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Abstract Venous thromboembolism (VTE) has multiple
risk factors and tends to recur. Despite the benefits of
anticoagulation, the prevalence of, and case-fatality rate
associated with, recurrent VTE remains a concern after an
acute episode; it is particularly high during the acute
treatment phase. We sought to quantify the magnitude,
identify predictors, and develop risk score calculator of
recurrence within 3 years after first-time VTE. This was a
population-based surveillance study among residents of
central Massachusetts (MA), USA, diagnosed with an acute
first-time pulmonary embolism and/or lower-extremity
deep vein thrombosis from 1999 to 2009 in hospital and
ambulatory settings in all 12 central MA hospitals. Medical
records were reviewed and validated. The 2989 study
patients were followed for 5836 person-years [mean fol-
low-up 23.4 (median 30) months]. Mean age was
64.3 years, 44 % were men, and 94 % were white. The
cumulative incidence rate of recurrent VTE within 3 years
after an index VTE was 15 % overall, and 25, 13, and 13 %
among patients with active cancer, provoked, or unpro-
voked VTE, respectively. Multivariable regression indi-
cated that active cancer, varicose vein stripping, and
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inferior vena cava filter placement were independent pre-
dictors of recurrence during both 3-month and 3-year fol-
low-up. A risk score calculator was developed based on the
3-month prognostic model. In conclusion, the rate of VTE
recurrence over 3 years of follow-up remained high. The
risk score calculator may assist clinicians at the index
encounter in determining the frequency of clinical
surveillance and appropriate outpatient treatment of VTE
during the acute treatment phase.
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Introduction

Venous thromboembolism (VTE)—comprising deep vein
thrombosis (DVT) and pulmonary embolism (PE)—is
associated with increased long-term morbidity, functional
disability, and mortality [1]. Despite advances in identifi-
cation, prophylaxis, and treatment, the annual event rate of
VTE has increased over time [2-5].

VTE is a disease with multiple contributory risk fac-
tors, which tends to recur [1, 6], especially during the
3 years after an acute episode [7-9]. Limited data from
observational studies have suggested that the cumulative
recurrence rate after an acute event is approximately 8 %
at 90 days, 11-13 % at 1 year, and 20 % at 3 years [10,
11]. In current practice, anticoagulation is recommended
for at least 3 months for nearly all patients [6]. However,
despite the proven benefits of anticoagulation, a system-
atic review has indicated that the case-fatality rate of
recurrent VTE is >10 % within 3 months of acute treat-
ment [12]. Therefore, understanding who is at risk for a
recurrence during the acute treatment phase may help
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clinicians determine the optimal frequency of subsequent
clinical surveillance and the appropriate type of outpatient
treatment. Furthermore, the decision to continue antico-
agulation beyond 3 months continues to be individually
tailored [6], yet risk-assessment tools for predicting the
long-term risk of VTE recurrence at the individual
patient-level remain limited [13]. Inasmuch, identifying
short-term and long-term risk factors associated with
recurrent events after an acute VTE episode may lead to
improved strategies for secondary prevention. A limited
number of studies have attempted to quantify the risk of,
and factors associated with, VTE recurrence. These
studies either focused on a subset of VTE patients or used
data from randomized trials, administrative databases, or
outdated observational cohorts that may limit their value
[10, 11, 14-19].

We used population-based surveillance methods to
monitor residents of central Massachusetts diagnosed with
an acute first-time episode of PE and/or lower-extremity
DVT on a biennial basis between 1999 and 2009. We
followed these individuals for 3 years to quantify the
magnitude of recurrent events and identify predictors of
short- and long-term recurrence after the index episode.
Our risk score calculator uses characteristics assessed
during the index encounter to predict VTE recurrence
during the initial 3-month acute treatment period.

Materials and methods

The Worcester VTE study employed population-based
surveillance methods to monitor trends in annual event
rates of acute episodes of PE and/or DVT, management
strategies, case-fatality rates, and recurrences after the
index event among all residents of the Worcester
metropolitan statistical area (WMSA) (n = 478,000 per
2000 census data) [5, 20-22]. Computer printouts of all
WMSA residents with health-care system encounters in
which any International Classification of Diseases, Ninth
Revision (ICD-9) diagnostic codes consistent with VTE [5]
had been listed during 1999-2009 on a biennial basis from
all 12 hospitals serving residents of the WMSA were used
to screen index events. Data queries encompassed all
inpatient, outpatient, emergency department, radiology
department, and diagnostic laboratory encounters. Medical
records related to the index and follow-up events were
reviewed retrospectively by trained abstractors and vali-
dated by clinicians; follow-up was up to 3 years for all
independently validated events. National and statewide
death registries were reviewed to ascertain survival status
of all patients.

The institutional review committee at each participating
hospital approved this study.
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Definition of index episode of VTE

Patients were classified as first-time VTE or previously
diagnosed (recurrent) VTE at the time of their index visit
based on whether they had a history of VTE noted in their
medical records. Three etiologic categories of VTE were
defined [20]: (1) cancer-associated VTE (occurring in the
presence of active malignancy); (2) provoked VTE (oc-
curring within 3 months of surgery, pregnancy, trauma,
fracture, or hospitalization, but not in the presence of active
malignancy); and (3) unprovoked (idiopathic) VTE (oc-
curring in the absence of provoking factors and active
malignancy). Whether to classify hormone replacement
therapy (HRT) or oral contraceptives (OC) as a provoking
factor for VTE is a controversial topic [23-26]. Therefore,
we performed a sensitivity analysis by reclassifying HRT/
OC as a provoking factor.

In this analysis, only patients with a first-time (incident)
episode of VTE were included. Patients diagnosed with
upper-extremity DVT alone were excluded due to differ-
ences in the natural history of upper- and lower-extremity
DVT [27, 28].

