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1  |  INTRODUC TION

As the prevalence of obesity continues to rise, with recent estimates 
of more than 650 million adults affected worldwide,1 clinicians must 
frequently make treatment decisions in obese patients. One such 
decision involves anticoagulation for treatment and prevention of 

venous thromboembolism (VTE). Direct- acting oral anticoagulants 
(DOACs) have first- line use for many patients needing anticoagula-
tion for VTE.2 In 2016, the ISTH SSC published guidance that sug-
gested not using DOACs in patients with extreme obesity (body 
mass index [BMI] >40 kg/m2 or weight >120 kg), and if DOACs nev-
ertheless are used in these patients, to obtain peak and trough drug 
levels.3 These suggestions were made due to the lack of clinical ev-
idence available regarding the efficacy and safety in the extremely 
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Abstract
Although direct- acting oral anticoagulants (DOACs) have widespread first- line use for 
treatment and prevention of venous thromboembolism (VTE), uncertainty remains re-
garding their efficacy and safety in patients with obesity. We reviewed available data 
for use of DOACs for VTE treatment and prevention in patients with obesity, includ-
ing phase 3, phase 4, meta- analyses, and pharmacokinetic and pharmacodynamics 
studies. In addition, we reviewed available data regarding DOACs in bariatric surgery. 
We provide updated guidance recommendations on using DOACs in patients with 
obesity for treatment and prevention of VTE, as well as following bariatric surgery.
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obese population because phase 3 trials comparing individual 
DOACs with warfarin for treatment of VTE included relatively few 
patients with obesity and extreme obesity, and pharmacokinetic 
(PK) and pharmacodynamics (PD) data that suggested alternations 
in the setting of obesity.3

We provide an updated review of available data and update rec-
ommendations for the use of DOACs for VTE treatment and pre-
vention in patients with severe obesity. As atrial fibrillation (AF) is 
a different disease affecting a different patient population,4 we lim-
ited this current literature review and guidance to VTE.

2  |  METHODS

We conducted a literature review by searching PubMed with the 
following strategy: (DOAC or novel oral anticoagulant [NOAC] or 
apixaban or betrixaban or dabigatran or edoxaban or rivaroxaban) 
and (obese weight or obesity) and (VTE treatment or VTE preven-
tion or VTE prophylaxis) or (bariatric surgery) or (pharmacokinetic or 
pharmacodynamic or drug level) through August 1, 2020. We held 
multiple video conference discussions with all authors to review 
data and discuss consensus recommendations.

3  |  SUMMARY OF DATA RE VIE W

3.1  |  Clinical data for VTE treatment

Available clinical data for the use of DOAC treatment of VTE in 
obese patients consisted of phase 3, phase 4 (including retrospec-
tive and prospective observational studies and comparisons within 
claims databases), and systematic review/meta- analysis. Studies 
compared efficacy and safety of DOAC in two broad approaches: 
(1) DOAC versus vitamin K antagonist (VKA) within a given weight 
category, or (2) DOAC across weight categories (Table 1). In addition, 

some studies considered a given DOAC drug individually, whereas 
others pooled all DOAC drugs in the analysis.

3.1.1  |  Apixaban

Data analyzing apixaban individually are limited. There has been no 
post hoc analysis of a phase 3 clinical trial of apixaban for treatment 
of VTE. In a small single- center, retrospective study of DOACs in pa-
tients with BMI ≥40 kg/m2, of whom 47 were on apixaban, similar in-
cidences of VTE recurrence occurred compared with warfarin (1/47 
[2.1%; 95% CI, 0.0– 6.3] vs. 2/167 [1.2%; 0.0– 2.9], respectively), with 
similar incidences of major bleeding (1/47 [2.1%, 0– 6.3] vs. 4/167 
[2.4%, 0– 4.7], respectively).5 Patients with BMI ≥50 kg/m2 had simi-
lar rates of VTE recurrence (0/10 on apixaban and 2/52 on warfarin; 
p = .53) and major bleeding (0/10 on apixaban and 2/52 on warfa-
rin). In an observational study of combined data from US insurance 
claims databases, apixaban, compared with warfarin, was associ-
ated with lower risk of recurrent VTE (5.3 vs. 8.1 per 100 person- 
years [HR 0.63; 0.52– 0.78]) and major bleeding (4.5 vs. 6.2 per 100 
person- years [hazard ratio (HR) 0.70; 0.56– 0.89]) in morbidly obese 
patients. Of note, this study was published in the final stages of 
peer- review, after the initial planned study period.6

