
Venous thromboembolism is a leading cause of mor-
tality among patients in hospital.1,2 Major orthopedic
surgery (e.g., hip or knee replacement) is associated

with a high risk for postoperative venous thromboem-
bolism.1,3,4 Because the clinical diagnosis of venous throm-
boembolism is unreliable and its first manifestation may be
a life-threatening pulmonary embolism,5 it is recommended
that patients undergoing hip or knee replacement receive
routine thromboprophylaxis with anticoagulant therapy af-
ter surgery unless they have contraindications to anticoagu-
lant therapy.1,3,5,6

Thromboprophylaxis is commonly administered for the
entire hospital stay, which is usually between 4 and 14 days.7

Expert consensus guidelines recommend that patients under-
going hip or knee replacement receive thromboprophylaxis
medications for at least 10 days after surgery.6 These guide-
lines also recommend extended thromboprophylaxis for up
to 28–35 days after surgery for patients undergoing hip 
replacement.6 Although there is evidence that extended
thromboprophylaxis after hospital discharge is effective for
reducing the risk of venous thromboembolism among 
patients who undergo hip replacement,8 the benefit among
patients who undergo knee replacement has not been estab-
lished.6 Thromboprophylaxis after discharge is likely to most
benefit patients at high risk for venous thromboembolism,
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Postdischarge thromboprophylaxis and mortality risk after
hip- or knee-replacement surgery

Background: Patients undergoing hip or knee replacement
are at high risk of developing a postoperative venous throm-
boembolism even after discharge from hospital. We sought
to identify hospital and patient characteristics associated
with receiving thromboprophylaxis after discharge and to
compare the risk of short-term mortality among those who
did or did not receive thromboprophylaxis.

Methods: We conducted a retrospective cohort study using
system-wide hospital discharge summary records, physician
billing information, medication reimbursement claims and
demographic records. We included patients aged 65 years
and older who received a hip or knee replace ment and who
were discharged home after surgery. 

Results: In total we included 10 744 patients.  Of these, 7058
patients who received a hip replacement and 3686 who re-
ceived a knee replacement. The mean age was 75.4 (stan-
dard deviation [SD] 6.8) years and 38% of patients were
men. In total, 2059 (19%) patients received thomboprophy-
laxis at discharge. Patients discharged from university teach-
ing hospitals were less likely than those discharged from
community hospitals to received thromboprophylaxis after
discharge (odds ratio [OR] 0.89, 95% confidence interval
[CI] 0.80–1.00). Patients were less likely to receive throm-
boprophylaxis after discharge if they had a longer hospital
stay (15–30 days v. 1–7 days, OR 0.69, 95% CI 0.59–0.81). Pa-
tients were more likely to receive thromboprophylaxis if they
had hip (v. knee) replacement, osteoarthritis, heart failure,
atrial fibrillation or hypertension, higher (v. lower) income or
if they were treated at medium-volume hospitals (69–116 hip
and knee replacements per year). In total, 223 patients (2%)
died in the 3-month period after discharge. The risk of short-
term mortality was lower among those who received throm-
boprophylaxis after discharge (hazard ratio [HR] 0.34, 95%
CI 0.20–0.57).

Interpretation: Fewer than 1 in 5 elderly patients discharged
home after a hip- or knee-replacement surgery received
postdischarge thromboprophylaxis. Those prescribed these
medications had a lower risk of short-term mortality. The

Abstract benefits of and barriers to thromboprophylaxis therapy after
discharge in this population requires further study.
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such as those with cancer, heart failure or major respiratory
disease.6–9 However, given that patients who undergo joint 
replacement are often elderly and have multiple comorbidi-
ties, the risks associated with extended thromboprophylaxis,
particularly gastrointestinal bleeding and hemorrhagic
strokes, may be substantial and may be relative contraindica-
tions for this therapy.10

Among patients discharged home after hip- or knee-
replacement surgery, we sought characterize the use of
thromboprophylaxis after discharge and its consequences on
risk of short-term mortality.

Methods

Study design and data sources
We conducted a retrospective population-based cohort study
using hospital admissions, physician claims, drug claims
and demographic records obtained from health services 
administrative databases in Quebec. In this Canadian
province, coverage for outpatient and inpatient physician
services is provided for the entire population (about 7.5 mil-
lion people). In addition, people aged 65 years or older
(966 014 people), those who receive social assistance
(508 809 people) and those who do not have private drug in-
surance (1 703 437 people) have their prescription drugs
covered by the provincial government. 

