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A B S T R A C T   

Background: Venous thromboembolic events (VTE) post-bariatric surgery (BS) lead to morbidity and mortality. 
Methods: This scoping review assessed whether reported VTE post-BS could be under/over-estimated; suggested a 
possible number of VTE post-BS; appraised whether VTE are likely to decrease/increase; examined BS as risk/ 
protective factor for VTE; and mapped the gaps, proposing potential solutions. 
Results: VTE appears under-estimated due to: identification/coding of BS and VTE; reporting of exposure (BS); 
and reporting of outcomes (VTE). The review proposes a hypothetical calculation of VTE post-BS. VTE are un
likely to decrease soon. BS represents risk and protection for VTE. Better appreciation of VTE-BS relationships 
requires longer-term strategies. 
Conclusion: VTE are underestimated. Actions are required for understanding the VTE-BS relationships to in order 
to crease VTE by better-informed prevention strategy/ies.   

1. Introduction 

Morbid obesity is associated with various co-morbidities, including 
chronic venous insufficiency [1]. Bariatric surgery (BS) is an effective 
strategy with a good safety profile to achieve meaningful and sustainable 
weight loss [2]. However, BS carries potential risks and possible compli
cations, of which venous thromboembolic events (VTE) are a significant 
cause of morbidity and mortality [1,3]. The term VTE includes deep vein 
thrombosis (DVT) and its life-threatening complication, pulmonary em
bolism (PE); it is a substantial cause of sickness and death among hospi
talized and postoperative (post-op) patients [4,5]; and is a primary reason 
for early readmission (5.31% of readmissions <30 days after BS) [6]. 

Obese patients are in a hypercoagulable state, and BS puts them at 
high VTE and PE risk [7]. Many reasons contribute to this. Morbid 
obesity diminishes mobility, leading to conditions associated with VTE 
(hypertension, diabetes, venous stasis, obstructive sleep apnea) [8–10] 
and there often is venous stasis and a chronic inflammatory state [11]. 
Surgery in obesity is also associated with longer operative time which in 
turn independently increases VTE risk; and the complexity of some BS 
(creating 2 separate anastomoses) adds opportunity for endothelial 
vessel damage and VTE for obese patients already at risk of thrombosis 

[12–15]. Likewise, concurrent conditions (e.g. hernia repair) and com
plications (e.g. anastomotic leaks) [16] contribute to prolonged immo
bility that increases the risk of VTE. In addition, major bleeding (more 
likely in gastric bypass vs sleeve gastrectomy) that necessitates blood 
transfusion might also significantly increase the risk of VTE (Odds Ratio 
4.7; 95% CI 2.9–7.9) [17]. Conversion to open surgery had the greatest 
impact on VTE, suggesting that perioperative factors like exposure to 
tissue factor by larger wounds have great bearing on VTE [18]. 

Notwithstanding, VTE represent a preventable cause of mortality 
[19]. Given the obesity epidemic and the frequency of BS as a man
agement strategy, in order to prevent morbidity and mortality, the 
VTE-BS relationship requires clearer understanding. These consider
ations inspired the current review. 

2. Methods 

The aim of a scoping review as undertaken in this manuscript is not 
to find, retrieve and include every single paper published on the topic. 
Rather, the aim is intended to be broader, focusing on exploratory 
reconnaissance searches of the relevant literature to determine key 
characteristics involved in the subject at hand, map potential gaps, and 
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illustrate pertinent examples. Such goals agree with the scale of what a 
scoping review can achieve, which include identifying types of existing 
evidence in a given field, key characteristics related to a certain topic, or 
knowledge gaps [20]. Scoping reviews are useful for answering broad 
questions, e.g., “What information has been presented on this topic in 
the literature?” and for collecting and appraising information before 
undertaking a systematic review [20]. A scoping review is specifically 
advantageous when the information on a topic has not been compre
hensively reviewed or is complex and diverse [21], as the broad scope of 
the information makes using formal meta-analytic methods difficult, if 
not impossible [22]. 

VTE after BS is a complex and diverse topic requiring broad 
coverage. Hence the scoping review was selected to examine this rela
tionship. We employed a six-step rigorous framework used for scoping 
reviews (highlighted below) and applied its criteria that comprised: 
identifying the research question/s; identifying relevant studies; study 
selection; charting the data (the data extraction process); collating, 
summarizing, and reporting the results; and (optional step 6), a 
consultation exercise [23]. 

2.1. Research questions 

In order to assess VTE after BS, the current review ‘scoped’ the 
published literature to answer six related questions related to a public 
health problem: 1) How frequent are VTE post-BS?; 2) How ‘accurate’ 
are such reported frequency/ies?; 3) What is a possible/plausible 
(although hypothetical) number of VTE post-BS and its clinical impact?; 
4) Is the frequency of VTE post-BS likely to decrease in future?; 5) Is BS a 
risk factor or a protective factor for VTE?; and, given the answers to the 
first 5 questions, 6) What is a possible way forward? 

2.2. Identifying relevant studies 

2.2.1. Information sources 
The review team searched electronic databases including PubMed, 

MEDLINE, Embase, CINAHL, Web of Science, Scopus, as well as Google 
scholar for published articles of all types of thromboembolic events and 
their associations with any type of bariatric surgery relevant to 
answering these research questions. 

