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Purpose of review

The pivotal phase Ill trials demonstrating efficacy and safety of direct oral anticoagulants (DOACs) in the
treatment of venous thromboembolism (VTE) or nonvalvular atrial fibrillation (NVAF) excluded patients with
important and common comorbidities, including obesity, advanced chronic kidney disease, cirrhosis,
cancer and antiphospholipid antibody syndrome. Despite the lack of large prospective randomized control
trials in these patient populations, the use of DOACs has led to a wealth of efficacy and safety data within
these groups.

Recent findings
Retrospective studies, meta-analyses, national databases and pharmacokinetic data have shed light on the
efficacy and safety of DOAC:s in these patient populations. Although DOACs should be avoided in those

with high-risk triple positive antiphospholipid antibody syndrome, advanced cirrhosis, advanced kidney
disease and intact gastrointestinal cancers, and used with caution in genitourinary cancers, their use
extends beyond the inclusion criteria of the initial randomized control trials.

Summary

DOAC:s have revolutionized anticoagulant management and have become the cornerstone for VTE
treatment and stroke prevention in NVAF. The decision to use DOACs must be individualized. Patient
preference, underlying comorbidities and informed consent must always be considered when selecting the

most appropriate anticoagulant.
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INTRODUCTION

Direct oral anticoagulants (DOACs) have been
approved for multiple indications, including treat-
ment of nonvalvular atrial fibrillation/flutter
(NVAF) and venous thromboembolism (VTE). Due
to their ease of use (oral and no need for monitoring)
and fewer drug-food interactions, DOACs have
largely replaced vitamin K antagonists (VKAs), most
notably warfarin, and low molecular weight heparin
(LMWH) as first-line treatment. The initial phase III
NVAF and VTE randomized control trials (RCTs)
comparing specific DOACs with warfarin excluded
many patients, notably those with obesity, cirrhosis,
chronic kidney disease (CKD), cancer and antiphos-
pholipid antibody syndrome (APS). We performed a
comprehensive, algorithm-based literature review
to evaluate DOAC use in these specific populations
to provide our recommendations.

OBESITY

The 2016 International Society of Thrombosis
and Haemostasis (ISTH) guidance statement

1070-5287 Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

recommended against use of DOACs for VITE or NVAF
in patients with weight more than 120kg or BMI
more than 40kg/m? (herein defined as morbid obe-
sity) due to limited evidence since the initial RCTs of
DOACs excluded these patients. If used, they sug-
gested drug-specific serum monitoring [1,2]. How-
ever, the following year a meta-analysis assessing
patients with weight above the predefined obesity
thresholds, from these studies, found no difference in
rate of VTE recurrence, stroke or systemic embolism,
nor major bleeding when comparing DOACs to

“Department of Medicine, University of Alberta, Clinical Sciences Build-
ing, Edmonton, Alberta, bDepartment of Medicine, Division of Hematol-
ogy, Ottawa Research Hospital Institute and “Department of Medicine,
University of Ottawa, The Ottawa Research Hospital Institute, The
Ottawa Hospital General Campus, Ottawa, Ontario, Canada

Correspondence to Philip S. Wells, Department of Medicine, University
of Ottawa, and the Ottawa Research Hospital Institute, The Ottawa
Hospital General Campus, 501, Smyth Road, Ottawa, ON K1H 8L6,
Canada. Tel: +1 613 798 5555 x78755; e-mail: pwells@toh.ca

Curr Opin Pulm Med 2021, 27:311-318
DOI:10.1097/MCP.0000000000000787

www.co-pulmonarymedicine.com

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.


mailto:pwells@toh.ca

Disorders of the pulmonary circulation

KEY POINTS

e DOACs appear well tolerated for use in patients with
weight more than 120kg or BMI more than 40kg/m?.

e Apixaban and rivaroxaban appear well tolerated to
use in patients with nonvalvular atrial fibrillation and
chronic kidney disease down to a CrCl more than

