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Outline of the presentation

• Cardiovascular disease (CVD) in dialysis patients

• Poor long-term survival of this population

• The problem of overhydration (OH)

• Paradoxical change between blood pressure and 
hydration status

• Dry weight (DW) estimation

• The use of bioimpedance analysis (BIA)
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Ｆｕｎｄａｍｅｎｔａｌ issues in dialysis therapy

• Solute removal

• Vｏｌｕｍe control
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CVD and ESRD

• CVD is the leading cause of mortality.

• Between 2005 and 2007, CVD was the 
primary cause for almost 45% of all 
deaths of dialysis patients in the U.S.

AJKD 2010, 56: 399- 4



• CVD mortality is 5 to 45 times higher in 
dialysis patients who are 45 years old and 
older and 180 times higher in dialysis 
patients between the ages of 20 to 45 
compared to the general population. 

AJKD 2010, 56: 399- 5

CVD and ESRD



• Although mortality rates in ESRD patients 
have declined significantly over the past 20 
years, the  long-term survival remains poor.

• There are many risk factors for developing 
CVD in ESRD patients such as traditional risk 
factors and nontraditional risk factors.

Poor long-term survival and ESRD

AJKD 2010, 56: 399- 6
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Contrib Nephrol 161: 99–107, 2006



Overhydration in dialysis patients

• Predicts the patient outcome

• Leads to high cardiac mortality

• Contribute to inflammation and malnutrition

• Increases blood pressure and arterial stiffness 

• Decrease appetite and physical activity and 
quality of life

Chen W, et al. Blood Purif 2007;25:260-266 8
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TN:  (n=58)

Tassin normo-tensive

Long HD (8 hours)

SN:  (n=25)

Swedish normo-tensive

Short HD (3-5 hours)

SH:  (n=28)

Swedish hypertensive

Short HD (3-5 hours)

Katzarski et al, Nephrol Dial Transplant, 1999

TN SN SH
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Systolic blood pressure Diastolic blood pressure



11

AKJD 2001;37:588-93

Strict Volume Control Normalizes Hypertension 
in Peritoneal Dialysis Patients



Dry weight in HD

• In 1967, Thomson initially defined dry weight as
the reduction of blood pressure to 
hypotensive  levels  during  ultrafiltration.

• In 1996, Charra suggested ‘the post dialysis 
weight at which the patients can remain 
normotensive until the next dialysis without 
use of antihypertensive medications’ 

Clin J Am Soc Nephrol 5: 1255–1260, 2010
Contrib Nephrol 161: 99–107, 2006
Contrib Nephrol 150: 104-110, 200612



Dry weight in PD

• Due to the steady state condition in PD, 
euvalemia is more difficult to determine 
than in hemodialysis.

Contrib Nephrol 161: 99–107, 2006
Contrib Nephrol 150: 104-110, 2006
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Assessment of fluid status

• Clinical assessment (blood pressure, edema)
• Tracer dilution techniques 

• Relative blood volume (RBV) monitoring

• Chest X-ray (cardiothoracic index: CTI)

• Inferior vena cava diameter (IVCD)

• Biochemical markers (BNP, NT-pro BNP)

• Bioimpedance analysis (BIA)
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Hydration status and edema formation

Clin J Am Soc Nephrol 3: 153–158, 2008

IVCD

RBV
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Hydration status and edema formation 

Clin J Am Soc Nephrol 3: 153–158, 2008
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Not only overhydration and 
hypoalbuminemia but also 
endothelial dysfunction 
are independently correlated 
to edema formation in PD patients.

Perit Dial Int 2011; 31:160-167 

FMD (Flow Mediated Dilatation)
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95 133

74 (15%)5069 (13%)

27
52 (10%)

Nephrol Dial Transplant (2008) 23: 2965–2971

N=500, HD patients

Hydration status and Blood pressure

Overhydration 
with hypertension

Overhydration 
despite hypertension



15 of the 41 PD patients
(36.6%) were overhydrated,
without hypertension and
other clinical signs of volume

overload .

PDI 2002; 22:477-87 19
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The total peripheral resistance in the high volume status group were
significantly lower than that of the normal volume status group.
Therese result indicated that high volume status lead to decrease in 
total peripheral resistance. 