Recurrence after index VTE

Through the retrospective review of medical records, a
recurrent episode of VTE after the patient’s index event
was defined as a first occurrence of thrombosis in a pre-
viously uninvolved lower/upper extremity venous (recur-
rent DVT) or pulmonary (recurrent PE) segment.

Potential prognostic factors

Potential prognostic factors included patient demographics
at baseline, medical history within 3 months before the
index event, index VTE characteristics [PE with or without
(£) DVT vs. DVT alone; community presenting vs. hos-
pital-acquired VTE], antithrombotic medication at presen-
tation, type of acute therapy received in a healthcare
facility, and treatment setting (in-hospital, at discharge,
ambulatory). For patients admitted to hospital, length of
stay and international normalized ratio assessed during
hospitalization were assessed.

Statistical analysis

The cumulative incidence rate (CIR) of VTE recurrence
within 3 years of the index event was estimated using the
Kaplan—-Meier method. Data were censored at the time of
death or last medical contact (in survivors) up to 3 years
following the index event. The log-rank test was used to
compare CIRs of VTE recurrence among cancer-associ-
ated, provoked, and unprovoked episodes of VTE, as prior
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publications suggest that the recurrence rates differ among
these groups [6, 13]. Hazard ratios (HRs) and 95 % con-
fidence intervals (Cls) generated by the unadjusted Cox
proportional hazards regression models were used to
describe the relationship of potential prognostic factors to
time-to-recurrent VTE.

Since each potential prognostic factor was assessed
during the index VTE encounter, and possible unmeasured
time-dependent risk factors (e.g. duration of treatment)
may have impacted our results, separate prognostic models
for predicting short-term (3-month) and long-term (3-year)
risks of recurrence were developed. In addition, due to
differences between VTE patients with and without active
cancer in the risk of recurrence and in patient management
practices during the acute treatment period, sensitivity
analyses were conducted. The methods used to develop the
prognostic models were as follows: the full model included
all potential prognostic factors identified by unadjusted
Cox proportional hazard regression analyses with p values
<0.1; multivariable Cox regression with backward selec-
tion was then used to select the final independent predictors
(p < 0.05). Proportional hazards assumptions were asses-
sed by a test of the interaction between log (time metric)
and each predictor (no violations found). Non-linearity of
age at the index encounter was assessed by a fractional
polynomial technique (no non-linearity found) [29, 30].

The existence of influential outliers was examined by
plotting the Scaled Score Residuals versus each predictor
to identify subjects who may have influenced the value of a
single coefficient and by plotting the likelihood displace-
ment versus the Martingale Residual to identify subjects
who may have influenced the vector of coefficients (no
subjects were excluded) [31]. We also assessed two-way
interactions and co-linearity among the final predictors
(none found). Model discrimination was assessed using the
Harrell macro for Cox regression (the c-index) [32], while
goodness-of-fit (calibration) was assessed by the May—
Hosmer method [33]. In addition, 100 replications of
bootstrapping using the unrestricted random sampling
technique were used to validate the best fitting model
internally.

To help clinicians improve management of their patients
during the acute treatment phase, a final prognostic model
for 3-month VTE recurrence among all patients was used
to develop the 3-month risk score calculator based on
previous methods [34-38]. A patient risk score was
developed as follows: the factor with the smallest loga-
rithmic HR (natural log of HR) was assigned 1 point, with
other factors assigned points based on the proportional size
of their estimates relative to the smallest logarithmic HR.
Individual factor points were summed to provide a total
risk score (on a 0—100 scale) for each patient. Calibration
was further assessed by comparing predicted to observed

risk (using the Kaplan—Meier method) over selected risk
score groups, as well as May—Hosmer test.

All analyses were performed using SAS 9.2 (SAS
Institute Inc., Cary, NC) and statistical significance level
was pre-specified as oo = 0.05 (two-sided).

Results

Over the 10-year study, 2989 WMSA residents were
diagnosed with a first episode of acute PE & DVT (42 %)
or lower-extremity DVT alone (58 %). These patients were
followed for 5836 person-years [mean + standard devia-
tion (SD) follow-up 23.4 £ 14.4 (median 30) months].
Mean £ SD age was 64.3 £ 18.0 years, 44 % were men,
and 94 % were white (Table 1). The proportions of cancer-
associated, provoked, and unprovoked episodes of VTE
were 17, 43, and 40 %, respectively.

During follow-up, 329 patients developed a recurrence
[85 (26 %) PE and 244 (74 %) DVT]. Among 244 recur-
rent DVT cases, 161 (66 %) were proximal DVT, 11
(4.5 %) were isolated calf DVT, 17 (7.0 %) were upper-
extremity DVT alone, and in 55 (23 %) the location of
DVT was undocumented. The CIRs of VTE recurrence
were 5.1 % within 3 months and 15 % within 3 years after
the index event among all patients (Fig. 1a). The CIRs of
VTE recurrence among patients with active cancer, pro-
voked, and unprovoked VTE were 8.7, 5.2, and 3.8 %
within 3 months and 25, 13, and 13 % within 3 years,
respectively (Fig. 1b). After we had re-classified 117
patients with HRT/OC (but without other provoking factors
or active cancer) from the unprovoked to the provoked
group, the proportion of provoked VTE increased to 1408
(47 %) and the proportion of unprovoked VTE decreased
to 1084 (36 %). However, the CIRs of recurrent VTE
within 3 months or 3 years after an index event were
essentially unchanged (Fig. 1c). Furthermore, we stratified
the type of index event into PE & DVT [1251 (42 %)],
proximal DVT alone [1525 (51 %)], and isolated calf DVT
[213 (7.1 %)]. The CIRs of VTE recurrence within 3 years
among the three groups were 13.5, 15.8, and 11.9 %,
respectively, but the differences were not statistically sig-
nificant (log-rank test p = 0.24).

