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Interne, Vasculaire et Pneumologie, Hôpital
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Abstract

Background: Amyotrophic lateral sclerosis (ALS) is a severe neurodegenerative disease.

Given the inflammatory nature of ALS and the high number of ALS-related clinical

circumstances (eg, prolonged immobilization and infections), patients with ALS may

have a high risk of venous thromboembolism (VTE).

Objectives: To determine the annual incidence rate of VTE and the predictors of VTE in

patients with ALS.

Methods: We analyzed a prospective cohort of patients with ALS diagnosed between

2009 and 2019 followed in the Brest University Hospital ALS Centre.

Results: Among 227 patients with ALS, VTE occurred in 19 patients during a median

follow-up period of 717 days (IQR, 488-1308), yielding an annual incidence rate of

2.93% (95% CI, 1.88%-4.53%). Predictors for VTE were a family history of VTE (hazard

ratio [HR], 15.24; 95% CI, 1.72-134.84; P = .01), the presence of noninvasive ventilation

at ALS diagnosis (HR, 6.98; 95% CI, 1.09-44.59; P = .04) and a short time (ie, <213 days)

between first symptoms and ALS diagnosis (HR, 5.48; 95% CI, 1.57-19.11; P = .01).

Recurrent VTE occurred within 3 months after stopping anticoagulation in 5 patients

(26.3%).

Conclusion: The annual incidence of VTE in patients with ALS is high. Predictive factors

of VTE were a VTE history, noninvasive ventilation, and a short time between first

symptoms of ALS and ALS diagnosis.
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Essentials

• Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease with no curative treatment.

• We studied the risk of venous thromboembolism (VTE) in ALS.

• The rate of VTE is high in patients with ALS, with a high rate of recurrence.

• Family history of VTE, ventilation, and short time to ALS diagnosis are risk factors for VTE.
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1 | INTRODUCTION

Venous thromboembolism (VTE), including pulmonary embolism (PE)

and deep vein thrombosis (DVT), is a frequent (1.83 cases per 1000

habitants per year) and potentially fatal disease [1]. In about 50% of

cases, VTE occurs in the absence of clinical risk factors (ie, termed

unprovoked VTE).

Amyotrophic lateral sclerosis (ALS) or Charcot’s disease is a rare

and serious neurodegenerative disease with poor survival (3-5 years

after diagnosis) [2,3]. The mean time between the first symptoms and

diagnosis ranges between 7 and 22 months [4,5]. ALS is characterized

by damage to the upper and lower motor neurons, leading to pro-

gressive muscular paralysis until death. Despite the unavoidable

immobilization, ALS is not usually recognized as a risk factor for VTE.

In 2 retrospective studies, the annual incidence of VTE in patients with

ALS ranged from 3% to 5% [6,7]. In a prospective study, VTE occurred

in 11% of cases, 50% being asymptomatic [8], and muscular weakness

was associated with an increased risk of VTE (P = .03). Recently, in a

large prospective cohort of patients with VTE, after anticoagulation

discontinuation, ALS was also found to be associated with an

increased risk of recurrent VTE, reinforcing the hypothesis that ALS is

probably associated with VTE [9]. Other studies also showed that VTE

has an impact on morbidity and mortality in patients with ALS, with a

mortality rate ranging from 2% to 6% [10,11]. However, large pro-

spective cohorts are lacking regarding VTE incidence and risk factors

of VTE in patients with ALS.

In a prospective study on patients with ALS, the primary aim was

to determine the annual incidence rate of VTE. Secondary aims were

to determine risk factors for VTE, the impact on survival, and the risk

of recurrent VTE.
2 | METHODS

2.1 | Study design and population

The Venous Thrombo-Embolism and Sclerosis Lateral Amyotrophic

(TESLA) study is a prospective cohort including patients with ALS

followed in the ALS center in Brest University Hospital from January

2009 to December 2019. The protocol has been approved by the local

ethical committee (29BRC19.0236) and recorded in clinicaltrials.gov

(NCT04446325). All patients included received an information let-

ter. In addition, patients with ALS who developed acute symptomatic

VTE were prospectively included in the VTE prospective cohort of
Brest University Hospital; the design and methods of this cohort have

been previously published [9], and all patients with VTE provided

written informed consent.