2.2.2. Keywords and search terms 
The keywords used were “bariatric surgery” [in Title/Abstract]. The 

medical subject headings (MeSH) terms used were bariatric surgery [All 
Fields] AND (“thromboembolic" [MeSH Terms]; bariatric surgery [All 
Fields] AND (“thrombosis" [MeSH Terms]; bariatric surgery [All Fields] 
AND (“embolism" [MeSH Terms]; bariatric surgery [All Fields] AND 
(“thrombosis AND embolism" [MeSH Terms]; bariatric surgery [All 
Fields] AND (“postoperative” AND thrombosis” [MeSH Terms]; bariatric 
surgery [All Fields] AND (“postoperative” AND embolism” [MeSH 
Terms]. As more features related to VTE and to BS were uncovered from 
the retrieved literature, additional searches were devised and under
taken in order to capture and retrieve literature pertinent to the un
covered features. 

2.3. Study selection 

2.3.1. Inclusion criteria 
Study design: original studies; Language: published articles in En

glish language; Time period: original studies published from January 01, 
1990 through March 30, 2020; Interventions: published articles that 
assessed “bariatric surgery”; and, Participants: published articles 
enrolling patients of any age, gender, and ethnicity. 

2.3.2. Exclusion criteria 
Studies that did not include bariatric surgery, thrombosis or embo

lism; and, studies in patients with inherited coagulation abnormalities 

presenting as thrombotic risk (e.g. FV-Leiden) or bleeding tendency 
(hemophilia). 

2.4. Charting the data 

Data items extracted: we extracted items that would be relevant to 
answering the research questions: reported incidences of all types of VTE 
post-BS; the likelihood of whether such incidence could represent 
under/over-estimation of the problem; data that would assist to hy
pothesize a possible estimate of VTE post-BS based on available pub
lished data; evidence that could aid in forecasting whether VTE will 
likely decrease or increase in future; and information on whether BS a 
risk/protective factor for VTE. 

2.5. Collating, summarizing, and reporting the results 

We collated and summarized the results and report it below. Based 
on the emergent findings, the review mapped potential gaps that, if 
addressed, could present opportunities for probably advancing the field 
and understanding of VTE after BS, and proposed potential solutions as a 
way forward. 

2.6. Consultation exercise 

The review and its findings were presented to two experts (senior 
consultants), one in the bariatric field and the other in the intensive care 
field (with particular expertise in VTE) in order to provide their insights 
to inform and validate the findings from the current scoping review. 

3. Results 

3.1. How frequent are VTE post-BS? Reported incidence 

For this first question, we retrieved reported incidences of VTE post- 
BS from the literature. Across 304,515 BS patients, in-hospital rate of 
VTE was 0.17%, and open gastric bypass had the highest rate (0.45%) 
[3]. DVT can occur in >20% of BS patients [24,25], and there is a 
0–3.4% incidence of PE after BS [26,27]. In Brazil, 3 out of 53 BS pa
tients developed post-op distal venous thrombosis (7.5%), but none had 
clinically manifested PE [1]. Others found an incidence of symptomatic 
DVT and PE post-BS of 0%–5.4% and 0%–6.4% respectively [28–31]. 

Such variations in reported incidences of VTE and PE could be due to 
many challenges (e.g., whether all VTE and PE are symptomatic/clini
cally manifested, if and how a screening for VTE took place, time frame 
in which VTE appear/are diagnosed, relationships between laparoscopic 
BS and VTE, others). For instance, only 1 in 3 VTE in BS becomes clin
ically significant [32]; 80% of VTE occurred post-discharge (most VTE 
appeared within the first month after surgery) [33,34]; and it is not clear 
whether laparoscopic BS has reduced risk of VTE [35]. Understanding 
the probable reasons for the disparities of reported incidences of VTE 
and PE post-BS is not uncomplicated, and has to do with the levels of 
‘certainty’ of the reported frequency/ies. This prompts the second 
question of the current review. 

3.2. How ‘accurate’ is the reported frequency/ies of VTE events post-BS? 
Uncertainties 

For question two, we assessed the literature for potential causes that 
could result in under/over reporting of VTE post-BS. Taking the 2016 
International Federation for the Surgery of obesity and metabolic disor
ders (IFSO) Survey as an example, the total BS procedures undertaken in 
2016 alone was 685,874 [36]. Assuming a conservative 0.17% (in-hos
pital) rate of VTE [3], applied to 685,874 BS [36], then a cautious hypo
thetical estimate of VTE would be generated for 2016. Such cautious 
ballpark figure (computed on only in-hospital VTE) [3] is likely to be a 
considerable underestimate due 3 groups of challenges detailed below. 
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3.2.1. Identification: Coding of exposure (BS procedures) and outcome 
(VTE events) 

The number of BS may be underreported due to an imperfect sensi
tivity of coding for procedures [37]. For PE, review and re-abstraction of 
hospitalizations indicated that 92% of codable cases for PE were on the 
abstract [38]. Discharge codes for DVT showed that 92% of coded cases 
of idiopathic DVT were valid [39]. Limitations of administrative data
bases include accuracy in coding and data input [40]; and as BS data is 
linked to diagnoses in primary and secondary care, accuracy of out
comes and diagnoses depends on data entry and transcription [41]. 
Likewise, using administrative diagnoses coded in claims data to cate
gorize patients as overweight/obese may underestimate the prevalence 
of those conditions [42]. 

Coding and reporting mistakes may occur in the BS Data Files [43]; 
and the 2015 Metabolic and Bariatric Surgery Accreditation and Quality 
Improvement Program (MBSAQIP) database has completeness, accu
racy, and consistency issues, and needs standardized coding for com
plications [44]. Quantifying the validity of diagnosis codes for obesity 
and other prognostic factors is critical to interpret surgical outcomes 
[42]. This suggests a slight underestimation of reported VTE post-BS. 

