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ABSTRACT 18 

Background: In elderly patients with venous thromboembolism (VTE), the decision 19 

to extend anticoagulation beyond 3 months must be weighed against the bleeding 20 

risk. We compared the predictive performance of 10 clinical bleeding scores (VTE-21 

BLEED, Seiler, Kuijer, Kearon, RIETE, ACCP, OBRI, HEMORR₂HAGES, HAS-22 

BLED, ATRIA) in elderly patients receiving extended anticoagulation for VTE. 23 

Methods: In a multicenter Swiss cohort study, we analyzed 743 patients aged ≥65 24 

years who received extended treatment with vitamin K antagonists after VTE. The 25 

outcomes were the time to a first major and clinically relevant bleeding. For each 26 

score, we classified patients into 2 bleeding risk categories (low/moderate vs. high). 27 

We calculated likelihood ratios and the area under the receiver operating 28 

characteristic (ROC) curve for each score. 29 

Results: Over a median anticoagulation duration of 10.1 months, 45 patients (6.1%) 30 

had a first major and 127 (17.1%) a clinically relevant bleeding. The positive 31 

likelihood ratios for predicting major bleeding ranged from 0.69 (OBRI) to 2.56 32 

(Seiler) and from 1.07 (ACCP) to 2.36 (Seiler) for clinically relevant bleeding. The 33 

area under the ROC curves were poor to fair and varied between 0.47 (OBRI) and 34 

0.70 (Seiler) for major and between 0.52 (OBRI) and 0.67 (HEMORR₂HAGES) for 35 

clinically relevant bleeding. 36 

Conclusions: The predictive performance of most clinical bleeding risk scores does 37 

not appear to be sufficiently high to identify elderly patients with VTE who are at high 38 

risk of bleeding and who may therefore not be suitable candidates for extended 39 

anticoagulation. 40 

 41 

KEY WORDS: anticoagulants, bleeding, elderly, risk scores, venous 42 

thromboembolism  43 
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 44 

WHAT IS KNOWN ABOUT THIS TOPIC? 45 

• Elderly patients represent the majority of cases of venous thromboembolism, and 46 

have a higher risk of bleeding during anticoagulant treatment compared to younger 47 

patients. 48 

• The benefits of extended anticoagulation (> 3 months) after acute venous 49 

thromboembolism must be carefully weighed against its risks. 50 

• The predictive performance of bleeding risk scores during extended 51 

anticoagulation in elderly patients is uncertain. 52 

WHAT DOES THIS PAPER ADD?  53 

• We compared the predictive performance of 10 bleeding risk scores in 743 elderly 54 

patients with venous thromboembolism in a multicenter Swiss cohort study. The 55 

discriminative power of the scores varied between poor to fair. 56 

• The predictive performance of most bleeding risk scores appears to be insufficient 57 

to accurately identify elderly patients with venous thromboembolism who are at 58 

high risk of bleeding and are no suitable candidates for extended anticoagulation. 59 

• Given the clinical complexity of multimorbid, polymedicalized elderly patients, it is 60 

possible that a clinical model-based bleeding risk stratification is doomed to failure, 61 

and future research should focus on the validation of elderly-friendly 62 

anticoagulation strategies. 63 

  64 
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BACKGROUND 65 

Most patients with acute venous thromboembolism (VTE) should receive at least 3 66 

months of anticoagulant treatment (1). However, whether anticoagulation should be 67 

extended beyond the initial 3 months is less clear (1). Although patients 68 

anticoagulated with vitamin K antagonists (VKAs) carry a lower risk of bleeding after 69 

the initial 3 months of treatment, the risk of major bleeding during extended 70 

anticoagulation is still considerable (2.74 events per 100 patient-years), with a case-71 

fatality rate of 9.1% (2). Thus, the benefits of extended treatment must be carefully 72 

weighed against its risks. Given that the bleeding risk rises with age (3, 4), this is 73 

particularly true for the elderly. 74 

The estimation of the bleeding risk under anticoagulant treatment is complex, 75 

as the propensity to bleed is influenced by multiple intercurrent and permanent 76 

patient and treatment factors (5). To facilitate physician decision-making, several 77 

clinical scores have been derived and validated to predict the short- or longer-term 78 

risk of anticoagulation-related bleeding in patients with acute VTE or other diseases 79 

(1, 6-14). However, with the exception of the VTE-BLEED and Seiler scores (6, 7), 80 

which were derived to predict bleeding occurring after the period of the first 1-3 81 

months of anticoagulant therapy, most scores either focused on the initial 3 months 82 

(8, 10) or the entire anticoagulation period (12-15). 83 

Elderly patients do not only represent the majority of cases of VTE (16), they 84 

also have a 2-fold increased risk of major and clinically relevant non-major bleeds 85 

compared to younger patients (3, 4). Therefore, we aimed to compare the predictive 86 

performance of commonly cited bleeding risk scores for VTE and other conditions 87 

during extended anticoagulant therapy with VKAs in elderly patients with VTE. We 88 

focused on the question whether the scores accurately identify elderly patients at 89 

high risk of bleeding who may not be ideal candidates for extended anticoagulation.  90 
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METHODS 91 

Study population 92 

We used data from the prospective multicenter SWIss venous 93 

Thromboembolism COhort study 65+ (SWITCO 65+), which enrolled in- and 94 

outpatients aged ≥65 years with acute, symptomatic, objectively confirmed VTE from 95 

nine Swiss university and non-university hospitals between September 2009 and 96 

December 2013. Exclusion criteria were inability to provide informed consent (i.e., 97 

severe dementia), conditions incompatible with follow-up (i.e., terminal illness or 98 

place of living too far away from the study center), insufficient German or French-99 

speaking ability, thrombosis at a different site than the lower limb, catheter-related 100 

thrombosis, or previous enrollment in the cohort. The study was approved by the 101 

ethics committee at each participating center. The study methods have been 102 

published previously in full detail (17). 103 

As we aimed to assess the predictive performance of the bleeding risk scores 104 

during extended anticoagulant therapy, our analysis was restricted to patients who 105 

continued oral anticoagulation with VKAs beyond the first 3 months after the index 106 

