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Introduction

Antiphospholipid syndrome (APS) is an autoimmune disorder
characterized by vascular thrombosis and/or pregnancy mor-

bidity associated with the presence in the blood of persistent
antiphospholipid antibodies (aPL).1 Since the early 1980s
when recurrent pregnancy loss was first linked to APS,2

many steps forward in our understanding of the heteroge-
neous family of aPL and related pregnancy complications have
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Abstract The current study evaluates the efficacy and safety of different treatment strategies for
pregnant patients with antiphospholipid syndrome. One hundred twenty-seven consecu-
tive pregnancies were assessed; 87 (68.5%) with a history of pregnancy morbidity alone
were treated with prophylactic low molecular weight heparin (LMWH) þ low-dose aspirin
(LDA, 100mg) (group I) and 40 (31.5%) with a history of thrombosis and/or severe
pregnancy complications with therapeutic LMWH þ LDA (group II). LMWH doses were
increased throughout the pregnancies depending on the patients’ weight gain, and
treatment was switched to a more intensive one at the first sign of maternal/fetal
complications. The study’s primary outcome was live births. There were no significant
differences in live birth rate between group I (95.4%) and group II (87.5%). Even fetal
complication rate was similar in the two groups; group II nevertheless had a higher
prevalence ofmaternal and neonatal complications (p¼ 0.0005 and p¼0.01, respectively)
and registered a significantly lower gestational ageat delivery and birthweight (p¼0.0001
and p¼0.0005, respectively). Two patients in group I switched to group II therapy, six
patients in group II switched to a more intensive treatment strategy (weekly plasma
exchange þ fortnightly intravenous immunoglobulins in addition to therapeutic LMWH þ
LDA). Themultivariate analysis uncovered that triple antiphospholipid antibodies positivity
was an independent factor leading to amore intensive therapy. All eight switched patients
achieved a live birth. Study results revealed that adjusted LMWH doses and switching
therapy at first signs of severe pregnancy complications led to a high rate of live births in
antiphospholipid syndrome patients.
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been taken. But despite increasing knowledge about the
pathogenetic mechanism underlying aPL-related pregnancy
morbidity, evidence from well-designed studies demonstrat-
ing the efficacy of various treatments continues to be limited.3

In accordance with the results of two clinical trials4,5 and
the findings of two meta-analysis,6,7 prophylactic low-molec-
ular weight heparin (LMWH) plus low-dose aspirin (LDA) are
considered “standard therapy” for patients with positive aPL
and recurrent pregnancy loss. Although specific clinical trials
are lacking,womenwithahistoryofvascular thrombosis alone
or associated with pregnancy morbidity are generally treated
with therapeutic LMWH doses in association with LDA. As
these protocols nevertheless fail in approximately 20 to 30% of
pregnant APS patients,8 additional treatments including in-
travenous immunoglobulin (IVIG), low-dose prednisolone,
hydroxychloroquine, or apheresis procedures have at times
been combined with the “standard therapy,”9–14 but the data
regarding their efficacy cannot be considered conclusive given
the low number of cases that have been treated.

While it is generally agreed that pregnant APS patients
should receive personalized treatment,15,16 evidence-based
guidelines for these patients continue to be lacking. The
current study was designed as a management cohort study
aiming to evaluate the efficacy and safety of different treat-
ment strategies for pregnant APS patients in the attempt to
provide some practical suggestions for attending physicians.

Materials and Methods

Study Population
This single-center, cohort study is based on the clinical records
of consecutively presenting APS patients attending the Preg-
nancy Clinic of the Rheumatology Unit of the University of
Padua, Padua, Italy, between August 1999 and May 2016. Two
authors (A.H., M.F.) independently reviewed the clinical charts
of the patients whowere registered in a centralized database.

