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Abstract 
A man in his 50s with a history of sleeve gastrectomy and rivaroxaban use for multiple 
venous thromboembolic events presented with subacute progressive cough. Axial 
images of a computerized tomography (CT) scan of the chest showed ground glass 
and consolidations within the right middle and right lower lobes, and he was treated 
for presumed community-acquired pneumonia. Given continued symptoms despite 
7 days of antibiotics, his CT images were re-reviewed. Wedge shaped airspace disease 
more recognizable in sagittal views prompted concern for pulmonary infarction, and 
acquisition of a contrast-enhanced chest CT revealed interval increase of a prior 
pulmonary embolism and findings of acute on chronic thrombosis. Given the patient 
was adherent to rivaroxaban and had a negative hypercoagulable work-up, rivaroxaban 
malabsorption related to the patient’s sleeve gastrectomy was invoked as the cause 
of anticoagulant failure, and the patient was successfully transitioned to warfarin 
therapy, highlighting malabsorption as a cause of recurrent VTE in patients who have 
received bariatric surgery and who take direct-acting oral anticoagulants. 

background 

The presenting symptoms of pulmonary embolism (PE) 
are diverse and include dyspnea, pleuritic chest pain, syn
cope, cough, hemoptysis, and symptoms associated with 
deep vein thrombosis (DVT).1 Cough is an extremely 
common symptom with a broad differential diagnosis, 
but cough as an isolated symptom in the presentation of 
PE is rare.1,2 It has been suggested that increased pressure 
in the pulmonary vessels and right atrium may cause a 
sensation of dyspnea and trigger cough.1 Given cough is 
the most common respiratory symptom encountered by 
clinicians and the significant morbidity and mortality of 
undiagnosed PE, this presents a diagnostic challenge.2 

case presentation 

A man in his 50s with a history of heart failure with 
reduced ejection fraction, multiple venous thromboem
bolic events (VTEs), and bariatric surgery (sleeve gastrec
tomy) three years prior to presentation for morbid obe
sity presented with two weeks of cough. Although his 
cough was initially mild and dry, the frequency of cough 
intensified to one coughing fit per minute; he then de
veloped hemoptysis (<1 tablespoon) and chills. He addi
tionally had new dyspnea on exertion–which he felt was 
mostly related to uncontrolled bouts of cough–and se

vere “back” pain localized over the right scapula, which 
he described as “stabbing” pain made much worse by 
cough. Given he did not improve with a 3-day course 
of azithromycin, he presented to our hospital. Regarding 
his past medical history, he was noted to have had a first 
episode of DVT four years prior to presentation without 
a clear inciting factor. Work-up for Prothrombin and Fac
tor V Leiden mutations, Protein C/S and Antithrombin 
activity derangements, and antiphospholipid antibody 
syndrome was negative. Two years prior to presentation, 
he had a second DVT during a hospitalization for pneu
monia despite pharmacologic thromboprophylaxis, so he 
was started on lifelong rivaroxaban. Approximately six 
months prior to the current presentation, he underwent 
elective thrombolysis of the latter DVT, which was then 
considered chronic. Two weeks post-operatively, the pa
tient underwent contrast-enhanced computerized to
mography (CT) of the chest, which showed a non-oc
clusive PE within the right interlobar pulmonary artery 
(Figure 1). He was continued on rivaroxaban. Anti-Xa 
levels were never obtained. 

On presentation, the patient was afebrile with a heart 
rate of 117 beats per minute, blood pressure of 166/112 
mm Hg, and peripheral oxygen saturation of 96% on 
room air. Pulmonary exam was notable for right lower 
lobe crackles and moderate respiratory distress during fre
quent coughing episodes. Cardiac exam was notable for 

Submitted: September 19, 
2023 EST 

Accepted: November 17, 2023 
EST 

Rajashekar N, Mostaghimi D, Jiang F, Sanchez A. Pulmonary Infarction Due to Direct-acting Oral
Anticoagulant Malabsorption. Brown Hospital Medicine. 2024;3(1). doi:10.56305/001c.90274

https://orcid.org/0000-0003-1205-6979
https://orcid.org/0000-0002-7679-4156
https://orcid.org/0000-0001-6910-5554
https://doi.org/10.56305/001c.90274
https://doi.org/10.56305/001c.90274


