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Abstract
Background: Venous thromboembolism (VTE) is a frequent surgical complication. The American College of Chest Physicians
(ACCP) recommends implementation of pharmacologic thromboprophylaxis according to surgery type and VTE risk factors.
We conducted a retrospective cohort study of surgical admissions to determine the rate and predictors of use and appropriate
use of thromboprophylaxis as defined by the 2004 ACCP guidelines and to determine the risk of postoperative VTE.
Methods: Using data from an administrative health care database of the Centre Hospitalier Universitaire de Sherbrooke in the
province of Quebec, we assembled a cohort of all consecutive surgical admissions in 2006 that met ACCP criteria for pharma-
cologic thromboprophylaxis and assessed rates of thromboprophylaxis presence and appropriateness. Multiple logistic regression
was used to determine characteristics associated with thromboprophylaxis prescription. The incidence of postoperative VTE was
assessed at 3 months. Results: Of 2286 surgical admissions that met criteria for pharmacologic thromboprophylaxis, 81%
received thromboprophylaxis and, of these, 31% received appropriate thromboprophylaxis as per ACCP guidelines. Male sex,
age below 40 years, and short-duration hospitalization were significantly associated with absent and inappropriate thrombopro-
phylaxis. Cancer diagnosis and heart failure within 3 months preceding surgery were protective against inappropriate thrombo-
prophylaxis (OR 0.43, 95% CI [0.33-0.57] and 0.43 [0.26-0.70], respectively). At 3 months following surgery, 27 patients (1.2%)
developed VTE. Patients who developed VTE were more likely to have had a previous VTE than patients who did not develop a
VTE (P < .0001). Conclusions: Targeted recommendations, in particular concerning male patients with short duration hospita-
lization, may improve thromboprophylaxis compliance and appropriateness rates.
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Introduction

Venous thromboembolism (VTE), which includes deep

vein thrombosis (DVT) and pulmonary embolism (PE), is a

common and potentially fatal complication during and

following hospitalization for surgery. Pulmonary embolism

accounts for 5% to 10% of deaths in hospitalized patients and

is thus the most common preventable cause of in-hospital

death.1,2 Without thromboprophylaxis during hospitaliza-

tion, the incidence of DVT is approximately 10% to 40%
among patients undergoing general surgery and 40% to

60% following major orthopedic surgery.1,3 Among over

7 million patients discharged from 944 US hospitals, post-

operative VTE was the second most common surgical com-

plication, the second most common cause of increased

length of stay, and the third most common cause of excess

mortality.4 In addition to the acute complications, postopera-

tive VTE is associated with long-term complications such

as postthrombotic syndrome5 and chronic thromboembolic

pulmonary hypertension.6

The mortality, acute and long-term complications, and

additional resource utilization associated with postoperative

VTE provide a strong impetus for the widespread implementa-

tion of thromboprophylaxis strategies. Hundreds of clinical

trials of thromboprophylaxis have been conducted over the past

20 to 30 years, and these have provided strong evidence that

primary prevention of VTE with the use of thromboprophylaxis

in high-risk groups reduces VTE including fatal PE,1 reduces
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overall hospital costs,7 and is associated with a negligible risk

of clinically important bleeding that is comparable to placebo

or no prophylaxis.8,9 As a result, several evidence-based guide-

lines published over the past 15 to 20 years strongly support the

widespread use of thromboprophylaxis in the surgical set-

ting.1,10-12 Although implementation of thromboprophylaxis

strategies has been shown to be cost-effective with an advanta-

geous benefit-to-risk ratio,13 rates of adherence to guideline

recommendations remain low and range anywhere between

19% and 60% in surgical patients.14-18 For example, the recent

large-scale Epidemiologic International Day for the Evaluation

of Patients at risk of Venous Thrombosis in the Acute Hospital

Care Setting (ENDORSE) study revealed that 51% of almost

70 000 patients in 368 hospitals across 32 countries were con-

sidered to be at increased risk of VTE but only 60% of surgical

patients received thromboprophylaxis.14 In another large retro-

spective cohort study of 10 744 patients older than 65 years,

having undergone hip or knee replacement, only 2059 (19%)