The women who satisfied the following criteria were en-
rolled in the study: (1) diagnosis of primary APS in accordance
with the clinical and laboratory criteria outlined by the Sydney
Consensus Statement1 and (2) treatment with prophylactic
LMWH plus LDA or therapeutic LMWH plus LDA initiated
during the first trimester. In accordance to the international
consensus criteria, pregnancymorbiditywasdefinedas (1) one
ormore unexplained deaths of amorphologically normal fetus
at or beyond the 10thweekofgestation, and/or (2) one ormore
premature births of a morphologically normal neonate before
the 34th week of gestation due to eclampsia or severe pre-
eclampsia, or recognized features of placental insufficiency,
and/or (3) threeormoreunexplained consecutive spontaneous
abortions before the 10th week of gestation in patients in
whom maternal anatomic or hormonal abnormalities and
paternal andmaternal chromosomal causes have been exclud-
ed.1 The patients were subdivided into two groups depending
on the treatment that was prescribed:

• Group I (n¼87): APSwomen, with a history of pregnancy
morbidity in the absence of thrombosis, treated with
prophylactic LMWH plus 100mg LDA.

• Group II (n¼40): APS women, with previous thrombosis
and/or severe pregnancy complications as early-onset pre-
eclampsia, hemolysis, elevated liver enzymes, low platelet
count (HELLP) syndrome,and intrauterinegrowthrestriction
(IUGR), treated with therapeutic LMWH plus 100mg LDA.

The institutional reviewboard forobservational studiesand
the Audit Committee of the University Hospital of Padua
approved the study design (Protocol Number: 6894/2013,
February 7, 2013). The study was performed in accordance
with the principles outlined in the Declaration of Helsinki.
After being informed about the methodology and aims of the
study, thepatientswere asked to sign informed consent forms.

Treatment Strategy
In the light of findings produced by our previous studies using
adjusted LMWH dosage (enoxaparin),17,18 prophylactic or
therapeutic drug’s dosage was increased as the pregnancy
progressed and maternal body weight augmented. Patients
with a body weight ranging from 55 to 65kg received LMWH
doses ranging between 4,000 and 6,000 U/daily (prophylactic
dose) or twice daily (therapeutic dose), those with a body
weight ranging from 66 to 85kg received doses ranging be-
tween 6,000 and 8,000 U once/twice daily, and those with a
bodyweight$86kg received doses ranging between8,000and
10,000 U once/twice daily. In accordance with the manufac-
turer’s recommendations, theonce-/twice-dailydosesnever, in
any case, exceeded the weight-adjusted dosage of 100 U/kg.
Moreover, when early signs of pregnancy-related complica-
tions such as preeclampsia (new-onset hypertension $ 140/
90mmHg and proteinuria$ 300mg per 24-hour urine collec-
tion protein), placental insufficiency (abnormal Doppler flow
velocimetry waveform analysis of uterine arteries), a platelet
count more than 20% lower than the baseline value—the
progressive decrease in platelets of 20% from baseline was
arbitrarily considered as a warning signal on the basis of our
clinical experience,17,18 regardless of baseline platelet count—
or thrombosis were detected, the patients were switched to a
more intensive treatment protocol, that is, the patients being
treated with prophylactic LMWH plus LDA (group I) were
switched to therapeutic LMWH plus LDA (group II) and the
patientsbeing treatedwith therapeutic LMWHplusLDA(group
II)were upgraded to an intensive treatment protocol consisting
weekly plasma exchange plus fortnightly 1g/kg/day IVIG in
addition to therapeutic LMWH plus LDA.9 Physical examina-
tion, fetal ultrasound studies, routine biochemistry tests, and
coagulation screening were then performed everymonth until
the 30th week of pregnancy and subsequently every 2 weeks.
Moreover, from the 24th week of gestation the Doppler wave-
formwas included in the testing protocol. From the 32ndweek,
cardiotocography for fetal surveillance was performedweekly.

Antiphospholipid Detection
Before the patients became pregnant, tests for the detection of
aPL were performed and confirmed by a second test at least
12 weeks apart. Immunoglobulin (Ig) G/IgM anticardiolipin
(aCL) and IgG/IgM anti- β2 glycoprotein I (anti-β2GPI) anti-
bodies were measured using “home-made” enzyme-linked
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immunosorbent assay as described elsewhere.19 The results of
aCL testing were expressed as IgG phospholipid or IgM phos-
pholipid units using international reference material. The
results of anti-β2GPI assays were calculated as arbitrary units
using a standard curveobtained fromapool ofpositive samples
calibrated to Koike’s monoclonal antibodies (HCAL for the IgG
and EY2C9 for the IgM anti-β2GPI). The cut-off values for
medium/high titers for both aCL and anti-β2GPI antibodies
were calculated using the 99th percentile obtained by testing
100 age-matched healthy women. Lupus anticoagulant (LAC)
was detected following internationally accepted recommenda-
tions20,21 using dilute Russell viper venom and dilute activated
partial thromboplastin times as screening tests.

