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Patient background

Medical history

 Cystic fibrosis, homozygous for the F508del mutation

 Pancreatic insufficiency

 No liver dysfunction

 Impaired glucose tolerance 

 FEV1: 45% on presentation (baseline)

 Colonized with: Pseudomonas aeruginosa

 The last acute pulmonary exacerbation was a year 

before this admission (on Sep. 2019)

H.B.

 37 years old male, Arab descent

 Height: 165 cm, Weight: 56 kg

 Unemployed (80% disability)

 No smoking, no alcohol drinking



Patient background

Inhaled medications

 Formoterol (Foradil aerolizer) 12 mcg twice 

daily

 Hypertonic saline (Pulmosal) 7%, 4 ml twice daily

 Tobramycin (Tobi) 300 mg twice daily
Alternating with Inh. Cayston

 Aztreonam (Cayston) 75 mg three times a day

 Pulmozyme (rhDNase) 2.5 mg once daily

Current medication list

 Tab. Trikafta (Elexacaftor/tezacaftor/ivacaftor)

Since March 2020

 Azithromycin 500 mg/dose three times a week

 Cap. Creon 10,000, 15 caps per meal, 50 Caps/day

 Tab. Ursodeoxycholic acid 300 mg twice daily

 Tab. Omeprazole 20 mg once daily

 Cap. Dekas plus 1 cap twice daily

 Vitamin D drops 200 units/drop, 15 drops daily



Physical examination

Blood pressure: 117/73

Heart rate: 81 B/M

Body temperature: 36.70C

O2 saturation on room air: 99%

Auscultation: Bilateral breath 

sounds with inspiratory crackles 

Chief complaint on presentation, 19.11.2020

Hemoptysis for two days before admission, No shortness of breath, no chest pain

Laboratory findings

A complete blood count, 

coagulation panel, and basic 

metabolic panel were normal

Treatment:

 IV piperacillin/tazobactam → 

hemoptysis stopped

 On the day after he felt 

better and denied staying at 

the hospital. He discharged 

with PO antibiotic therapy



Physical examination

Blood pressure: 99/58

Heart rate: 62 B/M

Body temperature: 36.50C

O2 saturation on room air: 97%

Auscultation: Bilateral breath 

sounds with inspiratory crackles 

Only one day after his discharge…, 21.11.2020

H.B. Returned to the hospital with a complaint on ongoing hemoptysis at home

Laboratory findings

Again, A complete blood 

count, coagulation panel, and 

basic metabolic panel were 

normal.

CT pulmonary 
angiography 



Diagnosis?
CT pulmonary angiography 

22.11.2020
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Filling defects in the pulmonary artery to right upper lobe and its segmental branches 
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Transthoracic Echocardiogram

Normal left ventricular contraction, 

no signs of right ventricle dysfunction



Filling defects in the pulmonary artery to right upper lobe and its segmental branches 

Diagnosis?

Transthoracic Echocardiogram

Normal left ventricular contraction, 

no signs of right ventricle dysfunction

Troponin T

Negative (<13 ng/L)



Pulmonary risk classification

Simplified Pulmonary Embolism 
Severity Index (sPESI)

H.B: Intermediate-low, sPESI ≥1 (Chronic pulmonary disease)

2019 ESC Guidelines for the diagnosis and management of acute pulmonary embolism



Predisposing factors for venous thromboembolism? 

H.B.

 No background of a family history of VTE (Inherited thrombophilia wasn't checked)

 No central venous catheter

 No liver disease

 No cancer

 No recent surgery, Trauma or immobilization 

 Negative Antiphospholipid antibody test

 No drugs which are associated with an increased risk of venous thrombosis

 Has chronic inflammation but without an acute pulmonary exacerbation recently



Treatment

Oral Tranexamic acid 500 mg twice daily 
(H.B got two doses on his presentation)

Antibiotic therapy 

After two days the hemoptysis stopped and H.B. felt better and asked to be discharged

SC Enoxaparin 60 mg twice daily

SC Enoxaparin to ?

STOP START



Venous thromboembolism in cystic fibrosis 

 Cystic fibrosis is an inherited disease that affects mostly the lungs, but also 

the pancreas, liver, kidneys, intestine, sweat glands and reproductive organs

 Recurrent lung infections and chronic inflammation, Nutritional deficiencies, 

liver dysfunction, Intestinal obstruction, diabetes, Kidney dysfunction, reduced 

bone mineral density and infertility are some, but not all, the complications of 

children and adults with CF



Is thrombophilia one of the CF complications?