Figure 1. A, Non-occlusive thrombus in the right interlobar pulmonary artery extends to the right lower lobe pulmonary artery. B, Irregular 
contour of the intimal surface is suggestive of organized thrombus. 

no murmurs and no jugular venous distension. Extremity 
exam showed 1+ bilateral pitting lower extremity edema 
to the mid-shin level. Laboratory studies were notable for 
a creatinine of 2.00 mg/dL (0.40 – 1.30 mg/dL) from 
a baseline of 1.50 mg/dL, BUN of 40 mg/dL (6 – 20 
mg/dL), white blood cell count of 8,100 cells/µL (1,000 
– 4,000 cells/µL), procalcitonin of <0.05 ng/mL (<0.25 
ng/mL), high-sensitivity C-reactive protein of 15.8 mg/
dL (<1.0 mg/dL), and aspartate aminotransferase of 13 
U/L (11 – 204 U/L). The complete metabolic panel was 
otherwise normal. B-type natriuretic peptide was 6,483 
pg/mL (< 125 pg/mL) with no baseline from prior, and 
high-sensitivity troponin was 38 ng/L (< 12 ng/L) and 
stable. All infectious studies were negative. A transtho
racic echocardiogram showed a left ventricular ejection 
fraction of 20% decreased from 35%, severe left atrial en
largement, moderate right atrial enlargement, and no sig
nificant valvular abnormalities. 

Chest radiography revealed a new right perihilar opac
ity (Figure 2). Axial images of a CT scan of the chest 
showed ground glass and consolidative opacities within 
the posterior superior aspect of the right middle lobe and 
superior segment of the right lower lobe (Figure 3a). 
Sagittal images showed wedge shaped airspace disease 
(Figure 3b). Given the patient was initially felt to have 
community-acquired pneumonia, he received 7 days of 
ceftriaxone and doxycycline, but he continued to have 
frequent cough and worsening “back” pain exacerbated 
by cough. Upon re-review of the patient’s initial chest 
CT (Figure 3), recognition of pulmonary infarction as 
a potential explanation for the patient’s symptoms led to 
acquisition of a contrast-enhanced chest CT, which re
vealed interval increase of the patient’s previously recog
nized PE within the right interlobar pulmonary artery, 
with new occlusion of the right lower lobe pulmonary 
artery and vessel expansion compatible with acute on 
chronic thrombosis (Figure 4a). The study additionally 
demonstrated progression of alveolar edema and hem

Figure 2. New right perihilar opacity. 

orrhage within the right middle and right lower lobes 
(Figure 4b). Thrombectomy was considered; however, 
as there was no evidence of right heart strain or hemo
dynamic instability, this was deferred. Rivaroxaban was 
stopped, and a heparin drip was initiated with a 5-day 
bridge to warfarin. Warfarin was chosen over an alterna
tive direct-acting oral anticoagulant (DOAC) due to con
cern for DOAC malabsorption related to the patient’s 
sleeve gastrectomy, as well as a desire for international 
normalized ratio (INR) monitoring. 

On follow-up three months after discharge, the pa
tient’s cough and “back” pain continued to improve, and 
his dyspnea on exertion had resolved. A follow-up con
trast-enhanced chest CT showed persistent occlusion of 
the right lower lobe pulmonary artery with resolution of 
vessel expansion compatible with contraction of chronic 
thrombus (Figure 5a). Linear and wedge-shaped hyper
densities within the right middle and right lower lobes 
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Figure 3. A, Axial image of a CT scan of the chest showed ground glass and consolidative opacities within the posterior superior aspect of the 
right middle lobe and superior segment of the right lower lobe. B, Sagittal image showed wedge shaped airspace disease. 