patients were prescribed thromboprophylaxis at discharge.18

Few studies have evaluated clinical factors associated with

nonadoption of and nonadherence to VTE prophylaxis guide-

lines. Using a large administrative hospital database, we sought

to assess the rate of use and appropriate use of thromboprophy-

laxis as defined by the 7th Edition American College of Chest

Physicians (ACCP) guidelines in a tertiary care center among

patients undergoing general and orthopedic surgery deemed

to be at risk for VTE, to identify clinical factors associated with

nonuse and inappropriate use of thromboprophylaxis, and to

estimate the risk of postoperative thrombosis according to

thromboprophylaxis use.

Patients and Methods

We conducted a retrospective cohort study of all consecutive

surgical admissions between January 1, 2006, and December

31, 2006, at the Centre Hospitalier Universitaire de Sherbrooke

(CHUS), a large tertiary care center in Sherbrooke, Quebec,

Canada. The CHUS is a 700-bed acute care hospital that ser-

vices a population catchment area of about 200 000 persons.

The following surgical admissions were excluded from the

study population: (1) admissions with duration of stay of less

than 24 hours as these are considered to be at ‘‘low risk’’ of

postoperative thrombosis, (2) patients under 40 years of age

undergoing minor surgeries (for example, nonlaparoscopic

endoluminal surgeries, knee arthroscopy in the absence of more

complicated surgery, elective abdominal, or thoracic surgery) for

which thromboprophylaxis according to the 7th ACCP guide-

lines is not recommended, (3) admissions of patients less than

18 years of age since the ACCP surgical thromboprophylaxis

recommendations apply to adults, and (4) admissions of patients

with contraindications to anticoagulant treatment (recent symp-

tomatic bleeding in critical area or organ, such as intracranial or

intraspinal bleeding [defined by the International Classification

of Diseases Ninth Revision, ICD-9, coding 430.0, 432.9, 432.1

within 30 days prior to surgery date], thrombocytopenia [ICD-9

code 287.3, 287.5, 289.84, 287.30, 287.4], or active peptic ulcer

disease [ICD-9 code 531.0-531.3]). In doing so, our aim was to

assess the adequacy of pharmacologic prophylaxis in patients

without contraindications to anticoagulant use.

The Centre Informatisé de Recherche Évaluative en Soins et

Systèmes de Santé (CIRESSS) database is a clinical data ware-

house operational at the CHUS since 2002 and contains the fol-

lowing patient admission information: patient demographic

information, admission and discharge date, primary and sec-

ondary discharge diagnoses coded by ICD-9, treatment and

procedure codes (coded by the Canadian Classification of

Diagnostic, Therapeutic and Surgical Procedures [CCP]), and

in-hospital prescriptions (medication name, dosage, and time

of medication administration). All coding is attributed by the

medical records department and is updated every 24 hours. The

CIRESSS is used primarily for quality assurance in the bio-

chemistry department and by the emergency department to

assess patient occupancy.

The following was obtained from CIRESSS for each patient

admission included in our study population: (1) patient

demographics (age, sex), (2) admission-related data (date of

admission, date of discharge/transfer/death, duration of stay),

(3) surgical data (type of surgery, date of surgery), (4) VTE-

related risk factors (surgery within 90 days, major trauma

within 90 days, malignancy (invasive or in situ, including cuta-

neous melanoma, but not other skin cancers [eg, squamous and

basal cell carcinoma]) or cancer therapy within 90 days, previ-

ous VTE, pregnancy and the postpartum period, heart or

respiratory failure within 90 days, inflammatory bowel disease,

nephrotic syndrome, varicose veins, central venous catheteriza-

tion, and inherited or acquired thrombophilia), (5) pharmacolo-

gic thromboprophylaxis (presence or absence, type of drug

[low-dose unfractionated heparin, LDUH; low-molecular-

weight heparin, LWMH; warfarin], dose, and duration), and

(6) the occurrence of VTE, including DVT defined by ICD-9

coding (451.0, 451.1, 451.2, 451.8, 451.9, 453.40, 453.9,

671.4, 671.3), or PE (415.1, 415.11, 415.12, 415.19, 673.2) at

90 days following surgery.

