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1  | INTRODUC TION

According to current international guidelines, high-risk pulmonary 
embolism (PE) is defined by obstructive shock with signs of hypop-
erfusion, persistent hypotension with systolic blood pressure (SBP) 
below 90 mmHg or a drop in SBP of more than 40 mmHg lasting 
longer than 15 minutes.1 Patients with suspected high-risk PE should 
be given a loading-dose of heparin and then be treated with systemic 
intravenous (IV) thrombolysis when the diagnosis is established.1 

However, if IV thrombolysis is contraindicated due to risk of serious 
bleeding, or if it yields insufficient effect, surgical thrombectomy or 
catheter-directed intervention (CDI) is recommended.1,2

Different CDI techniques can be used alone or in combinations: 
mechanical fragmentation, aspiration thrombectomy, catheter-de-
livered local thrombolysis, and rheolytical thrombectomy with aspi-
ration of fragments.3 For the complex clinical therapeutic decision in 
acute high-risk PE cases, specialized pulmonary embolism response 
teams (PERT) have been advocated, particularly in multidisciplinary 
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before the CDI technique was available. The main outcomes of interest were 90-
day survival and reduction of right to left ventricle diameter (RV/LV) ratio, using the 
Fischer's exact test and a mixed model, respectively, for statistical analysis.
Results: Ninety-day survival was 59% after CDI and 61% after anticoagulation only; 
P = .903. The rate of RV/LV ratio reduction was 0.4 units higher per 24 hours in the 
CDI group (median 2.1 pre-treatment), than in the anticoagulation only group (median 
1.3 pre-treatment); P = .007.
Conclusion: In patients with high-risk pulmonary embolism, 90-day survival was simi-
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the use of CDI in selected patients, respecting the limitations and potential side ef-
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settings.4,5 In our institution, CDI was introduced in 2013 as a treat-
ment option for patient with high-risk PE and contraindications to, or 
insufficient effect from, IV thrombolysis after individual evaluation 
by a specialized pulmonary embolism response team (PERT).6 The 
aim of this study was to evaluate the outcomes from CDI plus antico-
agulation and to compare them to anticoagulation alone which was 
the precedent alternative in these patients.

2  | METHODS

The study was approved by the Swedish Ethical Review Authority 
(Dnr 2019-00827) including a waiver of informed consent due to 
its retrospective nature. Data were handled and stored according 
to the European General Data Protection Regulation (GDPR). The 
manuscript was prepared according to the STROBE guidelines for 
observational studies.7

2.1 | Design

Retrospective study of patients with high-risk PE treated by CDI fol-
lowed by anticoagulation between July 2013 and December 2018. 
A historic cohort of patient treated for high-risk PE with anticoagu-
lation only (AC group) between January 2006 and June 2013 was 
used for comparison. Data were retrieved from medical records and 
quality registries.

2.2 | Patients

Eligible patients were identified by the local code for pulmonary 
angiography in the database of the radiology department or by 
the ICD-10 codes I26.0 or I26.9 and the local code for pharmaco-
logical thrombolysis in the database of the intensive care unit (ICU). 
Inclusion criteria were 1) adult patient >18 years old with a diagnosis 
of PE established by computed tomography pulmonary angiogra-
phy (CTPA) or an assumed PE diagnosis based on RV dilatation on 
echocardiography and a history compatible with acute PE; 2) SBP 
below 90 mm Hg; 3) absolute contraindication to, or insufficient 
effect from, IV thrombolysis. The absolute contraindications were 
defined by the existing standard operation procedure (SOP) for IV 
thrombolysis which did not change over the study period: 1) trauma 
or surgery involving the central nervous system within the last 
two months; 2) ischemic or hemorrhagic stroke with intracerebral 
hemorrhage within the last three months; 3) surgery, major trauma, 
biopsies or puncture in anatomical regions with non-compressible 
blood vessel within the last ten days; 4) spinal or epidural puncture 
within the last 48 hours; 5) active bleeding or high risk of bleeding 
due to coagulation disturbances; 6) ongoing anticoagulation therapy. 
Exclusion criteria were 1) acute surgical thrombectomy or extracor-
poreal circulatory assist initiated before the assigned treatment; 2) 
no active treatment initiated.

2.3 | Clot burden

The clot burden was assessed by interpreting CT scans according 
to the pulmonary angiographic Miller score proposed by Miller8 and 
adapted for CT scans by Bankier.9 With this system, the clot burden 
score is assigned a number between 0 and 16 where 0 corresponds 
to the absence of emboli and 16 corresponds thrombus in all seg-
mental arteries or saddle embolism.

