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ABSTRACT The impact of adherence to published guidelines on the outcomes of patients with acute
pulmonary embolism (PE) has not been well defined by previous studies.

In this prospective cohort study of patients admitted to a respiratory department (n=2096), we
evaluated whether patients with PE had better outcomes if they were acutely managed according to
international guidelines. Outcomes consisted of all-cause mortality, PE-related mortality, recurrent venous
thromboembolism (VTE) and major bleeding events during the first month of follow-up after diagnosis.

Overall, 408 patients (19% (95% CI 18-21%)) did not receive guideline-adherent PE management.
Patients receiving non-adherent management were significantly more likely to experience all-cause
mortality (adjusted odds ratio (OR) 2.39 (95% CI 1.57-3.61) or PE-related mortality (adjusted OR 5.02
(95% CI 2.42-10.42); p<0.001) during follow-up. Non-adherent management was also a significant
independent predictor of recurrent VTE (OR 2.19 (95% CI 1.11-4.32); p=0.03) and major bleeding (OR
2.65 (95% CI 1.66-4.24); p<0.001). An external validation cohort of 34380 patients with PE from the
RIETE registry confirmed these findings.

PE management that does not adhere to guidelines for indications related to anticoagulation,
thrombolytics and inferior vena cava filters is associated with worse patient outcomes.
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Introduction

Pulmonary embolism (PE) occurs commonly and affects 29-78 adults per 100000 person-years [1, 2]. PE
is the third most common vascular cause of death, after myocardial infarction and stroke, and the leading
preventable cause of death in hospitalised patients [3]. To guide and assist in choosing the appropriate
initial PE treatments, scientific societies have published several clinical guidelines [4-6].

To date, adherence to guidelines often remains low, causing omission of recommended therapies, or
providing extra interventions that might not necessarily help but can contribute to preventable harm,
suboptimal patient outcomes or experiences and waste of resources [7]. Acceptance of and compliance
with guidelines might be associated with better prognosis for patients with acute PE, since such therapies
might lead directly into better outcomes, might act as a marker for better quality of care, or both [8].

Unfortunately, large studies have not validated the association between the adherence to PE guidelines in
routine clinical practice and patient outcomes. Therefore, we identified a few key elements in the
management of acute PE and aimed to assess whether clinicians routinely used guideline-recommended
treatments for managing patients who have this condition. We also aimed to identify the predictors of
guideline non-adherent PE management and sought to determine if guideline non-adherent management
correlated with pertinent clinical outcomes after accounting for other clinical factors. The results were
validated in the Registro Informatizado de la Enfermedad TromboEmbdlica (the RIETE registry).

Methods
For this prospective observational cohort study, we report the study methods and results in accordance
with the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) guidelines [9].

Patients, setting, and eligibility criteria

For this study, we screened patients who presented to the Emergency Department of Ramén y Cajal
Hospital (Madrid, Spain) with symptoms of acute PE from January 01, 2003 until December 31, 2016
(figure 1).

For confirmation of the diagnosis of PE, we required an intraluminal filling defect on PE-protocol
contrast-enhanced helical chest computed tomography (CT) [10]; a high probability ventilation-perfusion
scan according to the criteria of the Prospective Investigation of Pulmonary Embolism Diagnosis
(PIOPED) [11]; or a non-diagnostic ventilation-perfusion lung scan and confirmed lower limb deep vein
thrombosis (DVT) on venous compression ultrasound [12]. The only exclusion criterion was treatment
with therapeutic doses of anticoagulants initiated >24 h prior to eligibility assessment.

