ultrafiltration (UF) in the
mathematical equation. Here is how we can do it.**

If ‘R’ = (predialysis BUN/post-dialysis BUN).
URR = [(predialysis BUN -
pre-dialysis BUN] x 100

URR = [(predialysis BUN/predialysis BUN) — (Post-dialysis
BUN/pre-dialysis BUN)] x 100

Post-dialysis BUN)/

URR (expressed as a percentage) = [1 — (Post-dialysis
BUN/pre-dialysis BUN)] x 100

Substituting (pre-dialysis BUN/postdialysis BUN) by ‘R’,
we get:

URR (expressed as a percentage) = (1 — R) x 100 URR (not
expressed as percentage) = | - R

Substituting this value of URR in the basic spKt/V
equation:

Basic equation: spKt/V = -In (1-URR)
spKt/V = -In (1- (1-R)
spKt/V = -In (R)

spKt/V equation adjusted for 'g' and 'UF' (Daugirdas, 1995)

spKt/V =-In(R — 0.008 x T) + (4 — 3.5R) x 0.55 x Weight loss or UF/V
~. -~ —_—

~

Adjustment done for Adjustment done for
urea i iltration (UF)
during dialysis 'g'

‘R’ is ratio of post-dialysis to pre-dialysis BUN or Blood Urea.

‘V’ is total body water volume. ‘Weight loss’ and ‘V’ are expressed
in same units.

‘T’ is dialysis session time, or treatment time in hours.

LN (or In) is natural logarithm.

Indian Journal of Nephrology | Volume 31 | Issue 2 | March-April 2021
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If “V’ is not known, ‘V’ can be assumed to be 55% of
post-dialysis weight (W)
Then the above equation becomes:

spKt/V = -In (R — 0.008 x T) + (4 — 3.5 R) x UF/W
Estimated (theoretical) dialysis dose:

Clearance of urea varies between different models of

dialyzers and is dependent on-

1. Blood flow rate, dialysate flow rate and ultrafiltration
flow rates

2. Surface area of the membrane, and

3. Intrinsic diffusive capacity of the membrane.

Surface area and intrinsic diffusive capacity of the
membrane are measured as KoA (mass transfer-arca
coefficient)

Estimated dialysis dose can be calculated by Michaels

Michaels equation for calculating 'K' in hemodialysis

KA (1-Qs/Q) 4

exp Q,
K=Q

5 KA (1-Q:/Q)  Q,

P Qg Q,

KoA is the urea mass transfer-area coefficient.

‘Exp’ is natural exponential function. The
mathematical expression exp (n) means e", where ‘e’
is the base of natural logarithm. Its value is equal to
2.71828 (Euler’s number).?) The number, 2.71828,
a constant, is called Euler’s number after the Swiss
mathematician Leonhard Euler. The constant is also called
Napier’s constant after John Napier.?*?”] Exp is the inverse

function of natural logarithm function (LN).>

KoA was considered as a constant for a given
dialyzer-solute combination in Michaels equation.?
However, a study by Leypoldt et al. showed that KoA
value may vary at higher blood flow rates. Twenty-two
different models of commercial hollow fiber dialyzers
were evaluated. In-vitro testing of clearances at three
countercurrent dialysate flow (Q_) and blood flow (Q,)
rate combinations at 37°C temperature were observed. The
effect of changes in Q,and Q. were found to be similar
in different models of dialyzers used. The investigators
observed that Urea KoA did not change when Q, changed
from 306 + - 7 to 459 + - 10 ml/min at Q, 500 ml/min,
and 0 UF rate. However, when Q_ was increased from
504 + - 6 to 819 + -8 ml/min, keeping Q, at 450 ml/min
and UF rate 0, urea KoA increased by 14 + - 7% (range
3 to 33% depending on the model of the dialyzer) to 780
+ - 150 ml/min. The investigators proposed that small
solute clearance might be limited due to stagnant fluid
layers in both blood and dialysate flow systems.[**]

On realizing that stagnation fluid layers may affect dialyzer
performance, manufacturers introduced better dialyzer
models with better features like hollow fiber undulations,
spacer yarns, and changes in fiber packing density.l*"

Indian Journal of Nephrology | Volume 31 | Issue 2 | March-April 2021

wea IN dialysis

Ward et al. investigated single-use dialyzers with hollow
fiber undulations and increased packing density (Polyflux
Revaclear and Revaclear MAX dialyzers) for effect of
increasing dialysate flow on Kt/V. Dialysate flow rates
were kept at 600 and 800 ml/min. The investigators found
that increasing dialysate flow rate did not have statistically
significant effect on delivered Kt/V,_.1*Y

a

Table 2 shows KoA (urea) values for different brands of
dialyzers; and Table 3 shows urea clearance achieved from
different dialyzers at different flow rates.

