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j Department of Angiology, Azienda Ospedaliera Universitaria, Parma, Italy
k Department of Cardiology, Massachusetts General Hospital, Boston, MA, USA
l Chair for the Study of Thromboembolic Disease, Faculty of Health Sciences, UCAM – Universidad Católica San Antonio de Murcia, Spain

a  r t i  c l e  i n  f  o

Article history:

Received 29 November 2023

Accepted 28 December 2023

Available online 3 January 2024

Keywords:

Pulmonary embolism

Venous thromboembolism

Anticoagulation

Mortality

Bleeding

Recurrences

a b  s t  r a  c t

Introduction:  Although  older  adults  represent  a  significant proportion  of patients  with  venous throm-

boembolism  (VTE),  the data  on the  impact of age-related differences in  the  clinical  presentation,

management,  and outcomes  of VTE  are  scarce.

Methods: We analyzed data  from the  RIETE  registry  database,  an  ongoing  global  observational  registry

of patients  with  objectively confirmed VTE, to compare  patient characteristics,  clinical  presentation,

treatments,  and  outcomes  between elderly (≥70 years) vs.  non-elderly  (<70 years)  patients.

Results: From  January 2001 to March 2021,  100,000  adult  patients were  enrolled in RIETE.  Elderly  patients

(47.9%) were  more  frequently  women (58.2%  vs. 43.5%),  more  likely had  unprovoked  VTE  (50.5% vs. 45.1%)

and  most often  presented with  severe renal  failure (10.2%  vs. 1.2%)  and  acute  pulmonary  embolism

(PE)  (vs.  deep vein  thrombosis) (54.3%  vs. 44.5%) compared  to non-elderly  patients (p  <  0.001  for  all

comparisons). For  the  PE  subgroup, elderly patients more frequently had non-low  risk  PE (78.9%  vs. 50.7%;

p <  0.001), respiratory failure  (33.9%  vs. 21.8%;  p <  0.001) and  myocardial injury  (40.0%  vs.  26.2%;  p <  0.001)

compared  to  non-elderly  patients. Thrombolysis  (0.9% vs. 1.7%; p  <  0.001) and  direct oral anticoagulants

(8.8%  vs. 11.8%; p <  0.001)  were  less  frequently administered to  elderly  patients.  Elderly  patients  showed

a significantly  higher  30-day  all-cause  mortality  (adjusted  odds  ratio [OR] 1.36,  95%CI:  1.22–1.52)  and

major  bleeding (OR, 2.08;  95%CI,  1.85–2.33),  but  a  lower risk  of 30-day VTE  recurrences  (OR,  0.62,  95%CI,

0.54–0.71).

Conclusions: Compared  with  non-elderly patients,  elderly  patients  had  a  different VTE  clinical  profile.

Advanced  therapies  were  less  frequently  used in older  patients.  Age was  an independent  predictor  of

mortality.
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Introduction

Venous thromboembolism (VTE), which includes deep vein

thrombosis (DVT) and pulmonary embolism (PE), remains a world-

wide major health problem. The annual incidence of VTE in the

general population is  estimated as around 1–2 cases per 1000

persons,1,2 which progressively increases with the patient’s age.3–5

A significant proportion of patients with VTE are elderly,6–8 but

our knowledge of the impact of age on the presentation, manage-

ment, and outcomes of VTE is  still limited.6,9,10 Older age has been

related to worse outcomes in VTE, which can be partly explained

by a higher comorbidity burden and a  lower cardiopulmonary

reserve.4,11 Defining age-related differences in the presentation

and natural history of VTE is therefore critical to improving our

comprehension of the disease’s epidemiology and optimizing its

management.12,13 Nevertheless, older patients are underrepre-

sented in clinical trials and few data are available on the differential

effect of pharmacological and interventional therapies for VTE

in terms of age subgroups.13–15 Increasing morbidities, frailty,

polypharmacy, and age-related changes in pharmacokinetics are

crucial factors associated with elderly people in “real-world” clini-

cal practice.16

Clinical registries are  an excellent source of information that

enables us to address this critical gap in  our knowledge. The RIETE

(Registro Informatizado de Enfermedad TromboEmbólica)  registry is

the largest ongoing, observational, multicenter, and international

registry of consecutive patients with objectively confirmed acute

VTE.17 This registry, created in Spain in 2001, initially focused on

DVT and PE in Spain, in order to explore the natural history of VTE

in patients with special conditions who  are usually excluded from

randomized clinical trials, and learn how to prevent and treat this

disease more effectively.18 The registry subsequently expanded to

embrace several other countries and other forms of VTE, includ-

ing superficial vein thrombosis, splanchnic vein thrombosis, retinal

vein thrombosis, and cerebral vein thrombosis. The RIETE registry

recently reached the milestone of 100,000 enrolled patients with

confirmed acute VTE, collected from 421 collaborating centers dis-

tributed among 31 countries (Fig.  1).

Therefore, the aim  of the current study was  to compare the

baseline clinical characteristics, initial VTE presentation, treatment

strategies, and outcomes between elderly (≥70 years) and non-

elderly (<70 years) patients in  the first 100,000 patients with acute

VTE enrolled in the RIETE registry.