Based on the patient’s surgery type, age, and additional VTE

risk factors, each surgical admission was categorized into 4

VTE risk levels as per the 7th ACCP guidelines: ‘‘low,’’ ‘‘mod-

erate,’’ ‘‘high,’’ or ‘‘very high’’ risk of VTE. Admissions at low

risk of VTE were excluded. For all other risk categories, we

determined whether pharmacologic thromboprophylaxis was

prescribed (present or absent). Absent thromboprophylaxis was

defined as the lack of a prescription for pharmacologic throm-

boprophylaxis at any time following surgery. If a prescription

for thromboprophylaxis was noted following surgery, then

thromboprophylaxis was considered to be present and the

type, dose, and timing of pharmacologic thromboprophylaxis

was compared to that recommended by the 7th ACCP guide-

lines according to risk category (see Table 1) and categorized

as either appropriate or inappropriate. Appropriate thrombo-

prophylaxis was defined as the recommended type of anticoa-

gulant at the recommended dose, no later than 24 hours

postsurgery, and inappropriate thromboprophylaxis was pres-

ent if either the dose, the type of anticoagulant, or timing of the
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prescription were not in accordance with the 7th ACCP

guidelines. We did not include graduated compression stockings

or intermittent pneumatic compression devices in the definition

of appropriate thromboprophylaxis, because the CIRESSS data-

bank does not contain data on mechanical prevention devices.

Because certain risk factors for VTE were not available in the

CIRESSS database, such as oral contraceptive use or hormone

replacement therapy, and obesity, we may have categorized

admissions as being at a lower VTE risk level than they actually

were. Consequently, we considered thromboprophylaxis to be

appropriate for an admission if it corresponded to that admis-

sion’s risk level or higher. A computerized algorithm was used

to classify each admission as having received appropriate, inap-

propriate, or absent thromboprophylaxis (Table 1).

We estimated the proportion of admissions with present

thromboprophylaxis and with appropriate thromboprophylaxis.

To determine which clinical factors were associated with

absent and inappropriate thromboprophylaxis, multiple logistic

regression analysis was used to estimate odds ratios and asso-

ciated 95% confidence intervals (CI). We compared partici-

pants with and without VTE occurrence at 90 days according

to VTE risk level and thromboprophylaxis absence and appro-

priateness using chi-square test, Student t test or Fisher exact,

as appropriate. All statistical analyses were performed by

means of a statistical computer program (STATA 10.1; Stata

Corp., College Station, Texas).

Results

We identified a total of 4823 consecutive admissions to the

surgical ward of the CHUS between January 1, 2006, and

December 31, 2006. We excluded 2109 admissions with dura-

tion of stay of less than 24 hours, 187 admissions for minor

orthopedic surgeries (nonlaparoscopic endoscopic and endolum-

inal surgeries) for which thromboprophylaxis is not recom-

mended by the 7th ACCP guideline, 195 admissions in which

the patient was deemed at low risk of VTE as per the 7th ACCP

guideline, 35 admissions in which the patient was under the age

of 18 years, and 11 admissions in which patients had contraindi-

cations to anticoagulant prescription. Our final study population

included 2286 surgical admissions. Patient-related and surgery-

related characteristics of the 2286 admissions, representing 2205

individual patients, are presented in Table 2. The average patient

age was 60.5 years and women accounted for 55.8% of admis-

sions. The majority (59.7%) of admissions were classified as

being at a very high VTE risk level. Cancer within 90 days pre-

ceding surgery was the most common VTE risk factor and was

present in 787 (34.4%) of admissions.