Patients with clinical
suspicion of a PE episode
(n=11279)

PE confirmed objectively PE excluded
(n=2222 (20%)) (n=9057)

Patients excluded (n=126)
A priori unavailable for follow-up: 83
Consent denied: 43

Patients enrolled in study
(n=2096 (94%))

Adherent management Non-adherent management
(n=1688 (81%]) (n=408 (19%))

FIGURE 1 Patient flow diagram. PE: pulmonary embolism.
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Adherence to guidelines

Acute therapy after hospitalisation was evaluated for adherence or non-adherence to the management
recommended by guidelines [4-6, 13]. Two investigators independently analysed each patient’s chart and
classified the management as adherent or non-adherent. Discrepancies in adherence determination were
resolved by consensus after asking the opinion of a third investigator. Deviation from guidelines defined
non-adherent management and was defined as any of the following: 1) Use of intravenous unfractionated
heparin (UFH) in a patient without severe renal failure (i.e. creatinine clearance <30 mL-min~"), without
severe obesity (i.e. body weight >120 kg) and without unstable PE (defined as cardiogenic shock, systolic
blood pressure (SBP) <90 mmHg, or use of inotropic or vasopressor support) [6]; or use of
low-molecular-weight heparin (LMWH) in a patient with severe renal failure, severe obesity, or unstable
PE [13]. 2. Use of thrombolytic therapy in a haemodynamically stable patient who did not deteriorate
soon after diagnosis [5, 6]; or no use of thrombolytic therapy in a haemodynamically unstable patient
without major contraindications owing to bleeding risk [4-6]. 3. Insertion of an inferior vena cava filter in
a patient without a contraindication to anticoagulant therapy [4-6]; or no insertion of an inferior vena
cava filter in a patient with a contraindication to anticoagulant therapy [4-6].

Study outcome measures

Outcomes were assessed during the first month after the diagnosis of acute PE. We used all-cause
mortality as the primary outcome of the study (mortality being assessed using patient or proxy interviews
and/or hospital chart review). Pre-specified secondary outcomes included PE-specific mortality, recurrent
symptomatic venous thromboembolism (VTE) and major bleeding. Two investigators independently
adjudicated the cause of death as 1) definite fatal PE, 2) possible fatal PE, or 3) death from other causes.
For deaths confirmed by autopsy or those following a clinically severe PE (either initially or shortly after
an objectively confirmed recurrent event), the adjudicators judged death as a definite fatal PE in the
absence of any alternative diagnosis. Possible fatal PE consisted of death in a patient who died suddenly or
unexpectedly after the diagnosis of PE. In cases of disagreement between the reviewers, a third reviewer
established the final cause of death by consensus with the other reviewers.

Recurrent symptomatic VTE was defined as a recurrent PE, or a new or recurrent distal or proximal lower
extremity DVT, within 1 month of entry to the study with acute PE. For the recurrent PE diagnosis, we
required the presence of a new perfusion defect involving 75% or more of a lung segment on V/Q
scintigraphy, or a new intraluminal filling defect or an extension of a previous filling defect on
PE-protocol chest CT [10]. For a new or recurrent DVT, we required the appearance of a new
noncompressible vein segment, or a 4-mm or more increase in the diameter of a thrombus on complete
compression ultrasound (CCUS) [14].

We defined major bleeding episodes as those that required a transfusion of at least 2 units of blood, were
retroperitoneal, spinal or intracranial, or were fatal [15].

Statistical analyses

We used the Chi-squared test to compare categorical data between patients who received appropriate or
inappropriate management. We used the T-test for parametric comparisons between the two groups and
the Mann-Whitney U-test when the data were non-parametric.

To estimate the outcomes of time to death and time to VTE recurrence, Kaplan-Meier probabilities were
computed [16] and differences between the groups were assessed with the log-rank test. We used logistic
regression to assess if the variable of adherence to guidelines had an independent association with 30-day
all-cause mortality after adjusting for other variables that had a p-value of less than 0.05 in the univariate
analyses. We used a manual backward stepwise approach to develop the multivariate models. Statistical
significance was defined as a two-tailed p-value of <0.05 for all analyses. Analyses were performed using
SPSS version 18.0 for the PC (SPSS Inc, Chicago, IL, USA).