Methods

Study design and oversight

We conducted a  study of prospectively recruited adult patients

enrolled in RIETE who had objectively confirmed symptomatic

or asymptomatic VTE. The rationale and methodology have been

already reported elsewhere.17

Patient selection

The patients were screened on each participating site by the

site investigators and checked for their eligibility. Consecutive

patients enrolled in the RIETE from January 1, 2001 onwards

were included. Confirmatory testing included high-probability

ventilation-perfusion scintigraphy,19 positive contrast-enhanced,

PE-protocol, helical chest computed tomography (CT) for PE  (sin-

gle or multidetector CT),20 or venous compression ultrasonography

positive for proximal and distal DVT.21 Patients were excluded

if they were currently participating in a  therapeutic clinical trial

with a blinded therapy. Patients with distal DVT or  thrombosis on

unusual sites were not excluded, and nor were those with inciden-

tal (symptomatic or  asymptomatic) VTE.

Variables and definitions

Baseline characteristics around the time of VTE diagnosis

included demographics, coexisting or underlying conditions and

therapies, risk factors for VTE, and the initial VTE presentation.

The type, dose, and duration of anticoagulation therapy upon VTE

diagnosis were also recorded.

Elderly patients were defined as those who  were aged 70 years

or more.7,22,23 Surgical patients were defined as those who had

undergone major surgery in the 2 months prior to VTE. Immo-

bilized patients were defined as non-surgical patients who had

been recently assigned to  bed rest with or  without bathroom priv-

ileges for ≥4 days in  the 2-month period prior to VTE diagnosis.

Active cancer was  defined as newly diagnosed cancer or the admin-

istration of anti-neoplastic treatment of any type (i.e., surgery,

chemotherapy, radiotherapy, hormonal, support therapy, or  com-

bined therapies). High body weights were defined as 100 kg or

more. Unprovoked VTE was  considered in the absence of active

cancer, recent immobility, surgery, estrogen use, pregnancy, post-

partum, or  long-term travel. Anemia was defined as hemoglobin

levels < 13 g/dL for men  and <12 g/dL for women.24 Asymptomatic

VTE was considered in patients with no VTE symptoms who were

subjected to imaging tests for other reasons. Creatinine clearance

levels were measured using the Cockroft-Gault formula. Renal fail-

ure was  defined as creatinine clearance <  60 mL/min, and as severe

with a  creatinine clearance < 30 mL/min. Patients initially present-

ing with PE were categorized according to the simplified Pulmonary

Embolism Severity Index (sPESI) and identified as low-risk PE, when

the sPESI was  0 points.25 Extension of pulmonary artery clots were

defined as proximal when the filling defects were found in central,

main and/or lobar pulmonary arteries, and peripheral when only

occurring in  segmental and/or subsegmental arterial branches.

Study outcomes

The primary outcome was  30-day all-cause mortality. Sec-

ondary outcomes included (1) PE-related mortality, which was

defined, in the absence of autopsy, as any death appearing within 10

days of a  symptomatic, objectively confirmed PE  event; (2) symp-

tomatic recurrent VTE, confirmed by a  confirmatory imaging test;

(3) major bleeding (bleeding occurring on a  critical site [retroperi-

toneal, spinal, or intracranial], bleeding requiring transfusion of  at

least two  units of blood, or fatal bleeding) within the 30-days of

follow-up26; (4) clinically relevant non-major bleeding (CRNMB),

when the bleeding required medical assistance but did not  meet the

criteria for major bleeding; and (5) arterial ischemic events (i.e.,

ischemic stroke, myocardial infarction or limb amputation). We

also examined rates of all-cause and PE-related mortality, recur-

rent VTE and major bleeding within 90 days of the diagnosis of

VTE.

Treatment and follow-up

Patients were managed according to the current clinical prac-

tice of each participating hospital. Patients were followed up for a

minimum of three months, although a  longer follow-up was  rec-

ommended, whenever possible. During this period, each episode

of clinically suspected recurrent VTE was investigated by  repeat

imaging studies, as appropriate.
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Fig. 1. Worldwide distribution of patients and participating centers (heat map  figure with the  distribution of the first 100,000 patients).

Statistical analysis

The present report adheres to the Strengthening the Reporting

of Observational Studies in Epidemiology (STROBE) Statement.27

Summary statistics were calculated for all the patients’ vari-

ables. Variables with >2% and <5% of missing data were imputed.

We imputed these variables’ missing data (e.g., isolated lower-

limb DVT, isolated upper-extremity DVT) using the multiple

imputations.28 We  used unpaired two-tailed t-tests or the

Mann–Whitney U test (for those variables found not to  follow a  nor-

mal  distribution) for comparisons in the distributions of continuous

variables between elderly or non-elderly patients, and chi-squared

or Fisher’s exact tests to compare categorical data between both

groups.

Incidence rates of recurrent VTE, bleedings, and death were

compared using the odds ratio (OR) and 95% confidence intervals

(CI). The impact of age (i.e., elderly vs.  non-elderly) on primary out-

come was evaluated using univariable and multivariable logistic

regression. For multivariable models, we considered factors previ-

ously demonstrated to be prognostically significant or  thought to

be clinically important, as well as covariates identified in  bivariable

analyses as predictors of mortality.

Statistical analysis was carried out using SPSS software, ver-

sion 25 (SPSS, Inc., Chicago, IL, USA), and a  two-sided p <  0.05 was

considered to be statistically significant.

