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Update in Hemodialysis |

Assessment of Extracellular Fluid Volume
in Hemodialysis Patients

R L E L

Sejoong Kim

Sodium and ECV in diaIySiS Dry weight prescription mimicks the native kidney

closed-loop ECV and BP regulating system

» Sodium balance affects CV mortality of dialysis patients

DryWelght GFR 4 )
Renlnﬁ
— not only by raising BP through increased ECV
J Am Soc Nephrol 1999; 10:2248-2258
« Increased intracellular sodium content, and increased TPR ./ Aldo
Clrcums(ances

Symptoms
Signs

\’f

ECV

— But through an independent effect on LVH
Nephrol Dial Transplant. 1997; 12:145-248

Sodium balance has a strong impact on morbidity and mortality of patients on hemodialysis

62/Male

» ESRD on HD (2004.3-, SNUBH)
» s/p CABG (2008.3.6) > CAG (2008.8.22)> medical F/U
* HBV-LC, HCC: s/p RFA (2003) > NED

e h/o CVA (1995) : no deficit
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Dry weight?

le 4 Dry weight clinical assessment data

(1) Case history

(4) Lab data

ECV overload
Excessive salt intake
Dyspnea, headache

(2) Signs No BP postural drop
Increased BP
Weight increase
Full neck veins
Edema
(3) X-Ray Increased cardio-thoracic index

Decr
serum albumin

sed hematocrit, total proteins and

ECV depletion

Diarrhea, vomiting, diuretics
Postural dizziness, cramps
BP postural drop
Hypotension
Decreased weight
Flat neck veins
No edema
Normal cardio-thoracic index
Increased hematocrit, total proteins and

serum albumin

BP=blood pressure; ECV=

Alular volume.

Clinically apparent edema > interstitial volume increased by 2.5-3L

Diagnostic accuracy of each parameter for the presence of volume overoad in patients
presenting with dyspnea to the emergency department

Finding Sensitivity 06 Spedifidty (%) Positive LR (95% CI) Negative LR (95% CI)

Symptoms
Paroxysmal noctumal dyspnea 41 £ 26 (15-4.5) 070 (0.54-0.91)
Orthopnea 50 77 22(1.2-39) 065 (045-0.92)
Edema 51 76 21(0.92-50) 064 (039-1.1)
Dyspnea on exertion 84 34 13 (1.2-14) 048 (035-0.67)
Fatigue and weight gain 31 70 10 (0.74-14) 099 (085-1.1)
Cough 36 61 0.93 (0.70-1.2) 10 (087-13)

Physical exam
Third heart sound 13 99 11 (49-25.0) 0.88 (0.83-0.94)
Hepatojugular refiux 24 9% 64 (0.81-51.0) 079 (062-10)
Jugular venous distention 39 92 51(3.2-7.9) 066 (0.57-0.77)
Rales 66 78 28 (19-4.1) 051 (037-0.70)
Any murmur 27 90 26 (17-4.1) 081 (0.73-0.90)
Lower extremity edema 50 78 23 (15-3.7) 064 (047-0.87)
SBP < 100 mmHg 6 97 2.0 (0.60-6.6) 097 (091-1.0)
Fourth heart sound 5 97 16 (047-5.5) 098 (093-1.0)
SBP > 150 mmHg 28 73 10 (069-1.6) 099 (084-1.2)
Wheezing 22 58 0.52 (038-0.71) 13 (L1-17)
Ascites 1 97 0.33 (0.04-2.9) 10 (0.99-1.1)

JAMA 20052941949 Korean J Med 2011,80.335-345

Dry weight

« The reduction of BP to hypotensive levels during UF, represented

the achievement of a dry weight status

Arch Intern Med 1967:120:153-167

— In a patients receiving antihypertensive medication?

