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Abstract

Background: Reperfusion therapy is challenging in the elderly. Catheter-directed therapies are an alterna-
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o catheter-directed tive for higher-risk pulmonary embolism (PE) patients if systemic thrombolysis (ST) is contraindicated or
therapies

e elderly (>75 years)

o frailty

¢ miscellaneous

¢ pulmonary
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has failed. Their safety has not been evaluated in specific vulnerable populations.

Aims: We aimed to assess the safety of reperfusion therapies in elderly and frail patients in the real world.
Methods: In the US Nationwide Inpatient Sample from 2016 to 2020, we identified hospitalisations of
patients >65 years with PE and defined a frailty subgroup using the Johns Hopkins Adjusted Clinical
Groups frailty-defining diagnosis indicator. We investigated reperfusion therapies (ST, catheter-directed
thrombolysis [CDT], catheter-based thrombectomy [CBT], surgical embolectomy [SE]) and their associ-
ated safety outcomes (overall and major bleeding).

Results: Among 980,245 hospitalisations of patients >65 years with PE (28.0% frail), reperfusion therapies
were used in 4.9% (17.6% among high-risk PE). ST utilisation remained stable, while the use of catheter-
directed therapies increased from 1.7% in 2016 to 3.2% in 2020. Among all hospitalisations with reperfu-
sion, CDT, compared to ST, was associated with reduced major bleeding (5.8% vs 12.2%, odds ratio [OR]
0.58, 95% confidence interval [CI]: 0.49-0.70); these results also applied to frail patients. CBT, compared
to SE, was also associated with reduced major bleeding (11.0% vs 22.4%, OR 0.63, 95% CI: 0.43-0.91),
but not among frail patients. These differences were particularly significant in patients with non-high-risk

¢ reperfusion
e thrombolysis

PE. Differences persisted for overall bleeding as well.
Conclusions: Catheter-directed therapies may be a safer alternative to classical reperfusion therapies for
elderly and frail patients with PE requiring reperfusion treatment.
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Abbreviations

CBT catheter-based thrombectomy

coT catheter-directed thrombolysis

HCUP  Healthcare Cost and Utilization Project

ICD International Classification of Diseases
NIS Nationwide Inpatient Sample

PE pulmonary embolism

SE surgical embolectomy

ST systemic thrombolysis

Introduction

Acute pulmonary embolism (PE) is a common cardiovascular
disease whose incidence rises exponentially with age'?. Although
the annual PE-related mortality rates have decreased over the
past two decades, especially among the elderly, PE is still a main
contributor to overall mortality in the elderly®*. Reperfusion
therapies, primarily systemic (intravenous) thrombolysis (ST)
or surgical embolectomy (SE), have traditionally been the treat-
ment of choice in patients with haemodynamic instability or
risk of imminent decompensation®®. However, age >75 is often
mentioned as a relative contraindication for ST since the rate
of major extracranial bleeding reached 11.1% in aged patients
in the Pulmonary Embolism Thrombolysis (PEITHO) Study’.
On the other hand, patients with advanced age and frailty often
have a high surgical risk, and SE may not be an ideal choice®’.
Therefore, these patients are in need of alternative reperfusion
strategies.

Catheter-directed therapies, including catheter-directed
thrombolysis (CDT) and catheter-based thrombectomy (CBT),
can swiftly restore the haemodynamic parameters of right
ventricular function in high- and intermediate-high-risk PE
patients and are suggested for those in whom thrombolysis has
failed or is contraindicated®. Standard or ultrasound-assisted
CDT consists of a local infusion of lower-dose thrombolyt-
ics directly into the pulmonary arteries. CBT may refer either
to thrombus fragmentation with the use of rotational pigtail
catheters or thrombus aspiration by applying suction with the
use of large-bore catheters. Pharmacomechanical catheter-
directed techniques have also been used. A recent meta-analy-
sis evaluated the safety profile of these endovascular therapy
approaches, reporting major bleeding rates of 6.7% and 1.4%
for high-risk and intermediate-risk PE, respectively'’. However,
this evidence is derived mainly from smaller single-arm stud-
ies, whereas major controlled randomised trials investigating
the efficacy and safety of CDT are still ongoing!'. Moreover,
frail older patients are usually underrepresented in randomised
trials, as they fulfil many exclusion criteria.

