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Essentials:
•

Life-long

anticoagulation

is

recommended

in

thromboembolic

pulmonary

hypertension (CTEPH)
•

We provide the largest evaluation of anticoagulation outcomes and complication
rates in CTEPH

•

Bleeding rates were similar but recurrent thromboembolism higher with Direct Oral
Anticoagulants

•

We provide a strong rationale for further prospective study of anticoagulation in
CTEPH

2

Abstract:
Background: Chronic thromboembolic pulmonary hypertension (CTEPH) is an uncommon
complication of acute pulmonary emboli necessitating lifelong anticoagulation. Despite this,
little data exists on the safety and efficacy of Vitamin K Antagonists (VKAs) in CTEPH and none
for Direct Oral Anticoagulants (DOACs).
Objectives: To evaluate outcomes and complication rates in CTEPH following Pulmonary
Endarterectomy (PEA) for individuals receiving VKAs or DOACs.
Methods: Consecutive CTEPH patients undergoing PEA between 2007 and 2018 were
included in a retrospective analysis. Post-operative outcomes, recurrent venous
thromboembolism (VTE) and bleeding events were obtained from patient medical records.
Results: 794 individuals were treated with VKAs and 206 with DOACs following PEA. Mean
observation period was 612 (SD: 702) days. Significant improvements in haemodynamics and
functional status were observed in both groups following PEA (p < 0.001). Major bleeding
events were equivalent (p = 1) in those treated with VKAs (0.67%/person-year) and DOACs
(0.68%/person-year). VTE recurrence was proportionately higher (p = 0.008) with DOACs
(4.62%/person-year) than VKAs (0.76%/person-year), although survival did not differ.
Conclusions: Post-PEA functional and haemodynamic outcomes appear unaffected by
anticoagulant choice. Bleeding events were similar, but recurrent VTE rates significantly
higher in those receiving DOACs. Our study provides a strong rationale for prospective
registry data and/or studies to evaluate the safety of DOACs in CTEPH.

Keywords:

Anticoagulant,

complications,

pulmonary

hypertension,

venous

thromboembolism, warfarin
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Introduction
Chronic thromboembolic pulmonary hypertension (CTEPH) is an uncommon complication of
acute pulmonary embolism [1]. It is characterised by the elevation of mean pulmonary artery
pressure in the presence of organised occlusive thromboemboli in the pulmonary arteries
following at least three months of effective anticoagulation [1]. Pulmonary endarterectomy
(PEA) is the treatment of choice in those with surgically accessible thrombi [2,3]. Lifelong
anticoagulation is recommended in all [2,3].

Conventionally, Vitamin K antagonists (VKAs) have been used in the treatment of CTEPH [2].
Although these compounds have proven to be safe and effective in the management of acute
venous thromboembolism (VTE) limited data exists in CTEPH [4,5]. Henkens et al (2014)
reported a major bleeding rate of 2.4%/person-year and Jujo-Sanada et al (2017) major
bleeding and VTE recurrence rates of 5% and 1.2%/person-year, respectively in CTEPH
patients treated with VKAs [4,5].

In recent years, four direct oral anticoagulants (DOACs) have been approved for the
treatment of acute VTE in the UK (Edoxaban, Rivaroxaban, Dabigatran and Apixaban)
[6,7,8,9]. Large-scale studies in acute VTE indicate DOACs to be as effective in preventing VTE
and with fewer major bleeding complications than VKAs [10,11,12]. Given the similar efficacy,
potential lower side-effect profile and administrative convenience of DOACs over VKAs, the
number of patients on DOACs presenting to CTEPH centres is rising and in some regions now
supersedes VKA use [13]. Given limited data regarding the safety and efficacy of VKAs in
CTEPH and the evolving use of DOACs, an evaluation of anticoagulation in CTEPH is warranted.
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Methods
Patient Selection
Consecutive CTEPH patients undergoing PEA at the UK National PEA Centre (Royal Papworth
Hospital) between 1 August 2007 and 30 June 2018 were included in a retrospective analysis.
Follow-up was included up to 1 March 2019. Paediatric cases, those with chronic
thromboembolism without pulmonary hypertension (mpap £ 20mmHg) [14] and individuals
with CTEPH mimicking conditions (eg. vasculitis and sarcoma) were excluded from analysis.
The diagnosis of CTEPH was based on international criteria [1]. Suitability for PEA was
determined by a multidisciplinary team comprised of pulmonary hypertension physicians,
specialist cardiothoracic radiologists and pulmonary endarterectomy surgeons. PEA was
based on surgical technique as previously described [15]. Follow-up was for a minimum of
one year at Royal Papworth Hospital and up to five years under the care of one of the eight
UK specialist pulmonary hypertension centres following PEA. This study was deemed to be
research without requiring ethics by the Royal Papworth Hospital R&D department.

