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ABSTRACT

Objectives Severity of a first pulmonary embolism (PE)

is sometimes proposed as a criterion for prolonging
anticoagulant treatment. However, little evidence supports
this idea. We attempted to determine the connection
between severity of first PE and the risk of recurrence.
Participants Patients admitted with PE between 2012
and 2018 and for whom anticoagulant treatment had been
discontinued were followed. PEs were classified according
to the severity into the following two groups: those

with associated cardiac involvement (increased cardiac
biomarker(s) and/or echocardiographic right ventricular
dysfunction) and those with no cardiac involvement which
were classified as non-severe. Recurrence-free survivals
were estimated using the Kaplan-Meier method and
compared using the log-rank test.

Results 417 patients with PEs (186 with cardiac
involvement) were followed for at least 1 year after
discontinuation of treatment with a mean follow-up of:
3.5+1.9 years. 72 patients (17.3%) experienced venous
thromboembolism recurrence: 24 (5.8%), 44 (12 %)

and 72 (28.3 %) respectively, at 1, 2 and 5 years. In 63
patients (88%), recurrence was a PE. Mean time to onset
of recurrence was 24.9+19.9 months. At 5 years, the
recurrence rate is higher when the first PE was associated
with cardiac involvement p=0.043. In contrast, in patients
with provoked PE, the recurrence rate is higher when the
first PE event was associated with cardiac involvement:
p=0.032. Multivariate analysis demonstrates that PE
severity is an independent factor of recurrence (HR 1.634
(1.015-2.632), p=0.043).

Conclusion We report for the first time a possible link
between a higher recurrence rate and the severity of

the first PE. This result which must be confirmed in a
dedicated prospective trial could become an important
criterion for the duration of anticoagulant therapy after a
PE.

Trial registration number NCT04980924.

BACKGROUND

After the acute event, the choice of the dura-
tion of treatment is one of the main prob-
lems in the management of a first pulmonary
embolism (PE). Currently, provoked versus

,! Fabien Squara’

Strengths and limitations of this study

» Little is known about the severity of pulmonary em-
bolism (PE) and the risk of recurrence.

» This is the first time such a link is investigated.

» This study is a retrospective analysis of prospective-
ly collected data.

» Only symptomatic references were taken into
account.

» The exclusion of patients who were long-term anti-
coagulated may have skewed the results of the non-
provoked PEs subgroup.

non-provoked circumstance is the main
criterion used to determine treatment dura-
tion. Alongside this main criterion, other
factors can also be taken into account such as
bleeding risk, sex, blood group, persistence
of a venous clot or the end-of-treatment D-di-
mers level."™® Some practitioners consider
first PE severity as a criterion likely to extend
treatment duration. However, very few find-
ings in the literature corroborate this idea.

OBJECTIVE AND METHODS

Drawing on our regional database,” we made
an assessment of the connection between
first PE severity and the risk of recurrence of
venous thromboembolism (VTE) events. All
patients hospitalised for PE from 2012 to 2018
were followed. Only patients whose treatment
had been discontinued and for which we had a
minimum 12-month follow-up were included.
Consequently, patients requiring long-term
anticoagulant treatment were excluded,
along with patients with active cancer.

In accordance with the literature,8
provoked PE was defined as PE which
happened within 3 months of a surgery, a
trauma, a significant immobility, pregnancy,

BM)

Ferrari E, et al. BMJ Open 2021;11:€050910. doi:10.1136/bmjopen-2021-050910 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-8233-6039
http://orcid.org/0000-0002-0741-1609
http://dx.doi.org/10.1136/bmjopen-2021-050910
http://dx.doi.org/10.1136/bmjopen-2021-050910
http://dx.doi.org/10.1136/bmjopen-2021-050910
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2021-050910&domain=pdf&date_stamp=2021-09-29
NCT04980924

