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Abstract
Background Despite limited evidence about the efficacy and safety of anticoagulation in patients post bariatric surgery, both 
vitamin K antagonists (VKA) and direct-acting oral anticoagulants (DOACs) are commonly prescribed.
Aim To evaluate plasma anti-Xa levels of DOACs in morbidly obese (MO) patients before and after a Roux-en-Y gastric 
bypass (RYGB) procedure.
Patients and Methods Retrospective, cross-sectional, and longitudinal study of anti-Xa activity of apixaban or rivaroxaban 
in MO patients (N = 41).
Results Preoperative analysis of plasma anti-Xa levels were within the normal range in patients using apixaban (n = 29; body 
mass index [BMI] 44.5 ± 5.1 kg/m2) as well as those using rivaroxaban (n = 12; BMI 42.6 ± 5.9 kg/m2). Postoperative anti-
Xa levels of apixaban were all within the therapeutic range, whereas anti-Xa levels of rivaroxaban were subtherapeutic in 
nine out of 14 (64%) patients. Perioperative longitudinal follow-up in patients using apixaban (n = 18) showed no significant 
change in anti-Xa levels after RYGB.
Conclusion Plasma anti-Xa levels of apixaban in MO patients remained within the therapeutic range up to a body weight of 
144 kg. In patients using rivaroxaban, no statistically significant relation between anti-Xa levels and bodyweight was found. 
After RYGB, plasma anti-Xa levels of apixaban were unaffected, whereas plasma anti-Xa levels of rivaroxaban tended to 
become subtherapeutic.
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Introduction

Morbid obesity (MO; Body Mass Index [BMI] > 40 kg/m2, 
or > 35 kg/m2 with obesity-related health conditions) is asso-
ciated with an increased risk of atrial fibrillation (AF) and 
venous thromboembolism (VTE). Compared to patients with 
a normal body weight (BMI 20 to 25 kg/m2), prevalence of 
AF increases by 4.7% for every 1 kg/m2 increase in BMI [1, 
2]. The prevalence of VTE increases by 8% for every 1 kg/
m2 increase in BMI [3]. Until recently, these conditions were 
usually treated with vitamin K antagonists (VKA). In the 
last decade, direct-acting oral anticoagulants (DOACs) are 
increasingly used as an alternative for VKA. The benefits of 
DOAC use compared to VKA are substantial: more predict-
able pharmacokinetics, fixed doses, and no need to perform 
blood coagulation tests at regular intervals [4, 5].

There are four registered DOACs in Europe: rivaroxa-
ban, apixaban, edoxaban, and dabigatran, with rivaroxa-
ban and apixaban being the most prescribed DOACs in the 

Key Points  
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possible safe medication to use in this category.
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Netherlands. DOACs are at least as safe as VKA in patients 
with AF and in VTE and effectively reduce the occurrence 
of stroke and mortality. DOACs tend to have increased risk 
of major bleeding in the gastrointestinal tract compared to 
warfarin, whereas the risk of intracranial hemorrhage is sig-
nificantly lower in patients using DOACs. Overall, the risk 
of major bleeding of DOACs compared to warfarin is equal 
[6, 7]. Compared to VKA, treatment of AF and VTE with 
DOACs showed comparable quality of life, higher treatment 
satisfaction, and lesser hospitalization [8]. As a result of these 
benefits, DOACs have become the first line of treatment in 
VTE and AF in the Netherlands.

Due to lack of evidence about the safety and efficacy of 
DOACs in post bariatric patients, VKAs are generally rec-
ommended as the drug of choice [9–13]. the foremost reason 
for VKA recommendation is the possibility of International 
Normalized Ratio (INR) monitoring although safety data on 
VKA in these patients are absent. Compared to other types of 
abdominal surgery, anticoagulation with VKA is associated 
with a higher risk for development of bleeding complications 
and all-cause readmissions rate in bariatric surgery [14]. A 
possible explanation could be that patients after bariatric sur-
gery are prone to develop vitamin K deficiency, which may 
increase the risk of hemorrhagic events [7, 15, 16].

