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Abstract: Background: Preeclampsia is associated with significant materno-fetal morbidity and mortality. Podocyturia due to podocyte damage seems to be associated with the disease. The objective of this study was to evaluate
the usefulness of urinary podocalyxin as a marker of preeclampsia in a Hispanic population. Methods: 63 patients
were studied. 25 patients had preeclampsia/eclampsia (PE-E). 38 patients had normal pregnancies and served
as control group. 24 hour proteinuria, urine protein/creatinine (UPC), urinary podocalyxin and perinatal outcomes
were measured. A Podocalyxin ELISA test was used to detect podocyturia. Results: Mean age (years), mean±SD was
30.5±5.4 in normal patients vs 30.6±5.8 in PE-E, p=0.98. Median gestational age (weeks) was, 38 (range 21-42)
for normal pregnancies and 36 (range 24-40) for patients with PE-E, <0.001. Urine podocalyxin/creatinine on admission (ng/mg), median [IQR] in normal patients was 55.9 [29.4, 74.9] vs 109.7 [63.8, 234.1] in PE-E, p=0.001.
After adjusting for admission proteinuria, urinary podocalyxin remained independently associated with preeclampsia: OR=1.0040 (95% CI 1.0003-1.0078), p=0.03. There was low to moderate correlation between UPC and urinary
podocalyxin, Spearman’s =0.31, p=0.01. In PE-E, post-partum urine podocalyxin was lower, median [IQR]: 69.7
[32.7, 184.8] p=0.19 vs admission. There was a trend towards more podocyturia and proteinuria in patients with
eclampsia, comparing to those with preeclampsia. There was no association observed between podocyturia and
neonatal mortality, IUGR or Apgar scores. Conclusions: Significantly higher levels of urinary podocalyxin are seen in
preeclampsia/eclampsia. They tend to normalize after delivery.
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Introduction
Preeclampsia affects 3-10% of pregnancies. Its
prevalence has been increasing and is associated with significant maternal-fetal morbidity
and mortality [1].
This condition affects women during their pregnancies and it may be associated with cardiovascular and chronic kidney disease later in
life.
Although preexisting hypertension, kidney disease, and diabetes mellitus are risk factors for
preeclampsia, the large majority of women with

preeclampsia are healthy, primiparous, without
significant medical problems [2].
Even though appropriate prenatal care has reduced the number and extent of poor outcomes, serious maternal-fetal morbidity and
mortality still occurs.
As a result, there has been a search for diagnostic markers to improve our understanding of
the disease.
Podocytes are highly specialized glomerular visceral epithelial cells. Their function is the stabilization of the glomerular capillaries and partici-
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pation in the barrier function of the glomerular
filter. A growing body of evidence suggests that
podocyte damage occurs in preeclampsia, and
is reflected by the abnormal shedding of podocytes in the urine [3].
Several markers of podocyte injury are available (i.e. nephrin, sinaptopodin, podocalyxin,
podocin). Some of them are more specific to
the podocytes, and some are also expressed in
other tissues [4, 5].
Different methods are used to detect podocyturia. They include immunohistochemistry after
cell culture, ELISA and polymerase chain reaction types. A prior study has demonstrated that
urinary podocalyxin, detected by ELISA is characteristic of preeclampsia [6, 7].
To date, most studies on podocyturia and preeclampsia have been performed in populations
in Asia, Europe and North America. There is
paucity of data in other populations. This is the
first study enrolling a predominantly Hispanic
population (Paraguayan women).
The objective of the study was to validate, in a
Hispanic population, prior findings that suggest
that urine podocalyxin (detected by ELISA) is
more elevated in preeclampsia.
Material and methods
After obtaining institutional review board approval, this prospective pilot study was performed between March 2013 and January
2014.
Inclusion criteria