Results

As of March 2021, RIETE reached 100,000 patients with con-

firmed VTE. Of these, 50,560 (50.6%) patients were women, and

47,884 (47.9%) were elderly patients. Overall, 51,849 (51.8%) pre-

sented with PE, 39,403 (39.4%) with isolated lower-limb DVT, 2169

(2.2%) with isolated upper-extremity DVT, 1848 (1.8%) with super-

ficial vein thrombosis and 4007 (4.0%) with VTE on other sites (e.g.,

retinal, cerebral sinus). Overall, 3855 (3.9%) acute VTE patients were

incidentally identified.

Clinical characteristics

Male gender (41.8% vs. 56.5%) and high body weights (2.4% vs.

10.1%) were less common in elderly patients than in non-elderly

patients (p < 0.001 for all comparisons). Compared with non-elderly

patients, elderly patients were more likely to be immobilized (26.2%

vs. 17.4%), and less likely to have recent surgery (8.8% vs. 13%) or a

prolonged travel (1.2% vs. 3.8%) prior to the VTE episode (p < 0.001

for all comparisons). Active cancer at baseline was observed in

18.9% and 20.0% of elderly and non-elderly patients, respectively.

Moreover, elderly patients were more likely to  have an unprovoked

VTE (50.5% vs. 45.1%; p < 0.001). Medical co-morbidities were more

frequently observed in older patients, including chronic heart and

lung disease (10.7% vs. 2.5%; and 14.8% vs. 7.7%, respectively), dia-

betes (15.2% vs. 8.2%), systemic hypertension (48.3% vs.  22.3%), and

peripheral artery disease (5.0% vs. 2.3%) (p <  0.001 for all compar-

isons). Overall, renal failure at baseline was  observed in 58.7% and

9.3% of elderly and non-elderly patients, respectively, and severe

renal dysfunction was  observed in 10.2% of elderly patients (vs.

1.2% in  non-elderly; p <  0.001) (Table 1).

Initial VTE presentation and length of hospital stay

In comparison with non-elderly patients, acute symptomatic PE

(54.3% vs. 44.5%; p  <  0.001) and non-low risk PE (78.9% vs. 50.7%;

p <  0.001) were more common in  elderly patients, whereas inciden-

tal VTE was  less common (3.6% vs. 4.1%; p <  0.001) (Table 2). The

mean length of hospital stay was  higher in non-elderly patients

(9.8 vs. 9.1 days, p  <  0.001) (Table 3).

Elderly patients with PE  were more likely to  present with

syncope (16.4% vs. 11.7%), oxygen saturation <  90% (33.9% vs.

21.8%), and elevated troponin levels (40.0% vs. 26.2%) (p <  0.001

for all comparisons). Nevertheless, a comparable proportion of

patients had hemodynamically unstable PE (i.e., systolic blood pres-

sure <  90 mmHg) at presentation (3.4% vs. 3.1%) (Table 2).
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Table  1

Clinical characteristics at baseline in the first 100,000 patients with acute VTE enrolled in the RIETE registry, according to  age.

Total, N ≥70 years <70 years

General registry data 47,884 52,116

Enrolling centers 421 397 (94.3%) 410 (97.4%)

Participating countries 31 30 (96.8%) 31 (100%)

Demographic characteristics

Male sex 49,440 20,009 (41.8%)‡ 29,431 (56.5%)

Weight  (mean kg ± SD) 76 ± 16 72 ± 14‡ 79 ± 18

Weight < 60 kg 11,997 6722 (14.0%)‡ 5275 (10.1%)

Weight  > 100 kg 6405 1161 (2.4%)‡ 5244 (10.1%)

Disposition

Inpatients 27,431 13,371 (27.9%)‡ 14,060 (27.0%)

Risk  factors for VTE

Active cancer 19,459 9041 (18.9%)‡ 10,418 (20.0%)

Recent  surgery 10,843 4224 (8.8%)‡ 6619 (12.7%)

Recent  immobility for ≥4 days 21,635 12,565 (26.2%)‡ 9070 (17.4%)

Prolonged  travel ≥6 h 2484 556 (1.2%)‡ 1928 (3.8%)

Hormonal use 5575 898 (1.9%)‡ 4677 (9.2%)

Pregnancy or postpartum 1235 0‡ 1235 (2.4%)

Unprovoked (none of the above)a 47,677 24,187 (50.5%)‡ 23,490 (45.1%)

Prior  VTE 14,460 7146 (14.9%)‡ 7314 (14.0%)

Leg  varicosities 16,571 9129 (19.1%)‡ 7442 (14.3%)

Concomitant disorders

Chronic heart failure 6394 5116 (10.7%)‡ 1278 (2.5%)

Chronic  lung disease 11,144 7107 (14.8%)‡ 4037 (7.7%)

Diabetes 11,574 7282 (15.2%)‡ 4292 (8.2%)

Hypertension 34,756 23,131 (48.3%)‡ 11,625 (22.3%)

Prior  myocardial infarction 4958 3465 (7.2%)‡ 1493 (2.9%)

Prior  ischemic stroke 4625 3498 (7.3%)‡ 1127 (2.2%)

Peripheral artery disease 2555 1653 (5.0%)‡ 902 (2.3%)

Recent major bleeding 2438 1265 (2.6%)‡ 1173 (2.3%)

Liver  disease 513 184 (0.4%)‡ 329 (0.6%)

Dementia/depression 8029 5822 (12.2%)‡ 2207 (4.2%)

Blood  tests

Anemia 34,682 18,263 (38.1%)‡ 16,419 (31.5%)

Platelet  count < 100,000/mm3 2614 1212 (2.5%) 1402 (2.7%)

CrCl levels < 60 mL/min 32,913 28,089 (58.7%)‡ 4824 (9.3%)

CrCl  levels < 30 mL/min 5507 4867 (10.2%)‡ 640 (1.2%)

Comparisons between patients <  70 years and older than 70 years.

