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Abstract
Background Whether increased BMI is associated with an
increased risk of venous thromboembolism (VTE) is con-
troversial. Despite this, BMI > 40 kg/m2 remains a com-
mon cutoff for lower limb arthroplasty eligibility. Current
United Kingdom national guidelines list obesity as a risk
factor for VTE, but these are based on evidence that has
largely failed to differentiate between potentially minor
(distal deep vein thrombosis [DVT]), and more harmful
(pulmonary embolism [PE] and proximal DVT) diagnoses.
Determining the association between BMI and the risk of
clinically important VTE is needed to improve the utility of
national risk stratification tools.
Questions/purposes (1) In patients undergoing lower limb
arthroplasty, is BMI 40 kg/m2 or higher (morbid obesity)
associated with an increased risk of PE or proximal DVT
within 90 days of surgery, compared with patients with BMI

less than 40 kg/m2? (2) What proportion of investigations
ordered for PE and proximal DVT were positive in patients
withmorbid obesity who underwent lower limb arthroplasty
compared with those with BMI less than 40 kg/m2?
Methods Data were collected retrospectively from the
Northern Ireland Electronic Care Record, a national data-
base recording patient demographics, diagnoses, encoun-
ters, and clinical correspondence. Between January 2016
and December 2020, 10,217 primary joint arthroplasties
were performed. Of those, 21% (2184 joints) were excluded;
2183 were in patients with multiple arthroplasties and one
had no recorded BMI. All 8033 remaining joints were eli-
gible for inclusion, 52% of which (4184) were THAs, 44%
(3494) were TKAs, and 4% (355) were unicompartmental
knee arthroplasties; all patients had 90 days of follow-up.
The Wells score was used to guide the investigations.
Indications for CT pulmonary angiography for suspected PE
included pleuritic chest pain, reduced oxygen saturations,
dyspnea, or hemoptysis. Indications for ultrasound scans for
suspected proximal DVT included leg swelling, pain,
warmth, or erythema. Distal DVTs were recorded as nega-
tive scans because we do not treat them with modified
anticoagulation. The division of categories was set at BMI
40 kg/m2, a common clinical cutoff used in surgical eligi-
bility algorithms. Patients were grouped according to WHO
BMI categories to assess for the following confounding
variables: sex, age, American Society of Anesthesiologists
grade, joint replaced, VTE prophylaxis, grade of operative
surgeon, and implant cement status.
Results We found no increase in the odds of PE or prox-
imal DVT in any WHO BMI category. When comparing
patients with BMI less than 40 kg/m2 with those with a
BMI of 40 kg/m2 or higher, there was no difference in the
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odds of PE (0.8% [58 of 7506] versus 0.8% [four of 527];
OR 1.0 [95% CI 0.4 to 2.8]; p > 0.99) or proximal DVT
(0.4% [33 of 7506] versus 0.2% [one of 527]; OR 2.3 [95%
CI 0.3 to 17.0]; p = 0.72). Of those who received diagnostic
imaging, 21% (59 of 276) of CT pulmonary angiograms
and 4% (34 of 718) of ultrasounds were positive for pa-
tients with BMI less than 40 kg/m2 compared with 14%
(four of 29; OR 1.6 [95% CI 0.6 to 4.5]; p = 0.47) and 2%
(one of 57; OR 2.7 [95% CI 0.4 to 18.6]; p = 0.51) for
patients with BMI 40 kg/m2 or higher. There was no dif-
ference in the percentage of CT pulmonary angiograms
ordered (4% [276 of 7506] versus 5% [29 of 527]; OR 0.7
[95% CI 0.5 to 1.0]; p = 0.07) or ultrasounds ordered (10%
[718 of 7506] versus 11% [57 of 527]; OR 0.9 [95% CI 0.7
to 1.2]; p = 0.49) for BMI less than 40 kg/m2 and BMI
40 kg/m2 or higher.
Conclusion Increased BMI should not preclude individ-
uals from lower limb arthroplasty based on suspected risk
of clinically important VTE. National VTE risk stratifica-
tion tools should be based on evidence assessing clinically
relevant VTE (specifically, proximal DVT, PE, or death of
thromboembolism) only.
Level of Evidence Level III, therapeutic study.