Preeclampsia superimposed to chronic hypertension was defined as an increase from baseline systolic blood pressure (SBP) of 30 mmHg
or an increase in diastolic blood pressure (DBP)
of at least 15 mmHg along with proteinuria
≥300 mg/24 hs in a patient with a prior medical history of hypertension without prior evidence of proteinuria or edema.
Severe preeclampsia was defined as preeclampsia complicated by either a SBP ≥160
mm or a DBP ≥110 mmHg on 2 occasions at
least 6 hours apart and/or pulmonary edema
and/or oliguria (<400 mL of urine output in 24
hours) and/or persistent headaches, neurological symptoms and/or epigastric pain and/or
impaired liver function and/or thrombocytopenia and/or oligohydramnios, decreased fetal
growth, or placental abruption and/or HELLP
syndrome (hemolysis, elevated liver enzyme,
low platelets).
Eclampsia was defined as seizures that cannot
be attributable to other causes in a woman with
preeclampsia [8].
Normal pregnancy control
Patients without a diagnosis of preeclampsia or
eclampsia. Patients without the conditions listed in the exclusion criteria.
Exclusion criteria
Patients in whom urine or blood test were not
available at the time of the study, patients with
prior history of chronic kidney disease, glomerulonephritis, hematuria, autoimmune disorders, cancer or diabetes mellitus.

Pregnant patients, admitted to the Obstetrics
service at the IPS (Instituto de Prevision Social)
Hospital in Asuncion, Paraguay, who had a thorough physical examination, urine and blood
tests at the time of admission and dismissal
(within one week post-partum). These patients
signed an informed consent before being
admitted to the service and undergoing medical tests and treatment.

Variables collected

Mild preeclampsia was defined as the new
development of hypertension (BP=140/90
mmHg) on 2 occasions at least 6 hours apart,
without evidence of end-organ damage (no evidence of chronic hypertension), in a woman
who was normotensive before 20 weeks’ gestation, along with proteinuria ≥300 mg.

Estimation of podocyturia
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Age, blood pressure, serum creatinine, serum
uric acid, proteinuria at the time of the admission and dismissal (after delivery), urine podocalyxin at the time of admission and dismissal
(post-partum), combined Apgar score (sum of
the 1 and 5 minutes Apgar scores), intrauterine
growth restriction (IUGR) and neonatal death.

Random urine (10 ml) was collected in plastic
tubes, without preservative. If necessary, they
were clarified by centrifugation (at 3,000 rpm
for 5 min). The urine was kept at 4°C for up to 1
week. Prior to the assay, the samples were
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Table 1. Baseline characteristics of the study population upon admission
Normal Pregnancy.
N=38
Age (years), mean±SD
Creatinine (mg/dl) on admission, median [IQR]
Uric acid (mg/dl) on admission, median [IQR]
Urine protein/creatinine on admission (mg/g), median [IQR]
Urine podocalyxin/creatinine on admission (ng/mg), median [IQR]
24 hour urine protein (mg/24 hr), median [IQR]
Gestational age (wks), median (range)

Preeclampsia/Eclampsia
N=25

p value

30.5±5.4

30.6±5.8

0.98

0.6 [0.58, 0.70]

0.73 [0.59, 0.89]

0.05

3.6 [3, 4.27]

3.8 [2.7, 6.6]

0.27

144.6 [49.5, 226.5]

703.5 [246.5, 2762.8]

<0.0001

55.9 [29.4, 74.9]

109.7 [63.8, 234.1]

0.001

NA

1019 [511, 3390]

NA

38 (21-42)

36 (24-40)

<0.001

SD: standard deviation; IQR: interquartile range.