In the present study, we aimed to assess the contemporary use of
reperfusion therapies for the management of elderly and frail hos-
pitalised patients with acute PE and to specifically investigate the
safety with regard to bleeding of different reperfusion treatment
approaches in a large nationwide sample.

Editorial, see page 708
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Methods

The Nationwide Inpatients Sample (NIS), provided by the Agency
for Healthcare Research and Quality, is the largest publicly acces-
sible, all-payer, de-identified, inpatient healthcare database in the
USA and was developed for the Healthcare Cost and Utilization
Project (HCUP). The database represents roughly 97% of the US
population, and it contains a 20% stratified sample of discharges
from US hospitals that take part in the HCUP, excluding reha-
bilitation and long-term acute care facilities. For this analysis, we
used data from the NIS from 2016 to 2020. The database includes
only de-identified data, and this analysis was exempt of institu-
tional review board approval or informed consent. Additional
information on the NIS is provided in the HCUP NIS Database

Documentation website (www.hcup-us.ahrq.gov).

STUDY POPULATION AND DATA DEFINITION

The International Classification of Diseases, 10th version (ICD-
10-CM for diagnoses and ICD-10-PCS for procedures) is used
to code the diagnoses and procedures in the NIS database. The
database contains up to 40 diagnoses and 25 procedures for each
hospital discharge record. For the purpose of the present study,
all hospitalisations of elderly (=65 years) patients were selected
with a discharge diagnosis code of acute PE (primary and sec-
ondary diagnosis). Frail patients were defined applying the Johns
Hopkins Adjusted Clinical Groups (ACG) Frailty Assessment
Calculator''. This indicator consists of a total of 10 frailty-defin-
ing unweighted diagnoses: malnutrition, dementia, severe vision
impairment, decubitus ulcer, urinary incontinence, weight loss,
poverty, barriers to access to care, difficulty in walking, and falls;
at least one of 10 diagnoses (in conjunction with age more than
65 years old) was required to define frailty. Hospitalisations with
an additional diagnosis of shock, vasopressor use, cardiac arrest,
or need for cardiopulmonary resuscitation were classified as high-
risk acute PE.

The reperfusion therapeutic strategies during hospitalisation
were classified as ST, CDT, CBT, and SE. If two or more rep-
erfusion therapies were used during the same hospitalisation, we
considered the reperfusion therapy performed first in our descrip-
tive analysis, whereas those cases were excluded in the inferential
analysis. Safety outcomes and complications during the index PE
hospitalisation primarily included overall bleeding rates and major
bleeding rates (defined as the presence of intracranial bleeding,
haemopericardium, haemoperitoneum, haemarthrosis; all with or
without transfusion). We also assessed in-hospital mortality, length
of stay, shock, and acute renal failure.

Supplementary Tahle 1 lists the ICD-10-CM and ICD-10-PCS
codes used to define the aforementioned variables, as well as
comorbidities.

STATISTICAL ANALYSIS
Since the percentage of missing data was below 3% for all var-
iables, we assumed that they were missing at random and con-

ducted a complete case analysis. For categorical data, descriptive
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statistics comprised counts and percentages, and for continuous
variables, medians and interquartile ranges (IQR). Logistic regres-
sion was used to calculate odds ratios (OR) of overall bleeding,
major bleeding, and all-cause in-hospital mortality and make
comparisons of (i) ST versus CDT and (ii) CBT versus SE.
Comparisons were made among patients who received only one
reperfusion therapy, excluding those who received multiple thera-
pies. The regression models were adjusted for age, sex, presence
of high-risk PE, and comorbidities (arterial hypertension, diabetes,
obesity, congestive heart failure, chronic pulmonary disease, and
cancer). We performed a subgroup analysis according to frailty
status. All analyses were conducted by application of discharge-
level weights provided in the HCUP database and by taking into
account the NIS stratification and hospital clustering. A 2-sided
p-value<0.05 was set as the level of statistical significance. The
statistical analysis was conducted in R version 4.1.3 (R Project for
Statistical Computing).

Results

Out of a total of 1,942,505 patients hospitalised with a diagnosis
of PE between 2016 and 2020, 980,245 (50.5%) were >65 years
of age and were included in the present analysis. In these elderly
patients, the median age was 75 (IQR 70-82) years; 54% were
women (Table 1); and 274,175 (28.0%) patients were considered
frail, based on the Johns Hopkins ACG frailty-defining indicator
as explained in the Methods, and were included in the predefined
subgroup analysis.