Am J Nephrol 2008;28:508–516

Normotension
Normohydration

Hypertension
Normohydration

Normotension
Overhydration

Hypertension
Overhydration



The problem of clinical assessment 

• Paradoxical change 

–autonomic nerve insufficiency

(parasympathetic activity ↑) 

–endothelial dysfunction, arterial stiffness…

• Edema formation is influenced not only 
overhydration and hypoalbuminemia but also  
LVH, obesity, and endothelial dysfunction.
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Assessment of fluid status
• Clinical assessment (blood pressure, edema)

• Tracer dilution techniques

• Relative blood volume (RBV) monitoring

• Chest X-ray (cardiothoracic index: CTI)

• Inferior vena cava diameter (IVCD)

• Biochemical markers (BNP, NT-pro BNP, ANP)

• Bioimpedance analysis (BIA)
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Nephrol Dial Transplant 2008, 23: 808–812
Seminars in Dialysis 2009, 22:9-12
Clin J Am Soc Nephrol 2010, 5:1255–1260



Relative blood volume (RBV) monitoring
• Assessed by measuring changes in hematocrit or protein 

during dialysis.

• The slope of the BV versus time curve is related to 
hydration state.

• There is not yet a 

standardized approach  

to estimate dry weight  

from intra-dialytic BV 

changes. 
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Nephrol Dial Transplant 2008, 23: 808–812
Seminars in Dialysis 2009, 22:9-12
Clin J Am Soc Nephrol 2010, 5:1255–1260



Chest X-ray (cardiothoracic index: CTI)

• Radiation

• Difficult to estimate minor increases in 
volume status

• Difficult to distinguish between normo-
and under-hydration 
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Nephrol Dial Transplant 2008, 23: 808–812
Seminars in Dialysis 2009, 22:9-12
Clin J Am Soc Nephrol 2010, 5:1255–1260



Inferior vena cava diameter (IVCD)

• Related to right atrial pressure and plasma volume

• Influenced by cardiac disease (right-side)    

• Inter operator error

• The timing of measurement is important because 
of the refill of plasma volume
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Nephrol Dial Transplant 2008, 23: 808–812
Seminars in Dialysis 2009, 22:9-12
Clin J Am Soc Nephrol 2010, 5:1255–1260



Biochemical markers
(BNP, NT-pro-BNP, ANP)

• BNP and NT-pro BNP, released in response to left 
ventricular stress.

• These are useful serum cardiac biomarkers for 
prognostication and cardiovascular risk stratification.

• The role of detecting abnormalities of fluid status is 
under debate.

• Reflected not only by overhydration but also LVH and 
intrinsic cardiac disease.
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Nephrol Dial Transplant 2008, 23: 808–812
Seminars in Dialysis 2009, 22:9-12
Clin J Am Soc Nephrol 2010, 5:1255–1260



Bioimpedance analysis (BIA)
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Whole body measurement   Segmental measurement

MF(multi-frequency)-BIASF(single frequency)-BIA     

Bioimpedance analysis (BIA)
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Kidney  International  (2006) 69, 1609–1620

Principle of bioimpedance spectoroscopy 
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Perit Dial Int 2007; 27:496–502

2 compartment model



Bioimpedance analysis (BIA)

• Reproducibility

• Operator-independent method

• Management of volume status

• Assessment nutritional status

• Estimates fluid sift between compartment
– FFM (ECW, ICW, ECS, ICS), Fat
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Nephrol Dial Transplant 2008, 23: 808–812
Seminars in Dialysis 2009, 22:9-12
Clin J Am Soc Nephrol 2010, 5:1255–1260
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How to normalize ECW ?
Weight? Height? TBW? etc…

ECW/height; sensitivity 86 %, specificity 80% 
< Man: 10.96 liters/m, Female: 9.13 liters/m> 

ECW/weight; sensitivity 76%, 
influenced by overhydration, malnutrition, obesity, inflammation
ECW/TBW; sensitivity 45%, strongly influenced by age

Blood Purif 2004;22:301–306 



BIA cannot distinguish 

intravascular and extravascular volume

1. If the excess fluid is considered intravascular and 
associated with hypertension or impaired cardiac 
function then attempts to normalize fluid status should 
be made.

2. If the fluid excess is mainly extravascular, as appears to 
be the case in the more hypoalbuminemic, frequently 
inflamed patients, then the trade off in achieving 
normovolemia and maintaining residual renal function.

33



BCM (Body Composition Monitor)
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Overhydration (Δ Hydration status)

• As normal ECW or TBW can be determined for a 
given weight and body composition, OH can be 
calculated from the difference between the normal 
expected ECW and the measured ECW.

• The expected normal values of ECW or TBW that 
result with healthy kidney function.

• The reference dates are adjusted age and sex.

• BCM can easily measure individual overhydration.
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Conclusion

• Overhydration is one of the most important risk factors 
for poor long-term survival and CVD.

• It is difficult to estimate volume status accurately in 
dialysis population.

• Clinical judgments such as BP and edema are not 
sufficient for the assessment of dry weight.

• We have to bear in mind the paradoxical change 
between blood pressure and volume status when we 
evaluate volume status. 

• BIA is so far the most useful technique in assess and 
follow-up of hydration status clinically. 
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Thank you