3.3. Reporting of exposure (BS procedures) 

3.3.1. Completeness, registry vs estimated data, representativeness, non- 
IFSO members 

The 2016 IFSO survey has “data from 58/62 (94%) IFSO societies 
(except Panama, Paraguay, Philippines, Serbia), and 27 out of 58 
(45.8%) reported information from their own national registries while 
the remaining national societies provided estimated data, although they 
declared a completeness of data of about 80%" [36]. Similarly, the 
MBSAQIP captures all surgeries performed at accredited centers, but not 
all BS done [43]. In addition, as non-IFSO members seem not included in 
the IFSO survey [36], it is uncertain whether additional numbers of BS 
globally were not represented in the IFSO estimate. Such factors are 
likely to slightly underestimate the frequency of VTE. 

3.3.2. Private sector 
Significant number of BS patients pay cash [43]. “Endoscopic and 

surgical procedures performed in private not academic institutions are 
usually not reported; therefore, the reported number is probably 
underestimated” [36]. With no provision of an extent of such underes
timation, the examples below might help. 

Reimbursement: in New Zealand, the annual BS volume increased in 
the public sector with similar rise in private sector, and private BS 
amount to 70.2% of total BS [45]. In Australia, BS in public sectors are 
publicly funded, but most BS occur in the private sector, and Medicare 
only reimburses surgical costs in the private sector [46]. In Japan, 
bypass surgeries are not covered by public insurance, but are done in 
some private hospitals [46]. 

Some lack of mandatory reporting: in the USA, as ambulatory surgery 
centers can offer lower prices for sleeve gastrectomy (SG) and do not 
have to report discharge data to the state, databases could miss signifi
cant percentages of BS [43]. 

Waiting times: could amount to years in BS [47]. In Singapore, sur
gery waiting time in public hospitals is longer than in private hospitals; 
patients at private hospitals receive no Ministry of Health subsidies, but 
have swift appointments/short waiting time for BS [46]. 

Post-op follow up criteria: in Australia, private and public sectors have 
different criteria for post-op follow up [46]. The Bariatric Surgery 
Registry (BSR) in Australia monitors outcomes of public and private BS, 
but about 50% of surgeons registering a BS interest with the BSR actually 
contribute to the registry [46]. 

Hence globally, substantial BS happens in the private sector (for 
domestic residents due to long waiting lists, cost reimbursement pro
tocols, procedure available only in private sector, etc.). It is not evident 
whether/how such private sector BS volume and complications are 

captured, suggesting that this could result in quite an underestimation of 
reported VTE post-BS. 

3.3.3. Bariatric tourism 
This is travel for the primary purpose of receiving medical treatment. 

At least 2% of the global BS is provided for medical tourists [48]. Most 
data is from academic medical centers [49], hence private practices, 
where most bariatric tourism happens, would not be included in these 
figures. However, some data might aid in speculating the magnitude of 
this aspect of BS. 

The complication rate for bariatric medical tourism is substantially 
higher than the local rate (42.2–56.1% vs 12.3%), suggesting that 
locally conducted surgery has lower complication rate than that of 
bariatric medical tourists [50]. An international survey (93 surgeons) 
showed that 64 operated on foreign patients (total 3740 operations), 
where one surgeon provided BS strictly for tourists, and 3 surgeons 
treated foreign patients in >50% of their BS performed [48]. Only 80% 
of these surgeons recommended bariatric check-ups in the country of 
origin [48], despite that follow-up provides better outcomes [51]. About 
20% of the surgeons reported that these tourists experienced compli
cations (VTE were the most common), which was suggested to be due to 
air travel; and there was no data as to whether the episodes of VTE were 
related to PE [48]. It is also not clear whether some bariatric surgeons 
could be over-conservative with the use of anticoagulation for bariatric 
tourists due to the fear of bleeding as a complication for a tourist who 
would be travelling, and hence not under the surgeon’s direct supervi
sion. Most bariatric tourists do not receive coordinated, long-term 
post-op care from foreign health care services [52]. In Canada, there 
was no formal tracking system to identify Canadian bariatric tourists; 
and no hospital systems to distinguish complicated medical tourists from 
local patients, other than clinic records or chart review [50]. With 
globalization of health care, increasing number of patients continue to 
travel for medical care [53]. It is remains to be understood how such 
volumes of global BS tourism and their complications (e.g. VTE) are 
documented. This suggests an underrating of BS and of VTE. 

3.4. Reporting of outcomes (VTE) 

3.4.1. Affiliation of surgeon 
“The Bariatric Surgeon’s Qualifications” consensus highlights that 

bariatric surgeons must be properly qualified general surgeons, had 
preceptorship with a well-experienced, qualified bariatric surgeon, and 
be an IFSO member; Prior to independently performing primary BS, each 
surgeon needs to meet minimal standards that include affiliation with or 
application for membership in IFS0/IFS0 Adhering Body [54,55]. Sur
geon experience is a cause for hospital readmission in BS [6]. The in
verse correlation between post-op complications and surgeon 
experience [56] led to the establishment of BS practice guidelines [57], 
Centers of Excellence, and public availability of surgical outcomes [49]. 
For BS complications, “the variability between centers is, at best, related 
to intervening variables which are poorly quantifiable; this makes 
comparisons by means of a complication standard potentially inaccu
rate” p. 498 [54]. If affiliation is conceptualized as an ‘intervening 
variable’, then the relationship between non-affiliation and VTE rate 
might require understanding, particularly that non-IFSO members are 
not included in the IFSO survey [36]. 

3.4.2. Accreditation of institute/center 
A medical institution’s experience reduces the complications of 

obese patients via integrated care, adequate preparation, standardized 
surgical procedures, early detection and management of complications 
[58]. Mortality and morbidity of patients operated on in Centers of 
Excellence were much less than non-accredited centers [59]. Accredi
tation was associated with better BS outcomes, independent of volume 
status [60]. About 90% of the BS reviewed were done at accredited 
centers [49], and some databases lacked data on where the BS was done 
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[42], making it unfeasible to ascertain whether a given BS was at an 
accredited center or otherwise. 