The prescription drug database contains information
about all dispensed prescriptions, including drug name, dis-
pensation date, dosage, form, duration and quantity dis-
pensed. Drugs dispensed to patients during stays in hospitals
or public nursing homes and over-the-counter drugs are not
included in the database. This database has been validated
and found to be both accurate and reliable.11 The demo-
graphic database provides information on age, sex, postal
code, type and dates of coverage by drug insurance plan, and
date of death if applicable. For people aged 65 years or older,
3 types of drug insurance plans exist: guaranteed revenue
supplement, partial revenue supplement or no revenue sup-
plement. Enrollment in the guaranteed revenue supplement
plan indicates a lower income; all other patients were classi-
fied as having higher income. The date of death in this data-
base is considered to be accurate, but the cause of death is not
recorded.

The hospital discharge summary database contains infor-
mation about all admissions to short-term care hospitals.
This information includes the type of hospital (university
teaching or community-based), primary and secondary dis-
charge diagnoses, procedures performed, admission date,
provenance (home, another hospital or emergency depart-
ment), length of stay, in-hospital death and cause, and dis-
charge date and destination. This database has been validated
for a number of conditions including hip fracture,12 stroke,13

myocardial infarction14 and injury.15 For these conditions,
data accuracy is generally high. Hospitalization data have not
been validated specifically for hip and knee replacement, but
these procedures have been validated in a similar database in
the province of Manitoba.16

The databases used in this study are linkable through a

unique patient identifier. Permission to link the data was 
obtained from the ethics board in Quebec (Commission d’ac-
cès à l’information)

Inclusion and exclusion criteria
We included patients 65 years of age or older who underwent
elective hip- or knee-replacement surgery (Canadian Classifi-
cation of Diagnostic, Therapeutic and Surgical Procedures
[total hip replacement 93.5x, partial hip replacement 93.6x,
total knee replacement 93.41]) between January 1997 and De-
cember 2004. A surgery was classified as elective if the admis-
sion data indicated that the patient was admitted from home.
We included only patients who were discharged home 
because the database used does not include medication infor-
mation for patients in nursing homes or rehabilitation cen-
tres (medications are covered through institutional budgets
for these patients). Thromboprophylaxis is recommended for
up to 35 days after surgery for patients who received a hip 
replacement;6 thus, we excluded patients with a hospital stay
of more than 30 days because the need for outpatient throm-
boboprophylaxis for these patients was uncertain. We also
excluded patients who experienced a venous thromboem-
bolism during their hospital stay because anticoagulants pre-
scribed at discharge would have been as treatment rather than
as prophylaxis.

Hospital and patient characteristics at discharge
We included the following patient characteristics assessed at
hospital discharge: demographic variables (age, sex, region
of residence, income [high v. low as classified in the provin-
cial drug plan for reimbursement purposes]); concurrent
chronic diseases (assessed from hospital discharge summary
diagnoses codes [cancer, ischemic heart disease, atrial fibril-
lation, congestive heart failure, cerebrovascular disease, 
hypertension, diabetes mellitus, osteoarthritis, rheumatoid
arthritis, renal failure, gastrointestinal bleeding, hemor-
rhagic stroke]); type of admission as recoded in the database
(urgent, semi-urgent, not urgent); length of hospital stay;
type of surgery (total hip replacement, partial hip replace-
ment, total knee replacement); type of hospital (teaching v.
community); hospital volume (average number of hip- and
knee-replacement surgeries performed per year [categorized
according to quartiles]); and acetylsalicylic acid prescription
dispensed at discharge

Outcome variables
We considered 2 dichotomous outcome variables: receipt of
thromboprophylaxis after discharge and death within 
3 months of discharge (short-term mortality). We identified
thromboprophylaxis prescriptions from the prescription
drug database (using drug identification numbers, available
from the authors on request), including warfarin, low molec-
ular-weight heparin, unfractionated heparin and fonda-
parinux. Patients who were dispensed any 1 of these medica-
tions within 1 day of the discharge date were classified as
having received thromboprophylaxis after discharge. We con-
sidered only short-term mortality to limit the likelihood of in-
cluding deaths unrelated to the joint surgery.
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Statistical analyses
We used means and standard deviations or proportions to 
report patient characteristics and outcome variables. To study
the association between patient characteristics and thrombo-
prophylaxis after discharge, patients were separated into 
2 groups according to whether they had received thrombo-
prophylaxis after discharge. We compared the unadjusted pa-
tient characteristics between these groups using crude odds
ratios (ORs) and 95% confidence intervals (CIs). An OR
greater than 1 reflects a higher likelihood of receiving throm-
boprophylaxis after discharge. 