Inclusion criteria were as follows: (i) age of ≥18 years, (ii) patients

with a likely or certain diagnosis of ALS according to the revised El

Escorial criteria [12], and (iii) patients followed in the ALS center of

Brest University Hospital. Exclusion criteria were refusal to partici-

pate, under legal protection, and neuromuscular diseases other than

ALS (ie, myasthenia and Charcot–Marie–Tooth disease).
2.2 | Outcomes

The primary outcome was the occurrence of symptomatic VTE,

including PE and/or isolated DVT. The diagnosis of VTE was confirmed

using objective, standardized, and validated criteria [13]. Isolated

symptomatic DVT was confirmed if there was a noncompression of a

proximal or a distal deep vein on leg ultrasound. Symptomatic PE was

confirmed if there was (i) a high clinical pretest probability and a high-

probability ventilation-perfusion lung scan according to the Prospec-

tive Investigation of Pulmonary Embolism Diagnosis criteria; (ii) a

proximal DVT diagnosed on ultrasonography in a patient with symp-

toms of PE; or (iii) a positive computed tomography pulmonary angi-

ography showing a central filling defect outlined by contrast material

or complete occlusion in a segmental or more proximal pulmonary

artery.

The secondary outcomes were overall mortality and VTE by using

the same objective criteria as the first VTE episode. All VTE re-

currences were systematically adjudicated by experienced physicians

not involved in patient care (F.C., C.L., and R.L.M.).
2.3 | Data collection

At baseline, the following variables and treatments were collected

prospectively: age, gender, comorbidities (cardiovascular diseases,

defined as ischemic stroke or myocardial infarction; pulmonary dis-

eases; and cancer), personal and any family history of VTE, date of first

symptoms and date of diagnosis of ALS, type (family or sporadic) and

form (bulbar, spinal, peripheral, or associated with frontotemporal

dementia) of ALS at the time of first symptoms and at the time of the

diagnosis and member initially affected using the Medical Research

Council score at the upper and lower portions of the arm, preventive

or curative anticoagulation, and use of antiplatelet drugs and diuretics.

http://clinicaltrials.gov
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We also prospectively collected the following ALS-related variables

during routine clinical visits every 3 to 6 months: motor skills (walking

autonomy defined by walking independently or with human or ma-

terial assistance, in a wheelchair, or bedridden, with walking perimeter

expressed in meters), functional respiratory variables (forced expira-

tory volume in 1 second, forced vital capacity, and sniff test), clinical

respiratory symptoms (presence of orthopnea and Sadoul dyspnea

scale score), arterial blood gas (presence of hypoxemia [arterial

pressure of oxygen PaO2 <80 mmHg] or hypercapnia [arterial pressure

of carbon dioxide PaCO2 >45 mmHg]), and the use of noninvasive

ventilation (NIV).

Regarding VTE, the following data were collected prospectively:

(i) the date and (ii) the phenotype (ie, PE and/or DVT) of the acute

episode, (iii) PE severity according to the simplified Pulmonary Em-

bolism Severity Index, and (iv) circumstances classified as unprovoked

or caused by a major transient risk factor (immobilization for >3 days,

surgery <3 months earlier, fracture of the lower limb, pregnancy, and

estrogen-containing pill), a minor transient factor (trauma of the lower

limb without plaster cast and travel for >6 hours), a major persistent

factor (cancer), or a minor persistent factor (chronic bowel diseases).