In this study population of patients >65 years, reperfusion ther-
apies were used in 4.0% of PE hospitalisations in 2016 with an
increase up to 5.6% in 2020 (Figure 1). Interestingly in high-risk
PE, the rates of reperfusion use remained largely unchanged with
16.9% in 2016 and 16.5% in 2020. Reperfusion rates by age group
and high-risk PE are presented in Supplementary Figure 1. ST was
the most used reperfusion therapy (2.5% overall, 12.3% for high-
risk PE), followed by catheter-directed thrombolysis (1.8% over-
all, 3.1% for high-risk PE), CBT (0.7% overall, 2.5% for high-risk
PE), and SE (0.1% overall, 0.9% for high-risk PE). Overall, use of
CDT increased from 1.7% in 2016 to 3.2% in 2020, and both CDT
and CBT showed an increasing trend throughout the study period
(Figure 1). The use of reperfusion therapies was more frequent in
non-frail patients (5.6%, compared to 3.1% in those with frailty),
and this was also true among patients with high-risk PE (non-frail,
19.9%; frail, 12.6%).

Bleeding complications were documented in 15.6% of elderly
patients; of those, major bleeding was found in 7.6% and intra-
cranial haemorrhage in 1.0%. Since transfusions may also be pro-
cedure-related, by not taking them into account, major bleeding
rates were i) 2% among patients not receiving any reperfusion
treatment, ii) comparable for CDT and CBT at 2% and 3%, respec-
tively, and iii) observed to be higher at 4% and 7% for ST and SE,
respectively. Intracranial haemorrhage, which is the most feared
complication of lytic treatment, was low at 1% in all groups,

except for the ST group, where it reached 3%. Bleeding events

stratified by type of reperfusion treatment are shown in Figure 2.
The in-hospital fatality rate was 8.4% across the entire study pop-
ulation, while among patients with high-risk PE it was as high
as 55.3%. Patients without frailty had 7.4% in-hospital mortality
(56.3% in high-risk PE), while those with frailty had consider-
ably higher overall in-hospital mortality of 11.2%. In-hospital out-
comes and complications in elderly patients who received at least
one reperfusion therapy are presented in Figure 2 and, according
to frailty status, in Table 2.

CATHETER-DIRECTED THROMBOLYSIS VERSUS SYSTEMIC
THROMBOLYSIS

Among patients >65 years who received thrombolysis, CDT was
associated with less major bleeding compared to systemic (intra-
venous) thrombolytic treatment (5.8% vs 12.2%; OR 0.58, 95%
CI: 0.49-0.70), as well as among the subgroup of frail patients
(8.6% vs 16.2%, OR 0.60, 95% CI: 0.41-0.88) (Figure 3A). Overall
bleeding was also significantly less frequent in the patients treated
with CDT compared to those receiving ST (14.4% vs 20.4%; OR
0.79, 95% CI: 0.70-0.90); this difference was observed also in the
subgroup of frail patients (18.2% vs 25.8%; OR 0.72, 95% CI:
0.54-0.94) (Figure 3A). Patients receiving CDT had lower rates of

Table 1. Baseline characteristics of pulmonary embolism
hospitalisations among patients aged >65 years according to
frailty status.

Characteristic Overall Non-frail Frail
N=980,245 | N=706,070 | N=274,175
Age, years 75170, 82] 74 169, 81] 79172, 86]
Women 527,935 (54) | 370,825 (53) | 157,110 (57)
Race | White 728,660 (77) | 533,450 (78) | 195,210 (73)
Black 133,585 (14) | 89,985(13) | 43,600 (16)
Hispanic 51,790 (5.4) | 36,070 (5.3) | 15,720 (5.9)
Asian/Pacific Islander 13,000 (1.4) | 8,585(1.3) 4,415 (1.7)
Native American 3,200 (0.3) 2,315(0.3) 885(0.3)
Other 20,815(2.2) | 14,305(2.1) | 6,510 (2.4)
Deep vein thrombosis 347,255 (35) | 252,975 (36) | 94,280 (34)
Diabetes mellitus 279,535 (29) | 203,870 (29) | 75,665 (28)
Myocardial infarction 124,065 (13) | 89,435(13) | 34,630 (13)
Congestive heart failure 273,895 (28) | 191,575 (27) | 82,320 (30)
Chronic pulmonary disease 301,865 (31) | 219,830 (31) | 82,035 (30)
Renal disease 202,230 (21) | 143,595 (20) | 58,635 (21)
Cancer 347,235 (35) | 252,675 (36) | 94,560 (34)
Cerebrovascular disease 78,555 (8.0) | 47,530 (6.7) | 31,025(11.0)
Dementia 116,840 (12) 0(0) 116,840 (43)
Hypertension 725,275 (74) | 526,870 (75) | 198,405 (72)
Obesity 175,470 (18) | 144,500 (20) | 30,970 (11)

