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Abstract: Low-dose acetylsalicylic acid (ASA) is widely used during pregnancy to prevent obstetric
complications of placental dysfunction, such as preeclampsia, stillbirth and fetal growth restriction,
and obstetric complications in pregnant women with antiphospholipid syndrome. ASA-sensitive
pregnant women cannot benefit from the effects of ASA due to the possibility of severe or potentially
life-threatening hypersensitivity reactions to ASA. ASA desensitization is a valuable and safe ther-
apeutic option for these women, allowing them to start daily prophylaxis with ASA and prevent
pregnancy complications. The authors discuss the recent advances in obstetric conditions preventable
by ASA and the management of ASA hypersensitivity in pregnancy, including ASA desensitiza-
tion. To encourage the implementation of ASA desensitization protocols in ASA-sensitive pregnant
women, they also propose a practical approach for use in daily clinical practice.

Keywords: antiphospholipid syndrome; Aspirin; Aspirin desensitization; fetal growth restriction;
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1. Introduction

Acetylsalicylic acid (ASA), commonly known as aspirin, is widely used during preg-
nancy to prevent obstetric complications of placental dysfunction, such as preeclampsia,
stillbirth and fetal growth restriction (FGR), and obstetric complications in pregnant women
with antiphospholipid syndrome (APLS) [1]. ASA and nonsteroidal anti-inflammatory
drugs (NSAIDs) are the second most common causes of drug-induced hypersensitivity
reactions, with ASA hypersensitivity affecting approximately 2% of the general popula-
tion [2–4]. A cross-sectional survey of a general adult population self-reported NSAID
hypersensitivity of 2.5% in women in the childbearing age [3]. With the generalized and
widespread over-the-counter use of this class of drugs, the incidence of hypersensitivity
reactions to NSAIDs is growing, and more women who become pregnant are confronted
with this problem [5].

ASA-sensitive pregnant women with the aforementioned obstetric complications
cannot benefit from the effects of ASA because of the possibility of an allergic reaction,
which could be severe and life-threatening in some cases [5]. There are published cases of
ASA-sensitive pregnant women who were successfully managed with an ASA desensiti-
zation protocol, allowing these women to start prophylactic treatment with ASA without
triggering an allergic reaction [6–8].

To increase awareness of this problem, the authors reviewed the recent advances
in the field of obstetric conditions preventable by ASA and the management of ASA
hypersensitivity in pregnancy, including ASA desensitization. To assist obstetricians and
allergists in the implementation of ASA desensitization protocols in ASA-sensitive pregnant
women, the authors propose a practical approach for use in daily clinical practice.
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2. Obstetric Complications Preventable by ASA

FGR, preeclampsia, and stillbirth are obstetric complications secondary to placental
dysfunction that probably emerge early during pregnancy [9]. FGR occurs when a fetus
does not reach its full growth potential, being the condition objectively defined as an
estimated fetal weight under the 10th percentile [1,10]. Preeclampsia affects several organ
systems and occurs in 2–8% [11] of pregnancies, being defined as high blood pressure
(systolic 140 mmHg or higher or diastolic 90 mmHg or higher) with concomitant proteinuria
(>0.3 g/24 h) diagnosed after 20 weeks of gestation [12]. According to the most recent
classifications, the diagnosis of preeclampsia can be made when hypertension is present
with maternal organ injury or placental insufficiency, even in the absence of proteinuria [13].

Optimal fetal growth depends on efficient gaseous and nutrient placental exchange,
which is elicited by a low-resistance and high-flow uteroplacental circulation [10]. This
uteroplacental circulation results from disruption of the smooth muscle layer and vascular
remodeling led by the trophoblastic invasion of the uterine spiral arteries initiated at the
8th–10th weeks of gestation. This process is critical for a successful pregnancy. When
trophoblast invasion is affected, there is a deficient remodeling of the spiral arteries and
high-resistance and low-flow circulation persist, causing a reduced maternal blood supply
to the placenta. This state of placental hypoxia and oxidative stress progressively results in
a more extensive dysfunction of the trophoblast and potentiates a sequence of events that
culminate in the aforementioned placenta-mediated complications of pregnancy: imbalance
between angiogenic and antiangiogenic factors in maternal blood circulation, release of
proinflammatory cytokines that leads to systemic endothelial cell dysfunction, imbalance in
prostaglandin synthesis with increasing platelet thromboxane A2 (TXA2), and decreasing
prostacyclin (PGI2) and platelet aggregation [9,14].

In the late 70s, the association between the regular administration of ASA during
pregnancy and a lower probability of having preeclampsia was demonstrated [15]. Since
then, numerous randomized studies have studied the role of the prophylactic use of ASA
in the prevention of preeclampsia and contradictory results were reported [16]. It is only
recently that robust studies have proven the beneficial effects of ASA on preeclampsia, FGR
and other gestational complications. A systematic review and meta-analysis by Roberge
et al. [17] found that starting ASA at ≤16 weeks of gestation strongly reduced the risk of
preeclampsia by more than 60% and that 100 mg of ASA was more effective than lower
doses. However, in a meta-analysis from the PARIS (Perinatal Antiplatelet Review of
International Studies) Collaboration, Meher et al. [18] found that ASA reduced by 10%
the risk of preeclampsia regardless of whether ASA was started at ≤ or >16 weeks of
gestation. Both authors also found that low-dose ASA started before the 16th week of
gestation moderately reduced the risk for developing FGR and stillbirth.