15 ml/min.

e DOAC:s should be used with caution to treat venous
thromboembolism in patients with chronic kidney

disease and CrCl less than 25-30 ml/min.

e DOAC:s should be avoided in patients with cirrhosis-
associated coagulopathy or with Child-Pugh C cirrhosis
and only apixaban or dabigatran should be considered
for those with Child-Pugh B.

e DOACs are recommended for patients with cancer-
associated thrombosis, but require caution in those with
infact gastrointestinal or genitourinary malignancy.

e DOAC:s should be avoided in patients with friple-
positive antiphospholipid antibody syndrome (APS), but
can be continued in those with low-risk APS.

e Any off-label use of a DOAC should occur only after an
informed discussion with the patient.

warfarin. Interestingly, in the NVAF subgroup,
DOACs were more effective at preventing systemic
embolism compared with warfarin [3].

Obesity may affect drug pharmacokinetics, most
notably changes in absorption, volume of distribu-
tion and clearance [4]. Given that rivaroxaban and
apixaban have the smallest volumes of distribution,
lowest dependence on renal clearance, and are the
most protein bound (Table 1) [5-8], they are con-
ceivably less likely to be influenced by weight than
dabigatran. Single-dose studies in healthy morbidly
obese volunteers demonstrated lower maximum
concentration of apixaban compared with patients
weighing 65-85Kkg, but these values were deemed
clinically irrelevant [9]; similar findings occurred

with rivaroxaban 10mg [10]. A pharmacokinetic
modelling study, derived from 913 patients weigh-
ing between 39 and 176 kg determined renal func-
tion, not weight, was the most significant factor
influencing drug levels and concluded rivaroxaban
can be used at extremes of weight if renal function is
satisfactory [11%].

Two United States (US) retrospective database
studies comparing rivaroxaban with warfarin pro-
vide clinical data supportive of this assessment. In
3563 matched pairs treated for NVAF, there was no
difference in rates of stroke, systemic embolism or
major bleed [12]. In 2890 propensity matched pairs
of patients treated for VTE, there was no statistical
difference in rate of VTE recurrence but significantly
lower rates of major bleeding in the rivaroxaban
group, 1.8 versus 2.5% (P=0.0038). Rivaroxaban
plasma levels were tested in less than 1% of patients,
highlighting that serum drug monitoring is likely
unnecessary [13]. Meta-analyses of DOAC use com-
pared with warfarin in NVAF found no difference in
stroke or systemic embolism but fewer major bleeds
[14], and in VTE patients, no differences in VTE
recurrence or major bleeding [15%,16]. Similar
results were seen in patients with morbid obesity
compared with reference weight in those treated
with a DOAC for intermediate-to-high risk pulmo-
nary embolism [17].

In summary, most evidence supporting the use
of DOACs in patients with morbid obesity comes
from retrospective data and hospital databases. Lim-
itations include reliance on ICD codes for diagnosis,
no data for warfarin time in therapeutic range and
possible selection bias. Regardless, studies show an
increase in safe prescribing rates for morbidly obese
patients [18]. Therefore, despite a lack of high-qual-
ity prospective data, given that the existing data
highlight DOACs as being at least noninferior for
both efficacy and safety, it is reasonable to use
DOACs in patients with morbid obesity after an
informed discussion with the patient. We suggest
rivaroxaban or apixaban given the preferred

Table 1. Pharmacokinetic and metabolic parameters of DOACs [5-8]

Rivaroxaban

Apixaban

Edoxaban Dabigatran

Mechanism of action Factor Xa inhibitor

Renal clearance 36% 27%
Hepatic clearance 64% 73%
Protein bound 95% 87%
Volume of distribution 50L 21L
Interactions CYP3A4/5, CYP2J2

P-gp P-gp

Factor Xa inhibitor

CYP3A4

Factor Xa inhibitor Thrombin inhibitor

50% 80%
50% 20%
555 35%
1071 50-70L
Pgp P-gp

CYP, cytochrome P; P-gp, P-glycoprotein inhibitors.
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pharmacokinetic profiles and most of the published
data utilized these drugs.