2.4 | Right heart dilatation

The diameters of the right and left heart ventricles (RV and LV) were 
defined as the maximal distance between the ventricular endocar-
dium and the interventricular septum perpendicular to the long axis 
in axial views according to standards on CTPA10,11 or echocardiogra-
phy images.12 Dilatation of the right ventricle was defined as RV/LV 
ratio >0.9.10 For pre-treatment values, RV/LV ratios from the routine 
CTPA images were used. For post-treatment values, we used meas-
urements from echocardiography images performed by an intensive 
care specialist certified in echocardiography13 and blinded to the 
treatment, clinical signs, and outcomes of the patient.

2.5 | Catheter directed interventions

Vascular access was established via the right femoral vein with ultra-
sound guidance using an 8-12F sheath introducer to the right atrium 
and a coaxial 6-7F sheath introducer to the pulmonary artery. Initial 
mechanical fragmentation was achieved either with a pigtail catheter 
(different manufacturers), a 5x20 - 10x40 mm non-compliant-balloon 
catheter (Admiral® Xtreme, Medtronic, Minneapolis, MN, USA) or a 6F 
rotating device (Rotarex®, Straub Medical AG, Wangs, Switzerland). 
Rheolytic fragmentation was achieved using a 6F hydrodynamic cath-
eter (AngioJet Ultra PE®, Boston Scientific, Marlborough, MA, USA).14 
In the United States, this device, which was originally designed for 
thrombectomy in peripheral and coronary vessels, carries a “black box 
warning” required by the Food and Drug Administration (FDA) due to 
serious complications when applied in PE.15 To minimize the risk of 
bradycardia,16 hypothetically caused by the release of adenosine from 

Editorial Comment

This retrospective cohort presents initial outcomes after 
initiating catheted-directed interventions for pulmonary 
embolism, with comparison to a historical cohort that ful-
filled criteria but received anticoagulation only. Mortality 
of both groups was high and similar, but right ventricular 
strain indicators appear to decrease earlier with invasive 
intervention. This approach is demonstrated to be feasible 
as a treatment modality in selected patients.
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disrupted platelets,17 our standard operation procedure (SOP) dictates 
that rheolytic fragmentation must be undertaken in short bursts of 
maximum 10 seconds while the cardiac rhythm is observed and normal 
frequency is secured. Optional small doses (5-20 mg) of Alteplase were 
applied at the end of the procedures to exert best possible effect in 
fragmented or perforated thrombi.18,19 Technical success was defined 
as reaching a desired position for fragmentation. Procedural success 
was defined as technical success in the absence of major procedural 
complications.20 Clinical success was defined as an overall ameliora-
tion of heart rate, oxygen saturation, and systemic blood pressure plus 
a dose reduction of any vasopressor infusion.

2.6 | Anticoagulation

All patients were administered an initial bolus dose of IV heparin 
100 IU/kg in the emergency department. After ICU admission, pa-
tients in the AC group were started on an IV infusion of heparin 30 
E/ml targeting an Activated Partial Thromboplastin Time (APTT) 
value of 70-100 seconds. Patients in the CDI group were started 
on an equivalent infusion in the ICU after completion of the CDI 
procedure.

2.7 | Outcomes

The main predefined outcomes of interest were survival to 90 days 
and reduction of RV/LV ratio. We also assessed maximum changes in 
serum creatinine and the length of stay (LOS) in the ICU and in the 
hospital for patients surviving the first 24 hours after initiation of 
the treatment.

2.8 | Statistical Methods

Descriptive statistics were used for group characteristics and out-
comes. Comparisons between groups were performed using the 
Fischer's exact test for categorical variables and the Mann-Whitney 
U-test for continuous variables. A linear mixed model, with ad-
justment for timing of pre- and post-treatment imaging, was used 
to compare the rate of RV/LV ratio reduction between groups. 
P-values ≤ 0.05 were considered significant. All analyses were per-
formed using SPSS (v24.0, IBM Statistics, IBM Corp, Armonk, NY, 
USA).

3  | RESULTS

Out 229 patients eligible during the entire screening period, 22 pa-
tients were submitted to CDI plus anticoagulation and 23 patients 
received anticoagulation only (Figure 1). There was no CDI treat-
ment performed during the period from which the AC cohort was 
recruited. No patient was lost to follow-up. All the patients had 
acute high-risk PE classified as IV or V according to the Pulmonary 
Embolism Severity Index.1 Baseline characteristics did not differ be-
tween the groups (Table 1). Vital parameters before the respective 
treatment did not differ between the groups except for the RV/LV 
ratio which was higher in the CDI group (Table 2). The median (IQ 
range) clot burden assessed by the Modified Miller Score was 16 (16, 
16) in the CDI group vs 12 (5, 16) in the AC group; P = .016.

