munotech), anti-CD152 (BN13)-PE (Immunotech)
and anti-CCR4 (1G1)-PE (Becton Dickinson}. For
the macrophages analyses, the cells were stained
with anti-CD163 (GHL/61)-PE (BD Pharmingen, San
Diego, CA, USA), FITC-conjugated anti-CD63
(KIM7) mAb (CALTAG Laboratories, Burlingame
CA, USA), anti-CD80 (MAB104)-PE (Immunotech),
anti-CD86 (FUN-1)- R-phycoerythrin:Cyanine-5.18
(PE-Cy5) (BD Pharmingen), anti-HLA-DR (L243)-
PerCP (Becton Dickinson), anti-CD206 (19.2)-APC
(BD Pharmingen), mouse anti-MMP-9 (56-2A4)-
purified, mouse anti-PPAR-y (E-8)-purified (BD
Pharmingen), goat anti-mouse IgG (H+L)-PE (Beck-
man Coulter), anti-CD36 (NL07)-APC (BD Pharmin-
gen) and anti-CCL22 (57203)-PE (R&D Systems Inc.,
Minneapolis, MN, USA).

Three and four color flow cytometric analyses
were carried out using a FACS Calibur flow cytome-
ter (Becton Dickinson) and CellQuest Software (Bec-
ton Dickinson).

Statistical Analysis

The paired t-test was used to analyze the results.
P < 0.05 was considered as statistically significant.

Results

The gating and frequencies of CD94+ cells in
CD3-CD56+ NK cells are shown in Fig. 1.

Table I shows changes in specific cell percentages
before and after HIVIg therapy. Percentages of natu-
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ral killer T (NKT) cells detected as CD3+CD56+
increased after HIVIg therapy, but without a statisti-

cal significance (P = 0.08). When we examined
percentages of NKT cells as Va24+Vbl1+ cells/CD3+
CD4-CD8~ cells, the percentages (mean +S.D.,
0.59 = 0.65%) did not significantly change after HI-
Vig therapy (0.41 + 0.51%). Percentage of NK cells
detected as CD3-CD56+ cells, CTLs detected as
CD3+CD8+ cells, or Tregs detected as CD4+CD25+
cells did not significantly change after HIVIg therapy.
Percentages of macrophages detected as CD68+ cells
increased after HIVIg therapy, but without a statisti-
cal significance (P = 0.06).

Cell percentages of CD3-CD56+ NK cells express-
ing perforin or CD158a did not change after HIVIg
therapy. However, percentages of NK cells express-
ing CD9%94 significantly (P = 0.01) increased after
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Fig. 1 The gating and frequencies of CD94+ cells in CD3—~CD56+ natural killer cells. The peripheral blood was stained with CD3, CDS6 and CD94
monoclonai antibodies, as described in Subjects and Methods. A gate (R1) was set on lymphocytes by characteristic forward scatter (FSC) and side
scatter (SSC). The analysis gate {R2) was set for CD3-CD56+ lymphocytes and they were further identified by R-phycoerythrin fluorescence conju-
gating to anti-CD94 monoclonal antibody. CD94+ natural killer celis were detected as a distinct population as marker 1 (M1).
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HIVIg therapy (Table II). When two abortion cases
with fetal chromosome abnormality were excluded,
percentages of NK cells expressing CD94 more signif-
icantly (=6, P = 0.003) increased after the ther-
apy. Fig. 2 shows individual changes in percentages
of CD94+ NK cells.

Cell percentages of CD3+CD8+ CTLs expressed
perforin in similar ratio before and after HIVIg ther-
apy. Percentages of CD3+CD8+ CTLs expressing
CD28 decreased after HIVIg therapy, but with a bor-
derline significance (P = 0.05) (Table TII).

Cell percentages of CD4+CD25+ Tregs expressing
Foxp3, CD28, CD152, or CCR4 did not change after
HIVIg (Table IV).