Figure 4. A, Interval increase of thrombus in the right interlobar pulmonary artery, with occlusion of right lower lobe pulmonary artery and 
vessel expansion, compatible with acute on chronic thrombosis. B, Progression of alveolar edema and hemorrhage of the right middle and right 
lower lobes. 

were consistent with scarring secondary to pulmonary in
farction (Figure 5b). 

discussion 

Pulmonary infarction as a complication of PE is typically 
diagnosed by the combination of characteristic chest 
imaging findings and suggestive clinical features (e.g., 
pleuritic pain, cough, hemoptysis, pleural friction rub).3 

It occurs in an estimated 30% of patients with PE, al
though estimates range from 10 to 50% due to varying de
finitions of pulmonary infarction in the literature.3 Pul
monary infarction must be distinguished from alveolar 
hemorrhage, which occurs acutely after PEs and causes 
blood to extravasate into alveolar airspaces.3 Pulmonary 

infarction is established if alveolar hemorrhage progresses 
to necrosis and fibrosis.3 Since both alveolar hemorrhage 
and infarction lead to radiographic infiltrates, the diagno
sis of infarction therefore requires follow-up imaging, af
ter a patient’s pulmonary consolidation progresses out of 
the acute hemorrhagic stage.3 The risk of progression to 
true infarction appears to depend on pulmonary venous 
pressure: if pulmonary venous outflow is restricted, such 
as in heart failure, infarction is more likely to occur.4 

While rounded, peripheral pulmonary infiltrates are 
considered classic for pulmonary infarction, the radi
ographic and pathologic shape of infarction is more often 
“randomly” shaped due to the structure and arrangement 
of the secondary pulmonary lobules.5 Since secondary 
pulmonary lobules are randomly organized polyhedra, a 
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Figure 5. A, Persistent occlusion of the right lower lobe pulmonary artery with resolution of vessel expansion, compatible with contraction of 
chronic thrombus. B, Linear and wedge-shaped consolidation within the right middle and right lower lobes is consistent with scarring 
secondary to pulmonary infarction. 

group of infarcted secondary pulmonary lobules may 
take on many shapes.5 Additionally, while most pul
monary infarctions extend to the lung periphery, autop
sies have confirmed that infarctions need not contact the 
pleural surface.5 In fact, there are reports of non-periph
erally located pulmonary infarctions mimicking lung 
neoplasm that have prompted unnecessary surgery.5 

After the US Food and Drug Administration ap
proved DOACs for the secondary prevention of VTE, 
DOACs quickly overtook warfarin as the most com
monly initiated oral anticoagulants for VTE, and the 
American Society of Hematology currently recommends 
DOACs as the treatment of choice for VTE.6,7 While 
studies comparing VTE patients’ mortality and PE risk 
show DOACs do not provide an advantage over warfarin, 
DOACs do not require the INR monitoring, dietary re
strictions, and dose adjustments required in warfarin 
use.7 Overall failure rates of anticoagulation with 
DOACs are low, with failure being more common in pa
tients with a hypercoagulable condition such as malig
nancy and antiphospholipid syndrome as well as in pa
tients with mechanical heart valves.8 However, DOAC 
failure due to gastrointestinal malabsorption related to 
bariatric surgery is increasingly recognized.9 

Bariatric surgeries include adjustable gastric banding, 
Roux-en-Y gastric bypass, biliopancreatic diversion with 
duodenal switch, and sleeve gastrectomy. In general, 
bariatric surgeries can affect DOAC absorption by reduc
ing caloric intake (in drugs that have increased absorption 
in the presence of food), decreasing absorptive surface 
area, changing the location of drug absorption, and al
tering how drugs transit through the intestinal tract.9 Of 
the DOACs, rivaroxaban has specifically been shown to 
be primarily absorbed in the proximal small intestine, to 
have some gastric absorption, and to have increased 
bioavailability when ingested with food.9 Apixaban has 

the same locations of absorption but is unaffected by con
current food intake.9 Edoxaban is absorbed only in the 
proximal small intestine and unaffected by concurrent 
food intake.9 Finally, dabigatran is absorbed in the lower 
stomach and duodenum and unaffected by concurrent 
food intake.9 Despite these changes to absorption, ret
rospective studies of DOAC use after bariatric surgery 
have found relatively low rates of breakthrough clotting 
events (i.e., recurrent VTE and systemic embolism related 
to atrial fibrillation) of no more than 5.8%.10‑12 