3.1.2  |  Rivaroxaban

A post hoc analysis of the EINSTEIN deep vein thrombosis (DVT) and 
pulmonary embolism (PE) trials, which included 861 patients with 
BMI ≥35 kg/m2, found no significant difference in recurrent VTE in 
patients taking rivaroxaban compared with those taking warfarin at 
both 21 days (9/427 [2.1%] vs. 4/434 [0.9%], respectively; HR 2.22; 
0.68– 7.26) and 12 months (13/427 [3%] vs. 9/434 [2.1%], respec-
tively; HR 1.45; 0.62– 3.39), and no difference in major bleeding 
(5/426 [1.2%] vs. 7/432 [1.6%]; HR 0.71; 0.22– 2.24).7 When analyzed 

Phase 3 Studies Comparing 
DOACs with VKA in VTE

Phase 4 Studies Comparing DOAC with 
VKA in VTE (Including Retrospective and 
Prospective Studies and Meta- analyses)

BMI >35 or BW 
>120 kg

BMI 
>40

BMI >35 or BW 
>120 kg BMI >40

Apixaban X X Similar outcomes6 Similar outcomes5,6

Dabigatran X X X X

Edoxaban X X X X

Rivaroxaban Similar outcomes7 X Similar outcomes5,8- 10 Similar outcomes5,9

Pooled DOAC Similar outcomes11 X Similar outcomes 12- 16 Similar outcomes12

Note: Similar outcome = DOAC compared with LMWH/VKA; X = no available data.
Abbreviations: BMI, body mass index, expressed in kg/m2; BW, body weight; DOAC, direct oral 
anticoagulant; LMWH, low molecular weight heparin; VKA, vitamin K antagonist; VTE, venous 
thromboembolism.

TA B L E  1  Summary of efficacy and 
safety outcomes in VTE treatment clinical 
studies comparing DOACs with VKA in 
patients with obesity
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by body weight, no difference in VTE recurrence was found between 
rivaroxaban and warfarin, including those ≥120 to 140 kg (2/119 
[1.7%] vs. 3/103 [2.9%], respectively) and ≥140 kg (1/40 [2.5%] vs. 
1/41 [2.4%], respectively). Notably, event rates were low.

Several observational studies presented data for rivaroxaban 
in obese patients. A study using individual- level, electronic health 
record data for a propensity- matched cohort of more than 6700 
patients with BMI ≥30 kg/m2 found that rivaroxaban reduced re-
current VTE compared with warfarin at 3, 6, and 12 months (HR 
0.61 [0.51– 0.72]; HR 0.65 [0.55– 0.77]; HR 0.63 [0.54– 0.74], re-
spectively) with no difference in major bleeding (HR 0.99 [0.68– 
1.44] and HR 1.00 [0.73– 1.36] at 3 and 12 months, respectively). 
Limiting the analysis to patients with BMI ≥35 kg/m2 demonstrated 
similar results with reduced risk of VTE recurrence with rivaroxaban 
compared with warfarin (HR at 3, 6, and 12 months of 0.60 [0.48– 
0.76]; HR 0.64 [0.51– 0.81]; HR 0.63 [0.51– 0.78], respectively) and 
reduced risk of major bleeding (HR at 3, 6, and 12 months of 0.99 
[0.61– 1.63], 0.85 [0.54– 1.36], and 0.95 [0.64– 1.43], respectively.8 A 
single- center retrospective study of patients with BMI ≥40 kg/m2 
or weight ≥120 kg had similar 12- month rates of VTE recurrence 
(2/47 vs. 4/62; p = 0.61) and composite of major and clinically rel-
evant non- major bleeding (3/47 vs. 2/62; p = .26, respectively) in 
those taking rivaroxaban compared with warfarin, respectively.9 A 
second single- center retrospective study comparing outcomes for 
patients with BMI ≥40 kg/m2 found similar rates of recurrent VTE 
(3/152 [2.0%, 0.0– 4.2] and 2/167 [1.2%, 0.0– 2.9]) and major bleed-
ing (2/152 [1.3%, 0.0– 3.1] and 4/167 [2.4%, 0.1– 4.7]) in those taking 
rivaroxaban vs. warfarin for VTE, respectively.5 When limited to pa-
tients with BMI ≥50 kg/m2, 0/30 on rivaroxaban and 2/52 on VKA 
had recurrent VTE (p = .50). Another study analyzing administrative 
claims data found similar risks of recurrent VTE (OR 0.99; 0.85– 1.14) 
and major bleeding (OR 0.75; 0.47– 1.19) for patients with obesity 
treated with rivaroxaban compared with VKA, though notably used 
International Classification of Disease codes to identify obesity, 
rather than individual weight or BMI.10 Overall, data from obser-
vational studies demonstrate at least similar efficacy and bleeding 
outcomes with rivaroxaban in patients with obesity.

