



Hormonal Contraception and the Risk of Pulmonary Embolism in Women of Reproductive Age: A Narrative Review with Clinical Perspectives 
 
Abstract
Pulmonary Embolism (PE) remains a relevant source of morbidity in women of reproductive age, although it is often unrecognized. Hormonal contraception is a well-established acquired risk factor for PE because of its association with venous thromboembolic events; however, it has varying effects on different patients based on their risk profiles and the forms of hormonal contraception they are receiving. This narrative review summarizes the evidence regarding hormonal contraception and its relationship to PE, with an emphasis on the biological mechanisms involved in this process, the differences in risk associated with different types of hormonal contraceptives, and the clinical implications (as well as various other factors) that the clinician may need to consider when counseling a patient regarding hormonal contraceptives (i.e., potential benefits versus risks). Available data consistently show that estrogen-containing combined hormonal contraceptives increase the risk of venous thromboembolism compared with nonuse, although the absolute risk remains low in otherwise healthy young women. The degree of excess risk appears to vary according to estrogen dose, progestin type, and route of administration. Thrombosis rates are generally lower with the levonorgestrel-containing estrogen-containing contraceptives; however, many non-oral combined contraceptive methods and some third- and fourth-generation hormone contraceptives did not appear to be as favorable based on observational studies. In addition to the effect of hormones on thromboembolic (TE) events, other risk factors such as obesity, smoking, thrombophilia, prior venous thromboembolism and transient provoking factors such as surgery or prolonged immobilization also affect the overall clinical significance of hormone use.  By contrast, most progestin-only methods appear to have little or no meaningful effect on venous thromboembolism risk, making them important alternatives for women in whom estrogen is not appropriate. Taken together, current evidence supports an individualized approach to contraceptive choice, based on careful assessment of baseline thrombotic risk, thorough clinical history taking before prescription, and reassessment of contraceptive options after a thromboembolic event.
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1. Introduction
Pulmonary embolism (PE) is a significant cardiovascular medical emergency that continues to be a significant source of potentially preventable morbidity among women of reproductive age. The diagnosis can be difficult to make, not due to its relative infrequency in this cohort, but rather because of its non-specific presentation (e.g. pleuritic chest pain, dyspnea, syncope, palpitations, and tachycardia with no other reason for the tachycardia) and the overwhelming number of more common and benign reasons that cause each of these symptoms. For women taking hormonal contraception, especially if taking an estrogen-containing method, the threshold for suspecting a venous thromboembolic event should be lower because exposure to hormonal contraceptives can be a significant provoking factor for venous thrombosis and/or PE even when obvious comorbidities are absent [1,2 .