IgG and/or IgM isotype was considered single antibody
positivity. Single aPL positivity thus referred to LAC or IgG/IgM
aCL or IgG/IgM anti-β2GPI; double positivity referred to IgG/
IgM aCL plus IgG/IgM anti-β2GPI or IgG/IgM aCL plus LAC or
IgG/IgM anti-β2GPI plus LAC; and triple positivity referred to
IgG/IgM aCL plus IgG/IgM anti-β2GPI plus LAC.

Outcomes
Live birth rate, defined as the number of live newborns surviv-
ing the first 27 days after birth, was the study’s primary
outcome. Secondary outcomes were maternal and fetal com-
plications including platelet count more than 20% lower than
the baseline value, preeclampsia,22 eclampsia, HELLP syn-
drome, and IUGR.23 It is true that this study refers to data
collected in August 1999, but we retrospectively classified
preeclampsia and IUGR using the 2013 American Congress of
Obstetricians and Gynecologists guidelines.22,23 Neonatal out-
comeswere assessed on the basis of gestational age at delivery,
birth weight in percentiles, the Apgar score at 5minutes, and
neonatal complications.

Statistical Analysis
Statistical analysis was performed using the Statistical Pack-
age for the Social Sciences software, version 22.0 (Chicago,

Illinois, United States) and the GraphPad Prism version 5.00
(San Diego, California, United States). Data are shown as
medians (ranges) or as numbers (percentages). Univariate
comparisons of dichotomous data were performed using the
chi-square or Fisher’s exact test; the odds ratio (OR) with a
95% confidence interval (CI) was calculated. Comparisons
between continuous variables were performed using the
Mann–Whitney test and data are presented with median
values and interquartile ranges (25th–75th percentiles). A
stepwise forward conditional procedurewas used for logistic
regression analysis to evaluate the independent factors for
switching therapy. A p-value of<0.05 was considered sta-
tistically significant. The study is reported here following the
STROBE guidelines.24

Results

One hundred twenty-seven consecutive pregnancies in 96 APS
patients (median age¼36 years, range 25–47) were assessed.
Baseline demographic, clinical, and laboratory features of the
two groups of APS patients treated with prophylactic LMWH
þ LDA and therapeutic LMWH þ LDA, respectively, are outlined
in►Table 1; to note single aPL positivity significantly prevailed
in group I patients, while triple aPL positivity in group II ones.
Maternal and fetal/neonatal outcomes of study population are
illustrated in ►Table 2. The live birth rates were quite similar.
The group II patients registered a significantly higher rate of
maternal complications with respect to the group I ones as
described in ►Table 2. Altogether, there were 13 maternal
complications: 7 preeclampsia, 3 cases of platelet count more
than 20% lower than the baseline value, 2 HELLP syndromes,
and 1 thrombosis. Although there was no difference regarding
fetal complications, the infants born to thegroup II patientshad
asignificantly lowergestationalageatdeliveryandbirthweight
compared with their counterparts. They also presented a
significantly higher rate of neonatal complications due to
prematurity, especially to respiratory distress.

Table 1 Demographic, clinical, and laboratory features of the two groups of antiphospholipid syndrome patients studied

Group I Group II p-Value OR (95%CI)

n¼87 n¼40

Age, median (range) 36 (25–47) 33.5 (27–42) 0.01 –

Ethnicity

Caucasian, n (%) 82 (94.3) 39 (97.5) 0.6 0.42 (0.04–3.72)

Non-Caucasian, n (%) 5 (5.7) 1 (2.5) 0.6 0.42 (0.04–3.72)

Thrombosis, n (%) 0 (0) 20 (50.0) < 0.0001 175 (10.15–3016)

Pregnancy morbidity, n (%) 87 (100) 9 (22.5) < 0.0001 580.3 (32.78.10270)

Thrombosis and pregnancy morbidity, n (%) 0 (0) 11 (27.5) < 0.0001 68.22 (3.89–1194)