The ASPRE trial, a recent multicenter, double-blind, placebo-controlled trial reported
that in women with singleton pregnancies at high risk for preeclampsia, the administration
of ASA (150 mg/day) between 11–14 weeks until 36 weeks of pregnancy was associated
with a 62% decrease in the incidence of early-onset preeclampsia (before 34 weeks of
gestation) and an 89% reduction in early preeclampsia [16]. The risk of preeclampsia is
defined by the presence of one or more high-risk factors (including history of preeclampsia,
multifetal gestation, renal disease, type 1 or type 2 diabetes, autoimmune disease, and
chronic hypertension) or more than one moderate-risk factor (including being the first
pregnancy, a maternal age of 35 years or older, a body mass index greater than 30, family
history of preeclampsia, personal history factors, and sociodemographic characteristics) [1].

In conclusion, the American College of Obstetricians and Gynecologists and the
Society for Maternal-Fetal Medicine recommended low-dose ASA (81 mg/day) prophylaxis
for women at high risk of preeclampsia, to be initiated between 12–28 weeks of gestation
(being the optimal time before 16 weeks) with a daily administration until delivery. Low-
dose ASA is also recommended to prevent early pregnancy loss, stillbirth, FGR, and
preterm birth if high-risk factors for preeclampsia are present, but if they are not present,
ASA is not recommended due to insufficient evidence [1].
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APLS is an acquired autoimmune disorder defined as a prothrombotic condition that
predisposes patients who are persistently positive for antiphospholipid antibodies (APL)
to venous, arterial, or microvascular thrombosis in association with obstetric complica-
tions [19]. Obstetric APLS is characterized by recurrent early miscarriages (commonly
earlier than 10th week of gestation) and an increased risk of conditions associated with
ischemic placental dysfunction, such as early-onset preeclampsia, FGR, and fetal death [19].
Although criteria for classification of APLS have been proposed, the definition of clinically
significant APL positivity is not well established because not every positive APL finding
has diagnostic importance. Population-based studies are lacking, and consequently, the
true incidence of APLS remains unknown [20].

APL promotes the activation of several cells, namely, endothelial, monocytes, and
platelets, leading to the excessive production of tissue factors and TXA2. All these factors
associated with the characteristic changes in hemostasis during pregnancy, lead to a
prothrombotic state [21]. Therefore, the association between APL and thrombus formation
in the arterial and/or venous vasculature suggests that obstetric morbidity related to APLS
is secondary to poor vascular perfusion, being a consequence of placental dysfunction and
infarction due to inflammatory and thrombotic changes [22].

Through the inhibition of thromboxane production (Figure 1), ASA reduces the risk
of platelet-mediated vascular thrombosis [22]. Therefore, women with APLS are recom-
mended to start low-dose ASA (75–100 mg daily) before pregnancy and to maintain it
throughout pregnancy, which may increase the probability of pregnancy and embryo
implantation, and also the achievement of successful live births in more than 70% of ges-
tations [22,23]. In addition, anticoagulation therapy with low-molecular-weight heparin
(LMWH) is also suggested by the recent European League Against Rheumatism recom-
mendations [23]. Due to their embryopathic effects and fetal toxicity, oral anticoagulants
must be suspended as soon as possible after pregnancy confirmation (within the first 6
weeks of gestation) and should be replaced by this double therapy with low-dose ASA and
LMWH [24].
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Figure 1. Mechanism of cyclooxygenase 1 (COX-1) inhibition by acetylsalicylic acid (ASA) or
nonsteroidal anti-inflammatory drug (NSAID). 5-LO—5-lipoxygenase, PG—prostaglandin (types G2,
H2, D2, E2, I2 and F2), TxA2—thromboxane A2.

3. ASA Hypersensitivity

ASA and other NSAIDs are over-the-counter and are among the most consumed drugs
worldwide, becoming one of the most frequent pharmacological groups involved in adverse
reactions [5], which may vary from gastric discomfort, induced by well-known pharmaco-
logical side effects, to severe, possibly life-threatening hypersensitivity reactions [25].

Nonimmunological reactions that depend on the inhibition of the cyclooxygenase
(COX)-1 pathway are the most frequent type. Immunological reactions often require drug-
specific IgE production against the NSAID, which can induce both immunological and
nonimmunological reactions in the same patient. COX-2 inhibitors are infrequently related
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to NSAID sensitivity due to the blockage of COX-1 isoenzyme only at high concentrations,
not acting usually as a hapten for IgE-mediated reactions [26].