allowed to thaw at room temperature (24°C). All
the assays were completed using duplicate
wells for each dilution of the standard and each
dilution of the sample.
A commercially available Podocalyxin ELISA
test (Exocell Inc.) was used. This assay is
designed to measure podocalyxin in urine or
tissue extract samples of rodent or human origin. The assay range is 0.156 ng/ml-10.0 ng/
ml. The intra- and inter-assay precision for samples within the assay range has a C.V. of <7%.
Each sample was measured in duplicate. The
values are expressed as ng/ml.
Urine creatinine was measured by the Jaffe
reaction on the same aliquot of urine. To further
adjust for urine creatinine, the ratio of urinary
podocalyxin to creatinine (ng/mg) was used.
Estimation of renal function
Estimation of glomerular filtration rate (GFR) in
pregnant patients is difficult. Studies have
shown that formulas calculating GFR based on
plasma will overestimate or underestimate
greatly GFR in pregnant women. That is why
renal function is only expressed as serum creatinine (mg/dL). No creatinine, inulin or iothalamate clearance was performed in this study [9,
10].
Estimation of proteinuria
Random urine total protein-to-creatinine ratio
(UPC, expressed as mg/g) was obtained on
admission and dismissal on patients with preeclampsia/eclampsia and on admission in normal pregnant patients. Total protein was measured by the Pyrogallol red dye method. Urinary
creatinine was measured by the Jaffe reaction
on the same aliquot of urine.
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A 24 hour urine protein (mg/24 hours) collection was performed using the benzethonium
chloride assay on admission and whenever
possible on dismissal on patients with preeclampsia and eclampsia.
Statistical analyses
Data are presented as mean and standard
deviation if normally distributed and median
[25% and 75% percentiles], (range) if not.
Differences in means were compared by the
Student’s t test with equal variance not assumed and if more than two groups, by one-way
ANOVA. For highly skewed data, the MannWhitney U test and Kruskall-Wallis tests were
used. For paired data, the Wilcoxon signed rank
test was used.
Spearman’s p was used to test correlations.
Differences in proportions were assessed by
the Fisher’s exact test.
For multivariate analyses, logistic and linear
regression models were used when applicable.
P values lower ≤0.05 were considered statistically significant. All the analyses were performed using SOFA Statistics version 1.4.0
(Paton-Simpson & Associates Ltd, Auckland,
New Zealand) and OpenStat software program.
Results
Seventy-one patients were enrolled. Of these, 8
patients were excluded from the final analysis
(one patient was diagnosed with gestational
diabetes and seven patients had hematuria on
admission). Sixty three patients were part of
the final study.
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Figure 1. Podocyturia on admission. Preeclampsia/Eclampsia =1; Normal pregnancies =2. Urine podocalyxin is expressed as ng/mg on the y axis.

Patients with preeclampsia and eclampsia had
more podocyturia and proteinuria compared to
pregnant patients without preeclampsia. Of
note, most of the patients with PE-E were
already receiving treatment with blood pressure medications (Table 1, Figure 1).
Fifteen (60%) of the patients with preeclampsia/eclampsia were primiparous.
There was no statistical significant difference
in podocyturia between patients with preeclampsia/eclampsia and those with hematuria.
There was a low to moderate correlation
between admission UPC and urinary podocalyxin. No correlation was noted between urinary
podocalyxin and 24 hour proteinuria. There was
good correlation between 24 hour proteinuria
and UPC (Table 2).
Serum creatinine had a low to moderate correlation with both UPC and 24 hour proteinuria.
There was a trend towards correlation between
urinary podocalyxin and serum creatinine, and
between UPC and uric acid (Table 2).
When compared to values obtained on admission, blood pressure, proteinuria and urinary
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podocalyxin improved after delivery, although
only the changes in blood pressure readings
became statistically significant (Table 3). Fiftyfive percent of patients with PE/E had podocyturia less than 75 ng/mg on dismissal.
Upon dismissal, no correlation was found
between UPC and urine podocalyxin: Spearman’s =-0.23, p=0.34.
On multivariate analysis, after adjusting for
admission proteinuria (UPC), urine podocalyxin
on admission remained independently associated with preeclampsia/eclampsia: OR=1.0040
(95% CI 1.0003-1.0078), p=0.03.
UPC also remained independently associated
with preeclampsia: OR=1.0005 (95% CI
1.0002-1.0007), p=0.001.
In subgroup analyses, compared to those with
preeclampsia, there was a trend towards more
podocyturia and proteinuria in patients with
eclampsia, although the sample is very small to
draw a definite conclusion (Table 4, Figure 2).
Patients with intrauterine growth restriction
(IUGR) had a tendency towards increased proteinuria (median UPC=2542 mg/g, range 201-
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Table 2. Correlation between proteinuria, podocyturia and other clinical and laboratory variables in
the entire study population. N=63
Urine Podocalyxin (ng/mg)
24 hour proteinuria (mg/24 hours)
Urine protein/creatinine (mg/g)
Serum creatinine (mg/dl)
Serum uric acid (mg/dl)
SBP (mmHg)
DBP (mmHg)