Introduction

Venous thromboembolism (VTE), defined as pulmonary
embolism (PE) or deep vein thrombosis (DVT), is a widely
studied complication in patientswhoundergo lower extremity
arthroplasty. VTE can be a serious complication, sometimes
leading to extended hospital stays, unplanned readmissions,
and additional costs for health services [21]. However, the
term “VTE” fails to differentiate potentially minor diagnoses
(asymptomatic distal DVT) from more harmful ones (PE and
proximal DVT). To complicate matters, widely used national
guidelines for VTE risk assessment are derived from research
that includes clinically unimportant distal DVTs.

VTE risk factors include lower limb arthroplasty, reduced
mobility, age older than 60 years, and obesity [12]. Obesity,
defined as BMI 30 kg/m2 or more, has become a global ep-
idemic, with its prevalence tripling between 1975 and 2016
[24]. Patients with higher BMI are at increased risk of in-
fection and revision surgery [9], and perhaps extended length
of hospital stay [19]. Further, orthopaedic surgeons com-
monly use the arbitrary BMI cutoff of 40 kg/m2 or higher to
disqualify individuals from surgery, with the general belief
that these patients are at increased risk of postoperative
complications [20]. Determining the risk of PE and proximal
DVT in patients with increased BMI is therefore important.

Interpreting the available evidence about the association
between increased BMI and VTE risk is complex, because
most studies on the topic did not assess clinically relevant
diagnoses alone but included distal DVTs as part of the

definition of VTE. Because many thromboembolic events
are distal DVTs, which have little clinical importance, it is
therefore difficult to interpret most of what has been pub-
lished on this topic. With this caveat in mind, many studies
have reported an association between increased BMI and
increased risk of VTE [3, 6, 10, 14, 16, 18, 23]; however, a
few studies refute this [4, 17, 18]. More recently, the 2022
International Consensus Meeting examining this question
found the evidence inconclusive [7]. Further, there is an
almost unquestioned assumption in the orthopaedic com-
munity that increased BMI is associated with an increased
risk of PE and proximal DVT after lower limb arthroplasty,
despite insufficient evidence to support this. These as-
sumptions may lead to excessive imaging and detection of
clinically unimportant PE and proximal DVT, which can
result in prolonged anticoagulation and put patients at risk
of side effects associated with these medications. Research
assessing only clinically relevant complications in this
domain, therefore, is paramount.

In this retrospective observational study, we asked: (1)
In patients undergoing lower limb arthroplasty, is BMI
40 kg/m2 or higher (morbid obesity) associated with an
increased risk of PE or proximal DVT within 90 days of
surgery, compared with patients with BMI less than
40 kg/m2? (2) What proportion of investigations ordered
for PE and proximal DVT were positive in patients with
morbid obesity who underwent lower limb arthroplasty
compared with those with BMI less than 40 kg/m2?

Patients and Methods

Study Design and Setting

This retrospective, comparative, large-database study was
performed at a single-center, regional elective orthopaedic
hospital. Patient demographics and surgical data were
obtained from the Northern Ireland Electronic Care
Record. The Northern Ireland Electronic Care Record
provides healthcare professionals with a single view of key
patient information, including demographics, laboratory
results, medications, allergies, diagnoses, encounters, and
clinical correspondence. It robustly captures all out-of-
hours general practitioner visits, emergency department
visits to any hospital, and readmissions to any hospital
across the region. We interrogated the Northern Ireland
Electronic Care Record for any complications, including
all VTE investigations, up to 90 days postoperatively.