In the CDI group, all patients had the PE diagnosis established 
by CTPA. Three eligible patients were excluded because the sched-
uled treatment by CDI was never initiated; two of them improved 
hemodynamically prior to the intervention, which was consequently 
inhibited, and one patient succumbed due to circulatory shock 

F I G U R E  1   Flowchart of patient inclusion and exclusion in the study
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before the start of the intervention. Two patients were subjected to 
surgical thrombectomy due to recurrent PE shortly after CDI; one 
of them died after 10 days and the other one was still alive after 
one year. Different CDI techniques were applied at the discretion of 
the interventionist (Table 3). Individual procedures and clot burden 
are detailed in the appendix (Table S1). One patient reacted to rhe-
olytic fragmentation with an episode of asystole and another patient 
displayed repeated bouts of hypotension due to failing right heart 
performance. However, both conditions resolved spontaneously. 
Due to progressing circulatory shock, one patient was given rescue 
IV thrombolysis during the intervention, despite identified contra-
indications. However, no bleeding complications occurred. No pa-
tient received rescue thrombolysis after the completed CDI. The 

procedure was classified as clinically successful in all except three 
patients who succumbed to circulatory shock unrelated to the inter-
vention and in two patients who died due to irreversible shock in the 
ICU within a few hours after the intervention.

In the AC group, the PE diagnosis was based on CTPA in 18 pa-
tients and on echocardiographic RV dilatation combined with clini-
cal presentation and history in five patients. Three eligible patients 
were excluded because active treatment with anticoagulation was 
never initiated; they were considered to suffer from conditions other 
than small pulmonary emboli that had been diagnosed but deemed 
clinically insignificant. Three patients received rescue thrombolysis 
due to progressive circulatory shock despite identified contraindica-
tions, but no bleeding complications occurred.

Category Variable CDI (n = 22) AC (n = 23)
P-
value

Demographic Age, years 70 (63 - 77) 68 (61 - 76) .737

Women 11 (50) 14 (61) .554

Medical history Hypertension 11 (50) 10 (43) .768

Coronary artery disease 3 (14) 3 (13) >.999

Atrial fibrillation 3 (14) 3 (13) >.999

Heart failure 0 (0) 1 (4) >.999

Risk factor for CVD 11 (50) 10 (43) .768

COPD 0 (0) 3 (13) .233

DVT 1 (5) 2 (9) >.999

PE 3 (14) 2 (9) .665

Stroke 5 (23) 2 (9) .242

Liver disease 0 (0) 1 (4) >.999

Renal disease 0 (0) 0 (0) >.999

Rheumatic disease 0 (0) 2 (9) .489

Psychiatric disease 0 (0) 2 (9) .489

Malignancy 5 (23) 10 (43) .208

Other 12 (55) 6 (26) .071

Contraindication Recent trauma 2 (9) 1 (4) .608

to thrombolysis Recent surgery 7 (32) 11 (48) .365

Recent ischemic stroke 2 (9) 1 (4) .608

Recent hemorrhagic 
stroke

3 (14) 0 (0) .109

Active bleeding 2 (9) 1 (4) .608

Risk of local bleedinga  4 (18) 8 (35) .491

Ongoing 
anticoagulation

0 (0) 1 (4) >.999

Failed first thrombolysis 2 (9)

Abbreviations: CDI, Catheter Directed Intervention plus anticoagulation; AC, Anticoagulation only; 
CVD, Cerebrovascular Disease; COPD, Chronic Obstructive Pulmonary Disease; DVT, Deep Vein 
Thrombosis; PE, Pulmonary Embolism.
Data except age presented as number (%).
Age presented as median (interquartile range).
p-values refer to Fischer's exact test for categorical variables and to the Mann-Whitney U-test for 
continuous variables.
aie from the GI tract, advanced cancer, etcetera. 