0.09 (0.68)
0.31 (0.01)
0.23 (0.10)
-0.084 (0.56)
-0.23 (0.26)
-0.34 (0.09)

Urine protein/creatinine
(mg/g)
0.65 (<0.001)
NA
0.34 (0.01)
0.27 (0.06)
0.34 (0.09)
0.28 (0.17)

24 hour proteinuria
(mg/24 hours)
NA
0.65 (<0.001)
0.41 (0.04)
0.17 (0.42)
0.17 (0.42)
0.13 (0.53)

Spearman’s correlation. p values in parenthesis. Values are upon admission. SBP=systolic blood pressure. DBP=diastolic
blood pressure.

Table 3. Admission vs post-partum characteristics in patients with preeclampsia and eclampsia.
N=18
Admission
Post-partum
Creatinine (mg/dl), median [IQR]
0.73 [0.59, 0.89]
0.70 [0.60, 0.80]
Uric acid (mg/dl), median [IQR]
3.8 [2.7, 6.6]
3.6 [3, 4.3]
Urine protein/creatinine (mg/g), median [IQR]
703.5 [246.5, 2762.8] 495.3 [307.4, 2446.3]
Urine podocalyxin/creatinine (ng/mg), median [IQR] 109.7 [63.8, 234.1]
69.7 [32.7, 184.8]
Systolic BP mmHg, median [IQR]
156 [132, 174]
122 [114, 131]
Diastolic BP mmHg, median [IQR]
100.6 [89, 110]
79 [71, 84]

p value
0.14
0.28
0.13
0.19
<0.001
<0.001

IQR: interquartile range.

5096) when compared to those without this
problem (UPC=395 mg/g, range 135-10790),
p=0.11. No difference was noted in urine podocalyxin: 141 ng/mg (2.14-863) vs 97 ng/mg
(23-417) p=0.93.
No difference in levels of urinary podocalyxin
was noted in patients with a neonatal demise:
125.8 ng/mg (range 37-214) vs 114 ng/mg
(range 2.14-863) in those with an alive newborn p=0.84.
There was a trend towards higher proteinuria in
those with neonatal mortality: UPC=2831 mg/g
(range 565-5096) vs 757 mg/g (range 13510790) p=0.42.
Neither urine podocalyxin nor proteinuria was
associated with the combined Apgar score
(Apgar score and podocyturia: R=0.09 p=0.28,
Apgar score and UPC: R=0.07 p=0.28).
In patients with preeclampsia/eclampsia, 23
underwent a C-section (96%) and 1 (4%) had a
normal vaginal delivery. One patient left the
service before delivery. No proteinuria or podocyturia on dismissal was obtained on this
patient.
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Discussion
In Paraguay, the prevalence of preeclampsia is
10%. Early detection of preeclampsia will allow
health professionals to deliver better medical
care and will improve the morbidity-mortality
associated with this disease [11, 12].
Endothelial dysfunction is thought to play a role
in the pathogenesis of preeclampsia along with
podocyturia.
Although proteinuria has always been used as
a marker of preeclampsia, this is a later event
in a process that started earlier. Other proposed biomarkers of preeclampsia include
serum angiogenic markers (placental growth
factor, fms-like tyrosine kinase receptor-1 for
vascular endothelial growth factor, endoglin)
and urinary podocytes [13, 14].
Podocytes are normally absent or seen in small
numbers in the urine of healthy individuals or
those with inactive kidney disease. It is believed
that podocyturia only appears when there is
ongoing renal disease, and it tends to disappear in response to successful therapy. On the
other hand, proteinuria can be seen as an
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Table 4. Patient characteristics in preeclampsia, preeclampsia superimposed to chronic hypertension and eclampsia. N=25
Mild preeclampsia Severe preeclampsia Preeclampsia superimposed to chronic hypertension
N=3
N=8
N=12

