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Comparative usefulness of Serum Creatinine and
Microalbuminuria in detecting early Renal Changes in

Children with Sickle Cell Anaemia in Benin City
IB Abbulimben-Iyobha’, OM Ibadin*, EG Ofovwe"
Abstract

Abhulimhen-Iyoha IB, Ibadin OM, Ofovwe EG. Comparative uséfulness of Serum
Creatinine and Microalbuminuria in detecting early Renal Changes in Children with
Sickle Cell Anaemia in Benin City. Nigeran Journalof Pacdiatris 2009; 36:1.

Background: Microalbuminuria as an early marker of certain diseases including those affecting
the renal system is W1de1y acknowledged. Its performance in this regard vis 2 vis routine use
of serum creatinine in sickle cell anaemia (SCA) patients known to be prone to renal
complications has however not been fully explored, particularly in the study locale.
Objective: To compare the usefulness of serum creatinine and microalbuminuria in the early
detection of renal changes in children with SCA in Benin City.

Methods: A cohort of 69 children with SCA aged 1-16 years were consecutively enrolled
into this cross sectional and descriptive studywhichwas conducted between November 2006
and February 2007. Using the Micral Test strips, microalbuminuria in early morning urine
specimen (spot) was determined in each subject. Also determined were serum creatinine,
urea, electrolytes and creatinine clearance.

Results: The prevalence of microalbuminuria in the study subjects was 20.3 percent. Serum
creatinine values in all subjects were normal but increased with increasing age. Similarly, serum
urea, creatinine clearance and electrolytes in the subjects were within normal limits. Apart
from the negative predictive value of 79.7 percent, other indices such as sensitivity (0.0 percent)
specificity (0.0 percent) and positive predictive value (0.0 percent) of serum creatinine were
low as a gold standard in the early detection of renal changes when compared with
microalbuminuria,

Conclusion and recommendation: Microalbuminuria is common enough in children with
SCA to warrant routine screening for it. Reliance on serum creatinine for the detection of
early renal changes would be misplaced. Measures that could assist in the early detection of
ensuing renal diseases and improve case management of the childwith SCA, who is particularly
prone to renal complications, are warranted and these could be partially deter mined by using
the presence of microalbuminuria. Interventional measures known to retard the rate of
deterioration of kidney function following prolonged proteinuria could thus be instituted.
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Introduction

THE role of dipstick urinalysis in screening for urinary
abnormalities is widely acknowledged, as it detects
proteinuria, haematuria, urinary specific gravity, and
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leukocyturia, among others.™ Its limitaton however
is its inability to detect early renal changes that are
heralded by proteinuria below a value of 30mg/dl.
Microalbuminuria (MA) is the excretion in urine of
very small amounts of albumin, slightly in excess of
20dg/minute, in the range of 30-300mg/24 hours*
- levels that require sensitive radioimmunoassay for
detection. Detection of microalbuminuria could be
achieved using the Micral-test strip (Commercial test
strips that detect microalbuminuria in spot urine}. The
role of microalbuminuria in a variety of renal and
non-renal diseases, including dizbetes mellitus,®
hypertension® and sickle cell disease,”* have beer.
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evaluated. Microalbuminuria has also been found
to be an important prognostic indicator in meningitis,”
malignancies'® and hypertension." Furthermore, it has
been found to be an important marker of glomerular
injury; particularly in patients with sickle cell anaemia.

The term, sickle cell nephropathy, encompasses
structural and functional abnormalities of the
kidneys seen in sickle cell disease.” These defects are
more pronounced in homozygous sickle cell
patients." Early detection of impaired renal function
is desirable as it could assist in forestalling the
development of daunting complications, as
interventional measures aimed at retarding the rate
of excretion of proteinuria could be instiruted. The
role of microalbuminuria in this regard 1s
acknowledged. However, its exact predictive value
in the early detection of renal abnormalities in
comparison with routine serumurea, electrolyteand
creatinine, is rather uncertain. This study, therefore
aimed to evaluate microalbuminuria in children with
sickle cell anaemia (SCA) as a marker of renal
impairment in comparison with serum electrolytes,
urea and creatinine. This is against the backdrop of
the facts that serum creatinine is mainly of value in
established cases,* Le. shortly after the onset of acute
renal failure and cessation of urine output, and that
creatinine level may be normal even though there is
comprotmised renal function. Micral-test strips have
sensitivity greater than 95 percent (range 90-99
percent) and specificiry in the range of 70-90 percent
for impaired renal functions.”