The  clearance @K  for urea  decreases  only
slightly (1-2% per 10 re-uses) with reuse. By contrast,
the clearance of P2-microglobulin may decrease, remain
unchanged, or increase substantially with re-use depending on
the membrane material and reprocessing technique used.*”

Double pool Kt/V

urea

In single pool Kt/V calculation, BUN is assumed to be
distributed in a single compartment. This is far from reality.
Double pool Kt/V calculation method takes into account
two compartments of BUN distribution: the intravascular
and extravascular compartments. After dialysis session
is over, the low BUN level in intravascular compartment
starts increasing as BUN from extravascular compartment
starts entering the intravascular compartment (causing
the rebound of BUN in intravascular compartment). If
sample is drawn after 30-60 minutes of stopping dialysis,
the rebound gets completed, and we get a more accurate
and true post-dialysis BUN level. Please see Figure 2 for
understanding the basic concept of double pool Kt/V .

a

Hence, double pool Kt/V ., also termed equilibrated
Kt/V , or eKt/V - and is more accurate as compared
with single pool Kt/V _ as it eliminates the inaccuracy of
post-dialysis BUN level due to BUN rebound post-dialysis.
This calculation requires obtaining a post dialysis BUN
30 minutes after the end of dialysis session.

Waiting for 30-60 minutes post dialysis for collecting
post dialysis sample for estimating BUN allows

Table 2: KoA (urea mass transfer-area coefficient) of
different dialyzers""

Manufacturer Brand of dialyzer KoA for
urea
Baxter Revaclear 300 1186
Baxter Revaclear 400 1438
Frasenius Optiflux F160NR 1064
Frasenius Optiflux F180NR 1239
Baxter Polyflux 6H (for 465
pediatric application)
Asahi Kasei Medical Co., Ltd. Rexeed-13 L 888
Asahi Kasei Medical Co., Ltd.  Rexeed-15L 1045
Asahi Kasei Medical Co., Ltd.  Rexeed-18 L 1145
Asahi Kasei Medical Co., Ltd.  Rexeed-21 L 1321
101
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Table 3: Urea clearance achieved from different dialyzers at different flow rates!?>#75!l

Manufacturer Brand of Dialyzer Membrane Material

Membrane K (urea) in ml/min K (urea) in ml/min

Surface  when Q,is 200 ml/min, when Q, is 400 ml/min,
Area (m’) and Q, is 500 ml/min  and Q is 500 ml/min
Baxter Revaclear 300 PAES/PVP 1.4 196 323
Baxter Revaclear 400 PAES/PVP 1.8 198 338
Fresenius Hemoflow F6 Fresenius Polysulfone® polymer 1.3 171 252
Fresenius Hemoflow F8 Fresenius Polysulfone® polymer 1.8 177 280
Fresenius Optiflux F180A; F180B Fresenius Polysulfone® polymer 1.8 194 314
Fresenius Optiflux F200A, F200B  Fresenius Polysulfone® polymer 2.0 194 320

Q, is blood flow rate, Q, is dialysate flow rate, K is clearance, PAES is Polyarylethersulfone, PVP is Polyvinylpyrrolidone

After dialysis session is over, the low BUN level in intravascular
compartment starts increasing as BUN from extravascular
compartment starts entering the intravascular compartment
(causing the rebound of BUN in intravascular compartment).

e ® ¢ @ ©
e e © @
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&
%
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Extravascular compartment

Intravascular
compartment

Double pool Kt/V or equilibrated Kt/V or eKt/V

Blood out (to
extracorporeal circuit)

Blood In (returned to
circulation)

Double pool Kt/V calculation method
considers two compartments of BUN
distribution: the intravascular and
extravascular compartments. This takes
care of the rebound phenomenon after
stopping dialysis. Sample is drawn after
30-60 minutes of stopping dialysis, the
rebound gets completed, and we get a
more accurate and true post-dialysis BUN
level.