No change was observed in the percentages of
CD68+ macrophages expressing CD80, CDS8s,

~ 100
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40
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20
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CD94+/CD3-CD56+ natural killer cells (%

Before
HiVig
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Hivig

Fig. 2 Changes in percentages of CD94+ natural killer cells; HiVlg, a
high dose of intravenous immunoglobulin therapy. Open circles indi-
cate women whose pregnancies ended in live births (1 =6); and
closed circles indicate women whose pregnancies ended in spontane-
ous abortion n = 2).
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MMP9, CD206, CD163, HLA-DR, PPAR-y, CD36, or
CCL22 after HIVIg therapy (Table V).

Discussion

The possible pharmacodynamic mechanisms of HIVIg
efficacy for clinical use involve interaction of anti-
idiotype antibodies with pathologic antibodies, sup-
pression of inflammation, and modification of Fc
receptor, T cell, B cell or macrophage functions.* We
for the first time reported possible efficacy of HIVIg
therapy in severe cases of RSA.'*'* However, immu-
nological mechanisms of HIVIg therapy in RSA have
been poorly elucidated.

Concerning NK cell abnormality in spontaneous
abortion (SA), it was reported that peripheral NK
cell activities were abnormally elevated prior to con-
ception and during early pregnancy in RSA women
whose pregnancies were destined to end in SA with
normal fetal chromosome karyotype (SANC), but
this NK cell accentuation was not detected in RSA
women with spontaneous abortion with abnormal
fetal chromosome karyotype (SAAC).'”'® Recently,
we found decreased expression of CD94 molecules,
which are inhibitory receptors on NK cells, in the
decidua of women with sporadic SANC when com-
pared with women with sporadic SAAC or women
with induced abortions.'” These results suggested
that the high activity and decrease in inhibitory
receptor expression of NK cells might be causally
associated with RSA as well as spontaneous abor-
tion.

We previously demonstrated that peripheral NK
cell activity was effectively suppressed by HIVIg ther-
apy in RSA women,'* and demonstrated that expres-
sion of inhibitory CD94 was inversely correlated
with expression of cytotoxic molecule, perforin on
NK cells in the deciduae.!® In this study, we found
no change in peripheral NK cell percentages, but

American Journal of Reproductive Immunoiogy 62 {2009} 301-307
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found that expression of inhibitory CD94 on NK
cells increased after HIVIg therapy. The expression of
inhibitory CD94 was more significantly enhanced by
the therapy in six women with live births. Con-
versely, CD94 expression showed no or littde
increase in two women with SAAC. The increase in
CD94 expression on NK cells resulting from the ther-
apy might be related to desirable fetal prognosis and
pharmacodynamic mechanisms of HIVIg efficacy.

American Journal of Reproductive immunotogy 62 {2009} 301-307
© 2009 John Wiley & Sons A/S

However, in this study, we experienced no SANC. If
we could understand changes in CD94 expression
among enough number of women with SANC and
SAAC, we would discuss whether an increase in
CD9%4 expression predicted fetal prognosis, or was
merely a reflection of HIVIg therapy. It is thought
that the activity/cytotoxicity of NK cells results from
expression balances of various activating receptors
and inhibitory receptors on NK cells.2*22 Inhibitory
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receptor complexes (CD94-NKG2A) belong to the
C-type lectin superfamily and contain ITIM
sequences in their cytoplasmic tails.?? HIVIg therapy
increases the expression of the inhibitory CD9%4
receptors and subsequently suppresses NK cell activ-
ity/cytotoxicity in the body of RSA women. This is a
hypothetical mechanism of possible efficacy of HIVIg
therapy for RSA.

1t is known that the number of NKT cells increases
in the deciduae during early pregnancy;”® and NKT
cells may control the Th cell function at the
materno-fetal interface through the production of
IFN-y and IL-4.** One report demonstrated that
increased number of NKT cells in women with RSA
or implantation failure was ameliorated by 1VIg ther-
apy, leading to successful pregnancy outcome.”” In
this study, however, NKT cell percentages were not
significantly changed by HIVIg therapy.

