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SUMMARY - Estimated glomerular filtration rate (¢GFR) is one of the best-performing meth-

ods in evaluating kidney function. There are limited data regarding the estimated glomerular filtration
rate in children and young adults with hemophilia. The aim of this study was to determine the dif-
ference between three commonly used estimated glomerular filtration rate equations in the pediatric
population in a cohort of patients with hemophilia. Our prospective study included 36 pediatric pa-
tients with moderate or severe hemophilia. eGFR was calculated for each patient using the original
creatinine-based “bedside Schwartz” equation, the cystatin C-based equation and the creatinine-cys-
tatin C-based equation. The difference between the equations, calculated using the one-way repeated
ANOVA test, was statistically significant (p <0.001), and post hoc analysis found differences between
each method. Correlation analysis showed the strongest positive correlation between the bedside
Schwartz equation and creatinine-cystatin C-based equation (r=0.866) among the three methods ex-
amined. A correlation between the three eGFR methods was present, but with significant differences
between them. Due to the observed differences between eGFR in pediatric patients with hemophilia,
further research is needed to find the optimal measurement method for eGFR. Nevertheless, we
recommend implementing eGFR equations in routine clinical monitoring of pediatric patients with

hemophilia.
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Introduction

X-linked

hemostatic disorder which occurs in 1:5000 new-

Hemophilia is a rare, recessive
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born male children’. It is a genetic disorder caused
by a deficiency of clotting factor VIII (hemophilia
A) or IX (hemophilia B)'. According to the baseline
level of deficient factor activity, clinical presentation
can be mild (severe hemorrhages occurring only
after serious trauma), moderate (rare spontaneous
hemarthrosis) and severe (spontaneous deep tissue
and joint bleedings)'®. The treatment involves a
recombinant factor VIII/IX concentrates with a
standard or prolonged half-life*> Today, we have
comprehensive care for the patients with hemophilia,
but uncertainties, i.e. kidney pathology, still arise®.
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After Kulkarni’s publication on the topic, the myth of
renal disease being a rare complication of hemophilia
was overthrown’. The relatively high rates of renal
disease in adult patients with hemophilia were
strongly associated with HIV infection, hypertension
and kidney bleeding’. It is important to note the
higher-than-expected death rates than in adult
patients with hemophilia and renal disease®. Risk
factors which may predispose the development of
renal disease in younger patients with hemophilia are
hematuria, diabetes, viral infection, and exposure to
nephrotoxic agents’.

Glomerular filtration rate (GFR) is the best
indicator of kidney function in children and
adolescents’. Several methods estimating the
glomerular filtration rate exist. The one commonly
most used is the bedside Schwartz method, which
uses anthropometric measurements and combines
them with serum creatinine levels.

To the best of our knowledge, there are no
publications regarding estimated glomerular filtration
rate (eGFR) equations in children and young adults
with hemophilia. Therefore, we hypothesized that
it would be useful to evaluate eGFR equations in
patients with hemopbhilia.

The aim of this study was to determine the differ-
ences between three commonly used estimated glo-
merular filtration rate equations in the pediatric popu-
lation in a cohort of patients with hemophilia.

Patients and methods

'The study included 36 male patients with moderate
or severe hemophilia treated in a Croatian hemophilia
referral center. The inclusion criteria were age between
2 and 19 years with moderate or severe hemophilia A
or B and obtaining signed informed consent to partic-
ipate in the study.

Routine blood samples for serum creatinine, urea
and cystatin C measurements were collected simul-
taneously. Serum creatinine and urea levels were
measured using the enzymatic photometry method,
while serum cystatin C was measured using immuno-
turbidimetry’. eGFR was calculated for each patient
using the original creatinine-based bedside Schwartz
equation, cystatin C-based equation and creati-
nine-cystatin C-based equation. We analyzed the
correlation and agreement between the three eGFR
equations”!~14
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Original creatinine-based bedside Schwartz equa-
tion (2009):

¢GFR =41 3x "

Ccr

Cystatin C-based equation (2012):

eGFR =70.69 x (cysC) ***'

Creatinine-cystatin C-based equation (2012):
For male patients:

0.456 —0.418 0.079 0.179
¢GFR :39.8x[ﬂ o 18 30 1076 x|
Scr | cysC | B
For female patients:
0456 0418 0.079 0.179
eGFR =39.8x| M| | 18 | 20 «1.000 x| -
cr | cysC | BUN 1.4

eGFR (estimated glomerular filtration rate) = mL/
min/1.73 m?

