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Abstract

Introduction: Preeclampsia develops due to placental insufficiency and systemic proinflammatory and antiangiogenic
mediator release, with ensuing systemic endothelial dysfunction. Nephrotic-range proteinuria appears to be associated
with worse pregnancy outcomes. The relationship between differing degrees of proteinuria and the severity of placental
alterations has not been studied.

Methods: This is a single-centre retrospective comparison of 150 singleton pregnancies complicated by preeclampsia and
varying degrees of proteinuria. Maternal demographic, obstetrical and fetal outcome data were obtained from chart review.
The placental histologic evaluations were performed by a placental pathologist blinded to all other clinical information.
Results: Preeclamptic women with massive proteinuria had evidence of more severe maternal vascular malperfusion
lesions. The severity of the lesions was progressive through mild, moderate and massive proteinuria. VWomen with massive
proteinuria had a higher incidence of renal dysfunction and severe hypertension, and had earlier preterm deliveries compared
to preeclamptic women with mild and moderate proteinuria (p < 0.05).

Conclusion: Preeclampsia with more severe proteinuria is associated with a higher prevalence of placental maternal vascular
malperfusion.
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tation, but may affect.many ther organs including the to podocyte injury, loss of slit diaphragm integrity and
fetoplacental unit.!? It is a leading cause of maternal and

perinatal mortality and morbidity and has many long-term
repercussions for both the mother and fetus .! The placenta is
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ultimately podocyte detachment.® This podocytopathy may
cause the nephrotic syndrome that sometimes accompanies
preeclampsia.

Nephrotic range proteinuria appears to be associated
with worse maternal, obstetric and fetal outcomes.’!!
Smaller amounts of proteinuria, 300-499 mg/24 h and over
499 mg/24 h of proteinuria, have been reported to cause a
progressively higher incidence of adverse maternal and
perinatal outcomes compared to controls.'?

Placental abnormalities are observed in preeclampsia.
Their severity appears to follow maternal disease severity.'?
The abnormalities include smaller and fewer spiral arteries,
placental infarctions, sclerotic villi, decidual arteriopathy,
intervillous thromboses and an abnormal abundance of syn-
cytial knots.'*'® An association has been observed between
placental abnormalities and angiogenic imbalance.'” " To
date, few have studied the association between placental
abnormalities and maternal, obstetric and fetal outcomes.

The aim of our study is to evaluate the relationships
between severity of proteinuria, placental vascular abnor-
malities and maternal and fetal outcomes in preeclampsia.
We hypothesized that more severe proteinuria would be
associated with more severe placental alterations and that
these would correlate with clinical outcomes.

Methods

We conducted a single centre retrospective pilot study, that
looked at preeclamptic women having given birth in a ter-
tiary hospital in Montreal, Quebec, Canada between 1
January 2017 and 30 June 2020. This study was approved by
the hospital’s ethics committee (study number: 2021-2943).

Women with singleton pregnancies presenting with
antepartum preeclampsia were included in this study.
Preeclampsia was defined according to Canadian guidelines
on hypertensive disorders of pregnancy, as a hospital systolic
blood pressure (BP) =140mmHg and/or diastolic BP =
90mmHg based on the average of two BP measurements
within 15min, and new onset of one of the following: pro-
teinuria (protein/creatinine ratio (PCR) = 0.03 g/mmol) car-
diorespiratory, haematological, renal, hepatic or fetoplacental
injury/insufficiency.?’ We excluded women with multiple
intra-uterine pregnancies, women with a history of thrombo-
philia, antiphospholipid antibody syndrome or kidney trans-
plant, and women with pre-pregnancy or first trimester
proteinuria (PCR = 0.03 g/mmol or albumin/creatinine ratio
= 2mg/mmol). The women were required to have a normal
pre-pregnancy or first trimester baseline urinalysis.