Eclampsia
N=2

p value
0.23

Admission urine podocalyxin/creatinine (ng/mg), median (range)

382.4 (73- 457)

134.1 (28.7-318.4)

65.2 (2.1-416.6)

488.4 (114-863)

24 hour urine protein (mg/24 hr), median (range)

497 (288-705)

1758 (358-3942)

932 (271-3524)

6587 (6517-6656)

0.14

268.4 (242-541.5)

1850 (135-10790)

667 (194.5-6374)

2070 (395-3745)

0.67

Admission urine protein/creatinine (mg/g), median (range)
Admission creatinine (mg/dl), median (range)

0.79 (0.77-0.8)

0.66 (0.4-0.9)

0.72 (0.5-1.2)

0.75 (0.4-1.1)

0.68

Dismissal urine podocalyxin/creatinine (ng/mg), median (range)

186.2 (37-335)

96.6 (7.6-203)

53.4 (19-183)

423 (94-751)

0.46

Dismissal urine protein/creatinine (mg/g), median (range)

928 (320-1537)

1690 (242-5641)

378 (192-2842)

1623 (256-2991)

0.76

0.55 (0.5-0.6)

0.64 (0.6-0.8)

0.75 (0.5-0.9)

0.64 (0.6-0.7)

0.25

Dismissal creatinine (mg/dl), median (range)
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Figure 2. Podocyturia in patients with preeclampsia, severe preeclampsia, preeclampsia superimposed to chronic hypertension and eclampsia. Mild preeclampsia =1; Severe preeclampsia =2; Preeclampsia superimposed to
chronic hypertension =3; Eclampsia =4. Urine podocalyxin is expressed as ng/mg on the y axis.