Single aPL, n (%) 63 (72.4) 18 (45) 0.005 3.2 (1.47–7.0)

Double aPL, n (%) 23 (26.4) 8 (20) 0.5 1.43 (0.57–3.57)

Triple aPL, n (%) 1 (1.2) 14 (35) < 0.0001 46.31 (5.8–369.2)

Previous pregnancy complications, n (%) 4 (4.6) 7 (17.5) 0.03 4.40 (1.2–16.04)

Abbreviations: aPL, antiphospholipid antibodies; CI, confidence interval; OR, odds ratio.
Note: Group I was treated with prophylactic low molecular weight heparin þ low-dose aspirin; Group II was treated with therapeutic low molecular
weight heparin þ low-dose aspirin.
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Finally, a significantly higher proportion of the group II
participants needed to be switched to a more intensive
therapy with respect to their counterparts (►Table 2).

No important side effects, in particular no hemorrhagic
events, were observed in any of the patients.

Switching Therapy to Achieve a Better Pregnancy
Outcome
Two group I patients were switched to group II therapy. Six
group II patients were switched to the more intensive proto-
col,9 all of them were treated with weekly plasma exchange
plus fortnightly IVIG in addition to the already ongoing treat-
ment with therapeutic LMWH plus LDA. All eight switched
patients achieved a live birth. Their clinical and laboratory
features along with pregnancy outcomes are outlined
in►Table 3. Four out of the eight (50%)were switchedbecause
of early-onset preeclampsia, three (37.5%) because of IUGR,
and one (12.5%) because of cutaneous small vessels thrombo-
sis. The median gestational age at the time of switching was
26weeks (range 23–30). Triple aPL positivitywas registered in
one out of the two (50%) group I patients switched to group II,
and in all (100%) of the group II patients switched to the more
intensive protocol. History of thrombosis (66.7%) or severe
preeclampsia (33.3%) was only observed in group II patients
who switched to the more intensive protocol. The median
gestational age at delivery of the switched patients considered
together was 34.5 (range 23–30). The infants had a median
birth weight of 2,233g (range 1,640–2,700), a median percen-
tile of 49 (range 10–75), and four (50%) neonatal complica-
tions, all due to prematurity.

Comparison of the clinical and laboratory characteristics
between patientswho had shifted to amore intensive therapy
and those who did not (►Table 4) showed a significant
prevalence of history of thrombosis%pregnancy morbidity,
previous pregnancy complications, triple aPL positivity, and

pregnancy complications in upgrading group, instead single
aPL positivity significantly prevailed in the nonupgrading
group. Logistic regression analysis demonstrated that triple
aPL positivity was an independent factor for switching to a
more effective therapy protocol (p<0.0001, OR 98, 95% CI:
10.7–897.54).

Discussion

A careful and individual management of pregnancy in APS
patients might improve the obstetric outcome. However, in
cases of manifestations of severe complications such as pre-
eclampsia or IUGR, an upgrading therapy strategy may be
necessary.

While studies in the literaturehave reported a 70 to 80% of
live birth rate in APS patients following fixed prophylactic or
therapeutic doses of LMWH þ LDA treatment,3,8 findings
from the current study demonstrate that using adjusted
prophylactic or therapeutic doses of heparin throughout
the pregnancies of these patients and switching therapy at
the first signs of complications can achieve a higher rate of
live births (94.5–87.5%, respectively). In a previous study, we
reported17 that adjusted, once-daily doses of LMWH togeth-
er with LDA could be an efficacious treatment protocol for
pregnant APS patientswith no history of thrombosis to avoid
pregnancy complications and to achieve a high live birth rate
(97%) along with a satisfactory mean gestational age and
birth weight.