Three groups of women were identified: preeclamptic
women with mild proteinuria (PCR between 0.03 and 0.05 g/
mmol inclusively), moderate proteinuria (PCR between
0.051 and 0.15 g/mmol inclusively) and massive proteinuria
(PCR greater or equal to 0.5 g/mmol). The threshold used
to distinguish mild from moderate proteinuria was based
on a nested case-control study that observed more adverse

outcomes among women with proteinuria over 499 mg/24 h
versus 300-499mg/24h.'? The PCR threshold for massive
proteinuria was chosen based on previous studies observ-
ing more adverse outcomes among the women with a
PCR = 0.5g/mmol.”'"?! The assignment of group was
based on the maximum recorded level of gestational pro-
teinuria. Preeclamptic women with massive proteinuria
were matched to women with mild proteinuria based on
their delivery date. The limited prevalence of preeclamptic
women with moderate proteinuria rendered it impossible to
similarly match them according to delivery date.

The following information was extracted from the med-
ical chart: maternal demographic and past medical history
including age at conception, obesity (pre-pregnancy body
mass index = 30.0 kg/m?), hypertension, diabetes, chronic
kidney disease (CKD) and previous preeclampsia; obstet-
ric information including presence of gestational diabetes,
early-onset preeclampsia (EOPE, defined as preeclampsia
diagnosed prior to 34 weeks), severe hypertension (sys-
tolic BP = 160 mmHg or diastolic BP = to 110 mmHg),
renal dysfunction (defined as a serum creatinine = 80
umol/L), HELLP syndrome, pulmonary oedema, eclamp-
sia, placental abruption, obstetric intensive care unit
admission, use of magnesium sulphate, gestational age at
diagnosis of preeclampsia onset and at delivery, and deliv-
ery mode; fetal complications including evidence of fetal
growth restriction (FGR) on ultrasound, abnormal fetopla-
cental artery doppler waveform, small for gestational age
(SGA) and perinatal mortality (death within the first
28 days of life).?? Finally, highest antenatal serum alanine
aminotransferase (ALT), uric acid, lactate dehydrogenase
(LDH) and creatinine, and antenatal platelet count nadir
were recorded.

Placenta shape and weight were determined by the
pathology department at the time of delivery. Placental
weight percentile was obtained using gestational age-spe-
cific placental weight charts.?® Three representative full
thickness sections of villous tissue avoiding placental mar-
gins but including both fetal and maternal surfaces and two
cord fragments and membranes were submitted for histo-
logical analysis. When lesions were observed on the macro-
scopic examination, additional blocks of tissue from these
arcas were submitted for further analysis. The tissue sec-
tions were fixed in 10% neutral buffered formalin, paraffin-
embedded and 3-um-thick sections were subsequently
stained with haematoxylin, eosin and saffron. For the pur-
poses of this study, microscopic placental abnormalities
were classified according to the Amsterdam Placental
Workshop Group Consensus Statement.”*° by a patholo-
gist specialized in placental examination. A minimum of
one placental lesion was required for the diagnosis of
MVM. Other than for placental weight and gestational age
for adequate maturity evaluation, the pathologist perform-
ing the analysis was blinded to all other maternal and fetal
information.
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Table |. Patient characteristics.

Preeclampsia with Preeclampsia with Preeclampsia with p

mild proteinuria moderate proteinuria massive proteinuria

(n=50) (n=50) (n=50)
Age, years 31.3£57 328+64 30.6*+6.5 NS
Nulliparity, n (%) 28 (56.0%) 22 (44.0%) 29 (58.0%) NS
Ethnicity, n (%) Caucasian 26 (52.0%) 24 (48.0%) 23 (46.0%) NS

Black 20 (40.0%) 23 (46.0%) 20 (40.0%) NS
Other 4 (8.0%) 3 (6.0%) 7 (14.0%) NS

Assisted reproduction, n (%) 6 (12.0%) 6 (12.0%) | (2.0%) NS
New partner, n (%) 3 (6.0%) 7 (14.0%) 6 (12.0%) NS
Tobacco use, n (%) | (2.0%, n=49) 0 (n=49) 4 (8.3%, n=48) NS
Pre-pregnancy hypertension, n (%) 7 (14.0%) 9 (18.4%, n=49) 4 (8.0%) NS
Pre-pregnancy type | diabetes, n (%) 0 1 (2.1%, n=48) | (2.0%) NS
Pre-pregnancy type 2 diabetes, n (%) 3 (6.0%) 2 (4.1%, n=49) 3 (6.0%) NS
Microvascular complications of diabetes, n 0 0 0 -
Pre-pregnancy BMI (kg/m?)* 27.5 27.7 26.2 NS

