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Background: In women with Hereditary Angioedema (HAE) due to C1-inhibitor (C1INH) deficiency (C1INH-HAE), pregnancy counseling and treatment can be challenging. Despite the evidence of the immediate favorable outcome and safety of plasma-derived (pd)C1INH concentrate, there are no data regarding any difference among women who underwent or not pdC1INH during pregnancy or on children with in utero exposure to pdC1INH. The present interview study aimed at analyzing outcome of C1INH-HAE mothers and children according to pdC1INH-exposure during pregnancies.

Methods: C1INH-HAE women who experienced at least 1 pregnancy were included from seven centers of the Italian Network for Hereditary and Acquired Angioedema (ITACA). The interview study retrospectively analyzed pregnancies who underwent (group 1) or not (group 2) pdC1INH. The overall goals of the study included immediate and long-term outcomes, in terms of outcomes in the time interval between pregnancy and survey.

Results: A total of 168 pregnancies from 87 included women were analyzed. At term delivery (>37 gestation-week, GW) has been registered in 73.8% of cases, while spontaneous abortion (SA) occurred in 14.2% of cases with a mean GW 7 ± 2. The group 1 including pdC1INH-treated pregnancies comprised a third of the cohort (51/168, time interval 1.5 ± 10.4 yrs), while the group 2 represented 69.6% (117/168, time interval 32.8 ± 14 yrs). The same prevalence of SA occurred when comparing group 1 (11.7%) with group 2 (15.4%) with a similar GW at SA. The group 1 was older at the pregnancy time and younger at the interview than the group 2 (P < 0.01 for both); moreover, the group 1 showed a higher prevalence of cesarean delivery (P < 0.0001). The overall prevalence of obstetrical syndromes was similar between two groups: however, gestational diabetes was described only in pdC1INH-untreated pregnancies. In utero pdC1INH-exposed children (n = 45) did not show differences compared with unexposed ones (n = 99) in neonatal short-term outcomes.

Conclusion: Through appropriate management and counseling, most of C1INH-HAE women undergo successful pregnancy and delivery. For pregnant C1INH-HAE women being treated with pdC1INH, our findings are reassuring and might lead to an improvement of both the knowledge about treatments and the experience of HAE itself.
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Introduction

Hereditary angioedema (HAE) resulting from the defect of C1 inhibitor (C1INH) is an autosomal dominant disease characterized by recurrent attacks of cutaneous and submucosal swelling in any site which are generally self-limiting within 72 h (1, 2). The defect of C1INH comprises either a deficiency (type I C1INH-HAE) or a dysfunction (type II C1INH-HAE) of the protein, allowing for a dysregulated plasma kallikrein activity within the kallikrein–kinin pathway, and thus for the overproduction of bradykinin with, in turn, the consequent activation of the bradykinin B2 receptors (1, 2). The resulting increased vascular permeability induces angioedema attacks that recognize several triggers including stress, infections, and estrogens (3, 4). In this context, women with C1INH-HAE experience a greater incidence of attacks and a stronger clinical severity with poorer quality of life than male patients (5). Women can be asymptomatic until puberty, while the exposure to increased concentrations of estrogens–both endogenous (puberty, menstrual cycle, and pregnancy) and/or exogenous (hormonal medications)—can trigger recurrent angioedema attacks (6). Although no epidemiologic studies showed a higher prevalence of reproductive failure in HAE women, previous evidence described few cases of C1INH-HAE women with abnormalities in both complement components and ovarian function, thus suggesting an intriguing interplay between kallikrein–kinin pathway and fertility (7). Moreover, as documented by data from the literature, a dysregulated complement system (CS) acts as a key factor in the pathogenesis of several obstetrical complications including early pregnancy loss, pre-eclampsia, and pre-term birth (8, 9). Therefore, in women with C1INH-HAE, pregnancy can be challenging because of the complex network among dysregulated plasma kallikrein activity, estrogens, and fertility. Nevertheless, reproductive outcome in C1INH-HAE women shows variable course, with the plasma-derived (pd)C1INH being the only specific treatment of angioedema attacks during pregnancy for both on demand and prophylaxis management (4, 5). Despite the evidence on the immediate favorable outcome as well on the safety of pdC1INH concentrate during pregnancy/labor (10–12), no data have been registered concerning differences among pregnancies who underwent or not pdC1INH or children with/without in utero exposure to pdC1INH.