There is a strong body of established literature linking combined hormonal contraception use with the development of thrombosis. In practice, the key clinical objectives have been to identify the formulations that have the lowest risk of causing thrombosis, to determine which women have the greatest susceptibility to the effects of these formulations, and to use this information when prescribing combined oral contraceptives. The implications of these clinical objectives are important in clinical/busy lifestyle settings, particularly when access to testing for thrombophilia is limited, and thus contraceptive counselling must be practical and cost-effective. The impetus for this review article arose from clinical observations in women who were using oral contraceptives and were admitted to the hospital for treatment of PE in Casablanca. This narrative review builds on these clinical observations and provides a summary relevant to multiple clinical settings.
1.1 Aim of the review
This review examines the current literature on hormonal contraception and PE risk, while distinguishing three related but separate issues: biological plausibility, formulation-specific epidemiology, and patient-level risk modifiers. Particular attention is given to contraceptive counseling, safer alternatives, and the practical implications of current evidence for women before contraceptive initiation and after hormone-related PE.
2. Search strategy and article selection
A structured literature search served as the foundation for this manuscript. In writing this narrative review, we were guided by a systematic and thorough literature review process. A search was completed to identify English-language publications that relate to the influence of hormonal contraceptives on the occurrence of venous thromboembolic disease (VTD). The PubMed database and various clinical guideline documents were used to perform the literature search, which was carried out from January 1, 2010, to March 31, 2026. A variety of keywords (e.g., "thromboembolism," "venous thrombosis," "oral contraceptive," "combined oral contraceptive," "progestin-only contraceptive," "thrombophilia," "obesity," "smoking," "natural estrogen") were used in the search; all forms of the terms (i.e., singular/plural, various combinations, etc.) were included as part of the search.
Among the literature reviewed, systematic reviews and meta-analyses, large cohort studies and nested case-control studies, and currently recommended clinical practice guidelines were given priority over earlier studies; however, those studies which were important for the understanding of the clinical implications of hormone therapy (estrogen) were included. This article provides a narrative summary of the existing literature and attempts to provide an interpretive synthesis rather than a formal pooled analysis of data.
3. Biological basis of estrogen-associated thrombosis
Oral estrogens undergo first-pass hepatic metabolism and promote a shift in hemostatic balance toward a more prothrombotic state by increasing the synthesis of several clotting factors, reducing sensitivity to activated protein C, and altering endogenous anticoagulant and fibrinolytic pathways [3,4]. These effects are not uniform across contraceptive products. The hemostatic response appears to vary according to estrogen dose, estrogen type, and the accompanying progestin, which likely explains why combined formulations show different risk patterns in epidemiologic studies [1,5].
This mechanistic framework also helps explain why the same contraceptive preparation does not carry the same clinical significance for every woman. A formulation with lower hepatic estrogenic activity or a more favorable progestin profile may produce less pronounced hemostatic changes than one with stronger estrogenic or antiandrogenic effects. Even though biological mechanisms cannot completely predict clinical outcomes, they provide a reasonable explanation for the risk continuum observed in large observational studies.
This mechanistic approach provides a plausible rationale for the variation in clinical risk associated with a contraceptive formulation in different women. Although estrogen-containing contraceptives shift the hemostatic system into a procoagulatory state, whether that shift results in a thrombotic event depends on the baseline thrombotic risk of the woman using the contraceptive. A formulation that may be well tolerated by many users can become the factor that precipitates deep vein thrombosis or PE in a woman with a higher baseline thrombotic risk. In otherwise healthy young women without other risk factors, however, the absolute risk is low, although their relative risk is elevated with the use of estrogen-containing contraceptive methods. This distinction between biological effect and clinical outcome is important in counseling, because it helps frame contraceptive choice as an individualized decision rather than a simple safe-or-unsafe distinction [3,4,6].
Another practical point is that the route of administration does not necessarily translate into lower thrombotic risk. What matters is not whether a method is taken orally, used transdermally, or inserted vaginally, but whether it delivers systemic estrogen and how that formulation affects coagulation pathways. The hypothesis that nonoral delivery will eliminate first-pass hepatic effects, thus reducing the risk of thrombosis, has not been consistently confirmed through epidemiologic studies. Some nonoral combined methods appear to carry risks that are comparable to, and in some settings possibly higher than, those seen with oral preparations. For this reason, current contraceptive counselling places greater emphasis on estrogen exposure, progestin type, dose, and patient-level risk modifiers than on a simple oral-versus-nonoral distinction [1,7,8].
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Figure 1. Pathophysiologic pathway linking estrogen-containing contraception to pulmonary embolism.