Data on the type and duration of anticoagulant therapy and late

complications, including chronic thromboembolic pulmonary hyper-

tension, chronic thromboembolic venous disease, and VTE recurrence,

were also prospectively collected.
2.4 | Statistical analysis

Quantitative variables were expressed as means (SD) or median (IQR),

and qualitative variables were expressed as percentages with
F I GUR E 1 Flowchart of the Venous

Thrombo-Embolism and Sclerosis Lateral

Amyotrophic study. ALS, amyotrophic lateral

sclerosis; VTE, venous thromboembolism.
calculation of 95% CIs. Proportions were compared using chi-square

test; continuous variables were compared using Student’s t-test in

case of normal distribution and Mann–Whitney U-test if the distribu-

tion was not normal. The annual incidence of VTE corresponds to the

number of events per patient per year of risk exposure since the date of

the diagnosis of ALS. Cumulative incidences of VTE were estimated

using a competing risk analysis (ie, Fine–Gray method) with death as a

competing risk. After selecting variables with a P value <.20, a multi-

variate analysis was performed using a Cox regression model. The

hazard ratio (HR) and its 95% CIs were computed. A P value <.05 was

considered statistically significant. SPSS software (version 20.0; SPSS,

Inc) was used.
3 | RESULTS

From January 2009 to December 2019, 237 patients with ALS were

eligible. Nine patients were excluded because of loss to follow-up, and

1 refused to participate. The remaining 227 patients were included in

the analysis (Figure 1).
3.1 | Characteristics at baseline

Patients’ characteristics at ALS diagnosis are presented in Table 1.

Mean age was 64.8 years (SD, 11.9 years), and 112 patients (49.3%)

were women. The mean body mass index was 25.2 kg/m2 (SD, 5.1 kg/

m2). One hundred fifteen patients with ALS (58.1%) had a history of

cardiovascular disease. The median time between first ALS symptoms

and ALS diagnosis was 304.0 days (IQR, 153.0-486.0 days). Seven



T AB L E 1 Baseline characteristics of study participants.

Variables

Patients with

ALS (N = 227)

Patients with ALS and

VTE (n = 19)

Patients with

ALS without

VTE (n = 208) P value

Clinical

Age (y), mean (SD) 64.8 (11.9) 65.5 (13.5) 64.7 (11.8) .78

Female, n/N (%) 112/227 (49.3) 10/19 (52.6) 102/208 (49.0) .76

BMI, mean (SD) 25.2 (5.1) 24.1 (3.6) 25.3 (5.2) .44

Ethnicity n/N (%) 227/227 (100) 19/19 (100) 208/208 (100)

Comorbidities, n/N (%)

Cardiovascular 115/198 (58.1) 6/17 (35.3) 109/181 (60.2) .08

Respiratory 23/198 (11.6) 1/17 (5.9) 22/181 (12.2) .46

Cancer 33/198 (16.7) 2/17 (11.8) 31/181 (17.1) .99

Personal history of VTE 7/227 (3.1) 2/19 (10.5) 5/208 (2.4) .10

DVT 4/6 (66.7) 2/2 (100.0) 2/4 (50.0) .47

PE 1/6 (16.7) 0/2 (0.0) 1/4 (25.0)

Both 1/6 (16.7) 0/2 (0.0) 1/4 (25.0)

Superficial thrombosis 1/1 (100.0) - 1/1 (100) -

Family history of VTE 3/227 (1.3) 2/19 (10.5) 1/208 (0.5) .02

Ventilatory support, n/N (%)

NIV 7/227 (3.1) 2/19 (10.5) 5/208 (2.4) .11

Treatment

Previous anticoagulation, n/N 27/227 0/19 27/208 .14

Preventive dose anticoagulation, n 10 0 10

Curative dose anticoagulation, n 17 0 17

Estrogen-containing pill, n/N (%) 5/227 (2.2) 0/19 (0.0) 5/208 (2.4) .99

Antiplatelet, n/N (%) 40/227 (17.6) 1/19 (5.3) 39/208 (18.8) .21

Diuretic, n/N (%) 10/227 (4.4) 3/19 (15.8) 7/208 (3.4) .04

ALS clinical phenotype, n/N (%)

Mixed 74/209 (35.4) 7/17 (41.2) 67/192 (34.9) .77

Bulbar 31/209 (14.8) 2/17 (11.8) 29/192 (15.1)

Spinal 88/209 (42.1) 8/17 (47.1) 80/192 (41.7)

Peripheral 3/209 (1.4) 0/17 (0.0) 3/192 (1.6)

Frontotemporal dementia 13/209 (6.2) 0/17 (0.0) 13/192 (6.8)

Type, n/N (%)