*p  < 0.05.
†p < 0.01.

‡ p < 0.001.

Abbreviations: VTE, venous thromboembolism; PE, pulmonary embolism; SBP, systolic blood pressure; bpm, beats per minute; S, segmentary; sPESI, simplified Pulmonary

Embolism Severity Index; SS,  subsegmentary; DVT, deep vein thrombosis.
a Unprovoked VTE was  considered in the absence of active cancer, recent immobility, surgery, estrogen use, pregnancy, postpartum, or long-term travel.

Pharmacological and reperfusion therapies

For initial therapy, most patients in both subgroups received

low-molecular-weight heparin (LMWH) as initial therapy (88.4%

of elderly and 84.4% of non-elderly patients, respectively) but

elderly patients were less likely to  receive direct oral anticoagu-

lants (DOAC) (2.1 vs. 4.0%, p  < 0.001) and fondaparinux (1.6% vs.

2.5%, p < 0.001) than non-elderly patients.

As regards the use of advanced therapies and supportive

measures, elderly patients received reperfusion treatment less fre-

quently, including systemic thrombolysis (0.9% vs. 1.7%, p  < 0.001)

and catheter-directed therapies (0.7% vs. 1.4%, p  <  0.001). More-

over, use of inferior vena cava (IVC) filter (2.4% vs.  2.8%, p  <  0.001)

and extracorporeal membrane oxygenation (ECMO) (0.2% vs. 0.8%,

p < 0.001) were also less likely used in  elderly patients. Vasopressor

agents and surgical embolectomy were similarly offered to  only a

low proportion of both elderly and non-elderly VTE patients (0.2%

and 0.6%, respectively).

As for long-term therapy, 52.6% of non-elderly patients and

55.4% of non-elderly patients received vitamin K antagonists

(VKAs). Although the use of DOACs increased significantly over the

course of the study, a small proportion of patients received DOACs

(10.2%), less often in elderly patients, compared to non-elderly ones

(8.8% vs. 11.8%, p <  0.001). Of those patients receiving long-term

LMWH  (30.7%), a  similar proportion of use and mean daily doses

was found in both age groups (Table 3 and Fig. S1).

Outcomes

The entire cohort had a  30-day and 90-day all-cause mortal-

ity rate of 3.7% and 6.5%, respectively. Compared with non-elderly

patients, elderly patients presented a higher 30-day all-cause (5.2%

vs. 2.3%; OR 2.30, 95%CI: 2.14–2.46) and PE-related mortality (1.0%

vs. 0.4%; OR 2.76, 95%CI: 2.34–3.26) in  the univariable analysis. At

30 days, elderly patients had an increased risk of major bleeding

(1.7% vs. 0.8%; OR 2.08, 95%CI 1.85–2.33), including gastrointesti-

nal hemorrhages (0.6% vs. 0.3%, OR 2.25, 95%CI 1.83–2.77) and fatal

bleedings (0.4% vs. 0.1%, OR 2.96, 95%CI 2.23–3.93). Furthermore,

elderly patients also had a higher risk of 30-day CRNMB (2.0% vs.

1.1%; OR 1.74, 95%CI 1.57–1.93). Otherwise, elderly patients were

less likely to  experience 30-day recurrences (0.7% vs.  1.1%; OR  0.62,

95%CI 0.54–0.71) (Table 4).

In the multivariable analysis, elderly patients had higher odds

of 30-day all-cause mortality (adjusted OR 1.36, 95%CI: 1.22–1.52)

(Table 5).
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Table  2

Initial VTE presentation in  the first 100,000 patients recruited in the RIETE registry, according to  age.

N ≥70 years <70 years

All patients, N 100,000 47,884 52,116

Initial VTE presentation

Symptomatic PE  49,202 25,985 (54.3%)‡ 23,217 (44.5%)

Incidental VTE 3855 1720 (3.6%)‡ 2135 (4.1%

Isolated lower-limb DVT 39,403 18,155 (37.9%)‡ 21,248 (40.8%)

Proximal 32,107 15,363 (32.1%) 16,744 (32.1%)

Distal  6580 2460 (5.1%)‡ 4120 (7.9%)

Isolated upper-extremity DVT 2169 506 (1.1%)‡ 1663 (3.2%)

Splanchnic vein thrombosis 484 129 (0.3%)‡ 355 (0.7%)

Superficial vein thrombosis 1848 496 (1.0%)‡ 1352 (2.6%)

Cerebral sinus vein thrombosis 187 14 (0.03%)‡ 173 (0.3%)

Retinal vein thrombosis 585 245 (0.5%)† 340 (0.6%)