Probably Yes…

 Central venous catheters

 Chronic inflammation

 Deficiencies of anticoagulant proteins (Protein C and protein S) 

 Deficiency of protein S was also linked to CF genotype (in association with F508del homozygosity) 

 Elevated levels of FVIII activity (Procoagulant factor)

 Specific infections, such as Burkholderia cepacia

 Platelet hyperreactivity in individuals with CF patients*

Takemoto CM. Venous thromboembolism in cystic fibrosis. Pediatr pulmon. 2012 Feb;47(2):105-112.

Raffini LJ, Raybagkar D, Blumenstein MS, Rubenstein RC, Manno CS. Cystic fibrosis as a risk factor for recurrent venous thrombosis at a pediatric tertiary care hospital. J Pediatr 2006;148:659-664.
Barker M, Thoenes D, Dohmen H, et al. Prevalence of thrombophilia and catheter-related thrombosis in cystic fibrosis. Pediatr Pulmonol 2005;39:156–161.



Diagnosis of Pulmonary embolism in CF

 Individuals with CF pose challenges to the diagnosis 

 Laboratory testing, such as elevations of D-dimer, troponin, or brain natriuretic factor is supportive, 

but not specific for the diagnosis

 Diagnostic imaging options for PE include CT angiogram which is highly sensitive and specific

 Lung ventilation/perfusion (V/Q) scan is also sensitive but is not specific; The presence of chronic 

lung disease and episodes of acute exacerbation may contribute to decreased specificity of V/Q 

scanning in individuals with CF

 Pretest probability scoring systems, such as the Wells test, can improve diagnostic accuracy in adults 

but cannot be relied upon to make the diagnosis of PE in patients with CF

High index of suspicion and appropriate radiographic imaging with CTA are the keys for diagnosis

Takemoto CM. Venous thromboembolism in cystic fibrosis. Pediatr pulmon. 2012 Feb;47(2):105-112.



Pulmonary risk classification

Simplified Pulmonary Embolism 
Severity Index (sPESI)

H.B: Intermediate-low, sPESI ≥1 (Chronic pulmonary disease)

2019 ESC Guidelines for the diagnosis and management of acute pulmonary embolism



Treatment in the acute phase

 Most patients with PE are hemodynamically stable upon presentation

 The initial approach for patients with suspected PE should focus upon general supportive measures 
while the diagnostic evaluation is ongoing

 Supportive measures include:

Peripheral intravenous access with or without intravenous fluids

Oxygen supplementation 

Empiric anticoagulation depending upon the clinical suspicion for PE and the risk of bleeding

 For patients in whom the diagnostic evaluation confirms PE, the treatment approach is stratified 
according to whether the patient is hemodynamically stable or unstable

 Hemodynamically stable patients with confirmed PE, without absolute contraindication to 
anticoagulant treatment, should start/continue anticoagulant therapy as soon as possible…

2019 ESC Guidelines for the diagnosis and management of acute pulmonary embolism



Anticoagulation

 For almost 70 years, unfractionated heparin, low molecular weight heparins and 

vitamin K antagonists have been the leading therapeutic medical options for the 

treatment and prevention of thromboembolic disorders

 Many Limitations of these traditional anticoagulants have fueled the search for 

novel agents over the past 20 years and a new class of oral anticoagulants that

specifically target activated factor Xa and thrombin (factor IIa) has been developed



New/Non-Vitamin K oral anticoagulants (NOACs, DOACs)

 Orally administered at fixed dosages

 High efficacy and safety profile 

 Lower need for laboratory monitoring

 Fewer drug interactions compared to vitamin K antagonists

 Two types of NOACs are currently licensed for use in thromboembolic disorders:

Direct Thrombin inhibitor
DaBigatran (Pradaxa)

Direct Factor Xa inhibitors
RivaroXaban (Xarelto)
ApiXaban (Eliquis)
EdoXaban (Lixiana)



New/Non-Vitamin K oral anticoagulants (NOACs, DOACs)

Direct Factor Xa inhibitors
RivaroXaban (Xarelto)
ApiXaban (Eliquis)
EdoXaban (Lixiana)

Direct Thrombin inhibitor
DaBigatran (Pradaxa)



New/Non-Vitamin K oral anticoagulants (NOACs, DOACs)

Mountfort K, et al. Stroke Prevention in Atrial 
Fibrillation - Outcomes and Future Directions. 
Arrhythm Electrophysiol Rev. 2014.