CD3+CD8+ CTLs may play a role in RSA etiolo-
gies. We reported increased expression of perforin
on CTLs in the deciduae of women with sporadic
SANC when compared with women with sporadic
SAAC or women with induced abortions. The
expression of perforin on CTLs was inversely corre-
lated with expression of inhibitory CD94 on NK cells
in the deciduae.’” In this study, we measured
expression of perforin and CD28 on CTLs. CD28 is a
ligand of CD80 and CD86 on antigen presenting
cells, and can transduce an activating signal. CD28
expression on CTLs decreased after HIVIg therapy,
but with a borderline significance (P = 0.05). HIVIg
therapy may decrease CD28 expression and subse-
quently suppress activating signal transduction on
CTLs in RSA women. This hypothesis should be fur-
ther clarified. We measured expression of Treg asso-
ciated molecules including FOXP3, CD28, CDIS2
(CTLA-4), and CCR4 in CD4+CD25+ T cells. HIVIg
therapy did not cause significant changes in expres-
sion percentages of these molecules.

Using a mouse model of immunological reproduc-
tive failure, we recently demonstrated that intraperi-
tonial injection of a high dose of immunoglobulin
restored the fecundity.'” Additionally, we found that
spleen cells adoptively transferred from immuno-
globulin injected donors to recipient mice of repro-
ductive failure restored the fecundity. CDI11b+
macrophages transferred from donor mice accumu-
lated selectively in the placentae of recipient mice.'’
Therefore, we expected that macrophages might play
a key role in mechanisms of HIVIg efficacy in RSA
women. In this study, percentages of macrophages

306

increased after HIVIg therapy, but without statistical
significance (P = 0.06). Expression of macrophage
associated molecules including CD80, CD86, MMP9,
CD206, CD163, HLA-DR, PPAR-y, CD36, or CCL22
in the peripheral blood was not changed by HIVig
therapy. Further investigations are needed.

In this study, we experienced desirable pregnancy
outcome, i.e., live births after HIVIg therapy in six
patients who had a history of four or more abortions
of unexplained etiology. We performed the therapy
only once during their early pregnancies; and no
additional infusion of immunoglobulin was needed.
We believe that HIVIg as immune modifier is effec-
tive when this therapy is performed during early
pregnancy. Severe RSA cases may have immunologic
abnormality as its etiology that can be corrected by
HIVIg in early pregnancy.
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Purpose of review

The outcome of pregnancy in patients with isolated proteinuria is believed to be
favorable. However, whether women with isolated proteinuria are at risk for progressing
to preeclampsia has not been extensively studied.

Recent findings

The amount of proteinuria is thought to increase in the early third trimester, irrespective
of whether preeclampsia has been diagnosed. A dipstick urinalysis has a poor sensitivity
{ranging from 22 to 86%) for the detection of significant proteinuria (>0.3 g/day).
Measurements of the levels of circulating angiogenic factors such as soluble fms-like
tyrosine kinase 1, soluble endoglin, vascular endothelial growth factor, and placental
growth factor suggest that gestational proteinuria is a mild variant of preeclampsia. In
one study, women with isolated proteinuria (>0.3 g/day) were found to be more likely to
progress to preeclampsia than women with isolated hypertension. A considerable
number of women with eclampsia exhibited proteinuria alone during their last antenatal
visit performed within a week prior to their first convulsion.

Summary

The outcome of women witha retrospective diagnosis of gestational proteinuriais generally
favorable. However, a considerable number of women with isolated proteinuria develop
hypertension and progress to preeclampsia. Therefore, the statement that the ‘outcome of
pregnancy in patients with isolated proteinuria is favorable' is misleading. Physicians
should be aware of this type of preeclampsia when counseling patients. One possible
explanation for the difficulty in diagnosing this form of preeclampsia might be the low
sensitivity of the dipstick urinalysis technique for the detection of significant proteinuria.

Keywords

angiogenic factor, antithrombin activity, eclampsia, gestational proteinuria,

preeclampsia
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Introduction

The classic clinical presentation of preeclampsia is initial
hypertension and subsequent proteinuria. However,
whether some pregnant women who initially exhibit
proteinuria subsequently develop hypertension has not
been extensively studied. The clinical outcomes of such
women with gestational proteinuria, defined as women
who exhibit transient proteinuria of at least 0.3 g/day
appearing at or after 20 weeks of gestation and disappear-
ing by 12 weeks postpartum, are believed to be favorable,
and proteinuria is not thought to be independently pre-
dictive of an adverse outcome [1].