Sporadic 191/219 (87.2) 14/17 (82.4) 177/202 (87.6) .46

Family 28/219 (12.8) 3/17 (17.6) 25/202 (12.4)

Mobility characteristics

MRC scale, mean (SD)

Upper limb 27.0 (4.0) 26.0 (4.0) 27.0 (4.0) .45

Lower limb 26.0 (5.0) 25.0 (6.0) 26.0 (5.0) .30

Mobility

Without assistance, n/N (%) 100/176 (56.8) 8/15 (53.3) 92/161 (57.1) .76

(Continues)
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T A B L E 1 (Continued)

Variables

Patients with

ALS (N = 227)

Patients with ALS and

VTE (n = 19)

Patients with

ALS without

VTE (n = 208) P value

With help, n/N (%) 67/176 (38.1) 7/15 (46.7) 60/161 (37.3)

Wheelchair, n/N (%) 5/176 (2.8) 0/15 (0.0) 5/161 (3.1)

Bedridden, n/N (%) 4/176 (2.3) 0/15 (0.0) 4/161 (2.5)

Walking distance (m), median (IQR)a 200 (50-1500) 100 (70-2550) 250 (50-1500) .04

Respiratory characteristics

Sadoul score, median (IQR) 1.0 (0-3) 1.0 (1.0-3.0) 1.0 (0.0-3.0) .43

Orthopnea, n/N (%) 33/157 (21.0) 4/14 (28.5) 30/143 (21.3) .50

Functional respiratory testb

FEV1, mean (SD) 2.32 (1.07) 2.43 (1.07) 2.31 (1.07) .72

FEV1, mean %/theoretical value 90.0 (25.9) 94.5 (22.0) 90.4 (25.9) .59

FVC, mean (SD) 2.85 (1.38) 3.13 (1.54) 2.82 (1.37) .49

FVC, mean %/theoretical value 89.3 (27.4) 93.7 (26.2) 88.9 (27.6) .59

Sniff test percentage, mean (SD) 53.5 (28.0) 52.1 (28.3) 53.6 (28.1) .85

Blood gas, mean (SD)c

PaCO2 44.24 (10.6) 37.11 (5.8) 43.66 (10.5) .05

PaO2 81.9 (22.4) 95.80 (35.0) 80.70 (20.8) .05

HCO3
− 27.20 (3.1) 24.30 (2.9) 27.50 (3.0) .00

pH 7.38 (0.1) 7.38 (0.1) 7.38 (0.1) .89

Delay in ALS diagnosis

Time from first symptoms of ALS to

ALS diagnosis, as a continuous

variable (d), median (IQR)

304 (153-486) 123 (62-516) 334 (182-486) .04

Time from first symptoms of ALS to

ALS diagnosis, in tertiles (d), n (%)

0-212 d 79 (34.8) 10 (52.6) 69 (33.2) .02

213-406 d 72 (31.7) 4 (21.1) 68 (32.7) .05

>406 d 76 (33.5) 5 (26.3) 71 (34.1) .01

Survival

Death, n/N (%) 175/227 (76.7) 14/19 (73.7) 161/208 (77.4) .71

Time between first symptoms and

death (d), median (IQR)

836 (497-1370) 837 (542-1416) 788 (425-1308) .28

ALS, amyotrophic lateral sclerosis; BMI, body mass index; DVT, deep vein thrombosis; FEV1, forced expiratory volume in 1 second; FVC, forced vital

capacity; HCO3, bicarbonate; MRC, Medical Research Council; NIV, noninvasive ventilation; PE, pulmonary embolism; VTE, venous thromboembolism.
aMissing data in 175 patients.
bMissing data in 89 patients tested.
cMissing data in 127 patients.
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patients with ALS already received NIV before the diagnosis of ALS: 1

for sleep apnea, 2 for diaphragm failure, 1 for alveolar hypoventilation,

2 for association sleep apnea and hypoventilation, and 1 after a respi-

ratory failure.
3.2 | Annual incidence of VTE in patients with ALS

During a median follow-up period of 717 days (IQR, 488-1308 days),

19 patients developed an acute episode of symptomatic VTE, yielding



6 of 10 - BARNABE ET AL.
an annual incidence rate of 2.93% (95% CI, 1.88%-4.53%) (Figure 2).