CIRRHOSIS

Cirrhosis-related hepatic synthetic dysfunction
affects the production of procoagulant and antico-
agulant factors, leading to both increased bleeding
and thrombotic complications [19]. Patients with
cirrhosis were excluded from the initial DOAC stud-
ies due to baseline coagulopathy, risk of variceal
bleeds, variable hepatic metabolism of DOACs and
hypoalbuminemia in the setting of a highly protein
bound drug (Table 1) [20].

Despite their increased bleed risk, patients with
cirrhosis have better outcomes with anticoagulation,
when indicated [21]. In a retrospective review of 2694
propensity-matched patients from the National US
Veterans database, patients with Child-Pugh A, B or
rarely C (1%) cirrhosis and NVAF had statistically
significant improved all-cause mortality and no dif-
ference in bleeding when treated with either warfarin
or a DOAC compared with no anticoagulation [22].
DOACs were associated with less bleeding compared
with warfarin; however, patients with Child-Pugh B
cirrhosis were more often treated with warfarin (29.5
versus 10%), thereby limiting the direct comparison
of bleeding risk.

In a meta-analysis of four studies including 3483
patients with advanced liver fibrosis or cirrhosis and
NVAF treated with either a DOAC (1936) or warfarin
(1547), DOACs had a statistically significant
reduced risk of both major bleeding and gastroin-
testinal bleeding and nonstatistically significant
reduction in stroke [23"]. Only one of the included
studies had subgroups for the Child-Pugh classes,
with warfarin used predominantly in more severe
dysfunction [24]. More recently, two retrospective
studies of DOACs compared with warfarin in
patients with cirrhosis found at least equal efficacy
and safety [25,26]. In one of these studies, warfarin
was used preferentially in those with more advanced
cirrhosis and there were more patients (not statisti-
cally significant) with varices in the warfarin arm

(25.5 versus 12.3%), again preventing direct com-
parisons of the two treatments [26].

Patients with cirrhosis are at increased risk of
VTE, with portal vein thrombosis (PVT) occurring
most frequently [19]. Compared with those left
untreated, patients receiving anticoagulation have
significantly higher rates of portal vein recanaliza-
tion, significantly lower rates of variceal bleeds and
overall no difference in bleeding [27]. An RCT of 80
patients, comparing rivaroxaban 10 mg twice daily
with warfarin for the treatment of PVT in cirrhosis,
found those treated with rivaroxaban had improved
survival (20.4 versus 10.6 months), and a signifi-
cantly higher degree of complete recanalization
(85% within 2.6months versus 45% within
4.3months, P=0.001), without any episodes of
upper gastrointestinal bleeding (0 versus 43.3%)
[28]. Overall, the small sample size makes interpre-
tation of these low event rates difficult, and no
patients with Child-Pugh C cirrhosis were treated
with a DOAC.

Most evidence of DOAC use in cirrhosis stems
from retrospective studies, which are predomi-
nantly small, have limited patients with advanced
disease and were not matched regarding degree of
Child-Pugh class or presence of varices. Given these
limitations, our recommendations for DOAC use in
cirrhosis align with the current Food and Drug
Administration (FDA) recommendations (Table 2).
In those with Child-Pugh A or B cirrhosis, and
without a history of variceal bleed or current
untreated varices, we will consider a DOAC after
an informed discussion with the patient.