We performed several sensitivity analyses and, since some of the criteria that shaped the definition for
inappropriate management might be more representative than others, we repeated analyses for the most
agreed criteria (i.e. no thrombolysis in an unstable patient; no filter in a patient with contraindication to
anticoagulation; and no UFH in a patient with severe renal insufficiency, severe obesity, or unstable PE)
alone and in combination. We then examined the association between inappropriate management and
outcomes for three separate time periods (2003-2008, 2009-2014 and 2015-2016). Finally, we repeated all
analyses for the secondary endpoints.

To ensure that our findings were replicable, we used patient data from the Registro Informatizado de la
Enfermedad TromboEmbdlica (RIETE). The study design and patient eligibility criteria for RIETE data
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TABLE 1 Clinical outcomes according to adherent or non-adherent management of acute pulmonary embolism (PE)

Variable Patients Clinical outcome
(n=2096) All- _ -
cause PE-related Recurrent Major
mortality mortality VTE bleeding

Anticoagulant therapy

No UFH in a patient with severe renal insufficiency, 112/538 (20.8) 15/112 (13.4) 9/112 (8.0) 3/112 (2.7) 3/112 (2.7)

severe obesity, unstable PE

UFH in a patient without severe renal insufficiency, 54/1558 (3.5) 11/54 (20.4) 8/54 (14.8) 3/54 (5.6) 4/54 (7.4)

severe obesity, unstable PE
Thrombolytic therapy

No thrombolysis in an unstable patient 117/165 (70.9)  20/117 (17.1) 15/117 (12.8) 1/117 (0.8) 6/117 (5.1)

Thrombolysis in a stable patient 4411931 (2.3) 1/44 (2.3) 1/44 (2.3) 1/44 (2.3) 3/44 (6.8)
Inferior vena cava filter

No filter in a patient with contraindication to 167/181(92.3)  28/167 (16.8) 12/167 (7.2) 6/167 (3.6) 9/167 (5.4)

anticoagulation

Filter in a patient without contraindication to 35/1915 (1.8) 5/35 (14.3) 2/35 (5.7) 3/35 (8.6) 10/35 (28.6)

anticoagulation

Data is presented as n/n (%). VTE: venous thromboembolism; UFH: unfractionated heparin.

have been described elsewhere [17]. The validation cohort for this study consisted of a separate group of
34380 patients from the RIETE registry with acute symptomatic PE.

Results

Study sample

Of the 11279 patients who had suspected PE and underwent screening for the study, 19.7% (2222 out of
11279 patients) had an objective diagnosis of PE. Of these, we excluded 5.7% (126 out of 2222 patients)
because they refused to give informed consent (n=43) or were unavailable for follow-up (n=83) (figure 1).
The eligible study cohort of 2096 patients included 1092 women and 1004 men.

Baseline characteristics

Overall, 1688 patients (81% (95% CI 79-82%)) received guideline-adherent anticoagulant, inferior vena
cava filter, or thrombolysis management of acute PE and 408 did not. Adherence to anticoagulant use as
recommended in the guidelines was 92% (95% CI 91-93%) (1930 out of 2096 patients), while the use or
no use of thrombolytic therapy occurred according to guideline recommendations in 92% (95% CI 91-
93%) of cases (1935 out of 2096 patients). Furthermore, patients did or did not undergo inferior vena cava
filter treatment according to guideline recommendations 90% (95% CI 89-92%) of the time (1894 out of
2096 patients) (table 1).

Patients with and those without guideline-adherent management differed significantly in pre-existing
medical conditions and in relevant clinical, physiologic and laboratory parameters (table 2). Patients who
received non-adherent care had a higher prevalence of immobilisation or recent major bleeding compared
to those who received guideline-adherent care. Patients receiving non-guideline-adherent care also had
more haemodynamic compromise, with lower SBP, higher heart rate (HR) and more frequent hypoxaemia
and syncope (table 2). They also had a higher prevalence of anaemia and renal insufficiency. In the
multivariable model, recent major bleeding (OR 50.87 (95% CI 9.07-285.25)), HR > 110 beats-min~' (OR
2.27 (95% CI 1.31-3.94)), SBP <90 mmHg (OR 9.73 (95% CI 2.98-31.79)), elevated creatinine (OR 7.72
(95% CI 4.22-14.13)), elevated troponin (OR 1.50 (95% CI 1.09-2.05)) and elevated brain natriuretic
peptide (BNP) (OR 1.74 (95% CI 1.02-2.96)) remained significantly associated with non-adherent
management.

