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Abstract. Background: Glucose-6-phosphate dehydrogenase (G6PD) deficiency anemia is
associated with intravascular hemolysis. The freely filtered hemoglobin can damage the kidney.
We aimed to assess any subclinical renal injury in G6PD children.

Methods: Sixty children were included. Thirty G6PD deficiency anemia children were enrolled
during the acute hemolytic crisis and after the hemolytic episode had elapsed. Another thirty
healthy children were included as controls. Serum cystatin C, creatinine levels, and urinary
albumin/creatinine (A/C) ratio were measured, and the glomerular filtration rate (GFR) was
calculated.

Results: Significantly higher urinary A/C ratio (p=0.001,0.002 respectively) and lower GFR
(p=0.001 for both) were found during hemolysis and after the hemolytic episode compared to the
controls. Also, significant higher serum cystatin C (p=0.001), creatinine (p=0.05) and A/C (p=
0.001) ratio and insignificant lower GFR (p=0.3) during acute hemolytic crisis compared to the
same children after the hemolytic episode subsided.

Conclusions: G6PD deficiency anemia is associated with a variable degree of acute renal injury
during acute hemolytic episodes which may persist after elapsing of the hemolytic crises.
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Introduction. Glucose-6-phosphate dehydrogenase  anemia may play an important role in the

(G6PD) deficiency anemia is an X-linked
recessive hereditary disease where the enzyme
G6PD is deficient." G6PD is the key regulatory
enzyme in the hexose monophosphate shunt with
the  production of nicotinamide adenine
dinucleotide (NADPH) that is required for
protection against oxidative damages.? Increased
oxidative stress has been observed in many
diseases including those related to renal damage.®
There is a higher prevalence of the G6PD
deficiency in children with unexplained chronic
kidney disease assuming that G6PD deficiency

pathogenesis of chronic kidney disease.* In G6PD
deficiency, massive intravascular hemolysis can
cause acute renal failure, and acute tubular
necrosis might complicate the severe hemolytic
episode.’> Accurate renal function measurements
are important for diagnosis, treatment, and
prevention of more severe renal damage. Serum
Creatinine (Cr) is the most commonly used
indicator of renal function, but its measurement
suffers from a variety of analytical interferences
and significant standardization problems.® Cystatin
C is a low-molecular-weight protein freely filtered
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by the glomeruli. Its serum concentration is less
dependent on extra renal factors than in the case of
Creatinine.’

The aim of this study was to detect occult acute
Kidney injury in glucose six phosphate
dehydrogenase anemic children with apparently
normal kidney function during and after
termination of the acute hemolytic crises by
assaying the glomerular filtration rate (GFR),
serum creatinine and urinary albumin/creatinine
(A/C) ratio.

Materials and Methods. This case-control study
was carried out between March and August 2014.
Sixty children were enrolled in this study which
involved thirty known glucose-6-phosphate
dehydrogenase  deficiency (G6PD) anemia
children (group 1) were included and thirty healthy
age and sex matched control group (11). The G6PD
assay was based on the modified Beutler
fluorescent spot test’ using the G6PD screening
test (Kimia Pagouhan lot no 90607, Iran). The G-
6-PD deficiency was defined as any G-6-PD value
<3.4 U/gHb. This cut-off was adopted for both
males and females. In the present series, 40% of
affected children were females. This percentage is
larger if compared with previous Egyptian studies,
but very similar to that found in malaria endemic
areas in which the ratio males/females is about
1.6/1.°  Of course, this group included
heterozygotes phenotypically affected because of
the  phenomenon of  Lyonization™ and
homozygous. The WHO imposed a fixed threshold
of 10% of normal value to consider heterozygotes
being phenotypically deficient, as did the most
recent study by Nkhoma et al.** However, across
the predicted national predictions, a median
proportion of 26.4% (IQR: 25.2-27.6) expected
heterozygotes were predicted to be phenotypically
deficient.> The homozygous quote is dependent
on the frequency of affected gene in the regions
and by marriage consanguinity.® Although G6PD
deficiency is frequently considered to be rare in
females, it is clear from the assembled database
and derived modeled population estimates that in
many areas an important proportion of females
will also be affected.’® The aim of our study was
not epidemiological, and this large proportion of
female could be casual and not reflect the real
situation. However, it suggests further studies on a
wider scale of patients, since the complexity of
ethnic populations in Egypt.