ht (height) = meters

Scr (standardized serum creatinine) = mg/dL

cysC (cystatin C) = mg/L

BUN (blood urea nitrogen) = mg/dL

In addition to the analysis of the agreement be-
tween the results, we also investigate bias, calculated
as:

(eGRFmethod 1 — eGRFmethod 2)
eGRFmethod 1

Bias = x100%

Data analysis

Statistical analysis was performed using the R
(www.r-project.org) and MedCalc software. The
numerical variables were descriptively summarized
with arithmetic means and standard deviations if the
data were normally distributed, and otherwise with
medians and interquartile ranges. Normality testing
was performed with the Kolmogorov Smirnov test. The
correlation between the variables was examined using
Pearson’s and Kendall’s T correlation tests. Differences
between numerical variables were tested with a one-
way repeated measures analysis of variance (ANOVA).
Bland-Altman analysis was performed to assess the
agreement between the results of different eGFR
methods. P values lower than 0.05 were considered
statistically significant.
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Results

Out of 36 patients included in the study, 27 had
hemophilia A, while 9 had hemophilia B. The mean
age was 11.20 * 4.31 years, ranging from 2.80 to 18.30
years. Height was measured for all patients, with a
mean value of 147 (IQR: 126.75-166.00) cm, and the
calculated mean body mass index was 17.72 (IQR:
15.51-20.50) kg/m?. The median value for creatinine
was 41.5 pmol/L (IQR: 36.5-52.0); 0.5 mg/dL (IQR:
0.40-0.59), the mean value for cystatin C was 0.87
0.13 mg/L, 4.1 + 0.86 mmol/L for urea and was 11.46
+ 2.41 mg/dL for BUN (Table 1).

When calculating eGFR for all the subjects using
the three equations, a statistically significant difterence
was found between the equations (p <0.001) using a
one-way repeated ANOVA test, and post hoc analy-
sis found differences between each method. Using the
bedside Schwartz equation mean, eGFR was 119.94 +
22.44 mL/min/1.73m? while according to the cystatin
C-based equation mean eGFR was 82 + 10.73 mL/
min/1.73m? whereas mean eGFR calculated using
the complex creatinine-cystatin C-based equation was
103 + 12.5 mL/min/1.73m?, (Table 2).

Correlation analysis showed a strong positive cor-
relation between the bedside Schwartz equation and

Table 1. General patient characteristics and the most important laboratory values

mean + SD
Age (years) 11.2+4.31
median (IQR)
£ | Weight (kg) 37.5 (26-56.5)
~§ | Height (cm) 147 (126.75-166)
2 ¢  |BMI (kg/m) 17.72 (15.51-20.5)
5 S mean + SD
. Cystatin C (mg/L) 0.87+0.13
é Urea - serum (mmol/L) 4.1+0.86
. | BUN (mg/dL) 11.46+2.41
§ median (IQR)
'é Creatinine - serum (pmol/L) 41.5 (36.5-52)
— Creatinine - serum (mg/dL) 0.5 (0.4-0.59)

SD — standard deviation, IQR — interquartile range, BMI — body mass index

BUN - blood urea nitrogen

Table 2. Overall differences between the estimated eGFR in the study sample

Equation mean = SD p*
Bedside Schwartz 119.94+22.44 <0.001
Cystatin C-based 82+10.73

Creatinine-cystatin C-based 103+12.5

*one-way repeated measures ANOVA, eGFR — estimated glomerular filtration rate

Table 3. Correlation coefficients between different eGFR equations

Equation Schwartz Cystatin C-based Creatinine-cystatin C-based
Schwartz 1.000

Cystatin C-based 0.305 1.000

Creatinine-cystatin C-based 0.866* 0.655* 1.000

*p<0.05
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creatinine-cystatin C-based equation (r=0.866), while
a less strong positive correlation was observed between
the cystatin C-based equation and creatinine-cystatin
C-based equation (r=0.655). Additionally, the positive
correlation between eGFR using the bedside Schwartz
equation and cystatin C-based equation was not of
statistical significance (r=0.305) (Table 3).

The results of the subgroup correlation analysis are
presented in Table 4.

In the hemophilia A group, moderate positive cor-
relations were observed between eGFR based on the

bedside Schwartz and creatinine-cystatin C-based
equation (1=0.574) as well as between the cystatin C
and creatinine-cystatin C-based equation (1=0.617).