CHRONIC KIDNEY DISEASE

Asrenal function declines, patients are at an increas-
ing risk of thrombosis, bleeding and death [29,30].
From the pivotal phase III DOAC trials in VTE and
NVAF, DOACs have been deemed safe and effective
in patients with CKD stages 1-3; however, these
RCTs excluded patients with creatinine clearance
(CrCl) less than 25-30ml/min [31]. Currently, the
FDA has approved apixaban and rivaroxaban for use

Table 2. US Food and Drug Administration recommendations for DOAC use in cirrhosis [5-8]

Rivaroxaban usual dose not recommended
Apixaban usual dose use with caution
Edoxaban usual dose not recommended
Dabigatran usual dose use with caution

not recommended not recommended

not recommended not recommended
not recommended not recommended

not recommended not recommended
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in advanced CKD (CrCl 15-29 mL/min) and end-
stage kidney disease (ESKD, CrCl<15ml/min or
requiring dialysis) (Table 3), predominantly based
on retrospective studies and small pharmacokinetic
studies [32,33]. However, due to a lack of clinical
data, the 2019 American Heart Association guide-
line for the management of NVAF does not recom-
mend rivaroxaban in ESKD [34]. In addition, the
2020 Canadian Cardiovascular Society guideline for
management of NVAF questions the safety of all
DOAC:s in advanced CKD and does not recommend
their use in ESKD [35"]. There has been conflicting
evidence in overall net benefit of any anticoagula-
tion in patients with ESKD and NVAF [36,37], with
an RCT underway comparing apixaban, VKA and no
anticoagulation in patients requiring dialysis (Clin-
icalTrials.gov, NCT03987711).

Studies of DOACs in patients with advanced
CKD or ESKD suggest at least equal efficacy and
often improved safety compared with warfarin
[38,39], with the most supporting evidence for apix-
aban [40-42], aligning with its preferred pharmaco-
kinetic properties in the setting of renal dysfunction
(Table 1). In a meta-analysis of five studies with
43850 patients with advanced CKD/ESKD and
NVAF, apixaban was associated with significantly
less bleeding and no difference in rates of thrombo-
embolic events compared with warfarin [43]. In a
retrospective review of patients with NVAF on

dialysis anticoagulated with apixaban (n=2351)
or warfarin (prognostic score matched 1:3), there
was no difference in rate of thromboembolic events
but significantly lower risk of major bleeding in
those treated with apixaban, with apixaban Smg
twice daily associated with significantly lower rates
of stroke/systemic embolism and mortality com-
pared with either reduced-dose apixaban or warfarin
[44]. Evidence supporting the use of other DOACs in
advanced CKD or ESKD is less robust, with conflict-
ing evidence on the safety profiles of rivaroxaban
[45-47] and evidence of potential harm with dabi-
gatran [47,48].

Most data of DOAC use in advanced CKD are in
the setting of NVAF. Given this, we feel it is reason-
able to continue DOACs, preferentially apixaban
and possibly rivaroxaban, in those with advanced
CKD, particularly if they were started on it prior to
renal function decline and after an informed discus-
sion with the patient. There is insufficient evidence
of net clinical benefit of anticoagulation in ESKD
and we currently approach this on a case-by-case
basis. Due to the relative paucity of data in VTE
treatment, we tend to use the renal function thresh-
olds from the initial phase III trials and generally
avoid DOAC use in those with CrCl less than 30 ml/
min (25 ml/min for apixaban). In calculating CrCl in
patients with CKD, we use the Cockroft-Gault equa-
tion to align with the renal function definitions in

Table 3. US Food and Drug Administration recommended dosing of DOACs based on renal function and indication [5-8]

Creatinine Clearance Categories (ml/min)

>50 30-50

15-29 <15 or dialysis

Treatment of venous thromboembolism (for the first 3—6 months)

Rivaroxaban

15mg b.i.d. x 21 days
then 20 mg daily

15mg b.i.d. x 21 days
then 20 mg daily

Apixaban 10mg b.i.d. x7 days 10mg b.i.d. x7 days
then 5mg b.i.d. then 5mg b.i.d.