Predicting recurrence within 3 years: all patients

Factors associated with a risk of recurrence during 3-year
follow-up are shown in Table 2. Five independent predic-
tors of recurrence were identified (c-index 0.62) (Fig. 2a):
active cancer (with or without chemotherapy), superficial
thrombophlebitis, varicose vein stripping, inferior vena
cava (IVC) filter placement; while previous surgery pre-
dicted a lower risk of recurrence.
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Table 1 Characteristics assessed during index encounter among all
patients with first-time VTE

Characteristic All patients
(n = 2989)
Age (years)
Mean + SD 64.3 + 18.0
Median (IQR) 67 (51-79)
Men 1319 (44.1)
White 2712 (94.2)
Body mass index (kg/m?)
<25 663 (30.8)
25-30 661 (30.7)
>30 826 (38.4)
Current smoker, including quitting within previous 508 (17.0)
3 months
Recent” medical history
Cancer (active) 497 (16.6)
With chemotherapy 254 (51.1)
Without chemotherapy 243 (48.9)
Chronic obstructive pulmonary disease 633 (21.2)
Congestive heart failure 316 (10.6)
Diabetes mellitus 579 (19.4)
Family history of VTE 141 (4.7)
Hyperlipidemia 1063 (35.6)
Hypertension 1703 (57.0)
Inflammatory bowel disease (Crohn’s disease/ 75 (2.5)
ulcerative colitis)
Infection 723 (24.2)
Liver disease 101 (3.4)
Major fracture 237 (7.9)
Major trauma 239 (8.0)
Mixed connective tissue disease (rheumatoid 152 (5.1)
arthritis, lupus, scleroderma, Sjogren’s)
Myeloproliferative disease 25 (0.8)
Myocardial infarction 135 (4.5)
Neurologic disease 246 (8.2)
Paralysis of lower extremity 131 (4.4)
Peripheral artery disease 242 (8.1)
Pulmonary hypertension 136 (4.6)
Renal disease 347 (11.6)
Stroke 123 (4.1)
Superficial thrombophlebitis 151 (5.1)
Varicose veins 262 (8.8)
Varicose vein stripping 117 (3.9)
HRT/oral contraceptives 232 (13.9)
Statin therapy 671 (22.5)
Bed rest >48 h 1144 (38.3)
Cardiac procedure 156 (5.2)
Central venous catheter 384 (12.9)
Discharged from intensive care unit 466 (15.6)
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Table 1 continued

Characteristic All patients
(n = 2989)
Hospitalization due to non-surgical illness before 949 (31.8)
index event
Intubation 535 (17.9)
Surgery before index event 786 (26.3)
VTE characteristic
PE + DVT 1251 (41.9)
Lower-extremity DVT alone 1738 (58.1)
Type of VTE event
Cancer associated 497 (16.6)
Provoked (non—cancer—associated)b 1291 (43.2)
Unprovoked® 1201 (40.2)
Community presenting® 2299 (76.9)
Admitted to hospital 2214 (74.1)
Antithrombotic medication at index encounter
Antiplatelet 838 (28.0)
Anticoagulant 121 (4.1)
Acute treatment®
Intravenous/subcutaneous unfractionated heparin 1284 (43.0)
Subcutaneous low-molecular-weight heparin 1748 (58.5)
Warfarin 2040 (68.3)
Any anticoagulant therapy" 2601 (87.0)
Inferior vena cava filter implanted prior/during index 379 (12.7)
visit
Stocking 58 (1.9)
Thrombolytic therapy administered 1151 (38.5)
Among patients admitted to hospital n=2214
Length of stay (days)
Mean + SD 8.5 £ 10.1
Median (IQR) 5(3-9)
Patient discharged with subtherapeutic INR (<2.0) 828 (37.4)

Any excessive INRs >3.0 prior to hospital discharge 429 (19.4)

Values are n (%) unless otherwise stated

DVT deep vein thrombosis, HRT hormone replacement therapy, INR
international normalized ratio, /QR interquartile range, PE pulmonary
embolism, SD standard deviation, VTE venous thromboembolism

# Within previous 3 months and prior to index VTE

° History of surgical procedure, pregnancy, trauma, fracture, or
hospitalization within 3 months prior to index visit

¢ Absence of any of the above “provoking” factors or active
malignancy (cancer-associated)

9 Ambulatory patients presenting to all central Massachusetts hos-
pitals with signs and symptoms consistent with VTE, or diagnosed
with VTE within 24 h of hospital presentation

¢ Acute therapy in a health-care facility (in-hospital/at discharge or
ambulatory setting); may include more than one anticoagulant

" Intravenous/subcutaneous unfractionated heparin, subcutaneous
low-molecular-weight heparin, warfarin, other
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Fig. 1 Kaplan-Meier estimates
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No. at risk 2989 | 2626 | 2550 2419| 2277| 2182| 2107 | 1844| 1077
Cumulative incidence rate, % 0 3.3 4.1 5.1 6.5 7.4 8.4| 10.7| 14.5
B
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26% | Log rank test p<.001
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Months after Index Event
Time from Index Event to 0d im | 1.5m| 3m | 6m | 9m 1y 2y 3y
Recurrence
Among patients with active cancer
No. at risk 497| 385| 359| 307| 256| 227| 207| 150 82
Cumulative incidence rate, % 0| 39| 6.2 87| 129| 13.9| 16.3| 19.7| 24.8
Among patients with provoked VTE
No. at risk 1291 1127| 1093| 1046| 995| 955| 932| 824| 503
Cumulative incidence rate, % 0 3.9 4.5 52 6.2 71 7.8 9.7 13.0
Among patients with unprovoked VTE
No. at risk 1201| 1114 1098| 1066| 1026| 1000| 968| 870| 492
Cumulative incidence rate, % 0| 26| 30| 38| 47| 56| 6.7] 9.1]| 131
Predicting recurrence within 3 months: all patients anticoagulant therapy at admission, and IVC filter place-

ment. Separating the independent predictor “active cancer”
Factors associated with recurrence within 3 months are  into with or without chemotherapy categories did not