Within the hemophilia B group, statistically sig-
nificant positive correlations were observed between
all three eGFR methods: bedside Schwartz and cys-
tatin C-based equations (t=0.841), bedside Schwartz
and creatinine-cystatin C-based equations (t=0.886);
and creatinine-cystatin C-based and cystatin C-based
equations (1=0.783).

Bland-Altman analysis for all the equations is
shown in the Fig. 1-3.

Table 4. Correlation analysis between different eGIFR equations for patients with hemophilia A and B

Equation Schwartz Cystatin C-based Creatinine-cystatin
C-based
Hemophilia A Schwartz 1
Cystatin C-based 0.230 1
Creatinine-cystatin C-based 0.574 0.617 1
Hemophilia B Schwartz 1
Cystatin C-based 0.841 1
Creatinine-cystatin C-based 0.886 0.783 1
*p<0.05 — Kendall’s T
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Fig. 1. Bland-Altman analysis for eGFR based on the Schwartz and cystatin C equation

The dashed lines (£1.96 SD) represent the limits of agreement, while the dash-dotted lines represent 95%

confidence intervals of the mean of the differences
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Fig. 2. Bland-Altman eGFR agreement analysis between eGFR based on the Schwartz and creatinine-cystatin C equations

The dashed lines (£1.96 SD) represent the limits of agreement, while the dash-dotted lines represent 95%
confidence intervals of the mean of differences
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Fig. 3. Bland-Altman agreement analysis between eGFR based on the creatinine-cystatin C and cystatin C equations

The dashed lines (£1.96 SD) represent the limits of agreement, while the dash-dotted lines represent 95%
confidence intervals of the mean of differences
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Significant disagreement was found when com-
paring estimated GFR calculations using all the test-
ed methods, namely the creatinine-based bedside
Schwartz equation, cystatin C-based equation and
creatinine-cystatin C-based equation.

The results of the bias analysis showed that the
bedside Schwartz equation overestimated the results
of the cystatin C equation by 30.21% and the creat-
inine-cystatin C method by 14.41%, while the creat-
inine-cystatin C method overestimated the results of

the cystatin C method by 20.32%.

Discussion

Estimated glomerular filtration rate (eGFR) is one
of the best-performing methods in evaluating kidney
function. Glomerular filtration rate cannot be directly
measured; however, it can be determined by measuring
the clearance of an ideal filtration marker or estimated
using predictive formulas™'¢. Routine use of an ide-
al filtration marker, e.g. inulin, is limited due to high
cost and the duration of the procedure'®'. According
to the National Kidney Disease Education Program
(NKDEP), the bedside Schwartz equation is “current-
ly the best equation for estimating GFR from serum
creatinine in children”®". There have been many pub-
lications correlating estimated GFR in different pedi-
atric patient groups. These included groups of healthy
children, children with chronic kidney disease and
children with malignant diseases*.

However, to the best of our knowledge, studies
including children with hemophilia have not been
published so far. Therefore, the importance of the
present study is regarding the estimation of GFR in
young patients with hemophilia using three eGFR
equations. In this study, we found strong positive
correlation between the bedside Schwartz and
creatinine-cystatin C-based equations, while the
agreement between the bedside Schwartz and cystatin
C-based equations was limited.

The name of the bedside Schwartz equation stems
from its ease of use and the fact that it requires only the
patient’s height and serum creatinine, while the other
two equations used in our study are more complex also
requiring serum cystatin C and BUN, respectively’.

Hamed et al. published a study on 40 boys with
hemophilia A, evaluating functional and structural
renal abnormalities using standard laboratory testing

and advanced renal scintigraphy methods to measure
GFR*. However, they did not use any of eGFR equa-
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tions to evaluate GFR and compare it to the lowered
GFR detected by 99mTc-DTPA. Therefore, their
conclusion could not lead to further recommendations
due to the lack of application of eGFR equations in
their research?.

Bernhardt et al. compared GFR by radioisotope
measurement (99mTc-DTPA) to the estimated GFR
equations (the original Schwartz, the revised bedside
Schwartz and the Counahan-Barratt equation) in
children with cancer?. They found that differences be-
tween estimations and measurements in children with
cancer were significant, and it was therefore not ap-
propriate to use any of the tested formulas instead of
radioisotope GFR measurement®.