* The post-dialysis weight at which the patient is and remains

normotensive until the next dialysis in spite of the interdialytic fluid

retention without anti-hypertensive medication

Kidney Int 17: 571-576, 1980

Probing for dry weight

346 were eligible

Dry weight Reduction
In hypertensive hemodialysis Patients

250 were consented
150 were randomized

00 were assigned to receive

50 were assigned to a
additional ultrafiltration

control group

9 patients did not
complete the study
5 withdrew consent
3 were hospitalized
1 had high BP

7 patients did not
complete the study
1 withdrew consent
1 was transplanted
5 had high BP

91 completed the study 43 completed the study

Hypertension 2009 53: 500-507

BP responds to lowering of “dry weight” target by

“probing” method

Post-dialysis weight was reduced by
0.9 kg at 4 weeks and at 8 weeks,
dry weight was reduced by 1 kg

Change is systolic ambulatory BP from baseline (mm Hg)

Control
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Intradialytic symptoms

Table $1: Proportion of patients with i ic signs and symptoms of

Szm k)m/S\gn Baseline prevalence Change from baseline

Cramps 210 0 weeks 02 weeks 24 weeks 46 weeks 6-8 weeks
Control 14.5 (8.6 to 20.3) 15(77t047) -42(-106t02.1) -17(-821048) 45(-11.1t02.1)
Uttrafiltration 102(60t0143)  56(1210101) 118(7410163)° 83(3810129) 6.0(1.410105)
Difference 43(-11.41028) 71(05t0148) 16.1(831023.9) 10.1(2210180) 10.1(25t0185)
Dizziness

Control 47(10t083) -23(-6.71020) 27(-70t01.7) -21(661023) 24(-70t021)
Uttrafittration 34(08106.0) 22(08153) 51(201082F  67(351098F  60(28t09.1)
Difference 13(571032) 46(061099) 77(24t0131)  88(3310142)  84(29t0139)
Hypotension

Control 121(5910182)  06(691057)  -0.6(-691058)  40(2410105)  06(60t07.2)
Ultrafiltration 116(7210160)  61(1610105) 96(52t014.1} 132(861017.8) 132(86t017.7)
Difference -04(-80t07.1) 67(10to144) 102(25t0180)" 92(12t017.1) 126 (4.6t0206)
Ultrafiltration stopped

Control 133(7.51019.1)  25(901040)  -27(-9.31039)  20(471087)  18(5.010856)
Ultrafiltration 141(10010182)  58(1.1t0104) 133(87t0180) 964810143 102 (5510149
Difference 7(641078) 83(80t0241)t 161(80t0241)t 76(06t0158) 84(0.1t0 16.7)
Bolus saline

Control 97 (5110 14.3) 03(56t051)  -37(9.11017)  -08(471062)  0.0(051006)
Ultrafiltration 64(321097) 53(161092)t 73(35t111) 93(54t0131) 84 (4510122
Difference -33(-891023) 56(09t0121) 110(44t0176)t 85(18t0152) 84(16t0151)

The reduction of dry weight is a simple, efficacious, and well-tolerated maneuver to
improve BP control in hypertensive hemodialysis patients.

By its very nature "dry weight probing” necessarily induces an increase in

adverse intradialytic symptoms, signs and interventions

Technique Benefits Limitations References

Benefits: 40.43.45.46.51.52
Limitations: 44.47—49

Ease of use Difficult to use in heart
No additional labor cost failure. tricuspid/mitral
ly sensitive for the valve disease
Cannot detect the
“underhydrated” state
Normal” range?
Meaning of low value?
Widely available Difficult to use in heart
Reflective of intravascular failure
volume status Overestimates degree of
Change in size correlates well  dehydration postdialysis
with ultrafiltration volume/  Interoperator erroy
hemodynamic parameters  Highly variable/difficult to
‘nomalize to population
Hydric volumes comelate well  Postdialysis measurements
with isotope dilution of ECF often
methods underestimate
Ease of use. immediate ultrafiltration volume
results Underestimates volume
Reproducible/repeatable removed from trunk
Measurement of interstitial Accurate measurement of
space and ICF ICF confounded by
Immediate assessment of temperature and ion
status effect
Accurate measurement of
ECF confounded by effect
of recumbancy

Biochemical markers

ly
volume overloaded state

Reflective of intravascular
volume status

Benefits: 60-
Limitations

Vena cava diameter

Benefits:

Bioimpedance
Limitations: 7

Benefits: 93-95
Limitations: 89

and Continuous plasma volume
understanding dependent on numerous

Allows for concomitant factors other than
prevention of hypotension hydration of the

