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Until recently, warfarin had been the mainstay of anticoagu-
lant treatment for patients with atrial fibrillation. With the 
approval in 2010 of the first direct-acting non-vitamin K oral 
anticoagulant (DOAC) dabigatran, the choice of therapies 
has been rapidly evolving. Recent studies reveal that cur-
rently half of the patients receiving anticoagulation for atrial 
fibrillation are taking DOACs as opposed to warfarin [1]. 
The reason for the rapid acceptance for these drugs has been 
the convenience of fixed dosing with no need for laboratory 
monitoring or dietary discretion, as required with warfarin. 
Despite these apparent advantages, debate has remained 
regarding the risk of gastrointestinal (GI) bleeding with 
these agents as compared to warfarin.

The landmark trials that led to the United States Food 
and Drug Administration (FDA) approval of the currently 
approved DOACs, including dabigatran, rivaroxaban, apixa-
ban, and edoxaban, reported that the all-cause bleeding rates 
were similar if not lower with DOACs as compared with 
warfarin. Nevertheless, the rate of GI bleeding was higher 
for patients treated with dabigatran [2] (3 vs 2%), rivaroxa-
ban [3] (3.2 vs 2.2%), or edoxaban [4] (1.5 vs 1.2%) as com-
pared with patients taking warfarin. On the other hand, the 
rates of GI bleeding were similar if not lower for patients 
treated with apixaban [5] as compared to warfarin (1.2 vs 
1.3%). Likewise, an FDA postmarketing study also found the 
rate of GI bleeding with dabigatran to be higher as compared 
to warfarin (1.6 versus 1.1 per 100 patient years) [6].

Of the DOACs, dabigatran is the only direct thrombin 
inhibitor, whereas the others are direct factor Xa inhibitors. 
While the reason for the higher risk of GI bleeding with 

dabigatran is unclear, a few hypotheses exist. Dabigatran 
is absorbed principally in the stomach and proximal small 
bowel as an inactive prodrug that is then metabolized to the 
active drug by serum and hepatic esterases. Nonetheless, 
the bioavailability of the drug is low (approximately 3–7%) 
with the unabsorbed dabigatran being converted to active 
dabigatran in the distal bowel and then excreted in the feces. 
This active drug in the distal bowel may promote GI bleed-
ing more than warfarin, which is not activated in the bowel 
[7]. Secondly, there are reports that dabigatran is associated 
with esophagitis and gastric ulceration, suggesting the drug 
may directly injure the gastrointestinal mucosa.

In this issue of Digestive Diseases and Sciences, Kolb 
et al. [8] report a post hoc analysis of the Randomized Evalu-
ation of Long-Term Anticoagulation Therapy (RE-LY) trial 
(one of the landmark trials discussed above, this one com-
paring dabigatran to warfarin) where they re-reviewed the 
cases of suspected GI bleeding, collecting additional data 
including the causative lesions and the site and acuity of 
bleeding within the bowel. They could localize bleeding in 
approximately two-thirds of the cases, with 47% of those 
cases detected in the upper GI tract and 39% in the colon. 
Interestingly, the rate of bleeding in the upper GI tract was 
similar between the two doses of dabigatran studied (110 
and 150 mg) as compared with warfarin, whereas lower GI 
bleeding (which included colonic, jejunal, and ileal sources) 
was more frequent in patients treated with dabigatran as 
compared with warfarin (relative risk [RR] 1.78 for dabi-
gatran 110 mg and RR 2.23 for dabigatran 150 mg). The 
activation of dabigatran (while warfarin remains inactive) 
in the lower GI tract as described above may explain the 
higher rates of GI bleeding, especially from the lower GI 
tract lesions.

The most common culprit lesions identified were gas-
troduodenal ulcers or erosions (20%), colonic diverticula 
(9%), occult malignancy (8%), and angioectasias (6%). 
While the authors report that there was no baseline differ-
ence in the use of proton pump inhibitors or antiplatelet 
agents, no data support whether these agents (or even H. 
pylori infection) are associated with the development of 
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gastroduodenal ulcers or whether the ulceration is related 
to an ulcerogenic property of the dabigatran itself. The 
authors report that angioectasias in the upper GI tract bleed 
with equal frequency in dabigatran- and warfarin-treated 
patients, whereas in the colon the lesions only bleed in 
patients treated with dabigatran. If this finding was truly a 
consequence of active dabigatran in the colon, one would 
predict that all rather than a single type of colonic lesion 
would bleed in the presence of dabigatran. For instance, the 
rate of bleeding from diverticula, presumably all located in 
the colon, is the same between those treated with dabigatran 
and warfarin. Therefore, either there is something different 
about an angioectasia that increases its propensity to bleed 
with active dabigatran present that is not true with other 
lesions, or there is some other explanation, such as a type 
I error given the relatively small numbers of each type of 
bleeding lesion in the study.