Gheissari et al. published a comparison of the up-
dated Schwartz method, combining the Schwartz and
the Grubb GFR equations in a large study sample
of 712 children®. They found high concordance and
agreement between two 2009 Schwartz equations in
estimating GFR, whereas there was a high incon-
sistency between the Grubb equation and the two
Schwartz equations®. Since pediatric patients with
hemophilia do not receive nephrotoxic treatment, the
results of this study could be applied to our popula-
tion of patients. We should also note that the cysta-
tin C-based equation was used in our study instead
of the Grubb equation®. Gheissari’s study results were
similar to the results we obtained comparing bedside
Schwartz and creatinine-cystatin C-based equation in
patients with hemophilia. However, this comparison
is a matter of debate since all the eGFR equations are
based on patients with kidney disease and thus could
not be extrapolated unconditionally to the general pe-
diatric population®*%.

It is known that hemophilia itself is a risk factor
for developing kidney disease and could therefore lead
to diminished eGFR, but much is still unknown and
requires further multicenter studies.

Study limitations

The main limitations of our study were the lack
of a gold standard and the small sample size. It was
not possible to collect a larger group of patients with
hemophilia who had moderate or severe hemophilia
due to the small prevalence of the disease. The main
reason for avoiding direct GFR measurement was
that it would have resulted in exposure to radiation
only for scientific purposes, without any clinical
indications.

Acta Clin Croat, Vol. 61, No. 3, 2022
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Conclusion

Male patients with moderate or severe hemophilia
likely have higher incidence of renal disease. In our
study, estimated GFR was calculated for each patient
using the original creatinine-based bedside Schwartz
equation, the cystatin C-based equation and the
creatinine-cystatin C-based equation, examining the
correlation and agreement between those three eGFR
equations.

In conclusion, although a correlation between the
three eGFR methods was found, significant differences
were present as well. Given the lack of a recommended
gold standard method to compare the eGFR methods,
we cannot give clear recommendations on which
method to apply.

However, we suggest implementing eGFR
equations into routine clinical monitoring of patients
with hemophilia. Since the bedside Schwartz equation
is simpler to use and demands fewer data and less
specific laboratory testing, we would suggest using this
equation in the regular check-ups for pediatric patients
with hemophilia without hematuria or other symptoms
of renal disease, while the creatinine-cystatin C-based
equation should be reserved for symptomatic cases,
especially if the patient has gross or micro hematuria.

Due to the limitations mentioned above, further
research is needed to evaluate which method of

estimating GFR should be applied.
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Sazetak
PROCJENA GLOMERULARNE FILTRACIJE U DJECE S HEMOFILIJOM
7. Salet, M. Sapina, K. Kramaric, D. Milosevici E. Bili¢

Procjena glomerularne filtracije jedna je od najboljih metoda ocjene bubrezne funkcije. Postoje oskudni podaci o procjeni
glomerularne filtracije u djece i mladih odraslih oboljelih od hemofilije. Cilj naseg istrazivanja je utvrditi razliku izmedu tri
Cesto koristene metode za procjenu glomerularne filtracije u pedijatrijskoj populaciji u skupini pacijenata oboljelih od hemo-
filije. U nase prospektivno istrazivanje ukljuili smo 36 djece s hemofilijom umjerenog ili teskog stupnja. Svakom pacijentu
procijenjena je glomerularna filtracija koristeci jednostavnu, kreatinin baziranu jednadzbu po Schwarzzu, cistatin C baziranu
jednadzbu i kreatinin - cistatin C baziranu jednadzbu. Razlika izmedu tri jednadzbe koristeci jednosmjerni ANOVA test
bila je statisti¢ki znacajna (p <0.001), a pos hoc analiza pokazala je razliku izmedu svake od navedenih metoda. Korelacijska
analiza pokazala je najjace pozitivne korelacije izmedu jednostavne jednadzbe po Schwarszu i kreatinin - cistatin C jednadzbe
(r=0.866) promatrajudi tri navedene jednadzbe. Korelacija izmedu tri opisane jednadzbe za procjenu glomerularne filtracije
postoji, ali sa znacajnim neslaganjem. Zbog primije¢enog neslaganja izmedu procijenjene glomerularne filtracije u pacijenata
s hemofilijom daljnja istraZivanja su potrebna s ciljem pronalaska optimalne jednadzbe za procjenu glomerularne filtracije.
Stovige, preporucujemo ukljuéivanje jednadzba za procjenu glomerularne filtracije u rutinsko pracenje djece oboljele od

hemofilije.

Klju¢ne rijeci: Procjena glomerularne filtracije, Hemofilija, Djeca, Cistatin C, jednostavna jednadzba po Schwartzu, kreatinin
- cistatin C jednadzba
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