
Fetal outcome and recommendations of pregnancies in lupus
nephritis in the 21st century. A prospective multicenter study

Gabriella Moroni a, *, 1, Andrea Doria b, 1, Elisa Giglio a, Chiara Tani c, Margherita Zen b,
Francesca Strigini d, Barbara Zaina e, Angela Tincani f, Federica de Liso g,
Caterina Matinato g, Claudia Grossi h, Mariele Gatto b, Paola Castellana i, Monica Limardo l,
Pier Luigi Meroni h, m, Piergiorgio Messa a, Pietro Ravani n, o, 2, Marta Mosca c, 2

a Nephrological Unit, Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico, Milan, Italy
b Department of Medicine-DIMED, Division of Rheumatology, University of Padova, Italy
c Department of Clinical and Experimental Medicine, Rheumatology Unit, University of Pisa, Italy
d Department of Reproductive Medicine and Child Development Division of Obstetrics and Gynecology, University of Pisa, Italy
e Department of Obstetrics and Gynecology Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico, Milan, Italy
f Rheumatology and Clinical Immunology Unit, Spedali Civili of Brescia, Italy
g Laboratory of Clinical Chemistry and Microbiology, Fondazione IRCCS Ca' Granda Ospedale, Maggiore Policlinico, Milan, Italy
h Experimental Laboratory of Immunological and Rheumatologic Researches, IRCCS Istituto, Auxologico Italiano, Milan, Italy
i Dipartimento di Scienze della Salute, Azienda Ospedaliera San Paolo, Milan, Italy
l Nephrology, Azienda Ospedaliera della Provincia di Lecco, Lecco, Italy
m Department of Clinical Sciences and Community Health, University of Milan, Milan, Italy
n Department of Medicine, Cumming School of Medicine, University of Calgary, Calgary, Canada
o Community Health Sciences, Cumming School of Medicine, University of Calgary, Calgary, Canada

a r t i c l e i n f o

Article history:
Received 18 July 2016
Received in revised form
24 July 2016
Accepted 25 July 2016
Available online 2 August 2016

Keywords:
Systemic lupus erythematosus
Lupus nephritis
Pregnancy
Fetal outcome
Preterm delivery
Small for gestational age

a b s t r a c t

The aim of this multicenter study was to assess the present risk of fetal complications and the inherent
risk factors in pregnant women with lupus nephritis.

Seventy-one pregnancies in 61women (59 Caucasians and 2 Asians) with lupus nephritis were pro-
spectively followed between October 2006 and December 2013. All patients received a counselling visit
within 3 months before the beginning of pregnancy and were followed by a multidisciplinary team. At
baseline mild active nephritis was present in 15 cases (21.1%).

Six pregnancies (8.4%) resulted in fetal loss. Arterial hypertension at baseline (P ¼ 0.003), positivity for
lupus anticoagulant (P ¼ 0.001), anticardiolipin IgG antibodies (P ¼ 0.007), antibeta2 IgG (P ¼ 0.018) and
the triple positivity for antiphospholipid antibodies (P ¼ 0.004) predicted fetal loss.

Twenty pregnancies (28.2%) ended pre-term and 12 newborns (16.4%) were small for gestational age.
Among the characteristics at baseline, high SLE disease activity index (SLEDAI) score (P ¼ 0.027), pro-
teinuria (P ¼ 0.045), history of renal flares (P ¼ 0.004), arterial hypertension (P ¼ 0.009) and active lupus
nephritis (P ¼ 0.000) increased the probability of preterm delivery. Odds for preterm delivery increased
by 60% for each quarterly unit increase in SLEDAI and by 15% for each quarterly increase in proteinuria by
1 g per day. The probability of having a small for gestational age baby was reduced by 85% in womenwho
received hydroxychloroquine therapy (P ¼ 0.023).

In this study, the rate of fetal loss was low and mainly associated with the presence of anti-
phospholipid antibodies. Preterm delivery remains a frequent complication of pregnancies in lupus. SLE
and lupus nephritis activity are the main risk factors for premature birth. Arterial hypertension predicted
both fetal loss and preterm delivery.

Based on our results the key for a successful pregnancy in lupus nephritis is a multidisciplinary
approach with close medical, obstetric and neonatal monitoring. This entails: a) a preconception
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evaluation to establish and inform women about pregnancy risks; b) planning pregnancy during inactive
lupus nephritis, maintained inactive with the lowest possible dosage of allowed drugs; c) adequate
treatment of known risk factors (arterial hypertension, antiphospholipid and antibodies); d) close
monitoring during and after pregnancy to rapidly identify and treat SLE flares and obstetric
complications.

Published by Elsevier Ltd.