The severity of GI bleeding was assessed in aggregate and 
categorized as either “major” (≥ 2 g/dL hemoglobin drop 
and/or ≥ 2U red blood cell transfusion) or “life-threatening” 
(≥ 5 g/dL hemoglobin drop, ≥ 4U red blood cell transfu-
sion, inotropic support requirement, need for surgery, and/
or death). In this analysis, there was more life-threatening 
bleeding, largely accounted for by bleeding from the lower 
GI tract, in patients treated with dabigatran as compared 
to warfarin (RR 2.0 for dabigatran 110 mg and RR 2.64 
for dabigatran 150 mg versus warfarin). Interestingly, two 
recent retrospective studies have suggested that the conse-
quences of GI bleeding while receiving a DOAC may be 
less severe than those who experience GI bleeding while 
taking warfarin [9, 10]. Both studies, which included not 
only dabigatran but also apixaban and rivaroxaban, found 
that patients treated with a DOAC were less likely to need 
a blood transfusion and stayed in the hospital fewer days 
than those who received warfarin. Interestingly, these “real-
world” studies also found that the rates of GI bleeding were 
lower for patients treated with a DOAC than with warfa-
rin. A piece of missing data from the RE-LY analysis is 
the international normalized ratios (INRs) at presentation 
of patients who bled while taking warfarin. Both the afore-
mentioned retrospective studies reported average INRs > 3, 
and one study reported half of the patients had a suprathera-
peutic INR on presentation. It is very likely that the patients 
treated with warfarin in the setting of a randomized trial 
were much more optimally controlled than the “real-world” 
patients evaluated in the retrospective studies and may have 
contributed to apparent lower bleeding rates for those tak-
ing warfarin.

The study by Kolb et al. has several strengths, includ-
ing the large randomized nature of the original study 
and the large number overall of GI bleeding events. 
Yet, it is important to keep in mind that the study is less 

generalizable to all patients treated with anticoagulants, 
as the authors included only those with non-valvular 
atrial fibrillation and excluded patients with a history of 
GI bleeding or peptic ulcer disease. Moreover, as this was 
a post hoc analysis, GI bleeding was not a primary end-
point in the original study; furthermore, the contribution 
of concomitant antiplatelet drugs and proton pump inhibi-
tors could not be definitely determined. Lastly, though not 
analyzed by causes of bleeding, higher blood concentra-
tions of dabigatran are correlated with a higher risk of 
major bleeding [11]. Since plasma concentrations were 
unfortunately not included in the Kolb et al. analysis, it is 
therefore unclear how these levels may affect the risk of GI 
bleeding in particular. Interestingly, of the data that have 
been published with regard to plasma concentrations, one 
of the most significant factors affecting these levels was 
age that was likely driven by reduced renal function. These 
older patients were noted to have not only higher rates of 
major bleeding but also a higher stroke risk. Similarly, a 
retrospective analysis of dabigatran, rivaroxaban, and war-
farin using commercial and Medicare claims data found 
an increased risk of GI bleeding for both dabigatran and 
rivaroxaban as compared to warfarin once patients were 
over the age of 75 [12].

Overall, DOACs have proven promising in regard to 
safety from dietary and drug interactions when compared 
to warfarin; the increased risk of GI bleeding can likely 
be managed by careful patient selection and by checking 
at least one blood level after starting DOACs, if avail-
able. In the case of dabigatran, ensuring that a target range 
has been met has been suggested in a modeling study to 
avoid perhaps 20% of bleeding events [13]. Given current 
knowledge, where should future studies focus their efforts? 
Ideally, a randomized controlled trial of patients designed 
with GI bleeding as a primary outcome, with stratification 
for concomitant antiplatelet drugs and proton pump inhibi-
tors, should provide useful data in this regard. It would 
be helpful to include a blood level of dabigatran either 
near the study start and/or at the time of a bleeding event 
in order to assess the utility of such a level in determin-
ing bleeding risk. For now, patients should be counseled 
about the pros and cons of the available anticoagulants 
and about the increased risk of GI bleeding for those tak-
ing dabigatran. Lastly, until blood levels of dabigatran are 
available in the USA, physicians may want to consider 
apixaban over the other DOACs for patients with a history 
of GI bleeding or peptic ulcer disease, given higher rates 
of GI bleeding have not been reported with apixaban.
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