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Objectives: To determine the degree of urea rebound in children on hemodialysis and compare the different
calculation models for Kt/V.
Material and Method: The present study was performed in 50 hemodialysis sessions of 5 pediatric patients,
2 males and 3 females, aged 5-18 years, who had received hemodialysis for 7-48 months. Blood urea
samples were obtained at the beginning, 70 minutes intradialysis, the end and every 10 minutes for 1 hour
post- dialysis. The compared 6 different models of Kt/V were single pool, Daugirdas, equilibrated, rate
equation, Maduell and Smye method.
Results: Urea rebound was found to be completed at least 60 minutes post- dialysis and mean percentage
value was 30.68 ± 9.663.Mean value of equilibrated Kt/V was 1.442 ± 0.259 while that of single-pool
Kt/V calculated by lnC1/C2 was 1.705 ± 0.252 leading to overestimation of Kt/V by 0.265 ± 0.075.
Mean value calculated by Daugirdas method was 2.083 ± 0.336. Mean values obtained by rate equation,
Maduell and Smye methods were 1.485 ± 0.209, 1.442 ± 0.209 and 1.379 ± 0.343 which differed
from equilibrated Kt/V by 0.086 ± 0.058 (p = 0.002), 0.069 ± 0.063 (p = 0.967) and 0.132 ± 0.132
(p = 0.015), respectively.
Conclusion: Urea rebound in pediatric patients is completed at least 60 minutes after cessasion of hemodialysis.
Kt/V calculated from single-pool is not suitable for children. The Maduell model gives the best correlation
to equilibrated Kt/V when compared to rate equation and Smye models.
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End stage renal disease (ESRD) is a
critically important health care problem in pediatric
patients. The care of children with ESRD has always
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been more challenging than that of adult patients(1).
The availability of renal transplantation has allowed
pediatric patients to sustain full and active lives,
various modes of dialysis serve most often as a
bridge to care for these patients until they can be
transplanted and hemodialysis is one of the treatment
modalities(2). Hemodialysis has been a safe and
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effective treatment for pediatric patients for more
than 25 years(3,4). The determination of adequacy
of hemodialysis is a complex issue that remains
controversial. Its prescription, based on patientûs
size, clinical parameter such as predialysis BUN
or clinical assessment of well being, does not provide
sufficient clinical accuracy(5). At present the use of
urea kinetic models (UKM) to assess the adequacy
of hemodialysis is becoming popular. The adequacy
of hemodialysis is defined as Kt/V which is
calculated by product of dialyzer urea clearance
(K) and time of treatment (t) divided by body urea
volume of distribution (V)(6).

Due to the multiple pools nature of the
human body and the mass transfer resistance of
biological membranes, rapid removal of solute
(including BUN) from extracellular fluid (ECF)
during hemodialysis, while the rate of the fall of
solute (including BUN) in intracellular fluid (ICF)
is slightly slower than it is in the ECF, creates
imbalance of intercompartment. Its result shows as
increasing postdialysis BUN in logarithmic curve,
termed urea rebound (UR)(7). Urea rebound occurs
until at least 30-60 minutes after hemodialysis is
completely done(6-9).

The single pool urea kinetic models which
is calculated by using the immediate postdialysis
BUN sample is an overestimation because of the
effects of recirculation and intercompartment tranfer.
It leads to overestimation of Kt/V(10,11). Ideally
equilibrated Kt/V should be calculated by using a
post-dialysis sample after the rebound is complete,
at least 30-60 minutes post- dialysis which is
impractical. For this reason, several models have
been used to predict the equilibrated Kt/V.

Although urea kinetic models have been
used extremely in adults, the data in pediatric
patients is minimal(8-10).

Objectives

The aims of the present study were to
find the postdialysis time when urea rebound is

completed and the suitable models for calculation
of Kt/V in pediatric patients.