VTE. As several scores included variables related to the quality of anticoagulation, 107 

we excluded patients who had less than two international normalized ratio (INR) 108 

measurements after initiation of anticoagulant therapy. None of the study participants 109 

were treated with direct oral anticoagulants, as these agents have not been approved 110 

for treatment of VTE in Switzerland during the study recruitment period. 111 

 112 

Baseline data collection 113 

Using standardized data collection forms, trained study nurses prospectively 114 

collected baseline demographic information (age, sex, weight), history findings (prior 115 

bleeding events, physical activity level, risk of falls, alcohol consumption), comorbid 116 
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conditions (cancer, cardiorespiratory diseases, diabetes mellitus, chronic liver and 117 

renal disease), physical examination (blood pressure) and laboratory findings 118 

(hemoglobin, platelet count, creatinine), concomitant antiplatelet therapy, and VTE-119 

related treatments. In patients who gave their consent, an additional blood sample 120 

was stored for analysis of genetic risk factors that may influence the risk of bleeding 121 

(i.e., presence of CYP2C9 variants). 122 

 123 

Risk assessment scores 124 

Using baseline on demographics and clinical data obtained by chart review, 125 

we determined the presence of the prognostic variables comprising bleeding risk 126 

scores validated for VTE (VTE-BLEED, Seiler, Kuijer, Kearon, RIETE and ACCP 127 

score) or other diseases, predominantly atrial fibrillation (Outpatient Bleeding Risk 128 

Index [OBRI], HAS-BLED, HEMORR₂HAGES, and ATRIA score) (6-14, 18). Based 129 

on the prognostic variables, we calculated the 10 prognostic scores and classified 130 

each patient in the low- and high-risk (VTE-BLEED) or in the low-, intermediate-, or 131 

high-risk category (all other scores; Appendix Table). To ensure comparability, 3-132 

level scores were further dichotomized as lower (low- or moderate risk) vs. high risk. 133 

As done in the original derivation studies, the scores were generally calculated using 134 

patient data at the time of the index VTE. Exceptions were the variables with regard 135 

to poor anticoagulation/INR control (Seiler, ACCP, and HAS-BLED) and the Seiler 136 

score variable “previous major bleeding”, which were assessed at the end of the 137 

initial 3 months of anticoagulant therapy. 138 

Missing values and score variables not documented in our database (peptic 139 

ulcer disease) were assumed to be normal. The hematocrit was calculated by 140 

multiplying the hemoglobin level in g/l by 0.3 (19). Whenever possible, we used the 141 

exact variable definition as per the original derivation study. When the definition was 142 
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not specified or differed from the data available in our database, we used 143 

standardized proxy definitions (e.g., platelet count <150 G/l for thrombocytopenia). 144 

For instance, we defined “active cancer” or “malignancy” as the presence of a solid or 145 

hematologic cancer under chemotherapy, radiotherapy, surgery, and/or palliative 146 

care during the 3 months prior to the index VTE. A “history of bleeding”, “previous 147 

(major) bleeding”, “recent major bleeding”, “any prior hemorrhage diagnosis”, or “re-148 

bleeding risk” was defined as a bleeding that led to a hospital stay or transfusion. We 149 

defined a “history of stroke”, “prior or previous stroke”, or “stroke” as a history of 150 

ischemic/hemorrhagic stroke or a transient ischemic attack. An “excessive fall risk” or 151 

“frequent falls” were defined as at least 1 fall during the past year or problems with 152 

gait, balance, or mobility (20). We defined alcohol abuse as the consumption of >8 153 

units of alcoholic drinks per week (12). Finally, poor anticoagulation/INR control was 154 

defined as a time in the therapeutic range (INR 2.0-3.0) of less than 60% based on 155 

the Rosendaal method (ACCP, HAS-BLED) or as fewer than 30% of measured INR 156 

values in the therapeutic range during the first 3 months of anticoagulation (Seiler) (7, 157 

21). 158 

 159 

Study outcomes 160 

Our primary study outcome was the time to a first major bleeding during 161 

extended anticoagulation (i.e., after 3 months) up to 36 months of follow-up. We 162 

defined major bleeding as fatal bleeding, symptomatic bleeding in a critical area 163 

(intracranial, intraspinal, intraocular, retroperitoneal, intraarticular, pericardial, 164 

intramuscular with compartment syndrome), or bleeding resulting in a drop of the 165 

hemoglobin level of ≥20 g/l or leading to transfusion of ≥2 units of red blood cells 166 

(22). The secondary outcome was the time to a first clinically relevant bleeding, 167 

defined as the combined outcome of major or clinically relevant non-major bleeding, 168 
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during extended anticoagulation. Clinically relevant non-major bleeding was defined 169 

as any bleeding not meeting the definition criteria of major bleeding but requiring 170 

medical attention, for instance, a physician consultation or a visit at the emergency 171 

department (17, 23). 172 

The outcomes were assessed alternating between face-to-face evaluations 173 

and telephone calls after 3 and 6 months and then semi-annually. During each 174 

contact, study nurses interviewed patients to obtain information about any bleeding 175 

events. In case of a bleeding event or death, medical chart review and interviews of 176 

the primary care physicians and family members were performed. The cause of 177 

death was evaluated and adjudicated by a committee of 3 blinded clinical experts. 178 

Death was considered bleeding-related if it succeeded an intracranial hemorrhage or 179 

a bleeding episode leading to hemodynamic instability (24). Final classification was 180 

made on the basis of the full consensus of this committee. 181 

 182 

Statistical analysis 183 

We compared baseline characteristics of patients with and without major 184 

bleeding using chi-square tests for categorical variables and non-parametric rank 185 

tests for continuous variables. We calculated the incidence rates of a first major and 186 

clinically relevant bleeding and estimated the cumulative bleeding incidence using 187 

Kaplan-Meier analysis. We described the proportions of patients classified as lower 188 

(low or moderate) vs. high risk of bleeding for each score, and the major and the 189 

clinically relevant bleeding rates during extended anticoagulation only (censoring 190 

after interruption of the initially prescribed anticoagulation therapy for more than 2 191 

weeks). To evaluate the accuracy of the scores to predict bleeding events, we 192 

calculated their positive and negative likelihood ratios (LHRs) for lower- vs. high-risk 193 

patients. The discriminative power was assessed by calculating the area under the 194 
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receiver operating characteristic (ROC) curve, performing a non-parametric test of 195 

the equality of the areas under the curves. We determined the calibration in a logistic 196 

regression model using the Pearson chi-square test. 197 

We estimated the potential clinical impact of the risk scores by computing the 198 

percentage of potentially avoided first major bleedings vs. the percentage of patients 199 

left unnecessarily at risk of recurrent VTE if lower-risk patients were to receive and 200 

high-risk patients were not to receive extended anticoagulant treatment. We 201 

calculated the unweighted benefit (% of avoided first major bleeds minus % of 202 

patients left at risk of VTE recurrence) for each score. We also determined the 203 

weighted net benefit based on the arbitrary assumption that a missed major bleeding 204 

event is 10 times worse than to be left unnecessarily at risk of recurrent VTE (TP-205 