Outcomes

Mortality

Overall, 140 out of 2096 patients (6.7% (95% CI 5.6-7.8%)) died during the first month of follow-up. PE
(definite (n=23) or possible (n=39)) was the primary cause of death (3.0%; 62 out of 2096 patients),
whereas less frequent causes of death included cancer (1.5%; 31 out of 2096 patients), infection (0.9%; 19
out of 2096 patients), major bleeding (0.3%; seven out of 2096 patients), other diseases (0.8%; 17 out of
2096 patients) and unknown causes (0.2%; four out of 2096 patients).
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TABLE 2 Baseline characteristics and treatment information for patients with acute
symptomatic pulmonary embolism (PE)

Characteristics Patients Management p-value
(n=2096) Adh _
erent Non-adherent
(n=1688) (n=408)
Clinical characteristics
Age years 68.7+16.6 68.4+16.8 69.9+15.9 0.09
Age >65 years 1394 (67) 1108 (66) 286 (70) 0.09
Male sex 1004 (48) 801 (47) 203 (50) 0.41
BMI kg-m™2 27.246.4 27.246.5 27.245.9 0.98
Delays in diagnosis days 5.0£11.2 5.2+12.0 4.1+6.6 <0.01
Risk factors for VTE
History of VTE 249 (12) 212 (13) 37(9.1) 0.05
Cancer” 432 (21) 352 (21) 80 (20) 0.63
Recent surgery 188 (9.0 146 (8.6) 42 (10) 0.29
Immobilization* 412 (20) 296 (17) 116 (28) <0.001
Comorbid diseases
Recent major bleeding 70 (3.3) 8 (0.5) 62 (15) <0.001
COPD 169 (8.1) 140 (8.3) 29 (7.1) 0.48
Congestive heart failure 116 (5.5) 86 (5.1) 30 (7.3) 0.09
Concomitant DVT (n=1630) 916 (56) 738 (55) 178 (59) 0.25
Clinical symptoms and signs at presentation
Syncope 300 (14) 225 (13) 75 (18) 0.01
Chest pain 936 (45) 777 (45) 159 (44) 0.58
Dyspnoea 1514 (72) 1223 (72) 291 (71) 0.67
HR >110 bpm 426 (20) 313 (18) 113 (28) <0.001
Arterial oxyhaemoglobin 563 (27) 428 (25) 135 (33) <0.01
saturation <90%
SBP <90 mmHg 75 (3.6) 11 (0.6) 64 (16) <0.001
Cardiac biomarkers
BNP >100 pg-mL~" (n=805) 379 (47) 300 (43) 79 (68) <0.001
cTnl >0 ng-mL™" (n=1564) 460 (29) 311 (24) 149 (51) <0.001
Simplified Pulmonary Embolism Severity Index (sPESI)
Low-risk 638 (30) 551 (33) 87 (21) <0.001
High-risk 1458 (70) 1137 (67) 321 (79) <0.001
Laboratory findings
Haemoglobin g-dL™ 13.2+£2.0 13.3+1.9 12.8+2.2 <0.001
Creatinine >2 mg-dL™" 78 (3.7) 2(0.1) 76 (19) <0.001

Data is presented as n (%) or meantsp. BMI: body mass index; VTE: venous thromboembolism; COPD:
chronic obstructive pulmonary disease; DVT: deep vein thrombosis; HR: heart rate; SBP: systolic blood
pressure; BNP: brain natriuretic peptide; cTnl: cardiac troponin [; #. active or under treatment in the last
year; T in the previous month; *: immobilised patients are defined in this analysis as non-surgical patients
who were immobilised (i.e. total bed rest with bathroom privileges) for >4 days in the month prior to PE
diagnosis.