While warfarin is thought to be absorbed primarily in 
the stomach and proximal small intestine, warfarin dose 
requirements initially decrease in patients in the early 
postoperative period after bariatric surgeries (i.e. less than 
three months post-operatively), with a subsequent in
crease in dose requirements after that.9,13 Given its rela
tionship to vitamin K, such effects may be mediated by 
decreased vitamin K absorption, unstable dietary intake, 
and altered gastrointestinal tract function.13 Of note, 
there have been no randomized controlled trials compar
ing VTE outcomes in patients receiving warfarin versus 
DOACs after bariatric surgery.14 One meta-analysis as
sessing VTE risk after bariatric surgery demonstrated a 
higher pooled incidence of VTE with DOAC treatment 
compared to warfarin, but this analysis had several limita
tions.14 

In conclusion, in patients who have a history of 
bariatric surgery and DOAC use for VTE, the develop
ment of recurrent VTE should prompt consideration of 
poor DOAC absorption. While commercial assays for 
serum DOAC levels are now available, reference ranges 
are variable and poorly correlated with clinical out
comes.9,15 In such patients, a transition in anticoagula
tion to warfarin may be considered for more reliable drug 
monitoring. 

Pulmonary Infarction Due to Direct-acting Oral Anticoagulant Malabsorption

Journal of Brown Hospital Medicine 4

https://bhm.scholasticahq.com/article/90274-pulmonary-infarction-due-to-direct-acting-oral-anticoagulant-malabsorption/attachment/187224.jpeg


Author Contributions 

All authors have reviewed the final manuscript prior to 
submission. All the authors have contributed signifi
cantly to the manuscript, per the International Commit
tee of Medical Journal Editors criteria of authorship. 

Disclosures & Conflicts of Interest 

The authors declare no conflicts of interest. 

Corresponding Author 

Andrew Sanchez, MD 
Yale University Department of Internal Medicine 
333 Cedar Street, P.O. Box 208056 
New Haven, CT, USA 06510 
Phone: 203.688.9503 
Email: andrew.sanchez@yale.edu 

• Substantial contributions to the conception or de
sign of the work; or the acquisition, analysis, or in
terpretation of data for the work; AND 

• Drafting the work or revising it critically for impor
tant intellectual content; AND 

• Final approval of the version to be published; AND 
• Agreement to be accountable for all aspects of the 

work in ensuring that questions related to the accu

racy or integrity of any part of the work are appro
priately investigated and resolved. 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 Inter
national License (CCBY-NC-4.0). View this license’s legal deed at https://creativecommons.org/licenses/
by-nc/4.0 and legal code at https://creativecommons.org/licenses/by-nc/4.0/legalcode for more informa
tion. 

Pulmonary Infarction Due to Direct-acting Oral Anticoagulant Malabsorption

Journal of Brown Hospital Medicine 5

mailto:andrew.sanchez@yale.edu


references 

1. Ekici A, İleri Ş, Aslan H, Ekici M. Troublesome cough as the 
sole manifestation of pulmonary embolism. Respiratory 
Medicine Case Reports. 2019;28:100861. doi:10.1016/
j.rmcr.2019.100861 

2. Irwin RS, French CT, Lewis SZ, et al. Overview of the 
management of cough. Chest. 2014;146(4):885-889. 
doi:10.1378/chest.14-1485 

3. Kaptein FHJ, Kroft LJM, Hammerschlag G, et al. 
Pulmonary infarction in acute pulmonary embolism. 
Thrombosis Research. 2021;202:162-169. doi:10.1016/
j.thromres.2021.03.022 

4. Dalen JE, Haffajee CI, Alpert JS, Howe JP III, Ockene IS, 
Paraskos JA. Pulmonary embolism, pulmonary hemorrhage 
and pulmonary infarction. N Engl J Med. 
1977;296(25):1431-1435. doi:10.1056/
nejm197706232962503 

5. Groskin S. Heitzman’s the Lung. Radiologic-Pathologic 
Correlations. 3rd ed. Mosby Inc; 1993. 

6. Iyer GS, Tesfaye H, Khan NF, Zakoul H, Bykov K. Trends in 
the Use of Oral Anticoagulants for Adults With Venous 
Thromboembolism in the US, 2010-2020. JAMA Netw Open. 
2023;6(3):e234059. doi:10.1001/jamanetworkopen.2023.4059 

7. Ortel TL, Neumann I, Ageno W, et al. American Society of 
Hematology 2020 guidelines for management of venous 
thromboembolism: treatment of deep vein thrombosis and 
pulmonary embolism. Blood Advances. 2020;4(19):4693-4738. 
doi:10.1182/bloodadvances.2020001830 