Other  venous thromboses 2267 634 (3.2%)‡ 1633 (6.4%)

In  patients with symptomatic PE

Patients, N 49,202 25,985 23,217

Syncope 6967 4250 (16.4%)‡ 2717 (11.7%)

SBP  levels < 90 mm Hg 1627 896 (3.4%) 731 (3.1%)

Heart rate > 110 bpm 9730 4667 (18.5%)‡ 5063 (22.7%)

Sat  O2 levels < 90% (n = 28,008) 8086 5509 (34.3%)‡ 2577 (21.6%)

sPESI = 0 points 16,923 5479 (21.1%)‡ 11,444 (49.3%)

Elevated troponin levels (n = 30,131) 10,041 6295 (39.9%)‡ 3746 (26.1%)

Diagnostic tests

CT pulmonary angiography 40,702 21,074 (81.1%)‡ 19,628 (84.5%)

Proximal PE (central/main/lobar) 19,842 10,130 (45.7%) 9712 (46.7%)

Peripheral PE  (segmental or subsegmental) 9120 4198 (19.0%)‡ 4922 (23.7%)

Lung  scintigraphy 4930 3044 (11.7%)‡ 1886 (8.1%)

Comparisons between patients < 70 years and older than 70 years.

*p < 0.05.
† p < 0.01.
‡ p < 0.001.

Abbreviations: VTE, venous thromboembolism; PE, pulmonary embolism; SBP, systolic blood pressure; bpm, beats per minute; S, segmentary; sPESI, simplified Pulmonary

Embolism Severity Index; SS, subsegmentary; DVT, deep vein thrombosis.

Table 3

Treatment strategies for initial and long-term anticoagulant therapy in the first 100,000 patients in the RIETE registry, according to age.

N  ≥70 years <70 years Odds ration(95%CI)

Patients, N 100,000 47,884 52,116

Duration of anticoagulation

Mean days ± SD 99,240 309 ± 469‡ 295 ± 426 –

Outpatient management 50,657 22,317 (46.6%)‡ 28,340 (54.4%) 0.73 (0.71–0.75)

Length  of hospital stay

Mean days ± SD 9.4  ± 21  9.1 ± 13‡ 9.8 ± 26 –

Initial therapy

LMWH  86,309 42,322 (88.4%)‡ 43,987 (84.4%) 1.41 (1.36–1.46)

Mean  LMWH  doses (IU/kg/day) 86,309 171 ± 44  173 ± 44  –

Unfractionated heparin 5349 2529 (5.3%) 2820 (5.4%) 0.97 (0.92–1.03)

Fondaparinux 2112 784 (1.6%)‡ 1328 (2.5%) 0.64 (0.58–0.70)

DOACs  3040 981 (2.1%)‡ 2059 (4.0%) 0.51 (0.47–0.55)

Thrombolytics 1291 422 (0.9%)‡ 869 (1.7%) 0.52 (0.47–0.59)

Long-term therapy

Vitamin K antagonists 53,915 26,507 (55.4%)‡ 27,408 (52.6%) 1.12 (1.09–1.15)

LMWH  30,672 14,579 (30.5%) 16,093 (30.9%) 0.98 (0.95–1.01)

Mean  LMWH  doses (IU/kg/day) 30,672 148 ± 47* 147 ± 46  –

DOACs 10,172 4009 (8.8%)‡ 6163 (11.8%) 0.69 (0.66–0.72)

Other  therapies

Required vasopressors 189 81  (0.2%) 108 (0.2%) 0.82 (0.61–1.09)

Pulmonary embolectomy 530 243 (0.6%) 287 (0.6%) 0.92 (0.77–1.09)

Inferior  vena cava filter 2590 1137 (2.4%)‡ 1453 (2.8%) 0.85 (0.78–0.92)

ECMO  42  7  (0.2%)‡ 35 (0.8%) 0.25 (0.11–0.55)

Mechanical lysis 359 109 (0.7%)‡ 250 (1.4%) 0.52 (0.42–0.65)

Comparisons between patients < 70 years and older than 70 years.
* p < 0.05.

†p  < 0.01.
‡ p < 0.001.

Abbreviations: CI, confidence intervals; DOACs, direct oral anticoagulants; IQR, interquartile range; IU: international units; LMWH,  low molecular weight heparin; SD, standard

deviation.
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Table  4

Thirty- and ninety-day outcomes in the first 100,000 patients in the RIETE registry, according to age.

N  ≥70 years <70 years Odds ratio (95%CI)

Patients N 47,884 52,116

30-Day  recurrent VTE 907 329 (0.69%)‡ 578 (1.11%) 0.62 (0.54–0.71)

30-Day  major bleeding 1278 836 (1.74%)‡ 442 (0.85%) 2.08 (1.85–2.33)

Sites  of major bleeding

Gastrointestinal 410 276 (0.58%)‡ 134 (0.26%) 2.25 (1.83–2.77)

Hematoma 361 276 (0.58%)‡ 85  (0.16%) 3.55 (2.78–4.53)

Intracranial 142 86 (0.18%)† 56  (0.11%) 1.67 (1.19–2.34)

Retroperitoneal 111 66 (0.14%)*  45  (0.09%) 1.60 (1.09–2.33)

Urinary  102 71 (0.15%)‡ 31  (0.06%) 2.49 (1.64–3.81)