Eighty-five deaths (85 out of 1688 patients; 5.0% (95% CI 4.0-6.2%)) occurred in the group of patients
who received guideline-adherent management, whereas 55 deaths (55 out of 408 patients; 13.5% (95% CI
10.3-17.2%)) occurred in the group of patients who received non-adherent management (absolute
difference 8.5% (95% CI 5.3-12.2%); p<0.001). Patients with acute PE and non-adherent management had
a significantly higher cumulative mortality than patients with acute PE and adherent management
(p<0.001 (log-rank test); figure 2).

In univariate analyses, non-adherent management (OR 2.94 (95% CI 2.05-4.20)), congestive heart failure
(OR 2.39 (95% CI 1.37-4.18)), recent major bleeding (OR 3.06 (95% CI 1.60-5.84)), presence of
concomitant DVT (OR 1.78 (95% CI 1.19-2.69)), SBP <90 mmHg (OR 3.79 (95% CI 2.09-6.87)), HR
>110 beats:min™"' (OR 1.51 (95% CI 1.02-2.22)), arterial oxyhaemoglobin saturation <90% (OR 1.97 (95%
CI 1.38-2.80)), dyspnoea (OR 1.83 (95% CI 1.17-2.85)), cancer (OR 3.63 (95% CI 2.56-5.16)) and
immobilisation (OR 1.51 (95% CI 1.10-2.06)) at the time of acute PE diagnosis were significantly
associated with death during follow-up (table 1 and table 3). In the multivariate analysis, recent major
bleeding (OR 1.66 (95% CI 0.83-3.35); p=0.15) and SBP <90 mmHg (OR 2.12 (95% CI 1.11-4.05);
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FIGURE 2 Cumulative probability of survival stratified by adherence to guidelines. PE: pulmonary embolism.

p=0.02) were confounding variables for the association between non-adherent management and all-cause
mortality during follow-up (adjusted OR 2.39 (95% CI 1.57-3.61); p<0.001) (table 1 and table 3). In
univariate analysis, non-adherent management (OR 5.38 (95% CI 3.23-9.01)) at the time of acute PE
diagnosis was significantly associated with PE-related death during follow-up. After adjustment,
non-adherent management remained independently significantly associated with PE-related death (OR
5.02 (95% CI 2.42-10.42); p<0.001) (table 1 and table 4).

TABLE 3 Unadjusted and adjusted odds ratios (ORs) for overall mortality in patients with acute
symptomatic pulmonary embolism (PE)

Risk factor OR (95% CI) p-value
Unadjusted Adjusted Unadjusted Adjusted
Age (per year) 1.02 (1.01-1.04) - <0.001 -
Male gender 0.86 (0.61-1.21) - 0.38 -
Non-adherent management 2.94 (2.05-4.20)  2.39 (1.57-3.61) <0.001 <0.001
Anticoagulant use 2.96 (1.87-4.68)  2.63 (1.65-4.21) <0.001 <0.001
Thrombolytic use 2.29 (1.40-3.75)  1.45(0.77-2.72) <0.01 0.25
Filter use 3.26 (2.14-4.97)  3.14 (1.93-5.11) <0.001 <0.001
COPD 1.64 (0.96-2.80) - 0.07 -
Congestive heart failure 2.39 (1.37-4.18) - <0.01 -
Recent major bleeding® 3.06 (1.60-5.84)  1.66 (0.83-3.35) <0.01 0.15
Presence of DVT 1.78 (1.19-2.69) - <0.01 -
SBP <90 mmHg 3.79 (2.09-6.87)  2.12 (1.11-4.05) <0.001 0.02
HR =110 bpm 1.51 (1.02-2.22) - 0.04 -
Arterial oxyhaemoglobin saturation <90%  1.97 (1.38-2.80) - <0.001 -
Dyspnoea 1.83 (1.17-2.85) - <0.01 -
Chest pain 0.51 (0.35-0.74) - <0.001 -
Syncope 0.49 (0.26-0.92) - 0.03 -
Cancer™ 3.63 (2.56-5.1¢) - <0.001 -
Immobilization* 1.51 (1.10-2.06) - 0.01 -