Participants

Between January 2016 and December 2020, we performed
10,217 primary joint arthroplasties: primary THAs, TKAs,
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and unicompartmental knee arthroplasties (UKAs). Thus,
emergency reconstructions for fractures of the femoral
neck, revision arthroplasties, and other complex recon-
structions (such as surgeries to treat tumors and bone de-
fects) were not included. Of those, 21% (2184 joints) were
excluded; 2183 joints were in patients with multiple
arthroplasties and therefore would not provide independent
datapoints for analysis, while one patient did not have BMI
recorded at the time of surgery (Fig. 1). All remaining joints
(79% [8033 of 10,217]) were eligible for inclusion in this
study; 52% (4184) were THAs, 44% (3494) were TKAs,
and 4% (355) were UKAs. Of the patients reviewed, 89%
(7123 of 8033) did not attend a clinic for any VTE in-
vestigation in Northern Ireland during the 90-day study
period. Because the record uses a unique National Health
Service Health and Care number for each patient, we could
account for all patients during the 90-day study period;
however, we cannot ensure that all patients had complete
follow-up. The accuracy and reliability of the Northern
Ireland Electronic Care Record were not assessed during

this study; as such, it is possible that VTE investigations
were performed in Northern Ireland but not recorded.
Additionally, investigations occurring outside Northern
Ireland would not have been captured in the database.

Patients were dichotomized into two groups: BMI less
than 40 kg/m2 (93% [7506 of 8033]) and BMI of 40 kg/m2

or higher (7% [527 of 8033]). We set the division of cat-
egories at BMI 40 kg/m2 because this is the most frequently
used clinical cutoff for surgeons whose guidelines include
BMI in their algorithms for offering surgery.

Descriptive Data

In the two BMI groups, there was a preponderance of fe-
male patients with a BMI of 40 kg/m2 or higher (80% [363
of 4556]) compared with male patients (47% [164 of
3477]); OR 1.7 [95%CI 1.4 to 2.0]; p < 0.001). Themedian
age difference between the two groups was 4.5 years; pa-
tients with BMI of 40 kg/m2 or higher were younger than

Fig. 1 This flowchart outlines the patient exclusion criteria and group selection for the study. Data
are presented as % (n). *VTE investigation includes patients who had both CT pulmonary angi-
ography and ultrasound scans.
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those with a smaller BMI (median 65 years [IQR 58 to 71]
versus median 70 years [IQR 62 to 76]; p < 0.001). Patients
with a BMI of 40 kg/m2 or higher had higher odds of
having a TKA than those with a smaller BMI (57% [299 of
527] versus 43% [3195 of 7506]; OR 1.8 [95% CI 1.5 to
2.1]; p < 0.001). The distribution of American Society of
Anesthesiologists (ASA) grades also differed between the
groups; patients with BMI of 40 kg/m2 or higher had higher
odds of having ASA grade 3 or 4 than those with a smaller
BMI (33% [174 of 527] versus 14% [1072 of 7506]; OR
3.0 [95%CI 2.4 to 3.6]; p < 0.001). There was no difference
in the number of patients who had CT pulmonary angi-
ography (CTPA) or ultrasound ordered between the two
groups (13% [68 of 527] versus 11% [842 of 7506]; OR 1.2
[95%CI 0.9 to 1.5]; p = 0.24). There was also no difference
in the number of patients who had a PE or proximal DVT
(0.9% [five of 527] versus 1% [90 of 7506]; OR 1.3 [95%
CI 0.5 to 2.9]; p = 0.61 (Table 1).

In the multivariate analysis, described below, the dif-
ferences in demographics between the BMI groups (more
female patients, more TKAs, and more patients with ASA
grade 3 or 4 in the BMI 40 kg/m2 or higher group) were
considered as potential confounding factors.

Procedures were performed under the care of 33 sur-
geons using cementless and cemented implants. For VTE
prophylaxis, aspirin was given to 20% (1605 of 8033) of
patients, all of whom had a low risk, while the remaining

received enoxaparin (80% [6421 of 8033]) or mechanical
prophylaxis alone (0.09% [seven of 8033]).