shown in Table 2. Five independent predictors of recur-  improve the model performance; the HRs of active cancer
rence were identified (c-index 0.64) (Fig. 2b): active can- with and without chemotherapy were 1.70 (95 % CI
cer, previous major trauma, varicose vein stripping, 1.01-2.85) and 1.58 (95 % CI 0.96-2.63) versus no-cancer,
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Fig. 1 continued Cc
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Time from Index Event to od im |1.5m| 3m | 6m 9m 1y 2y 3y
Recurrence
Among patients with active cancer
No. at risk 497| 385| 359| 307| 256| 227| 207| 150 82
Cumulative incidence rate, % 0] 39| 6.2 8.7| 129 13.9] 16.3| 19.7| 24.8
Among patients with provoked VTE
No. at risk 1408| 1239| 1204| 1158| 1100| 1063| 1035| 918| 574
Cumulative incidence rate, % 0| 3.8] 43| 50| 6.0] 6.7 75| 98| 13.1
Among patients with unprovoked VTE
No. at risk 1084 | 1002| 985| 954| 921| 892| 865| 776| 421
Cumulative incidence rate, % 0 2.6 3.1 3.9 4.8 5.8 6.9 9.0 13.2
respectively.  Thus, “active cancer (with/without independent predictor of recurrence in multivariable
chemotherapy)” was used as a covariate in the final pre-  regression.

dictive model (HR 1.63, 95 % CI 1.11-2.41).

Predicting recurrence within 3 months: patients
without active cancer

Among 2492 patients without active cancer (106 recurrent
VTE episodes at 3 months), risk factors associated with
3-month recurrence were similar to those for all patients,
with the exceptions that stroke was associated with an
increased risk of recurrence and warfarin treatment was no
longer associated with a decreased short-term risk
(Table 2). Four independent predictors of recurrence were
identified (c-index 0.64) (Fig. 2c): previous major trauma,
varicose vein stripping, anticoagulants at admission, and
IVC filter placement.

Predicting recurrence within 3 months: patients
with active cancer

Among 497 patients with active cancer (35 recurrent epi-
sodes of VTE at 3 months), family history of VTE and
compression stockings were associated with an increased
3-month risk of VTE recurrence (Table 2). However, only
the single factor of family history of VTE remained an
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Risk score calculator for predicting 3-month VTE
recurrence

A risk score calculator was developed based on the five
independent predictors of VTE recurrence during the first
3 months after the index event among all patients (Fig. 3).

Discussion

We assessed the cumulative risk of VTE recurrence over
3 years among residents of central MA diagnosed with a
first-time PE and/or lower-extremity DVT between 1999
and 2009 on a biennial basis. Despite advances in treat-
ment, the 3-year CIR of VTE recurrence remained high in
our population-based surveillance study, particularly
among patients with active cancer. We systematically
evaluated a large number of patient characteristics assessed
during the patient’s index encounter as potential risk pre-
dictors, and identified several independent predictors of
VTE recurrence during the acute (3-month) treatment
phase and the long-term (3-year) follow-up window among
patients diagnosed with a first confirmed episode of VTE.



Occurrence and predictors of recurrence after a first episode of acute venous thromboembolism... 531

Table 2 Characteristics associated with risk of recurrence after index VTE event among all patients with first-time VTE, and within 3 months
after index VTE event stratified by active cancer (unadjusted Cox proportional hazards model)

Characteristic All patients Stratified by active cancer
Entire 3 years First 3 months Patients without active Patients with active
(n = 2989) (n = 2989) cancer (n = 2492) cancer (n = 497)
Number of recurrent VTEs 329 141 106 35

Demographic characteristics

Age (per 10-year increment)
Men
White

Body mass index (kg/m?) (ref: <25 kg/m?)

25-30
>30

Current smoker, including quitting
within previous 3 months

Recent” medical history

Cancer (active) (ref: none)
With chemotherapy
Without chemotherapy

Chronic obstructive pulmonary disease

Congestive heart failure
Diabetes mellitus
Family history of VTE
Hyperlipidemia
Hypertension

Inflammatory bowel disease (Crohn’s
disease/ulcerative colitis)

Infection

Liver disease

Major fracture

Major trauma

Mixed connective tissue disease
(rheumatoid arthritis, lupus,
scleroderma, Sjogren’s)

Myeloproliferative disease

Myocardial infarction

Neurologic disease

Paralysis of lower extremity

Peripheral artery disease

Pulmonary hypertension

Renal disease

Stroke

Superficial thrombophlebitis

Varicose veins

Varicose vein stripping

HRT/oral contraceptives (among
women)

Statin therapy

Bed rest >48 h

Cardiac procedure

Central venous catheter

Discharged from intensive care unit

1.07 (1.00-1.13)
0.98 (0.79-1.22)
0.80 (0.53-1.22)

0.85 (0.61-1.17)
0.81 (0.60-1.09)
0.91 (0.70-1.21)

2.06 (1.58-2.69)
2.63 (1.90-3.62)
1.53 (1.03-2.28)
1.13 (0.86-1.48)
1.01 (0.68-1.50)
1.32 (1.01-1.71)
1.26 (0.82-1.94)
0.98 (0.78-1.23)
1.23 (0.98-1.53)
1.17 (0.60-2.27)

1.03 (0.79-1.34)
0.72 (0.34-1.53)
0.69 (0.43-1.09)
1.31 (0.93-1.87)
0.80 (0.46-1.40)

2.62 (1.17-5.87)
0.74 (0.39-1.38)
0.97 (0.65-1.45)
0.96 (0.55-1.67)
1.20 (0.81-1.78)
1.02 (0.58-1.77)
1.26 (0.90-1.78)
1.56 (0.96-2.54)
1.74 (1.18-2.56)
1.14 (0.80-1.63)
1.88 (1.22-2.90)
0.90 (0.59-1.36)