For all patients with low G6PD level, DNA
was extracted by a phenol-chloroform based
method.’® The extracted DNA was screened
sequentially for four G6PD deficient mutations
namely G6PD Mediterranean (563 C—T), G6PD
Chatham (1003 G—A), G6PD Cosenza (1376
G—C), G6PD A- (202 G—A) mutations using
polymerase chain reaction/restriction fragment
length polymorphism (PCR/RFLP) based method
using standard column kits (Favorgen Biotech
Corp., Taiwan). Twenty-seven (90 %) were
G6PD-Mediterranean, 2 (6.7 %) were G6PD-
Chatham, another 1 (3.3 %) were G6PD-A.

Patients of Group | were furtherly classified
into two subgroups according to the presentation:

Group la Included the thirty known G6PD
anemic children during acute hemolytic crises just
before a scheduled transfusion. Transfusion
therapy had been given immediately after
sampling as scheduled for acute hemolysis.

Group Ib: included the same patients included
in group la one month after the hemolytic crises
had elapsed (proved by normal hemoglobin level,
normal reticulocyte count, no urobilinogen in clear
colored urine).

All patients were selected from the pediatric
hematology emergency department (group la) and
the pediatric hematology outpatient clinic during
follow-up (group 1Ib) in Minia children’s
University Hospital. The controls were selected
from healthy school children after exclusion of
G6PD anemia (by complete blood count and
quantitative G6PD enzyme assay by the same
method as involved patients) and renal disease
(urinalysis blood urea, serum creatinine and
urinary A/C ratio). The blood samples from the
control group were taken at their schools.

The consent form was taken before blood
sampling. Moreover, all patients and controls
included were subjected to:

History: Name, age, sex, residence, family history,
and history of triggering factors for hemolysis.

Twenty-five (88.3%) of the involved patients
had fava bean induced hemolysis, 3 (10%) patients
had acute hemolysis following a viral upper
respiratory tract infection and 2 (6.7%) patients
had drug induced hemolysis (one patient received
anti-diarrheal drug containing nitrofurantoin, and
the other patient received ibuprofen, but both
drugs were within the therapeutic levels).
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Examination: General examination,
anthropometric measures which were plotted on
percentile growth charts, vital data as well as an
examination of chest, heart and abdomen.

Exclusion criteria: Children with a history of renal
disease or renal transplantation before admission,
history of proven congenital renal anomalies,
known autoimmune, renal disease, children with
any malignancy, children with known other
hematological diseases (Sickle cell anemia) and
children with known metabolic diseases were
excluded.

Laboratory Investigation: performed to all
involved subjects (group la, Ib, and Il) Complete
Blood Count (CBC), serum creatinine, indirect
serum bilirubin, serum cystatin C, urinary A/C
ratio.

Acute hemolytic crises are diagnosed clinically

by acute pallor, jaundice, and dark urine.
Normocytic normochromic  anemia  and
reticulocytosis by CBC, indirect

hyperbilirubinemia with normal liver enzymes.

Cystatin C-based GFR is calculated by Le
Bricon formula: = [(78) x (L/cystatin C)] + 4/

Urinary albumin to creatinine ratio (A/C) using
the National Kidney Foundation’s level
recommendations as a reference (female <3.5
mg/mmol, male <2.5 mg/mmol)*®

The study was conducted according to the
Declaration of Helsinki and was approved by
Minia Faculty of Medicine institutional review
board.

Sampling: Three Venous blood samples were
collected from both patients and controls under
complete aseptic conditions and divided as follow:
a. About 2 ml of blood in a K3-EDTA
anticoagulated tubes for complete blood
count, peripheral smear as well as flow
cytometric analysis and analyzed within 24
hours.
b. About 3ml of blood in a plain tube without
any anticoagulant left to clot and centrifuged
at 2000 revolutions per minute (rpm) for 5
minutes. The serum was then separated,
aliquoted and stored at - 20°C till used for
serum cystatin C assay.
c. About 3ml of blood in a plain tube without
any anticoagulant left to clot and centrifuged
at 2000 revolutions per minute (rpm) for 5
minutes. The serum was then separated and

used for serum creatinine and indirect
bilirubin assay.
Urine samples were collected for assaying A/C

ratio.