Description of Experiment, Treatment, or Surgery

Generally, practitioners ordering investigations were
guided by the Wells score, a widely used clinical decision
tool for suspected PE and DVT [13]. Indications for CTPA
for PE included pleuritic chest pain, reduced oxygen sat-
urations, dyspnea, or hemoptysis. Indications for ultra-
sound for DVT included leg swelling, pain, warmth, or
erythema beyond what would be expected after lower limb
arthroplasty. There was no documentation of Wells scores
in patient records; as such, we could not ensure adherence
to this scoring system. However, we believe that ortho-
paedic surgical teams are astute in monitoring for the
clinical features of PE and DVT because of their education
about and familiarity with such complications, along with a
relatively higher suspicion in this cohort of patients.

Variables, Outcome Measures, Data Sources, and Bias

The proportion of patients with PE and proximal DVT in
two BMI categories was determined. Data captured in-
cluded age, sex, BMI, ASA grade, cement status, surgeon

Table 1. Demographics of patients in each BMI category

Variable BMI < 40 kg/m2 (n = 7506) BMI ‡ 40 kg/m2 (n = 527) p value

Male 44% (3313) 31% (164) < 0.001

Age in years 70 (16-97) 65 (16-86) < 0.001

Joint replaced

THA 53% (3977) 39% (207) < 0.001

TKA 43% (3195) 57% (299)

UKA 4.4% (334) 4.0% (21)

ASA Grade 1 and 2 86% (6434) 67% (353) < 0.001

Operation performed by consultant 81% (6050) 81% (425) 0.98

VTE prophylaxis

Aspirin 20% (1491) 22% (114) 0.49

Enoxaparin 80% (6008) 78% (413)

Mechanical only 0.1% (7) 0% (0)

Cement status

Cementless 63% (4750) 74% (379) < 0.001

Cemented 7.2% (538) 6.1% (32)

Hybrid 29% (2172) 22% (116)

Reverse hybrid 0.6% (46) 0% (0)

CTPA or ultrasound examination 11% (842) 13% (68) 0.24

Positive CTPA or ultrasound
examination

11% (90 of 842) 7.4% (5 of 68) 0.54

Data are presented as % (n) or median (range).
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experience (consultant, staff surgeon, or trainee), and data
for 90-day postoperative PE and proximal DVT investi-
gations, including the number of CTPAs ordered for
suspected PE, the number of ultrasounds for suspected
proximal DVT, and the number of confirmed PEs and
proximal DVTs. BMI was calculated and recorded for
each patient by independent nursing staff before surgery.
ASA grade was recorded in the operative notes by in-
dependent anesthetists. Cement status and surgeon grade
were obtained from operative notes. CTPAs and ultra-
sound investigations were performed by radiographers
and sonographers. All CTPAs were reported by in-
dependent radiologists. Any central filling defects in any
vessel, including subsegmental PEs, were recorded as
positive CTPA results. Positive ultrasound scan results
were those that showed a thrombus or noncompressibility
of the popliteal, femoral, or iliac veins. Although noted,
distal DVTs were recorded as negative results because
generally they are not treated with additional
anticoagulation.

We obtained data from a concurrent audit in our in-
stitution that began in January 2016, investigating 90-day
postoperative complications and nonscheduled care in all
patients undergoing primary THA, TKA, or UKA. As such,
study size was determined by the total number of patients
enrolled in the audit up to and includingDecember 31, 2020.
By obtaining data in this way, selection bias was minimized
because data were initially collected for all patients.

Ethical Approval

Institutional review board approval was not sought because
the information used in this study was recorded in such a
manner that patients cannot be identified directly or
through identifiers linked to the patients. Although ethical
approval was not sought, this study was registered with the
Standard, Quality, and Audit department in our institution
(audit number: 6090).