The total number of subjects evaluated was 2096, with 140 deaths (the final model Chi-squared result was
38.78; p<0.001). COPD: chronic obstructive pulmonary disease; DVT: deep vein thrombosis; SBP: systolic
blood pressure; HR: heart rate. #: in the previous month. : active or under treatment in the last year.
*: immobilised patients are defined in this analysis as non-surgical patients who were immobilised (i.e.

total bed rest with bathroom privileges) for >4 days in the month prior to PE diagnosis.
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TABLE 4 Unadjusted and adjusted odds ratios (ORs) for pulmonary embolism (PE) related
death in patients with acute symptomatic PE

Risk factor OR (95% CI) p-value
Unadjusted Adjusted Unadjusted Adjusted
Age (per year) 1.04 (1.02-1.06) - <0.001 -
Male gender 0.73 (0.43-1.22) - 0.23 -
Non-adherent management 5.38 (3.23-9.01)  5.02 (2.42-10.42) <0.001 <0.001
Anticoagulant use 4.78 (2.67-8.56) 410 (2.25-7.46) <0.001 <0.001
Thrombolytic use 4.53 (2.50-8.20) 2.70 (1.25-5.83) <0.001 0.01
Filter use 2.86 (1.55-5.29)  2.36 (1.15-4.86) <0.01 0.02
COPD 1.23 (0.52-2.90) - 0.64 -
Congestive heart failure 1.87 (0.79-4.44) - 0.15 -
Recent major bleeding® 2.05 (0.72-5.81) - 0.18 -
Presence of DVT 2.25(1.24-4.09)  3.05 (1.31-7.12) <0.01 0.01
SBP <90 mmHg 6.64 (3.30-13.34)  2.37 (0.82-6.87) <0.001 0.1
HR =110 bpm 2.06 (1.20-3.52) - <0.01 -
Arterial oxyhaemoglobin saturation <90%  2.82 (1.70-4.69) - <0.001 -
Dyspnoea 1.46 (0.79-2.72) - 0.23 -
Chest pain 0.58 (0.34-1.00) - 0.05 -
Syncope 0.88 (0.42-1.87) - 0.75 -
Cancer 2.02 (1.18-3.4¢) - 0.01 -
Immobilization* 1.50 (1.08-2.08) - 0.02 -

The total number of subjects evaluated was 2096, with 62 PE related deaths (the final model Chi-squared
result was 27.06; p<0.001). COPD: chronic obstructive pulmonary disease; DVT: deep vein thrombosis; SBP:
systolic blood pressure; HR: heart rate. #: in the previous month. T: active or under treatment in the last
year. *: immobilised patients are defined in this analysis as non-surgical patients who were immobilised [i.
e. total bed rest with bathroom privileges) for >4 days in the month prior to PE diagnosis.

Recurrent venous thromboembolism

Out of 2096 patients, 89 (4.2%) had clinically suspected recurrent VTE during follow up and symptomatic
VTE was objectively confirmed in 38 out of 2096 patients (1.8% (95% CI 1.3-2.5%)). Furthermore, 28 out
of 2096 patients (1.3% (95% CI 0.9-1.9%)) had recurrent symptomatic PE and ten patients out of 2096
(0.5% (95% CI 0.2-0.9%)) had symptomatic DVT (nine proximal and one distal).

Of the patients who received non-adherent management, 13 out of 408 (3.2% (95% CI 1.7-5.4%)) had a
symptomatic VTE recurrence during follow-up, whereas 25 out of 1688 patients (1.5% (95% CI 1.0-2.2%))
of the patients who received guideline-adherent management experienced a symptomatic VIE recurrence
(absolute difference 1.7% (95% CI 0.2-3.9%); p=0.03) (figure 3).