NOACs in Venous thromboembolism

 These agents are now recommended in 
preference to a Vitamin K antagonists for the 
treatment of VTE

 No agent is superior to the other 

 Rivaroxaban and Apixaban are the only direct 
oral anticoagulants that have been studied and 
as monotherapy (no pre-treatment with 
heparin is necessary) for the treatment of 
patients with VTE

2019 ESC Guidelines for the diagnosis and
management of acute pulmonary embolism



Which NOAC to choose for H.B?



Which NOAC to choose for H.B?

 NOACs pharmacokinetics

 NOACs potential adverse events

 Anticoagulant's dosing regimens in venous thromboembolism

 Potential drug interactions

 Alternations in Pharmacokinetics in CF



NOACs Pharmacokinetics, main drug Interactions & adverse events
Characteristics Dabigatran (Pradaxa) Rivaroxaban (Xarelto) Apixaban (Eliquis)

Target Factor IIa Factor Xa Factor Xa

Time to peak 1-3 hours 2-4 hours 1-2 hours

Absorption with food No effect 39% more with food No effect

Half life 14-17 hours 7-11 hours 8-14 hours

Renal elimination 80% 33% 27%

Drug interactions  Strong P-gp inhibitors are 
contraindicated (Dabigatran↑)

 P-gp inducers should be avoided 
(Dabigatran↓)

 Not recommended with Strong 

inhibitors of both CYP3A4 & P-gp

(Rivaroxaban↑)

 CYP3A4 & P-gp inducers should be 

avoided (Rivaroxaban↓)

 Not recommended with Strong 

inhibitors of both CYP3A4 & P-gp

(Apixaban↑)

 CYP3A4 & P-gp inducers should be 

avoided (Apixaban↓)

Further 
contraindications

 CrCl <30 mL/min.

 Severe hepatic impairment 

(Child-Pugh C)

 CrCl <15 mL/min (EMA).

 Moderate-severe hepatic 

impairment (Child-Pugh B and C)

 CrCl <15 mL/min (EMA).

 Severe hepatic impairment

(Child-Pugh C)

Adverse events  GI symptoms (25-40%)

 Hemorrhage 

 Major or CRNM bleeding 
incidence: 5-5.5% (RECOVER)

 Abdominal pain (3%)

 Hemorrhage 

 Major or CRNM bleeding 
incidence: 8-10% (EINSTEIN))

 Hemorrhage 

 Major or CRNM bleeding 
incidence: 4.3% (AMPLIFY)

Reversal agent Idarucizumab (Available in IL) Andexanet (Not available in IL) Andexanet (Not available in IL)



Anticoagulant's dosing regimens in venous thromboembolism

PE Diagnosis

2019 ESC Guidelines for the diagnosis and management of acute pulmonary embolism
Pradaxa capsules (dabigatran etexilate) [prescribing information]. Ridgefield, CT: Boehringer Ingelheim Pharmaceuticals Inc; June 2021.
Xarelto (rivaroxaban) [prescribing information]. Titusville, NJ: Janssen Pharmaceuticals Inc; January 2019.
Eliquis (apixaban) [prescribing information]. Princeton, NJ: Bristol-Myers Squibb Company; April 2021.



Patient background

Inhaled medications
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 Cap. Dekas plus 1 cap twice daily

 Vitamin D drops 200 units/drop, 15 drops daily



ELX/TEZ/IVA Potential Interaction With Transporters

Administration of ELX/TEZ/IVA may increase systemic exposure of medicinal products that are 

sensitive substrates of P-gp, which may increase or prolong their therapeutic effect and 
adverse reactions. When used concomitantly with digoxin or other substrates of P-gp with a narrow 
therapeutic index such as, caution and appropriate monitoring should be used.