3.1.3  |  Betrixaban, dabigatran, and edoxaban

We did not identify studies limiting analysis to betrixaban, dabi-
gatran, or edoxaban individually for treatment of VTE.

3.1.4  |  Pooled DOAC

Most studies pooled DOAC drugs for comparison, rather than consid-
ering each individually. We identified two meta- analyses of DOACs 
for VTE indication that analyzed by weight categories. One included 
a randomized clinical trial (RCT) of DOAC vs. VKA for VTE treatment 
and stratified body weight into low, normal, and high categories as 
defined by the individual trials. The lower end of weight for the high 

body weight (HBW) category was 90– 100 kg and included more than 
5400 patients. The study found similar risks of recurrent VTE and 
VTE- related death (RR 0.98, 95% CI 0.72– 1.35) and major and clini-
cally relevant non- major bleeding (RR 0.93; CI 0.65– 1.32) for DOAC 
compared with VKA in HBW group.11 A second meta- analysis of five 
observational studies with more than 6500 patients with extreme 
obesity (BMI ≥40 kg/m2 or weight >120 kg) compared DOACs (ri-
varoxaban, apixaban, and dabigatran) with warfarin for treatment 
of VTE and found similar efficacy of DOAC (recurrent VTE OR 1.07; 
0.93– 1.23) and a nonsignificant trend toward reduced risk of major 
bleeding (OR 0.80; 0.54– 1.17); notably, however, 88% of patients 
in the study came from one previously referenced administrative 
claims- based study that used International Classification of Disease 
qualitative coding rather than a quantitative definition for obesity.12

Several observational studies have compared pooled DOAC. Using 
a prospective registry of patients on DOAC, one study found patients 
with BMI ≥30 kg/m2 compared with BMI <30 kg/m2 taking DOAC for 
VTE treatment had similar rates of stroke/TIA/recurrent VTE (6/285 
[2.1%] vs. 24/770 [3.1%], respectively) and similar rates of major bleeding 
(9/285 [3.2%] vs. 24/770 [3.1%], respectively).13 A prospective single- 
institutional observational study of patients treated with DOACs (rivar-
oxaban and apixaban) compared outcomes in those with body weight of 
>120 kg (HBW, N = 230) to those with reference body weight (RBW) of 
60– 120 kg (n = 2123) and found similar cumulative rates of VTE in HBW 
group (4.91 per 100 patient- years [0.1– 9.7]) compared with RBW (3.19 
per 100 patient- years [1.94– 4.44]), with similar rates of major bleeding. 
Additionally, 3- month VTE recurrence rates were similar between HBW 
and RBW groups (2.2% vs. 1.7%; p = .6).14 A retrospective matched co-
hort study conducted at more than 40 institutions, which included 1840 
patients weighing 100– 300 kg, found no difference in VTE recurrence 
rates at 1 year (6.5% vs. 6.4% in DOAC vs. VKA respectively, p = .93) 
nor bleeding (1.7% vs. 1.2%; p = .31).15 A separate retrospective study 
comparing outcomes of 133 patients weighing ≥120 kg compared with 
≥1000 patients weighing <120 kg, taking apixaban, dabigatran, or rivar-
oxaban for treatment of VTE, had similar rates of recurrent VTE (0.8% 
vs. 1.1%, OR 0.66; 0.09– 5.14).16 In summary, available studies pooling 
DOACs show similar rates of efficacy and safety outcomes either com-
pared with VKA or across weight categories.