0.97 (0.74-1.26)
0.88 (0.71-1.13)
0.67 (0.36-1.21)
1.21 (0.87-1.78)
0.96 (0.70-1.32)

1.03 (0.94-1.13)
1.02 (0.73-1.43)
0.99 (0.48-2.02)

1.01 (0.63-1.60)
0.70 (0.43-1.13)
0.85 (0.53-1.35)

1.66 (1.14-2.44)
1.79 (1.08-2.99)
1.92 (1.16-3.16)
1.23 (0.84-1.81)
1.25 (0.76-2.05)
1.13 (0.76-1.69)
1.73 (0.93-3.20)
1.24 (0.89-1.74)
1.12 (0.80-1.57)
1.77 (0.78-4.02)

0.92 (0.62-1.36)
0.83 (0.31-2.25)
0.88 (0.46-1.67)
2.08 (1.31-3.31)
0.54 (0.20-1.46)

1.77 (0.44-7.14)
0.95 (0.42-2.15)
1.24 (0.71-2.15)
1.34 (0.65-2.72)
0.87 (0.46-1.66)
0.77 (0.31-1.87)
1.19 (0.74-1.94)
1.84 (0.97-3.51)
1.80 (0.99-3.25)
1.07 (0.60-1.88)
2.18 (1.18-4.03)
1.02 (0.54-1.93)

1.01 (0.68-1.50)
0.97 (0.69-1.37)
0.67 (0.27-1.63)
1.26 (0.80-1.98)
1.23 (0.81-1.89)

0.99 (0.89-1.09)
0.88 (0.60-1.30)
1.23 (0.50-3.02)

0.96 (0.55-1.66)
0.79 (0.46-1.36)
0.71 (0.41-1.25)

NA
NA

NA

1.51 (0.99-2.31)
1.46 (0.86-2.47)
1.21 (0.76-1.92)
1.27 (0.59-2.73)
1.23 (0.84-1.82)
1.17 (0.80-1.73)
2.28 (0.999-5.19)

0.96 (0.61-1.50)
0.66 (0.16-2.66)
1.07 (0.56-2.06)
2.40 (1.48-3.91)
0.69 (0.25-1.86)

2.64 (0.65-10.69)
1.19 (0.52-2.72)
1.48 (0.83-2.64)
1.69 (0.82-3.48)
0.90 (0.44-1.86)
0.78 (0.29-2.12)
1.28 (0.74-2.21)
2.18 (1.10-4.32)
1.92 (0.999-3.67)
1.02 (0.53-1.96)
2.37 (1.20-4.69)
0.87 (0.41-1.82)

0.84 (0.52-1.37)
1.16 (0.79-1.71)
0.83 (0.34-2.03)
1.52 (0.90-2.55)
1.33 (0.83-2.15)

1.04 (0.81-1.35)
1.55 (0.79-3.02)
0.56 (0.17-1.84)

1.25 (0.54-2.88)
0.46 (0.15-1.44)
1.45 (0.63-3.31)

NA

0.98 (0.51-1.90)
Reference

0.55 (0.21-1.41)
0.65 (0.16-2.69)
0.87 (0.38-1.98)
8.18 (2.88-23.20)
1.21 (0.62-2.36)
0.87 (0.44-1.70)
0

0.80 (0.35-1.84)
0.92 (0.22-3.85)
0
1.17 (0.16-8.55)
0

0
0

0.46 (0.06-3.34)
0

0.81 (0.19-3.37)
0.79 (0.11-5.74)
0.93 (0.33-2.63)
0.82 (0.11-6.01)
1.57 (0.38-6.52)
1.46 (0.45-4.78)
1.59 (0.38-6.62)
1.98 (0.56-7.03)

1.46 (0.73-2.94)
0.54 (0.25-1.19)
0

0.62 (0.24-1.60)
0.95 (0.37-2.44)
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Table 2 continued

Characteristic

All patients

Stratified by active cancer

Entire 3 years
(n = 2989)

Patients with active
cancer (n = 497)

Patients without active
cancer (n = 2492)

First 3 months
(n = 2989)

Hospitalization due to non-surgical
illness before index event

Intubation
Surgery before index event
VTE characteristic

PE &+ DVT (ref: lower-extremity DVT
alone)

1.30 (1.03-1.63)

0.93 (0.69-1.25)
0.76 (0.59-0.98)

0.86 (0.69-1.08)

Type of VTE event [ref: provoked (non-cancer-associated)]”

Cancer associated

Unprovoked®

Community presenting”
Admitted to hospital

Antithrombotic medication at index encounter

Antiplatelet
Anticoagulant
Acute treatment®

Intravenous/subcutaneous
unfractionated heparin

Subcutaneous low-molecular-weight
heparin

Wartfarin

Any anticoagulant therapy

IVC filter implanted prior/during index
visit

Stocking

Thrombolytic therapy administered

Among patients admitted to hospital
Length of stay (per 1-day increment)

Patient discharged with subtherapeutic
INR (<2.0)

Any excessive INRs >3.0 prior to
hospital discharge

2.03 (1.52-2.72)
0.97 (0.76-1.24)
0.84 (0.65-1.09)
1.37 (1.06-1.77)

0.85 (0.66-1.10)
1.62 (0.997-2.65)

1.08 (0.87-1.34)

0.86 (0.69-1.07)

0.82 (0.65-1.04)
0.83 (0.60-1.15)
2.04 (1.54-2.70)

1.26 (0.62-2.54)
1.16 (0.93-1.45)

1.003 (0.99-1.02)
1.004 (0.80-1.26)

0.87 (0.63-1.20)

1.49 (1.06-2.09)

1.14 (0.76-1.73)
0.82 (0.55-1.22)

0.71 (0.50-1.01)

1.60 (1.06-2.43)
0.76 (0.51-1.11)
0.90 (0.62-1.32)
1.30 (0.87-1.95)