The cumulative incidence rate at 1, 2, and 4 years since the occur-

rence of first ALS symptoms was 3.1% (95% CI, 1.4%-6.0%), 7.4% (95%

CI, 4.4%-11.5%) and 9.1% (95% CI, 5.7%-13.5%), respectively.
3.3 | Characteristics of VTE in patients with ALS

The characteristics of VTE in patients with ALS are summarized in

Table 2. The median time between first ALS symptoms and the

occurrence of VTE was 549 days (IQR, 273-699 days). Among the 19

VTE events, 4 were symptomatic isolated PE (21.1%), 3 were symp-

tomatic PE associated with DVT (15.8%), and 12 were isolated DVT

(63.2%). Ten VTEs were unprovoked (62.5%), 5 were provoked by a

major transient factor (31.3%) (mainly due to a surgical cause and

immobilization), and 1 (6.3%) was related to a minor transient factor

(travel for >6 hours). Two patients with VTE had a family history of

thrombosis.
3.4 | VTE recurrence in patients with ALS

Recurrent VTE occurred in 5 of 19 patients (26.3%) after anti-

coagulation discontinuation (Table 2). Among these 5 patients, the

first episode of VTE after inclusion occurred as DVT in all patients, and

recurrent VTE presented as an isolated PE in 2, PE and DVT in 1, and

an isolated DVT in 2 patients. The duration of anticoagulation and the

delay of recurrence delays are reported in Table 3. The duration of

anticoagulation after VTE ranged between 1.5 and 6 months. VTE

recurrence occurred within 4 months after stopping anticoagulant

treatment in 4 patients. No recurrent VTE occurred under

anticoagulation.
3.5 | Survival

The survival of patients with ALS is detailed in Table 1. The median

survival of the overall ALS population was 836 days (IQR, 497-1370

days). VTE did not significantly influence survival of the ALS popula-

tion: the median survival of patients with ALS in the VTE group and

the no-VTE group was 837 days (IQR, 542-1416 days) and 788 days

(IQR, 425-1308 days), respectively (P = .28).
3.6 | Predictive factors of VTE in patients with ALS

In multivariable analysis (Table 4), the presence of family history of

thrombosis (HR, 15.24; 95% CI, 1.72-134.84; P = .01), the use of NIV

at ALS diagnosis (HR, 6.98; 95% CI, 1.09-44.59; P = .04), the time

between first ALS symptoms and ALS diagnosis (HR, 5.48; 95% CI,

1.57-19.11, when the time period was <213 days, and HR, 1.40; 95%

CI, 0.31-6.37, when the time period was ≥213 and <406 days, as

compared to the reference group [time, >406 days; P = .01]), and the

presence of diuretics (HR, 5.79; 95% CI, 1.28-26.16; P = .02) were

associated with an increased risk of VTE during follow-up.
4 | DISCUSSION

In this prospective cohort of patients with ALS followed in the ALS

center in Brest University Hospital, we found an annual incidence

rate of 2.93% (95% CI, 1.88%-4.53%) and a VTE recurrence rate of

26.3% at 3 months after anticoagulation discontinuation. Risk fac-

tors associated with a first episode of VTE were the presence of a

family history of VTE, the use of NIV at ALS diagnosis, a shorter time

period between first ALS symptoms and ALS diagnosis, and diuretic
F I GUR E 2 Cumulative incidence of

venous thromboembolism (VTE) in the

amyotrophic lateral sclerosis (ALS)

population during follow-up.



T AB L E 2 Venous thromboembolism characteristics.