. J

Figure 2: Understanding the concept of double pool Kt/V or eKt/V

enough time for urea to equilibrate from extravascular
compartment to vascular compartment (the rebound).
This equilibration occurs approximately 30 minutes
after dialysis session is over.l'”? Besides this, there is no
hemodialysis access recirculation to affect BUN levels
30-60 minutes post-dialysis. Most patients do not want
to wait for a test after dialysis is over, hence single
pool approach for calculating Kt/V is more commonly
practiced.

Equilibrated Kt/V__ is wusually 0.15 to 0.20 lower
than the single-pool Kt/V. This means that spKt/V
of 1.2 (minimum recommended dose), is equal to
equilibrated Kt/V__ of 1.00 to 1.05." This difference is
due tothe ‘rebound’. ‘Rebound’ is the urea rebound after
hemodialysis session is over. For deriving eKt/V__ from
spKt/V ., the ‘rebound’ is subtracted from spKt/V _ to

get eKt/V %

The magnitude of ‘rebound’ depends on the rate at which the
dialysis dose is delivered. The ‘rate of dialysis’ is defined as
spKt/V divided by the dialysis session duration “T’, and equals
to ‘K/V’, where ‘K’ is the delivered clearance, and “V’ is the
volume of distribution of urea or total body water. K/V is
directly proportional to rebound (greater the K/V, greater is the
rebound). Consequently, the smallest patients (with smallest
“V”) will have highest K/V, and highest rebounds. This means
that spKt/V may be higher for small patients, and eKt/V much
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lower due to higher rebounds. Such patients may be getting
less dialysis than that inferred from the spKt/V value.”

The following equations help in calculating eKt/V from
spKt/V (hence a relief for clinicians and researchers as
subjects do not have to wait for 30 minutes or more for the
sample collection after dialysis). Two equations are available,
depending on whether AV fistula (arterial access) is being used
for dialysis, or a central venous catheter (venous access).!'”!

The Hemo study, a multicenter trial sponsored by National
Institutes of Health (NIH), demonstrated that the kinetically
derived rate equation gives reasonably good prediction of
eKt/V.B! The equations are given below:[?

AV Fistula (Arterial Access)

eKt/V = spKt/V — rebound*

Rebound = 0.6 x hemodialysis rate — 0.03**
above equation

Replacing  ‘hemodialysis rate’ in

with (spKt/V) T, we get:

eKt/V = spKt/V — [0.6 x (spKt/V)/T - 0.03]
eKt/V = spKt/V — 0.6 x (spKt/V)/T + 0.03
Central Venous Catheter (Venous access)
eKt/V = spKt/V — rebound*

Rebound = 0.47x hemodialysis rate — 0.02**
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Box 1: Example- calculating residual kidney function

Problem: A 46-year-old female patient with plasma BUN 74 (average of post dialysis and pre-dialysis BUN described above) and 24-h
urine output of 400 ml, urine BUN 350 mg/dl. Height is 165 cm, and weight 54 Kg. Calculate her residual kidney function (Kr/V).

Solution:

Step 1: Calculate urea clearance or BUN clearance (urea clearance and BUN clearance is equal)

BUN clearance=BUN . xV .
BUN . =350 mg/dl

BUN =74 mg/dl

V . in ml/minute=400 ml/(24 x 60) = 400/1440 ml/min

(in ml/minute)/BUNplasma

plasma
urine

BUN clearance = (350/74) x (400/1440) = 1.314 ml/min

Step 2: Calculate K t/V

K, (L/week) = Urea clearance (ml/min) X 10.08
K=1.314x10.08

K =13.245 L/week

V =-2.097 + (0.2466 X Weight in Kg) + (0.1069 X Height in cm)
=-2.097 + (0.2466 x 54) + (0.1069 x 165)
=-2.097+13.3164+17.6385=28.8579 L=approximately 28.86 L

K t/V=13.245 x 1/28.86=0.4589

Box 2: Example- calculating spKt/V when dialysis sessions are more than 3 times per week

Problem: A 38-year old female is receiving hemodialysis 6 hours per day, 5 times a week. The dialysis days are Monday, Tuesday,
Thursday, Friday, Saturday. Calculate spKt/V from the samples taken on Friday. Post dialysis blood urea (from sample taken on Thursday)
is 18 mg/dl. Pre-dialysis blood urea (from sample taken on Friday) is 52 mg/dl. Weight loss is 1 L. Her weight is 57 Kg and height 165 cm.