Patients and Methods

The studywas a prospective and cross-sectional study
carried out at the Consultant Out-Patient Clinic
(COFQ) of the University of Benin Teaching
Hospital (UBTH) and the Sickle Cell Centre (SCC),
both in Benin City. The duration of the study was
November 2006 to February 2007. Sample size was
determined using a prevalence rate’ of 0.028 and
the formula n = Z*pq/d

The subjects consisted of 69 children aged one to
16 years, with sickle cell anaemia{confirmed by
electrophoresis using cellulose acetate paper) in their
steady state. Steady state refers to a state when
children with SCA are free of infection, crises or
any acute problem and had been well for at least,
fou- weeks after the last crisis.”™ Excluded from
the study were children involved in competitive
sport/exercise in the 12 hours preceding sample
collection, children with fever at presentation or a
history of febrile illness within the preceding week
and children with ongoing menstruation or vaginal/
penile discharge. Also excluded were children with
symptoms and signs suggestive of urinary tract

infection or a pre-existing renal disease and history
of use of drugs such as oxytetracycline known to
cause proteinuria. The protocol did not specifically
exclude patients with Human Immunodeficiency
Virus (HIV) infection.

Patients were recruited consecutively into the study.
Evaluation entailed a minimum of two clinical
contacts; the second contact being a week after the
first. Detailed history obtained in respect of each
child included patient’s age, gender and relevant
medical history of recurrent admissions, blood
wansfusions, cigarette smoking, family history of
hypertension and drug use within 72 hours
antedating sample collection. This was followed by
a thorough physical examination checking among
others, for peripheral oedema and determining the
blood pressure. Heights of the subjects were
measured by means of a stadiometer, using the
technique described by Paynter and Parkins™ with
values obtained expressed in centimetres. The lower
of two blood pressure (BP) readings taken on arrival
and on departure was recorded with the patient in
sitting position and using the Accoson Mercury
Sphygmomanometer. Values obtained were
compared to established standards for age, to
determine those that were hypertensive. Findings
were recorded in a proforma designed for the study:
Informed consent was obtained from the parents or
caregivers of subjects. Ethical approval was obtained
from the Ethical Committees of UBTH and the SCC.

All recruited subjects were provided with pre-
labeled universal bortles for the collection of early
morningurine. Subjects or their parents or guardians
were instructed on how to collect early morning mid-
stream/clean catchurine and to return same as early
as possible after collection, but preferably between
7.00am and 8.00am. Using aseptic procedure, five
millilitres of venous blood was collected from each
patient by venepuncture on the second visit and one
ml of the sample placed in an EDTA bottle for
determination/confirmation of the patient’s
haemoglobin genotype. The remaining 4ml of blood
was used for the determination of creatinine, urea
and electrolytes using standard methods. Jatfe’s
method? was used for serum creatinine estimation
while creatinine clearance was calculated using a
simple and reliable formula (modified Schwartz
formula)? for quick approximation of creatinine
clearance (C). It incorporated the use of the serum
creatinine (S,,) and the child’s height expressed in
centimetres.

Ce (ml/m_in/l.73m2) = K x Height (cm)
S¢, (mg/dl)

where K = 0.55 for children 1 to 12 years old.
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K = 0.55 for girls 13 to 21 years old.
K = 0.70 for boys 13 to 21 years old.
The value obtained was corrected thus:
“Corrected” C, = Patent’s C_ x 1.73m?
Patient’s body surface area

Only urine samples negative for albuminuria using
the Combi-10 multisstrips were further tested forMA
using the Micral-test strips and employing the
methods described by the manufacturers (Rodse
Dragnostics, Quebec, Canada). Microalbuminuria was
defined by varying shades of pink in the test strip
that corresponded to a range of 20 - 250mg/! of
urinary albumin. All patients that had
microalbuminuria were referred to the paediatric
nephrology clinic for further evaluation.