Study Design
Demographic, functional and haemodynamic data at pre-operative baseline and first followup within one year of PEA were collected prospectively in dedicated databases at Royal
Papworth Hospital. Patient-reported outcomes were assessed the Cambridge Pulmonary
Hypertension Outcome Review (CAMPHOR), a pulmonary hypertension specific healthrelated outcome measure comprising three scales evaluating symptoms, activity levels and
quality of life. Symptom and Quality of Life scales are both scored out of 25 with Activities
having a maximum score of 30. Each CAMPHOR scale is negatively weighted so that a higher
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score reflects worse quality-of-life and greater functional limitation [16]. Longitudinal data
regarding anticoagulation and complications was retrospectively assessed from review of
patient medical records. Thrombophilia was deemed if there was a history of Factor V Leiden,
Prothrombin gene mutation, Protein C, S or Antithrombin III deficiency or Antiphospholipid
Syndrome. International Normalised Ratio (INR) management for VKAs was undertaken by
local anticoagulation services with the exception of inpatient admission to Royal Papworth
Hospital.

Anticoagulation management
Standard surgical practice at Royal Papworth Hospital is for oral anticoagulation to be
discontinued at the time of PEA. VKAs are stopped five days and DOACs 24-72 hours prior to
PEA dependent on the agent’s half-life. Subcutaneous treatment dose low molecular weight
heparin (LMWH) is commenced Day 2 post-operatively and continued until oral
anticoagulation is stabilised. VKAs are recommenced at maintenance dose on patient
discharge from the Intensive Care Unit with a standard target International Normalised Ratio
(INR) range of 2 - 3. DOACs were recommenced at an individual’s usual dose at time of
hospital discharge. Given the alteration to anticoagulation regimes and the additional
contribution of the surgical procedure including cardiac bypass in the perioperative period,
mortality and complication rates during the period between PEA and recommencement of
oral anticoagulation were excluded from analysis.

Life-long anticoagulation is recommended in all following PEA. The management of long-term
anticoagulation after PEA hospital discharge was undertaken by the patient’s General Practice
or local anticoagulation clinic with oversight from a specialist Pulmonary Hypertension centre.
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Those treated with VKAs were maintained with an INR in the target range of 2 to 3, unless
otherwise indicated by Haematology services. Should the INR fall beneath the target range,
patients were recommended treatment with concomitant treatment dose subcutaneous low
molecular weight heparin until the INR returned to the required range, as per standard UK
CTEPH practice.

As access to primary care data was not available, INR measurements from patient review at
Royal Papworth Hospital were collated as a measure of compliance/adherence. Samples
taken at the 3-6 month visit following PEA were excluded. This visit involves a routine right
heart catheter and historical practice has been to stop VKAs and cover with treatment dose
subcutaneous LMWH when undertaking invasive procedures

Bleeding events and VTE recurrence
Bleeding events were identified and categorised into ‘major bleeding’ or ‘clinically relevant
non-major bleeding’ using International Society on Thrombosis and Haemostasis criteria [17].
Major bleeding was defined as symptomatic events which resulted in the transfusion of ³ 2
red cell units, involved a critical site or were fatal; critical sites being the central nervous
system, retroperitoneum, pericardium, intraocular and respiratory tract. Clinically relevant
non-major bleeding was defined as overt bleeding that did not meet the criteria for major
bleeding but was associated with medical intervention, unscheduled contact with a physician,
interruption of anticoagulation, or discomfort or impairment of activities of daily life.

VTE recurrence was recorded for all episodes of acute pulmonary thromboembolism (PE) or
deep vein thromboembolism (DVT) documented in medical records following PEA and after
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re-stabilisation of oral anticoagulation. As all patients routinely undergo CT Pulmonary
Angiogram (CTPA) imaging in the year following PEA, imaging reports were also text-mined
using phrases associated with recurrent VTE to enhance event capture. All identified episodes
of recurrent PE were confirmed by a sub-specialised CTEPH Radiologist during departmental
MDT.