Solution:

We will use equation 2 (given above) for calculating spKt/V, as hemodialysis frequency is high (5 times per week).
Equation 2: spKt/V =-In (R - GFAC x T) + (4-3.5R) x 0.55 x Weight loss/V

Step 1: Here, PIDI is 1 day (Thursday to Friday).

G-Factor (GFAC) is 0.0175+0.001=0.0185 [from Table 1].

Step 2: Calculating “V’ by Watson’s formula for women:
V=-2.097 + (0.2466 X Weight in Kg) + (0.1069 X Height in cm)
=-2.097 + (0.2466 X 57) + (0.1069 X 165)
=-2.097+14.0562+17.6385=29.5977 L

Step 3: Calculating R

R = post-dialysis blood urea/pre-dialysis blood urea=18/52=0.3462

Using these values in equation 2:

Equation 2: spKt/V = - In (R - GFAC x T) + (4-3.5R) x 0.55 x Weight loss/V
spKt/V = -In (0.3462-0.0185 x 6) + (4-3.5 x 0.3462) x 0.55 x (1/29.5977)

=-1n (0.3462-0.111) + (4-1.2117) x 0.55 x 0.0338
=1n 0.2352+2.7883 x 0.0186
=1n 0.2352+0.052

Using Ln calculator available on Rapid Tables (link provided in appendix):

= - (-1.4473) + 0.052=1.4473+0.052=1.4993

Replacing  ‘hemodialysis rate in above

with (spKt/V)/T, we get:

equation

eKt/V = spKt/V — [0.47 x (spKt/V)/T - 0.02]
eKt/V = spKt/V — 0.47 x (spKt/V)/T + 0.02

*‘Rebound’ is ‘urea rebound after hemodialysis session’
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**Hemodialysis rate = (spKt/V)/T, where ‘T° is
hemodialysis session time in hours.

eKt/V can also be calculated using the Tattersall equation.
The equation is given below.**34

eKt/V = spKt/V x T/T + C), where ‘T is dialysis session
time in minutes, and ‘C’ is a constant and its value depends
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Box 3: Example- calculating stdKt/V

Problem: Let us take the same patient as described in box 2 for calculating stdKt/V. Recalling the problem from box three: a 38-year old
female is receiving hemodialysis 6 hours per day, 5 times a week. The dialysis days are Monday, Tuesday, Thursday, Friday, Saturday.
Calculate spKt/V from the samples taken on Saturday. Post dialysis blood urea (from sample taken on Friday) is 18 mg/dl. Pre-dialysis
blood urea (from sample taken on Saturday) is 52 mg/dl. Weight loss is 1 L. Her weight is 57 Kg and height 165 cm. Additional
information: Vascular access is AV Fistula. Weekly ultrafiltration volume is 5400 ml. Residual kidney function (urea clearance, Kru)

is 1.4 ml/min.

Solution: We will follow the steps as given below.
Stepl: calculate single pool Kt/V: spKt/V has already been calculated for this patient in box 3. It is 1.4993
Step 2: calculate eKt/V.

Using Tattersall equation: eKt/V=spKt/V x T/(T+C)

=1.4993x [(6 x 60)/[(6 x 60) + 35]

=1.4993x [360/(360+35)]

=1.4993x 360/395=1.3665

Step 3: calculate fixed volume model std Kt/V as follows:
- eKt/V

1
10,080

stdKt/V =
- eKt/V
1-e 10,080
—_—+

eKt/V FxT

-1.3665

10,080 360

stdKt/V =
-1.3665
1-e 10,080
+

1.3665 5x360 )

28( 1o 1 )

-1.3665
1l-e

+ 56-1
1.3665

As mentioned earlier, ‘e’ is 2.71828 (Euler’s number).
[We will use scientific calculator to calculate the value of '3 or 2.7182813665]
e13665 or 2.7182813¢65=().255
Putting this value in the equation above, we get:
=28 (1-0.255)/[(1-0.255)/1.3665] + 4.6=28 x 0.745/[(0.745/1.3665) + 4.6]
=20.86/(0.5452+4.6)
=20.86/5.1452=4.0543
Step 4: calculate variable volume model stdKt/V by following equation:
s

0.974 10,080
stdKt/V = —+[Krux( +0.4)X ]
0.74 [Y¢ ] spKt/V +1.62 \%
1- =— |-£

F \

S=4.0543; F=5; Uf=5400 ml; Kru=1.4 ml/min; spKt/V=1.4993; V calculated by Watson’s equation=29597.7 ml (already calculated in box 3).