Texas performs 10% of BS in the USA, where 13%–20% of SG pro
cedures were performed at non-accredited centers [43]. ‘If this is a trend 
that is applicable on a national level, we may be missing nearly one in six 
cases of bariatric surgery” [43]. There were 84 Accredited Centers in 
Texas (2017), but 171 centers were performing BS [43]. Another data
base had data from 153 facilities, but this may still underestimate the 
true number of BS done in Texas [43]. BS at accredited centers could 
have fewer complications (e.g. VTE) than at non-accredited centers. 

3.4.3. Lack of requirement of mandatory reporting 
Hospitals exempt from reporting are federal hospitals and those that 

do not get reimbursed from government sources [43]. In the USA, as 
ambulatory surgery centers do not have to report discharge data to the 
state, there could be another significant percentage of bariatric cases 
(and complications) that current databases are missing [43]. 

3.4.4. Possible biased reporting (reputation) 
This is a hypothetical proposition that, in some countries, a likelihood 

that the documentation of VTE particularly, or complications generally, 
might be subject to some biased reporting due to any probable ‘reputation- 
harming’ reason/s, particularly in the private sector. Just as acute 
myocardial infarction and pneumonia are publicly reported outcomes 
that impact a hospital’s reputation and funding [61,62], a BS program’s 
reputation might similarly be impacted by its readmission rate [6]. In 
some parts of the world, avoiding ’dents’ to reputation might impact on 
practice trends. Given the revenues of obesity management [48], along 
with the reality of present-day healthcare economics, it might be fairly 
‘down-to-earth’ to consider that this might occur in very few parts of the 
world. This suggests a slight underreporting of VTE post-BS. 

3.4.5. Symptomatic vs asymptomatic VTE 
VTE are identified based on testing aimed at symptomatic patients or 

clinical suspicion of disease, although some studies performed imaging 
to detect asymptomatic DVT [18,63], and it is unclear whether asymp
tomatic DVT is included in VTE statistics. Whilst VTE as represented by 
symptomatic VT/PE is likely to be accurate because this does not require 
subjective evaluation [40], only 1 in 3 VTE in BS becomes clinically 
significant, leaving the true incidence of post-op VTE grossly under
estimated [32]. Indeed, PE was found in 8 of 10 deceased patients after 
BS; only in 2 cases there was clinical suspicion for PE [64]. More than 
50% of post-BS patients who develop VTE had no clinical symptoms of 
VTE or radiologic evidence at discharge [18]. However, screening all 
patients is impeded as colour Doppler ultrasound has low sensitivity for 
detecting asymptomatic DVT in obese patients [65,66]. 

Such symptomatology is also related to the point below (in-hospital 
vs after-discharge VTE) and proposed the question as to whether VTE 
“occurring after discharge actually do not form until the patient is dis
charged, or are they just not diagnosed until after discharge?” p. 1141 
[67]. Reporting only symptomatic VTE post-BS probably contributes a 
sizeable underestimation of the frequency of this event. 

3.4.6. Variations of time periods (in-hospital vs after-discharge VTE) 
The duration (and magnitude) of post-surgery risk for VTE remains 

unclear in some instances as to whether a reported rate represents in- 
hospital vs longer-term VTE. VTE incidence during the index surgical 
hospitalization was 0.88%, a cumulative rate increasing to 2.17% at 1 
month and 2.99% by 6 months post-surgery [68]. Others found a VTE 
cumulative incidence at 7, 30, 90, and 180 days of 0.3, 1.9, 2.1, and 
2.1%, respectively (180-day 95% CI 0.7–3.6%) [5]. Most VTE occur 
within 30 days post-BS [34]; mean time to diagnosis of VTE post-BS was 
24 days [69]; and 74%–80% of VTE appeared after discharge [68,70]. 

Over 50% of post-BS patients who develop VTE had no clinical 
symptoms of VTE or radiologic evidence at discharge [18]. VTE after 
discharge are serious, particularly after BS: and although the prevalence 

of post-discharge VTE was 0.29% among BS patients and the entire co
hort’s mortality was 0.1% [71,72], those experiencing post-discharge 
VTE had higher mortality (2.60%) [33]. Standardization of the time 
periods of data reporting in this domain would be beneficial, as given the 
trend of shorter hospital stays for surgery patients, reporting only 
in-hospital rates will inevitably underestimate VTE post-BS. 

3.4.7. Other thromboembolic events not often explicitly included in VTE 
statistics 

3.4.7.1. Upper extremity DVT. Data on upper extremity deep vein 
thrombosis (UEDVT) and its management are limited [11]. UEDVT 
represents <10% of VTE, but is associated with higher incidence 
(3–12%) of asymptomatic PE [11]. Objective findings of PE were found 
in 36% of UEDVT patients [73,74]. Others reported post-BS UEDVT in 5 
of 1503 patients; but only 1 case was associated with the use of an 
indwelling catheter, and another had a history of VTE [11]. 

3.4.7.2. Porto/mesenteric venous thrombosis. Porto/mesenteric venous 
thrombosis (PMVT) complicates about 1% of SG [67], and has also been 
reported after laparoscopic Roux-en-Y gastric bypass and laparoscopic 
adjustable gastric banding [75,76]. In 2014, SG was the most performed 
BS, comprising >50% of all primary BS in 2016, and had the highest 
increase rates in recent years [36,77,78]. Post-SG PMVT incidence is 
0.37%–1% and is increasing with SG’s popularity [79]; and a 0.1%– 
1.81% PMVT incidence has been observed post-BS including laparo
scopic BS [80–82]. Research has reported a 1.61% PMVT mortality rate 
[82]. It is unclear if this increased incidence is due to the increasing 
frequency of LSG, or if LSG carries independent PVT risk [83]. In 
addition to the hypercoagulable state of obesity, the mechanical/
thermal effects of laparoscopic surgeries could be associated with PMVT 
[84,85]. Nevertheless, PMVT’s true incidence is not known, is under
estimated [86], and there is infrequent reporting of PMVT as a BS 
complication [87], despite its life-threatening consequences. PMVT ap
pears not routinely included when reporting VTE post-BS; and such 
non-inclusion will underestimate the VTE after BS. This introduces the 
third question: “What is a possible plausible number of VTE post-BS, and 
its clinical impact?" 