0.88 (0.60-1.29)
2.26 (1.25-4.08)

1.08 (0.77-1.50)

0.65 (0.47-0.91)

0.70 (0.50-0.99)
0.62 (0.41-0.94)
2.73 (1.89-3.95)

1.09 (0.35-3.42)
1.46 (1.05-2.04)

1.02 (1.00-1.03)
1.05 (0.74-1.49)

0.93 (0.57-1.50)

1.62 (1.10-2.39)

1.26 (0.79-2.02)
0.83 (0.52-1.31)

0.68 (0.45-1.03)

NA
0.76 (0.49-1.16)
0.89 (0.54-1.47)
1.26 (0.80-1.99)

0.88 (0.57-1.35)
2.74 (1.43-5.25)

1.10 (0.75-1.62)

0.65 (0.45-0.96)

0.76 (0.51-1.13)
0.55 (0.34-0.89)
3.46 (2.28-5.24)

0.44 (0.06-3.12)
1.47 (1.01-2.16)

1.02 (1.01-1.04)
1.11 (0.75-1.66)

0.84 (0.47-1.49)

0.71 (0.36-1.42)

0.78 (0.32-1.87)
0.73 (0.34-1.55)

0.72 (0.36-1.41)

NA
NA
1.77 (0.73-4.26)
1.32 (0.55-3.19)

0.99 (0.45-2.17)
1.05 (0.25-4.37)

0.996 (0.51-1.94)

0.68 (0.35-1.33)

1.23 (0.63-2.42)
0.94 (0.39-2.26)
1.11 (0.48-2.53)

5.88 (1.41-24.50)
1.49 (0.76-2.89)

0.99 (0.94-1.04)
0.95 (0.44-2.02)

1.21 (0.50-2.90)

Bold values indicate statistical significance (p < 0.05)

Data are HR (95 % CI)

CI confidence interval, DVT deep vein thrombosis, HR hazard ratio, HRT hormone replacement therapy, /NR international normalized ratio, IVC
inferior vena cava, PE pulmonary embolism, ref. reference group, VIE venous thromboembolism

* Within previous 3 months and prior to index VTE

® History of surgical procedure, pregnancy, trauma, fracture, or hospitalization within 3 months prior to index visit

¢ Absence of any of the above “provoking” factors or active malignancy (cancer-associated)

d Ambulatory patients presenting to all central Massachusetts hospitals with signs and symptoms consistent with VTE, or diagnosed with VTE

within 24 h of hospital presentation

¢ Acute therapy in a health-care facility (in-hospital/at discharge or ambulatory setting); may include more than one anticoagulant

 Intravenous/subcutaneous unfractionated heparin, subcutaneous low-molecular-weight heparin, warfarin, other

Cumulative risk of VTE recurrence

The CIRs of VTE recurrence in our study were higher than
have been observed in randomized controlled trials (RCTs)
[12]. These differences are likely related, in part, to the
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inclusion criteria employed in RCTs, resulting in a more
narrowly defined “healthier” population. In addition,
anticoagulant therapy is monitored more carefully in RCTs
than in an uncontrolled community practice setting. Indeed,
compared with our findings, published observational
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Fig. 2 Independent predictors A HR (95% Cl) X?
of VTE recurrence within ) ) .
a 3 years, b 3 months, and Active cancer with chemo —_— 258 (1.87-3.56) 33.2
¢ 3 months in patients without
active cancer, among WMSA . . .
residents with a first-time VTE Active cancer without chemo 1.59 (1.06-2.38) 5.1
diagnosed from 1999 through
2009. *Reference group without Superficial thrombophlebitis —_——
active cancer. chemo J d 1.69 (1.14-2.51) 6.8
chemotherapy, CI confidence
interval, HR hazard ratio, IVC Varicose vein stripping ——
inferior vena cava, VTE venous 1.70 (1.10-2.64) 5.6
thromboembolism, WMSA
Worcester Metropolitan IVC filter placement —_——
Statistical Area 2.06 (1.56-2.74) 25.4
Surgery before index event <
1 0.73 (0.56-0.95) 5.3
0 1 2 3 4 5
Lower Risk Higher Risk
B HR (95% Cl) X2
Active cancer — 1.63 (1.11-2.41) 6.1
Major trauma — 2.09 (1.30-3.37) 9.3
Varicose vein stripping —— 2.16 (1.16-3.99) 6.0
Taki ti lant at
iateian s S _— 1.95 (1.07-355) 4.8
IVCfilter placement - 2.38 (1.63-3.46) 20.4
01 2 3 4 5 6 7
Lower Risk Higher Risk
HR (95% Cl) x?
C
Major Trauma —_—— 2.09 (1.27-3.43) 84
Varicose vein stripping | 2.25(1.14-446) 54
Taking anticoagulant at _—— 2.30 (1.194.47) 6.1
admission
IVC filter placement —_—— 2.97 (1.94-4.55) 252

Lower Risk

012345672829

Higher Risk
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A
Predictors Points
Active cancer (with/without chemo) 16
Taking anticoagulant at admission 19
Major trauma 21
Varicose vein stripping 21
IVC filter implanted 23
Possible maximum total risk score 100
45%
40%
35%
> 30%
=
S 25%
[
S 20%
o
15%
10%
5%
0%
0 10 20 30 40 50 60 70 80 90 100
Total Risk Score
C
Risk score | Patients (N=2989) | Predicted | Observed | p-value*
category n (%) rate rate
0 1890 (63.2%) 2.9% 3.1% 0.70
>0 to <19 361 (12.1%) 6.6% 5.4% 0.29
19 to <25 503 (16.8%) 7.0% 6.5% 0.69
25+ 235 (7.9%) 11.5% 13.2% 0.47

Fig. 3 a Risk score calculator for b predicted risk of, and ¢ observed
versus predicted rate of, VTE recurrence during the first 3 months
after the index event among all patients. *May—Hosmer goodness-of-
fit test. chemo chemotherapy, IVC inferior vena cava, VTE venous
thromboembolism

studies have reported higher rates of recurrent VTE after an
acute episode of VTE: 8 % at 3 months and 20 % at
3 years [10, 11].