Overall, thromboprophylaxis was present in 1852 (81.0%)

of admissions and appropriate thromboprophylaxis was

observed in 582 (31.4%) of admissions that received thrombo-

prophylaxis (Table 3). The use of thromboprophylaxis ranged

from a minimum of 58.9% in at-risk patients under the age

Table 1. Seventh American College of Chest Physicians Guidelines Specifications of Appropriate Thromboprophylactic Treatment According
to Patient VTE Risk Level

Thromboembolism Risk Level

Definition of Appropriate Thromboprophylaxis

Type of Anticoagulant Dosage Timing

Moderate risk LDUH Every 12 hours, 5000 U No later than 24 hours postsurgery
LMWH Every 24 hours, �3400 U No later than 24 hours postsurgery

High risk LDUH Every 8 hours, 5000 U No later than 24 hours postsurgery
LMWH Every 24 hours, >3400 U No later than 24 hours postsurgery

Very high risk LMWH Every 24 hours, >3400 U No later than 24 hours postsurgery
Oral VKA No later than 24 hours postsurgery

Abbreviations: VTE, venous thromboembolism; LDUH, low-dose unfractionated heparin; LMWH, low-molecular weight heparin; VKA, vitamin K antagonist.

Table 2. Patient and Surgery-Related Characteristics of Admissionsa

Characteristic Value

Admissions 2286 (100)
Patients 2205 (96.4)
Age 60.5 (16.1)
Female 1275 (55.8)
Surgery type

Major abdominal or gynecologic
surgery

957 (41.9)

Major orthopedic surgery 227 (10.4)
Other surgery 1092 (47.8)

VTE risk level
Moderate 231 (10.1)
High 691 (30.2)
Very high 1364 (59.7)

VTE risk factors
Cancer diagnosisb 787 (34.4)
Respiratory failureb 125 (5.5)
Heart failureb 121 (5.3)
Previous VTE 77 (3.4)
Previous surgeryb 67 (2.9)
Diagnosis of varicose veins 64 (2.8)
Pregnancyb 57 (2.5)
Inflammatory bowel disease 44 (1.9)
Thrombophilia 41 (1.8)
Central venous catheterb 31 (1.4)
Strokeb 17 (0.7)
Major traumab 7 (0.3)

Abbreviation: VTE, venous thromboembolism.
a Entries are n (%) for categorical variables and mean (+standard deviation) for
continuous variables.
b Diagnosis code present within 90 days preceding surgery date.
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of 40 years to a maximum of 96.7% in patients with a recent

diagnosis of heart failure. At-risk patients under the age of

40 years were also the least likely to receive appropriate

prophylaxis (9.6%), while the highest prevalence of appropriate

prophylaxis was observed in admissions for major orthopedic

surgery (93.8%). With regard to surgery type, thrombopro-

phylaxis was least present (70.4%) among admissions for proce-

dures other than major orthopedic, abdominal, and gynecologic

surgery, such as mastectomy and carotid endartectomy, and least

appropriate among admissions for major abdominal or gyneco-

logic surgery, with 11% of these admissions having received

an appropriate prophylaxis regimen.

Table 4 presents associations between patient- and surgery-

related characteristics and both absent and inappropriate

thromboprophylaxis. Compared to women, men were less

likely to receive thromboprophylaxis (adjusted OR 1.65, 95%
CI (1.27-2.17)). There was no difference between men and

women with regard to receiving appropriate thromboprophy-

laxis. Younger age groups versus the 60 years and older age

group and shorter duration hospital stay versus greater than

13 days stay were significantly associated with absent throm-

boprophylaxis (adjusted OR 3.11, 95% CI [2.11-4.58] and

OR 14.36, 95% CI [8.95-23.0], respectively) and inappropriate

thromboprophylaxis (OR 5.94, 95% CI [2.96-11.94] and OR

2.44, 95% CI [1.67-3.58], respectively). With regard to VTE

patient risk factors, only a diagnosis of cancer or heart failure

within 90 days preceding surgery were significantly associated

with appropriate thromboprophylaxis (adjusted OR 0.43, 95%
CI [0.33, 0.57] and OR 0.43, 95% CI [0.26,0.70], respectively).