Survival
Post-PEA survival was calculated using a censoring date of last review or 1 March 2019
whichever was latest. The NHS summary care record tracking system was used for survival
status (searched 1 March 2019).

Statistical analysis
Baseline characteristics and outcome variables were expressed as numbers and percentages
for categorical data and mean +/- standard deviation or median (interquartile range) for
continuous variables according to data distribution. Variable missingness was calculated and
reported (Supplemental Table 1). Missingness rates for key outcome variables of recurrent
VTE, bleeding events and survival for those receiving VKA or DOACs was 1.6%, 1.6% and 0%
respectively. Complete cases data was used in analyses. Between-group and within group
comparisons were made using parametric and non-parametric tests as appropriate. A p-value
of < 0.05 was considered significant. Multiple comparisons where corrected for, where
necessary, using a false discovery rate and adjusted p-values reported. Statistical analysis was
performed using R version 3.5.1 (wwww.r-project.org) [18].
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Results
Cohort characteristics
During the study period 1322 individuals underwent PEA. There were 90 deaths prior to first
post-operative follow-up. Mean follow-up duration was 612 +/- 702 days. Pre-operative
patient characteristics and post-operative outcomes at first follow-up within one year of PEA
are summarised in Table 1.

The median age was 62 (22) years and 54% were male. 8.4% had a history of malignancy,
although only 0.4% had active malignancy, or were receiving treatment for malignancy at the
time of PEA (all were warfarinised). An additional two patients were diagnosed with
malignancy after PEA but prior to first follow-up. Pre-operative mPAP was 44 (16) mmHg,
pulmonary vascular resistance 651 (493) dynes.s-1.cm-5 and cardiac index 2.12 (0.8) l.min-.m2.
Prior to PEA 85% of patients were in NYHA functional class III or IV and six-minute walk
distance was 310 (200) m. Significant improvements in haemodynamics, functional status and
self-reported outcomes were seen following PEA (p < 0.001).

Anticoagulation group characteristics at time of PEA
Anticoagulation data prior to PEA was available for 1078 individuals. 808 were treated with
VKAs (75%) and 204 with DOACs (19%). 60 individuals were anticoagulated with
subcutaneous or intravenous heparins (6%) and three patients were on Fondaparinux (< 1%).
Three patients were not anticoagulated prior to PEA.
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The most common pre-operative VKA was Warfarin (99%) with Acenocoumarol used in 0.7%
and Phenindione in 0.1%. Rivaroxaban was the most frequently prescribed DOAC (76%) with
Apixaban, Dabigatran and Edoxaban prescribed in 19%, 4% and 1% respectively. One
additional individual was on dual DOAC therapy pre-operatively (Apixaban with Dabigatran).
The proportion of patients prescribed DOACs steadily increased over time from < 1% in 2007
– 2008 to 55% in 2017-2018.

Prescribed anticoagulant was not dependent on patient demographics (Table 2). Age, sex and
body mass index did not differ between anticoagulation groups. Although the incidence of
Antiphospholipid Syndrome (4.0% vs 1.5%) and indeed any underlying thrombophilia (7.2%
vs 3.9%) was higher in those receiving VKAs compared to DOACs, the difference failed to reach
statistical significance. The exclusion of those with APS from analysis did not alter findings
(Supplemental Table 2), nor did the presence, or absence, of Inferior Vena Cava filters
(Supplemental Table 3).

Post-operative anticoagulation
Post-operative anticoagulation was documented for 1,057 patients (Table 2). 794 were
treated with VKAs and 206 with DOACs. Warfarin remained the most popular VKA (99%) and
Rivaroxaban the most popular DOAC (77%).

Change in anticoagulant class following PEA was recorded for 71 individuals. A move from
heparin-based regimes to oral anticoagulation accounted for the majority of changes
occurring prior to first follow-up (n = 27). Changes occurring during longer term follow-up
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were most commonly from VKA to DOAC due to the administrative convenience of DOACs or
difficulty in maintaining INR control.