Some recent reports have considered NSAIDs as the major cause of drug-induced
hypersensitivity, regardless of the severity of the reactions. The overall prevalence of this
type of hypersensitivity ranges from 0.6–6%, depending on the type of reaction, population,
and method of assessment [5]. NSAIDs are frequently involved in serious drug reactions,
being responsible for more than half of all drug-induced anaphylaxis. Furthermore, up
to 2% of deaths relate to an NSAID-induced fatal drug reaction/side effects, of which
gastrointestinal hemorrhages are the main manifestations [27,28].

The diagnosis and management of NSAID hypersensitivity are not easy due to the
association with undesirable dose-related effects, particularly in the gastrointestinal tract,
which is crucial to distinguish from true hypersensitivity reactions [25].

NSAID hypersensitivity reactions are classified into five phenotypes characterized by
their clinical manifestations, underlying allergic disease, cross-reactivity pattern with other
COX-1 inhibitors, and distinct immunological or nonimmunological mechanisms [5]:

NSAID-exacerbated respiratory disease (NERD) is a distinct condition characterized
by asthma, chronic rhinosinusitis with recurrent eosinophilic nasal polyps, and hyper-
sensitivity reactions to all NSAIDs that inhibit COX-1. These drugs exacerbate clinical
manifestations of the disease and are not the cause of the underlying respiratory inflam-
mation [25]. The mechanisms of NERD were reviewed by Laidlaw and Boyce and involve
abnormalities in the arachidonic acid pathway, promoting the systemic overproduction
of proinflammatory eicosanoids, including cysteinyl leukotrienes and prostaglandin D2,
and underproduction of or reduced response to the anti-inflammatory prostaglandin E2
(PGE2) [29].

NSAID-exacerbated cutaneous disease (NECD) is defined by urticaria and/or an-
gioedema induced by NSAIDs in patients with underlying chronic spontaneous urticaria.
Similar to NERD, the mechanism is believed to be correlated to the inhibition of COX-1 [30].

NSAID-induced urticaria/angioedema (NIUA) is characterized by the development
of urticaria and/or angioedema after exposure to a COX-1 inhibitor in patients with no
history of chronic urticaria and angioedema [25]. At least two NSAIDs belonging to
different chemical groups are required to elicit symptoms [25].

Single-NSAID-induced urticaria/angioedema or anaphylaxis (SNIUAA) is an imme-
diate hypersensitivity reaction, usually IgE-mediated, in which the patient reacts only to a
single NSAID (or another drug in the same chemical group), presenting tolerance to others
chemically nonrelated NSAIDs [5].

Single-NSAID-induced delayed reactions (SNIDR) are rare and include any reaction
occurring after 24 h or more of exposure, involving any organ system ranging from mild
cutaneous to systemic reactions. The underlying mechanism is thought to be T cell-
mediated. Mild cutaneous reactions are maculopapular and fixed drug eruptions or contact
dermatitis. Acute generalized exanthematous pustulosis, Stevens-Johnson syndrome/toxic
epidermal necrolysis, and drug reaction with eosinophilia and systemic symptoms (DRESS)
are considered severe reactions with the potential of being life-threatening [5].

NERD, NECD, and NIUA have a nonimmunological mechanism associated with COX-
1 inhibition, and treatments including ASA desensitization and daily ASA therapy are
recommended therapeutic options that provide positive long-term effects [31–33]. SNIUAA
and SNIDR have an immunological mechanism, and there has been no documented
successful ASA desensitization in these patients [25].

4. Diagnosis of ASA and NSAID Hypersensitivity Reactions

When there is a suspicion of NSAID hypersensitivity, the first thing to consider
is a detailed clinical history. The management and diagnosis relies on the suspected
or confirmed mechanism of the reaction. Skin testing, which includes skin prick and
intradermal tests, should be considered only in suspected IgE-mediated reactions. It is only
recommended for two NSAIDs (metamizole or paracetamol), as they are the only ones
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presenting good predictive values; however, these tests, if possible, should be postponed
after labor [5,34].

The oral provocation test (OPT) is the gold standard for the confirmation or exclusion
of the diagnosis, as well as to investigate which alternative NSAIDs can be safely used.

This procedure consists of the administration of increasing doses up to the therapeutic
dose and observation for possible hypersensitive reactions. These reactions, especially the
severe ones, occur during the first 4 hours after drug intake (immediate response). OPT
is not recommended in cases of a severe anaphylactic reaction, severe medical or surgical
condition, pregnancy, uncontrolled underlying chronic disease (asthma, urticaria), airway
obstruction, or severe delayed type reactions (only patients with maculopapular and fixed
drug eruptions can be tested). Due to its risk, OPT should always be performed at a center
with experienced personnel, under cardiorespiratory surveillance, and with lung functional
assessment. OPT is not recommended during pregnancy, and this procedure should be
postponed until after labor to confirm or exclude the diagnosis [34].