Clinical presentation of VTE n/N (%)

Symptomatic isolated PE 4/19 (21.1)

Symptomatic PE associated with DVT 3/19 (15.8)

Symptomatic isolated DVT 12/19 (63.2)

Thrombus location and severity, n/N (%)

PE

Proximal (lobar or more proximal) 2/6 (16.7)

Segmental 3/6 (50.0)

Subsegmental 1/6 (16.7)

Severity of PEa

Low risk 1/5 (20.0)

Intermediate-to-low risk 3/5 (60.0)

Intermediate-to-high risk 1/5 (20.0)

High risk 0 (0.0)

DVT

Proximal 11/14 (78.6)

Distal 3/14 (21.4)

Unilateral 12/14 (85.7)

Bilateral 2/14 (14.3)

Ipsilateral to the deficit limb 7/11 (63.6)

Other thromboses

Superficial thrombosis 1/19 (5.3)

Muscular thrombosis 2/19 (10.5)

Risk factors, n/N (%)

Unprovoked 10/16 (62.5)

Major transient risk factor 5/16 (31.3)

Surgery in the past 3 mo 2/16 (12.5)

Immobilization for ≥3 d in the past 3 mo 3/16 (18.8)

Fracture in the past 3 mo 0/16 (0.0)

Pregnancy in the past 3 mo 0/16 (0.0)

Estrogen-containing pill 0/16 (0.0)

Minor transient risk factor 1/16 (6.3)

Minor trauma 0/16 (0.0)

6-h travel 1/16 (6.3)

Major persistent risk factor 0/15 (0.0)

Cancer 0/15 (0.0)

Minor persistent risk factor 0/15 (0.0)

Inflammatory bowel diseases 0/15 (0.0)

Treatment, n/N (%)

Treatment Acute phaseb After acute phase

UFH 1/14 (7.1) 0/14 (0.0)

(Continues)

T A B L E 2 (Continued)

Clinical presentation of VTE n/N (%)

LMWH 6/14 (42.9) 0/14 (0.0)

DOAC 5/14 (35.7) 11/14 (78.6)

Fondaparinux 2/14 (14.3) 0/14 (0.0)

VKA 2/14 (14.3) 3/14 (21.4)

VTE complications, n/N (%)

Recurrent VTEc 5/19 (26.3)

Symptomatic isolated PE 2/5 (40.0)

Symptomatic PE associated with DVT 1/5 (20.0)

Symptomatic isolated DVT 2/5 (40.0)

Chronic sequelae 1/19 (5.3)

CTEPH 0/19 (0.0)

CTED 1/19 (5.3)

Death 0/19 (0.0)

CTED, chronic thromboembolic disease; CTEPH, chronic

thromboembolic pulmonary hypertension; DOAC, direct oral

anticoagulant; DVT, deep vein thrombosis; LMWH, low-molecular-

weight heparin; PE, pulmonary embolism; UFH, unfractionated heparin;

VKA, vitamin K antagonist; VTE, venous thromboembolism.
aAssessed with simplified Pulmonary Embolism Severity Index, the

presence of right ventricular dysfunction, and troponin level.
bThe acute phase treatment represents the treatment at venous

thromboembolism diagnosis.
cNo recurrent venous thromboembolism occurred under anticoagulation.
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use. Mortality in patients with VTE was not higher than those

without VTE.

The annual incidence rate of VTE observed in this study is

consistent with other studies [6–8]. In a post hoc analysis of a

subgroup of 501 patients with ALS selected from 3 randomized,

double-blind trials evaluating various specific treatments of this

neurodegenerative disease and after excluding patients receiving

topiramate treatment, Qureshi et al. [7] found an annual incidence

rate of 2.7% of DVT. In another large retrospective study including

438 patients with ALS followed for 4 years, Elman et al. [6] reported

an annual incident rate of 2.97%. In a prospective study of 50 patients

with ALS who underwent systematic lower limb ultrasound at baseline

and at 6 and 12 months, Gladman et al. [8] found a cumulative inci-

dence rate of symptomatic VTE of 5% at 1 year of follow-up. This rate

reached 11% when asymptomatic cases were taken into account. Of

note, the TESLA study is the first prospective study in patients with

ALS where VTE diagnosis was confirmed based on predefined and

validated criteria in accordance with international guidelines, and all

VTE events were adjudicated blindly. Thus, the observed annual

incidence rate of a first VTE in patients with ALS is likely to be valid

and appears to be higher than that observed in the general population

(1-2 VTE events per person per year) [1].

In this study, an association between family history of VTE and an

increased risk of VTE was observed in patients with ALS. This result is



T AB L E 3 Venous thromboembolism recurrence analysis.