Statistical Analysis

The statistical analysis was performed with SPSS version
27 software (IBM Corp). Data were assessed for normality
using the Shapiro-Wilk test. Categorical variables were
compared and ORs were calculated using the chi-square or
Fisher exact test. Nonparametric continuous variables were
assessed with the Mann-Whitney U test or the Kruskal-
Wallis test where appropriate. A multivariate regression
analysis was performed using the following variables:
WHO categories of BMI (reference category: BMI less
than 24.9 kg/m2), sex (reference category: female), age (in
years, continuous), ASA grade (reference category: ASA

grades 1 and 2), joint replaced (reference category: THA),
VTE prophylaxis (reference category: enoxaparin), grade
of operative surgeon (reference category: consultant sur-
geon), and implant cement status (reference category:
cementless). To avoid data sparsity in the regression
analysis, the following steps were taken: seven patients
treated with only mechanical prophylaxis were excluded,
two WHO BMI categories were combined (underweight
[BMI less than 18.5 kg/m2] and healthy weight [BMI be-
tween 18.5 and 24.9 kg/m2]), all hybrid cemented implants
were combined, and to assess DVT only TKA and UKA
were combined. Unless otherwise stated, statistical sig-
nificance was set at p < 0.05.

Results

Odds of PE or Proximal DVT as a Function of BMI

After controlling for potentially confounding variables
(including WHO categories of BMI, sex, age, joint
replaced, ASA grade, VTE prophylaxis, grade of operative
surgeon, and implant cement status) we found no increase
in the odds of PE or proximal DVT in any BMI category.
Patients undergoing TKA had a higher odds of experi-
encing PE than those with THA (OR 2.9 [95% CI 1.3 to
6.5]; p < 0.001), as did patients with hybrid cemented
implants (OR 3.5 [95% CI 1.5 to 8.2]; p < 0.001). Patients
receiving enoxaparin, however, had lower odds of PE than
patients receiving aspirin (OR 0.5 [95% CI 0.3 to 0.8]; p =
0.01) (Table 2).

Again, after controlling for potential confounding fac-
tors, the odds of a proximal DVT appeared to be greater in
patients with BMI 30 to 34.9 kg/m2; however, the CIs were
too wide to draw an adequate conclusion (OR 3.6 [95% CI
1.0 to 12.6]; p = 0.046). We found no difference in the
association between BMI categories for the development
of a proximal DVT (BMI 25 to 29.9 kg/m2: OR 1.7 [95%CI
0.5 to 6.3]; p = 0.42, BMI 35 to 39.9 kg/m2: OR 1.5 [95%CI
0.3 to 7.7]; p = 0.62, and BMI of 40 kg/m2 or higher: OR 1.5
[95% CI 0.2 to 14.9]; p = 0.74).We found that for every
increasing year of age, there was a 6% increased odds of
proximal DVT (OR 1.1 [95% CI 1.0 to 1.1]; p < 0.001).
Patients undergoing TKA were less likely to experience a
proximal DVT than those undergoing THA (OR 0.3 [95%
CI 0.1 to 0.7]; p = 0.03) (Table 2). In this study, no patients
who underwent UKA had a proximal DVT.

Odds of a Positive Diagnostic Study Finding as a Function
of BMI

Of the CTPAs ordered, we observed no difference in the
proportion of positive scan results between patients with
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BMI less than 40 kg/m2 and those with BMI 40 kg/m2 or
greater (21% [59 of 276] versus 14% [four of 29]; OR 1.6
[95% CI 0.6 to 4.5]; p = 0.47) (Fig. 2). This remained
unchanged when separate joints were assessed: THA (22%
[25 of 114] versus 14% [one of seven]; OR 1.6 [95%CI 0.2

to 13.0]; p > 0.99), TKA (21% [31 of 146] versus 14%
[three of 21]; OR 1.5 [95% CI 0.5 to 4.9]; p = 0.57), and
UKA (19% [three of 16] versus 0% [0 of one]; p = 0.82)
(Fig. 2). Of the CTPAs ordered, 79% (242 of 305) of scan
results were negative.

