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              bstract 

Background 
Obesity is associated with an increased risk of venous thromboembolism. 
Low-molecular-weight heparins (LMWH) significantly reduce this risk. 
So far there is no consensus on the optimal dose and duration of LMWH 
in obese patients. The aim of this study is to assess the current practice of 
thromboprophylaxis in obese patients in the Netherlands and to describe 
current guidelines for thromboprophylaxis in obese patients.
Methods 
Data on type, duration and dose of thromboprophylaxis for obese patients 
from all the departments of general surgery (n=90) in the Netherlands were 
obtained by online questionnaires and telephone interviews. A literature 
search was conducted to identify available guidelines.
Results 
With a response of 93% (n=84) of institutes, 63% reported the use of an in-
hospital protocol of thromboprophylaxis for surgical patients. In 77% LMWH 
dose was adjusted, based on pre-determined total body weight (72%) or body 
mass index (BMI) (18%). Most hospitals (62%) doubled the standard dose 
above a pre-determined cut-off limit of body weight. These cut-off limits 
varied widely ranging from 70-150 kg total body weight or a BMI from 30-50 
kg/m2. In 13% of hospitals obese patients were given thromboprophylaxis 
for an extended period after discharge, with a maximum of six weeks. None 
of the identified guidelines in the literature search included advice about 
dose adjustments or adjustments in duration of thromboprophylaxis for this 
special group of patients. 
Conclusion 
There is a wide variety in the current practice of thromboprophylaxis in 
obese surgical patients in the Netherlands. As current guidelines lack 
practical dosing advices, further research to identify the optimal dose and 
duration is mandatory.
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   ntroduction

The prevalence of obesity (body mass index (BMI) > 30kg/m2) has doubled 
worldwide in the last two decades, now affecting a global estimate of over 1.7 
billion individuals (1, 2). Obesity is associated with multiple co-morbidities, 
such as type 2 diabetes mellitus and hypertension (2), and a two to three 
times increased relative risk of venous thromboembolism (VTE) compared 
to non-obese patients (3). 
The administration of low-molecular-weight heparins (LMWH) in surgical 
patients significantly reduces the incidence of VTE postoperatively (4-
6). LMWH derives its antithrombotic activity mainly by binding to anti-
thrombin and thereby trapping factor Xa out of the coagulation. LMWH has 
several benefits over unfractionated heparin, such as a single daily dosing, 
a more predictable dose-response relationship and a higher effectiveness in 
the prevention of VTE following bariatric surgery (7, 8).
The increase in the prevalence of obesity introduces new issues in patient 
care such as the optimal dose and duration of administration of LMWH for 
this group of patients. Only few studies are available on the optimal dosage 
of LMWH in patients with (morbid) obesity (9-11), as this patient group is 
often excluded from clinical trials.
We conducted a survey to analyse the current practice in thromboprophylaxis 
in obese surgical patients in the Netherlands and conducted a literature search 
to identify specific guidelines on dosing and duration of thromboprophylaxis 
in obese patients.

                ethods

Questionnaire
The survey was designed using freely available Google™ Docs tools (Google Inc, 
CA, USA) and was uploaded as a Google™ Docs form. A link to the questionnaire 
with an introductory cover letter was sent by email to one representative 
of each department of general surgery (n=90) in the Netherlands. The 
survey consisted of 10 multiple choice questions and two open questions on 
thromboprophylaxis in obese patients (Table I). Type of coagulation, duration 
and dose of thromboprophylaxis in obese patients were assessed, as well as 
the used definition of obesity and the availability of hospital-based guidelines 
concerning thromboprophylaxis in obese patients. Data were completed by 
repeated mailing and telephone interviews with non-responders.

I  

M  

1. Which low-molecular-weight heparin (LMWH) is used in healthy normal-weight and 
obese patients for thromboprophylaxis? 

2. What LMWH dose is used in healthy normal-weight patients for thrombosis 
prophylaxis?

3. How many days will thromboprophylactic therapy with LMWH be continued after 
general surgical procedures to prevent venous thromboembolic complications 
in normal-weight patients with a healthy kidney function (patients without oral 
anticoagulation)? 