Patients hospitalized with PE from 2012 to 2018

n=1080

Non-included patients N = 40¢

- History of VTE n = 164
- Aclive neoolasia 1= 13

v

- Supra-veniricular arrhythria n = 104
- Thrembuphilia 1= 2

‘ Pre-selecied patients n=671 ‘

Excluded patients N = 254

- Dementia n = 81

- Lestte folloveup 1= 57
- Decease durng te fist 12 months n = 44

¥

- Other 'PH grcup I, advanced degenerative
nzurcpethy or long-term edicden, or patient
wishing to rraintain long-term anticcaguiaion)

‘ Included patients n-4.7

] n=62

!

i

‘ Low-risk FEn =231 ‘ ‘

Intermediate-risk PE 1= "6 ‘ ‘ High-tisk PE 0 = 21 ‘

I

l

\

PE with no cardiac involvement
n-=131

PE with cardiac involvement
n= 186

Figure 1

a severe thrombophilia, the use of the combined contra-

ceptive pill, hormone replacement therapy or know

thrombogenic treatment. Unprovoked PE was defined as

PE for which no transient risk factor or medication was

involved. This classification was systematically verified at

the 1-month follow-up visit, because new elements, often
provided by the family, can highlight unreported aetiolo-
gies during the hospitalisation of patients.

In our patients care, a first echocardiography is done
on admission, as well as a venous echo-doppler and
biomarkers measurement. Biomarkers are repeated
at H12, H24 and H48. In this cohort, 99% of patients
were treated with direct oral anticoagulation treatment,
namely rivaroxaban or apixaban with a 21-day or 7-day
loading dose respectively, then with adapted dosages.

Patients were divided into the following two groups:

1. PE with cardiac involvement: in the presence of hae-
modynamic instability, increased cardiac biomarkers:
Troponin I (Tp) >70 ng/L and/or brain natriuretic
peptide (BNP) >100 pg/mL and/or right ventricular
(RV) dysfunction corresponding to intermediate-risk
or high-risk PE in the European Society of Cardiology
(ESC) classification.’ High-sensitivity Tp and BNP were
measured with Siemens Centaur and the Alere Triage
BNP kit (Beckman Coulter), respectively. The positiv-
ity threshold was 70 ng/L for Tp and 100 pg/mL for

Study flowchart. PE, pulmonary embolism; VTE, venous thromboembolism.

BNP. RV dysfunction was defined by echocardiography
when a right-to-left ventricular end-diastolic diame-
ter ratio >0.9 in the apical four-chamber view or >0.7
in the parasternal long-axis view, a tricuspid annular
plane systolic excursion <16 mm or a tricuspid annular
peak systolic velocity (S-DTI) <10 cm/s were observed.
It should be noted that these PEs with cardiac involve-
ment combined the high-risk and intermediate-risk
classifications of the ESC guidelines.”

2. PE with no cardiac involvement when none of the
above-mentioned criteria were present corresponding
mainly to low-risk PE according to the ESC classifica-
tion.” These PEs were classified as non-severe in our
study.

All chest CT scans were re-read by one radiology expert
blinded to the first reading. Special emphasis was placed
on eliminating patients with pre-existing pulmonary
hypertension as revealed by the patient’s medical history
or a search for specific signs on the initial scan such as
the presence of arterial webs, mural thrombi or a mosaic
parenchymal perfusion.

All patients who have had a PE are systematically
followed in our department and seen after 1, 3 or 6
months then once a year. Recurrences were determined
by a new symptomatic venous thrombotic event or by a
symptomatic PE confirmed by diagnostic imaging which
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Table 1 Initial cohort characteristics

Overall population n=417 %

Sex F/M, n (%) 221 53

Age, years (median (IC)) 65, (63-67)

Arterial hypertension, n (%) 179 43

Obesity, n (%) 74 18

Dyslipidaemia, n (%) 109 26

Diabetes, n (%) 55 13

Smoking, n (%) 110 26

History of stroke, n (%) 26 6

Inflammatory disease, n (%) 33! 8

Psychiatric pathology, n (%) 83 20

Provoked, n (%) 212 51

Associated DVT, n (%) 186 45
Proximal DVT 92 22
Distal DVT 94 23

Thrombolysis, n (%) 21 5

Aspirin treatment 68 16.3

Statin treatment 42 10

Psychotropic medication 76 18.2

Duration of hospital stay, days (median 5 (4-5)

(@)

Initial anticoagulation duration, 6 (6-6)

months (median (IC))

Follow-up period, months (median 36 (33-40)

(10)

VTE recurrence, n (%) 72 18
PE, n (% of recurrence) 63 88
DVT, n (% of recurrence) 9 12

Time to recurrence, in months, 18.5 (14-24)

(median, (IC))

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

had to show a new clot along with positive D-dimer values.
We took into account the age of the patients to construe
the D-dimer values.