Hence, the main aim of the present interview study was to explore outcomes of C1INH-HAE mothers and their children according to the exposure to pdC1INH during pregnancies in both therapeutic regimens: on demand versus long-term prophylaxis.



Patients and methods

We performed a retrospective cross-sectional study via an interview regarding pregnancy data of C1INH-HAE women who had experienced at least 1 pregnancy. The study was performed during a 12-month period (2021). Seven centers of the Italian Network for Hereditary and Acquired Angioedema (ITACA) participated in the study (13). Inclusion criteria were: (a) female patients with a defined diagnosis of C1INH-HAE (1, 2), and 2) history of at least one pregnancy. Exclusion criteria consisted of pre-pubertal age of female patients, female infertility, no wish for offspring, no consent to study. The interview study thus analyzed pregnancies that underwent (group 1) or not (group 2) pdC1INH.

The overall goal of the study was to compare the immediate pregnancy outcomes in accordance with the in-utero exposure to pdC1INH. The primary outcomes were: delivery (at-term or pre-term), occurrence of obstetrical syndromes for mothers, birth weight and Apgar for children. In addition, secondary outcomes included the prevalence of C1INH-HAE diagnosis from both mothers and living children, as well as other concomitant diseases at the last follow up. A semi-structured survey was developed, and the main items were selected to obtain data on pregnancy outcomes and pdC1INH treatment. Both quantitative and qualitative data were collected by using the semi-structured interview that was applied by experienced researchers at each ITACA center involved in the study. Data about C1INH-HAE comprised: age at onset of symptoms and diagnosis, triggers, frequency of angioedema attacks, C1INH-HAE diagnosis before pregnancy, C1INH-HAE treatment during pregnancies. Specific questions on pregnancies included: time of the occurrence of pregnancies and mother's age at pregnancy, type of pregnancy (spontaneous, assisted reproductive techniques, e.g. in vitro fertilization), occurrence of spontaneous abortion [SA, defined as a spontaneous pregnancy loss before 20 gestation-week (GW)], at term delivery (> 37 GW), pre-term delivery (≤ 37 GW) (14, 15), obstetrical syndromes [including hypertensive disorders of pregnancy (HDP), eclampsia, gestational diabetes], placental abnormalities (16–18). HAE severity was defined in accordance with frequency of angioedema attacks: high disease activity was defined as ≥1 attack/4 weeks. Both long-term prophylaxis (LTP) and short-term prophylaxis (STP), as well as on demand treatment of attacks during pregnancy were registered.

We included the following newborn outcomes: birth weight (normal ≥2.5 kg, low <2.5 kg, high ≥4.5 kg), Apgar score (normal range 7–10), breastfeeding (yes/no), C1INH-HAE diagnosis, congenital abnormalities, concomitant diseases (autoimmune systemic diseases and allergy) at the time of the survey (17, 19). The Local Ethics Committees approved the study and every patient provided informed consent at each ITACA center involved in the study.


Statistical analysis

The data were entered anonymously into a database and a descriptive statistical analysis was performed. Continuous data were expressed as mean (SD) if the distribution was normal; categorical variables were expressed as counts and percentages. Continuous variables were compared by using either the parametric unpaired T-test or the non-parametric Mann–Whitney U test, as appropriate. Categorical variables were compared using the Chi-squared test or Fisher's exact test, as appropriate. The p-values <0.05 were considered significant. All statistical analyses were performed using the GraphPad Prism version 9 (GraphPad software).




Results


Characteristics of study cohort

Eighty-seven female patients out of 234 followed-up in the 7 ITACA centers participating in the study fulfilled the inclusion criteria. The remaining women (n = 147) were excluded mainly for no consent to interview (36.7%) or no wish for offspring (34%), whereas pre-pubertal age (17.7%) and primary infertility (11.6%) represented minor cases.