8. Kajy M, Mathew A, Ramappa P. Treatment failures of direct 
oral anticoagulants. American Journal of Therapeutics. 
2021;28(1):e87-e95. doi:10.1097/mjt.0000000000001083 

9. Martin KA, Lee CR, Farrell TM, Moll S. Oral Anticoagulant 
Use After Bariatric Surgery: A Literature Review and Clinical 
Guidance. Am J Med. 2017;130(5):517-524. doi:10.1016/
j.amjmed.2016.12.033 

10. Kushnir M, Gali R, Alexander M, Billett HHH. Efficacy 
and safety of direct oral factor Xa inhibitors in patients after 
bariatric surgery. Blood. 2019;134(Supplement_1):2439-2439. 
doi:10.1182/blood-2019-127645 

11. Langworthy DR, Schullo-Feulner AM, Gannon E, et al. 
Outcomes with direct-acting oral anticoagulants in patients 
with a history of bariatric surgery: a retrospective cohort study. 
Surgery for Obesity and Related Diseases. 2023;19(3):222-230. 
doi:10.1016/j.soard.2022.09.010 

12. Kushnir M, Choi Y, Eisenberg R, et al. Efficacy and safety 
of direct oral factor Xa inhibitors compared with warfarin in 
patients with morbid obesity: a single-centre, retrospective 
analysis of chart data. The Lancet Haematology. 
2019;6(7):e359-e365. doi:10.1016/s2352-3026(19)30086-9 

13. Chan LN. Warfarin dosing changes after bariatric surgery: 
implications on the mechanism for altered dose requirements 
and safety concerns--an alternative viewpoint. 
Pharmacotherapy. 2014;34(4):e26-28. doi:10.1002/phar.1417 

14. Srivastava K, Patel N, Tabbara M, et al. 
Thromboembolism, Bleeding, and Mortality Incidence of 
Direct Oral Anticoagulants Versus Warfarin Postbariatric 
Surgery. Am J Med. 2021;134(11):1403-1412.e2. doi:10.1016/
j.amjmed.2021.06.021 

15. January CT, Wann LS, Calkins H, et al. 2019 AHA/ACC/
HRS Focused Update of the 2014 AHA/ACC/HRS 
Guideline for the Management of Patients With Atrial 
Fibrillation: A Report of the American College of Cardiology/
American Heart Association Task Force on Clinical Practice 
Guidelines and the Heart Rhythm Society in Collaboration 
With the Society of Thoracic Surgeons. Circulation. 
2019;140(2):e125-e151. doi:10.1161/cir.0000000000000665 

Pulmonary Infarction Due to Direct-acting Oral Anticoagulant Malabsorption

Journal of Brown Hospital Medicine 6

https://doi.org/10.1016/j.rmcr.2019.100861
https://doi.org/10.1016/j.rmcr.2019.100861
https://doi.org/10.1378/chest.14-1485
https://doi.org/10.1016/j.thromres.2021.03.022
https://doi.org/10.1016/j.thromres.2021.03.022
https://doi.org/10.1056/nejm197706232962503
https://doi.org/10.1056/nejm197706232962503
https://doi.org/10.1001/jamanetworkopen.2023.4059
https://doi.org/10.1182/bloodadvances.2020001830
https://doi.org/10.1097/mjt.0000000000001083
https://doi.org/10.1016/j.amjmed.2016.12.033
https://doi.org/10.1016/j.amjmed.2016.12.033
https://doi.org/10.1182/blood-2019-127645
https://doi.org/10.1016/j.soard.2022.09.010
https://doi.org/10.1016/s2352-3026(19)30086-9
https://doi.org/10.1002/phar.1417
https://doi.org/10.1016/j.amjmed.2021.06.021
https://doi.org/10.1016/j.amjmed.2021.06.021
https://doi.org/10.1161/cir.0000000000000665

	Pulmonary Infarction Due to Direct-acting Oral Anticoagulant Malabsorption
	Article Information
	Abstract
	Background
	Case Presentation
	Discussion
	Author Contributions
	Disclosures & Conflicts of Interest
	Corresponding Author

	References


