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Abstract 
 

Background: Fluid balance is an integral component of 

hemodialysis (HD) treatments to prevent under- or overhydration, 

both of which have been demonstrated to have significant effects 

on intradialytic morbidity and long-term cardiovascular 

complications. Fluid removal is usually achieved by ultrafiltration to 

achieve a clinically derived value for "dry weight".  

     
Objectives: To demonstrate the value of non invasive 

monitoring of hematocrit during HD in better understanding of 

hemodynamics in chronic HD patients , better estimation of the dry 

weight compared to conventional methods in pediatric age group 

and decreasing the frequency of intradialytic morbid events (IME). 

 
Methods : In this present study, the dry weight of 15 chronic HD 

pediatric patients was assessed using non invasive blood volume 

monitoring (NIVM) device and this was compared to the dry weight 

previously assigned to these patients based on conventional 

clinical methods. Changes in blood pressure readings together 

with the frequency of IME, before and after dry weight estimation 

using NIVM, were recorded and compared. 

         
Key words : Dry weight, blood volume monitoring, hematocrit, 

intradialytic morbid events. 
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Introduction and aim of the work: 

 
Introduction: 
 
The current focus on Kt/V as an index for adequacy of dialysis in terms 

of solute removal ignores the contribution of volume as an independent 

factor influencing outcome. Ultrafiltration adequacy is related to the 

concept of dry weight achievement. Patient’s dry weight is defined as 

the weight at the termination of a regular dialysis session, below which 

the patient will become symptomatically hypotensive. Incorrect 

estimation of dry weight will lead either to chronic fluid overload or 

chronic dehydration. Unfortunately, there is no standard measure of dry 

weight and as a consequence it is difficult to ascertain adequacy of fluid 

removal for an individual patient. Additionally, there is a lack of 

information on the effect of ultrafiltration on fluid shifts in the 

extracellular and intracellular fluid spaces. It is evident that a better 

understanding of both interdialytic fluid status and fluid changes during 

hemodialysis is required to develop a precise measure of fluid balance. 

Intradialytic hypotension continues to be a leading problem, therefore 

prevention of intradialytic hypotension remains an important challenge 

to the dialysis physician (Goldstein, 2004). 

 
Aim of the work:  
 
To assess the value of non invasive monitoring of hematocrit during HD 

in better understanding of hemodynamics of chronic HD patients and 

better estimation of the dry weight compared to conventional methods in 

pediatric age group, together with minimizing the frequency of IME.  
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Introduction: 
  
Chronic renal failure (CRF) and chronic renal insufficiency (CRI) are 
clinical terms used to describe renal dysfunction of varying degrees from 
mild to severe in nature. In some cases, it is progressive and common to 
all forms of kidney injury, including that due to developmental, genetic, 
immunologic, metabolic, traumatic, or infectious processes. Rather than 
CRI or CRF, the term chronic kidney disease (CKD) more clearly defines 
renal dysfunction as a continuum, rather than a discrete change in renal 
function based on the glomerular filtration rate (GFR)(Tarak and 
Bradley, 2007). 
 
Definition:
 
CKD is defined as: Kidney damage for 3 months, as defined by structural 
or functional abnormalities of the kidney, with or without a decreased 
GFR, manifested by either pathological abnormalities; or markers of 
kidney damage, including abnormalities in the composition of blood or 
urine, or abnormalities in imaging tests. Or, GFR < 60 mL/min per 1.73 
m2 for 3 months, with or without kidney damage  (NKF. K/DOQI 
clinical practice guidelines, 2002). 
 
A staging system for stratification of CKD based on the level of kidney 
function, independent of the primary renal diagnosis has been 
developed:  
 
Stage 1: Kidney damage with normal GFR ( ≥90 mL/min/1.73 m2). 
 
Stage 2: Kidney damage with mild decrease in GFR ( GFR between 60 
to 89 mL/min/1.73 m2). 
 
Stage 3: Moderate decrease in GFR ( GFR between 30 and 59 
mL/min/1.73 m2). 
 
Stage 4: Severe decrease in GFR ( GFR between 15 and 29 
mL/min/1.73 m2). 
 
