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NARRATIVE REVIEW

Introduction 
Obesity is a chronic complex disease, characterized by exces-

sive fat deposits, due to an imbalance of energy intake and energy 
expenditure. Its prevalence is 13% in the global population, ac-
counting for 650 million worldwide.1 The diagnosis of overweight 
and obesity is made calculating the body mass index (BMI), that 
is weight (expressed in kilograms) divided by height squared (ex-
pressed in meters). In adults overweight is defined as a BMI 
greater than or equal to 25 kg/m2, and obesity as a BMI greater 
than or equal to 30 kg/m2. 

Adipose tissue function and deposition, though, differ by sex. 
Males, in fact, tend to accrue more visceral fat, leading to the clas-
sic android body shape, whereas females accrue more fat in the 
subcutaneous depot prior to menopause; after menopause, fat dep-
osition and accrual shift to favor the visceral depot. In particular, 
premenopausal women tend to store fat on the hips, thighs and 
buttocks, by contrast men accumulate fat predominately in the ab-
dominal region.2 

There are different ways to analyze fat distribution and body 
composition, such as bioelectrical impedance analysis (BIA), bio-
electrical impedance spectroscopy (BIS), skinfold measurement 
(SKF), air/water displacement plethysmography. Besides being 
the gold standard for bone mineral density measurements, dual-
energy x-ray absorptiometry (DEXA) is also used to estimate total 
and regional body fat and lean tissue mass, precisely estimating 
the relative mass of bone, lean tissue and total and regional fat, 
by way of the differential attenuation of x-rays when passing 
through each.3 

It is well known that obesity, and in particular abdominal obe-
sity, influences the effects of insulin on peripheral glucose and 
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fatty acid utilization, often causing type 2 diabetes mellitus. This 
condition, characterized by insulin resistance and, consequently 
hyperinsulinemia and hyperglycemia, leads to vascular endothe-
lial dysfunction and inflammation, altered lipid metabolism and 
hypertension, which all are promoters of atherosclerotic cardio-
vascular disease.4-6. Individuals with obesity are three times more 
likely to develop type 2 diabetes mellitus than normal weight in-
dividuals and weight loss interventions can positively affect 
glycemic control, including remission to a non-diabetic status.7  

Long-time obesity, especially childhood obesity, is also asso-
ciated with alterations in cardiac structure and function, including 
increased left ventricular mass and increased left ventricular and 
left atrial diameter, greater epicardial fat, and systolic and diastolic 
dysfunction.8,9 

Overweight and obese people are also more likely to de-
velop hypertension than normal weight individuals.7,10 Indeed, 
visceral fat accumulation is strongly associated with hyperten-
sion development, as increase blood volume and fluid retention, 
especially in the adipose tissue, increases blood venous return 
and cardiac output.7  

It is therefore not unusual that obese individuals develop car-
diovascular diseases, such as atrial fibrillation (AF) or ischemic 
heart disease, at an early age. Indeed, obesity and overweight are 
associated with an increased risk of developing recurrent atrial 
arrhythmias after AF ablation.11 Obesity is also one of the most 
relevant risk factors for venous thromboembolism (VTE), includ-
ing deep vein thrombosis (DVT) and pulmonary embolism (PE), 
among hospitalized and out-patients. High BMI, indeed, has been 
consistently associated with elevated risk of VTE, and the risk 
increases with an increase in BMI, in a linear proportion.12-15 

This condition might be due to different predisposing con-
ditions, such as venous stasis, elevated concentrations of hemo-
static and inflammatory biomarkers and increased risk of other 
diseases known to increase the risk of VTE, such as cancer.14 
Obesity is indeed a recognized risk factor for the development 
of postmenopausal breast cancer, as well as cancers of the colon, 
endometrium, kidney, esophagus, pancreas, liver, and gallblad-
der. Moreover, it is associated with increased cancer-related 
mortality.16 

As obesity becomes more and more common, the prevalence 
of obese patients who require anticoagulant therapy, both to pre-
vent cardioembolic stroke events in AF and to prevent VTE or 
VTE progression11,17 increases. Indeed, management of anticoag-
ulant therapy in the obese population is often tough, as there are 
different pharmacokinetic and pharmacodynamic characteristics 
that influence treatment outcomes. In fact, obesity significantly 
alters drug absorption, distribution, metabolism, and elimination, 
especially with regard to parenteral anticoagulants, which are ab-
sorbed subcutaneously.18 

In fact, pharmacokinetics of the low-molecular-weight he-
parin (LMWH) enoxaparin is different in obese individuals, as it 
results in a markedly larger volume of distribution in obese com-
pared to nonobese individuals. Hence, steady state exposure is 
achieved later and time to maximum anti-Xa activity is 1-hour 
longer in these patients.19 

These findings highlight the need for tailored anticoagula-
tion strategies in order to guarantee safety efficacy in managing 
thromboembolic risk. For this reason, finding a suitable therapy 
for this special group of patients is challenging, as they are often 
excluded from major clinical trials and clinical evidence about 

this category of patients is based for the most part on secondary 
and post-hoc studies. 

 
 

Oral anticoagulation 
The choice of an oral anticoagulant therapy for obese pa-

tients should consider the differences of intestinal absorption, 
metabolization and elimination of anticoagulant drugs in this 
population, with a specific further complication represented by 
bariatric surgery. 

To this regard, surgery aimed at obtaining loss of weight in-
cludes many different techniques that provide restriction of gas-
tro-intestinal volumes, intestinal hormone alterations, and 
malabsorption of nutritive substances, with the intention to affect 
satiety, macronutrients absorption, and insulin sensitivity.20 These 
procedures can be distinguished in three main categories: restric-
tive procedures, malabsorptive procedures, and techniques that 
combine both restriction and malabsorption.20 

Restrictive procedures aim at reducing caloric intake by re-
ducing the stomach’s reservoir capacity; the most well-known and 
used nowadays is sleeve gastrectomy, which is probably more 
successful than the other restrictive procedures because of its hor-
monal effects on hunger control. Other restrictive procedures are 
intragastric balloon placement or aspiration therapy, however they 
produce a more gradual and modest weight loss and subjects often 
relapse into pathological obesity.20 

Malabsorptive procedures, such as jejunoileal bypass and bil-
iopancreatic diversion, deeply modify gastrointestinal anatomy, 
decreasing the effectiveness of nutrient absorption by way of re-
ducing the absorption length of the functional small intestine. 
They all lead to a massive weight loss, however they can also 
cause important metabolic complications, such as severe malnu-
trition, electrolyte imbalance and micronutrient deficiency.20-22 

Lastly, procedures such as Roux-en-Y gastric bypass 
(RYGB), biliopancreatic diversion with duodenal switch and sin-
gle-anastomosis duodenal ileal bypass with sleeve gastrectomy 
(SADI-S) are both restrictive and malabsorptive.20-22 

All these procedures, performed with the aim of reducing the 
absorption of nutritional substances, also reduce absorption of 
drugs and medications, including oral anticoagulants.23 Bariatric 
surgery can affect the bioavailability of oral anticoagulants in 
many ways. In particular, restrictive procedures, which reduce 
gastric volumes, may alter drug absorption as it is influenced by 
food ingestion, especially for rivaroxaban, and modify gastric pH; 
malabsorptive procedures, on the other hand, might exclude major 
sites of drug absorption, such as duodenum and proximal jejunum, 
and alter gastrointestinal transit time.24-28 

For this reason, it is crucial to gather information on the spe-
cific bariatric surgery performed on the patient to choose the 
best anticoagulant according to the missing gastrointestinal ab-
sorptive portion.   

