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Abstract
Background: Bariatric surgery is considered the best treatment option for patients with obesity who are classed as 
high risk for thromboembolic events. Objectives: To compare two different doses of low weight molecular heparin 
(LWMH) for prevention of deep venous thrombosis (DVT) in candidates for bariatric surgery, in terms of DVT risk, 
abnormal anti-Xa levels, and preoperative and/or postoperative bleeding. Methods: A cross-sectional comparative 
study of bariatric surgery patients divided into two groups given different doses of LWMH; 40 mg of LWMH 
(control group, CG) and 80 mg of LWMH (study group, SG), both evaluated by vascular ultrasonography (VU) and 
according to the results of PTT, PT, platelets, and anti-Xa factor assays. Results: Sixty patients were evaluated, 34 in 
the CG and 26 in the SG. The only significant differences between the patients in the SG and the CG were weight 
(p = 0.003) and body mass index (p = 0.018). There were no differences between the groups in PTT, PT, platelets, or 
anti-Xa factor levels. There was no DVT or significant bleeding in either group. Conclusions: There were no statistical 
differences when higher doses of LWMH were used for prevention of DVT in bariatric surgery patients, in terms of 
DVT risk, anti-Xa factor levels, or preoperative and postoperative bleeding. 
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Resumo
Contexto: A cirurgia bariátrica é considerada a melhor opção para o tratamento da obesidade, cujos pacientes são 
considerados de alto risco para fenômenos tromboembólicos. Objetivos: Comparar o uso de doses diferentes de 
heparina de baixo peso molecular (HBPM) na profilaxia da trombose venosa profunda (TVP) em pacientes candidatos 
à cirurgia bariátrica em relação ao risco de TVP, alteração na dosagem do fator anti-Xa e sangramento pré ou 
pós-operatório. Métodos: Estudo comparativo transversal em pacientes submetidos à cirurgia bariátrica distribuídos 
em dois grupos, que receberam doses de HBPM de 40 mg (grupo controle, GC) e 80 mg (grupo de estudo, GE). 
Foram avaliados por ultrassonografia vascular e dosagem de KPTT, TAP, plaquetas e fator anti-Xa. Resultados: Foram 
avaliados 60 pacientes, sendo 34 no GC e 26 no GE. Foi observada diferença significativa somente no peso (p = 0,003) 
e índice de massa corporal (p = 0,018) no GE em relação ao GC. Não houve diferença na dosagem de KPTT, TAP, 
plaquetas e fator anti-Xa entre os grupos. Não foram detectados TVP ou sangramentos significativos em ambos os 
grupos. Conclusões: Não houve diferença estatisticamente significativa na utilização de doses maiores de HBPM na 
profilaxia da TVP em pacientes candidatos à cirurgia bariátrica em relação ao risco de TVP, dosagem do fator anti-Xa 
e sangramento pré ou pós-operatório. 
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INTRODUCTION

Obesity is now considered a global epidemic and is 
a health problem with growing incidence.1-3 There are 
600 million people with this disease in the world 
and 5% of them are in Brazil and are responsible 
for around 10% of public health spending.1 Risk of 
mortality among the obese increases from 6 to 12 times 
in relation to the normal healthy population and 
life expectancy is reduced by 12 years in men and 
9 years in women.4 The disease is characterized by 
excessive accumulation of fat in the body, which 
causes a chronic inflammatory state.1 When energy 
expenditure is lower than the supply of calories, the 
result is weight increase, frequently associated with 
damage to health.5

Adipose tissue releases large quantities of tumor 
necrosis factor alpha (TNF-α) and interleukin 
6 (IL-6) and activates neutrophils, reducing a person’s 
immunological capacity. Additionally, there is also 
hypercoagulability because of abnormal fibrinogen 
concentration, increased plasminogen activator 
inhibitor 1 (PAI-1), and reduced antithrombin III and 
fibrinolysis. There are also metabolic abnormalities 
such as hyperinsulinemia (due to increased insulin 
resistance), increase renal sodium retention, activation 
of the sympathetic nervous system, dyslipidemia, 
hyperuricemia, and glucose intolerance.1

Progress has been achieved in pharmacological 
treatment of morbid obesity, but the surgical method 
is considered more effective and is also capable 
of controlling comorbidities caused by increased 
body fat.1-3,6 The classical indications for bariatric 
surgery are: body mass index (BMI) > 40 kg/m2 or 
BMI > 35 kg/m2 in the presence of comorbidities 
caused or aggravated by obesity that have been present 
for at least two years. Additionally, obese candidates 
must have already undergone conventional treatments 
previously, either without success or followed by 
recurrent increase in weight.1,3,7

Obesity itself and surgery to treat it are both considered 
risk factors for thrombotic events. Development of 
venous thromboembolism is triggered by a change 
to one or more of the factors that make up Virchow’s 
triad.8,9 The risk of these events is determined by 
intrinsic factors that include personal, congenital, or 
acquired conditions and extrinsic and environmental 
conditions.4 Isolated thrombosis of the muscular calf 
veins occurs in approximately 28% of cases and can 
extend to the femoropopliteal, iliac, and femoral 
territories.10