Table 2. Multivariate analysis

Adjusted OR (95% CI) p value

Positive CTPA (0.8%, 61 of 8026)

BMI < 24.9 kg/m2 (reference group) 1.0

BMI 25 to 29.9 kg/m2 1.0 (0.4 to 2.5) 0.94

BMI 30 to 34.9 kg/m2 1.3 (0.5 to 3.0) 0.61

BMI 35 to 39.9 kg/m2 0.8 (0.3 to 2.4) 0.70

BMI $ 40 kg/m2 1.2 (0.3 to 4.3) 0.77

THA (reference group) 1.0

TKA 2.9 (1.3 to 6.5) < 0.001

UKA 2.1 (0.5 to 8.3) 0.28

Aspirin (reference group) 1.0

Enoxaparin 0.5 (0.3 to 0.8) 0.01

ASA Grade 1 and 2 (reference group) 1.0

ASA Grade 3 and 4 0.5 (0.2 to 1.2) 0.11

Consultant surgeon (reference group) 1.0

Trainee surgeon 0.9 (0.5 to 1.7) 0.71

Cementless implant (reference group) 1.0

Cemented implant 0.6 (0.1 to 2.5) 0.47

Hybrid implant 3.5 (1.5 to 8.2) < 0.001

Female (reference group) 1.0

Male 1.0 (0.6 to 1.7) 0.96

Age per year 1.0 (0.99 to 1.0) 0.24

Positive ultrasound (0.4%, 34 of 8026)

BMI < 24.9 kg/m2 (reference group) 1.0

BMI 25 to 29.9 kg/m2 1.7 (0.5 to 6.3) 0.42

BMI 30 to 34.9 kg/m2 3.6 (1.0 to 12.6) 0.046

BMI 35 to 39.9 kg/m2 1.5 (0.3 to 7.7) 0.62

BMI $ 40 kg/m2 1.5 (0.2 to 14.9) 0.74

THA (reference group) 1.0

TKA 0.3 (0.1 to 0.7) 0.03

Aspirin (reference group) 1.0

Enoxaparin 0.8 (0.3 to 1.8) 0.52

ASA Grade 1 and 2 (reference group) 1.0

ASA Grade 3 and 4 0.5 (0.2 to 1.6) 0.26

Consultant surgeon (reference group) 1.0

Trainee surgeon 0.7 (0.3 to 1.7) 0.41

Cementless implant (reference group) 1.0

Cemented implant 1.3 (0.4 to 3.9) 0.66

Hybrid implant 0.5 (0.2 to 1.2) 0.11

Female (reference group) 1.0

Male 0.7 (0.4 to 1.5) 0.41

Age per year 1.1 (1.0 to 1.1) < 0.001

120 Thompson et al. Clinical Orthopaedics and Related Research®

Copyright © 2023 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



Of the ultrasounds ordered, we observed no difference
in the proportion of positive results between patients with
BMI less than 40 kg/m2 and those with BMI 40 kg/m2 or
greater (5% [34 of 718] versus 2% [one of 57]; OR 2.7
[95% CI 0.4 to 18.6]; p = 0.51) (Fig. 3). This remained
unchanged when separate joints were assessed: THAs (7%
[22 of 341] versus 6% [one of 18]; OR 1.2 [95% CI 0.2 to
8.4]; p > 0.99), TKA (3% [12 of 359] versus 0% [0 of 36];
p = 0.61) (Fig. 3). Of the patients who had ultrasounds
ordered, 96% (740 of 775) of scan results were negative.

Discussion

When studies pool clinically unimportant distal DVTs
with more-harmful diagnoses (proximal DVT, PE, and
death from thromboembolism), those studies risk mis-
leading clinicians and causing overtreatment of a con-
dition that seldom harms patients. Additionally, current
risk stratification tools based on the available evidence
list obesity as a risk factor. Because BMI 40 kg/m2 or
greater is often used to preclude patients from lower limb

Fig. 2 This bar chart shows the number of CTPAs ordered and number of positive
scans, expressed as logarithmic proportions of the total number of operations,
according to BMI category and joint replaced. Absolute numbers are given in the table
below. A color image accompanies the online version of this article.

