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Alpha-1 antitrypsin deficiency (AATD) is an inherited condition characterized by reduced plasma levels of alpha-1 antitrypsin (AAT), often leading to pulmonary diseases primarily emphysema and/or chronic obstructive pulmonary disease (COPD), but also bronchiectasis, bronchial asthma, or other less common disorders. Early diagnosis enables AAT augmentation therapy, which has proven to be effective in slowing down functional decline and improving survival rates. This article presents two cases of pregnant women with rare allelic variants of AATD who received AAT augmentation therapy, exploring the limited evidence on its safety during pregnancy and the potential role of decreased serum AAT levels in pregnancy-related complications.
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Introduction

Alpha-1 antitrypsin deficiency (AATD) is an inherited condition characterized by reduced levels of circulating alpha-1 antitrypsin (AAT) in plasma. Pulmonary involvement of AATD is heterogeneous, primarily associated with emphysema-dominant lung disease and/or chronic obstructive pulmonary disease (COPD). It can also present with bronchiectasis, bronchial asthma, or other less common disorders (1–3). Unfortunately, patients with AATD are often diagnosed late, at which point lung transplantation becomes the only viable treatment option (4). Conversely, when diagnosed earlier, weekly intravenous infusions of human AAT therapy are the only medical intervention capable of slowing the relentless decline in lung function and the progression of emphysema (5–7). In addition, a recent study showed the efficacy of AAT therapy in increasing the survival of affected patients (7).

Over the past decades, advancements in diagnostic techniques have enabled earlier detection of AATD. As a result, it is becoming increasingly common to diagnose the condition in women of childbearing age, and this trend is expected to rise in the near future. Currently, there is insufficient evidence regarding the safety of AAT replacement therapy during pregnancy, leaving young patients and their physicians to carefully weigh the potential risks and benefits of initiating or continuing treatment. This highlights the need for more research on this topic. In this paper, we present two clinical cases of women affected by AATD who underwent augmentation therapy during pregnancy. We compare these cases to the few existing reports in the literature and examine the potential implications of decreased serum AAT levels in pregnancy.


Case 1 description

A 34-year-old woman, affected by severe bronchial asthma and AATD, Z/Mwhitestable genotype with AAT serum level of 57 mg/dL, was on treatment with AAT augmentation therapy at the dose of 60 mg/kg/week for approximately 2 years. The patient is regularly monitored at the Unit of Pathophysiology and Respiratory Rehabilitation, Monaldi Hospital, Naples (Table 1). The patient could not receive a biological treatment for severe asthma because her type-2 biomarkers, such as serum total IgE, blood eosinophils, and fractional exhaled nitric oxide, were under the cutoff values for the prescription. Despite receiving an optimized treatment for bronchial asthma that included high-dose inhaled corticosteroids, long-acting beta2 agonists, and long-acting muscarinic antagonists, and presenting spirometric parameters in the normal range [FVC 3.28 L (95%), FEV1 2.70 L (89%), and FEV1/FVC 80%], AAT therapy was prescribed due to her history of frequent exacerbations and a progressive DLCO decline (dropping from 101 to 70% over 2 years), even though high-resolution computed tomography (HRCT) scans did not reveal any emphysema-like changes. We hypothesized that impairment in DLCO might occur before structural changes become evident in HRCT. While augmentation therapy was not typically indicated for our AAT-deficient asthmatic patient, a previous clinical case report provided support for our decision to proceed with this treatment (8). The patient showed no signs of hepatic involvement during her initial evaluation or throughout the follow-up period. AAT therapy was well tolerated, and she did not experience any asthma exacerbations or functional respiratory deterioration in the 18 months leading up to her pregnancy. Despite the limited evidence regarding the safety of AAT therapy during pregnancy, we opted to continue the augmentation therapy given the patient’s previous clinical improvement. The patient was closely monitored throughout the treatment for any adverse reactions or signs of intolerance. The pregnancy progressed without complications, resulting in the spontaneous delivery of a full-term newborn weighing 3,400 grams. Given the lack of literature regarding AAT therapy during breastfeeding and in alignment with the patient’s preferences, the augmentation treatment was temporarily halted for approximately 6 months. However, due to a subsequent slight decrease in DLCO to 68%, the therapy was reinitiated.