[FP/10])/[TP+TN+FN+FP], where TP refers to the true positive, FP to the false 206 

positive, TN to the true negative, and FN to false negative rate) (25). A positive net 207 

benefit value indicates that the benefit of withholding extended anticoagulation in 208 

patients at high risk of major bleeding (and thus preventing potential bleeding events) 209 

exceeds the risks to develop recurrent VTE. A negative value indicates that the harm 210 

of withholding extended anticoagulation in patients who are at high risk of bleeding 211 

(and thus exposing them to the risk of recurrent VTE) exceeds the potential benefit of 212 

preventing major bleeding events. The statistical analyses were done using Stata 15 213 

(Stata Corporation, College Station, TX, USA).  214 
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RESULTS 215 

Study sample 216 

Of the 1003 patients enrolled in the SWITCO 65+ study, we excluded 12 217 

patients who denied the use of their data or withdrew their consent early after 218 

enrolment. After the additional exclusion of 248 patients who did not continue oral 219 

anticoagulation beyond 3 months after the index VTE or had less than two INR 220 

measurements, our final study sample comprised 743 elderly patients with VTE 221 

receiving extended oral anticoagulation. Excluded patients did not differ from 222 

analyzed patients in terms of age or sex, but were less likely to have pulmonary 223 

embolism as the index VTE (52% vs. 75%; p<0.001). The median age of analyzed 224 

patients was 75 years (interquartile range [IQR] 70-81 years) (Table 1). Patients who 225 

experienced a first major bleeding during extended anticoagulation were more likely 226 

to have had major bleeding during the initial 3 months of anticoagulation, a history of 227 

coronary heart disease, a low physical activity level, or <30% of INR values within the 228 

therapeutic range than patients without major bleeding (Table 1). Among the 10 229 

evaluated scores, only the Seiler, RIETE, and ATRIA scores had significantly higher 230 

median score points in patients with a major bleeding than in those without. 231 

 232 

Comparison of risk classification and bleeding incidences 233 

During a median extended anticoagulation duration of 10.1 months (IQR 3.5-234 

26.6 months), 45 patients (6.1%) experienced a first major and 127 (17.1%) a 235 

clinically relevant bleeding episode. Of the 45 major bleeds, 18 (40%) were 236 

gastrointestinal, 7 (16%) were intracranial, and 2 (4.4%) were fatal. Of the 96 237 

clinically relevant non-major bleedings, the most common bleeding localizations were 238 

(sub-)cutaneous (40%) and urogenital (18%) bleeds, and epistaxis (18%). The 239 

incidence rate of a first major and clinically relevant bleeding was 4.9 (95% 240 
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confidence interval [CI] 3.7-6.6) and 15.0 (95% CI 12.6-17.9) events per 100 patient-241 

years, respectively. The cumulative bleeding incidences at 36 months are shown in 242 

Figure 1. The proportion of patients classified as high-risk varied between 6% (OBRI) 243 

and 94% (ACCP) (Table 2). The incidence rate of a first major bleeding ranged from 244 

0 (ACCP) to 5.0 events per 100 patient-years (OBRI) in lower-risk patients and from 245 

3.4 (OBRI) to 12.2 events per 100 patient-years (Seiler) in high-risk patients (Table 246 

2). The incidence of clinically relevant bleeding varied between 1.7 (ACCP) and 14.5 247 

events per 100 patient-years (OBRI) in lower-risk patients and between 16.0 (ACCP) 248 

and 32.6 events per 100 patient-years (Seiler) in high-risk patients. 249 

 250 

Comparison of predictive accuracy, discriminative power, and calibration 251 

When dichotomized as lower- vs. high-risk, the positive LHR for a first major 252 

bleeding varied between 0.69 (OBRI) and 2.56 (Seiler) (Table 3). The positive LHR 253 

for a first clinically relevant bleeding event ranged from 1.07 (ACCP) to 2.36 (Seiler) 254 

(Table 3). The negative LHRs for major and clinically relevant bleeding were 255 

generally >0.5, with the exception for the ACCP, which showed a negative LHR of 256 

0.17 for major and 0.11 for clinically relevant bleeds. 257 

The discriminative power (area under the ROC curve) of the individual scores 258 

to predict a first major bleeding and a first clinically relevant bleeding varied from 0.47 259 

(OBRI) to 0.70 (Seiler) and from 0.52 (OBRI) to 0.67 (HEMORR₂HAGES), 260 

respectively (Table 4). The calibration of all bleeding risk scores except for the 261 

HEMORR₂HAGES (p=0.01) was adequate (p>0.05). 262 

 263 

Analysis of clinical impact 264 

Based on the assumption that patients classified as high-risk were not to 265 

receive and patients classified as lower-risk were to receive extended 266 



 
 

12 
 

anticoagulation, the unweighted net benefit (i.e., % of potentially avoided first major 267 

bleedings minus % of patients left at risk of VTE recurrence) of the scores ranged 268 

from -81.8% (ACCP) to -5.8% (OBRI). The weighted net benefit, assuming an 269 

unavoided major bleeding event (false negative rate) to be 10 times worse than an 270 

unnecessary exposure to the risk of recurrent VTE (false positive rate), ranged from  271 

-2.7% (ACCP) to 0.8% (Seiler) (Table 5).  272 
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DISCUSSION 273 

Our prospective head-to-head comparison demonstrated that in elderly 274 

patients with VTE most bleeding risk scores did not have an adequate accuracy and 275 

power to discriminate between those with a high risk of bleeding during extended 276 

anticoagulation and those without. Only half of the 10 scores identified a high-risk 277 

group of patients with an annual bleeding rate of ≥6.5% (Seiler, Kuijer, RIETE, 278 