Methods of assay: Complete blood count was
performed using automated blood counter
(Sysmex KX-21N). Serum cystatin C (quantified
by a turbid metric method (Roche Diagnostics,
Indianapolis, IN), initial serum creatinine levels
(were assayed by enzyme immune assay), indirect
serum bilirubin using fully automated chemical
auto-analyzer Dimension-ES, USA. Urinary A/C
ratio using a turbid metric method at Quest
Diagnostics Laboratories (San Juan Capistrano,
CA). Creatinine was measured by Mind rays BS
300 chemical analyzer.

Statistical Analysis: The SPSS (Statistical Package
for the Social Sciences) statistical software suite,
version 16.0, was used for all statistical analyses
(SPSS Inc, Chicago, IL, USA). Data with normal
distribution were expressed as the mean values
+SD and were assessed by paired Student's t-test
to evaluate inter-group (group la versus group 1b)
differences. Data with skewed distribution were
expressed as medians with corresponding
interquartile ranges and were assessed by the
Wilcoxon test for the inter-group comparisons.
Differences between categorical variables were
analyzed using Chi Square test. The relationship
between serum cystatin C and clinical and
laboratory variables were evaluated by partial

correlation using Pearson test. A  two-
tailed P value  <0.05 indicated  statistical
significance.

Results. Group | included thirty children with an
age ranging from 5 to 90 months. 18 (60%) of
them were males and 12 (40%) were females'?
while group 11 age ranged from 2-to 95 months, 18
(60%) were male, and 12 (40%) were female.
(Table 1)

During the acute hemolytic episode (group la),
calculated GFR significantly decreased compared
with normal healthy children (p=0.001) but no
significant change when compared after relieving
from the hemolytic episode (p=0.3) (Table 1,
Figure 1). Serum cystatin C significantly
decreased after the subsidence of hemolytic
process (group Ib) compared with those during
acute hemolysis (group la; p<0.001) and still
elevated in those children after the subsidence of
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Table 1. Comparison between studied groups regarding some clinical and laboratory data.

P value
Parameter Glﬁ:gola G';\?ggolb G'ILIO:LJ;OII Group Group Group All
la&ll Ib&II la&lb groups
Range 5-96 2-95
Age (month) Median o 36 0.06 0.09 0.84 0.12
Male 18 (60%) 18(60%)
Sex Female 12 (40%) 12(40%) 0.57 0.89 0.43 0.82
. . Range 5-75 5-75
Weight centile Median 275 275 0.11 0.38 0.17 0.26
. . Range 5-90 5-95
Height centile Median 25 31 0.25 0.27 0.14 0.33
- Range 2.2-7.1 10-14 9.8-13 - - *
Hemoglobin level Median 2 118 11 <0.001 0.09 <0.001 <0.001
- . Range 4-20 0.7-3.2 1-3 - - *
Reticulocytic count Median 8 16 17 <0.001 0.9 <0.001 <0.001
. S Range 2.5-7.2 0.5-1.8 0.2-0.9
Indirect bilirubin Median 38 08 04 <0.001 0.008 0.001 <0.001
. Range 0.41-1.64 0.38-1.1 0.36-.80 - N - -
Serum cystatin C Median 091 0.66 0.50 <0.001 0.008 <0.001 <0.001
_ Range 0.40-0.90 0.1-05 0.1-7
Serum creatinine Median 05 03 04 0.08 0.07 0.05 0.43
Range 41.25-125 82.5-475 68-550 . " -
GFR Median 736 896 1177 <0.001 <0.001 0.3 <0.001
. . Range 1-19 0.1-5 0.2-04 - N - *
Urinary A/C ratio Median 75 > 01 <0.001 0.002 <0.001 <0.001
BMI=body mass index, GFR= glomerular filtration rate, A/C ratio= albumin/creatinine ratio.
200.00 6.00
180.00 5.00
160.00
4.00
140.00
3.00 W serum creatinine
120.00
m urinary A/C ratio
100.00 2.00
m GFR
80.00 1.00
60.00 0.00
group la Group Ib Group I

40.00

20.00

0.00
Group Ib

Group |l

group la

Figure 1. Comparison between studied groups regarding GFR.
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Figure 2. Comparison between studied groups regarding serum
cystatin.

hemolysis (group Ib) compared with controls (group
I1; p=0.008) (Table 1, Figure 2). Urinary A/C ratio

Figure 3. Comparison between studied groups regarding serum
creatinine and A/C ratio.

significantly increased during acute hemolysis
and also after the elapse of the hemolytic
process compared with the controls (p=0.001 for
all) (Table 1, Figure 3).