Prophylaxis to prevent deep venous thrombosis 
(DVT) should be administered to all obese patients 
who undergo bariatric surgery, irrespective of age, and 
should be chosen according to risk stratification and the 

type of anesthesia that will be used. However, because 
of the considerable weight these patients gain, it 
is possible that the low molecular weight heparin 
(LWMH) dosages recommended in the literature 
are underestimated, hence the need to compare the 
recommended dose with larger doses of LWMH.11

The objective of this study is to compare two 
different LWMH dosages for DVT prophylaxis in 
patients who are candidates for bariatric surgery, in 
terms of risk of DVT, abnormal anti-Xa levels, and 
preoperative and/or postoperative bleeding

METHODS

A prospective, comparative study was conducted 
with patients who underwent bariatric surgery at the 
Hospital Vita Batel, Curitiba, PR, Brazil, from May 
2014 to September 2016. The study was approved 
by the Research Ethics Committee at the Pontifícia 
Universidade Católica do Paraná, under protocol 
number 700.665.

Patients were enrolled on the study if they were 
over the age of 18 years, had obesity grade II or III, 
ASA surgical risk I to III, and underwent gastric 
derivation surgery. Patients were excluded if they had 
grade I obesity (except if they had serious comorbidities), 
ASA grade IV surgical risk, alcoholism, allergy to 
LWMH (enoxaparin), or previous DVT diagnosed 
by an imaging exam. No sample size calculation was 
performed for the population enrolled on the study. 
Consecutive patients who met the inclusion criteria 
and signed the consent form were enrolled.

All of the patients in the study underwent the same 
surgical procedure for laparoscopic gastric bypass 
(Figure 1), consisting of a gastric partitioning to 
construct a 50 mL pouch and an intestinal bypass of 
around 200 cm (mixed technique). The patients were 
assigned to two groups: a control group (CG), given the 
standard prophylaxis dosage of 40 mg of enoxaparin 
once a day (first dose 12 hours before the procedure), 
and a study group (SG), given a 40mg enoxaparin 
prophylaxis dose every 12 hours (first dose 12 hours 
before the procedure). Both groups were given LWMH 
for 10 days during the postoperative period. Patients 
were assigned to groups by the anesthetist, before the 
surgical procedure, at the point that venous access 
was achieved, blinded and by simple lots (without 
repetitions).

All patients underwent preoperative venous 
Doppler ultrasonography (VDU) to investigate DVT 
a maximum of 7 days before the surgical procedure 
and on the tenth day after surgery. All examinations 
assessed the common femoral, deep femoral, femoral, 
popliteal, posterior tibial, fibular, gastrocnemius 
and soleal muscle veins and the great and small 
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saphenous veins. The criteria for diagnosing DVT 
by VDU were based on identification of intraluminal 
thrombus, incompressibility of the vein, and absence 
of venous flow.

Anti-Xa factor was assayed in blood from all patients 
to assess the level of LWMH effect on the fifth day 
after surgery, 4h after administration of LWMH, using 
a Berichrom kit in a Siemens CS5100 coagulation 
monitor. Blood samples were also taken for platelet, 
PT, and PTT assays. In addition to pharmaceutical 
prophylaxis and early mobilization, all patients 
wore pneumatic boots for 24h and antithrombotic 
compression stockings (18 mmHg) for 10 days during 
the postoperative period.

Results for quantitative variables are expressed 
as means, medians, minimum and maximum values, 
and standard deviations. Categorical variables were 
expressed as frequencies and percentages. Student’s 
t test for independent samples was used to compare 
quantitative variables between the two groups. 

The Kolmogorov-Smirnov test was used to assess 
normality of variables. Fisher’s exact test was used 
to compare categorical variables. Pearson correlation 
coefficients were estimated to assess associations 
between quantitative variables. P values < 0.05 
indicated statistical significance. Data were analyzed 
using IBM SPSS Statistics, v. 20.

RESULTS

A total of 67 patients who had bariatric surgery were 
analyzed; 36 in the CG and 31 in the SG. Two patients 
in the CG and five patients in the SG did not return 
for the postoperative examination with VDU.

The remaining 34 patients in the CG were three men 
and 31 women, with ages ranging from 21 to 52 years 
(mean of 33.3 years); 14.7% had diabetes and 
42% had hypertension, body weight ranged from 
77 to 149 kg (mean of 99.4 kg), and BMI ranged 
from 32.6 to 45.5 (mean of 38.8). One patient with 
BMI below 35 was included because comorbidities 
justified surgery.

The remaining 26 patients in the SG were four men 
and 22 women, with age ranging from 20 to 55 years 
(mean of 38.8 years); 19.2% had diabetes and 38.5% had 
hypertension, body weight ranged from 81 to 159 kg 
(mean of 113.1 kg), and BMI ranged from 5.1 to 
58.4 (mean of 41.7). All patients were treated by 
videolaparoscopy using the same procedure, with mean 
duration of 50 minutes and no significant difference 
in duration of procedure between the study groups.