HEMORR₂HAGES, ATRIA), a cut-off that has been used to define a high major 279 

bleeding risk (1). Moreover, only 2 scores demonstrated a positive LHR for major 280 

bleeding (Seiler, RIETE) and clinically relevant bleeding (Seiler, HEMORR₂HAGES) 281 

above 2. A positive LHR above 2 indicates a small, albeit potentially clinically useful 282 

change in post-test probability (26). The discriminative power of the 10 scores for 283 

major bleeding was poor to fair at best, with the area under the ROC curve varying 284 

from 0.47 (OBRI) to 0.70 (Seiler). Interestingly, the predictive performance of most 285 

VTE-specific and non-VTE-specific scores was quite similar. Finally, our results 286 

suggest that many patients would be left at risk of recurrent VTE if only patients 287 

classified as non-high risk were to receive extended anticoagulation. Even if a 288 

avoided major bleeding was assumed to be 10 times worse than to be left at risk of 289 

VTE recurrence, the weighted net benefit of score use was marginal, ranging from     290 

-2.7% (ACCP, worst) to 0.8% (Seiler, best). 291 

Overall, the only score with an acceptable predictive performance for major 292 

bleeding during extended anticoagulation was the Seiler score. This is not 293 

astonishing, given that the Seiler score was specifically developed to predict major 294 

bleeding in elderly patients who receive anticoagulants for >3 months using data from 295 

the same cohort (SWITCO65+) on which the present analysis is based. Thus, the 296 

predictive performance of the Seiler score requires external validation before its use 297 

can be recommended. 298 
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The VTE-BLEED, which was developed to predict bleeding events under 299 

stable anticoagulation (i.e., after the first month) over 6 months using data from 2 300 

randomized trials (mean patient age 55 years), did not perform particularly well in our 301 

cohort of elderly patients, with an area under the ROC curve of 0.57 for major 302 

bleeding compared to a c-statistic of 0.72 in the original derivation cohort (6). 303 

Given the heterogeneity of the scores in terms of number/type of predictors as 304 

well as score weights, the proportion of patients classified as high-risk varied widely 305 

among the bleeding risk scores and ranged from 6% (OBRI) to 94% (ACCP). Thus, 306 

in the elderly with VTE, the clinical usefulness of the OBRI and ACCP score may be 307 

additionally limited by floor and ceiling effects. 308 

To our knowledge, our study is the first comparison of the predictive 309 

performance of clinical bleeding risk scores during extended anticoagulation in 310 

elderly patients with VTE. Our results are consistent with prior studies demonstrating 311 

that OBRI and the Kuijer, RIETE, and Kearon scores also have a poor predictive 312 

performance for the first 3 months of anticoagulant treatment and over the entire 313 

anticoagulation period in elderly patients receiving VKAs for VTE (area under the 314 

ROC curves ranging from 0.49 to 0.60) (23). A prospective cohort study of 1078 very 315 

old patients on VKA treatment for secondary prevention of VTE found a poor 316 

predictive performance for the OBRI, HEMORR₂HAGES, RIETE, HAS-BLED, ATRIA, 317 

and ACCP scores (c-statistic 0.55-0.61) (27). In another prospective study comparing 318 

7 bleeding risk scores in 515 patients receiving VKAs, predictive score performance 319 

was also poor and no better than physicians’ subjective risk assessment (28). Prior 320 

evidence also suggests that bleeding risk models (HEMORR₂HAGES, HAS-BLED, 321 

ATRIA) have a poor discriminative power in elderly patients with atrial fibrillation (c-322 

statistic <0.60 for major bleeding) (29). 323 
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Potential reasons why bleeding risk scores do not perform well in the 324 

anticoagulated elderly include the underrepresentation of older patients in the 325 

derivation studies, non-inclusion of bleeding risk predictors that may be relevant in 326 

the elderly (e.g., physical activity level, polypharmacy, multimorbidity), and a lack of 327 

appropriate statistical derivation techniques (7). However, given the clinical 328 

complexity of many multimorbid, polymedicalized elderly patients, it is also possible 329 

that a static clinical model-based bleeding risk stratification is doomed to failure. If so, 330 

the future research focus should lie on the development of elderly-friendly 331 

anticoagulation strategies using safer direct anticoagulants and reduced treatment 332 

doses and durations (30-32). 333 

Our study has several limitations. First, our analysis included only elderly 334 

patients receiving extended anticoagulation for VTE, and thus our results cannot be 335 

generalized to younger persons or those with other anticoagulation indications. A 336 

study comparing 7 clinical bleeding risk scores in younger patients (mean age 55 337 

years) with VTE who were under stable anticoagulation with warfarin found a higher 338 

discriminative power for bleeding events (c-statistic 0.65-0.78) (6), but others did not 339 

(33). Second, our study patients were all treated with VKAs. Therefore, our findings 340 

may not be applicable to patients treated with direct oral anticoagulants that carry 341 

somewhat lower absolute bleeding risks than VKAs (34). To our knowledge, only one 342 

bleeding risk score, the VTE-BLEED, has been derived in patients treated with a 343 

direct oral anticoagulant (dabigatran) but has not yet been specifically validated in the 344 

elderly with VTE. Third, as we included patients who received anticoagulation 345 

treatment with VKAs only, patients with cancer who may receive extended treatment 346 

with low-molecular-weight heparin rather than with VKAs may be underrepresented 347 

in our study. In addition, we included only surviving patients who were still under 348 

VKAs at 3 months following the index VTE, which may further explain the lower 349 
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proportion of patients with cancer and may have resulted in a lower case-fatality rate 350 

of subsequent major bleeding events (healthy survivor bias). Fourth, because peptic 351 

ulcer disease was not recorded in our database, we assumed this variable to be 352 

normal when calculating the Kearon score. Thus, it is possible that our analysis 353 

underestimated the bleeding risk in the high-risk category of this score. We also 354 

assumed missing score values to be normal, a strategy widely used in the clinical 355 

application of prognostic models (35, 36). Overall, we had few missing values in our 356 

database (see Table 1). Fifth, the number of events per risk group was very low for 357 

several scores (e.g., only 2 major bleeding events in the OBRI high risk group), 358 

resulting in wide confidence intervals. Furthermore, the median extended 359 

anticoagulation duration of 10.1 months was relatively short, whereas anticoagulation 360 

is often continued for years in clinical practice. Thus, we cannot exclude the 361 

possibility that bleeding events at a later time point were missed, which may have 362 

decreased the prognostic performance of scores that were derived using longer 363 

follow-up periods (Kearon, OBRI, HEMORR₂HAGES, ATRIA). Finally, while we 364 

examined score performance during extended anticoagulation (i.e., >3 months after 365 

the index VTE), we based our score calculations on patient baseline characteristics. 366 