Outcome of pregnancy in women with
isolated proteinuria (gestational proteinuria)
diagnosed at 12 weeks postpartum

On the basis of the current criteria adopted in many
countries, women with proteinuria alone are not diag-

1040-872X © 2008 Waolters Kiuwer Health | Lippincott Williams & Wilkins

nosed as having preeclampsia until they also exhibit
hypertension [2,3]; those who have not developed hyper-
tension are diagnosed as having had gestational protei-
nuria [4]. Thus, gestational proteinuria is a retrospective
diagnosis. Indeed, the outcomes of women who exhibit
transient proteinuria alone (defined as gestational protei-
nuria in this article) do not differ largely from the out-
comes of healthy controls. Holston ez 4/. [5°°] observed no
significant differences in the duration of pregnancy, the
rate of preterm delivery, the incidences of gestational
diabetes mellitus and renal dysfunction, the mean birth
weight, the rates of small-for-gestational-age infants and
perinatal deaths, and the need for neonatal intensive care
when 108 women with gestational proteinuria were com-
pared with 1564 controls. In four independent studies
[5°°,6°,7°°,8], the reported numbers of gestational weeks
at the time of delivery in women with gestational
proteinuria were 36.1+3.3 (#=7), 38.2+1.4 (n=18),
39.4+1.0 (7=10), and 39.4 + 2.0 (# = 108), and the out-
comes of the pregnancies were consistently better than

DOL10.1097/GCO.0b013e32833040bf
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those of women with preeclampsia. Among these studies,
the reported numbers of gestational weeks at the onset of
proteinuria were 34.2+2.4 and 34.6+3.8 for women
who delivered at gestational week 36.143.3 [6°] and
38.2+1.4 [7°°], respectively.

What is gestational proteinuria?

Whether gestational proteinuria is a variant of preeclamp-
sia (or a preceding stage of preeclampsia) or merely a sign
of physiological alterations in kidney function that are not
associated with preeclampsia remains uncertain.

The placental secretion of excessive quantities of anti-
angiogenic proteins such as soluble fms-like tyrosine
kinase 1 (sFlt-1) and soluble endoglin (sEng) into
maternal blood, which causes widespread maternal endo-
thelial dysfunction, is thought to be the final common
pathway that leads to preeclampsia [9,10,11°]. Women
with preeclampsia have increased serum concentrations
of sFlt-1 and sEng and reduced concentrations of free
vascular endothelial growth factor (VEGF) and free
placental growth factor (PIGF), which are proangio-
genic proteins that are bound and neutralized by sFle-1.
Because women with gestational hypertension appear
to have similar, but modest, alterations in circulating
angiogenic proteins [10], Holston ¢# #/. [5°°] hypothesized
that gestational proteinuria might be similar to a mild
form of preeclampsia and suggested that it might be
accompanied by similar alterations in circulating angio-
genic factors. Their hypothesis was subsequently veri-
fied: compared with gestational age-matched controls,
the PIGF level began to decrease beginning 6—-8 weeks
before the onset of proteinuria. Although the sFlt-1 and
sEng concentrations were elevated 12 weeks before the
onset of proteinuria, these elevations were modest and
transient. Similar findings have also been reported by
other groups [6°,8]. The concentrations of PIGF and
sFlt-1 in women with gestational proteinuria were inter-
mediate between those in controls and in women with
preeclampsia in a study by Masuyama e 4/. {8]. The
incidences of a high sFlt-1:P1GF ratio (>95th percentile
value), a low PIGF level (<5th percentile value), and a
high sEng level (>95th percentile value) in women with
gestational proteinuria were 57, 29, and 86%, respec-
tively, whereas those in women with preeclampsia were
94, 77, and 88%, respectively, in a study by Ohkuchi ez 4/.
[6°]. On the basis of the changes in these predictive
parameters of preeclampsia, the authors concluded that
gestational proteinuria appears to be a mild variant of

preeclampsia or might represent subclinical preeclampsia
[S",6.]'