Edoxaban LMWH® 5-10 days LMWH® 5-10 days
then 60 mg or 30 mg then 30 mg daily
daily based on
weight”

Dabigatran LMWH® 5-10 days LMWH® 5-10 days

then 150mg b.i.d.

Treatment of atrial fibrillation

then 150 mg b.i.d.

Rivaroxaban 20 mg daily 15 mg daily
Apixaban 5mg b.i.d. 5mg b.i.d.c
Edoxaban 60 mg daily> 30mg daily
Dabigatran 150 mg b.i.d. 150 mg BID

15mg b.i.d. x 21 days
then 20 mg daily

10mg b.i.d. x7 days
then 5mg b.i.d.

LMWH® 5-10 days
then 30 mg daily

not recommended

15 mg daily
5mg b.i.d.*
30mg daily
75mg b.i.d.

not recommended

10mg b.i.d. x7 days
then 5mg b.i.d.

not recommended

not recommended

15 mg daily
5mg b.i.d.c
not recommended

not recommended

b.i.d., twice daily; LMWH, low molecular weight heparin.

°LMWH or alternate parenteral anticoagulant.
bUse 30 mg daily if patient's weight <60kg.

“Dose reduce to 2.5mg b.i.d. if patient has at least two of the following 3: weight <60kg, age >80 years, or serum creatinine >1.5mg/dl (133 pmol/I).
9Do not use if CrCl > 95 ml/min.
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the initial RCTs. An RCT comparing low-dose apix-
aban or rivaroxaban in patients with advanced CKD
and VTE will provide much-needed prospective clin-
ical data in this population (ClinicalTrials.gov,
NCT02664155).

CANCER

The use of DOACs in patients with cancer is com-
plicated by malabsorption in those with vomiting,
diarrhoea or mucositis; safety in those with throm-
bocytopenia, or hepatic or renal impairment; or
drug-drug interactions with systemic chemothera-
pies (Table 1) [49]. Most data of DOAC use in cancer
stem from trials comparing DOACs with the stan-
dard treatment, LMWH, in cancer-associated throm-
bosis (CAT). Recent trials have highlighted the
efficacy of rivaroxaban, edoxaban and apixaban in
patients with CAT compared with LMWH [50™"].

Hokusai-VTE, an RCT of edoxaban compared
with LMWH, and the CARAVAGGIO RCT, compar-
ing apixaban to LMWH, both determined these
DOACs were noninferior regarding VTE recurrence
at 6 months but with edoxaban there were more
major bleeds, with a gastrointestinal source
accounting for 61% of events [51,52]. Similar find-
ings were reported in the SELECT-D RCT compari-
son of rivaroxaban to LMWH [53]. However, the
CARAVAGGIO study found no difference in major
bleeding or gastrointestinal bleeding [52].

Current guidelines recommend DOACs for
treatment of CAT, but caution against their use in
those with gastrointestinal [54] and possibly genito-
urinary cancers [55]. However, subgroup analyses of
patients with major bleeds in the Hokusai-VTE and
CARAVAGGIO studies found relatively equal rates
of major bleeding in patients with gastrointestinal
cancer in both DOAC and LMWH treated patients.
In addition, no patients in CARAVAGGIO with
resected colorectal or upper gastrointestinal cancer
developed major bleeds with either apixaban or
LMWH [56"], with similar findings in the Hoku-
sai-VTE trial [57].

Currently, we treat CAT patients with an
approved DOAC in all patients, except those with
active in situ gastrointestinal tumours, provided
swallowing is not an issue. We use LMWH if there
are concerns regarding the patient’s ability to absorb
the medication, impending thrombocytopenia (to
titrate LMWH dosing) or proven drug-drug interac-
tions exist. Note the latter is less often an issue with
edoxaban, as it is only influenced by P-glycoprotein
interactions. Informed discussions with the patient
are always indicated. We are also cautious in starting
DOAG:s in patients with an existing genitourinary
malignancy due to increased risk of mucosal

1070-5287 Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

bleeding but, as haematuria is easily noted, starting
with a DOAC is not unreasonable.