3.1.5  |  Dose reduction for extended VTE treatment

Prespecified subgroup analyses provided in the EINSTEIN CHOICE 
trial comparing rivaroxaban 10 mg daily, rivaroxaban 20 mg daily, 
and aspirin 100 mg daily showed similar rates of primary outcome 
of composite of fatal and nonfatal VTE in patients with BMI ≥30 kg/
m2 (1.6% for rivaroxaban 10 mg daily and 1.3% for rivaroxaban 
20 mg daily).17 In a prespecified subgroup analysis of the AMPLIFY 
EXTENSION trial, similar rates of composite secondary outcome of 
recurrent VTE or death related to VTE occurred with apixaban 5 mg 
twice daily (1.5%) and 2.5 mg twice daily (1.7%) for weight >60 kg.18 
However, given the thresholds of BMI >30 mg/m2 for lower- dose 
rivaroxaban and weight >60 kg for lower dose apixaban, and no 
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dedicated analysis or data for severely obese patients with any 
DOAC, data are insufficient to provide evidence- based guidance 
regarding DOAC dose reduction for obese patients after the initial 
6 months of full dose for extended treatment of VTE.

3.2  |  Clinical data for VTE prevention

Data for VTE prevention come primarily from studies in orthopedic 
patients.

3.2.1  |  Apixaban

One study analyzed pooled data from the ADVANCE- 2 and 
ADVANCE- 3 trials (which compared apixaban 2.5 mg twice daily 
to enoxaparin for postoperative prevention of VTE in knee and hip 
arthroplasty, respectively) and analyzed by weight.19 In the highest 
BMI category of ≥30 kg/m2, similar rates of the primary VTE out-
come of proximal DVT, nonfatal PE or VTE related death occurred 
in the in patients receiving apixaban compared with enoxaparin 
(11/1149 [0.96%] vs. 23/1239 [1.9%] respectively; RR 0.52; 0.25– 
1.07), with similar rates of major bleeding (7/1483 [0.5%] versus 
11/1552 [0.7%]; absolute risk difference 0.24; CI 0.79– 0.30).

3.2.2  |  Betrixaban

No data were identified analyzing betrixaban by weight.

3.2.3  |  Dabigatran

A post hoc analysis of pooled data from three phase 3 trials comparing 
dabigatran with enoxaparin 40 mg daily for prophylaxis following ortho-
pedic surgeries (RE- MODEL, RE- NOVATE, and RE- NOVATE II), found 
that, for BMI of ≥35 kg/m2, similar rates of VTE and VTE- related mor-
tality occurred with dabigatran and enoxaparin (3.5% vs. 2.8%, respec-
tively, OR 1.25; 0.33– 4.75), with similar rates of major bleeding (1.0% 
vs. 1.1%, respectively; OR 0.95; 0.13– 6.80).20 Limiting to BMI ≥40 kg/
m2, 3/42 (7.1%) of patients on dabigatran and 1/43 (2.3%) on enoxaparin 
had VTE and VTE- related mortality, while none had major bleeding.

3.2.4  |  Rivaroxaban

A pooled analysis of four phase 3 studies of rivaroxaban versus 
enoxaparin for thromboprophylaxis following orthopedic surgery 
(RECORD- 1, RECORD- 2, RECORD- 3, and RECORD- 4) stratified by 
weight (but not BMI), and found that in the highest weight category 
of >90 kg, similar rates of symptomatic VTE and all- cause mortality 
occurred in each treatment group (0.6% in patients receiving rivar-
oxaban vs. 1.3% in patients receiving enoxaparin; HR 0.49; 0.2– 1.1), 

with a significant increase in composite of major bleeding and clini-
cally relevant non- major bleeding for those receiving rivaroxaban 
compared with enoxaparin (4.4% vs. 2.7%; HR 1.6; 1.1– 2.4).21

3.2.5  |  Pooled DOAC

A meta- analysis of five phase 3 RCT comparing apixaban or dabigatran 
with enoxaparin for postarthroplasty thromboprophylaxis found that, 
for patients with BMI ≥30 kg/m2, similar rates of VTE or VTE- related 
deaths occurred for DOAC and enoxaparin (2.19 vs. 2.24%, respec-
tively; OR 0.88, 95% CI 0.32– 2.37), with similar rates of major and 
CRNB bleeding (0.58 vs. 0.86%, respectively; OR 0.67, 95% CI 0.35– 
1.28) (revised data, personal communication with Dr. Pathak).22

3.3  |  Pharmacokinetic/pharmacodynamic data

The PK/PD data evaluation was limited to studies derived from VTE 
patients and those that reported PK/PD data for both VTE and AF 
indication given the paucity of data (Table S1).

