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The personalization of risk stratification and antithrombotic 
management in vascular surgery has been discussed widely, but 
to date we have not produced the science to tailor anticoagulant/
antiplatelet therapy individually.1,2,3 Through our research at Mas-
sachusetts General Hospital, we have aimed to identify objective 
and quantifiable metrics that put patients at highest risk for graft and 
stent thrombosis, and to leverage those metrics to guide subject-
specific thromboprophylaxis. Our recent prospective observa-
tional study using the point-of-care, FDA-approved viscoelastic 
technology of thromboelastography with platelet mapping (TEG-
PM) investigated perioperative coagulation profiles in patients 
undergoing lower extremity revascularization.4 As we began to 
learn more about the complex coagulation and platelet environ-
ment of the vascular patient, both from our own data and from 
the robust body of existing cardiovascular literature, an important 
additional imperative emerged: Can we delineate objective differences 
in responsiveness to antiplatelet medications between the sexes, thereby 
explaining why female patients with peripheral arterial disease (PAD) 
have fewer risk factors yet higher rates of nonhealing and amputation? 

Emerging research over the past 2 decades has been prescient 
in recognizing that the time is right to reach beyond our current 
understanding of sex and its relation to cardiovascular outcomes. 
Thought leaders across disciplines have illuminated key scientific 
knowledge gaps relevant to sex differences in cardiovascular risk 
factors and disease course.5,6,7 

Through this research, some essential themes have emerged. 
The first is that phenotypic presentations of cardiovascular disease 
differ between sexes.8,9 Female patients are the understudied and 
often unrecognized cohort in this scenario, and we frequently 
find ourselves with terms such as atypical symptoms making their 
way into our shared lexicon.10 The danger in this approach is a 
potential delay in diagnosis and intervention. In our own cohort 
of 107 patients, we found this to be true as female patients were 
significantly less likely to be undergoing surgery for claudica-
tion symptoms when compared with males (27% vs 57.1%) and 
significantly more likely to be undergoing surgery for chronic 
limb-threatening ischemia (67.6% vs 34.3%) [all P<.01].4

Another key theme is that known risk factors for cardiovascular 
disease appear to be less prevalent in females than males, yet female 
patients are apparently more sensitive to the effects of certain risk 
exposures.6,11 In our cohort of PAD patients, females exhibited 
fewer uncontrolled comorbid conditions, such as hypertension 
requiring combination pharmacologic therapy (37.8% vs 58.6%), 

uncontrolled diabetes (2.7% vs 18.6%), coronary artery disease 
(29.7% vs 57.1%), chronic kidney disease (27.0% vs 51.4%), and 
history of myocardial infarction (16.2% vs 35.7%) [all P<.05].4 
This lack of traditional cardiometabolic risk factors may exacer-
bate the delayed or missed recognition of female vascular disease.

Finally, and most concerning, is the consistent finding across 
cardiology and vascular disease types that current available treat-
ment paradigms are less effective in females compared with 
males.6,12 There is a growing body of evidence pointing to inad-
equately measured or yet unidentified key risk factors for cardio-
vascular disease in female patients. In our analysis of 321 platelet 
mapping samples we found that female patients had consistently 
higher platelet reactivity, with greater platelet aggregation and 
lower platelet inhibition. This was observed overall, across peri-
operative clinical phases, and, most importantly, when comparing 
within similar antiplatelet regimens. In those on monoantiplatelet 
therapy, female patients exhibited 11.2% higher platelet aggrega-
tion as compared with males (80.6% ± 21.0 vs 69.4% ± 25.0, 
P<0.01). In those on dual antiplatelet therapy, female patients 
exhibited 23.1% greater platelet aggregation than males 67.9% ± 
23.8 vs 44.8% ± 31.8, P < 0.01).4 In other words, even while being 
on the same therapy as their male counterparts, women exhibit 
higher platelet reactivity, which is associated with increased rates 
of thrombosis. This begs the question: Are we just undertreating 
women? While both vascular and cardiology society guidelines 
strongly recommend the use of at least antiplatelet monotherapy 
for any patient with symptomatic PAD, there is currently no 
standard recommendation for titration of therapy.1 The stark 
differences between the sexes in terms of biologic response to 
medications found in our cohort suggests that sex-based titration 
may be vital.

Based on persistently high platelet reactivity across antiplate-
let regimens, we worry that available therapies find themselves 
inadequately matched for the female PAD patient. These data 
highlight the imperative need to understand sex-specific ranges 
or thresholds for both established and novel cardiovascular bio-
markers. What is left to uncover are the differences in thrombotic 
risk on a sex-specific level. While greater platelet aggregation 
was found to be associated with postoperative graft and stent 
thrombosis in this cohort, our current sample size is too small 
to distinguish a sex-predictive pattern. Are female patients more 
likely to thrombose because of their inherent prothrombotic state? 
Or is their platelet reactivity “tolerance” greater than males? Do 
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female patients need more frequent prescription of novel P2Y12 
inhibitors, such as ticagrelor, to attain the same amount of platelet 
inhibition as their male counterparts would with aspirin or clopi-
dogrel? Do female patients benefit from the theoretic synergistic 
effect on platelet physiology that arises from factor Xa inhibition? 

To answer these important questions, our coagulation lab is 
embarking on 2 randomized studies: the first to assess if point-
of-care viscoelastic-driven titration of antiplatelet management 
results in the desired pharmacologic response, and the second 
will determine if postoperative thrombosis rates can be mitigated 
through viscoelastic-driven medication management. But as we 
explore these important questions, we will continue to focus on 
our female patients. We are at the beginning of our understanding 
of how and why cardiac and vascular disease can present quite dif-
ferent in females and males, and we find ourselves in the uniquely 
privileged position to contribute to this evolving narrative. n
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