The efficacy and safety of DOACs in (morbidly) obese 
patients has been evaluated in nine large studies including 
a total of 20,000 patients with a body weight up to 120 kg, 
roughly equivalent to a BMI of 35–40 kg/m2 [17]. In contrast, 
evidence regarding the efficacy of DOACs in MO subjects 
(BMI > 40 kg/m2) is limited to five small case series, includ-
ing a total of 379 patients [18–22]. Three of these case series 
included anti-Xa blood levels, measured preoperatively, in a 
total of 32 patients. On top of that, information about DOAC 
use after bariatric surgery is sparse [23, 24]. To the best of our 
knowledge, this is the largest study to date in which anti-Xa 
levels were monitored perioperatively and followed-up struc-
turally in MO patients undergoing bariatric surgery.

Presently, a relatively large proportion of MO patients 
are being treated with DOACs instead of VKA [25]. In the 
Rijnstate Hospital in Arnhem (the Netherlands), about 1,200 
bariatric procedures are performed yearly. This provided a 
unique opportunity to structure perioperative anticoagula-
tion policy (i.e., continuation of DOAC use or switching to 
VKA) in MO patients, based on anti-Xa levels. This study is 
a retrospective evaluation of this anticoagulation approach 
in MO patients before and after bariatric surgery.

Patients and Methods

This retrospective, single-center study analyzed peak plasma 
anti-Xa activity in adult MO patients who underwent bari-
atric surgery. It was approved by the Institutional Medical 

Ethical Committee (Study Number: 2020–1637), and all 
patients gave their informed consent. It comprised an evalu-
ation of a protocol that was developed to standardize perio-
perative anticoagulation policy in MO patients before and/
or after bariatric surgery.

Included patients were over 18 years of age and had a 
BMI above 40 kg/m2 or over 35 kg/m2 with obesity-related 
comorbidities. All patients were using anticoagulation ther-
apy and were scheduled for bariatric surgery (six patients 
underwent gastric sleeve, one underwent duodenal switch 
and the rest of the patients underwent Roux-en-Y gastric 
bypass (RYGB) procedure). Patients with gastrointestinal 
disease (e.g., coeliac disease, Crohn’s disease, ulcerative 
colitis) were excluded.

Several obesity related comorbidities were reported, such 
as hypertension, obstructive sleep apnea syndrome (OSAS), 
diabetes mellitus type 2, and hypercholesterolemia.

Bariatric Surgery Patients

Eligible patients were identified while using DOACs pre-
operatively through the surgeons’ screening program and 
were referred to the Department of Internal Medicine for 
advice on peri- and postoperative anticoagulation use. 
Patients scheduled for bariatric surgery were advised to dis-
continue their DOAC 2 days before surgery and to use low 
molecular weight heparin (nadroparin, 5700 IU anti-Xa/ml/
day) for 2 days postoperatively, starting 8 h after surgery. 
DOACs were resumed on the third day after surgery and 
blood samples were taken 2 to 4 h after ingestion of the 
DOAC. Measurements of peak anti-Xa activity were per-
formed either preoperatively (group A) or postoperatively 
(group B) or both (group C). Group C consisted of patients 
who had been on apixaban preoperatively and had chosen to 
continue this medication postoperatively. In this group, anti-
Xa activity was measured 2 weeks after surgery. In addition, 
anti-Xa activity was also measured just before surgery (i.e., 
2 days after the discontinuation of DOAC) in order to check 
whether the chosen interruption interval was long enough 
to ensure normalization of anti-Xa activity.

Patients After RYGB Procedure

Eligible postoperative patients who had undergone a RYGB 
were identified during follow-up visits after bariatric sur-
gery. In our institution, a 5-year follow-up was standard pro-
cedure after RYGB. This included a medication check and 
a blood test to screen for mineral and vitamin deficiencies. 
Patients using DOACs were referred to the Department of 
Internal Medicine to discuss the appropriateness of DOAC-
based anticoagulation after RYGB. During this consultation, 
all patients were informed about the uncertainties regard-
ing the efficacy of DOACs in patients with a body weight 
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above 120 kg. It was explained that these uncertainties are 
based on a lack of evidence, and that for reasons of safety 
VKA-based anticoagulation is generally recommended. 
Patients who, after receiving this information, did not want 
to switch to a VKA were allowed to continue their DOAC if 
the anti-Xa level was within the therapeutic range. Patients 
with subtherapeutic anti-Xa levels were advised to switch 
to VKA. Eventually, treatment was based on patient-shared 
decision-making. All patients wishing to continue DOAC-
based anticoagulation were informed about the potential 
risks, and were instructed to seek immediate contact in case 
of signs of bleeding or thrombo-embolic events.