4. Will the prophylactic dose of LMWH be adjusted for obese patients? 
5. Is there a protocol for prophylactic dose adjustment of LMWH in obesity in your 

hospital?
6. If so, to what patient groups does this protocol apply? 
7. What is the cut-off body weight for LMWH adjustment?
8. Based on what body weight will LMWH doses be adjusted? 
9. How will LMWH doses be adjusted in obesity? 
10. How many days will LMWH be continued after general surgical procedures to 

prevent venous thromboembolic complications in obese patients (patients without 
oral anticoagulation and normal kidney function)? 

11. Are anti-Xa levels checked in obese patients receiving venous thromboembolic 
prophylaxis? 

12. Does the surgical department in your hospital perform bariatric procedures? 

Table I Questions of survey on prophylactic doses of low-Aolecular weight heparin in obese surgical 
patients.

Statistical methods
Data analysis was done using SPSS 17.0 (IBM Corporation, NY, USA) for 
Windows. We compared differences in prescription practice in teaching 
hospitals (university and non-university) to non-teaching hospitals, and 
bariatric clinics to non-bariatric clinics using the chi-squared test. The 
probability level accepted for statistical significance was set at p < 0.05 for 
all comparisons.

Guidelines
A literature search for (inter)national guidelines on thromboprophylaxis 
in obese patients was performed in Pubmed and SUM Search. The 
following search terms were used (“Thrombosis”[Mesh] OR “Venous 
Thrombosis”[Mesh] OR “thrombosis” OR “thromboprophylaxis” OR 
“thromboembolism”) AND (“Heparin, Low-Molecular-Weight”[Mesh] 
OR “low-molecular weight heparin” OR “LMWH”) AND (“Guideline” OR 
“Guidelines as Topic”[Mesh] OR “Guideline” [Publication Type]).

09  Thromboprophylaxis in obese in the Netherlands  
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            esults

Questionnaire
Of the 90 contacted surgical departments, questionnaires were completed 
by 84 hospitals (93% response). The most commonly used LMWH for VTE 
prophylaxis was nadroparin (n=62, 74%), followed by dalteparin (n=16, 
19%) and enoxaparin (n=6, 7%). Of the hospitals that used nadroparin, 74% 
(n=55) used nadroparin 2,850 IU once daily as standard dose for non-obese 
patients. Dalteparin was most commonly dosed as 2,500 IU per day (n=13, 
81%), although three hospitals (19%) reported a dosage of 5,000 IU for non-
obese patients. Enoxaparin was either dosed as 20 mg per day (n=3, 50%) 
or 40 mg per day (n=3, 50%) for non-obese patients. The majority of the 
surgical departments continued thromboprophylaxis in non-obese patients 
until discharge (n=69, 82%). In 12% of hospitals (n=10) thromboprophylaxis 
was extended in these patients after discharge until the non-obese patient 
was ambulating well. The duration of thromboprophylaxis was reported to 
be depending on the surgical procedure in 5% of the hospitals. 
Of all institutes, 63% (n=53) reported the use of an in-hospital 
thromboprophylaxis protocol for obese patients. In 65 hospitals (77%), the 
prophylactic LMWH doses were adjusted for obese patients. Adjustments 
were mostly based on total body weight (n=47, 72%) and less commonly 
on pre-determined BMI (n=12, 18%), individual characteristics (n = 1) or in 
consultation with the anaesthesiologist (n = 1). Four hospitals (6%) did not 
report the basis on which the LMWH dose was adjusted. In two hospitals 
(3%), LMWH dose was only adjusted in (morbidly) obese patients undergoing 
bariatric surgery. 
Cut-off limits for dosing adjustment varied widely, with a median BMI of 33 
kg/m2 (range 30 - 50 kg/m2), and a median total body weight of 80 kg (range 
70 - 150 kg). Two hospitals used variable cut-off limits, based on individual 
characteristics. Most centres adjusted LMWH doses by doubling the dose 
used in non-obese patients (n=53, 62%). In other hospitals (n=7, 8%), the 
dose of LMWH was increased with a factor 1.3 - 1.5, resulting for nadroparin 
in 3,800 IU (n=6) and for dalteparin in 7,500 IU (n=1). Five hospitals (6%) 
individualized the LMWH by dosing on IU per kilograms. Eleven hospitals 
(13%) extended the LMWH prophylaxis in patients with obesity, to a duration 
varying from 1 to 6 weeks postoperative. In 7% (n=6) of the hospitals, anti-Xa 
levels were measured in individual cases. However, none of these hospitals 
reported whether and how the dose of LMWH should be adjusted based on 
these anti-Xa levels. 
Comparing teaching hospitals (n=52) with non-teaching hospitals (n=32), we 