Material and Method

The present study was performed in 50
hemodialysis sessions of 5 pediatric patients with
stable ESRD, 2 males and 3 females, age 5-18
years, who have regularly been treated with
hemodialysis for 7-48 months at Pediatric
Nephrology Unit, Phramongkutklao Hospital, from
July to August 2000. The causes of ESRD were
neurogenic bladder(2), pauci-immune RPGN(1),
birth asphyxsia(1) and unknown(1). Dry weight was
17.2-49 kg and body mass index (BMI) was 12.8-
19.1 kg/m2. Vascular access were arteriovenous
graft (2), arteriovenous fistula(2) and double lumen
catheter (1). Hemodialysis lasted 4-5 h. Blood flow
was 120-350 ml/min while dialysate flow was 300-
500 ml/min. All dialysis sessions during the study
were performed with Baxter 550, Baxter 1550 and
Fresenius medical care 4008E. Dialyzers were
hollow fiber low-flux polysulfone (Fresenius F5,
Fresenius F6), hollow fiber low-flux sureflux 150E
and hollow fiber low-flux FB110A, with a surface
membrane of 0.7-1.5 m2.

Blood samples of BUN were drawn at the
beginning (C1) after insertion of a needle into the
vascular access. Intradialysis sampling (CS) was
taken from the arterial line at 70 minutes when
blood flow was slowed to 50 ml/min. At the end
of hemodialysis (C2), blood sampling was obtained
by the stopped pump method. Serial measurements
of BUN were done every 10 minutes for 60 minutes
post- dialysis. The double pool equilibrated sampling
(CR) was calculated by using 1 hour BUN after
stopping dialysis.

The compared 6 different models of Kt/V
were single pool, Daugirdas, equilibrated, rate
equation, Maduell and Smye method, all of which
have been used in adults.
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1. Single pool model (spKt/V)
    1.1 Single pool Kt/V = ln C1/C2(11)

1.2 Daugirdas Kt/V = -ln
(C2/C1-0.008xt) + (4-3.5xC2/C1)
x UF/BW(12)

2. Double pool model
2.1 Equilibrated Kt/V = ln C1/CR
2.2 Rate equation Kt/V = spKt/V

(1-0.6/t) + 0.03(13)

2.3 Maduell Kt/V = 0.906xspKt/
V - 0.26xK/V - 0.007(14)

2.4 Smye Kt/V(15)

Ceq = C1 x e-kt

k = 1/(t-s) x in CS/C2

Statistical Analysis

The difference between equilibrated Kt/V
and the other models was compared by paired
t-test. Correlation coefficient (r) and linear regression
were determined. A probability value (P) less than
0.05 was considered statistically significant.

Results

Urea rebound in the present study was
found to be completed at least 60 minutes post-
dialysis and mean percentage value was 30.68 ±
9.663. There was little change of BUN level between
50 minutes (mean percentage value 28.87 ± 10.47)
and 60 minutes (Fig. 1 and 2). A logarithmic
equation for urea rebound was generated from

measured BUN of all the patients as follows:
Mean percentage urea rebound (%UR) =

11.363 ln (t) - 16.163
Table 1 shows the mean value difference

between single pool Kt/V calculated by ln C1/C2
and the other models. In the present study the
mean value of single pool Kt/V was 1.705 ± 0.252
and equilibrated Kt/V was 1.442 ± 0.259, leading
to overestimation of single-pool Kt/V by 0.265 ±
0.075 (Fig. 3). Correlation coefficient was 0.942
(Table 1). Mean values obtained by rate equation
Kt/V, Maduell Kt/V and Smye Kt/V were 1.485 ±
0.209, 1.442 ± 0.209 and 1.379 ± 0.343. The
difference between the equilibrated Kt/V compared
to rate equation Kt/V, Maduell Kt/V and Smye
Kt/V were 0.086 ± 0.058 (Fig. 4), 0.069 ± 0.063
(Fig. 5) and 0.132 ± 0.132 (Fig. 6) respectively.
Correlation coefficients were 0.941, 0.942 and
0.864 ,respectively (Table 1). The mean value of
single pool Kt/V by Daugirdas model was 2.083 ±
0.336 which differed from the mean value of
single pool Kt/V (calculated by ln C1/C2) by 0.380
± 0.092.