The figure summarises the sequence from hormonal exposure to PE and illustrates the main clinical factors that are able to amplify risk.
4. Magnitude of risk and formulation-specific differences
Observational studies have consistently shown that combined hormonal contraceptives are associated with a higher risk of venous thromboembolism than nonuse. Although the absolute event rate in young women remains low, the relative increase still matters clinically because exposure is so common. A large network meta-analysis, a Cochrane review, and major observational overviews all reached the same general conclusion: all studied combined oral contraceptives increase venous thrombosis risk, with the magnitude of risk shaped mainly by ethinylestradiol dose and the progestin type [9-12].
Large population-based studies have added important detail. In the United Kingdom, Vinogradova et al reported that current use of combined oral contraceptives was associated with roughly a threefold increase in venous thromboembolism risk compared with nonuse, while levonorgestrel-containing pills showed a more favorable profile than desogestrel-, gestodene-, drospirenone-, or cyproterone acetate-containing preparations [13]. In France, Weill et al studied nearly five million women and found that lower-dose estrogen preparations were associated with lower rates of pulmonary embolism than 30–40 μg formulations. Within the same estrogen-dose category, desogestrel and gestodene remained less favorable than levonorgestrel. These data remain especially informative because they address PE directly rather than venous thrombosis in general [14].
The route of administration also deserves attention. Recent reviews suggest that the transdermal patch and vaginal ring are associated with venous thromboembolism risks that are broadly comparable to, and in some datasets higher than, those seen with combined oral pills. In practical terms, avoiding oral administration does not eliminate estrogen-related thrombogenicity [1]. More recently, attention has turned to combined pills containing natural estrogens such as estradiol or estetrol. According to a systematic review and meta-analysis that was published in 2024, some of these types of formulations of hormonal contraception may have a lower risk of venous thromboembolism than formulations containing ethinylestradiol. However, the evidence available for these types of hormonal contraceptives is smaller than that for traditional formulations, and they should not be considered thrombotic-neutral; they may still result in thrombotic events [15].
In clinical practice, it is important to consider both the relative and absolute risks when interpreting the literature. Although many studies describe a two- to sixfold increase in the relative risk of venous thromboembolism, relative measures alone can appear more alarming than they are in clinical practice when they are not interpreted alongside absolute risk. Because the baseline incidence of venous thromboembolism in women of reproductive age is low, the absolute risk for most users remains small despite the observed increase in relative risk. However, the use of hormonal contraception by a large number of women creates a great deal of preventable disease at the population level. An absolute risk that is low for a specific user becomes a significant amount of preventable disease when widely used to many others. [9,10,13].
There are many differences between the different preparations of oral contraceptives that can have non-trivial implications. For example, coupled with the findings of cohort and case-control studies, the data suggest that Nguyen's high-risk estimates are not supported by clinical experience. The greater risk of venous thromboembolism with desogestrel, gestodene, drospirenone, and cyproterone acetate are consistent across multiple studies and demonstrates that they generally have a higher risk. The same is true for the low dose of ethinylestradiol; while a dose reduction is desirable, it does not eliminate the risk. The value of choosing a less thrombotic effective (preferred) formulation versus treating all combined pills as interchangeable has been repeatedly demonstrated in studies conducted in Denmark, France, and most recently in community-based studies [16-19].
When evaluating non-oral combined methods of contraception, such as the transdermal patch, or vaginal ring, one needs to consider, in addition to their attractiveness as means by which to facilitate compliance, also their safety. Danish and Finnish registry data, together with later reviews, suggest that the patch and ring should not be viewed as lower-risk alternatives simply because they bypass daily oral intake. In women with obesity, previous VTE, thrombophilia, smoking, or multiple cardiometabolic risk factors, these methods may expose patients to an avoidable estrogen-related risk when highly effective nonestrogen options are available [1,7,8].
Newer formulations containing natural estrogens merit a more subtle discussion. The recent literature suggests that preparations based on estradiol valerate, 17β-estradiol, or estetrol may have a more favorable hemostatic profile than classic ethinylestradiol-based pills, and some clinical data point in the same direction. However, these formulations should not yet be presented as risk-free. The available data are promising but still less mature than the evidence base for older combined methods, and some analyses remain dependent on observational comparisons or pharmacovigilance data. A thorough examination of available literature indicates that while estrogenic combinations appear to provide some degree of safety compared with other estrogen-based products, there is no evidence to suggest that they pose a lower-risk alternative than progestin-only products [20-23].
Table 1. Key studies shaping current understanding of contraceptive-related PE and VTE risk
	Study
	Design
	Clinical relevance