(IQR: 25.0-31.2, n=49) (IQR:24.6-33.6,n=48) (IQR: 24.7-29.4, n=44)
Pre-pregnancy obesity (BMI = 30.0kg/m?), n (%) 16 (32.0%) 17 (34.0%) 9 (19.1%, n=47) NS
Pre-pregnancy CKD, n 0 0 0 -
First trimester systolic BP (mmHg) 120 £ 12 (n=49) 119 %16 (n=45) 11813 (n=42) NS
First trimester diastolic BP (mmHg) 749 (n=49) 72* 11 (n=45) 72+ 9 (n=42) NS
First trimester creatinine, pmol/L 56.0=5.2 (n=47) 57.5*+6.9 (n = 48) 58.5+8.7 (n=43) NS
History of preterm PE, n (%) 5 (10.0%) 3 (6.0%) 4 (8.0%) NS
History of SGA, n (%) 4 (8.2% n=49) 3 (6.0%) 2 (4.0%) NS
ASA use, n (%) 19 (38.0%) 18 (36.0%) 14 (28.0%) NS
Gestational age at ASA initiation (weeks)* 10.5 (IQR: 8.0-12.0) 12.0 (IQR: 8.8-15.5) 12.0 (IQR: 9.8-15.2) NS
LMWH use, n (%) 3 (6.0%) 2 (4.0%) 2 (4.0%) NS

ASA: acetylsalicylic acid; BMI: body mass index; BP: blood pressure; CKD: chronic kidney disease; IQR: interquartile range; LMWH: low-molecular weight

heparin; NS: not significant; SGA: small for gestational age.
*Median and interquartile range.

Statistical analysis

As this was a pilot study, power analysis for sample size was
not calculated. A sample of convenience of 50 women with
preeclampsia per proteinuria threshold was chosen.

Data are presented as percentages for dichotomous vari-
ables, as mean = standard deviation for normally distributed
continuous variables or as median with its interquartile
range for non-parametric continuous variables. Comparison
of categorical variables were analysed using a Chi-square
test. Student’s t-test and ANOVA test were used for nor-
mally distributed continuous variables while the Kruskal—
Wallis test was used for non-parametric continuous variables.
For multiple comparisons, the Bonferroni correction for
multiple tests was used to determine the adjusted p-value.
All analyses were done using SPSS software (version 26,
IBM Corp., Armonk, NY). Binary logistic regression
models were used to evaluate the association between
placental alterations and proteinuria, while adjusting for
pre-pregnancy obesity and gestational age at delivery below
34weeks. A p-value<0.05 was considered statistically
significant.

Results

Maternal characteristics of the 150 women included in the study
are presented in Table 1. Demographic data between women in
the three groups were not statistically different (Table 1).

Obstetric and fetal outcomes are presented in Tables 2
and 3, respectively. Eclampsia was not observed among any
of the women. The incidences of HELLP (p=0.036) and pla-
cental abruption (p=0.014) were statistically different
between the groups. Massive proteinuria was associated with
an earlier diagnosis of PE, a significantly greater rate of renal
dysfunction, severe hypertension, and more frequent admis-
sion to the obstetric intensive care unit to receive magnesium
sulphate (all adjusted p<<0.05). Moreover, preeclamptic
women with massive proteinuria delivered earlier and more
frequently required caesarean section than women with
either mild or moderate proteinuria (both adjusted p <0.05,
Table 2). Higher maximum creatinine, uric acid, LDH and
ALT levels were observed among women with preeclampsia
and massive proteinuria compared to preeclamptic women
with either mild or moderate proteinuria (all adjusted
p <0.05, Table 2).
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Table 2. Obstetric outcomes by level of proteinuria.

Preeclampsia with
mild proteinuria
(n=50)

Obstetric outcomes
Preeclampsia diagnosis (weeks)*
EOPE, n (%)

37.0 (IQR: 36.2-38.7)*
6 (12.0%)*

Gestational diabetes, n (%) 12 (24.0%)

Severe hypertension, n (%) 2 (4%)**

AKI, n (%) 2 (4.1%, n=49)**
HELLP, n (%) | (2.0%)
Pulmonary oedema, n (%) 1 (2.0%)
Obstetric ICU, n (%) 5 (10%)**