Major bleeding

Major bleeding was objectively confirmed in 79 out of 2096 patients in the cohort (3.8% (95% CI 3.0-
4.7%)). Of the patients who received non-adherent management, 30 out of 408 patients (7.4% (95% CI
5.0-10.3%)) had major bleeding during follow-up, whereas only 49 out of 1688 patients (2.9% (95% CI
2.2-3.8%)) who received adherent management experienced major bleeding (absolute difference 4.5%
(95% CI 2.1-7.5%); p<0.001).

Sensitivity analyses

In the multivariate analysis, unstable patients who did not receive thrombolysis were significantly more
likely to experience all-cause mortality (adjusted OR 2.09 (95% CI 1.04-4.20); p=0.04) or PE-related
morality (adjusted OR 3.69 (95% CI 1.57-8.72); p<0.01) during follow-up. After adjustment, patients with
contraindication to anticoagulation who did not receive a filter were significantly more likely to experience
all-cause mortality (adjusted OR 2.68 (95% CI 1.53-4.68); p<0.01) or PE-related mortality (adjusted OR
2.32 (95% CI 1.04-5.14); p=0.04) during follow-up. Analysis of the subgroup of patients with severe renal
insufficiency, severe obesity, or unstable PE showed a statistically significant reduction in survival for
patients who did not receive UFH versus those who did (OR 2.07 (95% CI 1.16-3.72); p=0.01). After
adjustment for recent major bleeding, SBP <90 mmHg and study period, non-adherent management
remained independently significantly associated with all-cause mortality (adjusted OR 2.20 (95% CI 1.44-
3.38); p<0.001) and PE-related mortality (adjusted OR 2.20 (95% CI 1.44-3.38); p<0.001).
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FIGURE 3 Cumulative probability of recurrent symptomatic venous thromboembolism (VTE) stratified by
adherence to guidelines. PE: pulmonary embolism.

External validation in the RIETE registry

Compared to the 2096 patients in the original study cohort, the 34380 eligible patients from the RIETE
validation cohort were significantly more likely to have younger age, previous VTE, recent surgery,
immobilisation >4 days, chronic pulmonary disease, congestive heart failure and concomitant DVT at the
time of presentation. Elevated BNP and troponin were significantly more prevalent among patients in the
RIETE cohort compared to the study cohort. However, patients in the RIETE cohort had a lower
prevalence of recent major bleeding and hypoxaemia compared to patients in the study cohort. In the
RIETE cohort, non-adherent management was detected in 5185 out of 34380 patients (15.1% (95% CI
14.7-15.5%)), compared with 408 out of 2096 patients in the main study cohort (19.5% (95% CI 17.8-
21.2%); absolute risk difference 4.4% (95% CI 2.7-6.2%)).

In RIETE, after adjusting for recent bleeding and SBP <90 mmHg at the time of acute PE diagnosis,
patients with non-adherent management had a significantly higher all-cause mortality compared to those
with adherent management (adjusted OR 1.56 (95% CI 1.36 to 1.78); p<0.001). Furthermore, after
adjustment, non-adherent management had an independently significant association with PE-specific
mortality (adjusted OR 2.28 (95% CI 1.86 to 2.81); p<0.001).

Discussion

This study showed that routine management for patients with acute symptomatic PE did not, in many
cases, adhere to evidence-based guidelines for three major indications related to anticoagulation, use of
thrombolytics and use of inferior vena cava filters. We demonstrated that non-adherent management
strongly correlated with poor patient outcomes. The risk of death from any cause among patients with
non-adherent management was about 2-times higher and the risk of PE-specific death was about 5-times
higher than in patients with adherent management. Clinicians most commonly did not adhere to
evidence-based therapies under two circumstances: 1) when patients were haemodynamically
compromised, and 2) when patients had an increased risk of bleeding. The large RIETE validation cohort
confirmed the prognostic significance of non-adherent management in patients with acute symptomatic
PE.