3.3.1  |  Apixaban

Two PK studies demonstrate alteration of apixaban levels in patients 
of higher weight. Upreti et al. compared apixaban levels after a sin-
gle dose in 54 healthy subjects divided into three weight categories 
(<50 kg, 65– 85 kg, ≥120 kg), and found 31% lower mean peak apixaban 
concentration (144 vs. 207 ng/ml), 24% higher volume of distribution 
(75.6 vs. 61.0 L), and 23% lower area under the curve (AUC) in the 
higher compared with the reference weight group.23 A second study 
compared apixaban levels in a group of 23 patients (three with VTE 
indication) with mean BMI 31 kg/m2 and weight ≤120 kg with a group 
of 23 patients (five with VTE indication) with mean BMI 49 kg/m2 and 
weight >120 kg. They showed that the higher weight patients had sig-
nificantly lower peak apixaban anti- Xa levels at 2 h, nonsignificantly 
lower levels at 4 h, and lower AUC.24 On the other hand, Martin et al.25 
studied a population of 100 patients weighing ≥120 kg taking apixaban 
or rivaroxaban for AF and VTE (84% of whom had BMI ≥40 kg/m2), and 
found all 19 peak apixaban levels (including all VTE patients) and 89% 
of 18 trough levels to be in the expected range.

3.3.2  |  Betrixaban

We did not identify PK/PD studies of betrixaban analyzing by weight.

3.3.3  |  Dabigatran

One study measured peak DOAC levels in 38 patients weighing 
>120 kg (for all indications). Of 10 patients taking dabigatran, 20% 
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had peak plasma concentrations below the usual on- treatment range 
and below the median trough level reported in the literature (no su-
banalysis by indication was performed).26

3.3.4  |  Edoxaban

In a PK model developed from data of 11 edoxaban clinical studies 
that included body weights ranging from 31 kg to 165 kg, nonrenal 
clearance decreased significantly with lower body weight.27

3.3.5  |  Rivaroxaban

In a study of rivaroxaban in 48 healthy volunteers, similar PK meas-
ures were found in subjects weighing >120 kg compared with those 
weighing 70– 80 kg, including similar peak plasma concentration 
(149.0 ng/ml [percentage coefficient of variation (CV) 20.4%] vs. 
143.4 ng/ml [CV 26.5%]), AUC (1155 g.h/L [CV 15.6%] vs. 1029 g.h/L 
[CV 20.1%]) and half- life (7.30 h [CV 25.4%] vs. 7.20 h [CV 42.1%]), 
suggesting that obesity does not significantly affect the peak con-
centration, distribution or half- life of rivaroxaban.28 In another study 
of 219 patients taking rivaroxaban for VTE, there were no significant 
differences in peak levels of rivaroxaban levels for patients weigh-
ing >120 kg (n = 44) compared with those 50– 120 kg (n = 135).29 
In a study measuring DOAC levels for all indications, of 21 patients 
>120 kg, six (28%) had rivaroxaban peak levels below the fifth per-
centile of peak concentrations reported as usual on- treatment 
range.26 In the previously referenced study by Martin et al.,25 of the 
58 rivaroxaban levels, 26 (45%) peak levels were below expected 
ranges (11/22 for AF and 15/36 for VTE), and all 21 trough levels 
were within expected ranges.