MgSO, administration, n (%)
Gestational age at delivery (weeks)*
Delivery prior to 34 weeks, n (%)
Delivery prior to 37 weeks, n (%)
Urgent C/S delivery, n (%)
Placental abruption, n (%)
Biochemical findings
Proteinuria/creatinine ratio (g/mmol)* 0.04 (IQR: 0.03-0.042)**

6 (12.0%)%
37.9 (IQR: 37.0-38.9)**
4 (8.0%)*
9 (18.0%)**
17 (34.0%)**
| (2.0%)

Platelet nadir (X 10°/L) 195 £ 60
Maximum ALT (U/L)* 14 (IQR: 8-28)**
Maximum uric acid (umol/L) 313 £ 58%*

Maximum LDH (U/L)*
Maximum creatinine (pmol/L)*

60 (IQR: 55-64, n=49)**

Preeclampsia with Preeclampsia with p

moderate proteinuria massive proteinuria

(n=50) (n=50)

36.4 (IQR: 33.0-37.4)** 31.0 (IQR: 28.5-34.0) < 0.001
14 (28%)** 36 (73.5%, n=49) <0.001
14 (28.0%) 10 (20.0%) NS

9 (18%)** 32 (64%) <0.001
| (2.0%)** 13 (26%) <0.001
2 (4.0%) 7 (14.0%) 0.036
0 | (2.0%) NS
I5 (30.0%)** 32 (64.0%) <0.001
14 (28.0%)** 33 (66.0%) <0.001
36.9 (IQR: 34.8-37.9)** 34.1 (IQR: 30.9-36.0) <0.001
9 (18.0%)** 22 (44.0%) <0.001
26 (52.0%)** 45 (90.0%) <0.001
I5 (30.09%)** 29 (58.0%) 0.009
I (2.0%) 7 (14.0%) 0.014

0.09 (IQR: 0.07-0.103)** 0.96 (IQR: 0.66—1.44) <0.001

202 = 66 (n=49) 169 + 60 NS
14 (IQR: 10-27)** 29 (IQR: 16-54) 0.002

366 = 85%* 40976 <0.001

217 (IQR: 182-249, n=48)** 213 (IQR: 188-246, n=49)** 338 (IQR:283-390) < 0.001
62 (IQR: 57-70)** 70 (IQR: 60-80) <0.001

AKI: acute kidney injury defined as serum creatinine =80 umol/L; ALT: alanine aminotransferase; C/S: caesarean section; EOPE: early-onset preeclampsia;
FGR: fetal growth restriction; HELLP: haemolysis elevated liver enzymes and low platelets; IQR: interquartile range; LDH: lactate dehydrogenase; NS: not

significant; ICU: intensive care unit; VD: vaginal delivery.
*Median and interquartile range.

**Adjusted p < 0.05, statistically different than preeclampsia with massive proteinuria.

Fetal growth restriction on third trimester ultrasound was
more frequently observed among preeclamptic women with
massive proteinuria, while detection of abnormal doppler
finding during third trimester imaging did not differ between
groups. Concomitantly, there was a difference in the inci-
dence of SGA below the 10th percentile between groups
(p=0.016, Table 3), with significantly more SGA among
preeclamptic women with massive compared to mild pro-
teinuria. No difference in perinatal mortality was observed.

On placental evaluation, 70% of women with massive
proteinuria had signs of maternal vascular malperfusion
(MVM) while these were observed in 22% and 36% of those
with mild and moderate proteinuria, respectively (p <0.001,
Table 4). A positive association between the severity of pro-
teinuria and MVM persisted even when MVM diagnosis
required a minimum of two placental features (p=0.040;
data not shown). The association between MVM and pro-
teinuria persisted after adjusting for gestational age below
34weeks at delivery and pre-pregnancy obesity (OR=2.30,
95% CI = 1.37-3.85; p=0.002). Infarction and accelerated
villous maturity were observed more frequently among
women with massive proteinuria compared to those with
mild or moderate proteinuria (both adjusted p<<0.05).

Decidual arteriopathy was another frequent finding, although
it was not associated with the level of proteinuria threshold.
No difference in signs of fetal vascular malperfusion, mater-
nal and fetal inflammatory responses were observed.