The decision to use adjusted doses of LMWH is based on
evidence that the bioavailability of subcutaneous heparin
decreases during pregnancy due to pregnancy-related physio-
logical changes such aselevations in: heparin-bindingproteins,
plasma volume, renal clearance, and heparin degradation by
the placenta.25,26 It should nevertheless be emphasized that
the doses prescribed to our patients never exceeded the

Table 2 Maternal and fetal/neonatal outcomes in the two groups of antiphospholipid syndrome patients studied

Group I Group II p-Value OR (95% CI)

n¼ 87 n¼40

Live birth, n (%) 83 (95.4) 35 (87.5) 0.1 2.88 (0.73–11.36)

Maternal complication, n (%) 3 (3.4) 10 (23.8) 0.0005 9.33 (2.40–36.23)

Labora

Vaginal, n (%) 34 (40.5) 4 (11.4) 0.002 5.27 (1.70–16.30)

Caesarean, n (%) 50 (59.5) 36 (88.6) 0.002 0.18 (0.06–0.58)

Fetal complication, n (%) 2 (2.4) 4 (10.5) 0.07 0.2 (0.03–1.15)

Week of gestation median (range) 38 (29–41) 37 (27–40) 0.0001 –

Weight (percentile) median (range) 50 (10–97) 50 (3–90) 0.1 –

Apgar at 5min median (range) 9 (7–10) 10 (7–10) 0.3 –

Neonatal complication, n (%) 6 (7.2) 9 (25) 0.01 7.87 (2.52–24.51)

Switch to an upgrade therapy 2 (2.3) 6 (15.0) 0.01 7.5 (1.44–39.03)

Abbreviations: CI, confidence interval; OR, odds ratio.
Note: Group I was treated with prophylactic low molecular weight heparin þ low-dose aspirin; Group II was treated with therapeutic low molecular
weight heparin þ low-dose aspirin.
aFetal loss/miscarriages were excluded.

Thrombosis and Haemostasis

Upgrading Therapy Strategy Improves Pregnancy Outcome in Antiphospholipid Syndrome Hoxha et al.



Ta
b
le

3
C
lin

ic
al

an
d
la
bo

ra
to
ry

fe
at
ur
es

an
d
pr
eg

na
nc

y
ou

tc
om

es
of

th
e
an

ti
ph

os
ph

ol
ip
id

sy
nd

ro
m
e
pa

ti
en

ts
w
ho

se
th
er
ap

y
w
as

sw
itc

he
d
du

e
to

ea
rly

pr
eg

na
nc

y
co

m
pl
ic
at
io
ns

Pa
ti
en

t
A
ge

Cl
in
ic
al

hi
st
or

y
La
bo

ra
to
ry

fe
at
ur
es

Th
e
re
as
on

fo
r

th
e
sw

it
ch

W
G

at
sw

it
ch

Li
ve

bi
rt
h

Se
x

W
G

at
de

liv
er
y

W
ei
gh

t
pe

rc
en

ti
le

W
ei
gh

t,
g

A
pg

ar
at

5
m
in
ut
e

N
eo

na
ta
l

co
m
pl
ic
at
io
ns

Sw
itc

he
d
fr
om

gr
ou

p
It
o
gr
ou

p
II

FR
a

35
FD

at
30

W
G

Si
ng

le
aP

L
IU
G
R

27
Ye

s
F

34
25

2,
17

5
10

RD
S

M
L

38
FD

at
24

W
G

Tr
ip
le

aP
L

IU
G
R

27
Ye

s
M

34
10

1,
80

0
N
R

RD
S

Sw
itc

he
d
fr
om

gr
ou

p
II
to

hi
gh

ris
k
pr
ot
oc

ol
th
er
ap

yb

SZ
31

Se
ve

re
pr
ee

cl
am

ps
ia

Tr
ip
le

aP
L

Pr
ee

cl
am

ps
ia

26
Ye

s
F

31
48

1,
64

0
8

Pu
lm

on
ar
y
in
fe
ct
io
n

FC
40

Th
ro
m
bo

si
s

Tr
ip
le

aP
L

Cu
ta
ne

ou
s

th
ro
m
bo

ti
c

m
ic
ro
an

gi
op

at
hy

30
Ye

s
M

33
50

2,
08

5
9

N
o

BA
37

Th
ro
m
bo

si
s

Tr
ip
le

aP
L

Pr
ee

cl
am

ps
ia

24
Ye

s
M

35
60

2,
70

0
9

N
o

BS
34

Th
ro
m
bo

si
s

Tr
ip
le

aP
L

Pr
ee

cl
am

ps
ia

26
Ye

s
M

33
75

22
90

7
RD

S
hy

pe
rb
ili
ru
bi
ne

m
ia

PD
A

D
A
A
c

28
Th

ro
m
bo

si
s

Tr
ip
le

aP
L

Pr
ee

cl
am

ps
ia

26
Ye

s
M

35
60

27
00

9
no

FF
36

Se
ve

re
pr
ee

cl
am

ps
ia

Tr
ip
le

aP
L

IU
G
R,

an
hy

dr
am

ni
os

23
Ye

s
F

37
10

23
00

10
H
yp

og
ly
ce

m
ia

Ab
br
ev

ia
ti
on

s:
aP

L,
an

tip
ho

sp
ho

lip
id

an
tib

od
ie
s;