Patient

no.

Personal

history of

VTE

Time between first

ALS symptoms and

first VTE event

during follow-up (d)

VTE after

diagnosis of ALS

Type of

VTE

Anticoagulation

treatment

duration (mo)

Date of

recurrent VTE

Delay between

treatment

discontinuation and

VTE recurrence (mo)

Type of

VTE

1 Yes 242.00 July 2019 Isolated

proximal

DVT

3 December

2019

3 PE and

DVT

2 No 549.00 February 2019 Isolated

proximal

DVT

3 August 2019 4 Isolated

DVT

3 No 701.00 June 2016 Isolated distal

DVT

1.5 December

2017

15.5 Isolated

PE

4 No 699.00 July 2014 Isolated

proximal

DVT

6 March 2015 3 Isolated

PE

5 No 366.00 August 2008 Isolated

proximal

DVT

6 March 2009 2 Isolated

DVT

ALS, amyotrophic lateral sclerosis; DVT, deep vein thrombosis; PE, pulmonary embolism; VTE, venous thromboembolism.
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consistent with previous studies in the general population, which

found a relationship between family history of VTE and risk of VTE

[14]. Such an association between family history of VTE and risk of

VTE has also been found in populations with a high risk of thrombosis,

such as cancer [15] or chronic bowel inflammatory disease [16]. Of

note, because thrombophilia was not systematically searched, we

could not determine whether the presence of inherited thrombophilia

would be an additional independent risk factor of VTE in patients with

ALS. Surprisingly, only a trend toward an increased risk of VTE was
T AB L E 4 Risk factors of venous thromboembolism in the amyotrophi

Variables

Univariable analysis

Hazard ratio (95% CI)

CV comorbidity 0.51 (0.19-1.34)

Personal history of thrombosisa 5.85 (1.32-26.0)

Family history of thrombosis 13.53 (3.06-59.82)

Diagnosis delay as a continuous variable 0.98 (0.996-1.000)

Diagnostic time in tertilesb

>406 d Ref

213-406 d 1.25 (0.33-4.71)

<213 d 3.92 (1.31-11.70)

Antiplatelet 0.26 (0.04-1.94)

Diuretic 4.35 (1.27-14.95)

NIV 4.66 (1.06-20.57)

CV, cardiovascular; NIV, noninvasive ventilation; Ref, reference.
aKappa coefficient was 0.39, P < .001 for personal history of venous thromboe

variable model as it was less significant than a personal history of VTE in the
bDiagnostic delay as expressed in tertiles (not as a continuous variable) was in
observed in patients with a previous personal history of VTE (ie, VTE

occurring before ALS symptoms). This is likely due to the lack of po-

wer; in addition, we found that a personal history of VTE was also

strongly correlated with a family history of thrombosis, which later

appeared as a much stronger predictor for VTE in univariable analysis

in this specific population with neurodegenerative disease.

Interestingly, we found an association between a shorter time

period between first ALS symptoms and ALS diagnosis and the risk of

VTE: patients having a diagnosis of ALS less than 213 days after first
c lateral sclerosis population.

Multivariable analysis

P value Hazard ratio (95% CI) P value

.169 - -

.02 - -

.001 15.24 (1.72-134.84) .01

.03 - -

.023 Ref .01

.74 1.40 (0.31-6.37) .66

.014 5.48 (1.57-19.11) .01

.189 - -

.02 5.79 (1.28-26.16) .02

.042 6.98 (1.09-44.59) .04

mbolism (VTE); personal history of VTE was not included in the multi-

univariable model.

cluded in the multivariable model.
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ALS symptoms had a 5-fold increased risk of VTE compared to those

being diagnosed with ALS more than 406 days after first ALS symp-

toms. One plausible hypothesis is that highly symptomatic and rapidly

progressive ALS profiles might have more aggressive and active in-

flammatory components and, subsequently, a higher thrombosis risk.