Fig. 3 This bar chart shows the number of ultrasounds ordered and number of pos-
itive scans, expressed as logarithmic proportions of the total number of operations,
according to BMI category and joint replaced. Absolute numbers are given in the table
below. Only proximal DVTs were considered as positive results. A color image ac-
companies the online version of this article.
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arthroplasty, we sought to determine whether patients
with morbid obesity had higher odds of experiencing
clinically important VTEwithin 90 days of primary THA
and TKA.We found that patients with a BMI of 40 kg/m2

or greater did not have higher odds of PE or proximal
DVT than those with a BMI less than 40 kg/m2. This
suggests that this arbitrary cutoff should not prevent
patients from having these operations because of con-
cerns about VTE. Further, guidelines for VTE should be
formulated from evidence on clinically relevant di-
agnoses (proximal DVT, PE, and death of thromboem-
bolism). Improving risk stratification systems is
important to identify those at risk early, enabling early
surveillance and initiation of preventative measures such
as anticoagulation and mechanical prophylaxis.

Limitations

First, dichotomizing BMI is a widely used approach, but it is
inappropriate for assessing relationships between a contin-
uous predictor and a clinical outcome [1]. Categorizing a
continuous variable assumes that the risk is constant for all
values in the same category, leading to potentially biased
results. Assessing BMI as a continuous variable is also
problematic, imposing a linear relationship between the
variable in question (BMI) and the outcome (PE or proximal
DVT). Modeling continuous data as a spline would avoid
arbitrary cutoffs for BMI and provide a more accurate
analysis of the risk of PE and proximal DVT. The expertise
to achieve this was not available at the time of our data
analysis. Therefore, our results from analyzing BMI as cat-
egorized variables provide an informative analysis (because
the cutoff BMI of 40 kg/m2 that we used is commonly used
clinically) but should be considered within the limitations of
our statistical methods. Second, data on patient comorbid-
ities, presurgery mobility, or medical history of VTE were
not available. We recognize that these factors are potentially
confounding. By accounting for factors associated with an
increased VTE risk that other studies often have not in-
cluded, such as use of bone cement and chemoprophylaxis,
we hope to limit any effect that missing data may have had
on our results [26]. Third, because this study was performed
in a single center, we reported a small number of patients
with BMI 40 kg/m2 or greater who had positive CTPA and
ultrasound results. A multicenter study would have had a
larger number of patients with morbid obesity and positive
results, but that approach would have resulted in limitations
of its own, including differences in surgical technique,
postoperative care (such as early mobilization, VTE che-
moprophylaxis, and mechanical prevention measures), or-
dering of CTPAs, and sonographer experience.

Importantly, we could not control the accuracy of
investigation reports. A recent systematic review of 61

international studies reported that CTPA sensitivity and
specificity were 94% and 98%, respectively [15]. We
infer that our reporting would be comparable. The ac-
curacy of ultrasound reporting is more difficult to control
for because this relies on the experience of the sonog-
rapher. All sonographers in our institution undergo in-
depth training and are permitted to sign off on reports
only when they have established the experience to do so.
Additionally, the reporting of any false-positive CTPA
or ultrasound results is likely to be comparable to the
number of false-negative findings. Lastly, we did not
assess the accuracy or reliability of the Northern Ireland
Electronic Care Record database used in this study. As
such, it is possible that VTE investigations were per-
formed in Northern Ireland and not recorded or occurred
in other countries. Because this database is a long-
standing record collating patient data from all healthcare
trusts across the country and records encounters in pri-
mary and secondary care, we anticipate that the number
of investigations that have potentially been missed in the
database is minimal. Further, it is likely that very few
patients underwent imaging outside Northern Ireland
during the 90-day follow-up period.