FD
,f
et
al

de
at
h;

IU
G
R,

in
tr
au

te
rin

e
gr
ow

th
re
st
ric

tio
n;

N
R,

no
t
re
po

rt
ed

;P
D
A
,p

at
en

t
du

ct
us

ar
te
rio

su
s;

RD
S,

re
sp
ira

to
ry

di
st
re
ss

sy
nd

ro
m
e;

W
G
,w

ee
k
of

ge
st
at
io
ns
.

a P
re
se
nc

e
of

he
te
ro
zy
go

us
fa
ct
or

II.
b
Co

ns
is
te
d
in

th
er
ap

eu
tic

lo
w

m
ol
ec

ul
ar

he
pa

rin
þ
lo
w

do
se

as
pi
ri
n
þ
w
ee

kl
y
pl
as
m
a
ex
ch

an
ge

þ
fo
rt
ni
gh

tly
im

m
un

og
lo
bu

lin
in
tr
av
en

ou
sl
y.

c P
re
se
nc

e
of

he
te
ro
zy
go

us
fa
ct
or

V
Le
id
en

.

Thrombosis and Haemostasis

Upgrading Therapy Strategy Improves Pregnancy Outcome in Antiphospholipid Syndrome Hoxha et al.



prophylactic or therapeutic dosage recommendedby theman-
ufacture and that no noteworthy side effects were observed in
our patients.

The study’snovelty lies in thepolicyof upgrading therapyat
thefirst signs of severe pregnancy-related complications, such
as preeclampsia and placental insufficiency, or thrombosis.
The eight (out of 127, thus 6.3%) patients studied who were
switched to a more intensive therapy all achieved live births.
Seven (87.5%) and 4 (50%) of the “switchers” presented,
respectively, triple aPL positivity and a history of thrombosis,
already well-known risk factors for pregnancy failure.3,13,27

Interestingly, a large multicenter study28 recently reported a
live birth rate of only 30% in APS patients with triple aPL
positivity, even in those treated with prophylactic or thera-
peutic LMWH þ LDA.

Although the live birth rates in the two groups studied
here were quite similar, group II including patients with
more severe clinical histories and aPL profiles, presented a
higher rate of pregnancy complications and a higher preva-
lence of patients needing upgrading.

In fact, a history of thrombosis and/or pregnancy compli-
cations, triple aPL positivity and complications during the
considered pregnancies significantly prevailed in patients
upgrading to amore intensive treatment with respect to those
who did not. To note, live birth rate was not significantly
different between the group updated therapy compared with
the ones who did not need upgrading, so conferring to the
switch therapy an important role in improving the live birth
rate in complicated pregnancies, which generally have an
unfavorable prognosis.29 In addition, themultivariate analysis

uncovered that triple aPL positivitywas an independent factor
leading to a more intensive therapy.

It would seem from these data that upgrading the therapy
protocol is a feasible option for high-risk aPL profile preg-
nancies at the first signs of pregnancy complications. It goes
without saying that this approach implies close surveillance,
to detect early clinical, instrumental, and/or laboratory signs
of complications.16,30,31

Indeed, large numbers of investigators are acknowledging
that the standard therapeutic regimen might not be sufficient
in high-risk obstetric APS patients10,15,27,32 to manage severe
late pregnancy complications. This small cluster of patients
maybenefit fromadditional treatments such as IVIG, low-dose
prednisolone, hydroxychloroquine, or apheresis procedures
alone or combined15,33 possibly initiated at the beginning of
the pregnancy. At the same time, it is important to remember
that prophylactic LMWH plus LDA treatment was sufficient in
the patients with a history of pregnancy morbidity alone and
single aPL positivity to produce a favorable pregnancy
outcome.27