May be useful to screen for interstitial space

an inappropriately high or  Measures relative volumes

Tow dry weight only

Interpatient variability

Blood volume monitoring

Principle of blood volume sensor

Arterial line
(expansion
chamben)
Plasma ° _
valiima Emitter Receiver

By 4 A& Al Hemoglobin (Hb) = 10
S4 3A2 AIBOIASI Hb = 11
S4 3AI2E AIEOIAS BV%
= (10/11-1) x 100= - 9%

Dialysis - If dry weight is adequately set

Pre-dialysis
Post-dialysis l

a2

ABV 10% Blood Volume reduction

“steep”

&= ursL
70 73
Body Weight (kg)

Blood Volume
O R N w Bs u oo N

Dialysis - If dry weight is overestimated

Post-dialysis fispciaysls

-
ABV <<10%

Blood Volume reduction

True dry weight
&= Ur3_
70 73 76
Body Weight (kg)

Blood Volume
O R N w b oo N

Dialysis - If dry weight is underestimated

Pre-dialysis

Post-dialysis

Blood Volume reduction
o%

!

ABV >10%

True dry weight
= UFsL
68 71
Body Weight (kg)

Blood Volume
O R N W A oo N
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Proposed guide to using Hemocontrol for dry body
weight adjustment

Intradialytic hypotension

andfor other symptoms of hypovolemia (nausea,
vomiting, headache)

No Yes

reduce dry weight

less negative by 0.3 kg per week evaluate for other factors

than -2 %/L until BV/UFvol falls as cause of hypotension
between -2 and -4 %/L
between no indication to evaluate for other factors
BV/UFvol -2 and -4 %/L change dry weight as cause of hypotension

increase dry weight
by 0.3 kg per week
until BV/UFvol falls
between -2 and -4 %/L
and symptoms disappear

more negative
than -4 %/L

no indication to
change dry weight

A case of inaccurate dry weight setting revealed
by blood volume monitoring

Baseline: dry weight set at 62.0 kg
interdialytic ambula.tory BP: 149/ 88 mmHg

105

Relative plasma volume (% of baseline)
9%

LY
PR flat BV curve
rd

8 weeks later: dry weight reduced to 60.0 kg
interdialytic ambulatory BP: 125 / 77 mmHg

Baseline  ©Weeks steep BV curve

T
1 3 4

2
Time (hrs)

Agarwal and Weir, CJASN 2010

Blood volume curve appearance is predictive of
outcome

100+
g
g
£ 75 . Steeper RBY curve
= e,
2
2
5 Flatter RBV curve
2 50
(]
‘s
a
Logrank p = 0.011
25 Flatter-------- Steeper
T —
0 6 12 18 24 30 36 42 48 54 60 66
Months
Number at risk
Flatter slope 155 136 121 103 87 73 62 44 38 34 22 15
Steeper slope 154 138 123 111 97 80 66 55 51 43 29 18

Agarwal, Hypertension 2010

HEMOQCONTROL hiofeedback system

a biocontrol feature of the Artis dialysis machine

Prescription of
UF volume, Na, Final BV

Automatic adjustment
of UF rate and Na level

Continuous assessment
of actual vs. target level
v %BV

¥ UF vol
v Na

Clinical significance of Monitoring the
Blood Volume variations

Assesment of plasma refilling rate

11.2

L1

r0.8

0.6

[0.4

~ 02

80 120 200 240
Time (min) 0.0

“The use of dynamic test, based on ultrafiltration stops, may be useful for optimi

sing the patient’s dry-weight and fto evaluate the individual capillary filtration ¢

oefficient.”

Weight loss rate (Kg/h)

Blood volume change (%)

160

Santoro A et al int. J Ant. Org, 1997.