5. ASA Desensitization Therapy and Pregnancy

ASA desensitization induces a temporary state of tolerance of ASA in ASA-sensitive
patients. This is achieved by taking increasing doses of ASA over a short period of time
(from several hours to a few days) until reaching the total cumulative therapeutic dose,
which is tolerated and then daily maintained [35]. It is a suitable option only in patients
in whom alternative drugs are less effective or unavailable, like ASA-sensitive pregnant
women with FGR, preeclampsia, stillbirth or APLS. The first report on ASA desensitization
was by Widal et al. [36] in 1922, but it was only in 1984 that Stevenson et al. [37] first
described this procedure. Subsequently, there were multiple publications on various desen-
sitization protocols and routes of administration in the context of NERD [38,39], NECD,
and NIUA [31,33]. This procedure is also indicated for the treatment and prophylaxis of
cardiovascular diseases in ASA-sensitive patients, due to its outstanding clinical efficacy,
safety, and cost-effectiveness of ASA [40].

In cases of hypersensitivity reactions related to COX-1 inhibition, the desensitization re-
sults in downregulation of cysteinyl leukotriene receptors decreased extracellular histamine
and tryptase levels after mast cell stimulation and decreased leukotriene production [41].

Regarding IgE-mediated reactions, the precise mechanism of desensitization is not
known. Gollapudi et al. [42] have suggested that the mechanism is similar to that of
penicillin desensitization with the need for prior exposure and the presence of antibodies.
Therefore, like penicillin desensitization, recurrent NSAID exposure leads to saturation of
anti-NSAID IgE antibody sites on mast cells and basophils, blocking their activation and
depleting intracellular mediators (histamine) [43].

Several desensitization protocols have been published, with times to completion
varying from hours to days to weeks [31,35,44]. ASA desensitization requires a multidisci-
plinary approach that always involves an allergist [42]. It is a procedure with potential risk
that must be performed in a supervised hospital setting, with specialized staff with experi-
ence in managing anaphylactic reactions. It is contraindicated in patients with systemic
vasculitis, severe SNIDR, peptic ulcer disease or hemorrhagic disease [35,38,42,43].

Penicillin desensitization in pregnant women has been performed for many years,
with many reports proving its safety and efficacy [35,45]; however, only a few reports on
ASA desensitization have been published. Two case reports of effective desensitization
to ASA in women with thrombophilia and APLS were published [7,8], but only one
describes desensitization during pregnancy. Alijotas-Reig et al. [6] published a case series
of four women diagnosed with APLS, three of whom were pregnant. These women were
successfully desensitized to ASA and then started a daily single dose of ASA associated
with subcutaneous enoxaparin throughout pregnancy, until full-term delivery. They had
favorable pregnancy outcomes, with no reported side effects or complications.

Because the published case reports of pregnant women subjected to ASA desensitiza-
tion are few, the safety of this procedure can only be extrapolated from the numerous cases
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performed in nonpregnant patients, and some authors have recommended desensitization
as an acceptable alternative approach in pregnant women [39,44]. The authors hope that
this review will be useful to ensure ASA-sensitive pregnant women do not miss out on the
clinical benefit of ASA use, when indicated, and larger cohorts will appear in the future to
reinforce the safety of ASA desensitization.

6. Practical Approach for ASA-Sensitive Pregnant Women

Prepregnancy and antenatal care are crucial, and low-dose ASA is indicated for pre-
vention of preeclampsia, FGR, stillbirth or obstetric complications related to APLS, during
pregnancy [1,23]. However, ASA-sensitive pregnant women with the aforementioned
obstetric complications cannot benefit from the effects of ASA due to the possibility of
severe or potentially life-threatening hypersensitivity reactions. ASA desensitization is
a valued and safe therapeutic alternative for these women, allowing them to start daily
prophylaxis with ASA and prevent pregnancy complications [6].

The authors propose an approach for ASA-sensitive pregnant women who need low-
dose ASA (Figure 2). Pregnant women who need prophylactic treatment with low-dose
ASA and are suspected of having NSAID hypersensitivity must be referred to an allergist
for investigation. If indicated, ASA desensitization could be performed at any gestational
age of pregnancy. From the obstetric view, this procedure should be initiated as soon as
there is a clear clinical benefit for the obstetric complication in question.
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A complete evaluation sustained on clinical manifestations, the timing of the reaction,
reactions to other NSAIDs, and the presence of underlying disease allows the allergist to
characterize pregnant women with a history of reaction to NSAIDs [5,34].
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In nonpregnant patients, hypersensitivity to NSAIDs is usually clearly confirmed, as
is the absence of an alternative drug. However, due to the risks of the hypersensitivity
investigation in pregnant women and the urgent need to start low-dose ASA, desensitiza-
tion can be started without clear confirmation of the hypersensitivity and only based on
the suspicion of NSAID hypersensitivity. Skin tests and OPTs are not recommended for
pregnant women, and prophylactic treatment with low-dose ASA and, consequently, ASA
desensitization, should be started as soon as possible [35].