 
 

Vitamin K anticoagulants  
Warfarin and other vitamin K anticoagulants (VKAs) have 

been available for many years and are still used in different set-
tings. Since direct oral anticoagulants (DOACs) became available 
in the last 15 years, VKAs use has significantly decreased. Main 
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reasons are their narrow therapeutic range due to influences many 
factors, such as genetic variation, drug and food interactions, and 
the need of continuous monitoring by INR measuring. In addition, 
bleeding risk, especially of intracranial hemorrhages, is higher 
with warfarin than with direct oral anticoagulants (DOACs).11,17 

However, VKAs remain the drugs of choice in many situa-
tions, including prosthetic heart valves, antiphospholipid syn-
drome, end-stage renal failure or valvular AF.11 

Unfortunately, patients with high BMI are largely underrep-
resented in the major clinical trials, and most recommendations 
come from post-hoc analyses of the main registration trials com-
paring DOACs versus AVK. For this reason, a real benefit in 
using DOAC versus VKAs in these patients has not been docu-
mented yet. 

Interestingly, although obesity is related to an increased risk 
of developing AF, possibly due to electro-structural modulation 
of the atria,29 post-hoc analysis of outcomes in obese patients in 
registration trials showed that they seem to present a decreased 
risk of stroke compared to normal weight patients (Table 1).30-32 
These findings, known as the “obesity paradox”, are not com-
pletely understood. One hypothesis is that these patients undergo 
earlier and more intensive and aggressive treatments to manage 
cardiovascular risk factors. This phenomenon may also reveal lack 
of complete understanding of the complex pathophysiology of 

obesity and of the association between adiposity and cardiovas-
cular diseases.31 

Furthermore, some of these studies showed that VKA treat-
ment is associated with a decreased risk of stroke and cardioem-
bolic events compared to DOAC treatment in patients with high 
BMIs.30,31,33 This phenomenon could be partially explained by a 
better time within the therapeutic range (TTR) in the group of 
obese patients as compared with TTR of normal weight patients 
in these studies. Though, findings coming from post-hoc analyses 
have several limitations.30 

In contrast to the above reported studies, data obtained from 
the large ARISTOTLE trial documented that the superiority of ef-
ficacy and safety outcomes of apixaban compared with warfarin 
persists even in high weight patients.32 Similar findings have been 
reported by a single health care observational study, which docu-
mented that patients with high BMI receiving DOACs had a de-
creased risk of cardio-embolic or bleeding events compared to 
patients with high BMI receiving warfarin, possibly associated 
with a less compliance of VKAs or with more inconsistent TTR, 
contrary to what shown by previous studies.34  

However, the post-hoc ENGAGE AF-TIMI 48 trial also doc-
umented a higher risk of bleeding in obese patients, as the BMI 
increased, compared to normal weight patients, despite good con-
trol of INR in the VKAs group and no difference in DOACs 
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Table 1. DOACs vs VKAs efficacy and safety in patients with high BMI. 

                                             Weight                                               Patients (n)                           Efficacy (event rate         Major bleeding 
                                                                                                                                                     per 100 patient/years)                 rate 
                                                                                                                                                      OR number of events  
                                                                                                                                                                (n OR %)                                 

Balla et al.30                     BMI 18.5-24.9 kg/m2                              3289               Rivaroxaban=1618                  2.93 (n=166)#                      3.69 (n=179)# 
                                                                                                                                       VKA=1671                                                                                 
                                          BMI 25-29.9 kg/m2                                5535               Rivaroxaban=2738                  2.28 (n=266)#                      3.62 (n=314)# 
                                                                                                                                        VKA=797                                                                                  
                                             BMI ≥30 kg/m2                                   5206               Rivaroxaban=2657                  1.88 (n=179)#                      3.33 (n=279)# 
                                                                                                                                       VKA=2549                                                                                 
Boriani et al.31                  BMI 18.5 ≤25 kg/m2                               4491                  Edoxaban=2933                   n=193 (6.58%)                    n=157 (5.35%) 
                                                                                                                                       VKA=1558                        n=80 (5.13%)                     n=126 (8.08%) 
                                          BMI 25 ≤30 kg/m2                                7903                  Edoxaban=5974                   n=262 (4.38%)                    n=264 (4.41%) 
                                                                                                                                       VKA=2629                       n=145 (5.51%)                    n=208 (7.91%) 
                                          BMI 30 ≤35 kg/m2                                5209                  Edoxaban=3506                   n=137 (3.91%)                    n=188 (5.36%) 
                                                                                                                                       VKA=1703                        n=83 (4.87%)                     n=130 (7.36%) 
                                           BMI 35-40 kg/m2                                 2099                  Edoxaban=1413                    n=52 (3.68%)                      n=76 (5.37%) 
                                                                                                                                        VKA=686                         n=18 (2.62%)                      n=54 (7.87%) 
                                          BMI ≥40 kg kg/m2                                1149                   Edoxaban=785                     n=21 (2.67%)                      n=43 (5.47%) 
                                                                                                                                        VKA=364                          n=5 (1.37%)                       n=30 (8.24%) 
Hohnloser et al.32                      60-120 kg                                      15.172                     Apixaban*                          1.23 (n=73)                         2.15 (n=277) 
                                                                                                                                           VKA*                             1.44 (n=201)                        3.02 (n=379) 
                                                   >120 kg                                          982                       Apixaban*                           0.44 (n=4)                           1.55 (n=13) 
                                                                                                                                           VKA*                              1.13 (n=11)                          2.08 (n=19) 
Malik et al.33                        BMI >30 kg/m2                                      *                           DOACs*                                 5.8%                                    5.5% 
                                                                                                                                           VKA*                                   5.5%                                    5.8% 
Barakat et al.34                 BMI 18.5 ≤30 kg/m2                             18.339                  DOACs=8969                             2.66                                      4.20 
                                                                                                                                       VKA=9370                                6.02                                      9.10 
                                          BMI 30 ≤40 kg/m2                               13.376                  DOACs=7059                             2.35                                      3.81 
                                                                                                                                       VKA=6317                                4.90                                      8.88 
                                          BMI ≥40 kg kg/m2                                3924                   DOACs=2170                             1.70                                      3.22 
                                                                                                                                       VKA=1754                                3.64                                      8.10 
DOAC, direct oral anticoagulants; VKA, vitamin K antagonist; *data not available; #individual data comparing efficacy and safety of VKA and rivaroxaban not available.
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plasma concentrations or anti-Factor Xa activity.31 The above dis-
crepancy was attributed to a putative difference of pharmacody-
namics and pharmacokinetics of anticoagulant drugs, which could 
affect their safety profile in high BMI patients (Table 1). 