Comparison of the groups in terms of the characteristics 
of the population (Table 1) only revealed statistically 
significant differences between the SG and the CG in 
weight (p = 0.003) and BMI (p = 0.018). There were 
no statistically significant differences between groups 
in terms of preoperative laboratory test results for 
cholesterol, triglycerides, or glycemia.

There were no statistically significant differences 
between groups in the results of PTT, PT, platelets, or 
anti-Xa factor assays (Table 2). Anti-Xa factor levels 
in particular ranged from 0.2 to 0.7 (mean of 0.4) 
in the CG and from 0.1 to 0.7 (mean of 0.4) in the 
SG (p = 0.386). Coefficients for the correlations 
between anti-Xa factor and BMI in the CG and 
the SG (Table 3) indicated a weak correlation 
(-0.23 and -0.12, respectively) in both groups.

Intra-group comparisons of age, anti-Xa factor 
level, PT, PTT, and platelets between patients with 
BMI less than 40 and patients with BMI of 40 or more 
did not reveal statistically significant differences in 
the CG (Table 4) or the SG (Table 5). With regard 
to intraoperative bleeding, there was no significant 
bleeding in the CG. In the SG, however, there were 

Figure 1. Illustration of surgical procedure for gastric bypass 
with gastric partitioning and intestinal deviation. Source: Image 
provided by Johnson & Johnson do Brasil Indústria e Comércio 
de Produtos para Saúde Ltda.
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Table 1. Comparison of control group (CG) and study group (SG) by age, weight, and body mass index (BMI).
Variable Group N Mean Median Minimum Maximum Standard deviation P value*

Age CG 34 33.3 32.5 21 52 8.0

SG 26 33.8 33 20 55 9.8 0.821

Weight CG 34 99.4 96.3 77 149 14.4

SG 26 113.1 111 81 159 19.5 0.003

BMI CG 34 38.8 38.6 32.6 45.5 3.2

SG 26 41.7 40.5 35.1 58.4 5.2 0.018
*Student’s t test for independent samples, p < 0.05.

Table 2. Comparison of control group (CG) and study group (SG) by results for anti-Xa factor, PT, PPT, and platelets.
Variable Group n Mean Median Minimum Maximum Standard deviation P value*

Anti-Xa, day 5 PO CG 34 0.40 0.40 0.20 0.70 0.13

SG 26 0.40 0.40 0.10 0.70 0.13 0.386
PT, day 5 PO CG 33 1.10 1.10 0.87 1.20 0.09

SG 24 1.10 1.10 1.00 1.20 0.05 0.203
PTT, day 5 PO CG 33 31.2 29.8 25.9 65.5 6.86

SG 24 29.8 29.1 25 37.6 3.09 0.194
Platelets, day 5 PO CG 33 315948 329000 284 457000 88851

SG 24 345542 332500 224000 520000 76135 0.193
*Student’s t test for independent samples, p < 0.05.

Table 3. Correlation between body mass index and anti-Xa factor level.
Group n Pearson’s correlation coefficient P value

Control 34 -0.23 0.192

Study 26 -0.12 0.569

Table 4. Comparison in control group of age, anti-Xa factor level, PT, PTT and platelets, by body mass index (BMI) below or above 40.
Variable BMI n Mean Median Minimum Maximum Standard deviation P value*

Age ≤ 40 24 33.5 31.5 21 49 7.7
> 40 10 32.8 32.5 21 52 9.3 0.811

Anti-Xa, day 5 PO ≤ 40 24 0.40 0.40 0.20 0.60 0.12
> 40 10 0.30 0.30 0.20 0.70 0.10 0.222

PT, day 5 PO ≤ 40 23 1.10 1.10 0.90 1.20 0.08
> 40 10 1.10 1.10 0.87 1.20 0.10 0.566

PTT, day 5 PO ≤ 40 23 31.9 29.8 26 65.5 8
> 40 10 29.6 29.3 25.9 35.5 2.7 0.230

Platelets, day 5 PO ≤ 40 23 323304 323000 210000 457000 70852
> 40 10 299028 342500 284 426000 123862 0.573

*Student’s t test for independent samples, p < 0.05.

Table 5. Comparison in study group of age, anti-Xa factor level, PT, PTT and platelets, by body mass index (BMI) below or above 40.
Variable BMI n Mean Median Minimum Maximum Standard deviation P value*

Age ≤ 40 10 37.6 36 20 55 10.2

> 40 16 31.5 30 20 50 9.0 0.123

Anti-Xa, day 5 PO ≤ 40 10 0.40 0.40 0.10 0.60 0.15

> 40 16 0.40 0.40 0.20 0.70 0.12 0.795

PT, day 5 PO ≤ 40 10 1.10 1.10 1.00 1.10 0.05

> 40 14 1.10 1.10 1.00 1.20 0.05 0.136

PTT, day 5 PO ≤ 40 10 30.1 29.6 25 35.2 3.5

> 40 14 29.6 29.1 25.9 37.6 2.9 0.704

Platelets, day 5 PO ≤ 40 10 312400 316500 224000 388000 51721.91

> 40 14 369214 346500 270000 520000 83396 0.070
*Student’s t test for independent samples, p < 0.05.
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two cases of bleeding along the line of staples for 
stomach exclusion that were easily controlled with 
local tie-over PDS 3-0 sutures, which was performed 
as routine in all of the patients operated on.