TA B L E  1   Baseline characteristics
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Ninety-day survival was 59% after CDI and 61% after anticoag-
ulation only (P = .903). Among the nine non-survivors in the CDI 
group, causes of death were PE in eight and cerebral infarction with 
herniation in one patient. Among the nine non-survivors in the AC 
group, causes of death were PE in six, lung cancer in one, thyroid 
cancer in one, and an unknown cause in one patient who died at 
75 days after intervention in a different hospital. The median (inter-
quartile range) RV/LV ratios before treatment were 2.1 (1.2-3.5) in 
the CDI group compared to 1.3 (0.8-2.2) in the AC group; P < .001 
but the RV/LV ratio before treatment did not differ between 90-
days survivors and non-survivors; 1.60 (0.8-3.5) vs 1.45 (1.0-3.2); 
P = .706. The median (interquartile range) RV/LV ratios after treat-
ment did not differ between the groups; CDI (n = 17) 1.3 (0.6-2.7) 
vs AC (n = 13) 1.0 (0.4-1.5); P = .053. The reduction rate of RV/LV 
ratio per 24 hours was 0.4 units higher in the CDI group than in the 
AC group (Figure 2); P = .007. In a multivariable model, adjusting for 
RV/LV ratios, treatment with CDI was not associated with 90-days 
mortality (OR [95%CI] 0.54 [0.12-2.52]; P = .436).

Serum creatinine values available from a limited number of 
medical records (CDI n = 16; AC n = 15) increased more after CDI 

treatment than after the initiation of anticoagulation only, 24.5 
(−9.0-68.0) µmol/l vs −2.0 (−20.0-68.0) µmol/l; P = .031. However, 
these changes were temporary without any oliguric renal failure. 
There was no difference in median (interquartile range) ICU LOS; 
CDI 56 (9-372) h vs AC 30 (8-692) h; P = .114, or hospital LOS; CDI 
11 (1-35) days vs AC 20 (1-100) days; P = .248.

4  | DISCUSSION

The main finding of this study was that 90-day survival in patients 
with acute high-risk PE and contraindications to, or insufficient ef-
fect from, IV thrombolysis did not differ between two cohorts, 
treated with CDI followed by anticoagulation or with anticoagulation 
only. This parallels results from another single centre study in which, 
however, the crude survival was substantially higher.21 In contrast 
with the present study, the choice of treatment was made by the 
attending physician and not by PERT consensus in about half of the 
cases and most of the patients had intermediate-risk PE. Indeed, nu-
merous CDI studies of intermediate-risk PE and some of high-risk PE 
report higher survival rates.22 Still, numbers similar to the present 
result have been reported for subgroups of patients in shock20,23 and 
the low survival in our cohort may reflect that we included severely 
compromised patients for whom active treatment was tried as a last 
resort. This was also seen in the AC group, where a few patients 
received rescue thrombolysis as judged by the attending physician. 
On the other hand, 6-month mortality reported in two of eight CDI 
studies of hemodynamically unstable patients in a systematic review 
was 47.3% (Bajaj 2016). We chose a shorter interval to follow-up due 
to an increasing risk of death from non-cardiovascular causes with 
time, but our mortality approximating 40% after three months, may 
indicate recruitment of similarly complex patients.

CDI (n = 22) AC (n = 23)
P 
value

RV/LV ratio 2.1 (1.6 - 2.7) 1.3 (1.1 - 1.6) <.001

Systolic Blood Pressure (min), 
mm Hg

90 (70 - 95) 85 (70 - 105) .936

Systolic Blood Pressure 
(mean), mm Hg

110 (103 - 130) 108 (97 - 123) .725

Heart rate (mean), beats per 
minute

108 (95 - 115) 100 (87 - 114) .127

Lactate (max), mmol/l 3.2 (1.5 - 6.2) 3.5 (2 - 6.2) .428

pH (min) 7.39 (7.24 - 7.44) 7.34 (7.28 - 7.4) .459

Respiratory frequency (max), 
bpm

26 (24 - 34) 23 (20 - 32) .293

Abbreviations: CDI, Catheter Directed Intervention plus anticoagulation; AC, Anticoagulation only.
Data presented as median (interquartile range).
RV/LV ratio, Right Ventricular to Left Ventricular diameter ratio.
Min and mean blood pressures are the respective minimal and mean individual values.
P-values refer to the Mann-Whitney U-test.