R  Total
(n=84)
n (%)

Non-teaching
(n = 32)
n (%)

Teaching
(n = 52)
n (%)

p-value

LMWH used: 0.058

dalteparin 16 (19) 6 (19) 10 (19)

enoxaparin 6 (7) 5 (16) 1 (2)

nadroparin 62 (74) 21 (66) 41 (79)

Adjusting LMWH dose for obese 65 (77) 38 (73) 27 (84) 0.229

Adjusting LMWH duration for obese 11 (13) 2 (6) 9 (17) 0.145

Existence of hospital protocol for obese 53 (63) 22 (73) 31 (67) 0.582

Anti-Xa tested in obese 6 (7) 1 (3) 5 (10) 0.258

Table II   Survey results of teaching hospitals versus non-teaching hospitals.

09  Thromboprophylaxis in obese in the Netherlands  

found no significant differences for type of LMWH, adjustment of dose or 
duration, presence of an in-hospital protocol for obese patients or testing of 
anti-Xa levels (Table II). Dose adjustment of LMWH did not significantly vary 
between bariatric (n=27, 32%) and non-bariatric centres (n=57, 68%). Bariatric 
clinics did more often extend the duration of thromboprophylaxis (33% 
versus 4%, p<0.005), however in some of these clinics thromboprophylaxis 
was only extended in patients undergoing bariatric surgery (n=3). Neither 
the choice of LWMH, nor the existence of a protocol for adjusting LMWH 
in obese patients, nor the number of hospitals testing anti-Xa levels did 
significantly differ between bariatric and non-bariatric centres (Table III). 

Guidelines
The most recent guideline on thromboprophylaxis is the guideline of the 
American College of Chest Physicians (ACCP), which has been revised 
in February 2012. This 9th edition advises to follow manufacturers’ 
recommendation for pharmacological thromboprophylaxis (12-14). The 
ACCP guideline recognized obesity as a risk factor for VTE in both medical 
and bariatric surgical patients. It states that even though coagulation 
monitoring is generally not necessary, monitoring in special patient groups, 
including obese patients is advised (14). The guidelines of the National 
Institute for Health and Clinical Excellence (NICE) (15) and the Dutch 
Institute for Healthcare Improvement (16) also recognize obesity as a risk 
factor, but do not include advices about adjustments in dose or duration 
of thromboprophylaxis in obese patients. The guideline of the Scottish 
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Total
(n=84)
n (%)

Bariatric
(n = 27)
n (%)

Non-bariatric 
(n = 57) 
n (%)

p-value

LMWH used: 0.073

dalteparin 16 (19) 8 (30) 8 (14)

enoxaparin 6 (7) 0 (0) 6 (11)

nadroparin 62 (74) 19 (70) 43 (75)

Adjusting LMWH dose for obese 65 (77) 21 (78) 44 (77) 0.952

Adjusting LMWH duration for obese 11 (13) 9 (33) 2 (4) < 0.05

Existence of hospital protocol for obese 53 (63) 18 (72) 35 (69) 0.764

Anti-Xa tested in obese 6 (7) 2 (8) 4 (7) 0.946

Table III  Survey results of bariatric clinics versus non-bariatric clinics.