3.5. Estimation of a possible number of VTE post-BS 

Estimating a ‘true’ VTE frequency post-BS is not easy. Across anti
reflux surgery, gastric bypass, appendectomy, and cholecystectomy, ‘the 
true incidence of VTE is unknown’ [40]. When the above factors are 
forecasted to consider the upward yearly trends of BS globally, it might 
be fair to speculate that a ‘true’ rate of VTE is likely to be more than the 
estimated patients per year globally (suggested above, section 3.2). 
Indeed, post-BS, the rate of VTE ranges between 0.2% and 3.8% [40,68, 
88–90], DVT ranges between 0% and 5.4% [28,29], and PE ranges be
tween 0% and 6.4% [30,31]. Using a middle value (3.8%) of these re
ported rates, and then decreasing this 3.8% by another say, 2% to 
become 1.8% (as a guard against possible over inflation of VTE esti
mate), then applying it on 685,874 BS in 2016 [36], a potential hypo
thetical number of VTE events (morbidity) post-BS in 2016 could be 
generated. If one further hypothetically considers that 1 in 3 VTE in BS 
becomes clinically significant [32], then an additional considerable 
number of individuals could suffer non-clinically significant VTE 
post-BS, representing the part of the iceberg beneath the waterline, a 
potentially dangerous proportion of patients that could, due to un/
known further change, progress to clinically significant VTE. If one then 
systematically includes ‘educated guesses’ of hypothetic additional ef
fects of other causes of underreporting of exposure (BS) and outcome 
(VTE) (enumerated above), the numbers will again increase, suggesting 
a significant underestimation of current rates of VTE. Although this 
hypothetical frequency of VTE represents many patients, the next step of 
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assessing readmissions, mortality, clinical significance and impact due 
to post-BS VTE is not straight forward. 

3.6. Clinical significance and impact of VTE events 

VTE represent considerable clinical significance. In primary BS, VTE 
were the third complication (0.3%, more common than leak 0.2%) [91] 
and had the greatest effect on readmission and mortality rates, hence 
reducing post-BS VTE has potential to lower these rates [91]. PE is a 
leading cause of death post-BS, and a common autopsy finding [64, 
92–94]. Among BS patients, 0.4% developed VTE, 0.2% had PE, and 
0.02% died of VTE [95]; and others reported 0.33% VTE rate, including 
51 patients with PE, and there were 8 associated deaths (8.6% case fa
tality rate) [16]. The 30-day post-discharge VTE incidence was 0.29%, 
and among those having post-discharge VTE, mortality increased 
28-fold [33]. Likewise, the incidence of fatal PE is uncertain. PE was 
found in 8 of 10 deceased patients post-BS; in 2 cases only, there was 
clinical suspicion of PE [64]. PE after BS has high mortality [92], 
particularly post-discharge mortality [93,96]. Autopsy found PE as 
leading cause of death in 20.7% of deceased patients after BS [97]; and 
PMVT has 1.61% mortality [82]. 

If one takes a middle-boundary of 3.8% post-BS VTE rate [40,68, 
88–90] and then decreases it by another say 2% to become 1.8% (as a 
safeguard against possible over inflation of VTE estimate), and apply it 
to 685,874 BS in 2016 [36], and then take the 8.6% case fatality rate 
[16], reduce it by half to 4.2% (as a safeguard against over-inflation) and 
apply it, then a hypothetical number of deaths would result for 2016. 
This hypothetical number does not consider additional non-clinically 
significant VTE or other causes of underreporting of exposure (BS) or 
outcome (VTE). 

Thus far, the literature suggests that VTE appears to be more com
mon than meets the eye, with important clinical impacts. This raises 
question four: “Is the frequency of VTE post-BS likely to decrease in 
future?” Some features below might help to answer this question. 

3.7. Are VTE post-BS likely to decrease in future? 

3.7.1. Increasing numbers of BS procedures are forecasted 
As obesity increases, demand for BS will increase [98], as BS is now 

safer with less complications [99]. SG increases significantly yearly; and 
BS shows an upward trend with time. In Brazil, BS increased exponen
tially, due to high demand of the obesity epidemic affecting Brazil and 
the world [100,101]. In Australia, BS increased fivefold (2003–2008) 
[47]. In Ontario, Canada, BS showed 858% change (2006–2007 vs 
2012–2013) p. 25 [102]. England, France and Sweden also experienced 
increases in BS recently [103–105]. Notwithstanding, BS is decreasing in 
some countries [106]. Nonsurgical weight-loss (diet, exercise, psycho
logical support, pharmaceuticals) has limited/un-sustained benefit for 
most people [49], and minimally invasive techniques, media coverage, 
and patient satisfaction lead obese individuals to BS as a reliable option 
[107]. 