Stage 5: Kidney failure (GFR of less than 15 mL/min/1.73 m2) (NKF. 
K/DOQI clinical practice guidelines, 2003). 

The use of serum creatinine alone is widely acknowledged as an 
inaccurate measure. It is well known that >50% of functioning nephron 
mass must be lost prior to a perceivable change in serum creatinine, and 
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that the absolute levels need to be interpreted within the context of 
muscle mass and gender. Thus, serum creatinine alone as a measure of 
kidney function is a poor tool (Levin, 2003) . 

Irrespective of the formula used to estimate GFR e.g. Schwartz formula, 
the important issue is that any calculation is a better estimate of kidney 
function than serum creatinine alone. The purpose of the guidelines 
emphasis on estimated GFR is to improve the identification of kidney 
disease by transforming serum creatinine into a more meaningful 
measure. The implications of this approach and improvement in 
identification of significant kidney impairment were studied . It was found 
not only that a single time point measurement of creatinine when 
transformed could be interpreted as significantly abnormal, but of those 
patients with abnormal kidney function, previous values tabulated up to 4 
years demonstrated previously a steady decline in kidney function, 
despite normal range values for serum creatinine; this was true for over 
20% of the population in whom there was available data (Duncan et al., 
2001). 

The GFR is equal to the sum of the filtration rates in all of the functioning 
nephrons; thus, estimation of the GFR gives a rough measure of the 
number of functioning nephrons. A reduction in GFR implies either 
progression of the underlying disease or the development of a 
superimposed and often reversible problem, increase in GFR, on the 
other hand, is indicative of improvement in renal function, whereas a 
stable GFR implies a stable condition (Tarak and Bradley, 2007). 
 
The normal GFR varies with age, gender, and body size. Children 
achieve adult values for mean GFR at approximately two years of age  
( table 1).  
 
Table 1 : Normal GFR in children and young adults  
 

 
SD: standard deviation; sCr: serum creatinine in mg/dL. 

(NKF. K/DOQI clinical practice guidelines, 2002) 
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Multiple prediction equations, therefore, have been developed to 
estimate GFR from the serum creatinine concentration. In children, the 
level of GFR can be estimated from the Schwartz equation. Although this 
equation is imprecise with more advanced renal insufficiency, it is 
convenient and practical in daily clinical practice. In the Schwartz 
equation, GFR is calculated by the following: 
 
GFR = K X Height (cm) / P creat. 
 
Height represents the body height measured in centimeters, and Pcreat. is 
the plasma creatinine. The constant K is directly proportional to the 
muscle component of body, and varies with age. The value for K is 0.33 
in premature infants through the first year of life, 0.45 for term infants 
through the first year of life, 0.55 in children and adolescent girls, and 0.7 
in adolescent boys (Schwartz and Gauthier, 1985; Schwartz et 
al., 1984). 
 
Incidence: 
 
The epidemiological studies that have been performed provide evidence 
that end stage renal disease (ESRD) represents the “tip of the iceberg” 
of CKD and suggest that patients with earlier stages of disease are likely 
to exceed those reaching ESRD by as much as 50 times. Large 
population-based studies, such as the Third National Health and 
Nutrition Examination Survey (NHANES III), have made it possible to 
estimate the incidence and prevalence of CKD in the adult population. 
According to this report, the prevalence of patients with early stages of 
CKD (stages 1–4; 10.8%) is approximately 50 times greater than the 
prevalence of ESRD (stage 5; 0.2%) (Coresh et al., 2003). 
  
There is no comparable information available in the United States on the 
prevalence of the earlier stages of CKD in children and its relationship to 
ESRD. This is, in large part, due to differences in disease etiology for 
children and adults ( Warady and Chadha, 2007). 
 
Population-based data from Italy (ItalKid Project) has reported a mean 
incidence of preterminal CKD (CCr < 75 mL/min per 1.73 m2) of 12.1 
cases per year per million of the age-related population (MARP), with a 
point prevalence of 74.7 per MARP in children younger than 20 years of 
age (Ardissino et al., 2003). 
 
The incidence rate of ESRD, adjusted for race and gender, is much 
higher among adults than among children. Data from the USRDS 
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