Renal impairment 140,310 (14) | 100,080 (14) | 40,230 (15)
High-risk PE 63,840 (6.5) | 43,800 (6.2) | 20,040 (7.3)

Data are expressed as median [IQR] or n/N (%). IQR: interquartile range; PE: pulmonary
embolism
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Figure 1. Counts of hospitalisations of elderly patients with PE requiring reperfusion therapies from 2016-2020 in the Nationwide Inpatient
Sample and rates of reperfusion therapies. A) Hospitalisations for patients without frailty. B) Hospitalisations for frail patients.
Rates of reperfusion therapies in all patients with PE (C) and patients with high-risk PE (D) according to frailty status. PE: pulmonary

embolism

in-hospital mortality compared to patients receiving ST (5.0% vs
22.3%; OR 0.33, 95% CI: 0.28-0.40), as well as in the subgroup
of frail patients (6.7% vs 23.9%; OR 0.33, 95% CI: 0.26-0.40)
(Supplementary Figure 1).

CATHETER-BASED THROMBECTOMY VERSUS SURGICAL
EMBOLECTOMY

Among all hospitalisations of elderly patients who received either
SE or CBT, CBT was significantly associated with reduced major
bleeding (11.0% vs 22.4%; OR 0.63, 95% CI: 0.43-0.91), with-
out statistical significance among the subgroup of frail patients
(14.8% vs 22.5%; OR 0.73, 95% CI: 0.28-1.93) (Figure 3B).
Overall bleeding was also significantly less in the CBT group
compared to the SE group (23.3% vs 50.4%; OR 0.40, 95% CI:

0.30-0.53); a tendency in the same direction was also observed
among frail patients (28.4% vs 45.0%; OR 0.55, 95% CI: 0.26-
1.14) (Figure 3B). In regard to in-hospital mortality, patients
receiving CBT showed a trend towards lower rates compared to
patients receiving SE (11.1% vs 21.1%; OR 0.85, 95% CI: 0.54-
1.35), and to frail patients (10.6% vs 20.0%; OR 0.52, 95% CI:
0.20-1.32) (Supplementary Figure 2).

HIGH-RISK PATIENTS

Among the subgroup of high-risk PE, CDT compared to ST
was not associated with a reduced incidence of overall or major
bleeding, while CBT compared to SE was significantly associ-
ated with reduced overall bleeding (OR 0.33, 95% CI: 0.21-0.53)
but not major bleeding (Supplementary Figure 3). The additional
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A Bleeding outcomes

Percentage of total hospitalisations (%)
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N
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Overall bleeding Major bleeding Major bleeding Intracranial haemorrhage Transfusion

(without transfusion)

B Other outcomes
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Catheter-directed thrombolysis [ Catheter-based thrombectomy No reperfusion therapy
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Figure 2. Hospitalisation rates according to bleeding and other outcomes for reperfusion therapies. A) Hospitalisation rates of bleeding
outcomes, including overall bleeding, major bleeding, transfusions, intracranial bleeding, and other outcomes (B) across reperfusion
treatments (systemic thrombolysis, catheter-directed thrombolysis, catheter-based thrombectomy, and surgical embolectomy).

analyses based on high- or non-high-risk status can also be seen in
Supplementary Figure 3.

Discussion
After investigating the NIS from the years 2016 to 2020, the main
findings can be summarised as follows (Central illustration): 1)

among elderly patients with a diagnosis of PE, the use of rep-
erfusion therapies increased during the investigated time period
and reached almost 6% in 2020; 2) use of reperfusion therapies
was low among high-risk PE patients — used only in approxi-
mately 2 out of 10 patients with high-risk PE — and this decreased
even further in the high-risk PE frail patient subgroup, with only