The authors have proposed an ASA desensitization protocol (Figure 3) based on
previous protocols used [6,31] with increasing doses over 15-min intervals, beginning with
a dose of 1 mg of ASA, until the cumulative target dose is achieved with tolerance. If the
pregnant woman has a serious hypersensitivity reaction (anaphylaxis), the protocol should
be started with 0.1 mg of ASA. The occurrence of drug-induced reactions is expected to be
milder, shorter and self-limiting.
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Figure 3. Aspirin desensitization protocol. The asterisk (*) represents the recommended starting dose
for pregnant women who had a serious hypersensitivity reaction (anaphylaxis). If not, the protocol
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Once desensitized, the pregnant woman tolerate ASA for 2–3 days. If she forgets
taking ASA for 1 day, it can be resumed at the previous dose. However, if more than 2
days have passed without taking ASA, the temporary state of tolerance is lost, and the
risk of reaction with any COX-1 inhibition is higher. Therefore, if the pregnant woman
has forgotten to take the ASA in the last 3/4 days, the ASA dose should be taken in a
hospital facility under medical surveillance, and if more than 4 days have elapsed, new
desensitization is required.

7. Conclusions

In ASA-sensitive pregnant women with obstetric complications preventable by daily
intake of ASA, ASA desensitization could be a therapeutic option to allow these women to
start ASA prophylaxis as soon as possible, with favorable pregnancy outcomes. Although
there are few case reports in the literature concerning ASA desensitization in pregnant
women, there are many reports of penicillin desensitization in pregnant women that report
considerable safety.

NSAIDs are considered one of the most frequently reported drugs that induce hyper-
sensitivity reactions, and the incidence of ASA-sensitive pregnant women is increasing.
Although published data are scarce and more studies with more patients are necessary
to ensure the safety of these patients under these challenging conditions, the benefits of
treatment outrank the risks in ASA-sensitive pregnant women. To our knowledge, ASA
desensitization is the best therapeutic option for ASA-sensitive pregnant women with
obstetric complications preventable by daily ASA prophylaxis.



Medicina 2021, 57, 390 8 of 9

Author Contributions: Conceptualization, J.L.; writing—original draft preparation, F.B.-G. and I.P.;
writing—review and editing, F.B.-G., I.P. and J.L.; supervision, J.L. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable

Informed Consent Statement: Not applicable.

Acknowledgments: The authors would also like to acknowledge Sofia Nunes from Scientific ToolBox
Consulting (Lisbon, Portugal) for the revision of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.Abbreviations: APL (antiphospho-
lipid antibody); APLS (antiphospholipid syndrome); ASA (acetylsalicylic acid); COX (cyclooxy-
genase); DRESS (drug reaction with eosinophilia and systemic symptoms); FGR (fetal growth
restriction); NECD(NSAID-exacerbated cutaneous disease); NERD (NSAID-exacerbated respiratory
disease); NIUA (NSAID-induced urticaria/angioedema); NSAID (nonsteroidal anti-inflammatory
drug); OPT (oral provocation test); PE (preeclampsia); PGE2, (prostaglandin E2); PGI2 (prostacyclin);
PIGF (placental growth factor); sFlt-1 (soluble fmc-like tyrosine kinase); SNIDR (single-NSAID-
induced delayed reactions); SNIUAA (single-NSAID-induced urticaria/angioedema or anaphylaxis);
TXA2 (thromboxane A2) VEGF (vascular endothelial growth factor).

References
1. American College of Obstetricians and Gynecologists. ACOG committee opinion no. 743: Low-dose aspirin use during pregnancy.

Obstet. Gynecol. 2018, 132, e44–e52. [CrossRef]
2. Settipane, R.A.; Constantine, H.P.; Settipane, G.A. Aspirin intolerance and recurrent urticaria in normal adults and children.

Epidemiology and review. Allergy 1980, 35, 149–154. [CrossRef] [PubMed]
3. Gomes, E.; Cardoso, M.F.; Praca, F.; Gomes, L.; Marino, E.; Demoly, P. Self-reported drug allergy in a general adult Portuguese

population. Clin. Exp. Allergy J. Br. Soc. Allergy Clin. Immunol. 2004, 34, 1597–1601. [CrossRef]
4. Gomes, E.R.; Demoly, P. Epidemiology of hypersensitivity drug reactions. Curr. Opin. Allergy Clin. Immunol. 2005, 5, 309–316.

[CrossRef] [PubMed]
5. Kowalski, M.L.; Makowska, J.S.; Blanca, M.; Bavbek, S.; Bochenek, G.; Bousquet, J.; Bousquet, P.; Celik, G.; Demoly, P.; Gomes,

E.R.; et al. Hypersensitivity to nonsteroidal anti-inflammatory drugs (NSAIDs)—classification, diagnosis and management:
Review of the EAACI/ENDA(#) and GA2LEN/HANNA. Allergy 2011, 66, 818–829. [CrossRef] [PubMed]

6. Alijotas-Reig, J.; Miguel-Moncin, M.S.; Cistero-Bahima, A. Aspirin desensitization in the treatment of antiphospholipid syndrome
during pregnancy in ASA-sensitive patients. Am. J. Reprod. Immunol. 2006, 55, 45–50. [CrossRef] [PubMed]

7. Cernadas, J.R.; Leblanc, A.; de Castro, E.D. Desensitisation to aspirin in antiphospholipid antibody syndrome. Allergol. Et
Immunopathol. 2013, 41, 420–422. [CrossRef] [PubMed]

8. Santos, N.; Gaspar, A.; Livramento, S.; Sampaio, G.; Morais-Almeida, M. Aspirin desensitization in a woman with inherited
thrombophilia and recurrent miscarriage. Eur. Ann. Allergy Clin. Immunol. 2012, 44, 256–257.