An elevation in the serum urate level occurs in hyperten-
sive pregnancies. However, in a study by Morikawa ef 4/,
[7°°], the reported serum urate level of 5.6+ 1.5 mg/dl

among women with gestational proteinuria tended to be
higher than that of 4.8+ 1.6 mg/dl among women with
gestational hypertension but was significantly lower than
that of 7.2+ 1.6 mg/dl among women with preeclampsia
[7°°]. The incidence of a high serum urate level (>7.0 mg/
dl) was 22% for women with gestational proteinuria, 0.0%
for women with gestational hypertension, and 67% for
women with preeclampsia [7°°]. Antithrombin activity is
another parameter that is known to be decreased in
hypertensive pregnancies [12]. The incidence of a low
antithrombin activity (<70%) was 22% for women with
gestational proteinuria, 11% for women with gestational
hypertension, and 67% for women with preeclampsia [7°°].
Although the incidence of a low antithrombin activity of
less than 70% among women with uncomplicated preg-
nancies was not described in the study by Morikawa ez 4/.
[7°°], the rate was less than 3.0% (personal communi-
cation). These results may support the notion that gesta-
tional proteinuria is a mild variant of preeclampsia or might
represent subclinical preeclampsia.

Do women with isolated proteinuria often
progress to preeclampsia?

Apparently, some women exhibit transient proteinuria
during pregnancy; changes in biological parameters such
as the sFlt-1, PIGF, sEng, and uric acid levels and the
antithrombin activity, as mentioned above, suggest that
these women might have a high risk of developing
preeclampsia. Thus, determining whether women with
isolated proteinuria actually develop preeclampsia more
frequently than women without proteinuria is a concern.
If so, the statement that ‘the outcome of women with
isolated proteinuria is favorable’ would be incorrect and
misleading from a prospective viewpoint. Although a case
report of a woman who initially showed proteinuria and
developed hypertension 2 days later has been made [13°],
to the best of our knowledge, no case series have dealt
with this issue other than a study by Morikawa ef 4/, {7°°].
They reviewed the medical records of 79 women who
developed proteinuria of more than 3.0g/day and/or
hypertension at or after 20 weeks of gestation, focusing
on the gestational week at which proteinuria (>0.3 g/day)
and/or hypertension developed. Thirty-seven (47%)
women exhibited new-onset proteinuria in the absence
of hypertension at 32.8 & 4.8 weeks of gestation, 33 (42%)
exhibited new-onset hypertension in the absence of
proteinuria at 33.5:+4.7 weeks of gestation, and nine
(11%) exhibited both proteinuria and hypertension sim-
ultaneously at 29.0+4.3 weeks of gestation {7°°]. As
many as 19 (51%) of the 37 women with isolated protei-
nuria later developed hypertension at 33.2+4.7 weeks
of gestation (Fig. 1), whereas only five (15%) of the
33 women with a presumptive diagnosis of gestational
hypertension progressed to preeclampsia (P =0.022). No
significant differences in the number of gestational weeks
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Figure 1 Mean gestational week at which proteinuria (Q),
hypertension (@), and delivery (X) developed/occurred in five
groups of women

Gestational proteinuria

O——x

(n=18) 36 82
Proteinuria-preceding O—®—«
presctampsia (n = 19) 31.1 332 351
Gestational hypertension .