	Stegeman et al., 2013 [9]
	Network meta-analysis
	All assessed combined pills increased venous thrombosis risk; risk varied according to estrogen dose and progestin type.

	Vinogradova et al., 2015 [13]
	Nested case-control studies
	Current combined pill use was associated with about a threefold increase in VTE risk; levonorgestrel generally showed a more favorable profile than several alternatives.

	Weill et al., 2016 [14]
	Nationwide cohort of nearly 5 million women
	Lower estrogen dose reduced PE risk; desogestrel and gestodene were less favorable than levonorgestrel at comparable doses.

	Douxfils et al., 2024 [15]
	Systematic review and meta-analysis
	Natural-estrogen combined pills may carry lower VTE risk than ethinylestradiol-based pills, but the evidence base remains more limited.

	Tepper et al., 2025 [24]
	Updated systematic review
	Most progestin-only methods were not associated with a clear VTE increase; DMPA remained the main method warranting caution.

	Nguyen et al., 2024 [25]
	Guidance document
	Risk-stratified contraceptive selection is central to safe prescribing in women with thrombotic risk factors.



5. Major modifiers of thrombotic risk
The use of hormonal contraceptives is almost always associated with other prothrombotic risk factors. In reality, pulmonary embolism (PE) often results from the combined effect of hormonal exposure, as well as inherited and/or acquired prothrombotic factors. One such example of this is obesity. In the MEGA study, obesity independently increased venous thrombosis risk, and the combination of obesity with oral contraceptive use magnified that risk substantially when compared with women of normal body mass index who were not using oral contraception [26]. Later reviews reinforced the clinical importance of this interaction and suggested that the combined effect of obesity and combined hormonal contraception may be considerably greater than either factor alone [27].
Smoking is another important modifier. Its classic vascular association is stronger for arterial than for venous events, but smoking also appears to increase venous thrombosis risk, with the relative effect particularly noticeable in younger women using oral contraceptives [28]. For that reason, smoking should not be treated as a purely arterial issue when counseling women who request estrogen-containing contraception, especially when other risk factors are present.
Inherited thrombophilia adds another layer of complexity. A 2025 updated systematic review showed that women carrying factor V Leiden, the prothrombin gene mutation, antithrombin deficiency, or protein C deficiency generally had higher odds of thrombosis when using combined hormonal contraception than women without thrombophilia and without hormonal exposure [29]. Even if formal testing for thrombophilia has not been performed, a clinical assessment of family history remains helpful since it might provide evidence of an undiagnosed inherited risk or indicate shared pre-existing risk factors shared by family members. Women with prior venous thromboembolism, recent surgery, prolonged immobilization, postpartum status, or active inflammatory or malignant disease require a different contraceptive approach because the addition of estrogen could change the overall patient risk level from acceptable to greater than acceptable.
Obesity is of particular concern because it alters the clinical significance of what would normally be considered a moderate contraceptive risk. Obesity is associated with systemic inflammation, altered endothelial function, decreased fibrinolytic capacity and elevated pro-coagulation factors; all of these tend to a more procoagulant state. Numerous epidemiological studies have demonstrated that obese women who take combined hormonal contraceptives (oral or otherwise) are at an increased risk for thromboembolic disease compared to those who are only obese or only using combined hormonal contraception. This combination effect occurs in both morbidly obese women but also in the large population of women with moderate excess body fat, particularly when compounded with additional co-morbidities such as physical inactivity, hypertension, or insulin resistance. Women in this group may meaningfully reduce their risk of venous thromboembolism by switching from a combined hormonal method to a progestin-only method[26,27,30,31].
It is uncommon for risk factors to exist in isolation; so that as a woman gets older, she may have multiple risk factors: smoking, diabetes, migraine with aura, inflammatory disease, and decreasing mobility. These risk factors frequently occur together and all increase a woman's risk for vascular disease, although they may not operate through the same mechanism, and even though some of them are more strongly related to arterial disease compared to other risk factors, they are commonly seen together in clinical practice. For example, a woman in her late thirties who smokes and is obese may not meet a single absolute contraindication, but her overall risk profile is very different from that of a healthy adolescent. In such situations, individualized prescribing is more useful than a rigid algorithm, and clinicians need to consider how risk factors combine in each patient when deciding whether an estrogen-containing method remains appropriate [25,28,32,33].
Transient provoking factors are equally important because they may be overlooked during routine contraceptive visits. Recent surgeries, injuries, prolonged inactivity, hospital stays, long-distance travel, and acute inflammation (such as during pregnancy and within a short amount of time after giving birth), can also temporarily lower the threshold for developing clots. Additionally, even if a woman has been using her contraceptive method consistently for many months or even years without incident, any of the above short-term risk factors can greatly increase her risks of thrombosis. The 2024 U.S. MEC reflects this reasoning by distinguishing between routine use and use in the presence of conditions such as major surgery with prolonged immobilization or current or previous VTE. In practice, this means that reassessment should not be limited to the initial prescription, but should also take place whenever a woman’s health status changes in a way that may alter thrombotic risk [25,34,35].
Family history remains especially valuable in settings where thrombophilia testing is not readily available. A history of VTE in a first-degree relative at a young age, recurrent unexplained thrombosis in the family, or thrombosis occurring during pregnancy or estrogen exposure may all suggest an inherited predisposition, even when no laboratory evaluation has been performed. This does not mean that every woman with a positive family history requires exhaustive testing, but it does mean that the threshold for choosing a nonestrogen method should be lower. A careful family history is inexpensive, immediately available, and often more clinically useful than broad laboratory screening ordered without a clear pretest question [29,36,37].



Table 2. Clinical factors worth assessing before prescribing estrogen-containing contraception
	Risk factor
	Why it matters
	Practical takeaway

	Obesity
	Amplifies baseline venous thrombosis risk and interacts with estrogen exposure.
	Favor non-estrogen methods; obesity should be treated as a major clinical factor, not a minor background detail.

	Smoking
	Adds vascular burden and may increase venous as well as arterial risk.
	Encourage smoking cessation and use extra caution with combined hormonal methods, especially after age 35.