After stratifying the patient’s index event into cancer-
associated, provoked, and unprovoked VTE, the CIR of
VTE recurrence was highest among patients with active
cancer. Consistent with our findings, a prospective analysis
of >800 patients with VTE, of whom 181 had known
cancer at study entry, revealed that the 1-year cumulative
incidence of recurrent VTE was threefold higher in patients
with cancer versus those without [17]. Historically, recur-
rence rates after an acute episode of VTE among cancer
patients has been higher than among patients without
cancer [6, 13, 30]. Our estimated 3-year CIR of recurrent
VTE among individuals with a provoked VTE was similar
to the 3-year CIR generated from a population-based
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cohort study including all non-cancer-associated first-time
VTE patients identified through the United Kingdom (UK)
primary care database between 2001 and 2011 [16]. In this
UK study, the 3-year CIR of recurrent VTE was approxi-
mately 5 % higher among patients with an unprovoked
index VTE versus those with a provoked episode [16].
However, in our study, we found no suggestion of a dif-
ference in the recurrence rate between these two groups.
Despite re-classifying HRT/OC as a provoking factor, the
results remained unchanged. Further investigations on
whether HRT/OC is a provoking factor for VTE are nee-
ded, as published findings provide conflicting results [25,
39]. While we recognize that differences between the UK
study and our study may be related to the use of an
administrative database in the UK study and their inability
to robustly differentiate index and recurrent events, this
may be at least partly explained by the different practices
in the US and UK in managing patients with unprovoked
VTE. Although we did not collect data on the duration of
long-term treatment in the current study cohort, based on
our prior publication that focused on a subset of elderly
VTE patients, we found that the median duration of war-
farin treatment was >1 year for patients with unprovoked
VTE and around 6 months for patients with provoked VTE
[40]. This suggests that patients in central MA with
unprovoked VTE were protected from recurrence for a
much longer period than those with provoked VTE. This
prolonged treatment pattern may explain why no differ-
ences were found in risk of recurrence within 3 years
between our provoked and unprovoked groups. In addition,
other studies have reported that approximately 4 % of
patients with unprovoked VTE develop a recurrence within
6 months [41, 42], similar to our findings. Furthermore,
recently published data from a US population-based case-
cohort study demonstrated a similar time-to-event pattern
as ours: the CIR of recurrent VTE was higher among
provoked than unprovoked cases of VTE within the first
2 years after index event but was lower during the later
follow-up period [43]. However, unmeasured time-depen-
dent variables may change the strength of association
between baseline factors and outcomes, as the literature has
shown that interim hospitalization, active cancer, preg-
nancy, central venous catheter, and respiratory infection
are associated with increased hazards of recurrence,
whereas warfarin and aspirin are associated with reduced
hazards [43].

Owing to increasing use of objective diagnostic tests in
the 2000s, there was an increasing trend in the annual event
rate for PE [5, 44]. As such, the proportion of patients
diagnosed with first-time PE in our study was higher than
in historic data [5, 22]. However, after stratifying type of
index event into PE + DVT, proximal DVT alone, and
isolated calf DVT, the CIR of VTE recurrence within
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3 years after index event was not statistically different
among the groups. There are conflicting reports as to
whether type of index event (PE vs. DVT) is a predictor of
VTE recurrence, irrespective of follow-up duration [30];
these include no increased risk by type of VTE event [10,
41] and an increased risk for patients with incident PE [12,
13] or proximal DVT [11]. In our study, the index diag-
nosis was not an independent predictor of recurrence dur-
ing long-term follow-up. These discrepancies could be
related to wvariations in study design, study criteria,
incomplete documentation, and duration of follow-up.

Independent predictors of recurrence

After systematically evaluating a large number of charac-
teristics assessed during the index encounter, it was not
surprising that active cancer was strongly associated with
an increased risk of VTE recurrence over both short- and
long-term follow-up. Based on relative model Chi square
values (indicating the relative predictive strength of a
model’s risk predictors), patients with active cancer
undergoing chemotherapy were at greatest risk for recur-
rence during our long-term follow-up. In a population-
based observational study conducted among residents of
Olmsted County, Minnesota, over the period 1976-1990,
patients with cancer receiving chemotherapy had a more
than fourfold increased risk of VTE recurrence within
10 years after the index event compared to patients without
cancer, while cancer patients not taking chemotherapy had
a twofold increased risk [10]. However, during 3-month
follow-up, we observed no additional increase in the risk of
VTE recurrence due to receipt of chemotherapy in patients
with active cancer. We hypothesize that VTE patients with
active cancer who were not undergoing chemotherapy may
have received as much clinical monitoring as those
undergoing chemotherapy during the acute VTE treatment
phase, consistent with the recommendations of contempo-
rary guidelines [6].

With regard to the remaining independent predictors in
both the short- and long-term prediction models, these
predictors are consistent with the three underlying factors
associated with the development of venous thrombi that
were first proposed by Virchow in 1884: vascular
endothelial damage (i.e. having varicose vein stripping,
superficial thrombophlebitis prior to index event), stasis of
blood flow, and blood hypercoagulability [45].

Based on relative model Chi square values, IVC filter
placement was a strong independent predictor for VTE
recurrence over both short- and long-term follow-up. This
finding is supported by data in a recent expert consensus
review that IVC placement may increase the risk of early
VTE recurrence by as much as 50 % [30]. Patients who
received an IVC filter may have been unable to receive

anticoagulant treatment due to contraindications [42]. Our
prior publication demonstrated that patients who received
an IVC filter were older and had more comorbidities [46].
These patients require special attention, as an IVC filter
alone is inadequate therapy for acute VTE [30].