09  Thromboprophylaxis in obese in the Netherlands  

Intercollegiate Guidelines Network (SIGN) does include obesity as a risk 
factor, but consequently states that patients undergoing bariatric surgery 
should receive thromboprophylaxis as recommended for those undergoing 
general surgery. Weight-based dose adjustments are not advised for LMWH 
according to the SIGN guideline, although it is advised to monitor LMWH 
activity in patients at extremes of weight (17). The German guideline describes 
obesity as a moderate risk factor and it recognizes that sometimes weight-
based dose adjustments are made, without any specification or appraisal. 
No specific recommendations regarding dose or duration adjustments 
are made (18). The guideline of the French Society of Anaesthesiology 
and Reanimation only advises dose adjustments of prophylactic LMWH in 
overweight obstetric patients and does not make specific recommendations 
for surgical patients (19).

            iscussion

In this survey we showed that in the majority of hospitals (77%), the LMWH 
dose is increased for obese patients but various regimens are used in clinical 
practice both in terms of dosing and duration of antithrombotic treatment. 
Besides, available guidelines lack practical dosing advices for this special 
group of patients.
Obesity, defined as a BMI > 30 kg/m2 or greater, is a known risk factor for 

D  

venous thromboembolism (VTE) (20) with a more than two times increased 
relative risk for deep venous thrombosis (DVT) (3) and pulmonary embolism 
(PE) for hospitalized patients compared to non-obese (21). A linear 
association between body weight and risk of VTE has been shown with an 
estimated six-fold increase in the risk of PE in women with a BMI > 35 kg/
m2 (22). With the rising incidence of obesity, health services worldwide are 
confronted with an ever increasing number of patients undergoing bariatric 
surgery. Most clinical trials and retrospective analyses on the incidence of 
VTE in (morbidly) obese patients involve the group of patients undergoing 
bariatric surgery. The perioperative incidence of VTE, either symptomatic or 
asymptomatic, after laparoscopic bariatric surgery appears to be relatively 
low (below 1%), regardless of the antithrombotic prophylaxis regimen (23). 
This is probably due to short operation times and short immobilization. The 
incidence of VTE after laparoscopic bariatric surgery for patients receiving 
thromboprophylactic therapy increases to almost 3% up to 6 months 
following surgery (24). Within the bariatric population, several contributing 
risk factors identified for VTE were: previous VTE, age > 55 years, smoking 
and male sex (24). The risk of postoperative VTE in obese patients undergoing 
orthopaedic, major gynaecological of oncologic abdominal surgery may be 
higher, underlining the need for optimal and individualized prophylactic 
therapy in this special group of patients.
Different dosing strategies for LMWH in obese patients have been proposed 
but most reports are inconclusive on how to individualize the LMWH dosing 
regimen (9-11). Retrospective subgroup analyses from large VTE prophylaxis 
trials using a similar standard dose of LMWH in obese and non-obese 
hospitalized patients show no significant difference in postoperative VTE 
in both groups (25, 26). Prospective studies on different dosing regimens 
for VTE prophylaxis in morbidly obese subjects, mostly involving patients 
undergoing bariatric surgery, show equivocal results. Kalfarentos et al. 
comparing two doses of nadroparin (5,700 IU vs. 9,500 IU) in a randomized 
study among morbidly obese patients undergoing Roux-en-Y gastric bypass 
surgery, reported no VTE events in both groups. However, the higher dose 
resulted in two major haemorrhages while no major bleeding event occurred 
in patients receiving the lower dose (27). A higher dose of 40 mg enoxaparin 
showed to reduce non-fatal VTE compared to 30 mg for obese patients (0.6% 
vs. 5.4%) without increased incidence of bleeding complications (28). Singh 
et al. found no VTE events in 170 morbidly obese patients (BMI 40-59 kg/m2) 
using a BMI-stratified enoxaparin dosing schedule, with doses ranging for 
30 to 60 mg (29). These results support the evidence to increase the LMWH 
dose for obese patients, although the optimal dose is still unknown. 