	Known thrombophilia or strong family history
	Can substantially magnify thrombosis risk during estrogen exposure.
	Avoid routine estrogen prescribing; selective testing may be appropriate when the history is suggestive.

	Previous VTE
	Suggests a vulnerable thrombotic phenotype or persistent predisposition.
	Estrogen-containing contraception is generally inappropriate; consider progestin-only or non-hormonal options.

	Recent surgery, trauma, or immobilization
	Creates a transient prothrombotic state that may combine unfavorably with estrogen.
	Delay or interrupt estrogen exposure when clinically appropriate and reassess after recovery.

	Postpartum period
	Baseline thrombosis risk is already elevated.
	Use guideline-based alternatives and avoid adding estrogen during the highest-risk interval.



6. Thrombophilia testing and pre-prescription risk stratification
The interaction between thrombophilia and estrogen-containing contraception naturally leads to a practical question: should all women be screened before starting combined hormonal contraception? There is insufficient evidence to support universal thrombophilia testing at this time. According to the most recent American Society of Hematology guidelines, it is recommended that selective rather than routine testing be performed because broad thrombophilia screening identifies many low-yield abnormalities, increases the cost of care, and does not reliably improve care management when pretest probability for a given patient is low [37]. This is particularly true for low-resource settings, where there is limited laboratory capacity and unnecessary thrombophilia testing may take resources away from other higher-value care options.

The most practical method is to carefully assess the patient's clinical history.In general, the following factors can often be evaluated through a physical examination rather than through laboratory-based tests: a person’s prior experience with venous thromboembolism (VTE); a strong family history of developing VTE; a first-degree relative with a confirmed thrombophilia; moderate-to-severe obesity; regular use of tobacco products; periods of prolonged immobility; and being within 6 weeks postpartum. The 2024 Best Practices for Medication Use: State Medical Eligibility Criteria (MECs) for the Use of Contraceptives Published by CDC notes that there are currently no indications for the use of combined hormonal contraceptives for women with current or prior venous thromboembolism or with high-risk thrombosis; however, almost all of the available progestin-only contraceptive methods are considered acceptable to use in many of the same situations [25].

Thrombophilia testing does not need to be done universally but selectively. Routine thrombophilia screening prior to the initiation of contraception is expensive, may identify variants with uncertain clinical significance and may result in anxiety and/or over-treatment, but will not necessarily improve overall population outcome. On the other hand, targeted thrombophilia testing in specific women, such as those with a history of venous thromboembolism (VTE), a strong family history of early thrombosis, recurrent acquired pregnancy loss and/or use of estrogen-based contraceptives with thrombosis risk factors could be beneficial. When targeted tests are used, clinical judgment should guide testing results; testing should augment, not replace, physician judgment.