B Eurolntervention 2023;19:772-781

Reperfusion therapies for PE in the elderly

uonezi|in pue 1509 1edylesH ‘dNOH

uoI11eU3AX0 sueiquaW |Ba10dI0deIIXS |elIaME-0UBA :QNDT-VA ‘Wsijoqwa Aeuow|nd 34 ‘suoiieindal DYHY dNOH Jad se Aoeaid eiep o3 anp ‘paniodas Jou YN ‘e8uel aj1uenbiaiul :yo| ‘198l0id
N/U se passaidxe e ejeq "papn|oxe aiem Adessy} uoisnpadai suo ueyjy aiow SuiAl9ddI Sjuslled

{Aj1enp pue yoieasay aiedy}jea o) Aoualdy :OYHY

[

HOI] uelpaw Jo (

%

)

zronos | 98 ot ovioe | 011 0vI0L | 001 08109 | [08°0€10G | [591°0910%6 | [0 0E10Y | 080106 | 020210y | Aeis jo ey
(¥2) GTT'T (02) G& (£°9) GvT (1D 501 (1D G826z | (22) 0vO'y (61) 59T (') 085 (66)STv | (0°2)G0G'9Y e
(02) 076 (v1) 62 (8'6) 621 (9'6) 65 (ze)oss's | (61)Gzs'E (#1) G2t (6'€) G6¥ (8'8)0LE | (872)G86'8T | 1sae deipieD
(61) 6.8 (e7) G2 (7'8) 081 (D) G2t (626859 | (9D SI0'E (8€) 0£E (0'9) 08 (IDey | (12)seevl %o0us
(£7) 000'Z (£8) 00T (2€) 069 (109 | (2)osv'zL | (GE) 0169 (7) 0L€ (€2 0vz's | (09)0ve'T | (22) Gea‘LvT ous g
(21) 655 (£2) OF (9') 02T (IDOIT | (6402012 | (£'4)GEV'T (91) 0¥ (£°) 09% (r'9)0Lz | (€%9)0ET'GE uoisnsue|
(£'2) G2t (0)0 (6'0) 02 uN ZDosT's | (92 68y (I ot (6°0) O€T (1) 0g Eorse0'y | Toione
(uoisnjsuely

(1'6) G€Z 4N (9'7) G€ (1'2) 0z 02082 | (2w oL (') 69 (0'2) 682 (92 01T | (£'1)08Z'TT noum)
Suipas|q Joley

(91) 66/ (92) Gv (0'0) 05T D0zl | (96)G6E'GE | (11)GE0T (£2) 002 (6'7) 689 (£'8)G98 | (£'9)Ge9'yy | Buipssiq iofeiy
(92) G6T'T (15) 06 (91) 5¢ (t2)09z | 81698y | (61)09V'E (£5) 097 (1) 628'T (12068 | (1) GLL'76 Buipasig
(1) 018 (v€) 09 (22) 0Ly (82)GLz | (€®)00L'Tz | (91)656'C (98) GT€ (L1) G9E'Z 22086 | (V9 088'ZY | puon ooy
(£0) 6T (1) 62 uN uN (1'0>) 69 (9'0) GOT (2'6) 08 (2'0) 08 (1) 09 (1'0>) G 17 ONO3-VA
(8) 09/'T (19) 06 (1) 008 (22012 | (99)0zs'LT | (18)02L' 8 ozy | (06)092'T (8D OVL | (€6)G80'GE |  3dISU-UBIH

ov9'v=N
‘siskjoqwoiy}

a1wayshs

GLI=N
‘Awojasjoqwa
|eaiding

GGl‘C=N
‘siskjoquoiy}
pajoaup
-1aj8yieg

GL6=N
‘fwoyaaquioly}
paseq-1ajayies

G6L'G9Z=N
‘uoisnyiadai
ON

GEG'8L=N
‘siskjoquoiyy
a1wayshs

0L8=N
‘fwoyasjoquia
|eaiding

G96'C1=N
‘siskjoqwoiy}
pajoaip
-13j18yjeg

liey-uoN

00Z'v=N
‘fwoyaaquioly
paseq-1ajayjen

G6Z'999=N
‘uoisnyiadai
ON

ansua)aeIRy)

‘Kdesay) uoisnpiadai jo adAy pue smeis fyjiesy Aq paynens suaned Apnls ay) Jo sawoano pue ‘suonealjdwod ‘sainpasosd annadelay) ‘wsijoqusa Lieuow nd jo fHBAaS “Z 3jqel




m
c
5
=L
=
=
@
e
<
)
S
=
(=]
=
N
o
N
@«
X
©
g
3
o
4
o
&

A Catheter-directed thrombolysis vs systemic thro_mholysis
E OR 95% ClI

Overall ;
Bleeding - 0.79 [0.70-0.90]
Major bleeding —— 0.58 [0.49-0.70]
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Figure 3. Multivariable logistic regression for overall and major bleeding (with or without transfusion) in elderly patients with PE according

to frailty status. A) Catheter-directed thrombolysis vs systemic thrombolysis and (B) catheter-based thrombectomy vs surgical embolectomy.