TABLE 1 Clinical features of the two AATD cases.
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Case 2 description

A 26-year-old non-smoking woman affected by AATD and bullous pulmonary emphysema, who has an undetectable AAT serum level and Null/Null genotype homozygous for Q0Ourem, has been receiving AAT augmentation therapy at a dose of 60 mg/kg/week for approximately 5 years. The patient is regularly monitored at the Unit of Pneumology Clinic, University of Campania Luigi Vanvitelli, Monaldi Hospital, Naples (Table 1). The diagnosis of AATD was established through family screening. The patient’s oldest brother had died at a young age from an unspecified lung disease, while another brother, a 31-year-old heavy smoker with severe COPD, was found to have no alpha-1 globulin fraction on serum protein electrophoresis, an undetectable serum AAT level, and DNA analysis confirmed a homozygous Q0Ourem genotype. Among the four sisters, only our patient exhibited a homozygous Q0Ourem genotype, while the others were heterozygous Q0Ourem. At the time of diagnosis, the patient reported only mild dyspnea following exercise. However, spirometry results revealed a decrease in both FEV1 (67%) and FVC (77%), while FEV1/FVC remained normal at 75%. In addition, there was a mild reduction in DLCO (67%). The 6-min walking test showed pathological results, with the patient’s peripheral oxygen saturation dropping below 88% after 5 min and covering 480 meters. Chest HRCT revealed pulmonary bullae in the lower lung lobes (Figure 1). A combination of long-acting β2 agonists and anticholinergics was prescribed alongside AAT augmentation therapy. The patient tolerated the treatments well, experiencing an improvement in exercise-induced dyspnea, with no further episodes of exercise-induced respiratory failure. In addition, there was a mild improvement in respiratory function parameters, with FEV1 increasing to 71%, FEV1/FVC to 81.5%, and DLCO to 74%. When the patient informed us of her pregnancy, a collective decision was made, in agreement with the patient, to continue only the augmentation therapy during gestation. The dual bronchodilator therapy was discontinued due to the observed improvement in both symptoms and respiratory function. The patient was closely monitored throughout her pregnancy, but unfortunately, she experienced a miscarriage during the second month. Six months later, she became pregnant again, and augmentation therapy with AAT was continued without interruption. No adverse reactions were observed, and the pregnancy progressed smoothly without any complications. Considering the presence of pulmonary bullae and after consulting with her gynecologist, a cesarean section was planned and successfully performed at 38 weeks of gestation. The patient delivered a healthy female infant weighing 2,330 grams. After delivery, a chest X-ray revealed bilateral sub-diaphragmatic emphysema, which was no longer evident on an HRCT scan of the thorax performed 1 month later. The patient decided to continue her AAT augmentation therapy and chose to feed her infant artificially.

[image: Figure 1]

FIGURE 1
 Chest HRTC of the patient with Q0Oreum/Q0Ourem genotype.





Discussion

AAT, a protein synthesized by the liver, was identified by Jacobsson in 1955, and the first cases of deficiency were reported in 1963 by Laurell and Eriksson (9). The primary function of AAT is to compensate for the activity of serine proteases, specifically neutrophil elastase, a proteolytic enzyme capable of causing structural alterations in the airways. In addition, AAT plays a crucial role in the immune system, modulating the balance between innate and adaptive immune responses and contributing to the development of immune tolerance (10–12). More recently, a potential role for AAT in human gestation has been proposed (12).

AAT levels typically increase by 4 to 6 times during pregnancy and gradually return to baseline pre-pregnancy levels in the postpartum period (13–15). Modifications in AAT levels and functions have been correlated with the regulation of fertility and a variety of pregnancy-related complications (11, 16–32). AAT plays a critical role in reducing inflammation in the placenta and regulating trophoblast apoptosis (11, 21). Consequently, AAT deficiency can heighten the inflammatory response, potentially impairing fetal development. Several studies have reported an increased risk of miscarriage in patients with AATD (11, 17, 18, 22), although Orimoloye et al. (28) observed that the likelihood of a previous miscarriage was higher specifically in mothers whose children were affected by AATD. Reduced levels of AAT have been observed in women with preeclampsia, identifying AATD as a potential risk factor for the condition (16, 17, 24). It has been shown that AAT expression varies in patients with pregnancy-induced hypertension, suggesting that AAT may contribute to the process of syncytialization of villous trophoblasts. In primary trophoblasts knocked down for AAT expression, some authors used RNA sequencing analysis to evaluate markers of syncytialization and inflammation. Their findings suggest that AAT dysfunction may lead to abnormal placental development, potentially contributing to pregnancy-associated disorders (29). Proteomic studies on amniotic fluid, vaginal fluid, or serum from women with preterm births have indicated that reduced AAT levels may serve as a biomarker for predicting preterm birth (17, 30). Specifically, low AAT levels detected during the first trimester have been identified as potential early indicators of preterm birth risk (31). Recent studies have shown that AAT modulates the neo-angiogenesis of small-diameter arteries. In pregnant patients, low AAT levels may interfere with the neoformation of small blood vessels in the uteroplacental circulation, leading to diminished fetal blood flow and impairing the fetal growth rate. This can result in low birth weight or infants whose weight is lower than expected for their gestational age (17, 28, 32). In the first population-based cohort study conducted in Denmark, Orimoloye et al. (28) examined 305 mothers and 254 children with AATD compared to controls. They found that AATD was associated with several pregnancy-related complications, including term low birth weight, children in the lowest quartile for abdominal circumference at birth (especially among non-smoking mothers), increased rates of cesarean delivery, preterm birth, and preeclampsia.