A total of 168 pregnancies related to 87 women were analyzed (Table 1). All included women were type I C1INH-HAE and, in almost all the pregnancies, we registered C1INH-HAE familial history. Nearly all pregnancies were spontaneous (98.2%), with first pregnancies in a half of cases (50.6%). At term deliveries were reported in 73.8% of cases, while SA occurred in 14.3% with a mean GW 7 ± 1.9. Pre-term deliveries (≤ 37 GW) occurred in 12% of pregnancies. Obstetrical complications were reported in a quarter of the whole cohort (Table 1) and were mainly represented by preterm delivery (PD) (58.8%) and placental abnormalities (26.4%), whereas complicated labor by HAE acute attacks occurred in 11.7% of the pregnancies. The occurrence of other therapies during pregnancy has been documented in rare cases (14/168) and was levothyroxine supplementation for concomitant thyroiditis in half the cases and low-dose aspirin as isolated intervention for preventing obstetrical syndromes in the remaining cases.


TABLE 1 Data from pregnancies in the study sample.
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Pregnancy outcome according to pdC1INH treatment

Approximately one third of the pregnancies (n = 51) underwent treatment with pdC1INH (group 1), while 117 (69.6%) were not treated with pdC1INH (group 2). In group 1 pdC1INH was administered in accordance with the disease severity: in pregnancies with a high disease severity (n = 7, 13.7%) it was administered as LTP (1000 UI pdC1INH, every 4 days) plus on-demand, whereas in the remaining cases it was used exclusively on demand (86.3%, 1500 UI pdC1INH). The pdC1INH was used as STP in all cases of elective cesarean deliveries in group 1. In order to explore the potential effect of the total amount of pdC1INH used during pregnancy, we additionally analyzed the few pregnancies on LTP and no significant difference in terms of prevalence of obstetrical syndromes occurred between LTP-pregnancies and on demand C1INH-pregnancies. The time interval between pregnancy and survey in the group 1 was significantly lower than in the group 2 (1.5 ± 10.4 yrs vs. 32.8 ± 14 yrs, p 0.01).

The prevalence of SA was similar in group 1 and 2 and with no differences in GW at the SA (Table 1). There were neither any significant differences regarding at term pregnancies between the two groups (Table 1). However, the mothers' mean age at pregnancy was lower in group 2 than in group 1 (P < 0.01), while patients were younger at the time of the interview in group 1 (P < 0.01). Interestingly, group 1 showed a significantly lower prevalence of HAE diagnosis after pregnancy than group 2 (P < 0.0001), as well as a higher prevalence of cesarean delivery (P < 0.0001). The overall prevalence of obstetrical syndromes was similar in the two groups, whereas gestational diabetes was only described in pdC1INH-untreated pregnancies (Table 1).



Children outcomes according to the in utero pdC1INH exposure

Data from 67 living children from all pregnancies were recorded (Table 2). A normal birth weight and Apgar score were documented in both in utero pdC1INH exposed and unexposed newborns. Also, the prevalence of breastfeeding was similar in both groups of infants (Table 2). At the time of the survey the age of pdC1INH exposed subjects was significantly lower than the age of unexposed ones (P < 0.01). Accordingly, the C1INH-HAE diagnosis has not been carried out in a higher proportion in pdC1INH exposed subjects than in unexposed ones (P < 0.001) while a defined C1INH-HAE diagnosis was documented in a higher prevalence among unexposed subjects (P < 0.01).


TABLE 2 Data from newborns in accordance with pdC1INH treatment.

[image: Table 2]




Discussion


Pregnancy outcomes in C1INH-HAE women

Pregnancy outcome in C1INH-HAE women is still a challenge considering the effects that hormones and pregnancy itself have on complement and kallikrein–kinin pathway activation, that may worsen disease activity (20, 21). Moreover, considering the role of immune-mediated pathways in women reproduction, the dysregulated kallikrein–kinin pathway in C1INH-HAE women might potentially predispose to a worse pregnancy outcome (8).

The disease inheritance as well as the impact of unpredictable recurrent acute angioedema attacks might influence the family planning (22). Therefore, nearly a quarter of the C1INH-HAE women followed-up at the involved ITACA centers was not eligible for the interview study because of no wish for offspring. However, they represented a relatively small group of the C1INH-HAE women, probably because the presence of family history of HAE in almost all the registered pregnancies led to adequate self-awareness of the disease.