Assays

Compound-specific peak anti-Xa activity was measured 
three hours after DOAC ingestion. Normal values are as fol-
lows: 59–302 mcg/L for apixaban [26] and 177–361 mcg/L 
for rivaroxaban [27].

Apixaban and rivaroxaban anti-Xa activity was deter-
mined using a commercially available chromogenic anti-Xa 
Assay on a STA-R-Max analyzer at the Department of Clini-
cal Chemistry of the Radboud University Medical Center 
(Nijmegen, The Netherlands). The assay was calibrated 
with commercially available apixaban and rivaroxaban 
calibrators.

Statistical Analysis

Relevant demographic and clinical characteristics were 
reported using descriptive statistics. Linear regression anal-
ysis was performed to examine the relationship between 
body weight and peak DOAC levels; assumptions for linear 
regression analysis were met. Findings with a p value < 0.05 
were considered statistically significant. All analyses were 
conducted using IBM Statistical Package for Social Sciences 
(SPSS Inc., version 22.2. IBM corp. Chicago, IL, USA).

Results

A total of 52 patients (14 male and 38 female) were included 
in the study. Their BMI ranged from 35.6 to 57.6 kg/m2, with 
a mean of 44.3 ± 5.2 kg/m2.

With regard to obesity related comorbidities, hyperten-
sion (n = 23; 44.2%), obstructive sleep apnea syndrome 
(OSAS; n = 18; 34.6%), and diabetes mellitus type 2 (n = 16; 
30.8%) were more prevalent than hypercholesterolemia 
(n = 3; 5.8%). Eight patients received levothyroxine replace-
ment therapy for primary hypothyroidism; their plasma 
thyroid stimulating hormone (TSH) and thyroid hormone 
levels were within the normal range. All patients had a 

glomerular filtration rate measured above 60 ml/min/1.73m2 
(CKD-EPI).

In total, preoperative anti-Xa level measurements were 
available for 33 patients, whereas postoperative anti-Xa level 
measurements were available for 37 patients. Within-patient 
longitudinal (i.e., preoperative and postoperative), measure-
ment of anti-Xa levels was available in 18 cases.

Baseline characteristics of all patients are shown in 
Table 1.

Preoperative Anti‑Xa Level Measurement

Preoperative anti-Xa activity was measured in 29 patients 
using apixaban and in 12 patients using rivaroxaban. 
Results are shown in Fig. 1 as a function of body weight. 
The median anti-Xa level of apixaban was 183.0mcg/L (total 
range 107–273mcg/L). All anti-Xa levels were above the 
lower limit of normal (LLN) for apixaban.

Postoperative Anti‑Xa Level Measurement

Post-RYGB anti-Xa levels were measured in 28 patients 
using apixaban and in 14 patients using rivaroxaban. Anti-
Xa levels are shown in Fig. 2. In all patients on apixaban, 
anti-Xa levels were within the normal range. The inverse 
correlation with body weight observed in the preoperative 
patients was not present in this postoperative group. Sub-
therapeutic anti-Xa levels were found in 9 out of 14 (64%) 
patients using rivaroxaban.

Longitudinal Follow‑Up

Longitudinal anti-Xa level measurements were available for 
18 patients (34.6%) using apixaban. Anti-Xa levels did not 
change significantly (191.4 ± 65.3 mcg/L versus 198.7 ± 65.8 
mcg/L; p = 0.68) between the preoperative and postoperative 
period (Fig. 3).

Preoperative Discontinuation

All patients discontinued apixaban 48 h before surgery, and 
anti-Xa levels were measured 2 to 6 h before surgery. All 
patients (N = 20) had undetectable anti-Xa levels (i.e., below 
20 mcg/L). None of the patients had bleeding or thrombotic 
events perioperatively.