No patient risk factors were significantly associated with

absent thromboprophylaxis.

Overall, 27 (1.22%) patients developed VTE within 90 days

following surgery, among whom, 17 were diagnosed with DVT

alone and 10 with PE. There were no significant differences

among patients with postoperative VTE versus patients without

postoperative VTE with regard to VTE risk level and present

and appropriate thromboprophylaxis rates (Table 5). A prior

diagnosis of VTE was noted in 33.3% patients who developed

VTE compared to 3.0% of patients who did not develop VTE at

90 days (P < .0001).

Discussion

In our study of more than 2000 surgical admissions, we demon-

strated that more than 80% of at-risk surgical patients received

some form of pharmacological thromboprophylaxis. Our rate is

higher than previously published rates that range anywhere

between 19% and 60%.16,19-22 For example, the ENDORSE

investigators determined that among 19 842 at-risk surgical

patients from 32 countries, 10901 (55.5%) patients received

some form of anticoagulant. Of note, ENDORSE was a

world-wide study of guideline adherence rates, and there are

significant differences in guideline adherence in some of the

32 countries in comparison to North America. Compared to the

ENDORSE study, our population included a higher proportion

of orthopedic admissions, which may have explained the higher

rate of thromboprophylaxis.

We determined that absent thromboprophylaxis was associ-

ated with nonorthopedic surgery, short duration of stay, moder-

ate VTE risk level (as compared to high), male sex, and

younger age. In particular, patients undergoing orthopedic sur-

gery were twice as likely to receive thromboprophylaxis as

patients undergoing other types of surgery. VTE prophylaxis

presence and appropriateness were superior in patients under-

going orthopedic surgery as compared to the other surgical

patient populations. Subgroup analyses of presence and appro-

priateness by type of orthopedic surgery (eg, total hip replace-

ment, total knee replacement, open reduction internal fixation)

would be interesting to examine further, although this data was

accessible for the purposes of this study. Despite evidence from

pooled data showing that the overall incidence of VTE among

general surgery patients is approximately 20% without prophy-

laxis,1 the perceived risk of VTE in patients undergoing non-

orthopedic surgery compared to orthopedic surgery may be

considered low among health professionals.23 Moreover, there

was a significant trend toward increasing use of thrombopro-

phylaxis and increasing duration of stay. Compared to stays

greater than 13 days’ duration, surgical admissions with stays

of 2 to 4 days were 93% less likely to have received thrombo-

prophylaxis, stays 4 to 6 days were 86% less likely to have

received thromboprophylaxis, and stays of 7 to 12 days were

43% less likely to have received thromboprophylaxis. Though

Table 3. The Prevalence of Present and Appropriate Thrombopro-
phylaxis Among Study Population of n ¼ 2286 Surgical Admissions

Admission Group
Number of
Admissions

Present
Prophylaxis

(%)

Appropriate
Prophylaxis,

Given Present
Prophylaxis (%)

Total 2286 1852 (81.0) 582 (31.4)
Male 1011 793 (78.4) 273 (34.4)
Female 1275 1059 (83.1) 309 (29.2)
Age

<40 years 231 136 (58.9) 13 (9.6)
40-60 years 872 699 (80.2) 202 (28.9)
>60 years 1183 1017 (86.0) 367 (36.1)

VTE risk
Moderate 231 154 (66.7) 115 (74.7)
High 691 464 (67.1) 118 (25.4)
Very high 1364 1234 (90.5) 349 (28.3)

Surgery type
Major abdominal or

gynecologic surgery
957 856 (89.4) 93 (10.9)