Because extended thromboprophylaxis is more strongly
recommended in the earlier days following surgery, we cat-
egorized the length of hospital stay into 3 categories (1–7,
8–14 and 16–30 days) based on quartiles, and we examined
the characteristics and proportions of those dispensed
thromboprophylaxis after discharge in these categories. Mul-
tivariable logistic regression models were used to assess the 
association between patient and hospital characteristics and
thromboprophylaxis after discharge. We expressed the 
results as ORs and 95% CIs. Multicolinearity was assessed 
using the variance inflation factor (a factor of 10 or greater in-
dicates multicolinearity).17 We examined the goodness-of-fit
of the model using the Hosmer–Lemeshow test. Receivers
operating characteristics curves were also plotted. A larger
area under the curve indicates better fit. We plotted 
Kaplan–Meir curves to display the unadjusted time-to-death
in the 3-month period after discharge among those who did
or did not receive thromboprophylaxis after discharge. 

We constructed Cox regression models to examine the 
association between patient and hospital characteristics and
short-term mortality. We checked the proportional hazard as-
sumption by examining the plots of log (–log[survival]) versus
log survival time for those who did or did not receive thrombo-
prophylaxis therapy. We also examined interactions between
thromboprophylaxis therapy and ischemic heart disease, heart
failure, atrial fibrillation and cancer. Analyses by propensity
score were also conducted. In these analyses, the propensity
score was defined as the likelihood of being dispensed throm-
boprophylaxis at discharge.18 We divided patients into 
5 groups by propensity score quintiles and used Cox regres-
sion models to stratify by propensity score category. 

We performed subgroup analyses using separate models
for each type of surgery (total hip, partial hip or total knee
replacement). We repeated the analysis after excluding 
patients with cancer, heart failure, ischemic heart disease,
atrial fibrillation, cerebrovascular disease and renal failure.
We also repeated the analysis using separate models for 
patients aged more or less than 75 years of age, and we con-
structed separate models in each stratum based on the length
of hospital stay (1–7, 8–14 and 15–30 days).

Results

Patient characteristics
In total, 32 884 patients underwent hip- or knee-replacement
surgery during the study period in 64 hospitals, of which 19
were university teaching hospitals). Of the 64 hospitals, 16

were low-volume hospitals (1–18 hip- or knee-replacement
surgeries per year during the study period), 16 were
medium–low-volume hospitals (19–68 surgeries per year), 16
were medium-volume hospitals (69–116 surgeries per year)
and 16 were high-volume hospitals (> 116 surgeries per year).
In total, 30 468 underwent the procedure electively. Of these
patients, 1161 died in hospital and 656 experienced a venous
thromboembolism during their hospital stay and were there-
fore excluded. We excluded an additional 2365 patients 
because their hospital stay was longer than 30 days. Of the 
remaining 26 286 patients, 10 744 (4566 total hip replace-
ments, 2492 partial hip replacements, 3686 total knee 
replacements) were discharged home and were included in
our study cohort (Figure 1).

On average, study patients were aged 75.4 (standard devia-
tion [SD] 6.8) years, 37.9% were men and 65.7% received hip
replacements. Of the included patients, 2059 (19.2%) filled a
prescription for a thomboprophylaxis agent within 1 day of
discharge. The remaining 8685 patients were grouped as hav-
ing received no thromboprophylaxis. The proportion of study
patients who received thromboprophylaxis after discharge
varied widely between hospitals, ranging from 0% in some
low-volume hospitals to 72% in one medium-low volume
hospital (median 13.6%, interquartile range 7.9%–27.1%). 

Our unadjusted analysis showed that, compared with 
patients who received no thromboprophylaxis after dis-
charge, those who received thromboprophylaxis were slightly
younger. They were also more likely to be men, to have 
osteoarthritis, hypertension or diabetes, to have a higher 
income and to have received surgery in a medium-volume
hospital (69–116 hip and knee surgeries per year). However,
they were less likely than those who received no thrombopro-
phylaxis to have been treated at a university teaching hospital,
to have had an urgent admission or to have had a longer hos-
pital stay (Figure 2).

The proportion of patients who received thromboprophy-
laxis after discharge was low regardless of length of hospital
stay. Of those discharged within 7 days of surgery, 20.4% 
received thromboprophylaxis, compared with 20.3% of those
discharged within 8–14 days and 15.4% of those discharged
within 15–30 days. Patient and hospital characteristics are
shown in Table 1. Compared with patients in hospital for 14
or less days, patients in hospital for 15 or more days were
older and they were more likely to be women, to have more
comorbidities, urgent hospital admission or to have had a
partial (v. total) hip replacement.