(n=28) 34.5 359

Hypertension-preceding

preeclampsia (n =5) 082 31.4 324

Simultaneous presclampsia 0—-——)(
(n=9) 290 315
L 1 1 i 1 L ] Iy
28 32 36 40
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Among 37 women with isolated proteinuria, 19 women who developed
hypertension later (proteinuria-preceding preeclampsia) showed protei-
nuria significantly earlier than the remaining 18 women who remained
normotensive (gestational proteinuria). Data from Morikawa et al. [7°"].

at the time of delivery (36.6 +3.4 vs. 35.4 4 3.5 weeks),
the rate of preterm birth at less than 37 weeks (35.1 vs.
42.4%), the rate of fetal growth restriction (21.6 vs.
24.2%), abruptio placenta (10.8 vs. 9.1%), or hemolytic
anemia, elevated liver enzymes, and low platelet count
(HELLP) syndrome (2.7 vs. 3.3%) were observed
between the two starting cohorts of 37 women with
isolated proteinuria and the 33 women with a presump-
tive diagnosis of gestational hypertension. However, in
comparison with 19 women diagnosed as having protei-
nuria preceding preeclampsia and 18 women diagnosed
as having gestational proteinuria at 12 weeks postpartum,
significant differences were observed in the rate of
preterm birth at less than 37 weeks (57.9 vs. 11.1%),
birth weight (2142 4 775 vs. 2797 4524 g), antithrombin
activity (77.4£13.0 vs. 89.7 £18.4%), and the rate of
antithrombin activity of less than 70% (42.1 vs. 22.2%).
Thus, some women with isolated proteinuria sub-
sequently develop hypertension, and the outcomes of
these women who later develop hypertension are worse
than that of women with only proteinuria [7°°]. Although
these results are not obtained from a prospective cohort
study, these findings suggest that women with isolated
proteinuria may be more likely to progress to preeclamp-
sia than women with a presumptive diagnosis of gesta-
tional hypertension, and that approximately half of
the women with isolated proteinuria may progress to
preeclampsia. The reported rate of progression to pre-
eclampsia, which was 15% (5/33) among women
with a presumptive diagnosis of gestational hyperten-
sion [7°%], was consistent with the result of an earlier
study by Saudan et 4/. [14], in which 15-25% of women
who were initially diagnosed as having gestational
hypertension eventually developed preeclampsia.

Table 1 Appearance of hypertension and proteinuria prior to the
first convulsion in women with eclampsia

1992 2005-2006
Number of patients 325 214
with eclampsia
Proteinuria alone 32 (9.8%) 16 {7.5%)
Hypertension alone 71 (21.8%) 20 (9.3%)
Both 186 (57.2%) 81 (37.9%)

The number of women who had hypertension (DBP >90mmHg),
proteinuria (>+1 on dipstick or >0.3g/day), or both during the last
antenatal visit within 1 week prior to their first seizure is indicated. Data
from Douglas and Redman [15] and Knight et al. [16].

Clinicians must be able to counsel pregnant women who
develop proteinuria appropriately. The outcome of
women with a retrospective diagnosis of ‘gestational
proteinuria’ is indeed favorable, but counseling must
be done in a prospective fashion. The statement ‘protei-
nuria is not independently predictive of adverse out-
come’ [1] is misleading. This conclusion is further sup-
ported by the following two studies [15,16]: in the UK, 32
(10%) of 325 women with eclampsia in 1992 and 16
(7.5%) of 214 women with eclampsia between February
2005 and February 2006 exhibited proteinuria alone at
the time of their last antenatal visit within 1 week of their
first convulsion (Table 1).

Preeclampsia/eclampsia may occur in postpartum women
with undiagnosed preeclampsia after hospital discharge
[17°]. Yancey ez a/. [17°] reviewed 22 patients who initially
presented at an emergency department (ED) during the
postpartum period after hospital discharge with complaints
such as headache and visual changes: 12 (55%) women had
not been diagnosed with preeclampsia in the ante or
peripartum period; the time of presentation ranged from
3 to 10 days postpartum, with a median time of § days; the
initial DBP recorded in the ED ranged from 60 to
114mmHg, and the DBP was less than 90 mmHg in five
(23%) women; 21 (95%) women had either proteinuria, an
elevated uric acid level, or an abnormal liver function test.

Thus, hypertension and proteinuria clearly do not necess-
arily appear together either at the onset of the syndrome or
prior to complications, and a considerable number of
women with eclampsia have proteinuria alone prior to their
first seizure. In addition, it is apparent that women with
isolated proteinuria are more likely to develop eclampsia
than women with neither proteinuria nor hypertension.
Thus, the general belief that ‘proteinuria develops late
during the course of preeclampsia’ might not be correct.