Vaginal 34  9 (0.02%)*  25  (0.05%) 0.39 (0.18–0.84)

Hemoptysis 24  12 (0.03%) 12  (0.02%) 1.09 (0.49–2.42)

Hemothorax  25  9 (0.02%) 16  (0.03%) 0.61 (0.27–1.39)

Articular  5 5 (0.01%)*  0  -

30-Day non-major bleeding 1527 936 (1.96%)‡ 591 (1.13%) 1.74 (1.57–1.93)

30-Day  all-cause death 3703 2488 (5.19%)‡ 1215 (2.33%) 2.33 (2.14–2.46)

Fatal  PE 686 491 (1.02%)‡ 195 (0.37%) 2.76 (2.34–3.26)

Fatal  bleeding 245 179 (0.37%)‡ 66  (0.13%) 2.96 (2.23–3.93)

90-Day  recurrent VTE 1554 582 (1.22%)‡ 972 (1.87%) 0.65 (0.58–0.72)

90-Day  major bleeding 1789 1133 (2.37%)‡ 656 (1.26%) 1.90 (1.73–2.09)

Sites  of major bleeding

Gastrointestinal 626 400 (0.84%)‡ 226 (0.43%) 1.93 (1.64–2.28)

Hematoma 430 326 (0.68%)‡ 104 (0.20%) 3.43 (2.75–4.28)

Intracranial 239 139 (0.29%)† 100 (0.19%) 1.51 (1.17–1.96)

Retroperitoneal 136 81 (0.17%)† 55  (0.11%) 1.60 (1.14–2.26)

Urinary  136 96 (0.20%)‡ 40 (0.08%) 2.62 (1.81–3.78)

Vaginal 54  12 (0.03%)‡ 42  (0.08%) 0.31 (0.16–0.59)

Hemoptysis 39  19 (0.04%) 20 (0.04%) 1.03 (0.55–1.94)

Hemothorax  31  11 (0.02%) 20 (0.04%) 0.60 (0.29–1.25)

Articular 7 5 (0.01%) 2 (0.00%) 2.72 (0.53–14.0)

90-Day  non-major bleeding 2416 1446 (3.02%)‡ 970 (1.86%) 1.64 (1.51–1.78)

90-Day  all-cause death 6486 4134 (8.63%)‡ 2352 (4.51%) 2.00 (1.90–2.11)

Fatal PE 745 522 (1.09%)‡ 223 (0.43%) 2.56 (2.19–3.00)

Fatal  bleeding 343 235 (0.49%)‡ 108 (0.21%) 2.37 (1.89–2.98)

90-Day  arterial ischemic events 195 118 (0.25%)‡ 77  (0.15%) 1.67 (1.25–2.23)

Comparisons between patients <  70 years and older than 70 years.
* p < 0.05.
† p < 0.01.
‡ p < 0.001.

Abbreviations: AIE, arterial ischemic events; DVT, deep vein thrombosis; PE,  pulmonary embolism; VTE, venous thromboembolism.

Table 5

Multivariable model of predictors of 30-day all-cause mortality*.

Adjusted odds ratio 95%CI p value

Calendar year (per 1 yr) 1.01 0.99–1.02 0.333

Age  (>70 years) 1.36 1.22–1.52 <0.001

Weight  (<70 kg) 1.36 1.22–1.52 <0.001

Inpatients  1.62 1.48–1.78 <0.001

Recent  immobility for ≥4 days 2.43 2.12–2.78 <0.001

Hormonal use 0.27 0.11–0.65 0.003

Prolonged travel ≥  6 h  0.57 0.31–1.03 0.062

Active  cancer 5.05 4.47–5.72 <0.001

Prior  VTE 0.76 0.65–0.89 <0.001

Chronic  heart failure 1.69 1.49–1.93 <0.001

Chronic  lung disease 1.37 1.22–1.54 <0.001

Diabetes 1.26 1.13–1.40 <0.001

Systemic  hypertension 0.94 0.85–1.03 0.189

Prior  ischemic stroke 1.35 1.18–1.55 <0.001

Peripheral artery disease 1.17 0.97–1.41 0.096

Liver  disease 1.94 1.39–2.71 <0.001

Dementia/depression 1.51 1.34–1.71 <0.001

Recent  major bleeding† 1.27 1.04–1.55 0.020

Anemia# 1.62 1.47–1.78 <0.001

Platelet  count < 100,000/mm3 2.69 2.31–3.13 <0.001

CrCl  levels < 60 mL/min 1.89 1.70–2.10 <0.001

Abbreviations: VTE, venous thromboembolism; CrCl, creatinine clearance.
* Adjusted odds ratio, 95% confidence intervals, and p values are provided for all model covariates included in the multivariable model for 30-day mortality in the overall

cohort.
† Major bleeding within 30 days before VTE.
# Anemia was defined as hemoglobin levels < 13 g/dL for men  and <12 g/dL  for women.
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Table  6

Thirty- and ninety-day outcomes in patients with acute pulmonary embolism (N  =  49,202) in the RIETE registry, according to age.