Blood volume monitoring

+ Ease of use and understanding
+ Allows for concomitant prevention of hypotension
* May be useful to screen for an inappropriately high or low

dry weight

+ Continuous plasma volume dependent on numerous factors
other than hydration of the interstitial space
* Measures relative volumes only

+ Interpatient variability
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Definitions

Normovolemia Dry weight

» Normal volumes of body water ¢ The achieved post-dialysis weight
(ICW, ECW and TBW) in tissues (HD) or steady state weight (PD, CKD)
and body fluid compartments ¢ Theclinically-determined desirable
adjusted for race, sex, age, and target weight (post HD or steady

bady composition distribution An absolute definition with a readily

between lean and fat tissue measured, acceptable accurate

« Potentially an “absolute”

definition G

and clinically useful determination
of normovolemic weight (and OH)
is achievable at bed-side with
BCM

Three phases of pre-dialysis MAP and post-dialysis weight

769 patients started on long slow HD in Tassin (1967-1994}

65 96% of patients
off

antihypertensive

]
8
»

Kg
Pre-dialysis MAP

Post-dialysis wt

2
o

0 1 2 3 6 9 12
Dialysis months

Transition phase: ~3mo Anabolic phase: 3~12mo Stabilization: 12~

UF + strict low salt diet Liberalize diet Systemic and

Hypotension and severe cram| Follow dry weight increase Incidental re-evaluation
Stop antihypertensive medication

Neohrol Dial Transplent (1996) 11 [Suppl 2} 16-19

BCM (Body Composition Monitor)

Pre dialysis wgt (75kg) —»-

Post dialysis wgt (73.5kg) —»~ ~ - -
Tolerated wgt (72.5 kg) E:zf:s Clinical Dry wgt

Normohydration wgt (71Kg) —#—————————f- !

Lean

tissue
- AARAAL. ] Y
4

Adipose
tissue

V. A\

Normohydration weight

* The normohydration weight

— normal hydration of body tissues in healthy controls with matched

body composition (zero excess fluid)

— Synonymous with normovolaemia or euvolaemia or the concept of

normal extracellular volume.
» A possible target weight for a patient,
— it does not necessarily mean that this weight can be achieved.

— Comorbidity and the use of antihypertensive agents

« factors that influence the vascular stability of a patient during treatment.

Can we do better?

« Simple, portable, repeatitive

* Not invasive

« Relative inexpensive b b
7

» Moderate accurate

* High precision with serial measurement =

+ Differentiate ECV from ICW 7'/

Electrical behaviour of body

resistors and

‘The human body
is a crcuit of
Reactance (X): Cell membrane capacitor capacitors

x( R«c\\)
\ /L

| A
WVW\

Recw)
Resistance (R): Electrolytic fluids

Upper
leg (thigh)

Impedance (Z): The integrated (net) impairment .
leg (cat)
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Electrical behaviour of tissue is frequency dependent BCM and normovolemia

ECW.

Ze fr
erofrequenty - BIS estimates for ECW, ICW and TBW

(Cell behaves as an
insulator)

R o« ECW volume

L2221 20N1321

* Known normal tissue hydration for age, sex and tissue E/I

ratios from numerous reference data

Medium frequency 5
(ORIE) Example: |
. Normally |
(Cell behaves as a Z o« 7 volume ‘:ny:;:!::v Adpose
partial insulator) — Leanyormivor ECW + Fatyopyivor ECW o  tssun
= expected Totalyeguyor ECW - =
— Measured ECW - expected Totalyogmuyor ECW e
High frequency (Mer)

= Overload or Overhydration (OH)

Extracelllar water,
(Cell behaves as an Z o« TBW volume — Normovolemic weight ﬁ.’ﬁ'&' | proteins, and minerg
ordinary conductor) ‘adipose tissue

= Measured weight — OH (kg) Hacn)

Am J Cin Nutr 2007; 85: 86-89

Bioimpedance spectroscopy BCM Targeted Dry Weight
for management Of ﬂUId balance An alternative to the probing method and appropriate for hypervolemic

and for hypotension prone patients

Gold standard method Number R Mean+SD

ECW bromide 120 healthy subjects 076 -0.1% 18 litres Guided optimisation of fluid status in HD patients
32 HD patients
cw total body potassium 078 o. itres
TBW deuterium 0.88 -0. litres
= e oeEToN ) . ) . )

o Chesltbysublects 0.4 LocELoline The aim of this interventional study was to guide the patient

Fat dual-energy X-ray absorptiometry 41 HD patients 082 “L1za2kg

19 liver patients

130 cancer patients

321 healthy subjects ) .