Therefore, potential changes in bleeding risk factors (trauma, surgery) during the 367 

initial 3 months or later during follow-up were not taken into account, as they should 368 

be in clinical practice. 369 

In conclusion, our findings indicate that, with the potential exception of the 370 

Seiler score, existing bleeding risk scores do not have sufficient predictive accuracy 371 

and discriminative power to identify elderly patients with VTE who are at high risk of 372 

bleeding during extended treatment with VKAs. Thus, these scores do not appear to 373 

be useful for identifying high-risk patients with VTE who are unsuitable candidates for 374 

extended anticoagulation. 375 
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FIGURE LEGENDS 

Figure 

Panel A) Cumulative incidence of a first major bleeding during extended 

anticoagulation 

Panel B) Cumulative incidence of a first clinically relevant bleeding during extended 

anticoagulation 
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Table 1 Patient baseline characteristics 

 All 
(N = 743) 

Major bleeding 
(N = 45) 

No major 
bleeding 
(N = 698) 

Characteristics* Percentage or median (interquartile range) 
Age, years 75 (70-81) 77 (69-81) 75 (70-81) 
Male sex 53 51 53 
Index VTE event 

 
  

DVT only 25 22 25 
PE ± DVT 75 78 75 
Unprovoked† 69 62 70 
Provoked 21 22 21 
Cancer-related 10 16 9 

Medical history    
History of major bleeding 9 7 9 
Recent major surgery‡ 13 18 13 
Major bleeding during first 3 months of anticoagulation 4 11 3 
Previous gastrointestinal bleeding§ 4 0 5 
History of stroke¶ 9 4 9 
Coronary heart disease 17 31 16 
Recent myocardial infarction** 1 2 0 
Peripheral artery disease 6 13 6 
Arterial hypertension 65 67 65 
Diabetes mellitus 16 9 16 
Chronic renal disease†† 18 27 18 
Chronic liver disease‡‡ 1 22 1 
Chronic lung disease§§ 13 13 13 
Alcohol abuse¶¶ 19 9 20 
Active cancer*** 10 16 9 
Metastatic cancer††† 2 4 2 
Low physical activity‡‡‡ 34 58 32 
High risk of falls§§§ 44 49 43 
Antiplatelet¶¶¶ or NSAID therapy 39 51 38 

Clinical and laboratory findings at baseline    
Systolic blood pressure, mmHg    

≥140 47 40 47 
>160 14 16 13 

Anemia 
 

  
Hb <130g/l in men, Hb<120g/l in women 33 51 32 
Hb <120g/l in men, Hb<110g/l in women 21 29 20 
Hematocrit <30%**** 9 4 9 

Thrombocytopenia (<150G/l) 14 11 14 
Creatinine clearance, ml/min†††† 

 
  

30-60 30 36 29 
<30 5 9 5 

Serum creatinine, µmol/l    
>106 23 33 22 
>133 10 18 9 
≥200 3 7 3 
≥221 3 4 3 

Genetic factors: CYP2C9 variants 33 38 32 
Cont. 
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Cont. 

 All 
(N = 743) 

Major bleeding 
(N = 45) 

No major 
bleeding 
(N = 698) 

Characteristics* Percentage or median (interquartile range) 
Score, number of points    

VTE-BLEED 3.0 (1.5-3.5) 3.0 (1.5-4.5) 3.0 (1.5-3.0) 
Seiler 2.0 (1.0-3.0) 3.0 (2.0-4.0) 2.0 (1.0-3.0) 
Kuijer 2.9 (1.6-2.9) 2.9 (1.6-2.9) 2.9 (1.6-2.9) 
Kearon 2.0 (1.0-3.0) 2.0 (1.5-3.0) 2.0 (1.0-3.0) 
RIETE 2.0 (1.0-3.5) 2.5 (2.0-4.0) 2.0 (1.0-3.5) 
ACCP 4.0 (3.0-6.0) 5.0 (4.0-6.5) 4.0 (3.0-6.0) 
OBRI 1.0 (1.0-2.0) 1.0 (1.0-2.0) 1.0 (1.0-2.0) 
HAS BLED 3.0 (2.0-3.0) 3.0 (2.0-4.0) 3.0 (2.0-3.0) 
HEMORR2AGES 3.0 (2.0-4.0) 3.0 (1.0-4.0) 3.0 (2.0-4.0) 
ATRIA 3.0 (1.0-4.0) 4.0 (2.0-5.5) 3.0 (1.0-4.0) 

Quality of AC during first 3 months on VKA    
<30% of measured INR values in therapeutic range‡‡‡‡ 19 33 19 
Percentage of time in INR range§§§§    

INR <2 21 (7-40) 24 (16-55) 21 (6-40) 
INR 2-3 58 (38-78) 58 (31-72) 58 (39-78) 
INR >3 9 (0-24) 7 (0-23) 9 (0-24) 

Abbreviations: VTE = venous thromboembolism; DVT = deep vein thrombosis; PE = pulmonary embolism; NSAID = non-steroidal 

anti-inflammatory drugs; Hb = haemoglobin; AC = anticoagulation; VKA = vitamin K antagonists; INR = international normalized 

ratio 

*Data were missing for history of major bleeding (0.1%), alcohol abuse (0.4%), physical activity (0.3%), risk of fall (0.1%), blood 

pressure (1.5%), hemoglobin (6.5%), thrombocyte count (6.6%), serum creatinine level (7.9%), and genetic factors (10%) 

†VTE that is not associated with an environmental risk factor 

‡Surgery requiring general or spinal anaesthesia during the last 3 months 

§Any previous gastrointestinal bleeding leading to hospital admission or transfusions 

¶History of ischemic or hemorrhagic stroke, or a transient ischemic attack 

**Myocardial infarction with or without ST-elevation (STEMI or NSTEMI) during the last 3 months 

††Chronic renal failure (requiring haemodialysis or not), such as diabetic or hypertensive nephropathy, chronic glomerulonephritis, 

chronic interstitial nephritis, myeloma-related nephropathy, or cystic kidney disease 

‡‡Liver cirrhosis, chronic hepatitis, chronic liver failure, or hemochromatosis 

§§Chronic obstructive pulmonary disease (COPD), active asthma, lung fibrosis, cystic fibrosis, or bronchiectasis 

¶¶Consumption of >8 units of alcoholic beverages per week 

***Solid or hematologic cancer treated with chemotherapy, radiotherapy, surgery, or palliative care during the last 3 months; local 

skin tumors such as basal cell carcinomas and spinal cell carcinomas were not considered as cancer 

†††Active cancer with known metastases 

‡‡‡The patient is either mostly sitting/lying and does not move a lot, or often walks but avoids to climb stairs or to carry light 

weight < 5 kg (self-reported) 

§§§≥1 of following screening questions answered with yes: (i) Did you fall during the last year? (ii) Did you notice any problems with 

gait, balance, or mobility? 