TA B L E  2   Physiological parameters 
before the start of active treatment

TA B L E  3   Catheter directed interventions in 22 patients. Several 
patients were submitted to multiple techniques

Patients 
(n)

Mechanical trombectomy

Pigtail/balloon catheter 12

Balloon catheter 2

Rotating device 2

Rheolytic fragmentation 20

Aspiration thrombectomy 3

Catheter directed thrombolysis 9
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Furthermore, the CDI group showed a larger mean reduction in 
RV/LV ratio over time in the acute phase, although their RV disten-
sion was substantially higher before the treatment. It is apparent 
that the difference in baseline RV/LV ratio could explain the differ-
ence in RV/LV reduction rate but our finding from everyday practice 
corroborates results from other case series describing the effects 
of different CDI techniques.15,22 High RV/LV ratios have been as-
sociated with increased mortality rates,24-27 but in our material the 
survival rate did not differ between the groups. One explanation for 
this could be that RV/LV ratio is a poor predictor of mortality when 
circulatory decompensation has already occurred. Alternatively, if 
the high RV/LV ratio indicated that the patients in the CDI group 
were sicker and at greater risk of dying, their treatment may have 
been more effective, lowering the mortality to a level similar to the 
AC group. However, this remains speculative and our case series 
does not allow conclusions about effectiveness. Although faster 
hemodynamic restitution hypothetically could result in shorter ICU 
and hospital stays, we found no such difference between the groups.

Catheter directed intervention has been reported to improve 
RV function in intermediate-risk PE28 and it is often considered 
for patients with intermediate-risk PE who are considered to ben-
efit from thrombolysis, but who have a high risk for hemorrhagic 

complications.29 Notwithstanding that reports on CDI describe 
heterogeneous patient groups and techniques, the use of CDI as 
the primary treatment for patients with PE has increased,30,31 es-
pecially in patients with intermediate-risk PE.22 From a short-term 
perspective, CDI is more resource demanding than IV thrombolysis 
or anticoagulation only, yet it has been suggested that the net result 
is in favour of CDI32 due to faster reversal or even prevention of 
hemodynamic decompensation. While there are recent experimen-
tal studies based on a PE model33-36 and an ongoing clinical trial of 
Low Dose Catheter Directed Thrombolysis for Acute Pulmonary 
Embolism (BETULA; ClinicalTrials.gov Identifier: NCT03854266), 
clinical outcomes of CDI techniques have not been reported from 
the Scandinavian countries.

The CDI procedure in our institution includes various techniques 
depending on individual conditions for access to and distribution of 
emboli in the pulmonary circulation. Rheolytic fragmentation, using 
the AngioJet® system with a catheter approved for use in the pul-
monary vessels, was applied in all but two patients, in whom the 
Rotarex® system was used. In view of earlier reports of serious side 
effects from rheolytic thrombolysis,16 and recommendations both 
for37 and against38 its use, the results from this study should be of 
general interest. With application of our SOP which highly restricts 

F I G U R E  2   CDI, Catheter Directed Intervention plus anticoagulation; AC, Anticoagulation only; RV/LV ratio, Right Ventricular to Left 
Ventricular diameter ratio; The X-axis depicts hours from start of treatment indicated by the vertical line. In the AC group, two points of 
follow-up fell outside the first 24 hours post-treatment; The black dashed lines represent average change [Colour figure can be viewed at 
wileyonlinelibrary.com]

www.wileyonlinelibrary.com


     |  505EINARSSON Et Al.

the duration of rheolytic fragmentation runs, severe side effects oc-
curred in only 2 of 20 patients. Indeed, similar experience has re-
cently been reported by others.39 Finally, the CDI procedures also 
appeared safe as to renal function as the increase in serum creati-
nine that we observed was temporary without any oliguria.

4.1 | Limitations

The retrospective design with comparison between two small co-
horts differing in time and the dependence on data retrieved from 
medical records inevitably hampers the quality and volume of in-
formation retrieved for analysis. Another weakness inherent to the 
retrospective design was the lack of standardized procedures to 
measure the heart dimensions before and after the treatment. To 
compensate for this, we reanalysed CTPA and echocardiography 
images using robust points of measurement10 known to yield good 
agreement between ventricle dimensions on CTPA and echocardi-
ography.40 The two groups were well-matched as to demographics, 
physiological conditions, and PE presentation but the imbalanced 
RV/LV ratios together with the small number of patients may have 
impacted on the outcome results, especially the higher rate of RV/
LV reduction in the CDI group. Furthermore, the predominance of 
rheolytic thrombectomy combined with mechanical fragmentation 
and the selection of high-risk PE patients in our CDI cohort limits the 
comparison to other studies.

5  | CONCLUSION

When introduced in our institution, treatment with CDI plus antico-
agulation yielded similar results as the preceding therapy with anti-
coagulation alone in patients with high-risk PE and contraindication 
to, or insufficient effect from, IV thrombolysis. Our results support 
the use of CDI in selected patients, respecting the limitations and 
potential side effects of each technical device used.
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