S

0.974 10,080
stdKt/V = —+[Krux( +0.4)X ]
0.74 [Y¢ ] spKt/V +1.62 \%
1- =— |-£

F \

=[(4.0543/(1-0.027)] + [ 1.4 x {(0.974/3.1193) +0.4} x 0.34056

=(4.0543/0.973) + [1.4 x (0.3122+0.4) x 0.34056=4.1668 + (1.4 x 0.7122 x 0.34056)
=4.1668+0.3396=4.5064

StdKt/V is 4.5064
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Box 4: Example- calculate total weekly Kt/V in a patient receiving CAPD

Example:

A 54-year old man is on CAPD for 2 years. He is on 3 exchanges per day with night time dwell. His weight is 65 Kg and height 168 cm.
24-hour peritoneal dialysate drain volume is 10 L, pooled dialysate urea is 42 mg/dL, and plasma urea is 48 mg/dl. Calculate his Kt/'V
peritoneal dialysis. If his 24-hour urine output is 450 ml, and urine urea concentration is 550 mg/dL, then calculate his residual kidney

function, and total weekly Kt/V. Is he receiving adequate CAPD based on your result?

Answer:
Step 1: Calculating daily peritoneal urea clearance or Kt
Ktin Liters = (D /P _ ) x V (measured in Liters)

=(42/48) x 10=0.875 x 10=8.75 L

Step 2: Calculating V (volume of distribution of urea, that is total body water, by Watson Equation)
Watson: Male TBW or Volume of distribution of urea in Liters=2.447 - (0.09156 x age) + (0.1074 x height) + (0.3362 x weight)

=2.447 - (0.09156 x 54) + (0.1074 x 168) + (0.3362 x 65)
=2.447-4.9442+18.0432+21.853=37.399 L

Step 3: Calculating daily peritoneal dialysis achieved (Kt/V )
=8.75/37.399=0.234

Weekly peritoneal dialysis=daily peritoneal dialysis x 7=0.234 x 7=1.638

Step 4: Calculating residual kidney function K t/V:

Calculate K , t, and V (K is urea clearance per week, t is time=1 week, and V is volume measured as total body water).

K, is calculated in liters per week so we need to convert urea clearance obtained above from ml/min to liters/week.
K, (L/week)= Urea clearance (ml/min) X [60 X 24 X 7/1000] = Urea clearance (ml/min) X 10.08
V (total body water or volume of distribution of urea) is already calculated above (37.399L)

Urine volume in 24 hours is 450 ml.

Urine volume per minute=450/(24 x 60) = 450/1440=0.3125 ml/min
=550 x 0.3125/48=3.5807 ml/min

Urea clearance=Urea . X V _ (in ml/min)/Urea

urine urine plasma

K, in Liters/week=urea clearance (ml/min) x 10.08=3.5807 x 10.08=36.0935

K t/V =(36.0935 x 1)/37.399=0.9651

Step 5: Total Kt/V (Peritoneal dialysis+Residual kidney function) = Kt/V peritoneal + K t/V=1.638+0.9651=2.6031

Based on this result (total Kt/V=2.6031), this patient is receiving adequate peritoneal dialysis [minimum Kt/V urea should be more

than 1.7 as per guidelines].

on the solute and the vascular access. When solute under
question is urea, ‘C’ is equal to 35 minutes for arterial
access, and 22 minutes for venous access.

AV Fistula (Arterial Access)
eKt/V = spKt/V x T/T + C)*
Replacing value of ‘C’ we get:

eKt/V X TAT + 35)

urea

= spKt/'V

urea

*“T” is dialysis session time in minutes.

*¢C’ is a constant and its value depends on the solute and
the vascular access. When solute under question is urea,
‘C’ is equal to 35 minutes for arterial access.

Central Venous Catheter (Venous access)
eKt/V = spKt/V x T/(T + C)*

Replacing value of ‘C’ we get:

eKt/V, = spKt/'V x T/AT + 22)

*“T” is dialysis session time in minutes.

Indian Journal of Nephrology | Volume 31 | Issue 2 | March-April 2021

*¢C’ is a constant and its value depends on the solute and
the vascular access. When solute under question is urea,
‘C’ is equal to 22 minutes for venous access.

Standard Kt/V

Scenario 3: A 45-year-old female was unable to tolerate
more than 2 hours hemodialysis sessions, so she was started
with 5 hemodialysis sessions per week, each of 2 hours
duration. The patient is worried whether the dialysis dose
is adequate.