There were no cases in either group in which it 
was necessary to change from videolaparoscopic 
surgery to conventional surgery because of bleeding 
or other intraoperative complications. During the 
postoperative period, two patients in each group 
exhibited small quantities of melena, with no 
hemodynamic repercussions. With relation to lower 
limb DVT, no cases of DVT were identified during 
preoperative or postoperative VDU examinations.

DISCUSSION

Obesity is associated with many comorbidities 
that are either caused by, aggravated by, or harder 
to control because of excess weight. These include 
arterial hypertension, type 2 Diabetes mellitus, 
cardiomyopathy, degenerative arthropathies, 
cholelithiasis, hepatic steatosis, sleep apnea, lower 
limb varicose veins, metabolic syndrome, and 
depression.5,10,11 Obesity can be classified by grades 
that correlate BMI to the risk to which obese people 
are prone A BMI from 25 to 29 kg/m2 is defined as 
overweight; from 30 to 34.9 kg/m2 is grade I, or 
mild, obesity; from 35 to 39.9 kg/m2 is grade II, or 
moderate, obesity; and BMI greater than 40 kg/m2 
is grade III, or morbid, obesity.5,10

In the population enrolled on our study there were 
no significant differences in age, sex, comorbidities, 
or preoperative laboratory tests. However, there were 
statistically significant differences in weight and 
BMI, which were greater in the SG than in the CG.

The classical indications for bariatric surgery are 
BMI > 40 kg/m2 or BMI > 35 kg/m2 in conjunction 
with comorbidities caused or aggravated by obesity, 
present for at least 2 years. Surgery can be open or 
conducted via videolaparoscopy. The latter is preferable 
because it is associated with a lower rate of incisional 
hernias and shorter hospital stays. Procedures are 
classified according to their mechanisms of action 
as: restriction (laparoscopic adjustable gastric 
banding and vertical “sleeve” gastroplasty), intense 
restriction/discrete malabsorption (Roux-en-Y gastric 
bypass) and intense malabsorption/discrete restriction 
(“Scopinaro” biliopancreatic diversion).5,7,12

The technique chosen was laparoscopic gastric 
bypass, which is supported by the literature and is 
currently the most widely used method in Brazil. 
It provokes loss of 75-80% of excess body weight in 
18-24 months after the operation and improvements 
in the majority of the comorbidities associated with 
obesity. The technique consists of gastric partitioning 

and reduction, to reduce food intake and provoke earlier 
and longer-lasting satiety, in addition to intestinal 
diversion to reduce absorption of nutrients and effect 
hormonal changes that contribute to weight loss and 
improve metabolic aspects.

The greatest causes of morbidity and mortality 
after bariatric surgery are DVT and pulmonary 
thromboembolism (PTE) and BMI > 40 kg/m2 is 
an independent risk factor for sudden death from 
PTE.1,13-15 This is because of the long duration of 
bariatric surgery, demanding anesthesia for more 
than 30 minutes, because patients are in a physical 
condition and have comorbidities that restrict their 
movements, and because suspicion of DVT is less 
likely among the morbidly obese because of their 
physical constitutions.4

The most severe complication after bariatric 
surgery is PTE and age, BMI > 40 kg/m2, male sex, 
and prior history of PTE are the most important risk 
factors involved. In turn, DVT can cause sudden 
death from pulmonary embolism in 0.3% of bariatric 
surgery cases or long term morbidity when it leads 
to postthrombotic syndrome.4,13

Escalante-Tattersfield et al.16 conducted a retrospective 
study with 618 patients who underwent Roux-en-Y 
Gastric Bypass by laparoscopy and were followed-up 
for 52 weeks. All patients were given the same 
quantity (5000 UI) of unfractionated heparin every 
8h for the first 24h, followed by 40 mg of enoxaparin 
every 12h, and remained in hospital for a mean stay 
of 4 days. Basal atelectasis was the most common 
complication while in hospital (8.4%), followed by 
gastrointestinal bleeding (1.6%). There were no deaths 
during follow-up and none of the patients exhibited 
clinical symptoms of DVT. Just one patient was 
diagnosed with DVT by VDU of the lower limbs, 
conducted within the first 24h after surgery.