VKAs may also represent a reasonable choice over DOACs 
for stroke risk reduction and VTE treatment and prophylaxis in 
patients who underwent bariatric surgery.28,35 Indeed, in these pa-
tients, pharmacokinetics, efficacy and safety of DOACs are still 
under investigation, whereas INR monitoring allows easy dose 
adjustments to ensure that patients remain in the desired thera-
peutic range.28 

 
 

Direct oral anticoagulants  
DOACs seem to be the best option for treatment of VTE and 

prevention of stroke in the general population of patients with AF, 
as they have demonstrated at least non-inferior efficacy compared 
with warfarin for the prevention of thromboembolism and they 
added benefit of 50% reduction in intracranial hemorrhage 
(ICH).11,17 

Available DOACs include three direct inhibitor of factor Xa 
(FXa), such as rivaroxaban, apixaban and edoxaban, and one di-
rect inhibitor of thrombin (FIIa), named dabigatran. 

In 2021 a systematic review of the International Society on 
Thrombosis and Haemostasis (ISTH) recommended the use of 
DOACs for individuals with BMI up to 40 kg/m2 or weight up to 
120 kg.23,36 Though, data analyzing DOACs individually in pa-
tients with high BMIs are limited. 

A few studies reported data on the use of apixaban in obese 
patients. A small single-center, retrospective study showed that 
VTE recurrence, cardioembolic stroke and major bleeding events 
in patients with BMI ³40 kg/m2 and with BMI ³50 kg/m2 were sim-
ilar in the group treated with apixaban and in the group treated 
with warfarin.37 Another observational study showed a lower risk 
of recurrent VTE and of major bleeding in obese patients on apix-
aban compared to those on warfarin.38 Pharmacokinetics studies 
showed modest or no effect of increased body weight on apixaban 
anti-Xa plasma levels. Overall, these findings indicate that stan-
dard dosing of apixaban seem to have similar effectiveness and 
safety for AF and VTE treatment in patients with obesity.39-43 

The use of rivaroxaban in obese patients has been analyzed 
in a post hoc analysis of the EINSTEIN trials, which found no 
significant difference of VTE recurrency in patients under rivarox-
aban compared to those under warfarin.44 Several observational 
studies focused on the use of rivaroxaban versus warfarin for VTE 
recurrency in obese patients and documented similar efficacy and 

bleeding outcomes of the two treatments.28,45-47 High-body weight 
population seem to present similar rates of stroke when treated 
with either rivaroxaban or warfarin for AF.46 In addition, pharma-
cokinetics profile of rivaroxaban does not seem to be affected by 
increased body weight.42,43,48-50 Thus, standard dosing of rivarox-
aban seems to be effective and safe for both VTE and AF patients 
with morbid obesity.42 

Dabigatran administered to patients weighing >100 Kg in the 
RE-LY trial resulted in lower trough drug concentrations, but sim-
ilar peak drug concentrations compared to the reference body 
weight group.51 Another study, including only 10 patients taking 
dabigatran for all indications, showed lower peak drug plasma 
concentration in patients weighing >120 kg.52 A few more studies 
focused on the use of dabigatran in obese patients with atrial fib-
rillation showed that dabigatran was as effective as warfarin in 
these patients. However, these studies reported possible increased 
risk of gastrointestinal bleeding in obese patients, thus suggesting 
caution for its use in this category of patients.53-55  

A recent study, investigating the plasma through and peak 
concentration of DOACs in obese patients, showed that dabiga-
tran was associated with higher risk of trough and peak plasma 
concentrations below expected ranges. On the contrary, apixaban 
was associated with a lower risk of below-range drug level. This 
result could be partly explained by the higher proportion of pa-
tients with an obesity class ³ II in the dabigatran group. Another 
likely hypothesis might be the different dabigatran bioavailability 
in these patients. considering that it is the only DOAC adminis-
tered as a pro-drug and needs to be activated.56  

With regard to edoxaban, a post-hoc analysis of ENGAGE 
AF-TIMI 48 trial showed similar trough edoxaban concentration 
and anti-Xa activity among groups with different BMI ranging 
from 18.5 to >40 kg/m2.31 As far as we know, standard dosing of 
edoxaban should be effective and safe for stroke prevention in pa-
tients with AF and morbid obesity.42.  

There are no studies, to the best of our knowledge, investi-
gating the effectiveness of dabigatran and edoxaban for treatment 
or prevention of VTE in morbidly obese patients. For this reason, 
in contrast to AF, they should be cautiously avoided in this clinical 
context (Table 2).36,42,43  

The ISTH do not recommend measuring peak and trough 
DOAC levels, as there are still insufficient data to influence man-
agement decisions and no specific and therapeutic ranges of drug 
have been defined.36 However, recent data indicate that measuring 
plasma levels of DOACs may have a role in the management of 
anticoagulation in the general population and in obese patients.   

Very recent data showed a correlation between low and high 
trough DOAC levels and the risk of thrombotic and bleeding 
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Table 2. Guidance statements for DOACs use in patients with obesity.  

DOAC             BMI ≤40 kg/m2                                                              BMI >40 kg/m2 or weight >120 kg 
                       or weight ≤120 kg                                 AF*                                  VTE treatment#                        VTE prevention# 

Rivaroxaban              Suggested                             Suggested (standard doses)              Suggested (standard doses)               Suggested (standard doses)° 
Apixaban                   Suggested                             Suggested (standard doses)              Suggested (standard doses)               Suggested (standard doses)° 
Edoxaban                   Suggested                             Suggested (standard doses)                        Not suggested2                                   Not suggested§ 
Dabigatran                 Suggested                             Suggested (standard doses)                        Not suggested3                                   Not suggested$ 
DOAC, direct oral anticoagulants; *Steffel et al.43; #Martin et al.36; °drug approval restricted to elective hip and knee arthroplasty and (in some countries) extended VTE 
prevention following acute medical illness; §lack of clinical and pharmacokinetics/pharmacodynamics data; $unconvincing data.
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events, respectively, in general non obese patients.57,58 Moreover, 
a very recent paper reported that patients with obesity and AF have 
high risk of having below-range trough and peak plasma concen-
trations of DOACs.56  

Further data in the future are needed to indicate whether meas-
uring plasma levels in obese patients might help managing direct 
oral anticoagulants in these special patients.  

There is also insufficient evidence available with regard to 
which DOAC dose is indicated for obese patients during the ex-
tended treatment of VTE after the initial 6 months of full dose.36 

Another open topic is prevention of VTE in obese patients who 
need bariatric surgery. ISTH suggests to not use DOAC for treat-
ment and prevention of VTE in the acute setting right after sur-
gery. Instead, ISTH suggests administering  at least 4 weeks of 
parenteral treatment followed by oral anticoagulants, with the sup-
port of DOAC trough and peak levels to check for drug absorption 
and bioavailability, when possible.36 The fear of absorption after 
bariatric surgery is the main concern which may limit the use of 
DOAC in this context.11,17 

Apixaban is usually absorbed primarily by the upper gastroin-
testinal tract, and, to a small extent, by colon and by the distal 
small bowel.43 For this reason, only RYGB surgery seems to par-
tially affect apixaban absorption, whereas restrictive and malab-
sorptive procedures do not.36 Rivaroxaban is absorbed mainly in 
the stomach, and, in small quantities, in the small intestine; so, 
the drug absorption is possibly reduced by both restrictive and ab-
sorptive bariatric procedures.36,43 Edoxaban is assimilated by the 
proximal small intestine, but requires acid environment for a cor-
rect absorption. Dabigatran is absorbed by the lower part of the 
stomach and the proximal part of the small intestine.36,43 Hence, 
also edoxaban and dabigatran absorption is affected by both re-
strictive and absorptive bariatric procedures (Table 3).  