¶¶¶Co-medication with aspirin, clopidogrel, prasugrel, or ticagrelor 

****Calculated by multiplying the hemoglobin level in g/l by 0.3 

††††Calculated based on the Cockroft-Gault formula 

‡‡‡‡INR 2.0-3.0 

§§§§Based on the Rosendaal linear interpolation method (21)  
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Table 2 Risk classification and incidence rates of a first major and clinically relevant bleeding 
episode during extended anticoagulation* 

 

Abbreviations: AC = anticoagulation; IQR = interquartile range; py = patient-years; CI = confidence interval 

*Extended anticoagulation is the period between day 90 after the index VTE and the end of the initially prescribed anticoagulant 

treatment 

†3-level scores were dichotomized as lower (low- or moderate risk) vs. high risk   

 Risk 
classification 

Major bleeding 
(n=45) 

Clinically relevant bleeding  
(n=127) 

Prediction score 
category † 

n % n 
Median 
duration of AC, 
months (IQR) 

Incidence 
rates per 
100py 
(95% CI) 

n 
Median 
duration of AC, 
months (IQR) 

Incidence rates 
per 100py 
(95% CI) 

VTE-BLEED         
Lower risk 244 33 12 10.2 (3.4-26.7) 3.9 (2.2-6.9) 33 9.5 (3.2-23.4) 11.6 (8.2-16.3) 
High risk 499 67 33 10.0 (3.5-26.5) 5.4 (3.8-7.6) 94 8.7 (3.3-21.8) 16.7 (13.7-20.5) 

Seiler         
Lower risk 630 85 29 10.0 (3.5-26.6) 3.7 (2.6-5.3) 90 9.1 (3.4-24.2) 12.3 (10.0-15.1) 
High risk 113 15 16 10.4 (3.3-22.6) 12.2 (7.5-19.9) 37 7.6 (2.8-20.8)  32.6 (23.6-45.0) 

Kuijer         
Lower risk 672 90 38 10.2 (3.6-26.7) 4.5 (3.3-6.2) 109 9.3 (3.4-23.7)  13.9 (11.5-16.8) 
High risk 71 10 7 7.0 (2.8-20.9) 9.5 (4.5-19.8) 18 5.9 (2.4-20.7)  28.0 (17.6-44.4) 

Kearon         
Lower risk 529 71 31 9.7 (3.5-26.5) 4.8 (3.4-6.8) 81 8.8 (3.3-22.4)  13.5 (10.9-16.8) 
High risk 214 29 14 12.7 (3.5-26.7) 5.1 (3.0-8.6) 46 9.3 (3.1-22.9)  18.5 (13.9-24.7) 

RIETE         
Lower risk 675 91 37 10.2 (3.5-26.6) 4.4 (3.2-6.1) 109 9.2 (3.3-23.7)  14.0 (11.6-16.9) 
High risk 68 9 8 8.8 (3.5-21.0) 10.5 (5.3-21.0) 18 5.9 (3.3-20.8)  26.7 (16.8-42.4) 

ACCP         
Lower risk 45 6 0 8.9 (3.7-27.6) 0.0 (-) 1 8.9 (3.7-27.6) 1.7 (0.2-12.2) 
High risk 698 94 45 10.2 (3.5-26.5) 5.2 (3.9-7.0) 126 9.0 (3.3-21.8)  16.0 (13.4-19.0) 

OBRI         
Lower risk 696 94 43 9.9 (3.5-26.6) 5.0 (3.7-6.7) 115 8.9 (3.3-22.8) 14.5 (12.1-17.4) 
High risk 47 6 2 12.8 (4.5-26.8) 3.4 (0.8-13.4) 12 10.4 (3.8-21.2) 22.4 (12.7-39.4) 

HAS-BLED         
Lower risk 350 47 19 9.9 (3.6-26.5) 4.4 (2.8-7.0) 47 9.0 (3.3-23.9)  11.6 (8.7-15.5) 
High risk 393 53 26 10.5 (3.5-26.7) 5.3 (3.6-7.8) 80 9.0 (3.3-21.5)  18.1 (14.5-22.5) 

HEMORR₂HAGES         
Lower risk 539 73 26 9.8 (3.5-26.4) 4.0 (2.7-5.8) 61 9.3 (3.4-23.9)  9.7 (7.6-12.5) 
High risk 204 27 19 12.4 (3.7-26.8) 7.2 (4.6-11.3) 66 7.7 (3.0-21.0)  29.9 (23.5-38.0) 

ATRIA         
Lower risk 571 77 27 10.3 (3.6-26.7) 3.8 (2.6-5.5) 88 9.3 (3.4-24.7) 13.2 (10.7-16.2) 
High risk 172 23 18 9.9 (3.3-22.5) 9.0 (5.7-14.3) 39 7.1 (3.0-20.9) 21.9 (16.0-30.0) 
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Table 3 Accuracy for predicting a first major and clinically relevant bleeding during extended 
anticoagulation* 
 