In accordance with data from the literature, reproductive failure in terms of infertility and SA was not prevalent in our sample of C1INH-HAE pregnancies (5, 23). We documented that nearly all pregnancies were spontaneous and three-quarters of them experienced at term delivery. The occurrence of PD and SA in our cohort recognized a prevalence similar to that of non-C1INH-HAE women of child-bearing-age and this result may be associated with adequate therapeutic management (5, 6, 24). According to the data collected, all pregnancies with obstetric complications experienced such comorbidities, including PDH and metabolic abnormalities, only during the weeks of gestation and represented a very small percentage (10%). A subanalysis of pregnant women who suffered from hypertension could provide interesting insights on the effects of comorbidities on pregnancy outcome: however, few cases have been documented in the present study. These issues could be adequately addressed by further investigations of a larger cohort with a prospective study design.



The use of pdC1INH during pregnancy

One-third of all pregnancies in our population underwent pdC1INH for both treatment of acute HAE attacks and for prophylaxis, regardless of a specific gestational trimester. It might be surprising that two-thirds of all pregnancies had not received pdC1INH; however, more than half of them were classified as affected by C1INH-HAE after pregnancy and were therefore managed differently (5). Nevertheless, group 2 C1INH-HAE diagnosed pregnancies did not use pdC1INH due to low disease severity, suggesting that although pregnancy has been considered as a triggering factor for HAE attacks, it may have a good effect on HAE disease activity (5). As previously described, it is rare for clinical manifestations of C1INH-HAE to present for the first time during pregnancy; however, C1INH levels decrease during pregnancy in relation to increased plasma volume, and transient low levels of C1INH have been described in pregnant women without C1INH-HAE, making its diagnosis difficult during pregnancy (5). In our cohort, few group 1 pregnancies received pdC1INH without a definite diagnosis of C1INH-HAE because they had experienced angioedema attacks for the first time during pregnancy. However, the presence of a family history of HAE represented a high index of suspicion in all these cases, which allowed appropriate treatment with pdC1INH of the angioedema attacks. After pregnancy, all of these women received a certified diagnosis of C1INH-HAE. As documented, our results support the use of pdC1INH to achieve a favorable outcome in women with C1INH-HAE who experience worsening disease severity during gestation (23, 25–28).

Additionally, international guidelines support the use of pdC1INH as a long-term prophylaxis also in pregnant C1INH-HAE women with histories of miscarriage and/or high-risk pregnancies with a suggested dosage being the same as in nonpregnant patients despite the pregnancy weight gain (5). Consistent with our results, there were no differences in SA or PD rates between pdC1INH-treated and untreated pregnancies and no differences in delivery week in at term pregnancies. The reasons for PD have not been further defined as they were not related to acute HAE attacks or documented cardiovascular and/or metabolic disorders. Metabolic disorders presented a different prevalence between pdC1INH-treated and untreated pregnancies, showing a higher frequency in the latter group probably due to the use of steroids to treat angioedema attacks in group 2 women without a definite diagnosis of C1INH-HAE during pregnancy.

Furthermore, there was a significant difference between the groups with respect to the mean age of the women at the time of the study, since those who had received pdC1INH in pregnancy were younger than those who had not received pdC1INH in pregnancy. This difference suggests that women with C1INH-HAE who had a more recent pregnancy were more willing to treat angioedema attacks or had more medications available than women who had had a pregnancy in the past. In addition, our findings indirectly highlighted a gradual reduction in diagnostic delay over time in C1INH-HAE patients, as women in group 1 were younger and showed a higher rate of C1INH-HAE diagnosis before pregnancy compared to women in group 2.



Delivery in pregnant C1INH-HAE women

Even though cute attacks of HAE complicated few deliveries, management of HAE during labor requires special consideration because it may be exacerbated (6, 25). As expected, since all pregnancies with cesarean delivery and pdC1INH-STP were treated with pdC1INH (at least as STP during delivery), elective cesarean delivery with pdC1INH-STP was more common for pdC1INH-treated than untreated pregnancies. Cesarean delivery is not recommended in women with C1INH-HAE, so its higher prevalence in pregnancies treated with pdC1INH and therefore in younger women with HAE could reflect an increase in the indication of cesarean sections over time (22, 29–31).

As has been published, in women with C1INH-HAE, vaginal deliveries are preferred over cesarean sections, and in this setting, epidural anesthesia is preferred over general anesthesia to reduce the risk of acute attacks of angioedema (6). Nevertheless, labor and delivery only rarely induce an attack, which could occur either during labor or within 48 h of delivery (32). In our view, elective cesarean section, although not absolutely advisable, could allow for adequate and targeted management of delivery in selected women with C1INH-HAE, mainly those with high severity of the disease and/or on LTP, to avoid emergent deliveries that could be complicated by difficult-to-treat angioedema attacks. Furthermore, pdC1INH should always be available in the delivery room, also in vaginal deliveries (5, 6).