INR measurements from post-operative review at Royal Papworth Hospital were collated. A
total of 2054 INR measurements were obtained of which 1039 (51%) had an INR above a
threshold of 2.
Post-PEA outcomes
Improvements in haemodynamics, functional status and self-reported outcomes were seen
with PEA in those receiving both VKAs and DOACs (p < 0.001). Outcomes were unaffected by
anticoagulation class (p > 0.05). Significant residual pulmonary hypertension (mPAP ³
38mmHg) was observed in 113 (14%) with VKAs and 20 (9.7%) with DOACs.

Recurrent VTE
There were 22 episodes of recurrent VTE across 20 individuals post-PEA (1.17%/person-year).
All events were pulmonary thromboemboli with the exception of one lower limb deep vein
thrombosis (Table 3). Thrombophilia status for all VTEs was known. No events occurred in
association with underlying malignancy. Median time to VTE recurrence following PEA was
5.8 (5.4) months. Seven PEs were incidental findings on routine post-operative imaging in
asymptomatic individuals.

Twelve VTEs occurred with VKA use (0.76%/person-year). Warfarin was the VKA in all
instances. Four episodes were associated with INRs beneath target range. Two events
occurred with INRs within the target range in the context of underlying thrombophilia
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(Antiphospholipid Syndrome). One individual underwent bilateral lung transplantation and
one balloon pulmonary angioplasty for residual CTEPH following VTE recurrence. Rates of
recurrent VTE with VKAs did not differ between those with (pre-2014), and without (post2014), Inferior Vena Cava filters in-situ (p = 0.585).

Ten VTE events were associated with DOACs (4.62%/person-year). Four events occurred in
the context of subtherapeutic dosing. One individual had underlying thrombophilia
(Antiphospholipid Syndrome) with recurrent VTE resulting in urgent re-do PEA following a
period of anticoagulation non-compliance.

Rates of VTE recurrence were significantly higher in those treated with DOACs compared to
VKAs (p = 0.008). Statistical significance remained even with the removal of those with
prothrombic Antiphospholipid Syndrome (p = 0.011)

Bleeding events
There were 12 bleeding events during follow-up, of which 8 were classified as major (Table
3). Major bleeding in VKA (0.67%/person-year) and DOAC (0.68%/person-year) groups did not
differ significantly (p-value = 1). Bleeding events were not associated with significant hepatic
disease or concomitant antiplatelet therapy. Two individuals were treated pulmonary
vasodilators (Riociguat) at the time of bleeding event.

Ten bleeding events occurred with VKA use (7 major, 3 clinically relevant non-major), all of
whom were warfarinised. Mortality resulted from three major bleeding events; one ruptured
abdominal aortic aneurysm, one traumatic intracranial haemorrhage and one gastrointestinal
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haemorrhage secondary to gastric adenocarcinoma. Of the four remaining major bleeding
events, two were subdural haematomas (one associated with a labile INR) and two were
associated with underlying malignancy (gastrointestinal and bladder). There were three
clinically relevant non-major bleeding events; two diffuse subcutaneous haematomas (one of
which occurred following a fall) and one episode of epistaxis requiring hospital attendance in
the context of a supratherapeutic INR.

Two bleeding events occurred with DOACs; both of which were gastrointestinal. The one
major bleeding event was massive haematemesis secondary to erosive oesophagitis in the
context of Riociguat therapy. The one recorded clinically relevant non-major bleeding event
was rectal bleeding which resulted in the patient self-downtitrating their DOAC dose with
recurrent VTE diagnosed thereafter.

Survival
A total of 115 deaths occurred between the post-operative reinstitution of oral
anticoagulation and five-years post-PEA. 106 deaths occurred in those treated with VKAs and
9 with DOACs. One, three and five-year survival was 94%, 90%, 84% in the VKA group and
96%, 96% and 92% in the DOAC group. Given the propensity for DOAC prescribing in the latter
part of the cohort and that survival rates following PEA are known to have improved over
time (learning curve with respect to patient selection, surgical technique and post-operative
management), Cox Proportional Hazards modelling was performed with year of PEA as a covariate amongst others selected from prior regression analyses. Independent predictors of
survival were age at PEA and post-operative PVR, mPAP, cardiac index and six-minute walk
distance (Supplemental Table 4). Anticoagulation class was not an independent predictor of
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survival and its addition to the Cox Proportional Hazards model failed to improve model fit
(likelihood ratio p-value = 0.295; Figure 1).

Discussion
Whilst the efficacy and safety of VKAs has been well established in atrial fibrillation and acute
VTE, their risk/benefit profile in CTEPH is largely unknown. Moreover, no CTEPH-specific data
exists to support the emerging use of DOACs, despite superseding VKA use in many CTEPH
centres.