1. Introduction

Formany years, pregnancy has been discouraged inwomenwith
lupus and renal disease due to the high risk of maternal and fetal
complications [1e4]. However, pregnancy outcome has improved
dramatically over time and today pregnancy is no longer considered
contraindicated for manywomenwith lupus nephritis. A number of
studies have shown that maternal outcome is relatively safe if renal
disease is inactive andkidney function is preserved [5e7]. The risk of
fetal loss has decreased over the past 40 years as well. The rate of
fetal loss in lupus pregnancy was on average 43% in 1960e1965 and
was reduced to about 17% in 2000e2003 [8]. Improved renal prog-
nosis, preconception counselling, and intensive perinatal moni-
toring contributed to improved fetal outcome. Nonetheless, the rate
of fetal loss is still higher than in pregnancies of healthy women.
Moreover, lupus can complicate pregnancywith an increased risk of
stillbirths, premature deliveries, intrauterine growth retardations
and heart problems in the newborn [2,5,9,10]. A systematic review
of 37 studies, that included 2751 pregnancy outcomes in 1842
women with lupus nephritis, reported an induced abortion rate of
5.9%. Apart from induced abortion, fetal complications included
miscarriages (16.0%), stillbirth (3.6%), neonatal deaths (2.5%), and
intrauterine growth retardation (12.7%). The unsuccessful preg-
nancy rate was 23.4%, and premature birth rate was 39.4% [11].

A number of predictors of fetal complications has been identi-
fied. Lupus activity at conception or during pregnancy [12] and
renal activity in particular [13e15] were the strongest predictors.
Independently of clinical activity, hypocomplementemia or anti-
dsDNA antibodies positivity in the second trimester are associ-
ated with a higher rate of pregnancy loss and preterm birth [16,17].
Another important risk factor for fetal outcome is represented by
antiphospholipid antibodies (aPL) positivity [18e22]. Women with
a combination of high clinical activity and serological markers of
SLE are a higher risk of poor pregnancy outcome. The risk is more
elevated in the presence of triple aPL positivity and hypo-
complementemia [23].

Nonetheless, the present knowledge of the rate and predictors
of fetal complications in lupus nephritis is based on retrospective
data collected over a long period of time, during which, the treat-
ments of lupus nephritis were heterogeneous, pre-conception
counselling was used sporadically, and many patients became
pregnant during a period of lupus activity [5,9,10,24,25].

We report here the results of a multicenter, prospective, obser-
vational study designed by “The Pregnancy Study Group” of the
Italian Society of Nephrology. The aim of the studywas to assess the
actual rate of maternal and fetal complications and the risk factors
for these events inpregnantwomenwith ahistoryof lupus nephritis
closely monitored by a multidisciplinary team. The results of
maternal complicationshave been reported in a previous paper [26].

2. Patients and methods

2.1. Patients

The complete protocol of the study has been reported elsewhere

[26]. In brief, patients with lupus nephritis that became pregnant
between October 2006 and December 2013 and who met the
following criteria were enrolled in this study: i) SLE diagnosis ac-
cording to the ACR criteria [27]; ii) lupus nephritis diagnosed either
by renal biopsy or on clinical ground; iii) a counselling visit within 3
months before the beginning of pregnancy; iv) signed informed
consent.

The protocol was not submitted to the Ethics Committees as the
collected data were derived from routine clinical practice, no
additional testing was requested of the patients, and analysis was
performed as aggregate data.

During pregnancies patients were followed by a multidisci-
plinary team that included obstetricians, nephrologists and rheu-
matologists. Womenwere seen at least once a month up to the 24th
week of gestation and every two weeks from the 24th week up to
delivery. Newborn weight and Apgar index to summarize the
health of newborns were regularly collected [28].

Demographic characteristics and data about history and therapy
of SLE, lupus nephritis, and previous pregnancies were recorded
from medical records. Complete blood count, urinalysis, lupus
anticoagulant, C3 and C4 complement components were tested at
screening visit and regularly checked during pregnancy and at
delivery. At baseline and at each trimester, a panel of immunolog-
ical tests were centrally performed, including anti-dsDNA anti-
bodies, anti-C1q antibodies, anticardiolipin IgG and IgM antibodies,
anti Beta2 IgG and IgM antibodies.

2.2. Definitions

The following definitions were used. Fetal loss: fetal that does
not result in a live infant beyond 28 days after delivery. Miscar-
riage: spontaneous fetal loss <20 weeks' gestation. Stillbirth:
spontaneous death of fetus >20 weeks' gestation. Neonatal death:
death within 28 days from birth. Full-term birth: termination of
pregnancy with a live birth after 37 weeks gestation. Preterm
birth: delivery prior to 37 weeks gestation. Small for gestational age
(SGA): <10 percentile according to customized charts. Low birth-
weight and very low birth weight: <2500 and < 1500 g respec-
tively. Premature rupture of membranes (PROM): the spontaneous
rupture of membrane before labor. Preeclampsia: new onset of
hypertension and either proteinuria or end-organ dysfunction or
both after 20 weeks of gestation in a previously normotensive
woman [29] HELLP syndrome: Hemolysis, Elevated Liver enzymes,
Low Platelet [30]. SLE activity: A change of greater than or equal to
1.0 of the SLEDAI, in the physician's global assessment of disease
activity (measured on a 0e3 scale) from the previous visit or from
a visit within the last 93 days [31]. Inactive lupus nephritis: pro-
teinuria <0.5 g/24 h, inactive urinary sediment and estimated
creatinine clearance (Cr$Cl) � 60 ml/min/1.73 m.2 evaluated with
Cockcroft and Gault formula. Active lupus nephritis: proteinuria
�0.5 g/day or Cr$CL.< 60 ml/min/1.73 m2 with active urinary
sediment. Adverse maternal outcome: a) the occurrence of SLE
flares during pregnancy or in the post-partum: b) the develop-
ment of pre-eclampsia or HELLP syndrome.
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