Other studies have developed PK models of rivaroxaban and in-
vestigated the influence of weight. In a PK model developed using 
pooled data from two phase 2 studies of rivaroxaban in acute DVT 
(EINSTEIN- DVT and ODIXa- DVT trials), body weight did not sig-
nificantly affect maximum serum concentration (Cmax), but volume 
of distribution decreased 0.8% per kilogram below the median low 
body weight of 56 kg, although the clinical significance of this is un-
known.30 Another study developed a PK model from 101 patients 
taking rivaroxaban for VTE, including 17 with weight >100 kg and 
six with BMI ≥40 kg/m2, and found that creatinine clearance but not 
weight best predicted rivaroxaban exposure.31 In a population PK 
model derived from 913 patients (including 86 with weight >120 kg 
and 74 with BMI >40 kg/m2, the majority of whom had AF indica-
tion), simulated patients of 200 kg and 150 kg had lower median 
AUC and Cmax compared with a 70- kg simulated patient; however, 
the prediction intervals overlapped across body weight and the au-
thors concluded that weight had a minor influence on PK of rivar-
oxaban.32 Finally, an integrated population PK model using pooled 
data from 4918 patients in seven clinical trials across all approved 
indications again found that BMI had a minor influence on the PK of 
rivaroxaban.33

3.3.6  |  PK/PD summary

In summary, several studies have shown little impact of body weight 
on the PK/PD of rivaroxaban. Although some peak rivaroxaban lev-
els were reported in the low range, most peak and trough have been 
within previously reported ranges. PK changes resulting from obe-
sity have been demonstrated in apixaban; however, a study of apixa-
ban drug levels in obese patients showed all peak and most trough 
within range.25 PK and drug- level data for dabigatran are limited but 
that which exists shows a considerate proportion of levels below ex-
pected ranges, which is concerning for use in obesity. Although PK 
studies showed impact of body weight on edoxaban, a large post hoc 
RCT analysis did not show a significant impact of increasing weight 
on PK of edoxaban.

Important limitations to DOAC levels must be acknowledged. 
First, therapeutic targets for DOACs remain unknown. Although it 
is reasonable to assume that levels matter, as they do for other an-
ticoagulants (e.g., International Normalized Ratio for VKA, anti- Xa/
partial thromboplastin time for heparin), and two studies -  DOAC 
drug levels have generally not been reported nor correlated with risk 
for clinical outcomes. One showed an inverse relationship between 
trough concentration of dabigatran and the probability of an isch-
emic event34 and another demonstrated risk of major bleeding in-
creases as plasma edoxaban levels rise.35 Instead, currently available 
reference DOAC levels represent “expected” or “on- therapy ranges,” 
rather than therapeutic targets. In addition, interpretation of lev-
els may be limited by large inter-  and intra-  patient variability.36- 38 
Therefore, although levels within “expected” ranges can be reassur-
ing, currently there are not sufficient data to make clinical decisions 
based on drug- specific levels.

3.4  |  Bariatric surgery

Bariatric surgeries may alter bioavailability of oral drugs by decreasing 
absorptive surfaces and/ or reducing caloric intake. Apixaban absorp-
tion occurs primarily in the upper gastrointestinal tract (stomach and 
jejunum) with more limited absorption throughout, with reduction 
of Cmax by about 60% when apixaban was released into distal small 
bowel.39,40 Dabigatran appears to be absorbed in the lower stomach 
and duodenum.41,42 Edoxaban is absorbed in the proximal small intes-
tine and is dependent on acidic solubility.43,44 Rivaroxaban appears to 
be absorbed to a significant degree in the stomach, as absorption is 
reduced (29% decrease in AUC and 56% decrease in Cmax) when the 
drug is released into the proximal small intestine.45 Anticipated effects 
of bariatric surgeries, including sleeve gastrectomy, gastric banding, 
Roux- en- Y- gastric bypass (RYGB) on alteration of DOAC absorption are 
summarized in Table 2.41,43 In addition, the reduced oral caloric intake 
immediately following bariatric surgery may impact bioavailability in 
the acute setting of the 15-  and 20- mg dosages of rivaroxaban used for 
VTE treatment.45 However, data specific to the use of DOAC after bari-
atric surgery are sparse and limited to PK/PD studies with small num-
bers of patients or case reports. One study investigated rivaroxaban 
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anti- Xa levels in 12 patients given a single dose of prophylactic rivar-
oxaban before and 6– 8 months after sleeve gastrectomy and RYGB 
and found no difference in rivaroxaban anti- Xa levels.46 Another study 
investigated DOAC levels in 18 patients on chronic anticoagulation, 
who had undergone bariatric surgery a median of median of 4.9 years 
before study enrollment. The study showed that median peak rivar-
oxaban level in the bariatric surgery group was significantly lower than 
that in the control group (159 ng/ml in surgery vs. 249 ng/ml in the 
control group; p = .02), whereas peak plasma drug levels of apixaban 
were within the expected range.47 Finally, a case report of a patient 
with BMI 61 kg/m2 (181 kg), who had widely variable VKA for several 
months after RYGB, was subsequently treated with rivaroxaban 20 mg 
and found to have peak and trough levels within expected ranges.48 
These data suggest that DOACs may be appropriate to prescribe after 
at least 6– 12 months following bariatric surgery. However, in the early/
acute setting after bariatric surgery, prescribers should consider altera-
tions in the gastrointestinal tract that may lead to malabsorption as well 
as altered and reduced oral intake. A cautious approach would include 
early treatment with a parenteral anticoagulant (e.g., low molecular 
weight heparin [LMWH], fondaparinux) followed by a switch to VKA 
or DOAC in the stable postacute phase. If switch to DOAC is made for 
long- term anticoagulation, prescribers may consider obtaining trough 
levels, which, if within expected ranges, suggest adequate absorption.