The limit of the study may be considered the unproven
efficacy of upgrading to a more intensive therapy due to the
absence of a not switching control group, but in this observa-
tional study we considered ethical the upgrading to a more
intensive therapy when the first signs of a pregnancy compli-
cation appeared.While its strength is due to the high percent-
age of favorable pregnancy outcome observed in both the
study groups and the lack of adverse events. In particular,
therapeutic plasma exchangewas performed as an outpatient
procedure and was well tolerated without any notable side

Table 4 Comparison of clinical, laboratory features, andmaternal/fetal outcomes in the patients with upgraded therapy compared
with the nonupgraded therapy group

Upgraded
therapy group

Non-upgraded
therapy group

p-Value OR (95% CI)

n¼ 8 n¼ 119

TOAPS, n (%) 5 (62.5) 26 (21.8) 0.02 5.96 (1.33–26.62)

OAPS, n (%) 6 (75) 101 (84.8) 0.6109 0.53 (0.09–2.86)

Severe previous pregnancy
complications, n (%)

3 (37.5) 8 (6.7) 0.02 8.32 (1.67–41.3)

Single aPL þ ve, n (%) 1 (12.5) 80 (67.2) 0.003 0.06 (0.008–0.58)

Double aPL þ ve, n (%) 0 (0) 31 (26.1) 0.1 0.16 (0.009–2.94)

Triple aPL þ ve, n (%) 7 (87.5) 8 (6.7) < 0.0001 97.13 (10.6–890.0)

Live birth, n (%) 8 (100) 111 (93.3) 1 1.29 (0.06–24.44)

Pregnancy complications, n (%) 8 (100) 9 (7.6) < 0.0001 197.7 (10–57–3699.0)

Maternal complications, n (%) 5 (62.5) 8 (6.7) 0.0002 23.13 (4.66–114.7)

Fetal complications, n (%) 3 (37.5) 3 (2.5) 0.003 23.2 (3.70–145.2)

Week of gestations, median (range) 34 (31–37) 38 (27–41) < 0.0001 –

Weight in gram, median (range) 2,233 (1,640–2,700) 3,050 (2,746–4,350) 0.0002 –

Weight in percentile, median (range) 49 (10–75) 50 (3–97) 0.4 –

Neonatal complications, n (%) 4 (50) 11 (9.2) 0.007 9.81 (2.15–44.84)

Abbreviations: aPL, antiphospholipid antibodies; CI, confidence interval; OAPS, obstetric pregnancy morbidity alone; OR, odds ratio; TOAPS,
thrombosis and obstetric pregnancy morbidity.
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effect. In fact, plasma exchange as other extracorporeal pro-
cedures is not free of adverse events; however, if some
technical aspects due to the physiological changes of gesta-
tional status are taken into account and carefully considered,
such as the increase of the circulating blood volume, the
procedure is well tolerated as previously described.34

To conclude, the study showed that using adjusted LMWH
doses and upgrading therapy at the first signs of pregnancy
complications led to ahigh rate of livebirths ina relatively large
group of APS patients. The study outlines the criteria for
prescribing appropriate therapy for various subsets of these
patients and for switching/upgrading the treatment protocol
when it is no longer sufficient. Unfortunately, for the moment
there are no evidence-based guidelines on the ideal additional
treatment inrefractory to conventional therapy inAPSpatients.
The present results will hopefully help point the direction of
future clinical trials investigating the efficacy and safety of the
different therapies on large numbers of APS pregnant patients
to identify the benefits and limits of different treatment
strategies administered from the beginning of pregnancy.

What is known about this topic?

• Severe pregnancy complications, a history of throm-
bosis and pregnancy morbidity, and the presence of
triple aPL positivity identify patients at high risk of
pregnancy failure.

• Low molecular heparin plus low-dose aspirin are
considered the standard of care of APS patients with
recurrent pregnancy loss.

• There are up to 30% of pregnancies failure, in spite of
treatment with standard of care.

What does this paper add?

• Adjusted low molecular weight heparin doses and
upgrading therapy at the first signs of pregnancy com-
plications improve the live births rate in APS patients.

• The study outlines the criteria for prescribing appro-
priate therapy for various subsets of APS patients and
for switching/upgrading the protocol treatment when
it is no longer sufficient, putting the first steps toward
personalized therapy.
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