acute finding suggesting ongoing glomerular
disease or as a chronic marker of a scarred,
sclerotic glomerulus [15, 16].
It has been proposed that podocyturia appears
before preeclampsia, and eventually could
prove useful as a screening method [17].
Podocalyxin is the major sialoglycoprotein present on the surface of podocytes. The amount of
its urinary excretion is associated with the
degree of podocyte damage in glomerular diseases. Quantification of urinary sediment podocalyxin by ELISA is a reliable marker of active
glomerular disease. Urinary podocalyxin ELISA
assays are readily available, cheaper and easier to use in the standard laboratory setting in
contrast to other methods of podocyturia
detection or angiogenic markers. Although it is
not podocyte specific, it is the marker used
most frequently to diagnose podocyturia
[18-22].
In this study, podocyturia (expressed as urinary
podocalyxin) was shown to be elevated in cases
of preeclampsia and eclampsia. This association remained independent of proteinuria and
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correlated with UPC. Also, its values appeared
to normalize after delivery (to levels comparable to those seen in normal pregnancies), in the
same manner as the proteinuria and blood
pressure readings. This finding is somewhat
similar to the only other study of urine podocalyxin (detected by ELISA) in preeclampsia published so far, by Wang et al. Nonetheless, it is
noted that in that study, patients with chronic
hypertension also had a tendency to higher levels of urine podocalyxin [7].
In our study, there was a trend to higher levels
of urinary podocalyxin in eclampsia compared
to other cases, suggesting these higher levels
may indicate increasing severity of disease.
This finding needs to be explored further, since
the number of patients in this study is small.
Some of the studied patients had persistent
podocyturia even after delivery. The significance of this finding is unknown, but some
hypotheses can be entertained. One of them is
that persistent podocyturia might identify a
subgroup of patients who are prone to chronic
kidney disease in the future. Currently, there is
controversy about the association of pre-
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eclampsia/eclampsia with chronic kidney disease later in life. If podocyturia indicates ongoing podocyte injury, then one would assume
that these patients will go on to develop chronic
kidney disease. It is important to remember
that it can take up to 2 years for hypertension
and proteinuria to resolve, therefore longer follow up is needed to answer this question [23].
The fact that podocyturia remained independently associated with preeclampsia/eclampsia further supports its diagnostic value. This
might enable us to use it as a screening marker
of women who develop the disease later on. In
order to do this, a larger study will need to be
performed in which patients are screened earlier in their pregnancies.
No specific diagnostic cutoff of urinary podocalyxin can be recommended from this study,
although values greater than 75 ng/mg have a
sensitivity and specificity of 64% and 77% for
preeclampsia/eclampsia.
It is important to note that podocyturia is not
unique to preeclampsia. It is seen in lupus
nephritis, diabetic nephropathy, IgA nephropathy and FSGS. In this study 7 patients with
hematuria had high degree of podocyturia and
were not included in the final analysis, suggesting this as a confounding factor as well. One
patient with gestational diabetes had podocyturia levels compared to those found in normal
pregnancies.
Podocalyxin can also be detected in the endothelium, platelets and in some malignancies. In
preeclampsia, where there appears to be endothelial damage, along with podocyte affectation, one would assume this marker will be elevated [4, 5, 24].
In this study, urine podocalyxin did not associate with perinatal outcomes (death/IUGR/
Apgar score).
There was a trend towards association of proteinuria (UPC) with perinatal outcomes, but the
sample is too small to study this association.
In the non-pregnant population, the use of UPC
is standard of care. It is easy to use and reproducible. On the other hand, 24 hour urine collection is cumbersome and time consuming
[25].
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In this study, both methods of measuring proteinuria were used, mostly upon admission.
They correlated fairly well in this setting. Prior
studies report conflicting evidence about how
useful UPC is, especially when results are
equivocal. Most misclassifications tend to
occur in women with borderline proteinuria
(250 to 400 mg/d). More studies will be needed in this area before a center fully commits to
one method, but our results support some role
for UPC, especially when a proper 24 hour urine
collection is not feasible [26, 27].
The strengths of the study include the ability to
measure proteinuria and podocyturia on admission and post-partum, the use of a technically
easy to perform ELISA assay to detect urine
podocalyxin, the ability to obtain perinatal data
on these patients and the use of both UPC and
24 hour urine proteinuria. This is the first study
of its kind enrolling a predominant Hispanic
population.
Weaknesses include the small sample size,
although most similar studies suffer from the
same bias, along with lack of statistical power
to perform reliable subgroup or multivariate
analyses. Taken together, these findings need
to be tested in a larger population.
In conclusion, in this Hispanic population, urinary podocalyxin appears to be more elevated
in preeclampsia/eclampsia independent of proteinuria. Its values tend to normalize after delivery, in the same fashion as the proteinuria and
blood pressure readings.
Acknowledgements
The authors want to thank the following institutions, for their support of this study: Chaco
Laboratories, Asuncion Paraguay (technical
support with the ELISA assays); Catholic
University of Asuncion, School of Medicine,
Asuncion Paraguay (grant support); Instituto de
Prevision Social (IPS) Hospital, Asuncion
Paraguay.
Disclosure of conflict of interest
None.
Address correspondence to: Carlos R Franco Palacios, Department of Nephrology, Affiliated Community Medical Centers, Rice Memorial Hospital, 101
Willmar Ave SW, Willmar, Minnesota 56201, USA.