This study is the largest evaluation of oral anticoagulation in operable CTEPH to-date, and the
first to directly compare VKAs and DOACs. As anticipated, there was an increasing predilection
for DOACs during the study period. Significant improvements in haemodynamics and
functional status were observed following PEA with post-operative outcomes unaffected by
anticoagulant class (p-value > 0.05). Recurrent VTE was proportionally higher with DOACs
than VKAs (p-value = 0.008) yet the incidence of bleeding events did not differ (p-value = 1)

In line with UK prescribing trends, the use of DOACs rose steadily following licensing in 2008.
By 2017-2018 55% of the cohort were treated with DOACs, comparative to UK primary care
anticoagulant prescribing rates (DOACs, 57%) and that of other CTEPH centres [13,19].
Warfarin was the most commonly used VKA (99%) and Rivaroxaban the most frequent DOAC
(76%) as per national data [19]. Age, sex and body mass index did not influence anticoagulant
choice (adjusted p-values 0.60). Those with underlying thrombophilias, including
antiphosphoplid syndrome were more likely to be treated with VKAs than DOACs, though
differences failed to reach statistical significance (adjusted p-values 0.34).
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Consistent with previous publication from this cohort, we report significant improvements in
haemodynamic and functional status following PEA [20]. Outcomes were unaffected by
anticoagulant class. Although other studies have suggested quality-of-life to be better in VTE
treated with DOACs rather than VKAs [21] we failed to show any significant difference preand post-PEA on a patient-reported quality-of-life outcome measure (p-values: pre-PEA 0.34,
post-PEA 0.76). This suggests that despite the administrative convenience of DOACs, qualityof-life when assessed using a pulmonary hypertension specific outcome is comparable.

Major bleeding events associated with VKAs was 0.67%/person-year, lower than that of prior
studies in CTEPH with Henken’s et al reporting an incidence of 2.4%/person year and JujoSanada of 5.1%/person-year [4,5]. Major bleeding was however comparable to that reported
from VTE meta-analyses of extended anticoagulation [22]. Whilst our classification of
bleeding events was similar to that adopted by other CTEPH-specific VKA studies, our
concomitant use of pulmonary vasodilators was lower. All participants in Henken’s and twothirds in Jujo-Sanada et al’s analyses were treated with vasodilators compared to 12% in our
study. As indicated by the results of the CHEST-1 trial, pulmonary vasodilators, particularly
soluble guanylate stimulators, may be associated with increased VKA bleeding risk; indeed
Jujo-Sanada et al reported a clinically relevant bleeding rate of 21% in those treated with VKAs
and Riociguat [5,23]

Bleeding risk associated with DOACs in CTEPH has not previously been explored. In this first
evaluation we demonstrate major bleeding with DOACs to be equivalent to VKAs (p-value =
1). Our finding contradicts that of VTE trials where DOACs are generally associated with lower
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major bleeding rates [11]. Recent meta-analysis of extended anticoagulation in VTE however
suggests the superiority of DOACs over VKAs with regard to bleeding risk is significant only for
Apixaban 5mg [22]. Given the majority of our DOAC cohort are anticoagulated with
Rivaroxaban, this may in part explain our lack of discrepancy in bleeding rates between
anticoagulation classes.

VTE recurrence was uncommon (1.17%/person-year). Overall VTE rates were similar to JujoSanada et al’s CTEPH cohort (1.2%/person-year), although this applied to anticoagulation with
VKAs only [5]. VTE recurrence was significantly higher in those treated with DOACs
(4.62%/person-year) compared to VKAs (0.76%/person-year; p = 0.008), though no VTE
associated deaths occurred in either group. Whilst the efficacy of DOACs in acute VTE is
comparable to VKAs [11], network meta-analysis of extended anticoagulation in VTE suggests
standard-dose VKA to have the highest probability of being the best treatment for VTE
reduction [22]. Higher VTE recurrence rates associated with DOACs in our cohort may
therefore reflect the extended duration of anticoagulation follow-up post-PEA in the context
of an increased frequency of incidental cases identified through the routine screening of
asymptomatic individuals. APS incidence was also noted to be lower in our population
compared to previous and in light of the findings suggesting higher VTE recurrence in APS
treated with DOACs compared to VKAs, the possibility that thrombophilia was
underdiagnosed in our cohort needs to be considered [24,25]. From a pharmokinetic
perspective, Rivaroxaban the most commonly prescribed DOAC in our cohort has the shortest
half-life of all Factor Xa inhibitors and its bioavailability known to be affected by its
consumption with food [26].
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Median time from PEA to VTE recurrence was 5.8 (IQR 5.4) months suggesting the first six
months following PEA to be the most crucial with regard to mode of anticoagulation. Higher
VTE recurrence rates in DOACs theoretically may reflect the inability to easily quantify in-vivo
DOAC activity and hence the capacity to identify and pre-emptively act upon low treatment
adherence. VKA compliance by contrast is monitored by frequent INR measurement
undertaken by an individual’s General Practitioner or local anticoagulation clinic. Despite this,
our data suggests that time-in-therapeutic range for the CTEPH cohort is at best comparable
to established VTE data, or possibly worse.