If patients presented several recurrences during
follow-up, only the first was taken into account. A
minimum 12-month follow-up was required although a
recurrence within this 12-month period was considered
as an event. Mean follow-up was 3.5+1.9 years. The causes
of deaths which happened during follow-up could not be
specified.

Patient and public involvement

This study being a retrospective analysis of prospectively
collected data it was not suitable for a partnering with
patients, their careers, support networks and the public.
Patients were not involved in this study.

Statistical analysis

All statistical analyses were performed using SPSS soft-
ware V.20 (Chicago, IL, USA). Quantitative variables
were expressed as mean and SD when the distribution
was normal, or median and CI when the distribution
was not normal. The normal distribution of quanti-
tative variables was assessed using the Kolmogorov-
Smirnov test. Qualitative variables were expressed as
counts and percentages. Quantitative variables were
compared using the Mann-Whitney U test, and qual-
itative variables were compared using the %° test.
Recurrence-free survivals were estimated using the
Kaplan-Meier method and compared using the log-
rank test. Cox proportional hazards regression models
were fitted to estimate HRs and 95% ClIs to assess the
relationship between baseline clinical characteristics
and recurrences. A p<0.05 was considered significant.

RESULTS

Between 2012 and 2018, 1080 patients were hospitalised
for PE confirmed by CT scan. One hundred and sixty-
four (164) patients had a history of VIE and had received
long-term treatment, 113 had active neoplasia, 104 supra-
ventricular arrhythmia requiring anticoagulant treatment
and 91 a cause making follow-up impossible (figure 1).
In all, 417 patients with a follow-up exceeding 12 months
after discontinuation of their anticoagulation treatment
were included. Among these, 231 had presented PE
without cardiac involvement and 186 PE with cardiac
involvement (165 intermediate-risk PE and 21 high-risk
PE). The cohort’s initial characteristics are summarised
in table 1.

A factor explaining the first PE event was found in 212
(50.8%) patients. Associated deep vein thrombosis (DVT)
was observed in 186 (44.6%) patients. All provoked PEs
were treated for 3 months. All unprovoked PEs were
treated for at least 6 months. Mean treatment duration
was 5.18+2.3 months. Twenty-one patients (5%) received
thrombolysis. Patient characteristics according to the
severity of the initial clinical presentation are shown in
table 2. Patients in the PE group with cardiac involvement
were more often diabetic: 34/186 (18%) versus 21/231
(9%), more often presented blood clots in the lower
limbs: 96/186 (51%) versus 90/231 (39%) and aver-
aged longer hospital stays (7.3+4 days vs 3.7+3 days) than
patients without cardiac involvement.

Among the entire cohort, 72 patients (17.3%) presented
VTE recurrence. The VTE recurrence rate after discontin-
uation of anticoagulation was 5.8% (n=24) the first year,
12% (n=44) at 2 years and 28.3% (n=72) at 5 years. In
patients experiencing recurrence, 88% (n=63) suffered
PE and 12% (n=9) suffered proximal DVT. Mean time
to onset of recurrence was 24.9+19.9 months. Kaplan-
Meier analysis of the entire cohort shows the survival rate
of recurrence-free patients according to initial severity
over a 5- year follow-up (figure 2). The recurrence-free
survival rate was significantly higher when the first PE
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Table 2 Initial characteristics of PE groups without and with cardiac involvement