Published data on this topic are scarce and provide conflicting 
results. A single-center study reported that bariatric surgeries, and 
in particular sleeve gastrectomy and RYGB, do not seem to mod-
ify pharmacokinetics of rivaroxaban 10 mg administered as post-
bariatric antithrombotic prophylaxis.59 However, whether the 
pharmacokinetics parameters remain unaltered over the whole pe-
riod of weight loss is unknown, as the rivaroxaban levels were 
measured only few days after bariatric surgery.59 On the contrary, 
another study showed that patients who underwent sleeve gastrec-
tomy had subtherapeutic peak plasma levels of rivaroxaban 15 
mg and 20 mg, whereas peak plasma levels of apixaban 5 mg and 
dabigatran 110 mg and 150 mg were within the expected range60. 
Despite demonstration of adequate dabigatran peak plasma levels 
in obese patients after sleeve gastrectomy, data on the efficacy and 
safety of dabigatran in individuals with a high BMI are limited. 

Therefore, dabigatran is recommended in patients with BMI ≤40 
kg/m2 or weight <120 kg, but not for patients with BMI >40 kg/m2 
or weight>120 kg (Table 2).36  

The studies published so far on this topic have great limita-
tions, i.e., the exiguity of the sample size, the variety of DOACs 
and different types of bariatric surgery reported, thus they do not 
provide definitive information.60 

One study reported the clinical outcomes in post-bariatric sur-
gery patients treated with apixaban (n=42) and rivaroxaban (n=60) 
for VTE. Overall incidence of VTE recurrence was low, with no 
recurrence in the apixaban group and 1 recurrency in the rivarox-
aban group. No major bleeding was reported in the apixaban 
group, whereas 5% of patients in the rivaroxaban group had major 
bleedings.28 Hence, apixaban seems to show the best safety/effi-
cacy profile for VTE treatment in these patients, especially when 
it is not used in the immediate postoperative period. Currently it 
is suggested to choose a parenteral anticoagulant for the first few 
weeks after surgery followed by switching to a DOAC with the 
help of trough plasma level measurement of the chosen drug for 
optimization of antithrombotic therapy.28,36 

 
 

Parenteral anticoagulation 
Heparin is an endogenous polysaccharide, with of anticoagu-

lant, anti-inflammatory, and antiangiogenic effects.61,62 The form 
of heparin that is used clinically as an anticoagulant is obtained 
from porcine or bovine intestinal mucosa.63 

Heparin exert its anticoagulant action indirectly, by binding 
to antithrombin (AT). This bond leads to a conformational change 
in AT, which turns from a slow to a rapid inactivator of coagula-
tion factors.64 

Unfractionated heparin (UFH) is metabolized in the reticu-
loendothelial system and in the liver, and it is excreted in the urine; 
therefore, its elimination is not affected by kidney function. 
LMWH is obtained from enzymatic or chemical depolymerization 
of UFH and it is metabolized in the liver and excreted by the kid-
ney;65,66 for this reason, patients with impaired kidney function 
generally require dose adjustment or use of an alternative antico-
agulant drug.63 

 
 

Unfractioned heparin  
The onset of intravenous UFH is immediate, whereas peak 

plasma levels of subcutaneous UFH is reached in two-four 
hours.63 
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Table 3. Absorption of DOACs in patients who underwent bariatric surgery. 

DOAC              Sites of absorption                           Restrictive procedures     Malabsorptive procedures Combined restrictive and  
                                                                                   (e.g., sleeve gastrectomy)     (e.g., jejunoileal bypass)   malabsorptive procedures  
                                                                                                                                                                                             (e.g., RYGB) 

Apixaban             Upper GI tractColonDistal small bowel         Unlikely affected                         Unlikely affected                        Possibly affected 
Rivaroxaban        StomachSmall bowel                                       Possibly affected                         Possibly affected                        Possibly affected 
Edoxaban            Proximal small bowel                                      Possibly affected                         Possibly affected                        Possibly affected 
Dabigatran           StomachProximal small bowel                        Possibly affected                         Possibly affected                        Possibly affected 
DOAC, direct oral anticoagulants; RYGB, Roux-en-Y gastric bypass; GI, gastrointestinal.



A. Lipari et al.18

Although UFH requires frequent laboratory monitoring to 
achieve and maintain therapeutic levels, based on the aPTT, it is 
the drug of choice in patients with severe kidney impairment, with 
high risk of bleeding, and in patients candidate for surgical pro-
cedures. It is also a reasonable choice in patients whose poor sub-
cutaneous absorption is suspected, such as obesity. UFH can be 
administered intravenously with two different therapeutic 
schemes: a fixed protocol or a weight-based protocol. 

The fixed protocol requires an initial intravenous bolus of 
5000 IU followed by a heparin dose of 40.000 IU as a 24-hour 
continuous infusion. The weight-based protocol includes an initial 
intravenous bolus of 80 IU/Kg (with a maximum dose of 10.000 
IU), followed by a continuous intravenous infusion at an initial 
rate of 18 IU/kg/hour (with a maximum dose of 2.000 IU/hour).63 

In both protocols heparin dose should be adjusted using the 
aPTT, which is performed approximately four-six hours after ad-
ministration. 

 
 

Low molecular weight heparin 
LMWH is usually administered subcutaneously with plasma 

peak levels three to five hours after administration, while steady 
state levels are normally reached after two to three days of 
therapy.67 

However, subcutaneous absorption of LMWH can be 
markedly affected by the distribution of adipose tissue in obese 
patients. Variations in subcutaneous adipose tissue composition 
between obese and normal-weight population can lead to altered 
pharmacokinetics, resulting in delayed absorption and inconsistent 
prophylactic or therapeutic drug levels. Indeed, increased adipose 
tissue may hinder drug’s penetration and absorption from the in-
jection site, potentially necessitating adjustments in dosing pro-
tocols to achieve optimal anticoagulation.68-70 

There are different types of available LMWH, such as enoxa-
parin, dalteparin, tinzaparin and nadroparin. They are all admin-
istered subcutaneously in fixed or weight-based dosing without 
monitoring. In individuals with a high BMI, data on optimal dos-
ing are uncertain. 