No significant correlation between GFR and
both reticulocyte count and hemoglobin level in
group | patients either during acute hemolytic (p=
0.36, r=-0.1 for both reticulocyte count and Hb)
episode and after the subsidence of the acute
hemolytic crises. (for reticulocyte count p=0.79,
r= -0.1 and for Hb, p=0.39, r=-0.16). (Table 2).
Significant positive correlations between G6PD
enzyme level and cystatin-based GFR in group la
and Ib patients (p= 0.001, 0.001and r= 0.83, 0.65
respectively) (Table 2). Serum cystatin C levels
significantly decreased after the subsidence of
hemolytic process compared with those during
acute hemolysis (p<0.001) and remained elevated
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Table 2. Correlation between G6PD level and GFR in group I.

Group la | Group 1b
Variable GFR
(ml/min/1.73m?)
* *
G6PD p 0.001 0.001
(ng/mi) r 0.83 0.65
G6PD= glucose six phosphate dehydrogenase, GFR= glomerular filtration rate.
Table 2. Correlation between GFR and some laboratory data.
GFR
Variable Group la Group Ib
r p r p
Reticulocytes
(%) -0.17 0.36 -0.1 0.79
Hb level
(gm/dl) -0.17 0.36 -0.16 0.39

in those children after the subsidence of hemolysis
compared with controls (p=0.008) (Table
3,Figure 2). Urinary A/C ratio was elevated in
group la and significantly reduced in group Ib
(p<0.001) and still elevated in group Ib compared
with controls (p=0.002) (Table 1, Figure 3).

Discussion. Acute hemolytic anemia is associated
with a significant burden on different tissues
including kidneys. The incidence of acute kidney
injury (AKI) related to hemolysis is not well
described, but may be as high as 50% with
massive hemolysis.’*?° and considered as one of
the dangerous complications  of  severe
hemolysis.”* It has been reported to occur in
severe hemolytic episodes in G6PD-deficient
subjects.?

In the present study, serum cystatin C and A/C
ratio were measured, and GFR was calculated
during the acute hemolytic episode and after the
acute hemolytic crises had subsided.

During acute hemolytic crises, significant
differences between children and controls
regarding serum cystatin, A/C ratio, and GFR
reflecting glomerular function depression during
this acute stage.

This reduction in the glomerular function could
be due to the free hemoglobin in the plasma® and
iron overload leading to massive hemosiderin
deposition with their toxic effect in the proximal
tubules and renal cortex. A second possibility is
the micro medullary infarctions resulting from
anemic hypoxia or inability of the hemosiderin-
laden renal tubular epithelium to sustain maximum

osmotic gradient between the urine and plasma.
Severe anemia and hemoglobinuria-induce acute
tubular necrosis due to tissue hypoxia and
ischemia, as suggested by the metabolic acidosis at
presentation, may be an alternative explanation. In
children, however, this complication occurs
rarely.?*?

The result of this cortical and tubular pathology
is the impaired renal filtering functions and
impaired creatinine excretion.?

No previous studies to assess serum cystatin in
G6PD deficiency hemolytic anemia had been
reported. Serum cystatin and creatinine levels
were found to be increased in children with acute
kidney injury.?’

Serum cystatin C significantly decreased
compared with their levels during acute hemolytic
crises but still significantly increased compared
with their levels in control group suggesting the
incidence of a variable degree of kidney injury
during the previous episodes of acute hemolytic
crises. After fading from acute hemolytic crises
and the blood, the picture should be normalized or
near normalized, the reduced renal function
seemly to be short lived. Some evidence of slow
turnover of the renal hemosiderin.?®* could
explain the persistent some impairment of
glomerular function after fading of acute
hemolytic crises. G6PD activity per see can cause
deleterious changes in cellular functions.> An
experimental study proved that the G6PD enzyme
deficient mouse model is stimulating an
inflammatory reaction in the kidney leading to an
alteration in metabolic processing of albumin by
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the kidney tubules.*® G6PD, which is an
indispensable component of antioxidant defense,
plays pathogenic roles in diseases other than
hemolytic disorders and may play a major role in
the pathogenesis of the unexplained Kkidney
diseases.”