The role of “transient” risk factors (associated with a
reduced risk of recurrence in the long term or increased risk
of recurrence in the short term) is widely acknowledged [6,
13]. We found that patients who had undergone surgery
within 3 months before the index event had an approximate
30 % reduction in the risk for recurrence during long-term
follow-up versus those who had not undergone surgery;
this was because the risk of subsequent recurrence declines
after the patient recovers from surgery, and is consistent
with the literature [6, 13, 30, 47]. In addition, we found that
patients with a recent major trauma had a twofold increased
risk of VTE recurrence during the first 3 months. Most of
these patients were likely still in recovery from their major
trauma, which could extend the period of VTE risk, par-
ticularly due to prolonged immobility [45]. Taking anti-
coagulant therapy at admission was an independent
predictor for increased risk of VTE recurrence within
3 months, which could be a proxy for other unmeasured
risk factors, including comorbidities and genetic
predisposition.

Not surprisingly, several predictors identified in the
unadjusted Cox proportional hazards model were no longer
predictors in the multivariable model (i.e. adjusted for
confounders). For instance, use of graduated compression
stockings was a predictor for increased hazard of recurrent
VTE within 3 months after the index event among patients
with active cancer, but was not an independent predictor in
the multivariable model.

Historically, increasing age has been considered to be
associated with higher incidence rates of VTE in the gen-
eral population [5, 22, 45, 48]. However, there are con-
flicting findings as to whether age is an independent
predictor of VTE recurrence in the published literature.
While some studies indicate that advancing age is associ-
ated with an increased risk of VTE recurrence [18, 30],
others indicate that increasing age is associated with a
decreasing risk of recurrence [19, 49]. Moreover, some
studies did not identify age as an independent predictor of
VTE recurrence after an acute episode [14, 15, 50], similar
to the findings in our study. Similarly, evidence on male
sex as an independent predictor of recurrent VTE is con-
flicting [14, 15, 18, 19]. While VIENNA and DASH indi-
cated that male sex was an independent predictor of
increased risk of VTE recurrence and the Louzada’s model
indicated a decreasing risk, the Rodger’s model did not
identify sex as a predictor for VTE recurrence as what we
have found [14, 15, 18, 19]. Again, these discrepancies
could be related to variations in study design, selection
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criteria, duration of follow-up, and incomplete documen-
tation of the physician’s examination for clinical VTE risk
factors. Further studies are needed to clarify the reasons for
these observed discrepancies [51].

Risk score calculator for predicting VTE recurrence
within 3 months of the index event

Realizing that time-dependent characteristics may change
over the course of long-term follow-up, we developed a
risk score calculator based solely on our 3-month predic-
tion model. Our intention was to develop a risk-assessment
tool for use at the index encounter to enable clinicians to
tailor individual patient management practices during acute
VTE treatment. Our risk calculator included variables that
are readily available to clinicians and uses a simple point
system to estimate the risk of VTE recurrence.

Although the results of any prediction models are only
generalizable to populations similar to the one from which
they were derived, we believe that our models are robust,
based on our population-based study design, the compre-
hensive list of patient and clinical characteristics assessed
during the index encounter, and internal validation. We
hope that our calculator may serve as a tool to assist
clinicians at the time of the index encounter to better
determine the optimum frequency of subsequent clinical
surveillance and the appropriate anticoagulant agents after
initial treatment at clinical facilities. Our risk calculator
differs from currently available calculators that are focused
on information assessed at the end of the acute treatment
phase and are only applicable to a subset of VTE cases (e.g.
DASH, VIENNA, and Rodger et al’s model for unpro-
voked VTE, and Louzada et al’s model for cancer-associ-
ated VTE) [14, 15, 18, 19]. Owing to differences in the
study designs and the inclusion of candidate predictors, not
surprisingly, the final sets of predictors differ. Therefore,
external validations of these tools are needed.

Study strengths and limitations

This study employed population-based surveillance meth-
ods to systematically monitor the clinical epidemiology of
VTE among residents of central MA. We conducted broad
screening for cases of VTE using multiple databases, val-
idated each potential case of VTE, and performed regular
chart audits; nonetheless, we may have missed some cases
of asymptomatic VTE. Owing to low autopsy rates in the
WMSA and the limited validity of death-certificate data [2,
71, only clinically recognized cases of acute VTE were
described and some cases of fatal PE could have been
missed. Consistent with other observational studies,
unmeasured or inadequately measured variables (e.g.
duration of anticoagulant treatment after initial treatment in

@ Springer

the clinical facility, changes in dose/type of medication
subsequent to initial treatment prescriptions, and changes
in medical conditions) may have impacted our findings,
despite the inclusion of >50 potential prognostic factors
assessed during the index encounter. Further refinement of
our prediction model may require the inclusion of addi-
tional time-dependent risk factors and perhaps biomarkers
to increase precision; and of anticoagulation strategy and
adherence to it at 3 months. Moreover, when the sample
size is adequate, different prediction models may be
developed by stratifying the endpoint (recurrent VTE).
Although we conducted internal validation, we recognize
that no study can effectively validate itself [52], and
external validations are needed to fully assess the model
performance. Nevertheless, we believe that our risk score
discrimination allows separation of patients into broad,
clinically meaningful categories and provides guidance for
improving decisions on patient management from the index
encounter through the patient’s acute treatment.

Conclusions

This population-based study has quantified the risk of
developing a recurrent episode of VTE over a 3-year fol-
low-up among patients with a first episode of VTE. We
have identified independent predictors of recurrence that
will be useful in the design of future studies focused on
estimating the true risks and benefits associated with VTE
treatment at the individual patient level. Our risk score
calculator can be used during the initial treatment phase for
predicting recurrence during the acute treatment phase.
This may help clinicians to determine the optimal fre-
quency of subsequent clinical surveillance and the appro-
priate outpatient treatment of VTE.
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