In our study, the frequency of BMI > 40 was 
32% in the CG and 59% in the SG and, despite this 
statistically significant difference (p = 0.018), no 
cases of DVT were detected by VDU in either group. 
This demonstrates that the recommended dose of 
40 mg/day was sufficient to protect the patients in 
the CG group, even those who were morbidly obese. 
Obese patients are considered at moderate risk of 
developing DVT during the postoperative period after 
gastric surgery when given an effective prophylactic 
method and at high risk in the absence of any type of 
prophylaxis. On average, the thrombotic event occurs 
5 days after surgery.8

Safdie et al.17 conducted a retrospective study 
involving 1,503 patients who underwent bariatric 
surgery, with a 1.3% incidence of DVT in upper limbs 
during the post-surgical follow-up period (30 days). 
None of the patients exhibited dyspnea, pleuritic pain, 
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or other classic symptoms of PTE. In a study conducted 
by Prystowsky et al.,18  analyzing 106 patients who 
underwent bariatric surgery, there was zero mortality 
from PTE and only one DVT case was identified, 
14 days after surgery. Stein and Matta19 conducted an 
analysis of a national database of patients admitted 
to hospital in the United States from 2007 to 2009, 
covering 508,230 bariatric surgeries, and identified 
a 1.3% incidence of DVT and a 0.9% incidence of 
PTE, with PTE mortality rates of 3.9% among those 
who had vena cava filters fitted and 2.7% among 
those who did not.

With relation to prevention of thromboembolic 
events, the American College of Chest Physicians 
recommends mechanical prophylaxis for low risk 
patients, preferably intermittent pneumatic compression. 
For moderate risk patients with no risk of bleeding, 
the recommendation is LWMH or unfractionated 
heparin or mechanical prophylaxis (intermittent 
pneumatic compression). For high risk patients with 
no risk of bleeding, prophylaxis is achieved with 
LWMH or unfractionated heparin, in combination 
with intermittent pneumatic compression or elastic 
stockings. If heparin is contradicted and there is low 
risk of bleeding, it is recommended that low doses 
of aspirin, fondaparinux or mechanical prophylaxis 
(intermittent pneumatic compression) be used.10

In our study, patients had been stratified as at high 
risk of developing DVT and therefore prophylaxis 
with enoxaparin at 40 mg per day was chosen. 
However, the major weight gain among bariatric 
surgery patients raises the question of whether the 
LWMH dose recommended in the literature might be 
underestimated and if there could possibly be a need 
for higher doses of LWMH in this population, with a 
possible higher risk of preoperative or postoperative 
bleeding or of other complications.

Scholten et al. compared different doses of enoxaparin 
(30 mg vs. 40 mg every 12h) in 481 bariatric surgery 
patients and identified a 5.4% DVT rate in the group 
given the lower dose (30 mg) and 0.6% in the higher 
dose group (40 mg), although the duration of the 
surgical procedure and the length of hospital stay 
were both longer in the lower dose (30 mg) group.20 
Borkgren-Okonek et al.21 used higher DVT prophylaxis 
doses in 223 gastric bypass patients, administering 
40 mg every 12h to patients with BMI < 50 and 60 
mg every 12h to patients with BMI over 50, and did 
not observe significant differences in DVT (0.45%) 
or bleeding (2.2%) rates.

Comparison of the use of different doses of LWMH 
for DVT prophylaxis in our study showed that, for 
the population investigated, there was zero incidence 
of DVT (in the femoropopliteal and popliteo-pedal 

segments or in the gastrocnemius and soleal muscle 
veins) in either of the groups. However, it should 
be pointed out that, in addition to pharmaceutical 
prophylaxis and early mobilization, all of the patients 
wore pneumatic boots for 24h and antithrombotic 
elastic stockings (18 mmHg) for 10 days during the 
postoperative period. These additional measures 
could have had an influence on the results, but using 
them together with the standard LWMH dose for the 
patients’ risk level was sufficient to avoid DVT during 
the postoperative period.

With relation to intraoperative and postoperative 
complications, there was no significant intraoperative 
bleeding in the CG, whereas in the SG there were two 
cases of minimal bleeding along the staple line of the 
excluded stomach, which was successfully controlled 
by the tie-over suturing that is routinely performed. 
Although the bleeding was of minimal volume and 
easily controlled, the fact that it only occurred in the 
SG could be related to the larger dose of LWMH 
and could therefore be considered an intraoperative 
complication, with a possibility of greater risk of 
bleeding case if higher doses of de LWMH are chosen 
for DVT prophylaxis. There was no need to abandon 
videolaparoscopic surgery in favor of conventional 
surgery because of bleeding or other intraoperative 
complications in either group.

During the postoperative period, two patients 
exhibited melena in each group. This may be a 
natural occurrence caused by residual blood after 
stapling of the stomach and intestine, in addition to 
the anastomoses, causing minor intraluminal bleeding 
that is expelled in the form of coagulated blood mixed 
with feces. Additionally, anticoagulants could also be 
the cause of intraluminal bleeding that manifests in 
this manner during the postoperative period and is 
generally self-limiting.