Multivariable logistic-regression models showed that 
patients with longer hospital stays were less likely than those
with shorter stays to receive thromboprophylaxis after dis-
charge (15–30 v. 1–7 days, OR 0.69, 95% CI 0.59–0.81). 
Patients admitted to a teaching hospital were less likely than
those admitted to a community hospital to receive thrombo-
prophylaxis after discharge (OR 0.89, 95% CI 0.80–1.00). 
Patients with atrial fibrillation (OR 1.85, 95% CI 1.23–2.78) or
hypertension (OR 1.26, 95% CI 1.14–1.39) as well as those
with higher income (OR 1.11, 95% CI 1.00–1.22), those
treated in medium-volume hospital (v. low volume, OR 1.69,
95% CI 1.14–2.22) and those who received a total hip replace-
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ment (v. total knee replacement, OR 1.14, 95% CI 1.02–1.28)
were more likely to have received thromboprophylaxis after
discharge (Figure 2). Multivariable logistic models con-
structed within each stratum of length of hospital stay gave
similar results (data not shown). However, among patients in
hospital for 15–30 days, the likelihood of receiving thrombo-
prophylaxis after discharge did not differ by type of hospital
(teaching v. community hospital, OR 1.17, 95% CI
0.66–2.09), nor did it differ by type of surgery received (total
hip v. total knee replacement, OR 0.65, 95% CI 0.22–2.04).

Death within 3 months of discharge
Kaplan–Meier curves showing time to death in the 3-month
period after discharge are shown in Figure 3. These curves
suggest that the risk of death is higher among patients who
did not receive thromboprophylaxis than among those who
received the medication. Table 2 presents the patient and hos-

pital characteristics for patients at the end of the 3-month 
period after discharge. Predictors of short-term mortality
were increased age (hazard ratio [HR] for 1 year increase 1.09,
95% CI 1.06–1.11), being male (HR 1.46, 95% CI 1.08–1.98),
and having cancer (HR 4.76, 95% CI 3.27–6.91), heart failure
(HR 1.88, 95% CI 1.28–2.76), atrial fibrillation (HR 2.82, 95%
CI 1.65–4.83), diabetes (HR 2.04, 95% CI 1.45–2.86), partial
hip replacement (v. knee replacement, HR 2.74, 95% CI
1.14–6.56) and urgent admission (HR 2.73, 95% CI
1.37–5.43). The risk of short-term mortality was lower among
those who received thromboprophylaxis after discharge (HR
0.34, 95% CI 0.20–0.57). We did not find an interaction 
between thromboprophylaxis and ischemic heart disease,
heart failure, atrial fibrillation or cancer (data not shown). 
Patients who lived in rural areas (HR 0.60, 95% CI 0.41–0.89)
and those with higher income (HR 0.70, 95% CI 0.51–0.96)
were at lower risk of dying. The risk of short-term mortality
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Patients aged 65 years or more  
who underwent hip- or knee-replacement 

surgery between 1997 and 2004 
n = 32 884

Died or had a venous thromboembolism  
or a pulmonary embolism while  

in the hospital   
n = 1 817 (1 161 deaths)

Alive at discharge 
n = 28 651

Hospital stay > 30 days 
n = 2 365 

Hospital stay ≤ 30 days 
n = 26 286

Discharged to a public  
care facility 
n = 15 542

Discharged home 
n = 10 744

Received 
thromboprophylaxis

n = 2 059

Did not receive 
thromboprophylaxis

n = 8 685

Admitted for elective surgery  
n = 30 468

Figure 1: Selection of patients for inclusion in the study.
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Table 1: Patients’ characteristics at discharge following hip- or knee-replacement surgery, by length of hospital stay and receipt of 
thromboprophylaxis after discharge 

Length of hospital stay, d 

1–7; no. (%)* of patients 8–14; no. (%)* of patients 15–30; no. (%)* of patients 

Characteristic 

Thrombo-
prophylaxis 

n = 505 

No thrombo-
prophylaxis

n = 1972 

Thrombo-
prophylaxis 

n = 1158 

No thrombo-
prophylaxis 

n = 4542 

Thrombo-
prophylaxis 

n = 396 

No thrombo-
prophylaxis 

n = 2171 

Length of hospital stay, d, 
mean (SD) 

6.2 (1.1) 6.0 (1.2) 10.1 (1.9) 10.4 (1.9) 19.7 (4.1) 20.2 (4.5) 