9. Atallah, A.; Lecarpentier, E.; Goffinet, F.; Doret-Dion, M.; Gaucherand, P.; Tsatsaris, V. Aspirin for prevention of preeclampsia.
Drugs 2017, 77, 1819–1831. [CrossRef]

10. Groom, K.M.; David, A.L. The role of aspirin, heparin, and other interventions in the prevention and treatment of fetal growth
restriction. Am. J. Obstet. Gynecol. 2018, 218, S829–S840. [CrossRef]

11. World Health Organization International Collaborative Study of Hypertensive Disorders of Pregnancy. Geographic variation
in the incidence of hypertension in pregnancy. World Health Organization International Collaborative Study of Hypertensive
Disorders of Pregnancy. Am. J. Obstet. Gynecol. 1988, 158, 80–83.

12. Redman, C.W.G.; Jacobson, S.-L.; Russell, R. Hypertension in pregnancy. In de Swiet’s Medical Disorders in Obstetric Practice;
Powrie, R., Greene, M., Camann, W., Eds.; Blackwell Publishing: Oxford, UK, 2010; pp. 153–181.

13. Makino, S.; Takeda, J.; Takeda, S.; Watanabe, K.; Matsubara, K.; Nakamoto, O.; Ushijima, J.; Ohkuchi, A.; Koide, K.; Mimura, K.;
et al. New definition and classification of “Hypertensive Disorders of Pregnancy (HDP). Hypertens. Res. Pregnancy 2019, 7, 1–5.
[CrossRef]

14. Roberge, S.; Odibo, A.O.; Bujold, E. Aspirin for the prevention of preeclampsia and intrauterine growth restriction. Clin. Lab.
Med. 2016, 36, 319–329. [CrossRef]

15. Crandon, A.J.; Isherwood, D.M. Effect of aspirin on incidence of pre-eclampsia. Lancet 1979, 1, 1356. [CrossRef]
16. Rolnik, D.L.; Wright, D.; Poon, L.C.; O’Gorman, N.; Syngelaki, A.; de Paco Matallana, C.; Akolekar, R.; Cicero, S.; Janga, D.;

Singh, M.; et al. Aspirin versus placebo in pregnancies at high risk for preterm preeclampsia. N. Engl. J. Med. 2017, 377, 613–622.
[CrossRef] [PubMed]

17. Roberge, S.; Nicolaides, K.; Demers, S.; Hyett, J.; Chaillet, N.; Bujold, E. The role of aspirin dose on the prevention of preeclampsia
and fetal growth restriction: Systematic review and meta-analysis. Am. J. Obstet. Gynecol. 2017, 216, 110–120. [CrossRef]

http://doi.org/10.1097/AOG.0000000000002708
http://doi.org/10.1111/j.1398-9995.1980.tb01730.x
http://www.ncbi.nlm.nih.gov/pubmed/7386800
http://doi.org/10.1111/j.1365-2222.2004.02070.x
http://doi.org/10.1097/01.all.0000173785.81024.33
http://www.ncbi.nlm.nih.gov/pubmed/15985812
http://doi.org/10.1111/j.1398-9995.2011.02557.x
http://www.ncbi.nlm.nih.gov/pubmed/21631520
http://doi.org/10.1111/j.1600-0897.2005.00322.x
http://www.ncbi.nlm.nih.gov/pubmed/16364011
http://doi.org/10.1016/j.aller.2012.07.013
http://www.ncbi.nlm.nih.gov/pubmed/23265266
http://doi.org/10.1007/s40265-017-0823-0
http://doi.org/10.1016/j.ajog.2017.11.565
http://doi.org/10.14390/jsshp.HRP2019-010
http://doi.org/10.1016/j.cll.2016.01.013
http://doi.org/10.1016/S0140-6736(79)91996-2
http://doi.org/10.1056/NEJMoa1704559
http://www.ncbi.nlm.nih.gov/pubmed/28657417
http://doi.org/10.1016/j.ajog.2016.09.076


Medicina 2021, 57, 390 9 of 9

18. Meher, S.; Duley, L.; Hunter, K.; Askie, L. Antiplatelet therapy before or after 16 weeks’ gestation for preventing preeclampsia:
An individual participant data meta-analysis. Am. J. Obstet. Gynecol. 2017, 216, 121–128. [CrossRef] [PubMed]

19. Miyakis, S.; Lockshin, M.D.; Atsumi, T.; Branch, D.W.; Brey, R.L.; Cervera, R.; Derksen, R.H.; PG, D.E.G.; Koike, T.; Meroni, P.L.;
et al. International consensus statement on an update of the classification criteria for definite antiphospholipid syndrome (APS). J.
Thromb. Haemost. JTH 2006, 4, 295–306. [CrossRef]

20. Garcia, D.; Erkan, D. Diagnosis and management of the antiphospholipid syndrome. N. Engl. J. Med. 2018, 378, 2010–2021.
[CrossRef]

21. Di Prima, F.A.; Valenti, O.; Hyseni, E.; Giorgio, E.; Faraci, M.; Renda, E.; De Domenico, R.; Monte, S. Antiphospholipid syndrome
during pregnancy: The state of the art. J. Prenat. Med. 2011, 5, 41–53.