ANTIPHOSPHOLIPID ANTIBODY
SYNDROME

Antiphospholipid antibody syndrome is character-
ized by thrombotic events (arterial or venous) and/
or obstetric morbidity and persistently positive anti-
phospholipid (aPL) serum markers (Table 4) [58].
Patients with thrombotic-related APS are at an
increased risk of recurrent events and warrant
extended anticoagulation. Generally, persistently
high titres of lupus anticoagulant and triple-positive
aPL (positive for lupus anticoagulant, anticardioli-
pin antibody and antip2-glycoprotein antibody)
portend the highest risk, with isolated, positive
low-medium titres of anticardiolipin or antiB2-gly-
coprotein having the lowest risk, particularly the
IgM subtype [59,60]. The mainstay of treatment has
been VKAs, but recent studies have compared rivar-
oxaban to warfarin for secondary prevention of
thromboembolic events [61-64].

Patients with low and moderate risk VTE-related
APS seem to have similar clinical outcomes when
treated with rivaroxaban or warfarin for secondary
prevention. In a single-arm feasibility study of 82
such patients with APS and prior VTE, patients were
treated with full-dose rivaroxaban and followed for a
mean of 19 months. There were four recurrent
events (two strokes and two VTE), similar to the
recurrence rates seen in patients treated with warfa-
rin [61]. In a noninferiority trial of 116 patients with
predominantly low and moderate-risk thrombotic
APS (28% of patients were triple positive), patients
were randomized to warfarin versus rivaroxaban for
secondary prevention. There was no recurrent
thrombosis in either group after seven months
[62]. However, these studies included no or very
few (6%) patients with arterial events and two recent
studies assessing high-risk patients included those
with arterial events and found different results. In
the first, enrolling 190 patients, rivaroxaban had a
nonstatistically significant increased risk of recur-
rent thrombotic events with 12 (12.6%) events in
the rivaroxaban group, nine of which were stroke,
versus six (6.3%) in the warfarin arm, with zero
strokes over a 3-year period. Posthoc analyses iden-
tified an increased risk of recurrent thromboembo-
lism in rivaroxaban-treated patients with previous
arterial thromboses, livedo reticularis, or APS-
related cardiac valvular disease [63]. A study of
120 patients with triple-positive thrombotic APS,
randomized to rivaroxaban or warfarin, was stopped
prematurely due to excess events in the rivaroxaban
group. Over a mean follow-up of 1.5 years, there

www.co-pulmonarymedicine.com 315

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.



Disorders of the pulmonary circulation

Table 4. Revised classification criteria for the antiphospholipid syndrome

Antiphospholipid antibody syndrome (APS) is present if at least one of the clinical criteria and one of the laboratory criteria that follow are
met®

Clinical criteria
1. Vascular thrombosis?

One or more clinical episodes® of arterial, venous, or small vessel thrombosis?, in any tissue or organ. Thrombosis must be confirmed by
obijective validated criteria (i.e. unequivocal findings of appropriate imaging studies or histopathology). For histopathologic confirmation,
thrombosis should be present without significant evidence of inflammation in the vessel wall.

2. Pregnancy morbidity

(@) One or more unexplained deaths of a morphologically normal foetus at or beyond the 10th week of gestation, with normal foetal
morphology documented by ultrasound or by direct examination of the foetus, or

(b) One or more premature births of a morphologically normal neonate before the 34th week of gestation because of (i) eclampsia or
severe preeclampsia defined according to standard definitions [11™], or (i) recognized features of placental insufficiency®, or

(c) Three or more unexplained consecutive spontaneous abortions before the 10th week of gestation, with maternal anatomic or hormonal
abnormalities and paternal and maternal chromosomal causes excluded.

In studies of populations of patients who have more than one type of pregnancy morbidity, investigators are strongly encouraged to stratify
groups of subjects according to a, b or ¢ above.