Concerning VTE prophylaxis, in 2012 the American College 
of Chest Physicians suggested weight- based prophylactic dosing 
compared to fixed dosing.71 By contrast in 2018 and in 2019 the 
American Society of Hematology did not provide a specific pref-
erence between the use of weight-based or fixed doses of 
LMWH.72,73 

In 2021 a meta-analysis reported similar efficacy and safety 
of LMWH regardless of the dosing approach.74 

In particular, enoxaparin is recommended at standard prophy-
laxis dosing (i.e., 30 mg every 12 h or 40 mg once daily) in pa-
tients with BMI between 30 and 39 kg/m2, although some 
clinicians use weight-based dosing (i.e., 0.5 mg/kg once or twice 
daily, depending upon level of VTE risk) as it is usually adminis-
tered in patients with BMI ≥40 kg/m2 (i.e., 0.5 mg/kg once or 
twice daily).71,75-79 In the bariatric surgery scenario, it is suggested 
that in patients with high VTE-risk with BMI ≤50 kg/m2 it is ad-
ministered LMWH at a dosage of 40 mg every 12 h,80,81 whilst in 
patients with BMI >50 kg/m2 at a dosage of 60 mg every 12 h 
(Table 4).81  

For tinzaparin, in patients with BMI between 30 and 39 kg/m2 
it is suggested to use standard fixed prophylaxis dosing (i.e., 3500 
or 4500 IU), whereas in patients with orthopedic surgery it is sug-
gested to use a weight-based prophylaxis dosing (i.e., 50 or 75 
IU/kg).75 As tinzaparin safety and efficacy has not been fully de-
termined, it is recommended clinical and laboratory monitoring 
when using this drug.82 

Regarding VTE treatment, enoxaparin is usually administered 
at standard treatment dosing (i.e., 1 mg/kg every 12 h), as once-
daily administration is not recommended. Likewise, tinzaparin is 
used at standard treatment dosing, as well (i.e., 175 UI/kg once 
daily) (Table 4).75 

Unfortunately, studies regarding therapeutic intensity of 
LMWH in patients with high BMI all are underpowered. To 
achieve an optimal anticoagulation, clinicians can be helped by 
anti-factor Xa levels monitoring, which can be crucial for opti-
mizing LMWH therapy in obese individuals, but especially in 
high-risk hospitalized obese patients.70 Anti-factor Xa levels 
should be measured approximately three to five hours after a dose 
and after at least two doses. Anti-factor Xa levels are not routinely 
used, as no specific therapeutic and prophylactic ranges are de-
fined, but in such situations could represent a reasonable choice. 

Although a clear clinical relevance of anti-factor Xa levels 
has not been determined yet83 in obese patients who need appro-
priate anticoagulant therapy measurement of anti-F Xa plasma 
levels might help to manage targeted adjusted therapies.   

 
 

Fondaparinux 
Fondaparinux consists of a penthasaccaride sequence, which 

is the smallest unit of heparin able to bind to and to induce the 
conformational change of antithrombin. Fondaparinux binds to 
AT with a higher affinity than UFH or LMWH and induces effi-
cacious inactivation of factor Xa.84,85 

Fondaparinux is given subcutaneously once daily, and it is to-
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Table 4. Suggested doses of subcutaneous enoxaparin in adult patients with high BMI and normal kidney function. 

                                         BMI 30 to 39 kg/m2               BMI 40 ≥ kg/m2                   High VTE-risk                   High VTE-risk  
                                                                                                                                       bariatric surgery                bariatric surgery  
                                                                                                                                    with BMI ≤50 kg/m2           with BMI >50 kg/m2 
VTE treatment                                Standard treatment dosing (i.e., 1 mg/kg every 12 h based on total body weight) 

VTE prophylaxis                       30 mg every 12 h                    Empirically increase                    40 mg every 12 h                       60 mg every 12 h 
                                                OR 40 mg every 24 h                by 30% the following:  
                                                                                                       30 mg every 12 h  
                                                                                                   OR 40 mg every 24 h                                   
BMI, body mass index; VTE, venous thromboembolism; conversion: 1 mg of enoxaparin is approximately equal to 100 IU of enoxaparin.
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tally available after subcutaneous injection.84,85 Its peak serum con-
centrations are reached in about 2 h later and it is finally cleared 
by kidneys and excreted in the urine.86 One advantage of fonda-
parinux is that heparin-induced thrombocytopenia (HIT) is very 
unlikely, as there are very rare cases reported in the literature.87,88 

In individuals with normal renal function the dose depends 
on body weight, in particular for patients weighing >100 kg it is 
recommended to administrate fondaparinux 10 mg once daily for 
VTE treatment, whereas for VTE prophylaxis it might be used 
fondaparinux 2.5 mg. Unfortunately, there are no recommenda-
tions on how to manage patients with very high BMI. In order to 
overcome this problem, it is suggested to measure anti-factor Xa 
activity approximately three hours after the dose of drug is ad-
ministered. The therapeutic range has not been established yet, 
but usually levels are in the range of 0.39-0.5 µg/mL for prophy-
lactic dose and 0.5-1.5 µg/mL for therapeutic dose.75-77 

 
 

How I treat 
The management of anticoagulant therapy in morbidly obese 

patients may be very challenging. To our knowledge and experi-
ence, the best option is a patient-tailored approach, considering 
drug bioavailability, fat distribution and altered gastrointestinal 
anatomy. We highlight that the following suggestions are only par-
tially supported by evidence available, though they represent rea-
sonable choices based on current knowledge. In patients who 
underwent bariatric surgery it is crucial to figure out which spe-
cific procedure has been performed, in order to choose the most 
appropriate oral anticoagulant.  

In general, we prefer not to use DOACs in patients with com-
bined restrictive and malabsorptive bariatric procedures and we 
tend to prefer apixaban over the other DOACs in patients who un-
derwent restrictive and malabsorptive only procedures, as they 
unlikely affect absorption of apixaban.  

In patients with morbid obesity who require an anticoagulant 
therapy for AF or for treatment or prevention of VTE, in whom 
pharmacokinetics and pharmacodynamics are uncertain, we sug-
gest measuring peak and trough specific DOAC levels, when 
available. When DOAC levels are not in therapeutic ranges, it is 
reasonable to switch into another anticoagulant. 

When DOAC levels cannot be measured, in patients with very 
high BMI or in patients who underwent surgery, which had greatly 
altered the gastrointestinal anatomy, VKAs seem to represent an 
effective and safe choice of therapy (Figure 1). 

With regards to parenteral anticoagulation, LMWH is the 
most commonly used type of drug in our clinical practice, but its 
dosing is often difficult to manage in patients with high BMI. 

It is important to remember, especially in patients who require 
a rapid achievement of optimal therapeutic levels (i.e., treatment 
of extended and proximal deep vein thrombosis or pulmonary em-
bolism), that subcutaneous administration may lead to a late 
achievement of the steady state exposure. In these situations, in-
travenous UFH could represent a reasonable choice although dose 
adjusting to obtain a therapeutic range requires frequent laboratory 
monitoring.  

In our opinion it is also essential to consider subcutaneous fat 
distribution, as in patients with a greater abdominal adipose pan-
niculus administration of LMWH in another subcutaneous site 
should be preferred, in order to avoid delayed drug absorption. 
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Figure 1. Advantages and disadvantages of oral anticoagulants in morbidly obese patients.
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In patients with BMI >30 kg/m2 our suggestion is to prefer 
the LMWH twice daily administration for both prophylaxis and 
therapeutic dosing, as it may provide a constant steady state ex-
posure. When available, the anti-Xa factor levels should be meas-
ured 2 to 4 h after drug administration, in order to allow an optimal 
dosage adjustment.  

In our practice, we tend to avoid tinzaparin and fondaparinux 
in patients with very high BMI, as safety and efficacy of these 
drugs in morbidly obese individuals have not been fully deter-
mined yet (Figure 2).  