Discussion: Standard Kt/V is recommended for calculating
dialysis adequacy in more frequent hemodialysis.

Advantage: While single pool and double pool Kt/V
calculate adequacy of single dialysis sessions, standard
Kt/V calculates cumulative adequacy of multiple dialysis
sessions over a week. This makes it a more reliable
parameter of dialysis adequacy.

Disadvantage: Standard Kt/V may not be a very reliable
parameter of dialysis adequacy in smaller subjects and
females receiving hemodialysis more than 3 times per

105



Churchill and Patri: Calculating Kt/V

week. Surface area adjusted standard Kt/V is more
appropriate in these settings.

Equilibrated and non-equilibrated Kt/V are used to
assess the impact of a single dialysis session. Standard
Kt/V (stdKt/V) is useful when the need is to calculate
the efficacy of multiple sessions of dialysis over a span
of a week. This is more useful in patients receiving
frequent (more than 3 times a week) hemodialysis,
continuous or intermittent peritoneal dialysis, or continuous
renal replacement therapy (CRRT) in acute kidney injury.
Standard Kt/V is also useful when the aim is to compare
different dialysis treatment regimens and methods.!”

Fixed volume model and Variable volume model for
calculating stdKt/V

Standard KtV is a representation of hypothetical
continuous clearance in patients receiving intermittent
hemodialysis. It takes into account the averaged pre-dialysis
BUN levels, and urea nitrogen generation rate.* The fixed
volume model does not incorporate the effect of fluid removal
during dialysis and hence underestimates the delivered
dialysis dose. The variable volume model takes into account
the effect of fluid removal and the residual kidney function

too, and hence gives more accurate estimates.>
Method of calculating stdKt/V, .

Standard Kt/V,__ can be calculated as follows [Box 3].0%¢l

1. Step 1l: calculate spKt/V by equation used for higher
frequency hemodialysis (more than 3 times per
week). The equation is: spKt/V = -In (R — GFAC x T)
+ (4 — 3.5R) x 0.55 x Weight loss/V

2. Step 2: calculate eKt/V, for example by Tattersall
equation: eKt/V = spKt/V x T/(T + C), where ‘T’ is
dialysis session time in minutes, and ‘C’ is a constant.
When solute under question is urea, ‘C’ is equal to
35 minutes for arterial access, and 22 minutes for
venous access.

3. Step 3: calculate fixed volume model stdKt/V by this

- eKt/V
10,080 —
stdKt/V =
- eKt/V
1-e 10,080
b—_
eKt/V FxT

Here ‘T’ is treatment time in minutes; and ‘F’ is number
of dialysis sessions in a week preceding collection of
blood samples for analysis.

4. Step 4: calculate variable volume model stdKt/V by
following equation:

0.974
+ [ Kru x (
spKt/V +1.62

s 10,080 ]

tdKt/V =
stdKt/ "

+ 0.4) X

Here, ‘S’ is stdKt/V calculated from equation for fixed
volume model; ‘F’ is number of dialysis sessions per week;
U, is weekly ultrafiltration volume in milliliters (ml), ‘Kru’
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is residual urea clearance by kidneys (residual kidney
function) in ml/min; and ‘V’ is urea distribution volume in
ml.B¢

Surface area normalized standard Kt/V

Studies have shown that BSA (body surface area) seems to be
more closely correlated to actual TBW.I'337! Instead of “V’, or
volume of distribution of urea as a denominator for calculating
‘Kt/V’, use of BSA may be more appropriate for women and
smaller patients, as using ‘V’ results in underestimation of
stdKt/V and spKt/V.['") Moreover, ‘V’ changes when a patient
loses weight, or gains weight (as in edema), and this affects
spKt/V and stdKt/V. Using BSA instead of “V’ eliminates
error due to fluctuations in ‘V’.

This concept has led to the development of surface area
normalized standard Kt/V (SAstdKt/V). The equation is
given below:

SAstdKt/V = H

BSA

StdKt/V V,
X

Here, V_ is patient’s volume of distribution of urea in liters
and is calculated using Watson’s formula. BSA is body
surface area in m? calculated using DuBois and Dubois
formula. The denominator ‘Nf’ is ‘normalizing factor’, a
population mean V/BSA, and its value is 20 L/m? Its value
can change if formulae other than Walson’s for V  and
DuBois and DuBois for BSA.[!®

DuBois and DuBois formula for calculating BSA is given
below:

BSA = (W' x H'7) x 0.007184

Here, BSA is Body Surface Area in m?, ‘W’ is weight in
kilograms and ‘H’ is height in centimeters.