Discussion

This study provides novel data on plasma anti-Xa levels in 
MO patients using apixaban and rivaroxaban, as well as in 
post-bariatric patients. Our results show that plasma anti-Xa 
level measurements are predominantly within the therapeutic 
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range in MO patients; they only reach subtherapeutic levels 
in MO patients using apixaban with a bodyweight above 
144 kg. In patients using rivaroxaban, no statistically sig-
nificant relation between plasma anti-Xa levels and body-
weight was found. After a RYGB procedure, plasma anti-Xa 
levels of apixaban were unaffected, whereas plasma anti-Xa 
levels during rivaroxaban use tended to become subthera-
peutic. In this retrospective study, we collected the available 
data from patients with measured anti-Xa activity. Some 
patients started anticoagulation with a DOAC years after 
the surgery, and some patients had already DOAC before 

the surgery. We decided to include all patients to analyze 
DOAC effectivity in obese as well as post-bariatric patients. 
(Fig. 4).

The main concern about DOACs in patients who undergo 
bariatric surgery is that absorption might be jeopardized due 
to changes in the intestinal tract. DOAC pharmacokinet-
ics and bioavailability depend on food volume, pH, transit 
time, gastrointestinal absorptive surface, and location of 
drug absorption. The only way to examine the absorption 
of DOACs is to measure plasma peak anti-Xa levels. Our 
results indicate that plasma anti-Xa levels in MO patients 

Table 1  Baseline characteristics 
of patients preoperatively with 
measured blood levels anti-Xa

Abbreviations: AF atrial fibrillation, MO morbidly obese, OSAS obstructive sleep apnea syndrome, VTE 
venous thromboembolism

Apixaban (n = 29) Rivaroxaban (n = 12)

Indication of anticoagulation therapy (n; %)
  - AF 19 (65.5) 8 (66.7)
  - VTE 10 (34.5) 4 (33.3)

Sex (n; % male) 8 (27.6) 4 (33.3)
Age (years ± SD) 54.1 ± 9.4 57.9 ± 8.4
Height (cm ± SD) 174.6 ± 9.5 176.6 ± 8.8
Weight (kg ± SD) 134.9 ± 16.7 133.2 ± 21.9
BMI (kg/m2 ± SD) 44.5 ± 5.1 42.3 ± 5.9
Obesity related comorbidity (n; %)
  - Hypertension 13 (44.8) 7 (58.3)
  - Hypercholesterolemia 2 (6.9) 2 (16.7)
  - Diabetes mellitus type 2 10 (34.5) 4 (33.3)
  - OSAS 11 (37.9) 3 (25.0)
  - Hypothyreoidism 4 (13.8) 2 (16.7)

Fig. 1  Preoperative plasma anti-
Xa peak levels during apixaban 
use (n = 29) and rivaroxaban 
use (n = 12), in relation to 
body weight. The gray area 
reflects the therapeutic range 
of anti-Xa levels for apixaban 
and rivaroxaban. The bold line 
with the two parallel interrupted 
lines represents the mean linear 
regression line and its ± 2SD 
limits in the apixaban figure
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using apixaban were within the therapeutic range. These 
were not only within therapeutic range short after bariatric 
surgery, but remained so in the 20 patients who had a meas-
urement after a 1-year follow-up (data not shown). Although 
numbers are small, our results suggest that apixaban may 
be safe for long-term use after bariatric surgery. However, 
larger patient groups with appropriate follow-up will be 
needed for a more firm conclusion.

In contrast, MO patients using rivaroxaban were more 
likely to have lower plasma anti-Xa levels in our study; in 
nine out of 14 patients (64.3%), anti-Xa levels were sub-
therapeutic. The difference between plasma anti-Xa levels of 
apixaban and rivaroxaban may be explained by drug-specific 
differences related to the impact of smaller meals on absorp-
tion and the anatomical changes due to surgery. Apixaban is 
predominantly absorbed in the distal intestine and is avail-
able as non-ionizable, film-coated, immediate-release tablets 
with pH independent aqueous solubility [11]. The Cmax of 
apixaban is achieved 3 h after oral tablet administration in 
healthy subjects, with no clinically relevant food effect [12]. 
Rivaroxaban, however, is predominantly absorbed in the 
proximal small intestine, which is bypassed by the RYGB 
procedure. Moreover, rivaroxaban requires ingestion with 
meals for optimal absorption. The lipophilicity and limited 
aqueous solubility of rivaroxaban increases its bioavailabil-
ity by approximately 39% upon its administration with meals 
[10]. Hence, the smaller meals usually taken in patients after 
a RYGB procedure may also contribute to a poorer absorp-
tion [6].