Major orthopedic
surgery

237 227 (95.8) 213 (93.8)

Other surgery 1092 769 (70.4) 276 (35.9)
VTE risk factors

Cancer diagnosisa 787 667 (84.8) 241 (31.3)
Respiratory failurea 125 113 (90.4) 40 (35.4)
Heart failurea 121 117 (96.7) 47 (40.2)
Previous VTE 77 73 (94.8) 30 (41.1)

Abbreviation: VTE, venous thromboembolism.
a Diagnosis code present within 90 days preceding surgery date.
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it can be hypothesized that the higher prophylaxis rate with

longer duration of stay may be attributed to a perceived high

risk of thrombosis with increasing immobilization, it is more

likely that a longer hospital stay leads to more patient-

physician interactions, and as a result more opportunities for

thromboprophylaxis to be prescribed. Surgical patients with

known VTE risk factors such as underlying cancer, recent

respiratory failure, heart failure, or a previous history of VTE

were more likely to be prescribed any and appropriate throm-

boprophylaxis than patients without these risk factors (despite

these patients also being at risk for postoperative VTE). The

perceived risk of postoperative VTE is certainly higher in

patients with established comorbidity risk factors than other

risk factors such as advanced age and type of surgery. Finally,

it is unclear why men are 1.7 times less likely to be prescribed

thromboprophylaxis than women despite adjustment for sur-

gery type and VTE risk factors, other than perhaps the risk of

bleeding is perceived to be higher in men than in women.

Though 80% of admissions received some form of thrombo-

prophylaxis, only 31.4% of these admissions received appro-

priate thromboprophylaxis in accordance with the 7th edition

ACCP guidelines. Appropriate thromboprophylaxis rates vary

widely in the literature and range anywhere between 16% and

63%. This wide variability is likely due to differences in patient

populations and criteria used for defining appropriate thrombo-

prophylaxis. For example, a recent Brazilian study found that

among 589 surgical patients considered at risk of VTE, 63%
received appropriate prophylaxis, in accordance with ACCP

guidelines.15 Amin and collegues collected data on 188 800

surgical discharges in the United States and found that only

16.4% of patients received appropriate thromboprophylaxis.24

Their analyses were restricted to patients with a duration of

hospital stay of 6 days or longer, which may have selected

higher risk patients with more stringent recommended prophy-

laxis regimens. A cross-sectional study conducted in Spain

found an appropriateness rate of 42%.25 However, this study

included patients admitted to critical care wards, where ade-

quacy rates were particularly high (86%), and treatment appro-

priateness was defined as adherence to a combination of

guidelines,26,27 as determined by an institutional working

group comprised of hematologists, clinical pharmacologists,

surgeons, other clinical specialists, and nurses. It remains

unclear why our rate of appropriate thromboprophylaxis rate

was lower than most previously published rates. One possible

Table 4. Associations Between Patient-and Surgery-Related Characteristics and Thromboprophylaxis

Patient/Surgery characteristic

Odds Ratio for Absence Odds Ratio for Inappropriateness

Unadjusted (95% CI) Adjusteda (95% CI) Unadjusted (95% CI) Adjusteda (95% CI)

Gender
Female (ref) 1.0 1.0 1.0 1.0
Male 1.35 (1.09-1.66) 1.65 (1.27-2.17) 0.86 (0.72-1.04) 1.28 (1.00-1.63)

Age
<40 years 4.28 (3.14-5.83) 3.11 (2.11-4.58) 7.54 (4.25-13.38) 5.94 (2.96-11.94)
40-60 years 1.52 (1.20-1.92) 1.27 (0.91-1.80) 1.49 (1.22-1.82) 2.00 (1.45-2.76)
>60 years (ref) 1.0 1.0 1.0 1.0