Kidney Disease Qutcomes Quality Initiative (KDOQI)
guidelines

KDOQI guidelines for thrice weekly hemodialysis
KDOQI guidelines recommend that patients with
residual kidney function of less than 2 ml/min on thrice
a week hemodialysis should be prescribed at least 3
hours each dialysis session.' Target single pool Kt/
V. (SPK/V ) is recommended to be between 1.2 to
1.4 per dialysis session, spKt/V_ _ of 1.2 is considered
minimally adequate, and 1.4 is the target recommended
dose.['8]

Many randomized control trials, including the Hemo study,
showed that patients undergoing hemodialysis thrice a
week, with higher Kt/V than that recommended (single pool
Kt/V ., of more than 1.4) have no survival benefit.?%")
Some studies have shown that Kt/V lower than 1.2 is
associated with increased mortality.***!) This implies that
target spKt/V of 1.2 to 1.4 is reasonable.!”

As discussed earlier, Urea Reduction Ratio (URR) is
another method of measuring delivered dialysis dose.

Indian Journal of Nephrology | Volume 31 | Issue 2 | March-April 2021



Churchill and Patri: Calculating Kt/V

URR of 63% roughly corresponds with spKt/V -~ of
1.2.#2 Hemodialysis clinical practice guidelines for the
Canadian Society of Nephrology recommends minimum
Kt/V of 1.2 or minimum URR of 65% for thrice a week
hemodialysis.®! For a given value of Kt/V, URR values
may differ significantly. General consensus is that URR
should be phased out and replaced with more precise
methods of measuring dialysis adequacy.'! Kt/V is more
precise than URR as unlike URR, Kt/V takes into account
the urea clearance due to ultrafiltration, and urea generated
during hemodialysis.'*#?1  Moreover, patient’s residual
kidney function cannot be incorporated with URR to
prescribe adequate dialysis dose.®

KDOQI guidelines for hemodialysis less than thrice weekly

The dose of hemodialysis may be reduced in patients
with significant residual kidney function. Residual kidney
function needs to be monitored closely, and dialysis dose
adjusted accordingly." Most centers measure the residual
kidney function monthly.

KDOQI guidelines for hemodialysis other than thrice
weekly (more frequent and continuous dialysis treatments)

Target standard Kt/V of 2.3 per week, with a minimum of
2.1 (this includes contribution of ultrafiltration and residual
kidney function) is recommended.!'®

Section 2 Peritoneal dialysis

Residual Kidney Function (RKF) when to measure and
when not to measure

If peritoneal Kt/V ~ is more than 1.7, residual kidney
function need not be monitored to estimate peritoneal
dialysis dose.

Anuria is defined as wurine output of less than
100 ml per day. If 24-hour urine output is less than 100 ml,
residual kidney function need not be calculated to monitor
peritoneal dialysis dose.[*¥

Calculating Kt/V

Kt/V . in peritoneal dialysis can be calculated as follows
[Box 4].41

Step 1: calculate Kt: Kt is the daily peritoneal urea
clearance.

It is calculated by following equation:

Kt=(D, /P )xV,

urea ~ urea

wea 18 urea  concentration in  pooled  drain
dialysate (dialysate from all exchanges in 24 hours is
pooled, mixed properly, and then sample is collected from
this to assess D

-
P is urea concentration in plasma.

urea

V, is 24-hour peritoneal dialysate drain volume.

D/P of small solutes is not affected by body size.**
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Step 2: calculate ‘V’. “V’ is volume of distribution of urea
and is equal to total body water.

Calculating V' in patients with adequate nutrition and
weight close to dry weight

In adults whose weight is equal to or approaching dry
weight, either Watson or Hume equation should be used to
calculate *V’ when calculating Kt/V 1124

Watson:1'121

Male TBW = 2.447 - (0.09156 x age) + (0.1074 x
height) + (0.3362 x weight)

Female TBW = -2.097 + (0.1069 x height) + (0.2466 x
weight)

Hume-Weyers:'"

Male TBW = (0.194786 x height) + (0.296785 x
weight) - 14.012934
Female TBW = (0.34454 x height) + (0.183809 x
weight) - 35.270121
Step 3: calculate daily peritoneal dialysis achieved (Kt/
Vurea) and weekly peritoneal dialysis (Kt/Vurea x 7)

Step 4: calculate residual kidney function (if required):

Method of calculating residual kidney function is described
above in hemodialysis section.