Natural history of new proteinuria in
pregnancy and problems with the detection of
significant proteinuria

The amount of proteinuria appears to increase during
pregnancy. Poon ¢ 4/, [18°] found that the first trimester
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median urine albumin concentration and the median
albumin-to-creatinine ratio were already significantly
elevated in women who developed preeclampsia
compared with unaffected individuals. Bar ez «/ [19]
examined urinary microalbuminuria levels longitudinally
and demonstrated a statistically significant increase in the
albumin excretion rate in the second and third trimesters
compared with the first trimester. Franceschini & @/, [20]
found that the albumin: creatinine ratio in the urine col-
lected at around 27 weeks of gestation was strongly associ-
ated with preterm birth in a dose—response fashion. This
association was present for both spontaneous and medi-
cally induced preterm birth, and a risk was observable at
levels of albuminuria commonly considered to be within
the normal range of nonpregnant women and at levels
much lower than those detectable using the urine dipstick
method, which is commonly used to detect preeclampsia.
Gordon era/. [21] reported that proteinuria increases from a
mean of 1.71 £1.33 g/day during the first trimester to a
mean of 4.82+4.7g/day during the third trimester in
women with diabetic nephropathy, irrespective of whether
the padent is diagnosed as having preeclampsia. Schiff
et al. [22] reported that proteinuria increases in most
women with severe preeclampsia who are managed con-
servatively (median increase of 660mg over each 24-h
period). Morikawa ¢ a/. [7°°] reported that proteinuria
increases with advancing gestation in all three groups of
women with gestational proteinuria, proteinuria preceding
preeclampsia, or hypertension preceding preeclampsia.
These results suggest that protein excretion in the urine
begins at a level much lower than 0.3 g/day and continues
to increase to at least 0.3 g/day in some women. If this is the
case, an appropriate cut-off level for the albumin: creati-
nine ratio or the protein : creatinine ratio determined at a
certain stage of pregnancy might efficiently predict the
development of preeclampsia, as has been previously
reported [18°,19,20].

Screening for significant proteinuria (>0.3 g/day) has
traditionally been performed using the urine dipstick
method, but this method is prone to considerable error.
Prior studies [23-27] have reported that a dipstick
urinalysis has varying degrees of accuracy, with sensi-
tivities ranging from 22 to 86%. Thus, a considerable
number of women with significant proteinuria may have
been overlooked and judged not to have proteinuria,
leading to the general belief that ‘proteinuria develops
late in the course of preeclampsia’.

At present, a 24-h urine collection is considered to be the
gold standard for quantifying proteinuria. However, a
24-h urine collection is time-consuming and frequently
inaccurate, and therefore not a precise measure of pro-
teinuria [28°°]. The completeness of a 24-h urine collec-
tion should not be assessed by urine volume but rather by
urinary creatinine excretion. Twenty-four-hour urinary

creatinine excretion reflects muscle mass, and excretion
is relatively constant over time in a given person [29].
Although the use of the protein: creatinine ratio to esti-
mate 24-h protein excretion for the diagnosis of pre-
eclampsia has been controversial, two studies {30,31°°]
describing meta-analyses showed pooled sensitivities of
90 and 84% and specificities of 78 and 76% using various
protein: creatinine ratio cut-offs for the detection of
significant proteinuria.

Conclusion

Some women with preeclampsia initially exhibit protei-
nuria followed by the subsequent development of hyper-
tension. Women with isolated proteinuria should be
counseled as to the possibility of proteinuria preceding
preeclampsia. One possible explanation for the difficulty
in diagnosing this type of preeclampsia might be the low
sensitivity of the dipstick urinalysis technique. Larger
prospective cohort studies using the protein: creatinine
ratio and focusing on the gestational week at which
proteinuria and/or hypertension develop are needed to
determine how often this form of preeclampsia occurs
and to search for an efficient protein : creatinine ratio cut-
off value for the prediction of adverse outcome.
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