We found 2 reports on the efficacy of rivaroxaban in bari-
atric patients [24, 29]. The first one is a case report, and the 

Fig. 2  Postoperative (after 
RYGB) plasma anti-Xa peak 
levels of apixaban (n = 28) and 
rivaroxaban (n = 14), in relation 
to body weight. The gray area 
reflects the therapeutic range 
of apixaban. The gray area 
reflects the therapeutic range of 
both apixaban on the left, and 
rivaroxaban on the right
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second paper includes 12 patients (six RYGB and six SG). 
The auteurs conclude that significant weight loss and altered 
anatomy after RYGB and SG procedures do not appear to 
affect the pharmacokinetics and pharmacodynamics of pro-
phylactic rivaroxaban. It is obvious that more studies are 
needed to determine the efficacy of DOACS in bariatric 
surgery.

Therapeutic blood levels of DOACs are used as a sur-
rogate to determine safety and thrombosis risk in patients 
with AF and/or VTE. Subtherapeutic plasma anti-Xa lev-
els in patients with a high CHA2DS2‐VASc score are 

associated with more thrombotic events [28]. Therefore, 
measuring plasma anti-Xa levels after a RYGB procedure 
is essential. Our study provides the first arguments for safe 
usage of apixaban in MO patients who undergo bariatric 
surgery. Long-term follow-up of these patients is warranted 
to evaluate the clinical efficacy and safety based on clinical 
endpoints.

Despite the lack of VKA safety data in patients who 
undergo bariatric surgery, VKAs are often used as first 
choice in these patients. Patients undergoing bariatric sur-
gery are more prone to bleeding when using anticoagulation 

Fig. 4  Flowchart of patients 
using rivaroxaban/apixaban as 
well as different types of proce-
dures they underwent
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(mainly VKA) [14]. In contrast to international guidelines 
that generally advise discontinuation of anticoagulation 
therapy 24 h before surgical interventions, we advised all 
MO patients to stop DOACs 48 hs before bariatric surgery 
to minimize bleeding complications. This approach resulted 
in undetectable plasma anti-Xa levels prior to surgery. We 
reported no bleeding complications or thrombotic events, 
which underlines the potential suitability of this protocol for 
MO patients who are scheduled for bariatric surgery.

This study has several strengths. It is one of the first stud-
ies structurally investigating the effect of DOAC use in MO 
patients undergoing bariatric surgery. The exact weight, 
above which the use of DOACs should be strongly discour-
aged, is yet to be determined, but our results suggest that 
the use of apixaban appears to be safe up to 144 kg. Fur-
thermore, we performed perioperative measuring of anti-Xa 
blood levels to assess whether bariatric surgery was safe to 
undergo after a 2-day stop of apixaban treatment. In addi-
tion, in a limited number of patients, we repeated meas-
urement of apixaban anti-Xa blood levels after 1 year of 
undergoing surgery to examine their stability. A limitation 
of this study is the small number of MO patients, in particu-
lar the MO patients using rivaroxaban. Moreover, long-term 
clinical data exceeding a 1-year follow-up with regard to 
postoperative complications possibly related to the specific 
anticoagulation regimen are not available yet. Confirmation 
of our findings by larger, prospective studies is warranted.

In conclusion, plasma anti-Xa levels of apixaban were 
likely to be within the normal range in MO patients with 
a body weight up to 144 kg. After RYGB, plasma anti-Xa 
levels of apixaban remained within the therapeutic range, 
whereas plasma anti-Xa levels of rivaroxaban became sub-
therapeutic in the majority of patients. For rivaroxaban, there 
was too few data to further elucidate a possible relationship 
with bodyweight. Therefore, future studies are needed to fur-
ther elucidate and define the optimal anticoagulation policy 
for MO patients undergoing bariatric surgery.
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