When to increase the dose of dialysis

If a patient fails to thrive despite an adequate calculated
Kt/V ., and there is no identifiable cause other than
kidney failure (such as peritonitis, comorbid conditions), an
increase in dialysis dose should be considered.*

Patient’s symptoms should be considered in the decision
to adjust dialysis prescriptions. Studies have suggested that
patients with lower clearance require more erythropoietin
for management of anemia, are more prone for inadequate
ultrafiltration, and are more likely to be uremic,
hyperkalemic, acidemic, and suffer death from congestive
heart failure.[*¥

Uremic pericarditis, uremic neuropathy, nausea and
vomiting (no other cause identified other than uremia),
hyperkalemia, pruritis, sleep disturbance, restless
leg syndrome, volume overload, metabolic acidosis
unresponsive to oral bicarbonate therapy and anemia are
other reasons for increasing the dialysis dose.[*!]

If residual kidney function is minimal, intermittent peritoneal
dialysis may not be adequate. Continuous peritoneal
dialysis (24 hours per day) is recommended in this situation
to achieve adequate middle molecule clearance.*

Conclusion
The choice formula of Kt/V (whether spKt/V, eKt/V,

stdKt/V, or SAstdKt/V) appropriate for calculating
adequacy depends on several parameters including
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gender, size of the patient, frequency of dialysis, dialysis
modality (hemodialysis versus peritoneal dialysis),
inter-dialysis weight gain, clinical symptoms and rate
of complications (like fluid overload, hyperkalemia, and
intolerance to dialysis). Residual kidney function (if urine
output is more than 100 ml/day) should not be ignored
when calculating adequacy of dialysis. Kt/V _ is not a
perfect measure of dialysis adequacy, as it does not measure
the clearance of middle molecules like B2-microglobulin.
Also, uremic toxins generation rate is different for different
individuals, so it is more appropriate to measure dialysis
adequacy as clearance with uremic toxins generation rate
as denominator."® Factors like uremic symptoms, nutrition
parameters like serum protein and albumin levels, vitamin
B12 and (2-microglobulin levels are also important for
measuring dialysis adequacy.

Hemodialysis machines with online clearance monitoring
facility have recently created an interest. These machines
allow frequent assessment of dialysis adequacy (Kt/V)
without the need for taking blood samples. It is done
by measuring ionic dialysance through conductivity
measurements of dialysate using online clearance monitor.®

Appendix: Links to online calculators
Residual Kidney Function

1. QxMd: https://qxmd.com/calculate/calculator 232/
residual-urea-clearance

Volume of distribution (V) or Total Body Water (TBW)

1. Medecalc: http://www.medcalc.com/tbw.html

2. QxMD: https://qxmd.com/calculate/calculator 344/
total-body-water-watson-formula

3. Merck  manuals:  https://www.merckmanuals.com/
medical-calculators/TBW_M_Watson.htm

Natural logarithms Tutorials

1. Nippissing University: https://calculus.nipissingu.ca/
tutorials/logarithms.html

2. Khan Academy: https://www.khanacademy.org/math/
algebra2/exponential-and-logarithmic-functions/
introduction-to-logarithms/v/logarithms

Natural Logarithm calculators
1. Rapid Tables: https://www.rapidtables.com/calc/math/
Ln_Calc.html

Kt/V Calculators

1. QxMD Kt/V Daugirdas. Link: https://qxmd.com/
calculate/calculator 128/kt-v-daugirdas

2. Merck Manuals. Kt/V Dialysis Dose Formulae
MultiCalc: https://www.merckmanuals.com/
medical-calculators/Kt V_Formulae Multi.htm

3. Easy calculation: Kt/V Calculator - Dialysis Dose
Calculation.  https://www.easycalculation.com/medical/
dialysis.php

4. MedCalc : Hemodialysis — Kt/V and URR. http://www.
medcalc.com/hd.html
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5. Touchcalc: http://touchcalc.com/calculators/ktv_quick
6. HDCN: www.hden.com

Body surface area

1. Cornell  University:  http://www-users.med.cornell.
edu/~spon/picu/calc/bsacalc.htm
2. Merck  Manuals:  https://www.merckmanuals.com/

medical-calculators/BodySurfaceArea.htm
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