Uric acid levels were significantly higher in women
with MVM compared to those without (399 +76 vs
337 =81 umol/L, p<0.001; Figure 1(a)). Upon stratifying
women according to proteinuria, there was a progressive rise
in uric acid as proteinuria worsened in those with and those
without MVM (both p <0.005, Figure 1(b)). No difference
was observed in uric acid between preeclamptic women with
or without signs of MVM for each proteinuria threshold.

Discussion

This study investigated the association between proteinuria
and placental pathology, and obstetric and fetal outcomes
among women with preeclampsia. We found that preec-
lamptic women with more severe proteinuria received their
diagnosis of preeclampsia earlier, delivered earlier, and had
more severe hypertension, renal dysfunction, HELLP and
placental abruption. The incidence of SGA and placental
weights below the 10th percentile increased as gestational



Genest et al. 5

Table 3. Fetal outcomes by level of proteinuria.

Preeclampsia with mild Preeclampsia with moderate Preeclampsia with massive p
proteinuria (n=50) proteinuria (n=50) proteinuria (n=50)

FGR on ultrasound, n (%) 10 (20.8%, n=48)* 12 (25.0%, n=48)* 27 (56.2%, n=48) <0.001

Abnormal fetoplacental 7 (46.7%, n=15) 7 (41.2%,n=17) 23 (59.0%, n=39) NS

Doppler waveform, n (%)

Birth weight (g) 3062.0 £ 890.7* 2608.8 = 883.9* 1704.4 = 642.3 <0.001
< 10th percentile, n (%) 12 (24.0%)* 20 (40.0%) 26 (52.0%) 0.016
< 5th percentile, n (%) 10 (20.0%) 11 (22.0%) 15 (30.0%) NS

Apgar | min 7.6+23 70+x24 6.7+26 NS

Apgar 5min 83 1.7 80+ 1.8 78+ 1.6 NS

Apgar |10min 87=x1.1 85+ 13 86 1.1 NS

Perinatal death (<28days), 2 (4.0%) 0 | (2.0%) NS

n (%)

FGR: fetal growth restriction; NS: not significant.

*Adjusted p < 0.05, statistically different than preeclampsia with massive proteinuria.

proteinuria worsened. Other maternal and fetal outcomes
did not differ between groups, although the study was likely
underpowered. On placental examination, women with
preeclampsia and massive proteinuria had significantly
more signs of MVM than women with mild or moderate
proteinuria, even after adjusting for gestational age below
34 weeks at birth and pre-gestational obesity. There was a
positive association between proteinuria severity and the
incidence of infarcts and accelerated villous maturity.

MVM are evidence of placental insufficiency, and are
observed in hypertensive disorders of pregnancy, sponta-
neous preterm birth (SPTB), preterm premature rupture
of membranes (PPROM) and fetal growth restriction.?’’
Chisholm and colleagues compared placental findings
among different causes of preterm birth using the Amsterdam
Placental Workshop Group Consensus Statement and found
that preeclampsia placentas had more infarcts, distal villous
hypoplasia, accelerated villous maturation and decidual arte-
riopathy compared to those observed in other causes of pre-
term delivery.® They did not observe any evidence of
maternal and fetal placental inflammatory responses among
women with preeclampsia. These results are consistent with
our findings and suggest that the MVM observed in our
women are a result of their preeclampsia. Moreover, none of
the women included in our study suffered from PPROM or
SPTB.

In this study, women were stratified solely according to
maximal gestational proteinuria. In doing so, we inadvert-
ently created groups with different underlying preeclampsia
phenotypes. Indeed, two phenotypically distinct antenatal
preeclampsia entities are frequently described in the litera-
ture. EOPE presents prior to 34weeks and results from
defective spiral artery remodelling, uteroplacental malperfu-
sion and subsequent systemic inflammation, endothelial dys-
function and microangiopathy.?! Conversely, late-onset
preeclampsia (LOPE) presents after 37 weeks, and is hypoth-
esized to arise due to a mismatch between maternal supply