The data collected were entered into Microsoft
Excel 2003 programme of a computer and further
crosschecked for accuracy and then sorted. Means
and standard deviations were calcuvlated for
continuous variables. Where appropriate, datawere
uploaded into Statistical Package for Social Sciences
(SPSS) 11.0 for the calculation of frequencies and
association between variables. The specificity,
sensitivity, positive predictive value and negative
predictive value of serum creatinine as against MA
were calculated. Student’s t-test, and chi-square
analysis were used where appropriate. Values of p<
0.05 were interpreted as significant.

Results

Of the 69 subjects recruited into the study, 42 (60.9 |

percent) were males while 27 (39.1 percent) were
females (M: F ratio of 1.6: 1). The distribution of
subjects in the various age cohorts for both males
and females 1s shown in Table I The mean age of
the study population was 8.8 +4.7 years. The mean
age for males was 8.7 + 4.8 years compared t0 9.0 +
4.7 years for females; there was no significant
difference betiween the mean ages (p = 0.799). The

meanweight of the study subjects was 28.0 + 5.8kg.
Males had a mean weight of 27.4 + 6.1 kg and
females 28.6 + 5.4 kg. The mean height for all
subjects was 131.5 + 10.1 cm; the males had a mean
height of 130.3 + 11.4 cm as against 132.6 + 8.7 cm
for the females. The mean body surface area for all
subjects was 1.00 + 0.2 m? while it was 0.99 + 0.2
and 1.01 + 0.1 m? for the males and females,
respectively. Generally; the females had comparable
anthropometry with their male counterparts (Table
1D).

Fourteen (20.3 percent) of the 69 subjects had MA.
Although not statistically significant, the gender
specific prevalence revealed more female
nvolvement (25.9 percent vs 16.7 percent). In the
age group >9 years involving 34 subjects, the
prevalence of MA was 22.9 percent as against 17.6
percentinthose <9 years. The mean age of subjects
with MA of 10.9 + 4.9 years did not differ
significantly from that obtained in those without MA
(8.3 + 4.6 years). Blood pressure was normal in all
subjects. No differences were observed in systolic
and diastolic blood pressures between the groups
with and without MA.

The serum urea and electrolytes were essentially
normal in all subjects. The mean electrolyte values
were 137.6 + 2.1 mmol/L, 3.8 + 0.4 mmo/L, 24.7
+ 2.4 mmol/L and 101.9 + 4.8 mmol/L for sodium,
potassium, bicarbonate and chloride, respectively.
The mean serum urea was 28.2 + 5.7 mg/dl (Table
I11). The mean urea for subjects with MA of 29.6 +
5.0 mg/dl was not significantly different (p = 0.305)
from that obtained in those without MA of 27.8 +
6.0 mg/dl (Table V).

Serum creatinine varied between 0.8 and 1.1 mg/dl
(mean 0.923 + 0.093 mg/dl). The mean creatizine
clearance, corrected for age, was 148.96 + 23.3 ml/
min/1.73m? while the range was 96 - 203 ml/min/
1.73m? (Table IV). The table reveals that serum
creatinine increased with age. The patients who were

Tablel
Demographic Characteristics of the Study Population
Age (years) Male (%) Female (%) Total (%)
<5 14 (66.7) 7 (33.3) 21 (100)
6-8 7 (53.9) 6 (46.2) 13 (100)
9-11 6 (54.5) 5 (45.5) 11 (100)
12 - 14 9 (69.2) 4(30.8) 13 (100)
>15 6 (54.5) 5 (45.5) 1t (100)
Total 42 (60.9) 27 (39.1) 69 (1 *Jé
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Table IT
Anthropometric Characteristics of the Subjects
Weight (kg) " Height (cm) Body Surface Area(m?)
Age (years) (Mean + SD) (Mean + SD) (Mean + SD)
Male Female Male Female Male Ferndle

<5 161+71 149426  1004+139 999480 067402 064401

- 226437  203+32  1225+66 1178483 088+01 081 +01

9-11 277 +46  276+38 1314452 1360+57 100404 100 +0.1

12-14 331 +58 403 +6.1 1454 +7.7 1503 +120 115 +0.2 1.28 +0.3

>15 375491  401+114 1520+138 1590494 126402 133401

Mean Tord 274 +61  286+54 1303 +114 1326487 099402 101 +0.1

Mean for all

subjects 280 +5.8 131.5 +10.1 1.00 + 0.2

Table III
Mean Serum Electrolytes and Urea Profile in Varions Age Groups
Mean Valyes