22. Schreiber, K.; Sciascia, S.; de Groot, P.G.; Devreese, K.; Jacobsen, S.; Ruiz-Irastorza, G.; Salmon, J.E.; Shoenfeld, Y.; Shovman, O.;
Hunt, B.J. Antiphospholipid syndrome. Nat. Rev. Dis. Primers 2018, 4, 17103. [CrossRef]

23. Tektonidou, M.G.; Andreoli, L.; Limper, M.; Amoura, Z.; Cervera, R.; Costedoat-Chalumeau, N.; Cuadrado, M.J.; Dorner, T.;
Ferrer-Oliveras, R.; Hambly, K.; et al. EULAR recommendations for the management of antiphospholipid syndrome in adults.
Ann. Rheum. Dis. 2019, 78, 1296–1304. [CrossRef] [PubMed]

24. Bates, S.M.; Middeldorp, S.; Rodger, M.; James, A.H.; Greer, I. Guidance for the treatment and prevention of obstetric-associated
venous thromboembolism. J. Thromb. Thrombolysis 2016, 41, 92–128. [CrossRef]

25. Laidlaw, T.M.; Cahill, K.N. Current knowledge and management of hypersensitivity to aspirin and NSAIDs. J. Allergy Clin.
Immunol. Pract. 2017, 5, 537–545. [CrossRef]

26. Stevenson, D.D.; Simon, R.A. Lack of cross-reactivity between rofecoxib and aspirin in aspirin-sensitive patients with asthma. J.
Allergy Clin. Immunol. 2001, 108, 47–51. [CrossRef] [PubMed]

27. Aun, M.V.; Blanca, M.; Garro, L.S.; Ribeiro, M.R.; Kalil, J.; Motta, A.A.; Castells, M.; Giavina-Bianchi, P. Nonsteroidal anti-
inflammatory drugs are major causes of drug-induced anaphylaxis. J. Allergy Clin. Immunol. Pract. 2014, 2, 414–420. [CrossRef]

28. Cabello, A.J.P.; Contreras, L.G.G.; Gamero, M.V.M.; Jimenez, F.J.G.; Canas, E.P. Prevalence of fatal adverse drug reactions in
hospitalized patients. Int. J. Clin. Pharmacol. Ther. 2009, 47, 596–602. [CrossRef]

29. Laidlaw, T.M.; Boyce, J.A. Aspirin-exacerbated respiratory disease–new prime suspects. N. Engl. J. Med. 2016, 374, 484–488.
[CrossRef] [PubMed]

30. Zembowicz, A.; Mastalerz, L.; Setkowicz, M.; Radziszewski, W.; Szczeklik, A. Safety of cyclooxygenase 2 inhibitors and increased
leukotriene synthesis in chronic idiopathic urticaria with sensitivity to nonsteroidal anti-inflammatory drugs. Arch. Dermatol.
2003, 139, 1577–1582. [CrossRef] [PubMed]

31. Wong, J.T.; Nagy, C.S.; Krinzman, S.J.; Maclean, J.A.; Bloch, K.J. Rapid oral challenge-desensitization for patients with aspirin-
related urticaria-angioedema. J. Allergy Clin. Immunol. 2000, 105, 997–1001. [CrossRef]

32. Stevenson, D.D.; Simon, R.A. Selection of patients for aspirin desensitization treatment. J. Allergy Clin. Immunol. 2006, 118, 801–804.
[CrossRef] [PubMed]

33. Lee, J. Aspirin desensitization as a treatment for aspirin-sensitive chronic spontaneous urticaria. Dermatol. Ther. 2015, 28, 4–6.
[CrossRef] [PubMed]

34. Demoly, P.; Adkinson, N.F.; Brockow, K.; Castells, M.; Chiriac, A.M.; Greenberger, P.A.; Khan, D.A.; Lang, D.M.; Park, H.S.;
Pichler, W.; et al. International consensus on drug allergy. Allergy 2014, 69, 420–437. [CrossRef]

35. Cernadas, J.R.; Brockow, K.; Romano, A.; Aberer, W.; Torres, M.J.; Bircher, A.; Campi, P.; Sanz, M.L.; Castells, M.; Demoly, P.; et al.
General considerations on rapid desensitization for drug hypersensitivity—A consensus statement. Allergy 2010, 65, 1357–1366.
[CrossRef]

36. Widal, F.; Abrami, P.; Lermoyez, J. Anaphylaxie et idiosyncrasie. Allergy Proc. 1993, 14, 373–376.
37. Stevenson, D.D.; Pleskow, W.W.; Simon, R.A.; Mathison, D.A.; Lumry, W.R.; Schatz, M.; Zeiger, R.S. Aspirin-sensitive rhinosinusitis

asthma: A double-blind crossover study of treatment with aspirin. J. Allergy Clin. Immunol. 1984, 73, 500–507. [CrossRef]
38. White, A.A.; Stevenson, D.D. Aspirin-exacerbated respiratory disease. N. Engl. J. Med. 2018, 379, 1060–1070. [CrossRef] [PubMed]
39. Ozyigit, L.P.; Galera, C.; Bousquet, P.J.; Piot, C.; Demoly, P. Protocole d’induction de tolérance pour l’hypersensibilité à l’aspirine.