Int J Physiol Pathophysiol Pharmacol 2014;6(2):115-124

Urine podocalyxin and preeclampsia in a Hispanic population
Tel: 313-623-7452; E-mail: drcarlosfranco@yahoo.
com

References
Ananth CV, Keyes KM, Wapner RJ. Pre-eclampsia rates in the United States, 1980-2010:
age-period-cohort analysis. BMJ 2013 Nov 7;
347: f6564.
[2] Bilano VL, Ota E, Ganchimeg T, Mori R, Souza
JP. Risk factors of pre-eclampsia/eclampsia
and its adverse outcomes in low- and middleincome countries: aWHO secondary analysis.
PLoS One 2014 Mar 21; 9: e91198.
[3] Garovic VD, Wagner SJ, Turner ST, Rosenthal
DW, Watson WJ, Brost BC, Rose CH, Gavrilova
L, Craigo P, Bailey KR, Achenbach J, Schiffer M,
Grande JP. Urinary podocyte excretion as a
marker for preeclampsia. Am J Obstet Gynecol
2007; 196: 320, e1-320, e7.
[4] Sassetti C, Tangemann K, Singer MS, Kershaw
DB, Rosen SD. Identification of podocalyxinlike protein as a high endothelial venule ligand
for L-selectin: parallels to CD34. J Exp Med
1998; 187: 1965-75.
[5] Miettinen A, Solin ML, Reivinen J, Juvonen E,
Vaisanen R, Holthofer H. Podocalyxin in rat
platelets and megakaryocytes. Am J Pathol
1999; 154: 813-822.
[6] Kelder TP, Penning ME, Uh HW, Cohen D,
Bloemenkamp KW, Bruijn JA, Scherjon SA,
Baelde HJ. Quantitative polymerase chain reaction-based analysis of podocyturia is a feasible diagnostic tool in preeclampsia. Hypertension 2012; 60: 1538-44.
[7] Wang Y, Zhao S, Loyd S, Groome LJ. Increased
urinary excretion of nephrin, podocalyxin, and
βig-h3 in women with preeclampsia. Am J
Physiol Renal Physiol 2012; 302: F1084-9.
[8] ACOG Committee on Obstetric Practice. ACOG
practice bulletin. Diagnosis and management
of preeclampsia and eclampsia. Number 33,
January 2002. American College of Obstetricians and Gynecologists. Int J Gynaecol Obstet
2002; 77: 67-75.
[9] Smith MC, Moran P, Ward MK, Davison JM. Assessment of glomerular filtration rate during
pregnancy using the MDRD formula. BJOG
2008; 115: 109-112.
[10] Alper AB, Yi Y, Webber LS, Pridjian G, Mumuney
AA, Saade G, Morgan J, Nuwayhid B, Belfort M,
Puschett J. Estimation of glomerular filtration
rate in preeclamptic patients. Am J Perinatol
2007; 24: 569-574.
[11] Palacios de Franco Y. Manejo de la hipertension arterial en el embarazo. Anales de la Facultad de Ciencia Medicas. V XXIX 1996; 18168949.
[12] Palacios de Franco Y. Hipertensin arterial y embarazo. In: Antonio Ruoti, editor. Obstetricia y

[13]

[1]