Total, N ≥70 years <70 years Odds ratio (95%CI)

Patients N 49,202 25,985 23,217

30-Day recurrent VTE 411 160 (0.62%) 251 (1.1%)‡ 0.57 (0.46–0.69)

30-Day major bleeding 778 532 (2.0%) 246 (1.1%)‡ 1.95 (1.68–2.27)

30-Day non-major bleeding 905 594 (2.3%) 311 (1.3%)‡ 1.72 (1.50–1.98)

30-Day all-cause death 2440 1726 (6.6%) 714 (3.1%)‡ 2.24 (2.05–2.45)

Fatal PE 649 472 (1.8%) 177 (0.76%)‡ 2.41 (2.02–2.86)

Fatal bleeding 143 117 (0.45%) 26 (0.11%)‡ 4.03 (2.64–6.17)

30-Day arterial ischemic events 88 52  (0.20%) 34 (0.15%) 1.38 (0.89–2.13)

90-Day recurrent VTE 690 285 (1.1%) 405 (1.7%)‡ 0.62 (0.54–0.73)

90-Day major bleeding 1025 690 (2.7%) 335 (1.4%)‡ 1.86 (1.63–2.13)

90-Day non-major bleeding 1354 851 (3.3%) 503 (2.2%)‡ 1.53 (1.37–1.71)

90-Day all-cause death 3854 2583 (9.9%) 1271 (5.5%)‡ 1.91 (1.78–2.04)

Fatal PE 689 496 (1.9%) 193 (0.83%)‡ 2.32 (1.96–2.74)

Fatal bleeding 192 149 (0.57%) 43 (0.19%)‡ 3.11 (2.21–4.37)

90-Day arterial ischemic events 147 99  (0.38%) 46 (0.20%)‡ 1.93 (1.36–2.73)

Comparisons between patients < 70 years and older than 70 years.

*p < 0.05.

†p  < 0.01.
‡ p < 0.001.

Comparisons between patients.

Abbreviations: DVT, deep vein thrombosis; PE,  pulmonary embolism; VTE, venous thromboembolism.

Among those patients with acute PE, we similarly observed an

increased risk of both 30-day all-cause (6.6% vs. 3.1%; OR 2.24,

95%CI: 2.05–2.45) and PE-related mortality (1.8% vs. 0.8%; OR 2.41,

95%CI: 2.02–2.86) in older patients (Table 6).

At 90 days after VTE diagnosis, 1789 (1.8%) patients had major

bleeding (343 [19.2%] caused death) and 1554 (1.6%) patients had

recurrent VTE (Table 4). Consistent findings were observed for age-

related differences at 90 days in major bleedings (2.4% vs. 1.3%,

OR 1.90, 95%CI 1.73–2.09), VTE recurrences (1.2% vs.  1.9%, OR  0.65,

95%CI 0.58–0.72) and all-cause mortality (8.6% vs.  4.5%, OR  2.00,

95%CI 1.90–2.11) (Table 4). In the subgroup of patients with PE,

elderly patients had an increased risk of both all-cause mortality

(9.9% vs. 5.5%, OR  1.91, 95%CI 1.78–2.04) and major bleeding (2.7%

vs. 1.4%, OR 1.86, 95%CI 1.63–2.13) at 90 days, but a  lower risk of 90-

day recurrent VTE (1.1% vs.  1.7%, OR 0.62, 95%CI 0.54–0.73) (Table 6

and Fig. S2).

The incidence rate of other cardiovascular events at 90-days was

very low (<1%) and mainly confined to elderly patients: overall, 195

patients developed arterial ischemic events (118 [60.5%] of these

in those aged 70  years or older) (Table 4).

During the study period, there was a  trend toward decreased

mortality, VTE recurrences and major bleedings with similar ten-

dencies for elderly and non-elderly adults in both the entire cohort

and the PE patients (Fig. S3).

Discussion

In our study of 100,000 patients with acute VTE, obtained from

a large registry from over four hundred hospitals worldwide, we

observed that elderly patients represented almost one in every

two of. VTE patients. Elderly patients were predominantly female

and more likely to have had an unprovoked event. They presented

more frequently with signs of severity, including respiratory fail-

ure, myocardial injury and renal failure, but we did not observe

differences in the rate of hemodynamical instability. While DOACs

and advanced therapies (i.e., fibrinolytics, catheter-directed thera-

pies, IVC filter, and ECMO) were uncommon, overall, in  this cohort,

they were used less frequently in elderly patients. Elderly patients

showed an increased risk of 30- and 90-day all-cause mortality or

major bleeding but  a  lower risk of VTE recurrences within the first 3

months. These findings were consistently observed in  the subgroup

of patients presenting with PE.

As expected, we found that elderly patients had different VTE

risk factors and more comorbidities, including some degree of

renal dysfunction in almost 60% of them. Elderly patients less

likely presented with transient or reversible triggering risk  fac-

tors; however, they had more concomitant disorders and persistent

risk factor. These findings are consistent with prior data.4,12,29 The

literature consistently indicates that elderly patients have more

severe forms of clinical presentation of acute VTE.26 Barco et al.