 
 

Conclusions 
In conclusion, management of anticoagulation in obese pa-

tients is challenging and requires a patient-tailored approach. 
The current protocols using oral and parenteral anticoagulants 
have scarcely been investigated in the population of obese pa-
tients. The pharmacokinetics and pharmacodynamics of antico-
agulants administered both orally and subcutaneously can be 
significantly affected in this population, as a consequence of al-
tered absorption and altered distribution in fat tissue. Hence, 
these patients may have an increased risk of both thromboem-
bolic events and bleeding complications. It is, therefore, essen-
tial for clinicians to recognize these complexities and to use 
appropriate dosing and personalized strategies, based on current 
knowledge from the literature associated with laboratory meas-
urement of anticoagulant activity of oral and parenteral drugs to 
guarantee safety and efficacy of the anticoagulant treatments in 
obese patients.  

Future research is needed to guide and improve our clinical 
practice, with ad hoc designed studies, investigating anticoagula-
tion in obese patients. 

References  

  1. World Health Organization. Obesity and overweight. Avail-
able from: https://www.who.int/news-room/fact-sheets/de-
tail/obesity-and-overweight  

  2. Palmer BF, Clegg DJ. The sexual dimorphism of obesity. 
Mol Cell Endocrinol 2015;402:113-9.  

  3. Garvey WT, Mechanick JI, Brett EM, et al. American asso-
ciation of clinical endocrinologists and American college of 
endocrinology comprehensive clinical practice guidelines 
for medical care of patients with obesity. Endocr Pract 
2016;22:1-203.  

  4. Reaven GM. Banting Lecture 1988. Role of insulin resist-
ance in human. Diabetes 1988;37:1595-607. 

  5. Defronzo RA, Ferrannini E. Insulin resistance. A multifac-
eted syndrome responsible for NIDDM, obesity, hyperten-
sion, dyslipidemia, and atherosclerotic cardiovascular 
disease. Diabetes Care 1991;14:173-94. 

  6. Lindsay RS, Howard BV. Cardiovascular risk associated 
with the metabolic syndrome. Curr Diab Rep 2004;4: 
63-8. 

  7. Koskinas KC, Van Craenenbroeck EM, Antoniades C, et al. 
Obesity and cardiovascular disease: an ESC clinical consen-
sus statement. Eur Heart J 2024;45:4063-98.  

  8. Cote AT, Harris KC, Panagiotopoulos C, et al. Childhood 
obesity and cardiovascular dysfunction. J Am Coll Cardiol 
2013;62:1309-19.  

  9. Sanchez AA, Levy PT, Sekarski TJ, et al. Markers of car-
diovascular risk, insulin resistance, and ventricular dysfunc-
tion and remodeling in obese adolescents. J Pediatr 2015; 
166:660-5.  

10. Garrison RJ, Kannel WB, Stokes Iii J, et al. Incidence and 

Bleeding, Thrombosis and Vascular Biology 2025; 4:174

Figure 2. Advantages and disadvantages of parenteral anticoagulants in morbidly obese patients.



Anticoagulation in obese patients: challenges and strategies 21

precursors of hypertension in young adults: the Framingham 
Offspring study. Prev Med 1987;16:235-51. 

11. Van Gelder IC, Rienstra M, Bunting KV, et al. 2024 ESC 
Guidelines for the management of atrial fibrillation devel-
oped in collaboration with the European Association for 
Cardio-Thoracic Surgery (EACTS). Eur Heart J 2024;45: 
3314-414.  

12. Kabrhel C, Varraso R, Goldhaber SZ, et al. Prospective 
study of BMI and the risk of pulmonary embolism in 
women. Obesity 2009;17:2040-6.  

13. Lutsey PL, Zakai NA. Epidemiology and prevention of ve-
nous thromboembolism. Nat Rev Cardiol 2023;20:248-62. 

14. Yang G, Staercke C De, Hooper WC. The effects of obesity 
on venous thromboembolism: A review. Open J Prev Med 
2012;2:499-509.  

15. Ntinopoulou P, Ntinopoulou E, Papathanasiou IV, et al. Obe-
sity as a risk factor for venous thromboembolism recurrence: 
a systematic review. Medicina (Kaunas) 2022;58:1290.  

16. Pati S, Irfan W, Jameel A, et al. Obesity and cancer: a current 
overview of epidemiology, pathogenesis, outcomes, and 
management. Cancers (Basel) 2023;15:485.  

17. Konstantinides SV, Meyer G, Becattini C, et al. 2019 ESC 
Guidelines for the diagnosis and management of acute pul-
monary embolism developed in collaboration with the Eu-
ropean Respiratory Society (ERS). Eur Resp J 2019;54: 
1901647.  

18. Smit C, De Hoogd S, Brüggemann RJM, Knibbe CAJ. Obe-
sity and drug pharmacology: a review of the influence of 
obesity on pharmacokinetic and pharmacodynamic param-
eters. Expert Opin Drug Metab Toxicol 2018;14:275-85.  

19. Sanderink G, Le Liboux A, Jariwala N, et al. The pharma-
cokinetics and pharmacodynamics of enoxaparin in obese 
volunteers. Clin Pharmacol Ther 2002;72:308-18.  

20. Lim RB, Blackburn GL, Jones DB. Benchmarking best 
practices in weight loss surgery. Curr Probl Surg 2010;47: 
79-174.  

21. Karamanakos SN, Vagenas K, Kalfarentzos F, Alexandrides 
TK. Weight loss, appetite suppression, and changes in fast-
ing and postprandial ghrelin and peptide-yy levels after 
roux-en-y gastric bypass and sleeve gastrectomy a prospec-
tive, double blind study. Ann Surg 2008;247:401-7.  

22. Rubino F, Gagner M, Gentileschi P, et al. The early effect 
of the Roux-en-Y gastric bypass on hormones involved in 
body weight regulation and glucose metabolism. Ann Surg 
2004;240:236-42.  

23. Martin K, Beyer-Westendorf J, Davidson BL, et al. Use of 
the direct oral anticoagulants in obese patients: guidance 
from the SSC of the ISTH. J Thromb Haemost 2016;14:1 
308-13.  

24. Bland CM, Quidley AM, Love BL, et al. Long-term phar-
macotherapy considerations in the bariatric surgery patient. 
Am J Health Syst Pharm 2016;73:1230-42.  

25. Martin KA, Lee CR, Farrell TM, Moll S. Oral anticoagulant 
use after bariatric surgery: a literature review and clinical 
guidance. Am J Med 2017;130:517-24.  

26. English WJ, DeMaria EJ, Hutter MM, et al. American Soci-
ety for Metabolic and Bariatric Surgery 2018 estimate of 
metabolic and bariatric procedures performed in the United 
States. Surg Obes Relat Dis 2020;16:457-63.  

27. Steffen KJ, Wonderlich JA, Erickson AL, et al. Comparison 

of warfarin dosages and international normalized ratios be-
fore and after Roux-en-Y gastric bypass surgery. Pharma-
cotherapy 2015;35:876-80.  

28. Kushnir M, Gali R, Alexander M, Billett HH. Direct oral Xa 
inhibitors for the treatment of venous thromboembolism 
after bariatric surgery. Blood Adv 2023;7:224-6.  

29. Abed HS, Samuel CS, Lau DH, et al. Obesity results in pro-
gressive atrial structural and electrical remodeling: Implica-
tions for atrial fibrillation. Heart Rhythm 2013;10:90-100.  