Recovery phase after acute kidney injury occurs
where the tubular function is restored and
characterized by an increase in urine volume and a
gradual decrease in BUN and serum creatinine to
their pre-injury levels.”®

Serum cystatin C level at the follow-up was
significantly elevated compared to controls
suggesting occult renal injury in these children.
This datum is against the report of Krawczeski et
al., 2010 who found that the optimal cut-off time
at post burn was the day 14 (a condition produces

References:

1. Minucci A, Concolino P, Vendittelli F, Giardina B, Zuppi C,
Capoluongo E: Glucose-6-phosphate dehydrogenase Buenos Aires:
A novel de novo missense mutation associated with severe enzyme
deficiency. Clin Biochem 2008; 41(9):742-745.
http://dx.doi.org/10.1016/j.clinbiochem.2007.11.009
PMid: 18086567

2. Lee JW, Choi AH, Ham M, Kim JW, Choe SS, Park J, Lee GY,
Yoon KH, Kim JB.: G6PD up-regulation promotes pancreatic beta-
cell  dysfunction. Endocrinology  2011;  152(3):793-803.
http://dx.doi.org/10.1210/en.2010-0606 PMid:21248143

3. Xu Y, Zhang Z, Hu J, Stillman IE, Leopold JA, Handy DE,
Loscalzo J, Stanton RC: Glucose-6-phosphate dehydrogenase -
deficient mice have increased renal oxidative stress and increased
albuminuria. FASEB J 2010; 24: 609-616.
http://dx.doi.org/10.1096/fj.09-135731 PMid:19805580
PMCid:PMC2812032

4. Jayasekara JMKB, Dissanayake DM, Gunarathe MDN,
Sivakanesan R, Dissanayake DMTS: Prevalence of G6PD
deficiency in children with chronic kidney disease of unknown
origin in north central region of Srilanka: case control study.
International Journal of Recent Scientific Research 2013;4 (4):
455-458.

5. Luzzatto L: Glucose 6-phosphate dehydrogenase deficiency: from
genotype to phenotype. Haematologica 2006; 91(10):1303-1306.
PMid:17018377

6. Waad-Allah S. Mula-Abed, Khalid Al Rasadi and Dawood Al-
Riyami: Estimated glomerular filtration rate (e GFR): A serum
Creatinine-based test for the detection of chronic kidney disease
and its impact on clinical practice. Oman Med J 2012; 27(2): 108-
113. http://dx.doi.org/10.5001/0mj.2012.23 PMid:22496934
PMCid:PMC3321332

7. Zappitelli M, Parvex P, Joseph L, Paradis G, Grey V, Lau S, Bell
L: Derivation and validation of cystatin C-based prediction
equations for GFR in children. Am J Kidney Dis 2006;48: 221-
230. http://dx.doi.org/10.1053/j.ajkd.2006.04.085 PMid:16860187

8. Filler G, Bokenkamp A, Hofmann W, Le Bricon T, Martinez-Bru
C, Grubb A.: Cystatin C as a marker of GFR-history, indications,
and future research. Clin  Brioche 2005; 38:1-8.
http://dx.doi.org/10.1016/j.clinbiochem.2004.09.025
PMid:15607309

9. Beutler E, Mitchel IM. Brief report: special modifications of the
fluorescent  screening  method  for  glucose-6-phosphate
dehydrogenase deficiency. Blood. 1968;32:816-818.
PMid:4386875

10. Beutler E, Yeh M, Fairbanks VF: The normal human female as a
mosaic of X-chromosome activity: studies using the gene for G-6-
PD-deficiency as a marker. Proc Natl Acad Sci U S A 1962;48: 9-
16. http://dx.doi.org/10.1073/pnas.48.1.9 PMid:13868717
PMCid:PMC285481

11. Nkhoma ET, Poole C, Vannappagari V, Hall SA, Beutler E: The

the same drawbacks on the kidney as the acute
hemolysis do) when both serum creatinine and
serum cystatin were within normal range.®* This
could be explained by the flow phase (following
acute stages of burn-induced kidney injury) which
is characterized by hyperdynamic circulation and
hypermetabolic state. However, further studies are
needed to validate this finding fully.