Little data exists as to the implicated costs of life-long anticoagulation in VTE for VKAs versus
DOACs. Whilst DOACs currently account for around half of anticoagulant prescriptions for VTE
in the UK they are responsible for >90% of anticoagulant expenditure [19,28]. Data from lifelong anticoagulation in atrial fibrillation indicates a cost saving with VKAs (Warfarin)
compared to DOACs, even when INR monitoring is accounted for [29]. In the NHS in England
Warfarin (the most common VKA in use) costs £0.78 per month (based upon a 5mg daily dose)
compared to the average cost of DOACs at £50-60 per month [30]. The combined cost of
Warfarin prescription and INR monitoring, whether delivered centrally or using self-testing is
~£300 per year compared to the annual cost of life-long DOAC anticoagulation of ~£800
excluding renal function checks [29,31]. Extrapolated to our post-PEA prevalent population
the cost of treating all individuals with DOACs would equate to an additional ~£506,000 per
year over VKAs. Whilst cost savings are presently in favour of VKAs, the costs associated with
DOAC use are likely to fall considerably once patents expire in 2022.
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In conclusion, major bleeding risk in CTEPH appears similar with VKAs and DOACs. Although
VTE recurrence following PEA was uncommon, rates were significantly higher in those treated
with DOACs. We acknowledge the limitation of this retrospective case review. Although all
CTPAs are reviewed in MDT by subspecialised CTEPH radiologists and clinicians, the gold
standard in determining the non-inferiority of DOACs would be prospective evaluation. Given
previous experiences with valvular heart disease there are grounds for caution in assuming
DOACs are safe [27].
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Tables and Figures
Preoperative

Postoperative

Adjusted p

1322

1232

-

Age at PEA, yrs

62 (22)

-

-

Sex (male:female), %

54:46

-

-

BMI, kg/m2

29 (8)

-

-

0.4

0.6

-

Patients, n

1224

985

-

1/2/3/4, %

0/15/74/11

30/43/26/1

< 0.001

1322

1070

-

Mean PAP, mmHg

44 (16)

24 (12)

< 0.001

PVR, dynes.s-1.cm-5

651 (493)

240 (209)

< 0.001

11 (6)

10 (5)

< 0.001

2.12 (0.8)

2.31 (0.7)

< 0.001

827

988

-

310 (200)

368 (162)

< 0.001

1242

897

-

Activity

11 (10)

6 (10)

< 0.001

Symptoms

12 (11)

4 (9)

< 0.001

Patients, n

Active malignancy,%
NHYA Functional Class

Haemodynamics
Patients, n

Pawp , mmHg
Cardiac Index, l.min-.m2
6-minute walk test
Patients, n
Distance, metres
CAMPHOR scale score
Patients, n
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Quality of Life

10 (11)

4 (11)

< 0.001

Table 1. Cohort baseline and postoperative patient characteristics
Baseline and first post-operative follow-up patient characteristics. Postoperative results
are from first follow-up within one-year post-PEA. Values are median ± interquartile
range unless otherwise indicated. P value adjusted for multiple comparisons by false
discovery rate. BMI indicates Body Mass index.; NYHA, New York Heart Association
functional class; PAP, pulmonary artery pressure; PVR, pulmonary vascular resistance;
Pawp, pulmonary arterial wedge pressure and CAMPHOR, Cambridge Pulmonary
Hypertension Outcome Review Questionnaire.
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Preoperative