30. Balla SR, Cyr DD, Lokhnygina Y, et al. Relation of risk of 
stroke in patients with atrial fibrillation to body mass index 
(from patients treated with rivaroxaban and warfarin in the 
rivaroxaban once daily oral direct factor Xa inhibition com-
pared with vitamin K antagonism for prevention of stroke 
and embolism trial in atrial fibrillation trial). Am J Cardiol 
2017;119:1989-96.  

31. Boriani G, Ruff CT, Kuder JF, et al. Relationship between 
body mass index and outcomes in patients with atrial fibril-
lation treated with edoxaban or warfarin in the ENGAGE 
AF-TIMI 48 trial. Eur Heart J 2019;40:1541-49.  

32. Hohnloser SH, Fudim M, Alexander JH, et al. Efficacy and 
safety of apixaban versus warfarin in patients with atrial fib-
rillation and extremes in body weight: insights from the Ar-
istotle trial. Circulation 2019;139:2292-300.  

33. Malik AH, Yandrapalli S, Shetty S, et al. Impact of weight 
on the efficacy and safety of direct-acting oral anticoagu-
lants in patients with non-valvular atrial fibrillation: A meta-
analysis. Europace 2020;22:361-7. 

34. Barakat AF, Jain S, Masri A, et al. Outcomes of direct oral 
anticoagulants in atrial fibrillation patients across different 
body mass index categories. JACC Clin Electrophysiol 
2021;7:649-58.  

35. Joglar JA, Chung MK, Armbruster AL, et al. 2023 
ACC/AHA/ACCP/HRS guideline for the diagnosis and 
management of atrial fibrillation: a report of the American 
College of Cardiology/American Heart Association Joint 
Committee on Clinical Practice Guidelines. Circulation 
2024;149:E1-E156.  

36. Martin KA, Beyer-Westendorf J, Davidson BL, et al. Use of 
direct oral anticoagulants in patients with obesity for treatment 
and prevention of venous thromboembolism: Updated com-
munication from the ISTH SSC Subcommittee on Control of 
Anticoagulation. J Thromb Haemost 2021;19:1874-82.  

37. Kushnir M, Choi Y, Eisenberg R, et al. Efficacy and safety of 
direct oral factor Xa inhibitors compared with warfarin in pa-
tients with morbid obesity: a single-centre, retrospective 
analysis of chart data. Lancet Haematol 2019;6:e359-65.  

38. Cohen A, Sah J, Lee T, et al. Effectiveness and safety of 
apixaban vs. Warfarin in venous thromboembolism patients 
with obesity and morbid obesity. J Clin Med 2021;10:1-11.  

39. Wasan SM, Feland N, Grant R, Aston CE. Validation of 
apixaban anti-factor Xa assay and impact of body weight. 
Thromb Res 2019;182:51-55.  

40. Upreti VV, Wang J, Barrett YC, et al. Effect of extremes of 
body weight on the pharmacokinetics, pharmacodynamics, 
safety and tolerability of apixaban in healthy subjects. Br J 
Clin Pharmacol 2013;76:908-16.  

41. Martin AC, Thomas W, Mahir Z, et al. Direct oral anticoag-
ulant concentrations in obese and high body weight patients: 
a cohort study. Thromb Haemost 2021;121:224-33.  

Bleeding, Thrombosis and Vascular Biology 2025; 4:174



A. Lipari et al.22

42. Zhao Y, Guo M, Li D, et al. Pharmacokinetics and dosing 
regimens of direct oral anticoagulants in morbidly obese pa-
tients: an updated literature review. Clin Appl Thromb He-
most 2023;29.  

43. Steffel J, Collins R, Antz M, et al. 2021 European Heart 
Rhythm Association practical guide on the use of non-vita-
min K antagonist oral anticoagulants in patients with atrial 
fibrillation. Europace 2021;23:1612-76.  

44. Di Nisio M, Vedovati MC, Riera-Mestre A, et al. Treatment 
of venous thromboembolism with rivaroxaban in relation to 
body weight: A sub-analysis of the EINSTEIN DVT/PE 
studies. Thromb Haemost 2016;116:739-46.  

45. Costa OS, Beyer-Westendorf J, Ashton V, et al. Effective-
ness and safety of rivaroxaban versus warfarin in obese pa-
tients with acute venous thromboembolism: analysis of 
electronic health record data. J Thromb Thrombolysis 2021; 
51:349-58. 

46. Perales IJ, San Agustin K, DeAngelo J, Campbell AM. Ri-
varoxaban versus warfarin for stroke prevention and venous 
thromboembolism treatment in extreme obesity and high 
body weight. Ann Pharmacother 2020;54:344-50.  

47. Spyropoulos AC, Ashton V, Chen YW, et al. Rivaroxaban 
versus warfarin treatment among morbidly obese patients 
with venous thromboembolism: Comparative effectiveness, 
safety, and costs. Thromb Res 2019;182:159-66.  

48. Kubitza D, Becka M, Zuehlsdorf M, Mueck W. Body weight 
has limited influence on the safety, tolerability, pharmaco-
kinetics, or pharmacodynamics of rivaroxaban (BAY 59-
7939) in healthy subjects. J Clin Pharmacol 2007;47:218-26.  

49. Arachchillage DRJ, Reynolds R, Devey T, et al. Effect of 
extremes of body weight on drug level in patient treated with 
standard dose of rivaroxaban for venous thromboembolism; 
real life experience. Thromb Res 2016;147:32-5.  

50. Mueck W, Lensing AWA, Agnelli G, et al. Rivaroxaban pop-
ulation pharmacokinetic analyses in patients treated for 
acute deep-vein thrombosis and exposure simulations in pa-
tients with atrial fibrillation treated for stroke prevention. 
Clin Pharmacokinet 2011;50:675-86. 

51. Reilly PA, Lehr T, Haertter S, et al. The effect of dabigatran 
plasma concentrations and patient characteristics on the fre-
quency of ischemic stroke and major bleeding in atrial fib-
rillation patients: the RE-LY trial (Randomized Evaluation 
of Long-Term Anticoagulation Therapy). J Am Coll Cardiol 
2014;63:321-8.  

52. Piran S, Traquair H, Chan N, et al. Peak plasma concentra-
tion of direct oral anticoagulants in obese patients weighing 
over 120 kilograms: A retrospective study. Res Pract 
Thromb Haemost 2018;2:684-8.  

53. Huang CW, Duan L, An J, et al. Effectiveness and safety of 
dabigatran in atrial fibrillation patients with severe obesity: 
a real-world retrospective cohort study. J Gen Intern Med 
2022;37:2982-90.  

54. Coates J, Bitton E, Hendje A, et al. Clinical outcomes of 
dabigatran use in patients with non-valvular atrial fibrillation 
and weight >120 Kg. Thromb Res 2021;208:176-80. 

55. Briasoulis A, Mentias A, Mazur A, et al. Comparative effec-
tiveness and safety of direct oral anticoagulants in obese pa-
tients with atrial fibrillation. Cardiovasc Drugs Ther 
2021;35:261-72.  

56. Menichelli D, Pannunzio A, Baldacci E, et al. Plasma con-

centrations of direct oral anticoagulants in patients with non-
valvular atrial fibrillation and different degrees of obesity. 
Clin Pharmacokinet 2025;64:453-62.  