Age (years) Sodium Potassinm Bicarbonate Chloride Ure
<5 - 138.1 + 1.6 3.7+£03 249 + 24 1025 £ 54 285 + 6.4
6-8 138.1 £+ 1.7 39+ 05 253 +21 1029 + 47 294 + 57
9-11 1370+ 23 36 +03 234+ 1.8 1005 £ 5.2 29.2 +4.0 v
12-14 1375+ 2.8 39 %05 230+ 25 102.5 + 4.8 265 + 6.3
>15 1373+ 19 38+02 270+ 3.4 100.9 + 3.8 272 + 6.2
Mean 1376 £ 2.1 3.8+ 04 247 £ 24 101.9 + 4.8 282 + 57
MA negative (n = 55), had a mean creatinine clearance Discussion

of 153.4 + 24.5 ml/min/1.73m? (range 96 - 203)
- compared to those that were MA positive (n = 14),
who had a mean creatinine clearance of 140.4 + 19.9
ml/min/1.732 (range 115 - 194 ml/min/1.73m?.
The difference in creatinine clearance between the two
groups was however, not statistically SIgmﬁcant (Table
V). Allthe subjects had normal serum creatinine and
" ¢r .ovinine clearance. No significant relationships
existed between MA and serum electrolytes, urea,
creatinirie, of subjects as shown in Table V.
'The sensitivity, specificity, positive predictive value
(PPV) and negative predictive value (NPV) of
creatinine were 0.0 percent, 100 percent, 0.0 percent
and 79.7 percent, respectlvdy Thus, besides the NPV
of serum creatinine, its performance vis-a-vis MA in
predicting earlyrenal changes was poor.

Neph:opa;hy is a common complication of sickle
cell anaemia as it develops in at least one-third of
adolescent and adult patients.®  The
pathophysiology of sickle nephropathy is not
completely understood, butinvolves both glomerular
and tubular injury and dysfunction.? Renal damage
in SCA begins in childhood, presumably as a
consequence of chronic anaemia, resulting in
increased circulating blood volume, and increased
renal blood flow and repeated intraparenchymal
sickling. Among children with SCA, the first clinical
sign of glomerular injury is often asymptomatic
proteinuria.®*?

In the present study; serum creatinine as against MA
as indicator of early renal changes had low positive
predictive value, specificity and sensitivity suggesting
its limited use as an indicator of early renal
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Table IV
Serum Creatinine Levels and Creatinine Clearance in Subjects according to Age Groups

Age (Years) Serum Creatinie Creatinine Clearance

(Mean + SD) (Mean + SD)
=5 0.914 + 0.101 161.2 + 21.12
6-8 0.915 + 0.099 149.4 + 16.7°
9-11 0.918 + 0.098 139.1 + 21.3¢
12-14 0.939 + 0.077 150.9 + 29.24
>15 0.972 + 0.091 144.2 + 27.8°

F= 01729 = F=1942
P =0.952 P=0.114
Mean + SD 0.923 + 0.093 mg,/dl 148.96 + 23.2 ml/min/1.73m?
Foomore to Table IV
Comparison Mean + SD Mean Difference t p-value
avse 161.2 + 21.1 144.2 + 27.8 16.9 1.933 0.063
avsb 161.2 + 21.1 1494 + 16.7 11.7 1.706 0.098
avsc 161.2 + 21.1 139 + 213 221 2.806 0.009*
avsd 161.2 + 21.1 1509 + 29.8 10.3 1.181 0.247
bvsc 1494 £ 167 139 + 21.3 10.3 1.332 0.196
bvsd 1494 + 167 ‘ 1509 + 29.8 -1.5 0.154 0.879
cvse 139 + 213 144.2 + 27.8 52 -0.489 0.630
*Statistically significant
Table V

Reélationship between Microalbuminuria and Serum Electr obytss, Urea, Creatinine and Creatinine Clearance in the Subjects

Parameter MA Positive (n = 14)  MA Negative (n = 55) t puale
(Mean + SD) . (Mean + SD)
Sodium (mmol/L) 1379 + 1.8 137.7 £ 21 1.470 0.146
Potassium (mmol/L) 3.8 +02 38 +04 0.000 1.000
Bicarbonate (mmol/L) 25.6 + 3.2 | 245 + 29 1.241 0.219
Chloride (mmol/L) 1014 + 44 102.2 + 5.0 0.547 0.587
Urea (mg/d)) 296 + 50 278 + 60 1033 0305
Serum creatinine (mg/dl) 093 + 0.08 092 + 0.10 0346 0730
Creatinine clearance 1404 + 199 153.4 + 24.5 -1.834 | 0.071