The model was adjusted for age, sex, comorbidities (hypertension, diabetes mellitus, obesity, congestive heart failure, chronic pulmonary

disease, and cancer) and high-risk PE. CBT: catheter-based thrombectomy,; CDT: catheter-directed thrombolysis,; CI: confidence interval;

OR: odds ratio; PE: pulmonary embolism; SE: surgical embolectomy, ST: systemic thrombolysis

12% undergoing reperfusion therapeutic strategies; 3) CDT and
especially CBT use increased continuously throughout the study
period; 4) CDT showed lower rates of overall and major bleed-
ing compared to ST, and CBT showed lower rates of overall and
major bleeding compared to SE.

Previous analyses have focused on the use of “classical” rep-
erfusion therapies, namely ST and SE. In a German nationwide
analysis of the years 2005-2020, the rate of use of such therapies
was low (<5% and <0.1%, respectively) in the elderly (>60 years)
population®. In addition, based on the US NIS data from the years

1999-2008, 23.3% of patients with unstable (high-risk) primary
PE hospitalisation and age >60 years received thrombolytic treat-
ment". This percentage is comparable to the one based on our
analysis of the years 2016-2020 (23.2%) for the use of ST in high-
risk primary PE hospitalisations. Similar conclusions apply to the
usage rates of SE'S.

More recently, CDT has been increasingly used in the treatment
of high-risk as well as intermediate-high risk PE!” and is recom-
mended with a class Ila indication in current European guidelines in

cases where thrombolysis is contraindicated or has failed™.
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US Nationwide Inpatient Sample

(2016-2020)
980,245 hospitalisations of patients

265 years with pulmonary embolism
274,175 (28%) frail

Non-frail

2 IR ystemic thrombolysis
_ 0Surgical embolectomy

2.2 Catheter-directed thrombolysis
0.8 Catheter-based thrombectomy
Frail
1 S sy stemic thrombolysis
. 0.1Surgical embolectomy
0.9 Catheter-directed thrombolysis
0.5 Catheter-based thrombectomy

0 i 2
Reperfusion therapy (%)

CENTRAL ILLUSTRATION Safety and reperfusion therapies for pulmonary embolism in frail elderly patients.

Catheter-directed therapies may be a safer alternative to classical reperfusion therapies for elderly and frail patients with PE requiring
reperfusion treatment. CI: confidence interval; OR: odds ratio; PE: pulmonary embolism

A Catheter-directed thrombolysis vs systemic thrombolysis

OR 95% CI
Overall
Bleeding ot 0.79 [0.70-0.90]
Major bleeding et 0.58 [0.49-0.70]

Major bleeding

(without transfusion) L 0.56 [0.42-0.75]

B Catheter-based thrombectomy vs surgical embolectomy

OR 95% CI
Overall
Bleeding o 0.40 [0.30-0.53]
Major bleeding —.—t 0.63 [0.43-0.91]
Major bleeding i 0.72 [0.39-1.34]

(without transfusion)

Comparisons of catheter-directed therapies with classical reperfusion therapies
in regard to overall and major bleeding.

Concerning CDT, the ULTIMA and CANARY trials, and other
single-arm trials, have shown haemodynamic amelioration in
patients receiving these treatments; however, the mean age of
included patients was below 65 years, and little efficacy or safety
data were mentioned for this particular population'®?2. In a retro-
spective analysis of 18 elderly patients receiving CDT, only one
patient had a bleeding event following the procedure®, while in
a systematic review of ultrasound-assisted CDT of 611 patients
>60 years, the rate of intracranial haemorrhage was 1.1% and major
bleeding was 4.9%?*. These results were confirmed in our study,
which showed a low rate of intracranial haemorrhage or major
bleeding using administrative data of 16,120 elderly patients receiv-
ing CDT. In addition, we showed that the rates of overall bleeding,
major bleeding, and intracranial haemorrhage were comparable in
both the CDT group and the group of elderly patients not receiving
any reperfusion therapy, suggesting a potential indication of safety
for this population, irrespective of the presence of frailty. However,
this safety signal warrants thorough investigation in randomised tri-
als before any concrete recommendation for its use can be given''.