PE without cardiac involvement, PE with cardiac involvement,

n=231 n=186 P-value
Sex F/M, n (%) 113 (48.9) 108 (58.1) 0.074
Age, years (mean+SD) 61£17.2 63+15.5 0.12
Arterial hypertension, n (%) 90 (39) 89 (48) 0.068
Obesity, n (%) 43 (19) 31(17) 0.622
Dyslipidaemia, n (%) 53 (23) 56 (30) 0.09
Diabetes, n (%) 21 (9) 34 (18) 0.006
Smoking, n (%) 72 (31) 38 (20) 0.012
History of stroke, n (%) 10 (4) 16 (8.6) 0.073
Inflammatory disease, n (%) 17 (7) 16 (8.6) 0.187
Psychiatric pathology, n (%) 45 (20) 38 (20) 0.809
Family history of VTE 15 (6.5) 12 (6.5) 0.986
Provoked, n (%) 112 (49) 100 (54) 0.284
Associated DVT, n (%) 90 (39) 96 (52) 0.01
Length of hospital stay, days (mean+SD) 4.7+3 7.3+4 0.004
Tp (ng/L) 17(17-17) 298 (206-376) 0.0001
BNP (pg/L) 30(25-34) 293 (241-327) 0.0001
RV/LV 0.62+0.07 0.96+0.05 0.01
Duration in months of initial anticoagulation  5.18+2.4 5.2+2.3 0.417

BNP, brain natriuretic peptide; DVT, deep vein thrombosis; RV/LV, right-to-left ventricular end-diastolic diameter ratio >0; .9 in the apical four-
chamber view.Tp, troponin; VTE, venous thromboembolism.

was non-severe p=0.043. Twelve months after comple-

versus 17/186 (9.1%), in the cardiac involvement group:

tion of the anticoagulant treatment, the recurrence rate

p=0.007.

was 7/231 (3%), in the non-cardiac involvement group
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— PE with cardiac involvement

In the multivariate analysis using Cox regression
(table 3) including cardiac involvement, gender, family
history of VTE, psychotropic medication, unprovoked PE,
associated DVT and duration of anticoagulation; cardiac
involvement (HR 1.634 (1.015-2.632), p=0.043)) and
family history of VTE (HR 2.851 (1.422-5.716), p=0.003)
were independent risk factors, where as provoked PE is

Table 3 Multivariate analysis using COX regression for the
risk of recurrence

T T T T T
1 ? 3 Ll 5

Time since discontinuation of anticoagulation (years)

224 (7) 148 (20)

98 (24)

104 (26)
72(21)

668 (29)

169 (17) 34(34)

39 (35)
20 (37)

Clinical factor HR P-value 95% ClI
Female gender 1.022 0.927 0.636 to 1.644
Family history of PE  2.851 0.003 1.422 10 5.716
Psychotropic 1.252 0.471 0.679 to 2.309
medication

Provoked PE 0.506 0.007 0.308 to 0.831
PE with cardiac 1.634 0.043 1.015 to 2.632
involvement

Associated DVT 1.216 0.471 0.679 to 2.309
Anticoagulation 1.023857 0.196 0.988 to 1.061

duration after PE

severity of first PE. PE, pulmonary embolism; VTE, venous
thromboembolism.

DVT, deep vein thrombosis; PE, pulmonary embolism; VTE,

venous thromboembolism.
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Figure 3 Recurrence-free survival following provoked
PE according to the severity of first PE. PE, pulmonary
embolism.

associated with less recurrence (HR 0.506 (0.308-0.831),
p=0.007).

Figure 3 compares the survival rates with no VIE recur-
rence according to the provoked or unprovoked nature

05 === PE without cardiac involvement

Recurrence-free survival rate (%)

----- PE with cardiac involvement

T T T T T T
] 1 2 3 4 5

Time since discontinuation of anticoagulation [years)

oo PEWMORCRAC 19(0) 114 (5) 75(15)  54(20) 34(22) 19(25)

imvolvement

__ FEwhcodoc g5 (n) 78(8) 2013 M4 15(17) 7(20)

Figure 4 Recurrence-free survival following unprovoked
PE according to the severity of first PE. PE, pulmonary
embolism.

of the first PE. In the subgroup of patients presenting an
unprovoked PE, Kaplan-Meier analysis revealed no differ-
ence in recurrence rate according to first PE severity:
p=0.27. On the contrary, (figure 4), a higher recurrence
rate was noted in the subgroup of patients with a severe
provoked PE: p=0.032. At 12 months, recurrence rates
were, respectively, 2/112 (1.8%) when there was no initial
cardiac involvement versus 9/100 (9%) when cardiac
involvement was observed; p=0.018.