123

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

Perinatologia. 2nd Ed. Asuncion; EFACIM-EDUNA; 2000. pp. 571-586. ISBN 9992-5306.
Bramham K, Poli-de-Figueiredo CE, Seed PT,
Briley AL, Poston L, Shennan AH, Chappell LC.
Association of proteinuria threshold in pre-eclampsia with maternal and perinatal outcomes: a nested case control cohort of high
risk women. PLoS One 2013; 8: e76083.
Levine RJ, Lam C, Qian C, Yu KF, Maynard SE,
Sachs BP, Sibai BM, Epstein FH, Romero R,
Thadhani R, Karumanchi SA; CPEP Study
Group. Soluble endoglin and other circulating
antiangiogenic factors in preeclampsia. N Engl
J Med 2006; 355: 992-1005.
Yu D, Petermann A, Kunter U, Rong S, Shankland SJ, Floege J. Urinary podocyte loss is a
more specific marker of ongoing glomerular
damage than proteinuria. J Am Soc Nephrol
2005; 16: 1733-41.
Nakamura T, Ushiyama C, Suzuki S, Hara M,
Shimada N, Sekizuka K, Ebihara I, Koide H. Urinary podocytes for the assessment of disease
activity in lupus nephritis. Am J Med Sci 2000;
320: 112-6.
Craici IM, Wagner SJ, Bailey KR, Fitz-Gibbon
PD, Wood-Wentz CM, Turner ST, Hayman SR,
White WM, Brost BC, Rose CH, Grande JP, Garovic VD. Podocyturia predates proteinuria and
clinical features of preeclampsia: longitudinal
prospective study. Hypertension 2013; 61:
1289-96.
Hara M, Yamamoto T, Yanagihara T, Takada T,
Itoh M, Adachi Y, Yoshizumi A, Kawasaki K, Kihara I. Urinary excretion of podocalyxin indicates glomerular epithelial cell injuries in glomerulonephritis. Nephron 1995; 69: 397-403.
Hara M, Yanagihara T, Kihara I. Urinary podocytes in primary focal segmental glomerulosclerosis. Nephron 2001; 89: 342-347.
Hara M, Yanagihara T, Kihara I. Cumulative excretion of urinary podocytes reflects disease
progression in IgA nephropathy and SchönleinHenoch purpura nephritis. Clin J Am Soc
Nephrol 2007; 2: 231-8.
Sabino AR, Teixeira VD, Nishida SK, Sass N,
Mansur JB, Kirsztajn GM. Detection of podocyturia in patients with lupus nephritis. J Bras
Nefrol. 2013 Dec;35(4):252-258.
Kanno K, Kawachi H, Uchida Y, Hara M, Shimizu F, Uchiyama M. Urinary sediment podocalyxin in children with glomerular diseases.
Nephron Clin Pract. 2003; 95: c91-9.
Berks D, Steegers EA, Molas M, Visser W. Resolution of hypertension and proteinuria after
preeclampsia. Obstet Gynecol 2009; 114:
1307-14.
Somasiri A, Nielsen JS, Makretsov N, McCoy
ML, Prentice L, Gilks CB, Chia SK, Gelmon KA,
Kershaw DB, Huntsman DG, McNagny KM, Roskelley CD. Overexpression of the anti-adhesin

Int J Physiol Pathophysiol Pharmacol 2014;6(2):115-124

Urine podocalyxin and preeclampsia in a Hispanic population
podocalyxin is an independent predictor of
breast cancer progression. Cancer Res 2004;
64: 5068-5073.
[25] Eknoyan G, Hostetter T, Bakris GL, Hebert L,
Levey AS, Parving HH, Steffes MW, Toto R: Proteinuria and other markers of chronic kidney
disease: A position statement of the National
Kidney Foundation (NKF) and the National Institute of Diabetes and Digestive and Kidney
Diseases (NIDDK). Am J Kidney Dis 42: 617622, 2003.
[26] Rodriguez-Thompson D, Lieberman ES. Use of
a random urinary protein-to-creatinine ratio for
the diagnosis of significant proteinuria during
pregnancy. Am J Obstet Gynecol 2001; 185:
808-811.

124

[27] Morris RK, Riley RD, Doug M, Deeks JJ, Kilby
MD. Diagnostic accuracy of spot urinary protein and albumin to creatinine ratios for detection of significant proteinuria or adverse pregnancy outcome in patients with suspected
pre-eclampsia: systematic review and metaanalysis. BMJ 2012 Jul 9; 345: e4342.

Int J Physiol Pathophysiol Pharmacol 2014;6(2):115-124