)
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Table VI
Peformanceof Serwm Creatinine as against Microalbuminria in the Detection
o Renal Impairmet
Serum Creatinine Microabuminia
Yes (%) No (%) Total (%)
Elevated 0 (0.0) 0(0.0) 0 ()
Normal 14 (20.3) 55 (79.7) 69 (100)
Total 14 (20.3) 55 (79.7) 69 (100)

compromise. Serum creatinine as a poor indicator
of early changes in renal diseases has been
acknowledged in such conditions as diabetes mellitus
and hypertension." Thus, serum creatinine cannot be
relied upon for the detection of earlyrenal changes.
In other words, serum creatinine, though reliableasa
marker of established renal diseases, may not be too
relevant in the screening for early renal changes
particularly in sicklers. This is borne out of the fact
that by its unique metabolism, serum creatinine will
only be persistently deranged following substantial
decline in renal function." The obvious implication
of this is the superiority of MA over serum creatinine
as an index of early renal changes even in children
with SCA. Our observation is in tandem with the
findings by Guasch eral”® who observed that routine
screening using either serum creatinine or creatinine
clearance would be very insensitive 1n detecting early
renal failure in the sickle cell patient population and
that MA might be required to detect those with early
glomerular damage.

Once end-stage renal disease (ESRD) occurs, the
prognosis is very poor despite intervention
measures.” Unfortunately; there are no national data
regarding the prevalence of sickle cell nephropathy
in Nigeria. However, among 375,152 patients with
ESRD reported in the United States Renal Data
System, 397 (0.11 percent) had SCD. The mean age
at presentation was 40.68 + 14 years, with overall
increased risk of mortality as compared to other
patients with ESRD.? Powars et 2/ also
ceinonstrated increased risk of mortality in
comparison with non-SCD patients with CRE/
ESRD. Conditions culminating in ESRD in these
patients could have started in childhood given the
mean age at presentation of such patients. Early
detection of the renal changes coupled with specific
interventions could have decelerated or retarded the
progression of the renal assault. As previously
described, MA or the preclinical increased excretion
in urinary albumin is an early sign of glomerular

damage’® Generally; a prolonged period of MA
may precede persistent proteinuria.®® Given the high
prevalence of sickle cell disease in Nigeria, a substantial
number of persons are at risk of ESRD from
complications inherent in SCA. Viewed against this
background, early detection of renal changes as could
be achieved through the use of MA become
mvaluable.

In this study, serum sodium levels were normal, a
finding that was in keeping with that of Bayazit &
d' who also noted normal sodium values in children
with SCA. However, Aluoch® in a study carried out
in the Netherlands, recorded low sodium levels in
his cohort of children with SCA. The difference in
sodium levels observed between our study and those
reported by Aluoch could be ascribed to differences
in the characteristics of the study population.
Whereas our studyinvolved children aged one to 16
years, Aluoch’s subjects were not categorized to allow
for comparison. Contrary to the normal serum
potassium levels noted in our subjects, Aluoch* and
Bayazit er 4/*! documented higher levels of serum
potassium in patients with SCA. Aluoch” found
hyperkalaemia of greater than 5 mmol/L in 50
percent of SCA cases. However, he ascribed some
high petassium levels to probable #-uiro haemol ysis.
In consonance with the findings in this study; Falk e
4 in 1992 and Bayazit eta" in 2002 recorded normal
serum creatinine in children with SCD. Levels of
serum creatinine would be normal in such patients
unless they had profound renal function
compromise.

'The children with MA did not vary in their height,
serum electrolyte, urea, creatinine, and creatinine
clearance when compared to their counterparts
without MA. Other workers also did not find any
association specifically between creatinine clearance
and MA.7*

In conclusion, the serum ureaand electrolyte profile
of children with SCA in Benin City were nor mal for
age. The same applied to serum creatinine of all the
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children although it increased with age. Performance
of serum creatinine as a predictor of early renal
impairment as against MA in children with SCA was
poor.
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