Age, yr, mean (SD) 73.9 (6.5) 74.9 (7.0) 74.4 (6.2) 74.9 (6.6) 76.9 (6.6) 77.6 (7.1) 

Men 233 (46.1) 829 (42.0) 452 (39.0) 1764 (38.8) 136 (34.3) 659 (30.4) 

Comorbidities        

Cerebrovascular disease 7 (1.4) 50 (2.5) 32 (2.8) 110 (2.4) 17 (4.3) 101 (4.7) 

Gastrointestinal bleeding 0 (0) 2 (0.1) 2 (0.2) 10 (0.2) 2 (0.5) 12 (0.6) 

Hemorrhagic stroke 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (0.1) 

Cancer 7 (1.4) 21 (1.1) 22 (1.9) 91 (2.0) 12 (3.0) 87 (4.0) 

Ischemic heart disease 83 (16.4) 284 (14.4) 169 (14.6) 729 (16.1) 86 (21.7) 462 (21.3) 

Renal failure 5 (1.0) 28 (1.4) 19 (1.6) 65 (1.4) 19 (4.8) 69 (3.2) 

Rheumatoid arthritis 8 (1.6) 47 (2.4) 33 (2.9) 128 (2.8) 12 (3.0) 76 (3.5) 

Osteoarthritis 406 (80.4) 1446 (73.3) 922 (79.6) 3337 (73.5) 259 (65.4) 1234 (56.8) 

Heart failure 9 (1.8) 43 (2.2) 41 (3.5) 151 (3.3) 43 (10.9) 152 (7.0) 

Atrial fibrillation 4 (0.8) 16 (0.8) 15 (1.3) 33 (0.7) 15 (3.8) 42 (1.9) 

Hypertension 220 (43.6) 754 (38.2) 534 (46.1) 1807 (39.8) 198 (50.0) 938 (43.2) 

Diabetes 53 (10.5) 205 (10.4) 162 (14.0) 541 (11.9) 73 (18.4) 323 (14.9) 

Acetylsalicylic acid given 
at discharge 

0 (0) 80 (4.1) 0 (0) 212 (4.7) 0 (0) 205 (9.4) 

Replacement type        

Total knee 176 (34.9) 677 (34.3) 410 (35.4) 1652 (36.4) 137 (34.6) 634 (29.2) 

Total hip 257 (50.9) 868 (44.0) 587 (50.7) 1947 (42.9) 143 (36.1) 764 (35.2) 

Partial hip 72 (14.3) 427 (21.7) 161 (13.9) 943 (20.8) 116 (29.3) 773 (35.6) 

Rural residence location 152 (30.1) 480 (24.3) 323 (27.9) 1240 (27.3) 90 (22.7) 510 (23.5) 

Surgery at a teaching 
hospital 

222 (44.0) 1022 (51.8) 449 (38.8) 1973 (43.4) 122 (30.8) 618 (28.5) 

Hospital volume†         

Low (1–18) 7 (1.4) 26 (1.3) 27 (2.3) 129 (2.8) 10 (2.5) 110 (5.1) 

Medium–low (19–68) 55 (10.9) 221 (11.2) 151 (13.0) 740 (16.3) 89 (22.5) 388 (17.9) 

Medium (69–116) 123 (24.4) 406 (20.6) 455 (39.3) 1360 (29.9) 151 (38.1) 823 (37.9) 

High (> 117) 320 (63.4) 1319 (66.9) 525 (45.3) 2313 (50.9) 146 (36.9) 850 (39.2) 

High income‡ 249 (49.3) 906 (46.0) 550 (47.5) 2068 (45.5) 182 (46.0) 860 (39.6) 

Type of admission        

Not urgent 416 (82.4) 1469 (74.5) 915 (79.0) 3390 (74.6) 253 (63.9) 1214 (55.9) 

Semi-urgent 16 (3.2) 59 (3.0) 43 (3.7) 122 (2.7) 9 (2.3) 68 (3.1) 

Urgent 73 (14.5) 442 (22.4) 200 (17.3) 1030 (22.7) 134 (33.8) 888 (40.9) 

Patients who died in the  
3 months after discharge 

3 (0.6) 61 (3.1) 7 (0.6) 89 (2.0) 5 (1.3) 58 (2.7) 

Note: SD = standard deviation. 
*Unless stated otherwise. 
†Hospital volume was defined as the number of hip- or knee-replacement surgeries performed per year during the study period (grouped by quartiles). 
‡High income was defined as patients who were not enrolled in the provincial guaranteed revenue supplement plan. 
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was inversely associated with the length of hospital
stay (8–14 v. 1–7 days, HR 0.76, 95% CI 0.55–1.05;
15–30 v. 1–7 days, HR 0.48, 95% CI 0.33–0.69)
(Table 2). Analyses stratified by propensity score
gave similar results (data not shown). Of note,
propensity scores ranged from 0–0.5, indicating
that patient characteristics did not explain much of
the decision to prescribe thromboprophylaxis.