Laboratory criteria’

1. Lupus anticoagulant (LA) present in plasma, on two or more occasions at least 12 weeks apart, detected according to the guidelines of the
International Society on Thrombosis and Haemostasis (Scientific Subcommittee on LAs/phospholipid-dependent antibodies)

2. Anticardiolipin (aCl) antibody of IgG and/or IgM isotype in serum or plasma, present in medium or high titre (i.e. >40 GPL or MPL,
or >the 9%9th percentile), on two or more occasions, at least 12 weeks apart, measured by a standardized ELISA

3. Antib2 glycoprotein-l antibody of IgG and/or IgM isotype in serum or plasma (in titre >the 99th percentile), present on two or more
occasions, at least 12 weeks apart, measured by a standardized ELISA, according to recommended procedures

“Classification of APS should be avoided if less than 12 weeks or more than 5 years separate the positive aPL test and the clinical manifestation.

bCoexisting inherited or acquired factors for thrombosis are not reasons for excluding patients from APS frials. However, two subgroups of APS patients should be
recognized, according to (a) the presence, and (b) the absence of additional risk factors for thrombosis. Indicative (but not exhaustive) such cases include age
(>55 in men, and >65 in women), and the presence of any of the established risk factors for cardiovascular disease (hypertension, diabetes mellitus, elevated LDL
or low HDL cholesterol, cigarette smoking, family history of premature cardiovascular disease, BMI 30kg/m?), microalbuminuria, estimated GFR < 60 ml/min),
inherited thrombophilias, oral contraceptives, nephrotic syndrome, malignancy, immobilization, and surgery. Thus, patients who fulfil criteria should be stratified
according to contributing causes of thrombosis.

A thrombotic episode in the past could be considered as a clinical criterion, provided that thrombosis is proved by appropriate diagnostic means and that no
alternative diagnosis or cause of thrombosis is found.

dSuperficial venous thrombosis is not included in the clinical criteria.

°Generally accepted features of placental insufficiency include (i) abnormal or nonreassuring foetal surveillance test(s), for example a nonreactive nonstress test,
suggestive of foetal hypoxemia, (i) abnormal Doppler flow velocimetry waveform analysis suggestive of foetal hypoxemia, for example absent end-diastolic flow
in the umbilical artery, (iii) oligohydramnios, for example an amniotic fluid index of 5cm or less, or (iv) a postnatal birth weight less than the 10th percentile for
the gestational age.

finvestigators are strongly advised to classify APS patients in studies into one of the following categories: |, more than one laboratory criteria present (any
combination); lla, LA present alone; Ilb, aCL antibody present alone; llc, antib2 glycoprotein- antibody present alone.

Table is reproduced from original publication by Miyakis et al. [58].

were seven arterial events (four stroke, three MI)
in the rivaroxaban arm and zero in the warfarin
arm [64].

Diagnosis of APS is complicated in the setting of
acute VTE, as there is no consensus on who should
be tested and because the lupus anticoagulant assay
is inaccurate when anticoagulants have been initi-
ated. If testing is warranted and patients are triple
positive, we recommend VKAs. In patients with
arterial events, we recommend testing for aPL early
and avoiding DOAC:s in those with high titre single
or double positive IgG aPLs. In those with low titres,
or IgM antibodies, it is reasonable to continue a
DOAC at full dose [65].

316 www.co-pulmonarymedicine.com

CONCLUSION

DOACs have become the mainstay of treatment for
NVAF and most VTE indications. Patient comorbid-
ities, bleed and thrombotic risk, and patient prefer-
ence should help guide therapy. Retrospective data,
subgroup analyses and hospital databases have pro-
vided insight into the efficacy and safety of DOACs
in patients with morbid obesity, cirrhosis and CKD;
however, high-quality, prospective and randomized
data would provide more robust evidence and guid-
ance for use in these populations.
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