and placental demands, combined with a maternal genetic
predisposition to metabolic and cardiovascular diseases.*
Distinguishing these entities has important prognostic value,
as women who develop EOPE have a higher risk of preg-
nancy-related maternal and fetal adverse events, and future
cardiovascular disease, compared to those with LOPE 3373
Studies report histological differences between EOPE and
LOPE placentas. MVM are more frequent in EOPE,
supporting the earlier development of uteroplacental under-
perfusion.’® Among the types of MVM, placental infarcts,
villous hypermaturation, distal villous hypoplasia and decid-
ual vasculopathy are those most frequently reported in
EOPE.3¢* In LOPE, MVM are still observed, yet appear to
be less frequent than in EOPE. This is compatible with the
belief that LOPE arises from delayed onset malperfusion.
The incidence of MVM in our preeclamptic women with
mild and moderate proteinuria, who more frequently deliv-
ered after 37 weeks, are consistent with others who observed
MVM in 25-30% of term PE.3”*® Abnormal uterine artery
doppler waveform and angiogenic imbalance (increased
sFIt-1/PIGF ratio) are also positively associated with MVM
and are predictive of EOPE. 74142

Maternal inflammation is strongly associated with
adverse pregnancy outcomes in preeclampsia with enhanced
activation of the NF-kB signalling pathway and circulating
damaged-associated molecular patterns (DAMPs).** Uric
acid, a DAMP possibly secreted by the placenta, was pro-
posed to be involved in the pathogenesis of hypertensive dis-
orders of pregnancy.***® In this study, we observed higher
levels of uric acid among women with signs of MVM, and
greater levels of uric acid as proteinuria worsened. This is
consistent with in vitro and in vivo studies demonstrating
placental inflammatory responses following higher uric
acid exposure and those observing an association between
serum uric acid and adverse pregnancy outcomes. %3
Surprisingly, although uric acid has been implicated as an
inflammatory mediator, inflammation on placental histology
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Table 4. Comparison of placental findings by level of proteinuria.

Preeclampsia with Preeclampsia with Preeclampsia with p
mild proteinuria moderate proteinuria massive proteinuria
(n=50) (n=50) (n=50)
Macroscopic findings
Lobular placenta (shape) 3 (6.0%) 1 (2.0%, n=49) 3 (6.0%) NS
Placental weight, g 467.2 = 156.7% 426.2 = 128.5 (n=49)* 306.2 +105.2 <0.001
Placental weight below the 10th percentile 17 (34%)* 14 (28.6%, n=49)* 30 (60%) 0.003

Haemorrhage/retroplacental hematoma, n (%) 0

Total MVM, n (%) Il (22.0%)*
Infarction, n (%) 7 (14.0%)*
Distal villous hypoplasia, n (%) 0

Accelerated villous maturity, n (%) 3 (6.0%)*

Decidual arteriopathy, n (%) 7 (14.0%)

Villous agglutination, n (%) | (2.0%)
Total fetal vascular malperfusion, n (%) | (2.0%)

Vascular thrombosis, n (%) 0

Avascular villous, n (%) | (2.0%)
Small foci, n (%) 0
Intermediate foci, n (%) 0
Large foci, n (%) 0
Stromal and vascular karyorrhexis, n (%) 0
Vascular obliteration, n (%) 0
Inflammatory response (total), n (%) 5 (10.0%)
Maternal inflammatory response, n (%) 5 (10.0%)
Fetal inflammatory response, n (%) | (2.0%)
Fibrin
Massive perivillous fibrin deposition (MPVFD), 0
n (%)
Maternal floor infarction, n (%) 0
Excessive focal perivillous fibrin deposition, 3 (6.0%)
n (%)
Presence of intervillitis, n (%) | (2.0%)
Chronic villitis, n (%) 5 (10.0%)
Low grade, n (%) 5 (10.0%)
High grade, n (%) 0
Other

Delayed maturation of villi (evaluated
if > 36 weeks), n (%)

Chorangioma, n (%) 0

Chorangiosis, n (%) 0

| (2.2%, n=45)

0 | (2.0%) NS

18 (36.0%)* 35 (70.0%) <0.001
12 (24.0%) 22 (44.0%) 0.003
| (2.0%) 3 (6.0%) NS

6 (12.0%)* 16 (32.0%) 0.001
8 (16.0%) 16 (32.0%) NS

| (2.0%) | (2.0%) NS

| (2.0%) | (2.0%) NS

0 0 -

| (2.0%) 0 NS

0 | (2.0%) NS

0 0 -

0 0 -

0 0 -

0 0 -

2 (4.0%) 2 (4.0%) NS

2 (4.0%) 2 (4.0%) NS

2 (4.0%) 2 (4.0%) NS

0 0 -

0 0 -

4 (8.0%) 5 (10.0%) NS

0 0 NS

4 (8.0%) | (2.0%) NS

3 (6.0%) | (2.0%) NS

| (2.0%) 0 NS

| (3.0%, n=33) 0(n=11) NS

2 (4.0%) 3 (6.0%) NS

| (2.0%) 0 NS

MVM: maternal vascular malperfusion; NS: non-significant.