As there are currently no evidence-based dosing guidelines available for 
prophylactic LMWH therapy in obese patients, monitoring of anti-Xa levels 
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four hours after the first dose is often recommended (30). No therapeutic 
range has been defined for obese patients, but it seems rational to aim 
for the prophylactic range in non-obese patients of 0.2-0.5 IU/mL at four 
hours after administration of LMWH (11). Most studies have focused on the 
effect of increased LMWH doses on anti-Xa levels. Rowan et al. achieved 
a higher percentage of therapeutic anti-Xa levels (9% vs. 41.7%) for 40 mg 
enoxaparin compared to 30 mg enoxaparin (31). Although therapeutic levels 
were not reached in over 50% of patients, no VTE events were reported. In 
another study less subtherapeutic levels (0% vs. 40%) were achieved with a 
higher dose of 60 mg enoxaparin compared to 40 mg enoxaparin, without 
increasing the number of bleeding complications (32). Both studies involved 
patient groups with a mean BMI of 48 kg/m2 (31, 32). Although results of 
some of the aforementioned studies may seem inconclusive, it appears that 
a standard dose of LMWH as used in the non-obese population is insufficient 
in the (morbidly) obese population and dose adjustments are warranted. 
A recent review by Nutescu et al. recommended a 30% higher dose for 
morbidly obese patients, as well as monitoring anti-Xa levels in individuals 
weighting over 190 kilograms (11). 
In a previous study among bariatric patients we showed that after a double 
dose of nadroparin compared to non-obese patients, still 50% of the morbidly 
obese patients showed peak anti-Xa levels below the recommended range. 
These peak anti-Xa levels correlated with lean body weight and therefore 
lean body weight was proposed as dosing scalar for thromboprophylaxis 
with LMWH nadroparin (33). In addition, peak anti-Xa levels in morbidly 
obese patients were not found to correlate with total body weight or BMI 
(34). As LMWH distribute mainly to the intravascular compartment, instead 
of tissues and body fat, these findings might be explained by the non-linear 
increase of plasma volume with the increase in total body weight (35). 
The currently available guidelines do not specifically advise dose adjustment 
of LMWH in morbidly obese patients, and most recommend to use product 
labels (12-19). This advice is often ignored, as proven by Barras et al., showing 
that 96% of questioned hospitals had a LMWH strategy that contravened 
with product labels (9). In clinical practice in Dutch hospitals, 62% of the 
hospital doubled the LMWH dose for thromboprophylactic therapy in obese 
patients. However, the cut-off point for body weight above which the LMWH 
dose was increased differed between hospitals.
Beside the optimal dose, there is debate about the duration of prophylaxis 
after surgery. Our study shows that extended duration of prophylaxis is not 
yet common practice in the Netherlands. Only 13% of respondents indicate 
to adjust duration of prophylaxis in obese patients. Significantly more 
surgical departments performing bariatric surgery (33%, p<0.05) extended 
the duration of thromboprophylaxis after discharge. The benefits of 
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extended duration of prophylaxis have been studied in bariatric populations 
and showed a reduced incidence of thromboembolic complications in 
patients receiving prophylaxis up to ten days post-discharge (10, 36, 37). To 
date, guidelines do not include this evidence. 
As bariatric procedures are exponentially increasing worldwide this 
patient group could be a target population for the study of perioperative 
thromboprophylaxis regimen in the subset of obese patients. As the 
incidence of post-operative VTE appears to be rather low in the bariatric 
population, future studies should focus on risk groups within this population, 
i.e. patients within the highest ranges of BMI or comorbidities. Prospective 
studies should identify the optimal dosing schedules for the obese patients 
and clarify the benefit of extended prophylaxis. The increasing numbers 
of obese surgical patients and the current wide variety in the practice of 
thromboprophylaxis demonstrate the necessity of uniform guidelines for 
LMWH prophylaxis in obese patients. 
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