Children outcomes and intrauterine pdC1INH exposure

Live birth data documented normal birth weight and Apgar score in neonates exposed and unexposed to pdC1INH in utero. These data directly support the immediate safety of pdC1INH during pregnancy as reported by evidence from the literature (23, 26). At the time of the survey study, the occurrence of a definite C1INH-HAE diagnosis had occurred at a lower rate among pdC1INH-exposed than unexposed neonates, resulting in a lower prevalence of C1INH-HAE in the first group of babies (32–34). The reason was related to the younger age of the C1INH-HAE women who underwent pdC1INH during pregnancy and, therefore, the younger age of their children. In C1INH-HAE, prenatal diagnosis in established pregnancy is only rarely requested and can only be performed if the disease-causing mutation of the affected parent is known (5). Nevertheless, C1INH-HAE diagnosis in neonates and infants can be performed by using biochemical tests that may be inconclusive in very young children (<12 months). Genetic testing is thus a safer and more direct tool to determine whether a child has inherited the disease and in newborns it can be performed on umbilical cord or peripheral blood (5). In addition, biochemical and genetic testing of asymptomatic children with affected parent should be performed because presymptomatic C1INH-HAE children are at risk of unexpected attacks and the early diagnosis can help to ensure the adequate treatment (28). However, live birth data among neonates described that the occurrence of childhood deficiencies was uncommon and independent of intrauterine exposure to pdC1INH.

C1INH-HAE could produce autoimmunity due to the consumption of early components of the classical complement pathway, as in patients with genetic C1 or C2 deficiencies (35). It can be hypothesized that pdC1INH replacement therapy may have a modulatory impact on autoimmune diseases in C1INH-HAE (occurrence and/or severity) by increasing C1-INH, C4, and/or C2 as suggested in some studies (36). Similarly, the role of other complement components such as C3a and C5a as potential effectors in type 1 hypersensitivity reactions, as well as crosstalk between mast cells and complement suggest that complement activation may also synergize with classical IgE responses, possibly affecting allergic disorders (37, 38). Consequently, we analyzed the prevalence of autoimmune and allergic diseases in the two groups of children at the last follow-up (interview-time), and there were no differences. However, the different ages and the restricted population represent relevant limitations for these results that should certainly be confirmed by future clinical investigations. Further analysis on the occurrence of allergic and/or autoimmune diseases in a larger HAE sample and/or in the general population should be addressed in prospective studies that stratify children according to the co-diagnosis of C1INH- HAE.



Limitations and strengths

The main limitation of our results is represented by the retrospective design of the study that included women whose pregnancy had occurred more than 30 years earlier. The long-time interval in some cases could have given rise to a forgetting bias and consequently a lack of data and objective information on the use of pdC1INH, concomitant treatments and/or obstetric complications. For instance, the total amount of pdC1INH used during pregnancies was not available from our collected data due to bias related to the retrospective design. However, the exact amount of pdC1INH administered in each pregnancy would certainly have improved the quality of the results: therefore, further investigations with a prospective design should focus on the specific accumulated amount of received pdC1INH and its possible correlation with the outcomes.

Nevertheless, the retrospective design allowed us to focus on multiple data at the same time and long-term patient history, which could provide information on the course and burden of the disease, outcomes and therapeutic management over the years. Anyway, the main strength of the present study is represented by its multicenter design, which made it possible to obtain a representative and relevant sample of patients with such a rare disease.



Conclusions

Reproductive planning is a persistent concern for women with inherited and rare diseases (29–31). As known, mechanisms of reproductive failure involve immune-mediated pathways including dyregulated complement and kallikrein–kinin pathway, mainly locally, at the site of implant, also in women without C1INH-HAE (8, 39, 40). Accordingly, the ultimate goal for C1INH-HAE management, particularly during pregnancy, is to achieve disease remission and no attacks and thus to use appropriate treatments making the complete control of HAE a realistic possibility for patients (41–43). For pregnant C1INH-HAE women being treated with pdC1INH, our findings are reassuring and might lead to an improvement of both the knowledge about treatments and the experience of HAE itself.
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