Odds of PE or Proximal DVT as a Function of BMI

We found that patients with morbid obesity did not have
higher odds of experiencing proximal DVT or PE within
90 days of lower limb arthroplasty than those who did not
have morbid obesity. Our findings suggest that individuals
withmorbid obesity should not be disqualified from primary
lower limb arthroplasty based on a presumed risk of clini-
cally important VTE. This is important because lower limb
arthroplasties are associated with improved mobility, re-
duced pain, and increased quality of life [2, 11]. Further, we
reported no increase in the odds of PE or proximal DVTwith
increasing BMI category, referenced to BMI of 25 kg/m2 or
less. Current guidelines state obesity is a risk factor for VTE;
patients with morbid obesity might more readily meet the
threshold for investigation when risk stratification tools are
used. As mentioned earlier, the available evidence about the
association between increased BMI and the risk of VTE is
controversial. Appropriate comparison of studies is also
challenging because of differences in BMI grouping, joint
that was operated on, duration of follow-up, and thrombo-
embolic event assessed (Supplemental Table 1; http://links.
lww.com/CORR/B158). Regardless, our findings suggest
that removing obesity as a risk factor from the risk
stratification tools that surgeons use would be reasonable,
and likely would lead to fewer individuals meeting the
investigation criteria, preserving resources and reducing the
number of patients with a diagnosis of distal DVT. DVT is
not generally a clinically important finding in this context,
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but sometimes it is inappropriately and unnecessarily treated
with strong anticoagulants.

Odds of a Positive Diagnostic Study Finding as a Function
of BMI

We found that patients with morbid obesity were not more
likely to have a positive investigation than those without
morbid obesity. By assessing total positive and negative
investigations, we reported the proportion of positive results
rather than simply the incidence of PE and proximal DVT.
Studies that do not report negative investigations cannot
exclude a bias toward ordering more investigations in pa-
tients with morbid obesity, and potentially thereby inflating
their recorded risk of VTE. Further, we report that patients
with morbid obesity did not undergo more CTPAs or ul-
trasounds than patients with a BMI of less than 40 kg/m2,
suggesting this bias was not a factor in our institution during
the study period. One explanation for why we observed no
difference in the number of scans ordered between BMI
groups is because we used the Wells score to guide inves-
tigations, particularly when ordering ultrasound. Because of
lower limb arthroplasty, symptoms similar to those caused
by DVT (swelling, pain, and erythema) are expected.
Therefore, using the Wells score to direct investigations is
perhaps unreasonable in the early period after surgery. We
suggest that VTE assessment criteria specifically for patients
who undergo arthroplasty could be developed to prevent
overinvestigation and reduce the number of clinically un-
important diagnoses that are made. This would reduce the
number of patients receiving unnecessary anticoagulation
and the risk of side effects associatedwith thesemedications.

Other Relevant Findings

We reported high proportions of negative investigations.
Studies with lower investigation thresholds will likely re-
port higher proportions of patients testing positive for VTE,
because detection and diagnoses of clinically unimportant
VTE is more likely. This is apparent in prior studies in
which imaging in all patients resulted in higher percentages
of patients with a diagnosis of VTE [5, 19] than in studies
that obtained diagnostic imaging in patients with symp-
toms of DVT [8, 14, 22, 25]. Therefore, for this reason, we
suggest that the proportion of negative imaging studies
needs to be reported to appropriately compare studies.

Conclusion

We found that patients in our institution with morbid
obesity (BMI of 40 kg/m2 or higher) were not at increased

odds of experiencing PE or proximal DVT after lower limb
arthroplasty. This remained unchanged when assessing
BMI in WHO categories, referenced against a BMI less
than 25 kg/m2. This is contrary to much of the published
evidence on which current national risk stratification tools
are based, and so those may need to be revised. Our find-
ings suggest that morbid obesity should not disqualify
patients from undergoing elective hip or knee arthroplasty
out of concern for clinically important VTE. We suggest
that risk stratification tools guiding the use of diagnostic
imaging studies should be developed specifically for pa-
tients undergoing lower limb arthroplasty, because using
current scoring systems results in patients being screened
too frequently with ultrasound after arthroplasty. Future
studies assessing the risk of VTE and BMI should assess
only clinically important complications (proximal DVT,
PE, and death from thromboembolism) and report the
percentage of negative imaging studies to facilitate fair
comparisons across studies on the topic.
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