Secondary analysis
Separate models constructed for patients with total
hip or partial hip or knee replacements gave simi-
lar results overall. However, the analysis including
patients who received total hip and total knee re-
placements lacked statistical power because of the
low number deaths that occurred in the 3-month
period after discharge (11 and 27 deaths respec-
tively). The hazard ratio for thromboprophylaxis
was 0.30 among patients with total hip replace-
ment (95% CI 0.07–1.32), 0.33 among those with
partial hip replacement (95% CI 0.18–0.60) and
0.40 among those with total knee replacement
(95% CI 0.05–3.17) (data not shown). 

We found a significant effect of thrombopro-
phylaxis on mortality risk in analyses restricted to
patients who did not have cancer, heart failure,
atrial fibrillation or ischemic heart disease (HR
0.25, 95% CI 0.11–0.57) and in analyses restricted
to patients who had 1 or more of these diseases
(HR 0.46, 95% CI 0.25–0.85). We found a similar
result when we grouped patients by age (HR 0.45
among those aged < 75 years, 95% CI 0.13–1.62;
HR 0.32 among those aged ≥ 75 years, 95% CI
0.17–0.57); however, the result in the younger age
group was not statistically significant because of
the low number of death (27) in this group. When
we analyzed the data using separate models for
length of hospital stay, we found similar results, 
although the number of deaths was low among 
patients who received thromboprophylaxis (length
of hospital stay 1–7 days, HR 0.29, 95% CI
0.08–0.93; 8–14 days, HR 0.32, 95% CI 0.15–0.70;
15–30 days, HR 0.44, 95% CI 0.17–1.14).

Interpretation

We found that only 19% of elderly patients dis-
charged home after hip or knee replacement sur-
gery received postdischarge thromboprophylaxis.
After discharge use was low regardless of the type
of surgery, ranging from 14.0% to 21.6%. It was
also low among patients who stayed in hospital for
7 days or less (20%). Compared with patients who
did not receive thromboprophylaxis after dis-
charge, those who received thromboprophylaxis
after discharge were at lower risk of short-term
mortality. This result was robust because of the the
analytical methodology used, and it was consistent
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who did or did not receive thromboprophylaxis after discharge. A) Patients
in hospital for 1–7 days after surgery, B) patients in hospital for 8–14 days af-
ter surgery and C) patients in hospital for 15–30 days after surgery.
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regardless of age, patient comorbidities and type of surgery.
Expert consensus guidelines recommend that patients 

receive thromboprophylaxis for at least 10 days after knee-

replacement surgery and from 10 to 35 days following hip-
replacement surgery.6,19 In spite of these recommendations,
only 19% of patients in our study received thromboprophy-
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Table 2: Risk of death in the 3-month period after discharge from hospital for hip- or knee-replacement surgery, by patient and 
hospital characteristic 

Characteristic 

No. (%)*  
of patients who died 

n = 223 

No. (%)*  
of patients alive 

n = 10 521 
Crude  

hazard ratio (95% CI) 
Adjusted† 

hazard ratio (95% CI) 

Age, yr, mean (SD) 84.3 (7.6) 75.2 (6.7) 1.17 (1.15–1.19) 1.09 (1.06–1.11) 

Men 70 (31.4) 4003 (38.1) 0.75 (0.56–0.99) 1.46 (1.08–1.98) 

Comorbidities       

Cerebrovascular disease 20 (9.0) 297 (2.8) 3.32 (2.10–5.25) 1.37 (0.86–2.20) 

Gastrointestinal bleeding 3 (1.4) 25 (0.2) 5.52 (1.77–17.25) 2.62 (0.80–8.61) 

Hemorrhagic stroke 0 (0) 1 (0.01) —  —  

Cancer 36 (16.1) 204 (1.9) 8.94 (6.26–12.78) 4.76 (3.27–6.91) 

Ischemic heart disease 65 (29.2) 1748 (16.6) 2.05 (1.54–2.74) 1.15 (0.85–1.56) 

Renal failure 17 (7.6) 188 (1.8) 4.39 (2.68–7.19) 1.33 (0.80–2.22) 