This is particularly true in resource-constrained settings. A structured bedside assessment frequently provides the most useful information: history of thrombosis, smoking history, body mass index, planned surgery or inactive, migraine history and family history. In situations where several of these variables are present, practical management input is considered, regardless of availability for confirmatory testing. In other words, the absence of laboratory screening should not be mistaken for the absence of risk stratification. Many high-risk prescribing situations can be recognized clinically and managed more safely by avoiding estrogen exposure from the outset [1,2,33].
7. Progestin-only methods and safer alternatives
One of the most useful lessons from the literature is that hormonal contraceptives do not all carry the same thrombotic burden. Estrogen-containing contraceptive methods increase the risk of VTE, whereas an updated 2025 systematic review found that there is no evidence of increased risk for progestin-only contraceptive methods (such as levonorgestrel-containing IUDs, etonogestrel implants, or progestin-only pills) when compared with other formulations [24]. This conclusion is consistent with earlier cohort studies and meta-analyses, most of which found no consistent evidence of increased risk of VTE with the use of levonorgestrel-releasing IUDs, implants, or progestin-only pills, although there was a more cautious signal for depot medroxyprogesterone acetate [38-43]. Postpartum data adds a further practical point. Immediate use of depot medroxyprogesterone acetate may require greater caution, whereas immediate placement of an etonogestrel implant has not raised the same level of concern [44,45].
This distinction has immediate practical value for women with obesity, smoking, thrombophilia, or a history of thromboembolic disease, because the central question is often not whether contraception should be used, but which method offers the best balance between safety and effectiveness. In many such situations, a levonorgestrel intrauterine device, an implant, or a progestin-only pill provides a more favorable profile than any estrogen-containing method. Natural-estrogen combined pills may eventually occupy an intermediate position, but current evidence is not yet strong enough to place them in the same safety category as nonestrogen methods [15,1]. This choice also has to account for why the patient wants contraception in the first place. Some women are primarily seeking pregnancy prevention, whereas others want cycle control, improvement in dysmenorrhea, treatment of heavy bleeding, or a method that can be used discreetly and reliably over time. Stopping contraception without a clear alternative may lead to inconsistent use, unintended pregnancy, or poor adherence to a replacement method. However, the most effective method of maintaining the use of an alternative contraceptive agent is to offer an alternative method of contraception that balances risk, tolerance, and everyday practicality.
In addition to providing further information regarding continuing or switching to an alternative contraceptive, the use of contraception following a hormone-related VTE is an important consideration. For many individuals, there is an initial focus on anticoagulation following a PE, but following the acute phase, contraceptive consideration must take an equal focus with anticoagulation efforts. Several studies and meta-analyses suggest that recurrence risk after estrogen-associated VTE is lower than after an unprovoked event, which supports finite anticoagulation in selected patients [46-49]. That said, the risk is not negligible, and another exposure to combined hormonal contraception after anticoagulant cessation appears undesirable. During anticoagulation, highly effective contraception may still be needed to prevent pregnancy and to help manage heavy menstrual bleeding. In this setting, levonorgestrel-releasing intrauterine systems, implants, and most progestin-only pills are often the most practical options, whereas renewed combined hormonal contraception should generally be avoided after treatment ends [50,51].
Continued shared decision-making is an important factor in the face of an otherwise clear direction. Variations among women include differences in tolerances toward the variability of bleeding, desire for cycle control, attitude toward amenorrhea, and access to long-acting reversible methods. Individuals may find the dependability and low-maintenance requirement of intrauterine systems or implants desirable; yet others will prefer a method based on an oral preparation.
Clinicians have the dual responsibility of minimizing the risk of high-risk exposure and offering realistic alternatives for patients to accept and maintain. Contraceptive methods are safer when they are biologically compatible and practically able to be used by an individual, since the theoretical benefits of contraceptive safety could potentially be negated by a patient’s low compliance or discontinuation of use, or through unintended pregnancies due to an incorrect understanding of usage [6,52,53].


Table 3. Approximate thrombotic profile of commonly used contraceptive methods
	Method
	Approximate thrombotic profile
	Typical clinical role

	Copper IUD
	No known hormone-related increase in VTE risk
	Useful when both efficacy and thrombotic neutrality are priorities.

	Levonorgestrel IUD
	No clear clinically meaningful increase in VTE risk
	Often among the safest highly effective options for women with thrombotic risk factors.

	Implant / progestin-only pill
	Generally low or no clear increase in VTE risk
	Reasonable alternatives when estrogen avoidance is preferred.

	Depot medroxyprogesterone acetate
	Possible increase in VTE risk in some populations
	Use more cautiously than other progestin-only methods.

	Combined pill with ethinylestradiol + levonorgestrel
	Lower end of the estrogen-containing risk spectrum
	Often preferred when a combined method is selected.

	Combined pill with desogestrel, gestodene, drospirenone, or cyproterone acetate
	Higher VTE risk than levonorgestrel-containing pills in several studies
	Avoid as default choice in women with additional thrombotic vulnerability.

	Combined pill with natural estrogen
	Possibly lower VTE risk than EE-based pills, but not risk-free
	Promising option, yet evidence is still less mature than for older formulations.
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Figure 2. Practical framework for contraceptive counseling according to thrombotic risk.
This decision tree is a guide for using hormonal contraception, now moving toward less categorical avoidance of hormonal contraception towards risk stratification based on an assessment of safety and effectiveness.
8. Pulmonary embolism in current users: diagnostic and management implications
From a diagnostic viewpoint, hormonal contraceptive use should be considered a cause, among others such as recent surgery or being immobile for a long period, when assessing unexplained PE in young women. Although not saying every incident is a result of contraception alone, the contraceptive history is given the same level of importance as are the other factors mentioned. In a symptomatic patient, the appropriate response is evaluation for venous thromboembolism rather than reassurance based on age alone.