3.5  |  Limitations

Limitations to conclusions regarding DOAC use in patients with obe-
sity include the paucity of data at extremes of weight (BMI ≥50 kg/m2 
and weight >150 kg), as most studies consider “high weight” as BMI 
>30 kg/m2 and weight >120 kg. In addition, studies are inconsistent 
in comparisons, with some comparing DOAC with VKA, and others 
comparing a given drug across weight categories. Furthermore, al-
though each DOAC should be considered individually, rather than 
grouped together, data on individual DOAC are limited. Although 
PK/PD data can provide assistance in predicting changes, the clinical 

impact is uncertain and cannot serve as a replacement for clinical 
data; moreover, no DOAC has a clinically validated therapeutic 
range, neither for VTE prophylaxis nor treatment. At present, how-
ever, the main limitation is the lack of prospective randomized trials 
to evaluate individual DOAC against LMWH/VKA in the acute and 
long- term treatment of VTE in severely obese patients. Neither post 
hoc analyses of phase 3 trials nor observational data can replace 
adequately powered prospective RCTs with clinical endpoints. Until 
then, current conclusions should be regarded as preliminary.

3.6  |  Guidance statements

The guidance statements are meant to provide practical guidance 
for clinicians (Table 3). “Recommend” indicates a strong guidance 
statement based on existing literature, whereby the clinician should 
consider adopting the practice in most cases, whereas “suggest” 
reflects a weak guidance statement because of limited existing lit-
erature whereby the clinician may adopt the guidance statement or 
use an alternative approach to manage patients. As for all cases, our 
statements may provide guidance but do not replace clinical judg-
ment for the management of an individual patient.

3.6.1  |  DOAC use in patients with obesity

1. Consistent with the 2016 ISTH SSC recommendations, we con-
clude that the use of any DOAC is appropriate for patients 
with BMI up to 40 kg/m2 or weight 120 kg. For patients with 
BMI >40 kg/m2 or weight >120 kg, we recommend that the 
individual DOACs should be used as follows:

2. For treatment of VTE, we suggest that standard doses of rivar-
oxaban or apixaban are among appropriate anticoagulant options 
regardless of high BMI and weight. Fewer supportive data exist for 
apixaban than rivaroxaban. VKA, weight- based LMWH (per manu-
facturers' recommendations), and fondaparinux are also options.

TA B L E  2  Expected impact of bariatric surgery procedures on absorption of DOACs

DOAC Site of Absorption in Gastrointestinal Tract

Surgical Intervention and Anticipated Effect on Absorption

Gastric Banding
Partial/Sleeve 
Gastrectomy RYGB

Apixaban Primarily upper GI tract, with possible limited 
absorption in the colon; absorption decreased 
by when delivered to the distal small bowel 
compared with oral administration39

Unlikely affected Unlikely affected Possibly reduced

Dabigatran Lower stomach and proximal small intestine41,42,49 Possibly reduced Possibly reduced Possibly reduced

Edoxaban Proximal small intestine, dependent on acidic 
environment 43,44

Possibly reduced Possibly reduced Possibly reduced

Rivaroxaban Largely stomach, some small intestine, but 
absorption reduced when released distal to 
stomach43- 45

Possibly reduced Possibly reduced Possibly reduced

Abbreviations: DOAC, direct oral anticoagulant; RYGB, Roux- en- Y gastric bypass.
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3. For primary prevention of VTE, we suggest that standard doses 
of rivaroxaban or apixaban are among appropriate anticoagu-
lant options regardless of high BMI and weight. Drug approval 
is restricted to elective hip and knee arthroplasty and (in some 
countries) extended VTE prevention following acute medical 
illness.