Fewer data exist on the use of CBT in an elderly population.
The FLASH registry recently published results on the use of
the FlowTriever (Inari Medical) thromboemboli aspiration sys-
tem and reported a major bleeding rate of 1.4% within 48 hours
in a population of PE patients with a mean age of 61 years?.
In the EXTRACT-PE trial using the Indigo aspiration system
(Penumbra, Inc), the rate of major bleeding within 48 hours
was also 1.7% among patients with mean age of 59.8 years?.
These results refer to single-arm studies with limited inclusion
of elderly, and especially frail, patients, in whom the probability

of bleeding outcomes is expected to be higher. In our analysis
of elderly patients, rates of major bleeding among CBT proce-
dures were higher, reaching 9% (12% in patients with frailty)
and 3% if we exclude the transfusions, which may have been
procedure related; however, the rate of major bleeding in patients
receiving no reperfusion was also high at 8% and 2%, with and
without transfusions, respectively. Compared to SE, CBT may be
associated with reduced bleeding and in-hospital mortality, espe-
cially among patients without haemodynamic decompensation.
Definite answers on the safety of this relatively novel reperfusion
approach for PE, which will hopefully apply to elderly patients
as well, may be provided by the randomised controlled trials
that are currently enrolling (ClinicalTrials.gov: NCT05684796,
NCT05612854, NCT05111613).

Limitations

This study evaluated administrative data and is subject to the lim-
itations of this source of evidence, making the results hypothe-
sis-generating only. The classification of comorbidities, events
and the use of advanced therapies was defined according to ICD-
10 codes; therefore, misclassification of a few cases cannot be
excluded. There is no single definition for major bleeding in the
ICD-10 codes. As such, we used ICD-10 codes that topographi-
cally define major bleeding (e.g., intracranial, intraperitoneal,
etc.), as well as ICD-10 codes for transfusion; therefore, we chose
bleeding events that are per se defined as major. Furthermore, it
is not certain whether the factors defining high risk were present
before or after the PE. Even though adjustment for several clinical
factors was performed, confounding by indication could influence
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the results of the analysis (thus, patients who did not receive rep-
erfusion treatment might have been the sickest, at highest bleeding
risk, or perhaps had bleeding already).

Conclusions

In elderly and frail patients with pulmonary embolism, the cur-
rent use of classical reperfusion treatments (ST or SE) is low,
even among high-risk PE hospitalisations, indicating physicians’
increasing fear of bleeding and perioperative complications. The
use of CDT has increased and is emerging as a promising and
safe alternative to classical reperfusion therapies for this vulner-

able patient population.

Impact on daily practice

Reperfusion therapy is challenging in elderly patients with pul-
monary embolism. The safety of catheter-directed therapies has
not been evaluated in specific vulnerable populations. Catheter-
directed therapies may be a safe alternative to classical reper-
fusion therapies for elderly and frail patients with PE requiring
reperfusion treatment. Definite answers on the safety of catheter-
directed treatments for elderly and frail patients with PE should
be provided by adequately powered randomised controlled trials.
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Supplementary data

Supplementary Table 1. International Classification of Diseases, Tenth Revision, Clinical
Modification (ICD-10-CM) and International Classification of Diseases, Tenth Revision,
Procedure Coding System (ICD-10-PCS) diagnosis codes.

Diagnosis

ICD-10-CM

Pulmonary embolism

126.01, 126.02, 126.09, 126.90, 126.92, 126.93,
126.94, 126.99

Deep vein thrombosis

182.220, 182.210, 182.290, 182.401, 182.492,
182.442,182.432, 182.493, 182.411, 182.421,
182.412, 182.402, 182.472, 182.441, 182.443,
182.413,182.431, 182.422, 182.471, 182.491,
182.473, 182.403, 182.409, 182.4Y2, 182.4Y3,
182.433,182.423, 182.4Y1, 182.499, 182.419,
182.439, 182.449, 182.479, 182.429, 182.90

Shock

R57.0, R57.9

Respiratory failure

J96, R09.2

Cardiac arrest

146.2, 146.8, 146.9

Bleeding

R04.x, R58.x, D62.x, D68.3, D69.9, K62.5,
K66.1, K2 [5-8].x, K92.0, K92.1, K92.2, H11.3,
H21.0, H31.3, H35.6, H43.1, H45.0, 16[0-2].x,
131.2, J94.2, M25.0, NO2.x, N93.9, N95.0, R31,
S06.x, S27.1, T79.2