Rheumatoid arthritis 4 (1.8) 300 (2.9) 0.62 (0.23–1.68) 0.84 (0.31–2.27) 

Osteoarthritis 38 (17.0) 7566 (71.9) 0.08 (0.06–0.12) 0.60 (0.36–0.98) 

Heart failure 35 (15.7) 404 (3.8) 4.51 (3.15–6.48) 1.88 (1.28–2.76) 

Atrial fibrillation 16 (7.2) 109 (1.0) 6.83 (4.11–11.35) 2.82 (1.65–4.83) 

Hypertension 82 (36.8) 4369 (41.5) 0.82 (0.63–1.08) 0.85 (0.64–1.12) 

Diabetes 44 (19.7) 1313 (12.5) 1.71 (1.23–2.38) 2.04 (1.45–2.86) 

Acetylsalicylic acid given at 
discharge 

13 (5.8) 484 (4.6) 1.28 (0.73–2.23) 0.69 (0.39–1.23) 

Replacement type       

Total knee 11 (4.9) 3675 (34.9) 1.0 (ref) 1.0 (ref) 

Total hip 27 (12.1) 4539 (43.1) 1.99 (0.99–4.01) 1.38 (0.67–2.85) 

Partial hip 185 (83.0) 2307 (21.9) 25.80 (14.04–47.39) 2.74 (1.14–6.56) 

Rural residence location 31 (13.9) 2764 (26.3) 0.46 (0.31–0.67) 0.60 (0.41–0.90) 

Surgery at a teaching hospital 92 (41.3) 4314 (41.0) 1.01   (0.73–1.32) 0.85 (0.63–1.15) 

Hospital volume‡       

Low (1–18) 7 (3.1) 302 (2.9) 1.0 (ref) 1.0 (ref) 

Medium-low (19–68) 39 (17.5) 1605 (15.3) 1.05 (0.47–2.35) 0.73 (0.32–1.65) 

Medium (69–116) 80 (35.9) 3238 (30.8) 1.07 (0.49–2.31) 1.04 (0.47–2.28) 

High (> 117) 97 (43.5) 5376 (51.1) 0.78 (0.36–1.68) 0.89 (0.40–1.97) 

High income§ 58 (26.0) 4757 (45.2) 0.43 (0.32–0.58) 0.70 (0.51–0.96) 

Type of admission       

Not urgent 29 (13.0) 7628 (72.5) 1.0 (ref) 1.0 (ref) 

Semi-urgent 4 (1.8) 313 (3.0) 3.35 (1.18–9.52) 1.82 (0.62–5.37) 

Urgent 190 (85.2) 2577 (24.5) 18.75 (12.68–27.71) 2.73 (1.37–5.43) 

Length of hospital stay       

1–7 days 64 (28.7) 2413 (22.9) 1.0 (ref) 1.0 (ref) 

8–14 days 96 (43.1) 5604 (53.3) 0.65 (0.47–0.89) 0.76 (0.55–1.05) 

≥ 15 days 63 (28.3) 2504 (23.8) 0.95 (0.67–1.34) 0.48 (0.33–0.69) 

Thromboprophylaxis after discharge 15 (6.7) 2044 (19.4) 0.30 (0.18–0.51) 0.34 (0.20–0.57) 

Note: CI = confidence interval, SD = standard deviation. 
*Unless stated otherwise. 
†Adjusted for all variables listed in Table 2. 
‡Hospital volume was defined as the number of hip- or knee-replacement surgeries performed per year during the study period (grouped by quartiles). 
§High income was defined as patients who were not enrolled in the provincial guaranteed revenue supplement plan. 
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laxis after discharge. The prolonged length of stay only partly
explained the low rate of use. Although it is not possible to
determine with certainty from our database if a patient who
would have benefited from thromboprophylaxis did not re-
ceive it, the observed proportion of thromboprophylaxis af-
ter discharge is suboptimal even if we assumed that
30%–40% of study patients did not require the medication.
Published literature also reports lower than recommended
use of thromboprophylaxis after discharge following hip-
and knee-replacement surgery; however, the determinants of
this low use are not well understood.6,20–25 In our study, pa-
tients who received hip- or knee-replacement surgery at a
teaching hospital were less likely than those who received
surgery at a community hospital to receive thromboprophy-
laxis after discharge, and those with higher income were
more likely to receive these medications after discharge.
These findings require further investigation to assess
whether they reflect differences in physician behaviour or
health status between patients with higher and lower in-
comes and differences between patients at teaching and
community hospitals.