With regard to the possibility that there could be 
a higher risk of bleeding in the SG than in the CG 
because of higher doses of LWMH, the comparisons 
of anti-Xa factor, PTT, PT and platelet levels did not 
reveal statistically significant differences between the 
groups, even though there were more patients with 
BMI > 40 in the SG .

Heparin is an anticoagulant composed of 
polysaccharide chains of different molecular weights 
with a great affinity for antithrombin (AT), the 
physiological coagulation inhibitor, especially thrombin 
(IIa) and activated factor X (Xa). Low molecular 
weight heparins maintain the anti-Xa activity, but 
have reduced anti-IIa activity. Monitoring anti-Xa 
factor levels is one option for control of prophylaxis, 
although its utility has not yet been universally defined 
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and controlled studies do not demonstrate a clear 
relationship with bleeding or thromboembolic events.15

The recommendation is to measure peak anti-Xa 
activity approximately 4h after administration of 
subcutaneous LWMH, since each type of LWMH has 
different concentration levels. The anti-Xa actions 
of LWMHs have been measured in volunteers both 
for prophylaxis and for treatment and enoxaparin 
(the drug used in our study) has been tested in people 
weighing up to 120 kg. The majority of authors test 
anti-Xa factor level between the third and fifth day 
after surgery.22

Mean anti-Xa activity, measured 3 to 5 hours after 
subcutaneous injection, is proportional to the dose 
administered, corresponding to 0.2, 0.4, 1.0 and 1.3 UI 
anti-Xa/mL at single doses of 20, 40, 1 and 1.5 mg/kg, 
respectively.23-25 Levine et al. demonstrated a statistical 
correlation between anti-Xa factor levels below 
0.1 UI/mL and thromboembolic events.26

In our study, there was a weak correlation between 
anti-Xa factor level and BMI in both the CG and the SG. 
Anti-Xa factor levels were not significantly different 
between groups, varying from 0.2 to 0.7 (mean of 0.4) 
in the CG and from 0.1 to 0.7 (mean of 0.4) in the 
SG and mean body weight was less than 120 kg in 
both groups.

Therefore, we conclude that there was no statistically 
significant difference when higher doses of LWMH 
were used for DVT prophylaxis in patients who 
were candidates for bariatric surgery in terms of risk 
of DVT, anti-Xa factor levels, or preoperative and 
postoperative bleeding.

ACKNOWLEDGMENTS

The authors are grateful to Prof. Márcia 
Orlandowski, professor of Statistics at Pontifícia 
Universidade Católica do Paraná (PUCPR), for the 
careful statistical analysis performed.

REFERENCES

1. Sanches GD, Gazoni FM, Konishi RK, Guimarães HP, Vendrame LS, 
Lopes RD. Cuidados intensivos para pacientes em pós-operatório de 
cirurgia bariátrica. Rev Bras Ter Intensiva. 2007;19(2):205-9. http://
dx.doi.org/10.1590/S0103-507X2007000200011. PMid:25310781.

2. Piché MÈ, Auclair A, Harvey J, Marceau S, Poirier P. How to choose 
and use bariatric surgery in 2015. Can J Cardiol. 2015;31(2):153-66. 
http://dx.doi.org/10.1016/j.cjca.2014.12.014. PMid:25661550.

3. Neff KJ, Olbers T, Le Roux CW. Bariatric surgery: the challenges 
with candidate selection, individualizing treatment and clinical 
outcomes. BMC Med. 2013;11(1):8. http://dx.doi.org/10.1186/1741-
7015-11-8. PMid:23302153.

4. Stroh C, Michel N, Luderer D,  et  al. Risk of thrombosis and 
thromboembolic prophylaxis in obesity surgery: data analysis from 
the German Bariatric Surgery Registry. Obes Surg. 2016;26(11):2562-
71. http://dx.doi.org/10.1007/s11695-016-2182-4. PMid:27112588.

5. Branco AJ Fo, Castro HF Fo, Castro HF No. Cirurgia bariátrica. In: 
Saad JR, Salles RA, Carvalho WR, Maia AM. Tratado de cirurgia 
do CBC. São Paulo: Atheneu; 2009. p. 941-7.

6. Abdeen G, Le Roux CW. Mechanism underlying the weight loss 
and complications of Roux-en-Y gastric bypass: review. Obes Surg. 
2016;26(2):410-21. http://dx.doi.org/10.1007/s11695-015-1945-7. 
PMid:26530712.

7. Gonçalvez CG, Shauer PR. Cirurgia de obesidade mórbida. In: Coelho 
JCU. Manual de clínica cirúrgica: cirurgia geral e especialidades. 
São Paulo: Atheneu Editora; 2009. p. 959-71.

8. Maffei FHA, Rollo HÁ. Trombose veniosa profunda dos membros 
inferiores: incidência, patogenia, patologia, fisiopatologia e 
diagnóstico. In: Maffei FHA. Doenças vasculares periféricas. 5. ed. 
Rio de Janeiro: Guanabara Koogan; 2016. p. 1776-95.