Such a hypothesis is also reinforced by the higher risk of VTE

observed in association with NIV, which represents patients with a

more severe status of the ALS disease. The main justification of NIV in

our ALS population was alveolar hypoventilation and diaphragmatic

failure as assessed by the sniff test and by the severity of this

neurodegenerative disease. Whether NIV increases the risk of VTE

because of reduced mobility or a more severe form of ALS remains

undetermined. Of note, such a hypothesis is not supported by others:

in a study on 50 patients, there was a trend toward an association

between VTE and longer disease durations since first symptoms (P =

.054) [8]. Thus, the pathophysiological explanation of the association

between VTE and ALS is not yet understood, and it appears to be

explained not only by immobilization indices but also by the natural

course of ALS.

Surprisingly, there was a significant association between diuretic

treatment and the occurrence of VTE (P = .023): the majority of pa-

tients were treated with thiazide diuretics, 2 with loop diuretics, and 2

with potassium-sparing diuretics. In the literature, no data were found

about this association. These treatments were mainly administered for

cardiovascular comorbidities, especially arterial hypertension. The

dehydration and hypovolemia induced by these treatments might be

responsible for renal failure and a procoagulant state. In a prospective

observational study including 102 patients who experienced an acute

ischemic stroke, Kelly et al. [17] found a relationship between dehy-

dration and the development of VTE (odds ratio, 2.8-4.7).

Lastly, we observed a very high rate of VTE recurrence (26.3%),

which occurred shortly after stopping anticoagulant therapy (median

time of 3 months), raising the question of the optimal duration of

anticoagulant treatment after a first VTE in patients with ALS. In a

multicenter prospective cohort study published in 2021 [9] including

1881 patients with a first symptomatic VTE who were followed for a

median period of 4.8 years after anticoagulation discontinuation, ALS

was found to be associated with a very high risk of recurrent VTE (HR,

5.74; 95% CI, 1.79-18.37; P < .001). These observations suggest that

anticoagulation should not be stopped when these patients develop

VTE.

Based on the results of our study, the introduction of preventive

anticoagulant treatment at the diagnosis of ALS might be considered

in patients with a family history of thrombosis, who are already using

NIV, and whose ALS diagnosis was made early after the onset of

symptoms. However, additional studies are needed in order to confirm

these findings and to identify more precisely high thrombotic risk

profiles in the ALS population. Indeed, using preventive anti-

coagulation may have an impact on quality of life by using subcu-

taneous injection of heparin and may expose these fragile patients to a

higher bleeding risk. Thus, VTE prevention management needs further

investigations with a large prospective and randomized study.
Several limitations should be underlined. First, patients with ALS

were included in a single university hospital center, which is a refer-

ence center of VTE. This expertise in VTE might have led to suspecting

and diagnosing VTE more often than in standard care centers. Second,

the sample size was moderate, which lowered the ability to identify

predictors for VTE. Third, some data regarding respiratory functional

test, blood gas, and amyotrophic lateral sclerosis Functional Rating

scale-revised score were missing, and these parameters regarding the

risk of VTE could not be analyzed. However, this study presents

several strengths. First, the TESLA study is one of the rare prospective

studies of patients with ALS using predefined and validated criteria of

VTE; all VTE events were adjudicated blindly. Second, this is the first

study using a validated definition of ALS based on El Escorial criteria

with a standard predefined prospective follow-up. Third, in contrast

with other studies, ventilatory and motor parameters were carefully

detailed. Finally, we were able to identify several predictive factors for

VTE in patients with ALS and observed a high risk of recurrence early

after stopping anticoagulation.
5 | CONCLUSION

The annual incidence of a first episode of symptomatic acute VTE in

the ALS population is high. Family history of VTE, use of NIV at ALS

diagnosis, use of diuretics, and shorter time between first ALS symp-

toms and ALS diagnosis were associated with an increased risk of a

first episode of VTE in these patients. However, the prothrombotic

risk profile of ALS remains to be assessed in a larger prospective study

in order to optimize preventive VTE management in this specific and

fragile population.
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[2] Marin B, Boumédiene F, Logroscino G, Couratier P, Babron MC,

Leutenegger AL, et al. Variation in worldwide incidence of amyo-

trophic lateral sclerosis: a meta-analysis. Int J Epidemiol. 2017;46:57–

74.
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