57. Palareti G, Testa S, Legnani C, et al. More early bleeds as-
sociated with high baseline direct oral anticoagulant levels 
in atrial fibrillation: the MAS study. Blood Adv 2024;8: 
4913-23. 

58. Testa S, Palareti G, Legnani C, et al. Thrombotic events as-
sociated with low baseline direct oral anticoagulant levels 
in atrial fibrillation: the MAS study. Blood Adv 2024;8: 
1846-56.  

59. Kröll D, Stirnimann G, Vogt A, et al. Pharmacokinetics and 
pharmacodynamics of single doses of rivaroxaban in obese 
patients prior to and after bariatric surgery. Br J Clin Phar-
macol 2017;83:1466-75.  

60. Rottenstreich A, Barkai A, Arad A, et al. The effect of 
bariatric surgery on direct-acting oral anticoagulant drug 
levels. Thromb Res 2018;163:190-5.  

61. Wijelath E, Namekata M, Murray J, et al. Multiple mecha-
nisms for exogenous heparin modulation of vascular en-
dothelial growth factor activity. J Cell Biochem 2010;111: 
461-8.  

62. Liu J, Li J, Arnold K, Pawlinski R, Key NS. Using heparin 
molecules to manage COVID-2019. Res Pract Thromb 
Haemost 2020;4:518-23.  

63. Baglin T, Barrowcliffe TW, Cohen A, Greaves M. Guide-
lines on the use and monitoring of heparin. Br J Haematol 
2006;133:19-34.  

64. Perry DJ. Antithrombin and its inherited deficiencies. Blood 
Rev 1994;8:35-55. 

65. Hirsh J, Guyatt G, Albers GW, et al. Antithrombotic and 
thrombolytic therapy: American College of Chest Physicians 
Evidence-Based Clinical Practice Guidelines (8th Edition). 
Chest 2008;133:110S-12S. 

66. Prandoni P. Heparins and venous thromboembolism: current 
practice and future directions. Thromb Haemost 2001;86: 
488-98. 

67. US Food and Drug Administration. FDA drug package in-
sert information for enoxaparin sodium injection for sub-
cutaneous and intravenous use. Available from: https:// 
www.accessdata.fda.gov/drugsatfda_docs/label/2021/0201
64 s129lbl.pdf  

68. Kongsawat K, Chaivanijchaya K, Pakul F, et al. Comparison 
of enoxaparin 40 mg versus 60 mg dosage for venous throm-
boprophylaxis in patients undergoing bariatric surgery: A 
randomized controlled trial. Asian J Surg 2024;47:2985-90.  

69. van Oosterom N, Winckel K, Barras M. Evaluation of 
weight based enoxaparin dosing on anti-Xa concentrations 
in patients with obesity. J Thromb Thrombolysis 2019;48: 
387-3.  

70. John S, Wilkinson M, Ho KM. Monitoring anti-Xa levels to 
optimize low-molecular-weight-heparin thromboprophy-
laxis in high-risk hospitalized patients: a stratified meta-
analysis. Angiology 2024;75:249-66.  

71. Garcia DA, Baglin TP, Weitz JI, Samama MM. Parenteral 
anticoagulants - Antithrombotic therapy and prevention of 
thrombosis, 9th ed: American College of Chest Physicians 
evidence-based clinical practice guidelines. Chest 2012;141: 
e24S-e43S.  

72. Schünemann HJ, Cushman M, Burnett AE, et al. American 

Bleeding, Thrombosis and Vascular Biology 2025; 4:174



Anticoagulation in obese patients: challenges and strategies 23

Society of Hematology 2018 guidelines for management 
of venous thromboembolism: prophylaxis for hospitalized 
and nonhospitalized medical patients. Blood Adv 2018;2: 
3198-225.  

73. Anderson DR, Morgano GP, Bennett C, et al. American So-
ciety of Hematology 2019 guidelines for management of ve-
nous thromboembolism: prevention of venous 
thromboembolism in surgical hospitalized patients. Blood 
Adv 2019;3:3898-44.  

74. Ceccato D, Di Vincenzo A, Pagano C, et al. Weight-adjusted 
versus fixed dose heparin thromboprophylaxis in hospital-
ized obese patients: A systematic review and meta-analysis. 
Eur J Intern Med 2021;88:73-80.  

75. Nutescu EA, Spinler SA, Wittkowsky A, Dager WE. Low-
molecular-weight heparins in renal impairment and obesity: 
Available evidence and clinical practice recommendations 
across medical and surgical settings. Ann Pharmacother 
2009;43:1064-83.  

76. Rondina MT, Wheeler M, Rodgers GM, et al. Weight-based 
dosing of enoxaparin for VTE prophylaxis in morbidly 
obese, medically-Ill patients. Thromb Res 2010;125:220-3.  

77. Freeman A, Horner T, Pendleton RC, Rondina MT. Prospec-
tive comparison of three enoxaparin dosing regimens to 
achieve target anti-factor Xa levels in hospitalized, med-
ically ill patients with extreme obesity. Am J Hematol 
2012;87:740-3. 

78. Parikh S, Jakeman B, Walsh E, et al. Adjusted-dose enoxa-
parin for VTE prevention in the morbidly obese. J Pharm 
Technol 2015;31:282-8.  

79. Bickford A, Majercik S, Bledsoe J, et al. Weight-based enoxa-

parin dosing for venous thromboembolism prophylaxis in the 
obese trauma patient. Am J Surg. 2013;206:847-52.  

80. Scholten DJ, Hoedema RM, Scholten SE. A comparison of 
two different prophylactic dose regimens of low molecular 
weight heparin in bariatric surgery. Obes Surg 2002;12: 
19-24. 

81. Borkgren-Okonek MJ, Hart RW, Pantano JE, et al. Enoxa-
parin thromboprophylaxis in gastric bypass patients: ex-
tended duration, dose stratification, and antifactor Xa 
activity. Surg Obes Relat Dis 2008;4:625-31.  

82. Governement of Canada. Tinzaparin sodium injection. Re-
vised May 2017. Accessed: 15 October 2024. Available 
from: https://pdf.hres.ca/dpd_pm/00080939.PDF  

83. Sebaaly J, Covert K. Enoxaparin dosing at extremes of 
weight: literature review and dosing recommendations. Ann 
Pharmacother 2018;52:898-909.  

84. Turpie AG, Gallus AS, Hoek JA. A synthetic pentasaccha-
ride for the prevention of deep-vein thrombosis after total 
hip replacement. N Engl J Med 2001;344:619-25.  

85. Lassen MR, Bauer KA, Eriksson BI, et al. Postoperative 
fondaparinux versus preoperative enoxaparin for prevention 
of venous thromboembolism in elective hip-replacement 
surgery: a randomised double-blind comparison. Lancet 
2002;359:1715-20. 

86. Bauer KA. Fondaparinux sodium: a selective inhibitor of 
factor Xa. Am J Health Syst Pharm 2001;58:S14-7. 

87. Savi P, Chong BH, Greinacher A, et al. Effect of fonda-
parinux on platelet activation in the presence of heparin-de-
pendent antibodies: A blinded comparative multicenter study 
with unfractionated heparin. Blood 2005;105:139-44. 

Bleeding, Thrombosis and Vascular Biology 2025; 4:174