9. Ginsberg J. Doenças venosas periféricas. In: Ausiello D, Cecil RL, 
Goldman HM. Cecil medicina. Rio de Janeiro: Elsevier; 2009. p. 
669-79.

10. De Maeseneer MGR, Bochanen N, Van Rooijen G, Neglén P. 
Analysis of 1,338 patients with acute lower limb Deep Venous 
Thrombosis (DVT) supports the inadequacy of the term “Proximal 
DVT”. Eur J Vasc Endovasc Surg. 2016;51(3):415-20. http://dx.doi.
org/10.1016/j.ejvs.2015.11.001. PMid:26777542.

11. Douketis JD, Spyropoulos AC, Spencer FA,  et  al. Perioperative 
management of antithrombotic therapy: antithrombotic therapy 
and prevention of thrombosis: American College of Chest 
Physicians evidence-based clinical practice guidelines. Chest. 
2012;141(2, Supl):326-50. http://dx.doi.org/10.1378/chest.11-2298. 
PMid:22315266.

12. Richards WO, Shirmer BD. Obesidade mórbida. In: Mattox KL, 
Townsend CM, Beauchamp RD, Evers BM. Sabiston: tratado de 
cirurgia. São Paulo: Elsevier; 2010. p. 374-404.

13. Wu EC, Barba CA. Current practices in the prophylaxis of venous 
thromboembolism in bariatric surgery. Obes Surg. 2000;10(1):7-13. 
http://dx.doi.org/10.1381/09608920060674021. PMid:10715636.

14. Froehling DA, Daniels PR, Mauck KF, et al. Incidence of venous 
thromboembolism after bariatric surgery: a population-based 
cohort study. Obes Surg. 2013;23(11):1874-9. http://dx.doi.
org/10.1007/s11695-013-1073-1. PMid:24022324.

15. Vandiver JW, Ritz LI, Lalama JT. Chemical prophylaxis to prevent 
venous thromboembolism in morbid obesity: literature review and 
dosing recommendations. J Thromb Thrombolysis. 2016;41(3):475-
81. http://dx.doi.org/10.1007/s11239-015-1231-5. PMid:25982217.

16. Escalante-Tattersfield T, Tucker O, Fajnwaks P, Szomstein S, 
Rosenthal RJ. Incidence of deep vein thrombosis in morbidly 
obese patients undergoing laparoscopic Roux-en-Y gastric bypass. 
Surg Obes Relat Dis. 2008;4(2):126-30. http://dx.doi.org/10.1016/j.
soard.2007.12.015. PMid:18359453.

17. Safdie FM, Dip F, Ardila-Gatas J,  et  al. Incidence and clinical 
implications of upper extremity deep vein thrombosis after 
laparoscopic bariatric procedures. Obes Surg. 2015;25(6):1098-101. 
http://dx.doi.org/10.1007/s11695-015-1646-2. PMid:25802065.

18. Prystowsky JB, Morasch MD, Eskandari MK, Hungness ES, 
Nagle AP. Prospective analysis of the incidence of deep venous 
thrombosis in bariatric surgery patients. Surgery. 2005;138(4):759-
63. PMid:16269306.

19. Stein PD, Matta F. Pulmonary embolism and deep venous thrombosis 
following bariatric surgery. Obes Surg. 2013;23(5):663-8. http://
dx.doi.org/10.1007/s11695-012-0854-2. PMid:23404239.

20. 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(1):19-24. http://
dx.doi.org/10.1381/096089202321144522. PMid:11868291.

https://doi.org/10.1590/S0103-507X2007000200011
https://doi.org/10.1590/S0103-507X2007000200011
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25310781&dopt=Abstract
https://doi.org/10.1016/j.cjca.2014.12.014
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25661550&dopt=Abstract
https://doi.org/10.1186/1741-7015-11-8
https://doi.org/10.1186/1741-7015-11-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23302153&dopt=Abstract
https://doi.org/10.1007/s11695-016-2182-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27112588&dopt=Abstract
https://doi.org/10.1007/s11695-015-1945-7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26530712&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26530712&dopt=Abstract
https://doi.org/10.1016/j.ejvs.2015.11.001
https://doi.org/10.1016/j.ejvs.2015.11.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26777542&dopt=Abstract
https://doi.org/10.1378/chest.11-2298
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22315266&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22315266&dopt=Abstract
https://doi.org/10.1381/09608920060674021
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10715636&dopt=Abstract
https://doi.org/10.1007/s11695-013-1073-1
https://doi.org/10.1007/s11695-013-1073-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24022324&dopt=Abstract
https://doi.org/10.1007/s11239-015-1231-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25982217&dopt=Abstract
https://doi.org/10.1016/j.soard.2007.12.015
https://doi.org/10.1016/j.soard.2007.12.015
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18359453&dopt=Abstract
https://doi.org/10.1007/s11695-015-1646-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25802065&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16269306&dopt=Abstract
https://doi.org/10.1007/s11695-012-0854-2
https://doi.org/10.1007/s11695-012-0854-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23404239&dopt=Abstract
https://doi.org/10.1381/096089202321144522
https://doi.org/10.1381/096089202321144522
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11868291&dopt=Abstract


Carlos José Goslan, Giórgio Alfredo Pedroso Baretta et al.