Positive LHR (95% CI) Negative LHR (95% CI) 
First major bleeding 
    VTE-BLEED 1.10 (0.91-1.32) 0.80 (0.49-1.32) 
    Seiler  2.56 (1.66-3.95) 0.75 (0.60-0.93) 
    Kuijer  1.70 (0.83-3.48) 0.93 (0.82-1.06) 
    Kearon  1.09 (0.69-1.70) 0.97 (0.79-1.18) 
    RIETE  2.07 (1.05-4.06) 0.90 (0.78-1.03) 
    ACCP  1.07 (1.05-1.09) 0.17 (0.01-2.67) † 
    OBRI 0.69 (0.17-2.75) 1.02 (0.96-1.09) 
    HAS-BLED  1.10 (0.85-1.42) 0.89 (0.63-1.26) 
    HEMORR₂HAGES  1.59 (1.11-2.29) 0.79 (0.61-1.01) 
    ATRIA  1.81 (1.23-2.66) 0.77 (0.60-0.98) 
First clinically relevant bleeding 
    VTE-BLEED  1.13 (1.00-1.27) 0.76 (0.55-1.04) 
    Seiler  2.36 (1.68-3.33) 0.81 (0.72-0.91) 
    Kuijer  1.65 (1.00-2.71) 0.94 (0.87-1.01) 
    Kearon  1.33 (1.02-1.73) 0.88 (0.76-1.01) 
    RIETE  1.75 (1.06-2.89) 0.93 (0.87-1.01) 
    ACCP  1.07 (1.04-1.10) 0.11 (0.02-0.79) 
    OBRI 1.66 (0.89-3.11) 0.96 (0.90-1.02) 
    HAS-BLED  1.24 (1.06-1.45) 0.75 (0.59-0.96) 
    HEMORR₂HAGES  2.32 (1.86-2.90) 0.62 (0.51-0.75) 
    ATRIA  1.42 (1.05-1.92) 0.88 (0.78-1.00) 

 
Abbreviations: LHR = likelihood ratio; CI = confidence interval 

*Extended anticoagulation is the period between day 90 after the index VTE and the end of the initially prescribed 

anticoagulant treatment 

† Computed using the continuity correction 
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Table 4 Discriminative power to predict a first major and clinically relevant bleeding during 
extended anticoagulation* and score calibration 

 
Area under the 
ROC curve (95% CI) 

p-value† Score calibration‡ 

First major bleeding    
    VTE-BLEED 0.57 (0.53-0.61) 0.11 0.11 
    Seiler 0.70 (0.66-0.73) <0.001 0.20 
    Kuijer 0.55 (0.51-0.59) 0.23 0.71 
    Kearon 0.53 (0.50-0.57) 0.41 0.93 
    RIETE 0.63 (0.59-0.66) <0.001 0.95 
    ACCP 0.59 (0.55-0.62) 0.03 0.14 
    OBRI 0.47 (0.43-0.51) 0.37 0.92 
    HAS-BLED 0.54 (0.50-0.58) 0.41 0.65 
    HEMORR₂HAGES 0.57 (0.53-0.60) 0.16 < 0.001 
    ATRIA 0.61 (0.57-0.64) 0.02 0.21 
First clinically relevant bleeding    
    VTE-BLEED 0.58 (0.55-0.62) <0.001 0.64 
    Seiler 0.66 (0.62-0.69) <0.001 0.72 
    Kuijer 0.54 (0.50-0.57) 0.19 0.52 
    Kearon 0.58 (0.54-0.61) <0.001 0.63 
    RIETE 0.62 (0.58-0.65) <0.001 0.49 
    ACCP 0.65 (0.61-0.68) <0.001 0.26 
    OBRI 0.52 (0.48-0.56) 0.41 0.22 
    HAS-BLED 0.60 (0.56-0.63) <0.001 0.42 
    HEMORR₂HAGES 0.67 (0.63-0.70) <0.001 0.01 
    ATRIA 0.60 (0.56-0.63) <0.001 0.40 

 
Abbreviations: ROC = receiver operator characteristic, CI = confidence interval 

*Extended anticoagulation is the period between day 90 after the index VTE and the end of the initially prescribed 

anticoagulant treatment 

†A value <0.05 indicates that the discriminative power to predict a first bleeding event is statistically significantly different 

from chance (i.e. an area under the ROC curve of 0.5) 

‡p-values from Pearson chi-square goodness-of-fit test
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Table 5 Net benefit of score use 
 

Risk score 
TP TN FN FP 

Percentage 
of 

potentially 
avoided 
major 

bleedings* 

Percentage 
of patients 

left 
unnecessarily 

at risk of 
recurrent 

VTE† 

Unweighted 
net benefit‡ 

Weighted 
net benefit§ 

n % 

VTE-BLEED 33 232 12 466 4.4 62.7 -58.3 -1.8 

Seiler 16 601 29 97 2.2 13.1 -10.9 0.8 

Kuijer 7 634 38 64 0.9 8.6 -7.7 0.1 

Kearon 14 498 31 200 1.9 26.9 -25.0 -0.8 

RIETE 8 638 37 60 1.1 8.1 -7.0 0.3 

ACCP 45 45 0 653 6.1 87.9 -81.8 -2.7 

OBRI 2 653 43 45 0.3 6.1 -5.8 -0.3 

HAS-BLED 26 331 19 367 3.5 49.4 -45.9 -1.4 

HEMORR₂HAGES 19 513 26 185 2.6 24.9 -22.3 0.1 

ATRIA 18 544 27 154 2.4 20.7 -18.3 0.3 

 
Abbreviations: TP = true positive; TN = true negative; FN = false negative; FP = false positive; VTE = venous 

thromboembolism 

*Potentially avoided major bleedings if high-risk patients were not to receive and non-high-risk patients were to receive 

extended anticoagulation (TP/[TP+FP+TN+FN]) 

†Based on the assumption that extended anticoagulation would be withheld in all high-risk patients, thus unnecessarily 

exposing those who do not develop bleeding complications to the risk of VTE recurrence (FP/[TP+FP+TN+FN]) 

‡Percentage of potentially avoided first major bleedings minus the percentage of patients left at risk of recurrent VTE 

§Net benefit assuming that a missed major bleeding is 10 times worse than to be unnecessarily left at risk of recurrent VTE 

(TP-[FP/10])/[TP+TN+FN+FP]) 
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APPENDIX 

Appendix Table Bleeding risk scores 

Score a. Design of derivation 
study 

b. Sample size 
c. Patient age 
d. Length of follow-up 
e. Indication for AC 

Variables Score 
points 

Outcome definition of bleeding Risk categories 

VTE-
BLEED 
(6) 

a. Retrospective Active cancer 2 Major bleeding according to the 
International Society on 
Thrombosis and Haemostasis 
(ISTH) (22) (22)* 

Low risk <2 points 

 b. 2553 Male patient with 
uncontrolled hypertension 

1 High risk ≥2 points 

 c. 55 years (average) Anemia 1.5   
 d. 6 months History of bleeding 1.5   
 e. VTE Renal dysfunction 1.5   
  Age ≥60 years 1.5   
Seiler 
(7) 

a. Retrospective Previous major bleeding 1 Major bleeding, according to the 
ISTH (22) 