Discussion

Since the first clinical report of
hemodialysis in ESRD pediatric patients in 1966,
the determination of adequacy in pediatric patients
is still controversial. According to adult data, there
is statistical significant correlation between delivered

Table 1. Kt/V calculated by single pool (ln C1/C2) and double pool models

Model Kt/V                                        Comparisons with equilibrate Kt/V

Different Kt/V p value r

Single pool 1.705 ± 0.252 0.265 ± 0.075 <0.001 0.942

Equilibrated 1.442 ± 0.259

Rate equation 1.485 ± 0.209 0.086 ± 0.058 0.002 0.941

Maduell 1.442 ± 0.209 0.069 ± 0.063  0.967 0.942

Smye 1.379 ± 0.343 0.132 ± 0.132 0.015 0.864

Daugirdas Kt/V = 2.083 ± 0.336

Different single pool = 0.38 ± 0.092
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dose of dialysis and mortality risk. The mortality
risk was lower by 7% with each 0.1 higher level
of delivered Kt/V(16). But the data in pediatric
patients are minimal.

In the present study urea rebound was
shown in logarithmic curve, the mean percentage

Fig. 1 Mean percentage urea rebound postdialysis in each patient

Fig. 2  Mean percentage urea rebound postdialysis of entire patients

value of postdialysis urea rebound at 50 minutes
was 28.87 ± 10.47 and 30.68 ± 9.663 at 60 minutes.
Because BUN level was not equilibrated between
50 minutes and 60 minutes, it showed that urea
rebound tended to be completed at least 50-60
minutes postdialysis which was similar to the
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Fig. 3  Mean value difference between single pool Kt/V and equilibrated Kt/V

Fig. 4  Mean value difference between equilibrated Kt/V and rate equation

previous reports in the pediatric patients(8,9). But it
was about 30-60 minutes in adult data.

The difference of equilibrated Kt/V by
0.265 ± 0.075 was similar to the previous reports
in the pediatric and adults(8-10,14). To measure the

single pool Kt/V by Daugirdas model, its mean
value was 2.083 ± 0.336. The difference of the
mean value of single pool Kt/V calculated by
Daugirdas model and ln C1/C2 was 0.380 ± 0.092.
In the absence of pediatric data, current
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Fig. 5  Mean value difference between equilibrated Kt/V and Maduell Kt/V

Fig. 6  Mean value difference between equilibrated Kt/V and Smye Kt/V

recommendation of NKF-DOQI guideline for
adequacy of hemodialysis is at least 1.2 by single
pool Kt/V as reported in adult(17). Not only the
difference of single pool Kt/V calculated by
Daugirdas model and ln C1/C2 but variable values

of Kt/V calculated by several double pool models,
led to a question that, which models of Kt/V were
accurate for pediatric patients?

In the present study, the difference of
equilibrated Kt/V and rate equation Kt/V was
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0.086 ± 0.058 (p = 0.002), Maduell Kt/V was
0.069 ± 0.063 (p = 0.967) and Smye Kt/V was
0.132 ± 0.132 (p = 0.015). Correlation coefficients
were 0.941, 0.942 and 0.864, respectively. Based
on these data, Maduell model was the best model
to predict equilibrated Kt/V compared to rate
equation and Smye model. This result was not be
in agreement with the studies reported by others
which showed that rate equation and Smye model
were also accurate to predict equlibrated
Kt/V(8-10,18,19). This difference may be attributed to
several factors such as 1. small sample size 2.
having meal during hemodialysis session and
3.unsuitable models for pediatric patients.

Conclusion

Urea rebound in pediatric patients is
completed at least 60 minutes after cessasion of
hemodialysis. Although NKF DOQI guideline
recommends that adequacy of hemodialysis should
be calculated by single pool(17,20), the present study
demonstrates that Kt/V calculated from single-pool
is not suitable for children. It results in overesti-
mation of Kt/V. The Kt/V calculated by double
pool model is accurate for assessing the adequacy
of hemodialysis and Maduell model is the best
model to predict equilibrated Kt/V when compared
to rate equation and Smye models.
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