Conclusions. G6PD deficiency is associated with
a variable degree of occult kidney injury during
acute hemolytic episodes. The renal injury may
persist after the subsidence of the acute hemolytic
episode. Further studies on a wide scale of patients
with serial glomerular filtration rate evaluation
over an extended period are needed to support our
results.

global prevalence of glucose-6-phosphate  dehydrogenase
deficiency: a systematic review and meta-analysis. Blood Cells
Mol Dis 2009; 42: 267-278.
http://dx.doi.org/10.1016/j.bcmd.2008.12.005 PMid:19233695

12. Howes RE, Piel FB, Patil AP, Nyangiri OA, Gething PW, Dewi M,
Hogg MM, Battle KE, Padilla CD, Baird JK, Hay SI: G6PD
Deficiency Prevalence and Estimates of Affected Populations in
Malaria Endemic Countries: A Geostatistical Model-Based
Map.Plos medicine 2012(13): €1001339.
http://dx.doi.org/10.1371/journal.pmed.1001339  PMid:23152723
PMCid:PMC3496665

13. Abdul-Ghani R, Mahdy MA, Saif-Ali R, Alkubati SA, Alqubaty
AR, Al-Mikhlafy AAAl-Eryani SM, Al-Mekhlafi AM, Alhaj A.
Glucose-6-phosphate dehydrogenasedeficiency among Yemeni
children residing in malaria-endemic areas of Hodeidah
governorate and evaluation of a rapid diagnostic test for its
detection. Malar J. 2016 Jun 21;15:327. doi: 10.1186/512936-016-
1372-9. http://dx.doi.org/10.1186/s12936-016-1372-9

14. Lyon MF: Gene action in the X-chromosome of the mouse (Mus
musculus L.). Nature 1961; 190: 372-373.
http://dx.doi.org/10.1038/190372a0 PMid:13764598

15. Dobyns WB, Filauro A, Tomson BN, Chan AS, Ho AW, Ting NT,
Oosterwijk JC, Ober C.: Inheritance of most X-linked traits is not
dominant or recessive, just X-linked. Am J Med Genet A. 2004;
30; 129A(2):136-43.

16. Bass F, Bikker H, Ommen GJ, Vijlder J. Unusual scarcity of
restriction site polymorphisms in human thyroglobin gene: A
linkage study suggesting autosomal dominance of defective
thyroglobin allele.Hum Genet. 1984;67:301-305.
http://dx.doi.org/10.1007/BF00291357

17. Le Bricon T., Thervet E., Froissart M., Benlakehal M., Bousquet
B., Legendre C., Erlich D: Plasma cystatin C is superior to 24-h
creatinine clearance and plasma creatinine for estimation of
glomerular filtration rate 3 months after kidney transplantation.
Clin Chem. 2000; 46:1206-1207. PMid:10926911

18. National kidney foundation. Clinical practice guidelines for
chronic kidney disease: evaluation, classification, and stratification.
Am J Kidney Dis. 2002;39(2):5S1-266. PMid:11904577

19. Centers for Disease Control and Prevention: Hemolysis associated
with 25% human albumin diluted with sterile water - United States,
1994-1998. JAMA 1999; 281:1076-1077. PMid:10188647

20. Choudhry VP, Ghafary A, Zaher M, Qureshi MA, Fazel I, Ghani
R: Drug-induced haemolysis and renal failure in children with
glucose-6-phosphate dehydrogenase deficiency in Afghanistan.
Ann Trop Paediatr 1990; 10:335-33.
http://dx.doi.org/10.1080/02724936.1990.11747454
PMid:1708959

21. Marijn Schuurman, Dick van Waardenburg, Joost Da Costa,
Hendrik  Niemarkt, Piet Leroy: Severe hemolysis and
methemoglobinemia following fava beans ingestion in glucose-6-

QOPEN 8 ACCESS

Mediterr J Hematol Infect Dis www.mjhid.org 2016; 8; 2016038

Pag.6/7


http://www.mjhid.org/
http://dx.doi.org/10.1016/j.clinbiochem.2007.11.009
http://dx.doi.org/10.1210/en.2010-0606
http://dx.doi.org/10.1096/fj.09-135731
http://dx.doi.org/10.5001/omj.2012.23
http://dx.doi.org/10.1016/j.clinbiochem.2004.09.025
http://dx.doi.org/10.1073/pnas.48.1.9
http://dx.doi.org/10.1016/j.bcmd.2008.12.005
http://dx.doi.org/10.1371/journal.pmed.1001339
http://dx.doi.org/10.1186/s12936-016-1372-9
http://dx.doi.org/10.1038/190372a0
http://dx.doi.org/10.1007/BF00291357
http://dx.doi.org/10.1080/02724936.1990.11747454

22.