*Adjusted p < 0.05, statistically different than preeclampsia with massive proteinuria.

is not necessarily observed.** Inflammation, along with
antiangiogenic mediators, are likely the link between preec-
lampsia and placental pathology, while proteinuria is but a
marker of more severe disease.

The methodology chosen warrants further comment. This
is single-centre study. All cases are recent, between 2017 and
2020, and received comparable preeclampsia management.
We chose to compare preeclamptic women with varying
degrees of proteinuria to specifically evaluate the associa-
tion between proteinuria and outcomes. Drastically different
thresholds of proteinuria were purposefully chosen to explore

this association. Comparing these women to those with
uncomplicated pregnancies would have introduced addi-
tional confounding.

When evaluating the association between MVM and pro-
teinuria, we adjusted for gestational age below 34 weeks at
delivery, and pre-gestational obesity as there is evidence of
an association between obesity and placental abnormalities.>
The impact of other maternal comorbidities on MVM has
not been established.*®

The association between severe proteinuria and unfa-
vourable obstetric and fetal outcomes has been previously
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Figure 1. Maximum uric acid prior to delivery in women
without (white) or with (black) MVM. (a). According to MVM
irrespective of proteinuria severity; (b). According to MVM and
proteinuria thresholds. Student’s t-test was used to compare
serum uric acid in the presence or absence of MVM while

the ANOVA test was used when comparing uric acid levels

in the presence or absence of MVM according to proteinuria
threshold. Uric acid levels increased with progressive proteinuria
among preeclamptic women without or with MVM (both
p-trend < 0.005).

described.”!! Our findings corroborate previous studies that
observe more AKI, HELLP syndrome, placental abruption,
FGR, and prematurity with worsening proteinuria.’!!

To our knowledge, this is the first study to evaluate the
association between severity of proteinuria and placental
alterations. To limit the potential for subjective placental
evaluation, placental analyses were performed according to
the Amsterdam Consensus framework by a single placental
expert pathologist within a short time frame. The patholo-
gist was blinded to maternal and fetal information, with
the exception of placental weight and gestational age for
adequate evaluation of maturity. Our findings are based on

MVM diagnosis requiring at least one anomaly among
infarction, distal villous hypoplasia, accelerated villous
maturity, decidual arteriopathy and villous agglutination.
However, we persistently observed a positive association
between MVM and severity of proteinuria even if MVM
diagnosis required two or more placental features.

Limitations in the study design must be highlighted. This
is a retrospective pilot study in which power analysis for sam-
ple size calculation was not performed; we ultimately decided
on a sample size of 150 preeclamptic women grouping these
into 3 groups characterized by mild, moderate and massive
proteinuria. We were not able to include a group of women
with moderate to severe proteinuria (PCR between 0.15 and
0.5 g/mmol) due to under representation. The small sample
size hindered the ability to observe an association between
the severity of proteinuria and several of the pregnancy out-
comes, or to identify an independent association between
MVM and uric acid levels among women with different pro-
teinuria thresholds. There was no comparative control group
of uncomplicated pregnancies. MVM can be observed in
25%-36% of placentas from uncomplicated pregnancies.’’-
These findings are comparable to what we observed in our
cohorts with mild and moderate proteinuria. Again, due to the
retrospective nature of the data, we were limited to studying
the placental sections and histological analyses done at the
time. Levels of pathogenic inflammatory and antiangiogenic
markers were not available, as these were not currently sup-
ported by our provincial healthcare system.

Conclusion

In summary, this study shows that increased proteinuria in
women with preeclampsia is associated with more prevalent
MVM findings, even after adjusting for gestational age
below 34 weeks at delivery and pre-pregnancy obesity. It is
also associated with a higher incidence of HELLP, renal
dysfunction, severe hypertension and placental abruption.
Future studies are required to further evaluate the associa-
tion between MVM and different degrees of proteinuria.
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