3.7.2. Insufficient firm evidence of superiority of laparoscopic approach 
The risk of VTE among BS is persistent even with laparoscopy [69], 

and VTE are now frequent with widespread laparoscopic BS [108], 
despite that laparoscopic BS was more likely to be at urban 
higher-volume hospitals [109]. ‘The true incidence of VTE after lapa
roscopic compared with open surgery is unknown’ [40]. The risk of 
reoperation is not different between laparoscopic and open BS [110, 
111]. During laparoscopic BS, increased intra-abdominal pressure de
creases venous flow in the legs, increases venous stasis [1,112,113], and 
pneumoperitoneum has negative effect on hemodynamics during lapa
roscopic compared to open BS [114]. While the effects of laparoscopic 
and open gastric bypass were essentially the same [115], with similar 
risk of reoperation [116], others found increased reoperation in open vs 
laparoscopic BS but significantly lower mortality [109], hospital stay 

[116], and incidence of VTE [117] for laparoscopic BS. This is not 
unique to BS; in rectal cancer surgery, no firm conclusions exist on the 
superiority of laparoscopic vs open approach [118,119]. 

3.7.3. Increasing numbers of conversions to open surgery 
Conversion from laparoscopic to open surgery exhibits wide dis

crepancies, ranging from 0.8% to 4.1% [18,120–126]. The relative risk 
of VTE after laparoscopic vs open surgery is unknown [40]. For ap
pendectomy, antireflux surgery, cholecystectomy, and gastric bypass, 
compared with laparoscopic, open procedures had significant risk for 
VTE [40]. Conversion to open surgery had the greatest impact on VTE, 
with a very high relative risk (RR = 20.2) [18], and patients who require 
conversion of primary laparoscopic RYGBP should know the substan
tially higher VTE risk and receive aggressive peri-op thromboprophy
laxis [18]. 

3.7.4. Insufficient firm evidence that VTE after BS is decreasing 
The risk of VTE among BS patients is persistent despite aggressive 

prophylactic anticoagulation [69]. Others noted that the overall rates of 
VTE after BS increased 2.5-fold (0.08%–0.215%, 2008 vs 2012) [99]. 
The risk of acute care use for VTE was transiently increased after BS in 
the immediate post-op period, and was back to baseline level within a 
few months but not further reduced during a 2-year follow-up [127]. 
Given a projected increase in BS, this suggests that probably escalating 
numbers of VTE post-BS might be encountered every successive year. 

3.7.4.1. Prophylaxis of VTE and its effectiveness. There appears no 
consensus on the standard of care for prophylactic agents, dosing, 
timing, or duration in BS [128]. Post-BS prophylaxis against VTE has 
been largely adopted using data from general surgery, with limited 
optimization of preventive considerations specific to BS [129]. Decisive 
data regarding the most effective and safe prophylactic methods for VTE 
in BS are lacking [25,130], and incidence of major bleeding seems to 
increase using weight-adjusted doses of heparin, with no advantage in 
terms of VTE reduction [117]. 

3.7.4.2. Stratification of risk. Prediction tools remain limited in estab
lishing a patient’s risk pro-file for VTE, rendering prophylaxis guidelines 
difficult to implement [16,131]. About 33% of patients with post-BS 
VTE did not have additional risk factors (apart from the risk factors of 
obesity and abdominal surgery) [18]. This might argue against limiting 
the use of additional preventive measures against VTE in ‘high-risk’ 
patients only, as some patients will still remain at risk and thus 
sub-optimally protected [18]. 

3.7.4.3. Dosing, timing, and duration. The optimal prevention strategy 
against VTE is uncertain [4], with no firm evidence for the period 
through which thromboembolic prophylaxis should be continued 
post-BS [15], despite that the duration of chemical thromboprophylaxis 
may be more important than dosing [18]. Although prophylaxis was 
used in all patients, the incidence of post-BS distal VTE was considerably 
high [1], with not enough data to recommend the most effective and safe 
prophylaxis [132]. Interestingly, BS patients on pre-op anticoagulation 
medications had higher risk of all post-op adverse outcomes, where 
some research reported that VTE were significantly higher among pre-op 
anticoagulated patients vs no pre-op anticoagulation (0.68% vs 0.25%, 
p < 0.001) [133]. Such evidence does not represent firm grounds to 
speculate that current knowledge of prophylaxis will likely decrease 
VTE after BS than they currently are. 

The literature does not seem to firmly forecast a likely decrease of 
VTE post-BS in the near future. This stimulates the fifth question: Is BS a 
risk or a protective factor for VTE? BS exhibits a unique feature in its 
relationships with VTE. 
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3.8. Is BS a risk factor or a protective factor for VTE events? 

3.8.1. Risk factor 
The contribution of obesity to the thromboembolic risks of surgery 

suggests that BS patients have high risk of post-op PE/DVT [134]. BS has 
high risk of VTE, similar to total hip or knee arthroplasty [5]. For BS 
patients, the risk profile of VTE is complex with several factors which 
themselves increase the risk of VTE [135]. The risk of VTE in BS is 
persistent despite use of laparoscopy and aggressive prophylactic anti
coagulation [69]; and thromboembolic complications continue as a 
main reason for perioperative mortality post-BS [92,97,132]. 

3.8.2. Protective factor 
Very few studies assessed the risk of VTE beyond the first year post- 

BS [41]. Despite the short-term increase in thromboembolic risk 
(increased risk for up to 6–12, months after surgery) [68,69,96] the 
long-term effect of BS on thromboembolic events (overall reduction in 
risk of VTE associated with weight loss for up to 3 years post-BS) remains 
greatly unassessed [41,136]. The balance between the known short-term 
increase in thromboembolic risk due to BS, and the less explored 
long-term benefit due to weight loss suggests that overall, BS effectively 
nearly halves the DVT risk in the long term with corresponding decrease 
in VTE [41]. Across 10.7 years follow-up, the long-term benefit of BS on 
VTE risk outweighed the short-term risk [41]. There seems to be an 
‘offset’. 