23.

24.

25.

26.

QOPEN

phosphatase dehydrogenase. Eur J Pediatr 2009 168:779-782.
http://dx.doi.org/10.1007/s00431-009-0952-x  PMid:19263080
Sarkar S, Prakash D, Marwaha RK, Garewal G, Kumar L, Singhi
S, Walia BN: Acute intravascular hemolysis in glucose-6-
phosphate dehydrogenase deficiency. Ann Trop Paediatr 1993;
13:391-394.  http://dx.doi.org/10.1080/02724936.1993.11747677
PMid:7506889

Yew Koon Lim, Andrew Jenner, Azhar Bin Ali, Yanping Wang,
Stephen I-Hong Hsu, Siew Meng Chong,Heinz Baumman, Barry
Halliwell, Sai-Kiang Lim: Haptoglobin reduces renal oxidative
DNA and tissue damage during phenylhydrazine-induced
hemolysis.  Kidney International 2000;58(3): 1033-1044
http://dx.doi.org/10.1046/j.1523-1755.2000.00261.x
PMid:10972668

Lau HK, Li CH, and Lee AC: Acute massive hemolysis in children
with glucose-6-phosphate dehydrogenase deficiency. Hong Kong
Med J 2006; 12:149-15. PMid:16603783

Luzzatto L: Glucose-6-Phosphate Dehydrogenase Deficiency and
Hemolytic Anemia. Nathan DG, Orkin SH (eds) Nathan and
Oski’ s Hematology of Infancy and Childhood, 6th ed. W. B.
Saunders, Philadelphia 2003, p 721-742.

Lee HT, Kim JY, Kim M, Wang P, Tang L, Baroni S, D'Agati VD,
Desir GV.: Renalase protects against ischemic AKI. J Am Soc
Nephrology 2013; 24(3):445-455.
http://dx.doi.org/10.1681/ASN.2012090943 PMid:23393318

ACCESS

217.

28.

29.

30.

3L

Mediterr J Hematol Infect Dis www.mjhid.org 2016; 8; 2016038

PMCid:PMC3582209

Lewington A and Kanagasundaram S: Acute Kidney Injury: UK
Renal Association. 5th Edition, Clinical Practice Guidelines, 2011.
Halpren SE, Leonard JE, Whitcom WH, Bottomley SS: Urinary
iron excretion studies in paroxysmal nocturnal hemoglobinuria.
Arch Inten Med 1971; 127, 10-28.

Neville R. Pimstone, Peter Engel, Raimo Tenhunen, Paul T. Seitz,
Harvey S. Marver, and Rudi Schmid: Inducible heme oxygenase in
the kidney: a model for the homeostatic control of hemoglobin
catabolism. J  Clin  Invest.  1971;50(10):  2042-2050.
http://dx.doi.org/10.1172/JC1106697 PMid:4398936
PMCid:PMC292137

Suliman ME, Yilmaz MI, Carrero JJ, Qureshi AR, Saglam M,
Ipcioglu OM, Yenicesu M, Tong M, Heimburger O, Barany P,
Alvestrand A, Lindholm B, Stenvinkel P: Novel links between the
long pentraxin 3, endothelial dysfunction, and albuminuria in early
and advanced chronic kidney disease. Clin J Am Soc Nephrol
2008; 3: 976-985.  http://dx.doi.org/10.2215/CJIN.03960907
PMid:18417746  PMCid:PMC2440283

Krawczeski CD, Vandevoorde RG, Kathman T, Bennett MR, Woo
JG, Wang Y, Griffiths RE, Devarajan P: Serum cystatin C is an
early predictive biomarker of acute kidney injury after pediatric
cardiopulmonary bypass. Clin J Am Soc Nephrol 2010; 5:1552-
1557. http://dx.doi.org/10.2215/CIN.02040310  PMid:20538834
PMCid:PMC2974393

Pag.7/7


http://www.mjhid.org/
http://dx.doi.org/10.1007/s00431-009-0952-x
http://dx.doi.org/10.1080/02724936.1993.11747677
http://dx.doi.org/10.1046/j.1523-1755.2000.00261.x
http://dx.doi.org/10.1681/ASN.2012090943
http://dx.doi.org/10.1172/JCI106697
http://dx.doi.org/10.2215/CJN.03960907
http://dx.doi.org/10.2215/CJN.02040310