Low risk 0-1 points 

 b. 743 Active cancer 1 Moderate 
risk 

2-3 points 

 c. 75 years (median) Low physical activity 2 High risk ≥4 points 
 d. 16 months (median) Anemia 1   
 e. VTE Thrombocytopenia 1   
  Antiplatelet drugs or NSAIDs 1   
  Poor INR control 1   
Kuijer 
(8) 

a. Retrospective Age ≥60 years 1.6 Major bleeding, defined as 
decline in hemoglobin 
concentration of ≥20 g/l, need for 
transfusion of ≥2 units of red 
blood cells, located 
retroperitoneal or intracranial, or 
warranting a permanent 
discontinuation of treatment 

Low risk 0 points 

 b. 241 Female sex  1.3 Moderate 
risk 

1-2 points 

 c. 63 years (average) Malignancy 2.2 High risk ≥3 points 
 d. 3 months     
 e. VTE     

Kearon 
(9) 

a. Prospective Age ≥65 years 1 Major bleeding according to the 
ISTH (22) 

Low risk 0-1 points 

 b. 738 Prior stroke 1 Moderate 
risk 

2 points 

 c. 57 years (average) Prior peptic ulcer disease 1 High risk ≥3 points 
 d. 2.4 years (average) Prior gastrointestinal bleeding 1   
 e. Unprovoked VTE Creatinine >1.5 mg/dl 

(=133µmol/l) 
1   

  Anemia or thrombocytopenia 1   
  Liver disease 1   
  Diabetes mellitus 1   
  Antiplatelet therapy 1   
RIETE 
(10) 

a. Retrospective Recent major bleeding 2 Major bleeding, defined as fatal 
bleeding, or bleeding requiring 
transfusion of ≥2 units of blood 
or located retroperitoneal, spinal 
or intracranial 

Low risk 0 points 

 b. 13 057 Creatinine >1.2mg/dl 
(=106µmol/l) 

1.5 Moderate 
risk 

1-4 points 

 c. 66 years (average) Anemia 1.5 High risk >4 points 
 d. 3 months Malignancy 1   
 e. VTE Clinically overt pulmonary 

embolism 
1   

Cont. 
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Cont. 
Score a. Design of derivation 

study 
b. Sample size 
c. Patient age 
d. Length of follow-up 
e. Indication for AC 

Variables Score 
points 

Outcome definition of 
bleeding 

Risk categories 

ACCP (1) Combined evidence from 
many previous studies 

Age >65 years 1 No uniform definition of 
bleeding (combination of 
many previous studies) 

Low risk 0 points 

  Age >75 years 1 Moderate 
risk 

1 point 

  Previous bleeding 1 High risk ≥2 points 
  Cancer 1   
  Metastatic cancer 1   
  Renal failure 1   
  Liver failure 1   
  Thrombocytopenia 1   
  Previous stroke 1   
  Diabetes mellitus 1   
  Anemia 1   
  Antiplatelet therapy 1   
  Poor anticoagulant control 1   
  Comorbidity 1   
  Recent surgery 1   
  Frequent falls 1   
  Alcohol abuse 1   
OBRI (15) a. Retrospective Age ≥65 years 1 Major bleeding, defined 

as overt bleeding that 
led to the loss of at least 
2 units in 7 days or less, 
or was otherwise life-
threatening (e.g. 
intracranial bleeding) 

Low risk 0 points 
 b. 556 History of stroke 1 Moderate 

risk 
1-2 points 

 c. 61 years (average) History of gastrointestinal 
bleeding 

1 High risk 3-4 points 

 d. 48 months Specific comorbidities  
  - Recent myocardial 
infarction 
  - Severe anemia 
  - Renal insufficiency 
  - Diabetes mellitus 

1   

 e. Mixed (VTE in 15%)     
HAS-BLED 
(12) 

a. Prospective Hypertension 1 Major bleeding, defined 
as any bleeding requiring 
hospitalization and/or 
causing a decrease in 
hemoglobin level of ≥20 
g/l and/or requiring 
blood transfusion and 
that was not a 
hemorrhagic stroke 

Low risk 0 points 

 b. 2115 Abnormal renal or liver 
function 

1 or 
2 

Moderate 
risk 

1-2 points 

 c. 66.8 years (average) Stroke 1 High risk ≥3 points 
 d. 1 year Bleeding history or 

predisposition 
1   

 e. AF Labile INR on vitamin K 
antagonists 

1   

  Elderly 1   
  Drugs or alcohol 1 or 

2 
  

Cont. 
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Abbreviations: AC = anticoagulation; VTE = venous thromboembolism; NSAID = non-steroidal anti-inflammatory drugs; INR = 

international normalized ratio; AF = atrial fibrillation 

*major bleeding defined as fatal bleeding, symptomatic bleeding in a critical area (intracranial, intraspinal, intraocular, 

retroperitoneal, intraarticular, pericardial, intramuscular with compartment syndrome), or bleeding resulting in a drop of the 

hemoglobin level of ≥20 g/l or leading to transfusion of ≥2 units of red blood cells 

 

Cont. 
Score a. Design of derivation 

study 
b. Sample size 
c. Patient age 
d. Length of follow-up 
e. Indication for AC 

Variables Score 
points 

Outcome definition of 
bleeding 

Risk categories 

HEMORR₂HAGES 
(13) 

a. Retrospective Hepatic or renal disease 1 Hospitalization for 
hemorrhage based on 
ICD-9-CM codes 

Low risk 0-1 
points 

 b. 1 604 Ethanol abuse 1 Moderate 
risk 

2-3 
points 

 c. 79 years (average) Malignancy 1 High risk ≥4 points 
 d. 36 months Older age 1   
 e. AF Reduced platelet count or 

function 
1   

  Rebleeding risk 1   
  Hypertension (uncontrolled) 1   
  Anemia 1   
  Genetic factors 1   
  Excessive fall risk 1   
  Stroke 1   
ATRIA (14) a. Retrospective Anemia 3 Major bleeding 

according to ISTH (22) 
Low risk 0-3 

points 
 b. 6 123 Severe renal disease 3 Moderate 

risk 
4 points 

 c. Majority >65years Age ≥75 years 2 High risk 5-10 
points 

 d. 3.5 years Any prior hemorrhage 
diagnosis 

1   

 e. AF Diagnosed hypertension 1   
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