Hence, the answer to this question seems to be yes to both: BS is a risk 
and also a protective factor for VTE, subject to the time frame that is 
examined. Remarkably, the BS-VTE relationship exhibits two opposite 
(conducive and protective) processes simultaneously: a shorter-term 
increase in risk of VTE due to BS and obesity, and a longer-term 
decrease in risk of VTE due to benefits of BS-related weight loss. 

This review has limitations. First, the current review attempted to 
propose several potential estimates (e.g., frequency of VTE after BS, 
potential numbers of clinically asymptomatic VTE after BS, potential 
numbers of deaths after VTE), although scoping reviews are undertaken 
to provide an overview of the available research evidence without 
producing a summary answer to a discrete research question [23]. 
Hence, such proposed estimates should be considered with extreme 
caution as these values are premised on several assumptions, and hence 
should be interpreted as being purely hypothetical estimates using 
literature-informed but completely arbitrary cut-offs. A more precise 
methodology of identification of such values, where available, would be 
by prospective studies with hard end-points and sufficient follow up. For 
this reason, a systematic review and meta-analysis of VTE after BS would 
be advisable. The same caution applies to other values that the current 
review proposed. 

Second, several of the uncertainties uncovered by the review (e.g., 
identification: coding of exposure and outcome, reporting of exposure 
and of outcome, etc.) are not intrinsic, inherent or unique to VTE or to BS 
per se, but rather, are frequent sources of underreporting of surgical 
outcomes generally. Recent reports addressing this point, e.g., the recent 
consensual international recommendations on surgical outcomes 
reporting would be useful here as it provides a consensual checklist in an 
attempt to customize the methodology of outcome reporting in surgery 
and thus holds potential to improve the reproducibility and compara
bility of data and to improve quality of care [137]. 

Third, comparisons of rates of VTE between historic open surgical vs 
the more contemporary laparoscopic cohorts could be somewhat biased. 
Modern perioperative surgical care includes multimodal approaches to 
prevent and/or reduce VTE, e.g. pre-habilitation, preoperative low 
molecular weight heparins, intermittent mechanical compression of the 
calves, early mobilization and prolonged VTE prophylaxis after 
discharge. Such strategies were not always available or prescribed in the 
era of open BS. 

Fourth, in terms of prophylaxis against VTE and its effectiveness, 
while some research suggests that there appears to be not enough data to 

recommend the most effective and safe prophylaxis [128], recent work 
has provided updates for clinical practice guidelines for thromboem
bolic prophylaxis in bariatric patients [138], as well as other useful in
formation of perioperative complications in morbid obesity [58,139]. 

Fifth, narrative reviews could be vulnerable to the subjective biases 
of the review team; hence we were aware and cognizant to outline a 
balanced view of the findings, and conscious to project objective opin
ions as suggested by the state of the literature, ‘uncontaminated’ by 
preconceptions or preconceived notions. The review was not initiated in 
order to confirm or refute a specific point; rather, it asked questions and 
attempted to answer them in a neutral manner to the best of the ability 
of the review team and the available literature with the aim of 
enhancing the evidence base. Despite these limitations, the current re
view could be the first to explore, in depth and breadth, a multitude of 
aspects and variables of an exceptionally complex, diverse and impor
tant topic that appears to not have been comprehensively reviewed. 

4. Now what? Possible way forward 

Collectively, the above findings highlight considerable under
reporting of incidence of VTE, and hence significance and impact. Better 
understanding of the problem, risk, and prophylaxis is required in order 
to determine more accurate rates, establish duration cut offs, guide 
prophylactic considerations, assist better-informed clinical decision- 
making, and agree follow-up durations. Such actions and understand
ing will need longer-term multi-pronged strategies (Table 1):  

1. Training and checks: to improve the identification aspects of VTE, 
including coders and data inputs; and to develop guards against 
missing data, out-of-range values, unrealistic changes in parameters 
over time, clearly erroneous information, and miscoded information.  

2. Policy and gentle lobbying: a group of strategies will have to do with 
policy e.g. lobbying for modification of policy to advocate manda
tory reporting of discharge data where it is not; or assessments of 
whether facility accreditation might be requirement for coverage of 
BS.  

3. Motivation, encouragement, incentives, support and creativity: e.g. to 
encourage national societies to provide actual (not estimated) data as 
complete as possible; generate creative means/incentives to attract 
non-IFSO members to contribute their data; encourage unaffiliated/ 
independent BS surgeons to report statistics via organized channels; 
support surgeons registered in e.g. Bariatric Surgery Registry to 
contribute to the registry (Australia); motivate or mandate medical 
tourism providers to report exposure and a range of outcomes; 
motivate bariatric surgeons to affiliate with international or national 
BS associations; and support nonaffiliated surgeons to report out
comes without prejudice or loss of autonomy.  

4. New habits (ways of doing business), criteria, codes and consensus: e.g. 
to establish uniform sets of criteria for post-op follow up for private 
and public sectors; develop codes in hospitals’ emergency depart
ment/inpatient wards to easily distinguish complicated medical 
tourists from local patients; develop criteria for asymptomatic VTE; 
report VTE events strictly by time period in which they occurred (if 
known); ensure high clinical suspicion for PMVT, and regular and 
consistent reporting of PMVT when it occurs post-BS along with 
other DVT events that occur post-BS; analysts to be cautious when 
interpreting patient care events; develop process and outcome in
dicators; consensus on dosing guidelines for pharmacologic pro
phylaxis in obese patients who are already at increased risk for VTE 
[140]; and early identification of post-op problems and timely in
tervention/s [6].  