Given the potential adverse events associated with pregnancy in individuals with AATD, several authors have advocated for AATD testing in all pregnant women who have a history of miscarriages or preeclampsia, particularly those with known deleterious alleles. Beyond these pregnancy-related complications, various case reports have documented exacerbations of AATD-related conditions during pregnancy, including worsening respiratory symptoms, increased susceptibility to infections, pneumothorax, and panniculitis (22–26). In some cases, complications during pregnancy have led to the diagnosis of AATD (25, 26, 33). Diagnosis can be achieved through the examination of amniotic fluid and cord blood from unborn babies (34).

Augmentation therapy represents the only approved medical treatment for AATD, but its safety during pregnancy has not been tested in controlled studies. To date, there are only a limited number of case reports in the literature that describe the use of augmentation therapy during pregnancy in patients with AATD (8, 35, 36). Martínez-González et al. (35) reported a case of a 40-year-old woman, a former smoker with COPD and AATD (Pi*ZZ genotype), who was diagnosed at the age of 32. She continued her regular augmentation therapy throughout her pregnancy, which she tolerated well. At week 37 + 1, she underwent an elective cesarean section under epidural anesthesia, resulting in the delivery of a healthy infant weighing 2,400 grams, measuring 46 cm, with an APGAR score of 10/10. Gaeckle et al. (36) reported the case of a woman with AATD (Pi*ZZ genotype) who continued her augmentation therapy throughout her pregnancy. She tolerated the treatment well and experienced no complications. The baby was delivered at full term and, although born with a patent ductus arteriosus, was otherwise healthy. More recently, Guarnieri et al. (8) reported on a woman with AATD (Pi*SZ genotype) who had asthma and experienced a decline in both respiratory function and serum AAT levels during her pregnancy. At week 17, the patient suffered an asthma exacerbation, prompting the initiation of augmentation therapy. Despite experiencing another flare-up of bronchial asthma at week 28, the pregnancy progressed without complications. Similar to our case 1 report, the authors prescribed augmentation therapy to a patient with a deficient genotype and bronchial asthma, despite AAT therapy being primarily indicated for AATD patients with emphysema. Recent literature highlights an increased prevalence of asthma among AAT-deficient individuals, suggesting potential molecular mechanisms linking the two conditions, likely involving an imbalance between elastase and antielastase (37–39). Moreover, AAT deficiency, particularly Pi*S and Pi*Z SERPINA1 variants, has been associated with a higher risk of asthma exacerbations (40).

Consistent with the limited published cases, our patients tolerated AAT therapy during pregnancy without reporting any adverse effects. They both had full-term pregnancies and delivered healthy live infants. We hypothesize that AAT treatment may have contributed to the smooth progression of their pregnancies. While this paper is limited to just two cases of AAT therapy during pregnancy, and we acknowledge that the safety data may not be universally applicable to all patients with AATD, we believe it is crucial to share these clinical experiences. Due to the lack of scientific evidence regarding the safety of replacement therapy during breastfeeding, both of our patients opted for artificial feeding for their infants. Furthermore, while the existing clinical cases in the literature primarily focus on the more common ZZ and SZ genotypes (Table 2), to our knowledge this is the first report documenting AAT treatment in pregnant patients with the rare Z/Mwhitestable and homozygous null Q0Ourem genotypes.



TABLE 2 AATD clinical cases with pregnancy-related complications.
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Conclusion

Reduced levels of AAT have been correlated with adverse pregnancy outcomes. However, the safety of augmentation therapy in pregnant women remains underexplored, with only a limited number of case reports available in the literature. Consequently, initiating or continuing AAT treatment during pregnancy presents a significant challenge. It is crucial to strongly advocate for the referral of pregnant women affected by AATD to national or regional expert centers. Furthermore, establishing dedicated registries and controlled clinical studies is essential to gathering more reliable data on the safety of AAT therapy, not only during pregnancy but also throughout the breastfeeding period. As diagnostic techniques improve, more patients will be screened and diagnosed with AATD at an earlier age. Consequently, an increasing number of young women with AATD, along with their physicians, will need to make informed decisions about whether to continue replacement therapy during pregnancy. Based on the available literature and the two cases we presented that highlight and support the safety and feasibility of AAT therapy during pregnancy, along with the potential adverse effects associated with AAT deficiency during this time, we advocate for the continuation of augmentation therapy in pregnant women with AATD.
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AADT, Alpha-1 antitrypsin deficiency.
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