When Pulmonary Embolism (PE) or Deep-Vein Thrombosis has been diagnosed, usually an estrogen containing form of contraceptive (if used) should be stopped and another form of contraception should be talked about instead. The treatment of the thrombotic event follows the conventional principles of Anticoagulation, Risk Stratification and Follow Up. A little more complex issue is secondary prevention. Evidence shows that the Risk of Recurrence, Length of Time on anticoagulation, and Future Planning for Contraception should be taken into consideration together. Failure to consider Contraceptive Use can greatly alter the quality of life of an individual and their Reproductive Autonomy [2]. Therefore, the management of PE for this population would be through Anticoagulation Therapy as well as a Long-Term Consideration for a Safer Form of contraception. 

The diagnostic implications also extend beyond formal risk-prediction models. In younger women, PE may still be underrecognized because clinicians may assume that serious cardiopulmonary disease is unlikely in this age group. Awareness of hormonal contraceptive use can help counter that false reassurance. People may be less likely to have a PE Diagnosis because of this Security, the use of Hormonal Contraception should lower the Bar to consider the Possibility of a PE when there is an Associated Symptom, such as Chest Pain, Dyspnea, Tachycardic, Syncope, Unilateral Leg Complaints or Recent Additional Factors Contributing to Thrombus Formation. Awareness of Contraceptive Use, therefore, has Implications for both Preventive and Diagnostic Reasons [6,54]. 

Management of VTE post-diagnosis must go beyond anticoagulation and standard patient discharge instructions. The individual's contraceptive method should be reviewed prior to discharge so that the individual does not experience a temporary interruption of hormonal contraception without knowing what long-term method of hormonal contraception is appropriate because this may lead to confusion, increased risk of unintended pregnancy from a lack of supervision regarding resumption of estrogen containing contraception, and potentially administrating estrogen containing contraceptive products without being under the supervision of a specialist or primary care physician. This consideration of an alternative method of contraception is particularly important for women who require NSAIDs for dysmenorrhea (painful periods) and/or chronic pain, since recent studies demonstrate increased risk of VTE due to concomitant use of NSAIDs with hormonal methods which pose an increased risk of developing VTE. Discharge discussions should specifically identify the discontinuation of any estrogen-containing contraception, identify other contraceptive methods that may be considered by the patient to be less risky, as well as cautioning that the patient should not resume any use of estrogen-containing products until approved by their physician or specialist [2,55]. Follow-up documentation should be clear and specific, not based on assumptions. Many women leave their acute stay with fragmented guidance from many health care providers, and none of them will have an opportunity to discuss their hormonal contraception until their anticoagulation has been started for an extended period of time. Providing a concise written document that specifies what method will not be available to the patient, what methods may be acceptable to the patient in the future, and what time frame to be evaluated by physicians provides the patient with increased confidence. This will be particularly beneficial for patients with heavy menstrual bleeding, low health literacy, or those who may have some uncertainty as to how long it may take to access care following their discharge.
[bookmark: _GoBack]9. Relevance for practice in resource-limited settings
For women living in low- and middle-income countries, the need for contraceptive counseling should take into consideration not only the evidence base behind the safety of contraception but also the realities of access to that contraception. Given that extensive thrombophilia testing is often impossible to achieve and that referral pathways to speciality haematology may be limited, careful history taking, recognition of major "red flags", and preferential use of lower-risk methods remain the most scalable preventive strategies in this context when there are significant modifying factors.

Applying this rationale is especially salient in the case of women in the Moroccan tertiary care cardiology environment, the source of the initial clinical question. Although many women with suspected estrogen-related PE will not have access to advanced coagulation testing or subspecialty assessments, the risk factors that are clinically significant can be identified through routine assessment. In those environments, simple and consistent prescribing rules may prevent more harm than the selective use of sophisticated investigations that remain difficult to access.

From a public health perspective, this review supports a key principle for resource-limited environments: while advanced testing is valuable, effective prescribing begins with thorough clinical assessment. A simple pre-screening process considering prior history of VTE (Venous Thromboembolism), smoking, obesity, family history, history of migraines with aura, and likely immobilization may allow the identification of many women for whom reconsideration of estrogen therapy could be indicated. Structured interviews of this type are practical within primary care, family planning clinic settings or at the time of hospital discharge and may be more readily scalable than laboratory dependent methods. Thus in the absence of reliable follow-up, the least thrombogenic effective method should be selected at first encounter, representing the most reasonable prevention strategy [25,33,34].
10. Limitations of the evidence
There is a considerable limitation of evidence-based support of the formulations as the majority of formulation specific supportive data comes from observational studies, and therefore may be influenced by residual confounding, prescription bias, and health provider variation in the use of medical services. In addition, women who have a greater baseline risk for thrombotic events may not use certain types of formulations due to their physician's recommendation to avoid use. The diagnosis of a VTE may also be influenced by how easily available diagnostic services are to individuals as well as how aggressively these services are used. Although the limitations I have outlined do not diminish the identified correlations, they suggest caution when reviewing the results of the study.