Our study also revealed that patients who received
thromboprophylaxis after discharge were at lower risk of
short-term mortality than patients who did not receive
these medications. Although only a small proportion of the
deaths is expected to be from thromboembolic causes, we
do not believe that confounding is responsible for this re-
sult because the risk of mortality from other causes is ex-
pected to be the same among those who did or did not re-
ceive thromboprophylaxis and because our model adjusted
for comorbidities. Nonetheless, a causal link between
thromboprophylaxis after discharge and decreased mortal-
ity cannot be definitely established based on our results
alone because the reasons for not prescribing extended
thromboprophylaxis therapy are not known.

Study patients with higher incomes were at lower risks of
short-term mortality than those with lower incomes, perhaps
reflecting better health among these patients.,26,27 Patients
with longer hospital stays compared to those with shorter
stays were also at lower risks of short-term mortality. Of note,
patients who received surgery at high-volume hospitals were
more often discharged within 7 days of surgery compared to
patients who received surgery at lower-volume hospitals. A
prospective study is needed to establish whether some 
patients are being prematurely discharged.

A few published studies have examined the risk of short-
term mortality after discharge following hip- and knee-
replacement surgery.28–30 In general, these studies reported
lower short-term mortality risks compared with our study.
For example, using a hospital discharge database in Califor-
nia, White and colleagues reported that 0.9% of hip-
replacement patients and 0.6% of knee-replacement patients
died in the 3-month period after discharge.28 The mortality
risk was higher in our study (2.1%) because we included 
patients who had partial hip replacements. The mortality
among these patients was 7.4%, compared with 0.6% among
patients with total hip replacements and 0.3% among those
with total knee replacements.

The strengths of our study include the use of large, 
population-based administrative databases that contained
data collected independently of our study objectives. These
databases included a large number of variables relevant to the
study questions. The databases and study design afforded us
the opportunity to examine the outpatient thromboprophy-
laxis among patients aged 65 years and older who were dis-
charged home after a hospital stay because of hip- or knee-
replacement surgery. The database and study design also 
allowed us to examine the risk of short-term mortality after
discharge. Our study results were robust to the analytical
methodology used (multivariable modeling, propensity score
adjustment and stratified analyses) and were consistent in all
subgroups examined, which indicates limited residual 
confounding.

Limitations
The limitations of our study are also related to the use of ad-
ministrative databases, which do not include the indication
for which a medication is prescribed and actual drug con-
sumption. For example, warfarin could have been prescribed
at discharge for atrial fibrillation but not for prophylaxis
against venous thromboembolism. However, if this were
true, some patients prescribed warfarin were at higher risk of
death at baseline compared with those not prescribed this
medication, which would have biased our mortality results to-
ward a higher risk. Indeed, when we excluded patients with
atrial fibrillation, heart failure, cancer and ischemic heart dis-
ease, the association between thromboprophylaxis and mor-
tality was stronger. In addition, if some of the prescribed anti-
coagulants were for indications other than the prevention of
venous thromboembolism, the prevention of venous throm-
boembolism with postdischarge thromboprophylaxis was
less frequent than reported in our study. However, some 
patients prescribed thromboprophylaxis could have been
healthier than those not prescribed these medications for rea-
sons that were not apparent in the databases. For example,
physicians may refrain from prescribing extended thrombo-
prophylaxis to patients with numerous comorbidities for fear
of bleeding. Although our analyses adjusted for known 
comorbidities, information about some comorbidities (e.g.,
history of gastrointestinal bleeding, venous thromboem-
bolism) may have been incomplete; thus, there is a possibility
that healthier patients may have been channeled into the
thromboprophylaxis group and that our analyses did not fully
adjust for channeling bias.31

Lack of information about compliance with the prescrip-
tion regimen is also a limitation of our study. Although 
elderly postoperative patients are believed to be generally
compliant with their prescription regimens, patients who
were not would have been included in the thromboprophy-
laxis group even if they were not actually taking these medica-
tions, which would result in a risk of death that was lower
than reported. Finally, our study considered only patients dis-
charged home following a hospital stay because of hip- or
knee-replacement surgery; therefore, our results may not be
generalizable to all patients undergoing these surgeries. Fur-
ther studies are needed to examine the relations between the
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duration of thromboprophylaxis and the risk of venous
thromboembolism and bleeding after discharge.

In conclusion, fewer than 1 in 5 patients received throm-
boprophylaxis after discharge following hip or knee replace-
ment despite clinical guidelines. This is particularly concern-
ing because those who received thromboprophylaxis at
discharge were less likely to die within the 3-month period 
after discharge compared with those who did not receive
these medications.
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