Postoperative

VKA

DOAC

p

VKA

DOAC

808

204

-

794

206

-

Age at PEA, yrs

62 (21)

63 (20)

0.64

-

-

-

Sex (m:f), %

56:44

53:47

0.69

-

-

-

BMI, kg/m2

29 (8)

29 (8)
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-

-

-

783
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-

-

-

-

7.2

3.9

0.44

-

-

-
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200

-

-

-

-

4.0

1.5

0.44

-

-

-

NYHA FC , n
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-
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-

1/2/3/4, %

0/16/74/10

0/13/80/8

0.69

30/42/27/1

27/45/27/1

0.86

Haemodynamics, n

808

204

-

681

167

-

Mean PAP, mmHg

45 (17)

44 (16)

0.64

25 (13)

24 (12)

0.54

PVR, dynes.s-1.cm-5

649 (486)

660 (486)

0.87

243 (215)

239 (195)

0.75

11 (5)

11 (6)

0.44

10 (5)

10 (6)

0.54

2.1 (0.8)

2.1 (0.7)

0.44

2.3 (0.7)

2.3 (0.8)

0.65

538

176

-

625

142

-

312 (202)

330 (202)

0.64

368 (157)

384 (166)

0.54

764

183

-

610

165

-

Activity

11 (11)

11 (11)

0.77

6 (10)

5 (9)

0.56

Symptoms

12 (12)

13 (13)

0.64

4 (9)

3 (8)

0.54

Quality of Life

10 (10)

12 (10)

0.44

4 (10)

3 (10)

0.71

Patients, n

Thrombophilia, n
Incidence, %
APS, n
Incidence, %

Pawp, mmHg
CI, l.min.m2
6MWD, n
Distance, m
CAMPHOR scale score, n

p

Table 2 Anticoagulation groups: baseline and postoperative patient characteristics
Postoperative results from first follow-up within one-year of PEA. Values are median
(IQR) unless otherwise indicated. P values reported have been adjusted for multiple
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comparisons by false discovery rate. Percentages may not add to 100 due to rounding.
VKA indicates Vitamin K Antagonist (Baseline: Warfarin 801, Acenocoumarol 6,
Phenindione 1, Post-PEA: Warfarin, 787; Acenocoumarol, 5; Phenindione, 1; Warfarin +
Fondaparinux,1) and DOAC, Direct Oral Anticoagulant (Baseline: Rivaroxaban,155;
Apixaban, 38; Dabigatran, 8; Edoxaban, 2; Apixaban & Dabigatran,1. Post-PEA:
Rivaroxaban ,158; Apixaban, 35; Dabigatran 10; Edoxaban, 2; Apixaban + Dabigatran, 1).
BMI indicates Body Mass index; APS, Antiphospholipid Syndrome; NYHA, New York Heart
Association functional class; PAP, pulmonary artery pressure; PVR, pulmonary vascular
resistance; Pawp, pulmonary arterial wedge pressure; CI, Cardiac Index; 6MWD, six-minute
walk distance and CAMPHOR QoL, Cambridge Pulmonary Hypertension Outcome Review
Questionnaire.
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VKA

DOAC

n

events

n

Events

-

-

-

-

Pulmonary Embolism

11

11

10

10

Deep Vein Thrombosis

1

1

0

0

Major Bleeding

-

-

-

-

Fatal events

3

3

0

0

Central Nervous System

3

3

0

0

Retroperitoneal

1

1

0

0

Haemopericardium

0

0

0

0

Intraocular

0

0

0

0

Haemoptysis

0

0

0

0

Gastrointestinal

2

2

1

1

Haematuria

1

1

0

0

-

-

-

-

Gastrointestinal

0

0

1

1

Large diffuse haematomas

2

2

0

0

Epistaxis

1

1

0

0

Recurrent VTE

Clinically relevant non-major bleeding

Table 3: Recurrent venous thromboembolism (VTE) and bleeding events
following pulmonary endarterectomy
VKA indicates Vitamin K Antagonist, DOAC; Direct Oral Anticoagulant. Major
bleeding was defined as symptomatic and resulting in the need for a transfusion
of at least 2 units of red cells, involving a critical site or were fatal; critical sites
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being the central nervous system, retroperitoneum, pericardium, intraocular
and respiratory tract. Clinically relevant non-major bleeding was also
documented and subcategorised accordingly.
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