Rev. Fr. Allergol 2011, 51, 485–491. [CrossRef]
40. Rossini, R.; Iorio, A.; Pozzi, R.; Bianco, M.; Musumeci, G.; Leonardi, S.; Lettieri, C.; Bossi, I.; Colombo, P.; Rigattieri, S.; et al. Aspirin

desensitization in patients with coronary artery disease: Results of the multicenter adapted registry (aspirin desensitization in
patients with coronary artery disease). Circulation. Cardiovasc. Interv. 2017, 10, 1–6. [CrossRef]

41. Namazy, J.A.; Simon, R.A. Sensitivity to nonsteroidal anti-inflammatory drugs. Ann. Allergy Asthma Immunol. Off. Publ. Am. Coll.
Allergy Asthma Immunol. 2002, 89, 542–550. [CrossRef]

42. Gollapudi, R.R.; Teirstein, P.S.; Stevenson, D.D.; Simon, R.A. Aspirin sensitivity: Implications for patients with coronary artery
disease. JAMA 2004, 292, 3017–3023. [CrossRef]

43. Solensky, R. Drug desensitization. Immunol. Allergy Clin. N. Am. 2004, 24, 425–443. [CrossRef] [PubMed]
44. Castells, M. Desensitization for drug allergy. Curr. Opin. Allergy Clin. Immunol. 2006, 6, 476–481. [CrossRef] [PubMed]
45. Wendel, G.D.; Stark, B.J.; Jamison, R.B.; Molina, R.D.; Sullivan, T.J. Penicillin allergy and desensitization in serious infections

during pregnancy. N. Engl. J. Med. 1985, 312, 1229–1232. [CrossRef] [PubMed]

http://doi.org/10.1016/j.ajog.2016.10.016
http://www.ncbi.nlm.nih.gov/pubmed/27810551
http://doi.org/10.1111/j.1538-7836.2006.01753.x
http://doi.org/10.1056/NEJMra1705454
http://doi.org/10.1038/nrdp.2017.103
http://doi.org/10.1136/annrheumdis-2019-215213
http://www.ncbi.nlm.nih.gov/pubmed/31092409
http://doi.org/10.1007/s11239-015-1309-0
http://doi.org/10.1016/j.jaip.2016.10.021
http://doi.org/10.1067/mai.2001.116290
http://www.ncbi.nlm.nih.gov/pubmed/11447381
http://doi.org/10.1016/j.jaip.2014.03.014
http://doi.org/10.5414/CPP47596
http://doi.org/10.1056/NEJMcibr1514013
http://www.ncbi.nlm.nih.gov/pubmed/26840139
http://doi.org/10.1001/archderm.139.12.1577
http://www.ncbi.nlm.nih.gov/pubmed/14676074
http://doi.org/10.1067/mai.2000.104571
http://doi.org/10.1016/j.jaci.2006.06.019
http://www.ncbi.nlm.nih.gov/pubmed/17030229
http://doi.org/10.1111/dth.12171
http://www.ncbi.nlm.nih.gov/pubmed/25290315
http://doi.org/10.1111/all.12350
http://doi.org/10.1111/j.1398-9995.2010.02441.x
http://doi.org/10.1016/0091-6749(84)90361-0
http://doi.org/10.1056/NEJMra1712125
http://www.ncbi.nlm.nih.gov/pubmed/30207919
http://doi.org/10.1016/j.reval.2010.11.002
http://doi.org/10.1161/CIRCINTERVENTIONS.116.004368
http://doi.org/10.1016/S1081-1206(10)62099-6
http://doi.org/10.1001/jama.292.24.3017
http://doi.org/10.1016/j.iac.2004.03.008
http://www.ncbi.nlm.nih.gov/pubmed/15242719
http://doi.org/10.1097/ACI.0b013e3280108716
http://www.ncbi.nlm.nih.gov/pubmed/17088655
http://doi.org/10.1056/NEJM198505093121905
http://www.ncbi.nlm.nih.gov/pubmed/3921835

	Introduction 
	Obstetric Complications Preventable by ASA 
	ASA Hypersensitivity 
	Diagnosis of ASA and NSAID Hypersensitivity Reactions 
	ASA Desensitization Therapy and Pregnancy 
	Practical Approach for ASA-Sensitive Pregnant Women 
	Conclusions 
	References