4. We suggest not using dabigatran, edoxaban, or betrixaban for 
VTE treatment and prevention in patients with BMI >40 kg/m2 or 
weight >120 kg, given unconvincing data for dabigatran, and lack 
of clinical or PK/PD data for edoxaban and betrixaban.

5. We suggest not regularly following peak or trough drug- specific 
DOAC levels because there are insufficient data to influence man-
agement decisions.

3.6.2  |  DOAC use in patients who have undergone 
bariatric surgery

1. We suggest not using DOAC for treatment or prevention of 
VTE in the acute setting after bariatric surgery (because of 

concerns of decreased absorption), and instead, to initiate such 
patients on parenteral anticoagulation in the early postsurgical 
phase. We suggest that switching to VKA or DOAC may be 
considered after at least 4 weeks of parenteral treatment, and 
if so, suggest obtaining a DOAC trough level to check for 
drug absorption and bioavailability.

4  |  CONCLUSIONS

Available data suggest that rivaroxaban and apixaban can be 
adequate for treatment of VTE in patients with obesity regard-
less of body weight and BMI. We acknowledge that plasma 
DOAC levels within published ranges may provide reassur-
ance for the treating clinician, but in view of absent correlat-
ing clinical outcome data as to what constitutes therapeutic 
target values, they are currently insufficient to influence man-
agement. Studies should be undertaken to establish therapeu-
tic ranges for individual DOACs. Because clinical data remain 
limited for DOACs in the treatment of VTE in patients with 
obesity, and particularly with extreme obesity, we encourage 
future randomized controlled trials to be conducted in this 
population.
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TA B L E  3  Summary guidance statements

Summary Guidance Statements for use of DOACs in Patients with 
Obesity

1). Consistent with the 2016 ISTH SSC recommendations, we 
conclude that the use of any DOAC is appropriate for patients 
with BMI up to 40 kg/m2 or weight 120 kg. For patients with 
BMI >40 kg/m2 or weight >120 kg, we recommend that the 
individual DOACs should be used as follows:

2). For treatment of VTE, we suggest that standard doses of 
rivaroxaban or apixaban are among appropriate anticoagulant 
options regardless of high BMI and weight. Fewer supportive 
data exist for apixaban than rivaroxaban. VKA, weight- 
based LMWH (per manufacturers' recommendations), and 
fondaparinux are also options.

3). For primary prevention of VTE, we suggest that standard doses 
of rivaroxaban or apixaban are among appropriate anticoagulant 
options regardless of high BMI and weight. Drug approval is 
restricted to elective hip and knee arthroplasty and (in some 
countries) extended VTE prevention following acute medical illness.

4). We suggest not to use dabigatran, edoxaban, or betrixaban for 
VTE treatment and prevention in patients with BMI >40 kg/m2 
or weight >120 kg, given unconvincing data for dabigatran, and 
lack of clinical or PK/PD data for edoxaban and betrixaban.

5). We suggest not to regularly follow peak or trough drug- specific 
DOAC levels because there are insufficient data to influence 
management decisions.

6). We suggest not to use DOAC for treatment or prevention of VTE 
in the acute setting after bariatric surgery (because of concerns 
of decreased absorption), and instead, to initiate such patients 
on parenteral anticoagulation in the early postsurgical phase. 
We suggest that switching to VKA or DOAC may be considered 
after at least 4 weeks of parenteral treatment, and if so, suggest 
obtaining a DOAC trough level to check for drug absorption and 
bioavailability.

Abbreviations: BMI, body mass index; DOAC, direct oral anticoagulant; 
LMWH, low molecular weight heparin; VKA, vitamin K antagonist; VTE, 
venous thromboembolism.
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