5. Development, refinement and validation of tools: e.g. validate and refine 
risk calculator/s and scoring systems to detect high risk individuals 
prone to asymptomatic VTE; validate multiple diagnostic codes 
required for high quality research on post-BS complications; better 
stratification of DVT risk in BS patients [27] and at discharge [141, 
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142]; and refined cut-points on estimated risk of post-discharge VTE 
to guide extended pharmacoprophylaxis [33]. 

6. Identification and validation of best practice: reviews, systematic re
views and metanalyses would provide important information. Future 
research could focus on optimizing pharmacological and non- 
pharmacological prevention strategies considering the risk profile 
of BS. This could include pre-operative metabolic optimization and 
preparation of patients, as well as pre-rehabilitation (e.g. improved 
general muscle strength, coughing, walking distance or stairs) that 
could contribute to lower the risk of VTE. 

The above are mere examples. Better understanding of the links 
between BS and VTE and its attending actions are unlikely to be quick. 

Rather, these would be incremental, necessitating interprofessional 
partnerships, and equally requiring science, art, and politics. The hope is 
for better quality patient care achieved through net gains of a systematic 
comprehension of the VTE challenge, better appreciation of risk, and 
better knowledge of the aspects of prophylaxis. Achieving these goals 
would translate into better statistics on the expected VTE load, more 
accurate and earlier categorization and pre-op counselling of patients, 
more informed operative clinical decision making, and better post-op 
discharge classification of VTE risks and their management. The aspi
ration is that such new insights will assist in the counselling and 
assessment of patients in order to decrease VTE after BS. 

Table 1 
Potential reporting of VTE: challenges, effects and potential solutions.  

Issue Effect 
a 

Examples of Potential solutions 

Identification þ Enhance knowledge and experience of International Classification of Diseases to coders [143] 
Coding of exposure b, outcome c, obesity  Validate multiple diagnostic codes [143]; Use reliability indicators; Develop guards against missing data, 

out-of-range values, unrealistic changes in parameters over time, erroneous or miscoded information. Analysts 
to be cautious when interpreting patient care events [145] 

Reporting of exposure (BS procedures)  

Completeness, registry vs estimated data, 
representativeness, non-affiliated members 

þ Global surveys to motivate/ incentivize societies to submit more complete data, maintain more accurate 
national registries. Encourage national societies to provide actual (not estimated) complete data. Develop 
process and outcome indicators; collect comorbidity data occurring within 1 year before index surgical 
admission [146]. Generate creative means/ incentives to entice/ attract non-affiliated members to contribute 
their data 

Private sector þþþ Encourage unaffiliated/ independent BS surgeons to report statistics via organized means (without limitations of 
independence, forced network integration, or infiltration of their market share) (USA) [147]. Advocate 
mandatory reporting of discharge data where it is not (USA) [43]. Establish uniform criteria for post-op follow 
up for private and public sectors (Australia) [46]. Support surgeons registered Bariatric Registry to actually 
contribute to registry (Australia) [46]  

Bariatric tourism þ þ In e.g. Canada, out-of-country claims reimbursements, out-of-country in-hospital costs, patient reimbursement 
for medical tourism is available through local Heath Services [50]   
Develop codes in emergency department/ inpatient wards to distinguish complicated medical tourists from local 
patients [50]. Medical tourism providers/ travel facilitators to give accurate information to patients about risks 
[148], and encouraged to report exposure b and outcomes c 

Reporting of outcomes (VTE) 
Affiliation of surgeon þ Motivate bariatric surgeons to affiliate (attractive ’affiliation package’). Support nonaffiliated surgeons to report 

outcomes without prejudice  

Accreditation of institute/ center þ Assess if facility accreditation might be requirement for coverage of BS. Ensure codes for whether facility is 
accredited or otherwise  

Lack of mandatory reporting þ Assess modification of policy ± consider incentive strategies to encourage reporting of discharge data  

Biased reporting (Reputation) ? d Not applicable  

Symptomatic vs asymptomatic VTE þþþ Computed tomographic venography and magnetic resonance venography detect asymptomatic pelvic DVT post- 
BS, although clinical significance requires more certainty [149]. Low sensitivity of Doppler ultrasound to detect 
asymptomatic DVT in obese patients [65,66]. Validate and refine risk calculator/s to detect high risk individuals 
prone to asymptomatic VTE (risk-stratified approach to VTE) prophylaxis. Prevention: Develop and implement 
pharmacologic thromboprophylaxis in morbidly obese patients undergoing BS to prevent silent DVT, e.g. 
perioperative low-molecular-weight heparin for 2 weeks post-op with graduated compression stockings is 
safe/effective to prevent silent DVT post laparoscopic BS [150] 

Variations of time periods e þ þ Report VTE events strictly by time period in which they occurred (if known). Prevention: extended 10 day 
treatment after discharge significantly reduces the incidence of VTE compared to in-hospital treatment only 
[98] 

Other thromboembolism events 
Upper extremity DVT þ Routine inclusion of this entity when reporting VTE post-BS 
Porto/mesenteric venous thrombosis þ Acknowledging PVT as a post-BS complication is a necessity, especially for emergency clinicians, surgical 

residents, general and bariatric surgeons [85]. Requires a high clinical suspicion. Vague presenting clinical 
features so healthcare professionals need to consider PMVT in the differential diagnosis [151]. Needs to be 
regularly/ consistently reported when it occurs post-BS and included with any other DVT events that occur 
post-BS  

a possible effect on reported VTE estimate if issue is resolved. 
b exposure: BS procedures. 
c outcomes: VTE events. 
d hypothetical proposition, hence its effects are not estimated. 
e reporting of in-hospital vs after-discharge VTE; +: remedy will probably result in slight increase of reported VTE; + +: remedy will probably result in moderate 

increase of reported VTE; + + +: remedy will probably result in considerable increase of reported VTE. 
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