reported that age, and its interaction with other risk factors for

VTE, appears to influence the presenting site of thrombosis, and this

may  explain differences in outcomes.11 Prior studies have reported

that the risk of experiencing adverse outcomes in  patients with VTE

increases with age, and this circumstance can be partly explained

by the comorbidity burden and lower cardiopulmonary reserve.4,6

In fact, the literature consistently confirms that  age (mainly > 70

years) is  independently associated with increased morbidity and

mortality.6,7,9,13,22,26,30

In our  cohort, we observed that  elderly patients initially showed

more severe forms of VTE presentation (e.g., higher rate of  acute

PE and PE  with respiratory failure or  raised troponins). Further-

more, after adjustment for different prognostic conditions and

other potential confounders, we found that age >  70 years was  inde-

pendently associated with mortality. However, we failed to find

age-related differences in either the proximal clot burden or  the

proportion of hemodynamical instability between elderly and non-

elderly patients with acute PE. Nevertheless, both 30- and 90-day

all-cause mortality in elderly patients were more than two  times

higher than in patients <  70 years. Similarly, 30-day PE-related mor-

tality was  2 to 3 times higher in older adults. These findings are

consistent with previous studies showing that the risk of mortality

is independently associated with older age and could be the con-

sequence of a  higher burden of co-morbidity, including a  higher

proportion of some prognostic preconditions in elderly adults.31

Surprisingly, we observed that the length of hospital stay was

slightly lower in  elderly patients, despite their comorbidities and

poorer prognosis, with an average difference of almost 1 day. This

finding could be explained by a  higher short-term mortality rate

among elderly patients.

We report that LMWH  and oral anticoagulants were the most

frequently used drugs for initial and long-term anticoagulation,

respectively, with no clinically relevant differences between the

age groups, consistent with prior prospective studies.32,33 Cefalo

et al. noticed that treatment patterns did not differ between age

149



A.G. Ortega, D. Jiménez, A. Pedro-Tudela et al. Archivos de Bronconeumología 60 (2024) 143–152

groups in a cohort of 547 patients with acute PE.4 Comparable

results were obtained in  the Swiss registry (SWIVTER) of patients

with acute VTE, where there was no difference in  the use of reper-

fusion therapies between elderly and younger patients, despite

a  higher rate of massive PE  in the elderly ones.26 In our  study,

we found that elderly patients were less likely to  receive DOACs

and underwent advances therapies, including IVC filter, reperfusion

therapies and ECMO support. As renal function is a  key considera-

tion for DOACs administration, the lower use of DOACs in elderly

patients could be  explained by  a significantly higher proportion of

severe renal failure in older adults. It should be highlighted that

a lower proportion of elderly patients received reperfusion ther-

apies or ECMO, despite the lack of different rates of high-risk PE.

These data may  indicate that clinicians are less likely to offer these

advanced therapies to  elderly patients.

Moreover, we also observed that elderly patients had a  twofold

increase in the risk of major bleedings and CRNMB. We  hypothe-

size that, as there were no differences in the mean doses of LMWH

between elderly and younger patients, the higher rate of renal dys-

function in older patients (59% vs. 9%) played an important role in

these results. A previous RIETE publication with an initial cohort

of 13,011 patients with VTE, observed that elderly patients also

presented an increased rate of bleeding complications.34

Lastly, we found that elderly patients were more likely to

have unprovoked VTE. This is  considered a  risk factor for recur-

rent VTE,22,35,36 but our cohort presented a  lower rate of VTE

recurrences in elderly patients. One explanation might be that

clinicians were more alert to maintaining anticoagulation for a

longer time in elderly patients, according to the current treat-

ment guidelines for patients with unprovoked VTE with no high

risk of major bleeding.29,37–39 Furthermore, the majority of elderly

patients in our cohort were women, while, conversely, the non-

elderly patients were predominantly men; this circumstance may

partly explain our finding, as previous studies have consistently

found a lower risk of recurrence of VTE in  women than in men.11,40

Our study has several limitations that should be addressed. First,

our results should be treated with caution due to the limitations

of observational studies. Second, we studied only the outcomes

during a maximum of 90 days only, and no conclusions should

be drawn beyond this period. Third, we included a  wide range of

locations (i.e., PE, proximal DVT, distal DVT, thrombosis on unusual

sites) and forms of presentation (i.e.,  symptomatic, incidental, and

asymptomatic) of VTE, and different natural evolutions are only to

be expected. Lastly, there was no standardization of treatment, and

so there were likely to be  significant differences between countries

and centers.

The main strength of our study is the multinational, multicen-

tric prospective inclusion of unselected VTE patients in a real-world

setting that provides a  representative picture of the age distribu-

tion of VTE. Our data are obtained from RIETE, a  solid platform with

the largest multinational, observational cohort of patients with

acute VTE available that allowed us to compare variables accord-

ing to age groups with sufficient study power and describe their

impact on clinical features, therapeutic strategies, and the short-

and long-term outcomes of VTE. It  is notable that all the identified

clinically relevant age-related differences were highly statistically

significant.

Conclusion

In summary, this large study reveals that age-related factors

impact on clinical features, therapeutic choices and short- and

long-term outcomes for acute VTE. Healthcare providers should

take age-related considerations into account when determining

the appropriate initial approach to managing VTE, because of  their

differences in  short- and long-term prognosis.

All these findings provide real-world data on age-specific dif-

ferences in clinical features and natural history of VTE and they

may contribute to improving our comprehension of the age-related

factors that influence the prognosis of patients with an acute VTE

episode. Further research is needed, however, to elucidate the

potential role of age in the effectiveness and safety of the various

pharmacological and interventional therapies for VTE.
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