The lag time between new evidence and the official revision of guidelines is another limitation. While guidance documents create appropriate classes for clinical use; many times, they do not update the most recent developments in natural estrogen or progestin-only methods.

Additionally, risk analysis is based mainly on North American or European populations; therefore, the application of these results may not translate to an area's specific healthcare setting due to local prescribing habits, local prevalence of obesity, the number of smokers in an area, the access to diagnostics, and hospitalization cut offs of what is considered hormone-induced PE.

Several evidence gaps regarding contraceptive thrombosis still remain unresolved. The majority of research examining thrombosis in relation to contraceptives has been based on the larger issue of venous thromboembolism as a collective endpoint, whereas only a limited amount of research has examined the relationship between contraceptive use and pulmonary embolism specifically. Furthermore, there are significantly more studies comparing older combined estrogen and progestin formulations with newer estradiol and estetrol products; however, research examining the effects of contraceptives on women who have multiple risk factors is not consistent. In addition, most of the epidemiological studies originate from the United States and Europe thus limiting our knowledge of the amount and type of contraceptive use that occurs in other areas of the world, such as Asia, where there may be major differences in method availability, prescribing patterns, obesity rates, and imaging thresholds for PE as compared to other parts of the world. Additional research should make an effort to report the incidence of pulmonary embolism separately from deep venous thrombosis, longitudinally track women who switch methods, and include women from less well represented health care systems in which factors influencing the risks and benefits of contraception may differ than those in other areas of the world [15,18,29]. A second significant question which remains unanswered regarding thrombosis risk in contraceptive use is how to best communicate that risk to patients. Estimating relative risks can be beneficial to science but does not translate the same way to an individual when discussed in regard to risk. Many women have difficulty understanding their individual risk when it is framed as an absolute amount per 10,000 women years, when compared through different methods of estimating risk, and when coupled with risk associated with thrombosis during pregnancy. There is a need for more research on how women make these decisions, particularly in real clinical practice when time is limited, at the time of admission to the hospital for any reason, or when they are making a decision within a short time of having previously had a thrombosis occur.
11. Conclusion
It has now been demonstrated conclusively that estrogen-containing contraceptives may be associated with an increased risk for both venous thromboembolism (VTE) and pulmonary embolism (PE) in some women. Thus, the relevant question is not whether to use hormonal contraception in general, but rather how to match the individual woman with the appropriate contraceptive method. The differences between hormonal contraceptive formulations must be considered when selecting a method of contraception for a woman; in addition, any clinical circumstances that may predispose a woman to VTE must also be considered.

In day-to-day clinical practice, the best safeguard against VTE appears to be a thorough clinical assessment. If a woman has a previous history of VTE, has thrombophilia, is obese, smokes, has recently been immobilized, or is otherwise prone to develop VTE, then these issues should be evaluated when selecting a method of contraception. When contraception is individualized according to his/her specific risks, and these risks are appropriately documented early in the process of selecting a method of contraception, contraception can be prescribed more safely and with greater assurance that it will not cause VTEs.

A detailed examination of the scientific evidence demonstrates that both hormonal and non-hormonal methods of contraception are clinically relevant, and demonstrate the need to utilize a clinically adjusted hierarchy of contraceptive options. For the vast majority of women using estrogen methods of contraception will continue to be a clinically appropriate option, and the degree of risk associated with the use of estrogen methods depends on the estrogen formulation and patient-specific characteristics. The best prescribing strategy is to select an appropriate contraceptive method based on the results of an appropriate risk assessment, and not to restrict access to all hormonal contraceptive methods as a result of a single high-risk patient. Combined hormonal methods should only be used in women who are expected to benefit from the method more than the risk of using the method; progestin-only and/or non-hormonal contraception should be the preferred option for women who have a history of obesity, thrombophilia, history of VTE, smoke tobacco, are going to become immobilized, or have other significant risk modifiers. The major recommendation for clinicians is to perform a thorough risk assessment and make an appropriate prescription based on the assessment; continue to monitor and evaluate their patients as their risks change; This approach is likely and to recognize that careful clinical assessment is likely to prevent more cases of contraceptive-related PE than laboratory testing alone.
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