Major bleeding

160, 161, 162, 131.2, 123.0, J94.2, K66.1, M25

Intracranial hemorrhage 160, 161, 162

Acute renal failure N179, N170, N178, N171, N172

Malnutrition E41, E43

Dementia F0150, FO151, F0280, F0281, F0390, F0391,
G309, G301, G308, G300, G311

Severe visual impairment H54[018]

Decubitus ulcer L89

Urinary incontinence

N31, N36.4, N39.4, R15[19]

Weight loss

R627, 2681, R64, R633, R634, R636

Social support needs

Z59, Z74, 775, Y93

Difficulty in walking

R26, R27, 72993

Falls

"WO10XXA", "WO010XXD", "WO0110XA",
"WO01198A", "WO01190A", "W0110XD",
"W01198D", "WO01118A", "WO4XXXA",
"WO04XXXD", "WO04XXXS", "WO5XXXA",
"WOS5XXXD", "WO5XXXS", "WOGXXXA",
"WOBXXXD", "WOBXXXS", "WO7XXXA",
"WO7XXXD", "WO7XXXS", "WO8XXXA",
"WOBXXXD", "WO8XXXS","W108XXA",
"WI109XXA", "W108XXD", "W109XXD",
"WI100XXA", "WI101XXA", "W101XXD",
"W108XXS", "WI102XXA","W1781XA",
"W1789XA", "W1800XA", "W1801XA",
"W1802XA", "W1809XA", "W1811XA",
"W1812XA", "W1831XA", "W1839XA",
"W1840XA", "W1841XA", "W1842XA",
"W1849XA", "WI9XXXA"

Myocardial infarction

121.x, 122.%, 125.2

Congestive heart failure

109.9, 111.0, 113.0, 113.2, 125.5, 142.0,
142.5-142.9, 143.x, 150.X,

Cerebrovascular disease

G45.x, G46.x, H34.0, 160.x-169.x

Dementia

F00.x-F03.x, F05.1, G30.x, G31.1

Chronic pulmonary disease

127.8, 127.9, J40.x-J47 X, J60.X-J67 .X,
J68.4, J70.1, J70.3




Obesity

E66, 268.3, Z68.4

Diabetes mellitus

E10.x, E11.x, E13.X

Renal disease

112.0, 113.1, N03.2-N03.7,
N05.2-N05.7, N18.x, N19.x, N25.0,
Z749.0-249.2, 794.0, 799.2

Cancer

C.x, DO.x, D3[7-9].x, D4[0-5].%, Z85.x

Procedure

ICD-10-PCS

Vasopressor use

3E033XZ, 3E043XZ

Ventilator support

5A1935Z, 5A1945Z, 5A1955Z

Cardiopulmonary resuscitation

5A12012

Systemic thrombolysis

3E03317, 3E04317, 3E05317

Catheter-directed thrombolysis

3E06317, 02FP3Z0, 02FQ3Z0, 02FR3Z0

Catheter-based thrombectomy

02CP32ZZ, 02CQ32Z, 02CR3ZZ, 02FP3ZZ,
02FQ3ZZ, 02FR32Z

Surgical embolectomy

02CP0ZZ, 02CP42Z, 02CQ0ZZ, 02CQ4ZZ,
02CR0ZZ, 02CR4ZZ

Extracorporeal membrane oxygenation

5A1522G, 5A15223

Transfusion

30233N0, 30233N1, 30233P0, 30233P1,
30233H0, 30233H1,30243N0, 30243N1,
30243P0, 30243P1, 30243H0, 30243H1

Renal replacement therapy

5A1D60Z, 5A1D00Z, 5A1D70Z, 5A1D90Z,
5A1D80Z




Supplementary Figure 1. Reperfusion rates by age group and high-risk pulmonary
embolism.
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Supplementary Figure 2. Multivariable regression model for in-hospital mortality.

A Catheter-directed thrombolysis vs systemic thrombolysis

OR 95%Cl
Overall
In-hospital mortality ———i 0.33 [0.280.40]
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In-hospital mortality —— 0.33 [0.260.40]
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Supplementary Figure 3. Multivariable regression model for clinical outcomes among high-
risk PE.

A Catheter-directed thrombolysis vs systemic thrombolysis

OR 95%Cl
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