CYP3A Substrates

Based on in vitro results, elexacaftor and tezacaftor have a low potential to inhibit CYP1A2, 

CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6 and CYP3A4, whereas ivacaftor has the potential to 
inhibit CYP2C8, CYP2C9, and CYP3A.
However, clinical studies showed that the combination regimen of tezacaftor/ivacaftor is not an 
inhibitor of CYP3A…

CYP2C9 Substrates

IVA may inhibit CYP2C9; therefore, monitoring of the international normalized 
ratio during co-administration of ELX/TEZ/IVA with warfarin is recommended. 

Potential of Trikafta to affect other drugs

Trikafta (elexacaftor/tezacaftor/ivacaftor) [prescribing information]. Boston, MA: Vertex Pharmaceuticals Incorporated; June 2021.



So which NOAC should be chosen?

Characteristics Pros Cons

Dabigatran
(Pradaxa)

 Available antidote

 Pre-treatment with heparin is necessary

 High frequency of GI adverse events

 Sensitive substrate of P-gp → Dabigatran 

level might be increased with trikafta

Rivaroxaban
(Xarelto)

 Can be given as monotherapy

 Rivaroxaban levels might be increased 

with trikafta to a lesser extent than 

Dabigatran

 The extent of absorption of Rivaroxaban 

is influenced by the presence of food

 Unavailable antidote

Apixaban
(Eliquis)

 Can be given as monotherapy

 Apixaban levels might be increased with 

trikafta to a lesser extent than Dabigatran

 Absorption is not influenced by the 

presence of food

 Unavailable antidote
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Alternations in Pharmacokinetics in CF

 CF patients have unique pharmacokinetic and pharmacodynamic alterations as a function 

of their disease state

 For some drugs, the extent and/or speed of oral absorption is impaired; this phenomenon 

is possibly related to the complications of CF in the gut, pancreas and gallbladder

 The volume of distribution and clearance of drugs are often increased in patients with 

cystic fibrosis; The relatively lower percentage of adipose tissue to total body weight in 

patients with CF is a likely explanation for these alternations

 In contrast to higher Clearance (renal & hepatic), biliary excretion might be decreased in CF

 Because of these alternations the pharmacokinetic parameters should not be extrapolated 

from the Healthy population or other patients to the CF population

Sutter PJ, Gasthuys E, Braeckel EV, et al. Pharmacokinetics in Patients with Cystic Fibrosis: A Systematic Review of Data Published Between 1999 and 2019. Clin pharmacokinet. 2020 Dec;59(12):1551-1573.



Apixaban 

treatment

PE 
Diagnosis

SC 
Clexane 

Apixaban 
10mgx2/day

SC 
Clexane 

C-max 334 ng/ml

C-min 158 ng/ml

C-max 550 ng/ml

C-min 274 ng/ml

Steady state

Apixaban 

5mgx2/day



Apixaban 

treatment
Apixaban 

5mgx2/day

C-max 314 ng/ml

C-min 173 ng/ml

Steady state



Monitoring Apixaban’s concentrations

 Apixaban exposure (Peak (C-max) and trough (C-min) plasma concentrations) in 

H.B.'s plasma were within recommended reference range!

 Apixaban half life was calculated based on drug levels and found to be about 9 hours 



H.B Today

 Since November 2020 H.B. continues with the treatment of Apixaban 5 mg twice daily 

without any further events

 In the following months he is expected to arrive for follow-up at the clinic of 

Hematology and then the dose of Apixaban will probably be reduced to 2.5 mg 

twice daily, which is a reduced-intensity dosing of the drug for prophylaxis 

against venous thromboembolism recurrence.



Summary

Although not 

common, VTE can 

be one of the 

complications in 

individuals with CF

Individual with CF 

pose challenges to 

the diagnosis of PE

Choosing an 

anticoagulant 

treatment is 

challenging 

because of the 

unique PK and PD 

alterations in CF, 

as well as possible 

drug interactions

Current treatment 

guidelines for PE 

recommend 

long‐term 

anticoagulant 

therapy with a 

NOAC in 

preference to VKA

Considering the 

potential PK  

alternations in CF 

and possible DDIs 

between NOACs 

and CF therapies we 

believe that NOACs 

levels should be 

monitored when 

given together

Based on this case 

study, current 

dosing guidelines 

for apixaban in the 

indication of PE 

are adequate in CF 

patients treated 

chronically with 

Trikafta
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Have a  day!