air displacement plethysmography 25 HD patients 084 T0%41kg normohydration over the course of approximately one year.
19 liver patients

141 healthy subjects

population of a complete dialysis centre towards

FEM 4-compartment modelling [33] 25 HD patients 0.9
141 healthy subjects -02%35kg Fluid status was assessed frequently (at least monthly) in HD
dual-energy X-ray absorptiometry 22 HD patients 0.89 -0.9%37kg
22 halthy subjects patients (n=59) with the BCM.
Fluid overload clinical assessment 370 HD patients n.a. -0.23%1.51 litres
ultrafiltration volume 55 HD patients R=0.76 0.015%0.8 litres.
Accuracy : OH + 1.1 Litre NDT 2009

Blood Purif 2009; 27: 75-80

6 6 6 67 -
POST PRE | posT |
4 a1t ‘
= 4 a - .
= P2 2 |
o =S = - i
Lo | - 0 o
2 2 —{ o
3 e ; . e
. . é] é-— 4 B ! 1
. -6 B3
2 2 first middle last first middle last
first middle last first middle last
First assessment Last assessment
First assessment Final assessment t
o | - gy st OH pre [L] 04+08 > 1,7 £ 0,8 (p=0,004)
OH pre [L] 42206 — 2 + 0,8 (p<0,001)
OH post [L] 23212 s -1£07 (90,010
OH post [L] 2:11 0.7 + 12 (9<0,001) postlt] & s d
BP pre [mmHg) 155227 159219 (n.s.)
BP pre [mmHg] 153 £17 133 £ 31 (p=0,042)
89210 P 70225 (ns) pe s 779 (na)
8P post (mmHa] 15428 133230 (ns) BP post [nmHg) 124224 145432 (n.s.)
82210 6212 14 (p=0,031) 75+ 16 70412 (ns.)
AHt Medication 05+08 0,250,45 (ns.)
AHt Medication 16215 m— 1 + 1.2 (p=0,031) Symptoms (%in last4 | 25,7% £ 10% g 6,9% * 7,8% (p<0,001)
Symploms (%in last4 | 0.7% = 2.4% 0.7%£24%
weeks)
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Bioimpedance

Table 4 Dry weight clinical assessment data

ECV overload
Excessive salt intake
Dyspnea, headache

(1) Case history

ECV depletion
Diarrhea, vomiting, diuretics
Postural dizziness, cramps

(2) Signs No BP postural drop BP postural drop
. o7 s . Increased BP Hypotension
« Hydric volumes correlates well with isotope dilution methods Weight increas Decreased weight
Full neck veins Flat neck veins
+ Ease of use, immediate results ) Edema No edema
(3) X-Ray Increased cardio-thoracic index Normal cardio-thoracic index
. (4) Lab data Decreased hematocrit, total proteins and Increased hematocrit, total proteins and
* Reproducible/repeatable serum albumin serum albumin
. . BP=blood pressure; ECV=extracellular volume.
* Measurement of intersitial space and ICF potpremE e oume
« Immediate assessment of nutritional status Table 6 Summary of nonclinical ECV measurement methods
. . . Method ANP/BNP/cGMP IVC Echo Blood volume Bioimpedance
* Postdialysis measurements of ECF often underestimate UF T T my—— T n T T
. ECV depletion detection capacity 0 + e+
* Underestimates volume removed from trunk Plasma volume measuring capacity + o 0
Interstitial space measuring capacity 0 0 ++
* Accurate measurement of ICF confounded by temperature and ion goomsy, = = 3 :
eproducivity 0 + +
Cost + ++ ++ T
effect
ANP, atrial natriuretic peptide; BNP, brain natriuretic peptide; cGMP, cyclic guanosine monophosphate; ECV, extracellular volume; IVC =in-
) ferior vena cava. O=nil; = =very low; +=low; ++=medium; +++ =high.

Accurate measurement of ECF confounded by effect of recumbency

The 3 extracellular volume regulating methods
in hemodialysis patients:

Na* dialysate
./ (DIFFUSION)

\

UF \
(CONVECTION)

Dry Weight

Reduced salt intake,
Reasonably low dialysate sodium concentration

Adequate ultrafiltration.
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