P-for trend <.001 <.001 <.001 <.001
VTE risk

Moderate 4.75 (3.42-6.59) 1.62 (0.77-3.42) 0.34 (0.26-0.46) 0.07 (0.04-0.13)
High 4.64 (3.65-5.91) 2.06 (1.07-3.94) 1.67 (1.32-2.11) 0.76 (0.46-1.27)
Very high (ref) 1.0 1.0 1.0 1.0

P for trend <.001 .529 <.001 <.001
Duration of hospital stay

2-3 days 13.23 (8.53-20.5) 14.36 (8.95-23.0) 4.39 (3.24-5.96) 2.44 (1.67-3.58)
4-6 days 6.79 (4.30-10.73) 7.30 (4.51-11.8) 2.20 (1.66-2.92) 1.63 (1.13-2.34)
7-12 days 1.63 (0.975-2.73) 1.74 (1.02-2.95) 0.85 (0.67-1.09) 0.74 (0.54-1.01)
>13 days (ref) 1.0 1.0 1.0 1.0

P-for trend <.001 <.001 <.001 <.001
Surgery type

Major orthopedic surgery (ref) 1.0 1.0 1.0 1.0
Major abdominal or gynecologic surgery 2.67 (1.38-5.21) 0.86 (0.42-1.77) 82.5 (51.4-132.3) 66.2 (40.3-108.6)
Other surgery 9.53 (5.00-18.20) 2.46 (1.00-6.05) 26.2 (16.84-40.9) 45.4 (24.0-85.7)

VTE risk factors
Cancer diagnosisb 0.68 (0.54-0.86) 0.86 (0.64-1.15) 0.67 (0.55-0.81) 0.43 (0.33-0.57)
Respiratory failureb 0.44 (0.24-0.80) 0.74 (0.36-1.56) 0.71 (0.48-1.05) 0.76 (0.46-1.28)
Heart failureb 0.54 (0.31-0.96) 1.34 (0.67-2.75) 0.52 (0.35-0.75) 0.43 (0.26-0.70)
Previous VTE 0.23 (0.08-0.62) 0.53 (0.17-1.67) 0.52 (0.33-0.83) 0.58 (0.31-1.12)

Abbreviations: VTE, venous thromboembolism; CI, confidence interval.
a Adjusted for all other covariates in the table.
b Diagnosis code present within 90 days preceding surgery date.
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explanation is that unlike previous studies,14,17,28,29 we did not

include nonpharmacologic methods of thromboprophylaxis,

and as a result, we may have underestimated the appropriate-

ness rate. Nonetheless, we can hypothesize that the high

rate of thromboprophylaxis use and low rate of appropriate

thromboprophylaxis observed in our study suggest a general

awareness of the need for VTE prophylaxis in at-risk surgical

patients among physicians but perhaps a lack of awareness or

familiarity with the guidelines themselves. As with presence

of thromboprophylaxis, female sex, high VTE risk level,

orthopedic surgery, and longer duration of stay were positively

associated with appropriate thromboprophylaxis.

In all, among the 2205 surgical patients, 27 (1.22%) devel-

oped VTE up to 90 days following surgery. Of these,

20 (74.1%) did not receive thromboprophylaxis or received

inappropriate thromboprophylaxis. Hence, these represent

20 VTE events that were probably preventable as they arose

in a context in which prophylaxis was recommended but not

given or given inappropriately. The other 10 VTE events were

likely nonpreventable. Some authors30 suggest that these

nonpreventable cases demonstrate the limitations of the ACCP

guidelines, although it is well established that thromboprophy-

laxis regimens are not 100% effective.1 Present and appropriate

thromboprophylaxis rates were not statistically different

among patients with VTE versus without VTE, and differences

with regard to baseline characteristics were not found, other

than a previous history of VTE being more frequent in patients

with postoperative VTE.