Recent guidelines underscore the importance of the use of thrombolytic therapy for patients with acute
symptomatic PE and haemodynamic instability who do not have major contraindications owing to
bleeding risk [5, 6]. Though the evidence supporting the use of thrombolysis is strongest in patients with
acute PE and hypotension, in our study 67% of such high-risk patients did not receive thrombolytic
therapy. Though these results may reflect real-world complexities concerning thrombolytic therapy in
clinical practice, in which the risks and benefits must be weighed on a case-by-case basis, we may
hypothesise that other barriers to guideline use included lack of knowledge, ambiguity, inertia and patient
refusal. Alternatively, physicians in our study were appropriately very reluctant to use thrombolytic therapy
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in the setting of haemodynamically stable PE, with only 2% of such patients receiving thrombolytic
therapy. The results of the Pulmonary Embolism Thrombolysis Trial (PEITHO) do not support
widespread use of thrombolytics in this scenario [18]. As such, the most recent American College of Chest
Physicians guidelines recommend against systemically administered thrombolytic therapy in most patients
with acute PE not associated with hypotension [5].

Surprisingly, 92% of the patients who had a contraindication to anticoagulant therapy did not receive an
inferior vena cava filter. In patients with acute symptomatic VTE and known significant bleeding risk, a
registry-based study suggested that inferior vena cava filter therapy might reduce the risk of PE-related
mortality compared to anticoagulant therapy [19]. While some studies have found an overuse of inferior
vena cava filters [20], others have suggested their underuse in patients with acute PE [21]. Though
guidelines mainly limit their recommendation for inferior vena cava filter insertion to patients with acute
symptomatic VTE and a contraindication to anticoagulation, the term “contraindication to
anticoagulation” is not well defined and widely open to interpretation and, as such, might have accounted
for underuse of filters in patients with PE and a significant bleeding risk [22]. Other reasons might
include clinicians’ fear of filter-related complications combined with anticipated low retrieval rates.

The strengths of our study include its prospective nature and adjudication of outcomes, the large number
of patients and the high rate of completed follow-up. Use of the consecutive single hospital cohort and the
RIETE validation cohort allowed for analyses of the causes and clinical consequences of everyday
management practice for acute PE. However, the findings of this study should be interpreted in light of
the following limitations. First, our study is observational and nonrandomized. The association between
non-adherent management and outcomes does not necessarily prove casualty and may have been affected
by certain prognostic factors and unmeasured confounders. Additionally, our conclusions are limited to
the specific indications that we used for defining deviation from guidelines (i.e. anticoagulation with UFH,
use of thrombolytics and use of inferior vena cava filters) and it will be important to assess whether these
findings can be translated across other therapeutic strategies (e.g. anticoagulation with direct oral
anticoagulants). Second, the criteria for adherence may be questioned because some strategies are not
universally accepted. For example, the earlier sets of guidelines were more discretionary about the use of
thrombolytic therapy in patients with haemodynamically stable PE [4]. However, as discussed above,
recent evidence did not concur with permissive use of thrombolytic therapy and this was incorporated into
subsequent guidelines [5, 6]. Furthermore, the vast majority of non-adherence in our study stemmed from
potential “underuse” in clinical scenarios where guidelines from different societies are in agreement.

In conclusion, management that does not adhere to evidence-based guidelines for three major indications
related to anticoagulation, use of thrombolytics and use inferior vena cava filters frequently occurred, and
was associated with worse outcomes in patients with acute PE. Future research should focus on
determining how to implement guidelines adherence to help improve outcomes and minimise waste.
Professional societies and policymakers can help institute strategies to monitor adherence to
recommendations and quality improvement initiatives to address the major areas of concern [23].
Institutions should concentrate on strategies that can help optimise implementation of internationally
recognised guidelines. Physicians, in turn, should pay more attention to haemodynamically unstable
patients and those who have risk factors for bleeding because of their high risk for receiving non-adherent
management for their acute PE and their high risk for associated adverse outcomes.
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