DISCUSSION

After the acute phase, the duration of anticoagulation treat-
ment raises one of the major problems in PE management.
Some features have been correlated with an added risk of
recurrence and are taken into account when choosing a
longer treatment. Other criteria are considered although
their connection with increased risk of recurrence has not
been formally proven.'”"* However, to our knowledge, no
study has assessed the benefits of pursuing anticoagulant
treatment relative to the first PE severity. We thought it would
be useful to look for a relationship between the severity of
the initial PE and the recurrence rate. In this study including
417 patients followed for a mean of 42 months, the incidence
of recurrence was similar to findings described in the litera-
ture. In 88% of cases, recurrence occurred at the same site as
the first event. We also observed a well-known added risk of
recurrence in cases with unprovoked first PE. We confirm a
statistical correlation between the risk of recurrence and the
presence of DVT at the time of the first PE."*°

We describe for the first time a higher recurrence rate
when the initial PE was severe with a recurrence rate of
9% versus 3% and 35.5% versus 26%, respectively, at 1 and
5 years: p=0.043. Unexpectedly, the correlation between
PE severity and the risk of recurrence was stronger when
PE was provoked: p=0.032. The lack of a relationship in
our study between severity and recurrence among unpro-
voked PE could be explained by the fact that we main-
tained anticoagulation treatment in patients at higher
risk of recurrence and consequently these patients were
not included in our analysis. It is also possible that the
high rate of spontaneous unprovoked PE recurrences
conceals the impact of the severity factor. In the litera-
ture, the only data that can come close to our result are
that of Grifoni et al'” who reported a higher rate of recur-
rence when, after hospitalisation for PE, a RV dysfunction
was still present at discharge from hospital.

The human physiological coagulation system is believed to
protect us against the risk of thrombosis. The formation of
venous clots in risky situations is not the rule. When a venous
clot occurs, our coagulation-fibrinolysis system is supposed
to control the situation by limiting its spread. The forma-
tion of a large amount of clots, and hence the occurrence
of PE with cardiac involvement, could mean that control by
the physiological coagulation system is even more failing. It
could also provide additional, hitherto unknown, informa-
tion on a greater propensity for recurrence.
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In the literature, the recurrence risk of a provoked PE
is deemed to be sufficiently low not to require long-term
treatment. Nevertheless, the risk is still much higher than
in a control population. The survey of the literature by
Torio et al*® covering 2268 provoked PE with transitory risk
shows a mean 0.7% annual recurrence rate after surgery
but a 3.3% rate for patients as a whole and a 4.2% annual
recurrence rate for non-surgical transitory risk factors.
These two latter rates are close to the findings for unpro-
voked thromboembolic events. Our results indicate that
in these provoked PEs, an overrisk of recurrence could
be associated with the severity of the initial event.” '**!

Our study was a retrospective analysis of prospec-
tively collected data. There are possible limitations; we
report only symptomatic episodes, potential changes
in risk factors over time (eg, obesity, smoking) could
not be taken into account. Some known risk factors
of recurrence were not considered in the multivar-
iate analysis as high body mass index or high D-dimer
level. Our conclusions cannot be applied to patients
with cancer or those needing long-term treatment
since these patients were excluded from the study. Our
results deserve to be confirmed in a dedicated prospec-
tive study.

CONCLUSION

In this cohort study, we highlight a possible link between
the severity of a first PE and the risk of a subsequent
recurrence. The provoked status of PE may not shield
against a high recurrence rate when the first event was
severe. These findings justify a prospective study designed
to confirm this relationship which could change the way
we determine the duration of anticoagulation treatment
after a first PE.
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