Our study has several limitations. First, though the CIRESSS

database has been previously used for research purposes,31 it has

not been validated for the diagnosis of VTE and so misclassifi-

cation of VTE occurrence is possible. Furthermore, objective-

confirmation of VTE (from Doppler ultrasound, venogram,

V/Q scan or spiral CT scan, as appropriate) was not reported

in CIRESSS. Second, as our study was retrospective in nature,

we could not fully evaluate the circumstances that may have led

physicians to prescribe prophylaxis in a manner that may not

comply with the 7th ACCP guidelines. Third, the CIRESSS

database did not contain data on mechanical devices for throm-

boprophylaxis such as graduated compression stockings and as a

result we may have overestimated the rates of absent and inap-

propriate thromboprophylaxis. Fourth, we may have underesti-

mated the incidence of postoperative VTE since discharged

study patients who developed postoperative VTE may have

sought care from or referred to institutions other than CHUS and

as a result not captured by the CIRESS database. This is likely a

rare occurrence since most patients are usually faithful to their

health care institutions, especially patients with very recent sur-

gery. Also, we did not determine postoperative mortality and as

a result may have missed fatal PE events. Importantly, since this

study was conducted, the 8th ACCP guidelines have been

released.32 As compared to the 7th ACCP guidelines, the recom-

mended duration of use of prophylaxis in patients undergoing

hip and knee surgery has been increased. However, we did not

assess the duration of prophylaxis in this study.

Our study highlights a higher than previously published rate

of thromboprophylaxis use among surgical patients and a rela-

tively low rate of appropriate prophylaxis. This suggests that

efforts and interventions aimed at improving awareness of the

need for VTE surgical thromboprophylaxis have been some-

what successful but more effort and interventions are needed

specifically designed to increase appropriate application of

published guidelines in the real world. As such, future research

is needed to better understand the reasons and barriers to appro-

priate use of guideline recommendations, especially among

young men, hospitalizations of short duration, and patients

without major VTE risk factors.
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Table 5. Characteristics of Patients Having Developed VTE Within
90 Days Post Surgery

Patient Characteristic

Patients
Having

Developed
VTE (n ¼ 27)

Patients
Without

VTE
(n ¼ 2178) P Valuea

VTE type
Deep vein thrombosis 10 (37.0)
Pulmonary embolism 17 (63.0)

VTE risk level
Moderate 2 (7.4) 221 (10.1) .146
High 4 (14.8) 662 (30.4)
Very high 21 (77.8) 1295 (59.5)

Thromboprophylaxis
Appropriate 7 (25.9) 554 (25.4) .559
Inappropriate 17 (63.0) 1208 (55.5)
Absent 3 (11.1) 416 (19.1)

Demographics
Age (years, sd) 61.74 (18.27) 60.5 (16.1) .654
Men 16 (59.26) 995 (44.05) .114

VTE Risk Factors
Cancer diagnosisb 11 (40.74) 776 (34.35) .487
Respiratory failureb 1 (3.70) 124 (5.49) .685
Heart failureb 3 (11.11) 118 (5.22) .174
Previous VTE 9 (33.33) 68 (3.01) <.0001

Surgery type
Major abdominal or

gynecologic surgery
7 (25.9) 950 (43.6) .153

Major orthopedic
surgery

5 (18.5) 232 (10.7)

Other surgery 15 (55.6) 1077 (49.5)

Abbreviation: VTE, venous thromboembolism.
a P Value for Fisher test, chi-square test or 2-sample t test, as appropriate.
b Diagnosis code present within 90 days preceding surgery date.
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31. Carignan A, Allard C, Pépin J, Cossette B, Nault V, Valiquette L.

Risk of Clostridium difficile infection after perioperative antibac-

terial prophylaxis before and during an outbreak of infection due

to a hypervirulent strain. Clin Infect Dis. 2008;46(12):1838-1843.

32. Geerts W, Bergqvist D, Pineo G, et al. Prevention of venous

thromboembolism: American College of Chest Physicians

Evidence-Based Clinical Practice Guidelines (8th Edition). Chest.

2008;133(6 suppl):381S-453S.

Robinson-Cohen et al E45



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