33J Vasc Bras. 2018 Jan.-Mar.; 17(1):26-33

21. Borkgren-Okonek MJ, Hart RW, Pantano JE,  et  al. Enoxaparin 
thromboprophylaxis in gastric bypass patients: extended duration, 
dose stratification, and antifactor Xa activity. Surg Obes Relat Dis. 
2008;4(5):625-31. http://dx.doi.org/10.1016/j.soard.2007.11.010. 
PMid:18261965.

22. Egan G, Ensom MHH. Measuring anti-factor Xa activity to monitor 
low-molecular-weight heparin in obesity: a critical review. Can J 
Hosp Pharm. 2015;68(1):33-47. http://dx.doi.org/10.4212/cjhp.
v68i1.1423. PMid:25762818.

23. Laffan M, Manning R. Laboratory control of anticoagulant, 
thrombolytic, and antiplatelet therapy. Dacie and Lewis Practical 
Haematology. 2006;18:465-79. http://dx.doi.org/10.1016/
B0-44-306660-4/50022-2.

24. Gerlach AT, Pickworth KK, Seth SK, Tanna SB, Barnes JF. Enoxaparin 
and bleeding complications: a review in patients with and without 
renal insufficiency. Pharmacotherapy. 2000;20(7):771-5. http://
dx.doi.org/10.1592/phco.20.9.771.35210. PMid:10907967.

25. Rosborough TK. Comparison of anti-factor Xa heparin activity and 
activated partial thromboplastin time in 2,773 plasma samples 
from unfractionated heparin-treated patients. Am J Clin Pathol. 
1997;108(6):662-8. http://dx.doi.org/10.1093/ajcp/108.6.662. 
PMid:9384448.

26. Levine MN, Planes A, Hirsh J, Goodyear M, Vochelle N, Gent M. 
The relationship between anti-factor Xa level and clinical outcome 
in patients receiving enoxaparine low molecular weight heparin 
to prevent deep vein thrombosis after hip replacement. Thromb 
Haemost. 1989;62(3):940-4. PMid:2556813.

*Correspondence 
Carlos Alberto Engelhorn 

Angiolab Curitiba, Laboratório Vascular Não Invasivo 
Rua da Paz, 195, Sala 2 - Bairro Alto da XV 

CEP 80060-160 - Curitiba (PR), Brasil 
Tel.: +55 (41) 3362-0133 

E-mail: caengelhorn@gmail.com

Author information 
CJG - Board-certified in Vascular Surgery (Vascular Ultrasound) by 
Sociedade Brasileira de Angiologia e de Cirurgia Vascular (SBACV). 

GAPB - MSc and PhD in Surgery from Universidade Federal do 
Paraná (UFPR); Digestive and bariatric surgeon, Vita Batel and 

Sugisawa hospitals; Professor of Minimally Invasive Surgery (Graduate 
Program) at Instituto Jacques Perissat - Universidade Positivo. 

HGPS and BZO - Medical student’s, Pontifícia Universidade Católica 
do Paraná (PUCPR). 

ECAZ - PhD in Surgery from Faculdade de Medicina, Universidade de 
São Paulo (USP); Associate Member, Sociedade Brasileira de Cirurgia 

Bariátrica e Metabólica (SBCBM). 
MAGL - Surgeon, Vita Batel and Sugisawa hospitals; Preceptor of 

Surgery, Hospital Hans Dieter Schmidt. 
CAE - PhD in Vascular Surgery from Universidade Federal de São 

Paulo (UNIFESP); Full professor of Angiology, Pontifícia Universidade 
Católica do Paraná (PUCPR).

Author contributions 
Conception and design: CJG, GAPB, ECAZ, CAE 

Analysis and interpretation: CJG, GAPB, CAE 
Data collection: CJG, GAPB, HGPS, BZO, ECAZ, MAGL, CAE 

Writing the article: CJG, GAPB, HGPS, BZO, CAE 
Critical revision of the article: CAE 
Final approval of the article*: CAE 

Statistical analysis: MO (Acknowledgements) 
Overall responsibility: CAE 

 
*All authors have read and approved of the final version of the article 

submitted to J Vasc Bras.

https://doi.org/10.1016/j.soard.2007.11.010
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18261965&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18261965&dopt=Abstract
https://doi.org/10.4212/cjhp.v68i1.1423
https://doi.org/10.4212/cjhp.v68i1.1423
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25762818&dopt=Abstract
https://doi.org/10.1016/B0-44-306660-4/50022-2
https://doi.org/10.1016/B0-44-306660-4/50022-2
https://doi.org/10.1592/phco.20.9.771.35210
https://doi.org/10.1592/phco.20.9.771.35210
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10907967&dopt=Abstract
https://doi.org/10.1093/ajcp/108.6.662
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9384448&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9384448&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2556813&dopt=Abstract

