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Abstract
The association of hyperhomocysteinemia with thrombosis has provoked debate in the medical literature.
Although studies have found associations between moderate homocysteine elevations and thrombotic
events, others dispute this relationship. We present herein the case of a 24-year-old male who presented
with unprovoked bilateral submassive pulmonary emboli. Extensive hypercoagulability workup was notable
for an elevated homocysteine level, in addition to low vitamin B12 and folate levels. Of note, the patient had
a history of small bowel resection after trauma, which may have contributed to the aforementioned
metabolic derangements, potentially increasing his risk for thrombosis and interfering with the efficacy of
his anticoagulation.
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Introduction
The association of hyperhomocysteinemia with thrombosis has triggered debate in the medical literature.
While meta-analyses and prospective studies have found associations between moderate homocysteine
elevations with recurrent thromboembolic events, other studies have disputed this relationship [1-7]. We
present herein an interesting case that would add to the discussion regarding the association between the
risk for thrombosis and hyperhomocysteinemia.

Case Presentation
A 24-year-old male presented to the emergency department with three weeks of worsening bilateral
pleuritic chest pain with no known inciting factors. He had developed progressively worsening dyspnea on
exertion, and had an isolated episode of hemoptysis. The patient admitted to daily tobacco and alcohol use,
in addition to occasional marijuana use. Of note, the patient’s mother had a pulmonary embolism (PE) in her
late 30s. Two years prior to presentation, he had a prolonged hospitalization after a motor vehicle accident
requiring multiple surgical interventions, one of them resulting in the resection of 60 cm of his jejunum. He
had no other known past medical history and took no medications. On physical exam, the patient was in
apparent discomfort; he had a blood pressure of 133/77 mmHg, a heart rate of 98 beats per minute, a
respiratory rate of 22 breaths per minute and a pulse oximetry read 92% oxygen saturation on room air. The
remainder of his exam, including lung examination, was unremarkable, except for an abdominal surgical
scar.

Initial laboratory workup included a normal troponin, blood urea nitrogen, creatinine and serum
electrolytes. Complete blood count showed a mean corpuscular volume of 104 without anemia and no other
abnormalities. EKG showed sinus tachycardia, while chest x-ray showed no abnormalities. A Wells score of 4
was calculated, suggesting moderate risk of PE, after which a D-dimer of 1,371 ng/mL was obtained. B-type
natriuretic peptide level (BNP) was 288 pg/mL (normal range). Pulmonary angiography showed extensive
bilateral PE (Figure 1), and transthoracic echocardiogram showed right ventricular strain consistent with
submassive PE (Figure 2).
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FIGURE 1: Pulmonary angiography with evidence of filling defects
bilaterally in pulmonary vasculature, as noted with arrows.

FIGURE 2: Right ventricular strain as demonstrated by enlarged right
ventricle (shown by dashed line) on a four-chamber view of
echocardiogram.

Given the patient’s significant clot burden and the unprovoked nature of his PE, extensive workup for
thrombophilia was performed. Factor V Leiden, prothrombin mutation, cardiolipin antibody, lupus
anticoagulant, anti-B2 glycoprotein, protein C and protein S were all within normal limits. Homocysteine
level was 41.3 μmol/L (normal 4.0-13.7 μmol/L). Workup for macrocytosis was notable for low vitamin B12
(72 pg/mL) and folate (2.1 ng/mL) levels. He was treated with systemic unfractionated heparin infusion and
was subsequently switched to rivaroxaban. He was discharged in stable condition, with vitamin B12 and
folic acid supplementation, in addition to anticoagulation with rivaroxaban. He reported feeling better
during an office visit two weeks later. 

The patient presented to another institution three months after the first PE we described above with a
saddle PE. He was diagnosed with chronic thromboembolic pulmonary hypertension (CTEPH) for which he
underwent a successful bilateral pulmonary endarterectomy; unfortunately, the procedure was complicated
by a pericardial effusion requiring pericardiocentesis. His anticoagulation was changed to warfarin after the
second thrombotic event. The exact cause of the patient’s thrombophilia remains unclear. 
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Discussion
Homocysteine, an intermediary amino acid formed from the conversion of methionine to cysteine, is
metabolized through transsulfuration and remethylation reactions (Figure 3), requiring vitamins B6 and
B12, respectively [4]. Risk factors for hyperhomocysteinemia include methylenetetrahydrofolate reductase
(MTHFR) mutations, vitamin B6, vitamin B12 or folate deficiencies, chronic kidney disease, certain
medications and tobacco smoking [8]. Previous case reports have described cases of PE, with or without deep
vein thrombosis, associated with hyperhomocysteinemia [9,10]. One prospective cohort study found that
elevated homocysteine levels are associated with unprovoked, first venous thromboembolic events in
middle-aged and older women [5]. Another meta-analysis found hyperhomocysteinemia to be a risk factor
for venous thromboembolic events, especially in patients below the age of 60 years [1]. However, another
study challenges the relationship between hyperhomocysteinemia and thromboembolism, citing
confounding lifestyle-related factors, such as smoking status, BMI and physical activity [3]. 

FIGURE 3: The conversion of homocysteine to the essential amino acid
methionine.
The conversion occurs through two pathways: (1) methionine synthase catalyzes the methylation of
homocysteine by capturing a methyl group from the folate-dependent one-carbon pool (5-
methyltetrahydrofolate), requiring vitamin B12 and (2) betaine homocysteine methyltransferase catalyzes the
donation of a methyl group to homocysteine from betaine (N,N,N-trimethylglycine). Catabolism of
homocysteine to cysteine through transsulfuration occurs via two vitamin B6-dependent enzymes.

TH4: tetrahydro

The uniqueness of the case we presented highlights risk factors for the development of
hyperhomocysteinemia and thrombosis in our patient. Folate and vitamin B12 deficiency are known to
cause elevations in homocysteine levels [11]. One hypothesis in the case of our patient is whether the small
bowel resection he underwent two years prior to his PE, in combination with excessive alcohol use,
contributed to poor absorption of B vitamins [12]. Given the family history significant for PE in the patient's
mother, genetic testing was performed. Testing showed that he was heterozygous for the C677T variant and
normal for the A1298C variant of the MTHFR gene, which usually does not increase the risk of thrombosis.
Although not previously reported, it may be possible that even minimal enzyme inactivity may be significant
when combined with his other risk factors for the development of hyperhomocysteinemia. Brattström et al.
have reported that vitamin B12 replacement reduced homocysteine levels when elevated in the setting of
vitamin B12 deficiency [13]. Our patient’s serum homocysteine level was not re-checked after vitamin B12
replacement. Whether B vitamin replacement to reduce homocysteine levels truly decreases the risk of
thrombosis is questionable. Two clinical trials demonstrated that despite successfully lowering
homocysteine levels through vitamins B6 and B12 supplementation, the risk for symptomatic or recurrent
venous thromboembolism is not decreased [6,7].

Despite the use of rivaroxaban, our patient developed a saddle embolus and CTEPH after several months of
treatment. This raises questions about the choice of anticoagulation in patients with altered gastrointestinal
(GI) anatomy. The absorption of rivaroxaban, the drug of choice in this case initially, occurs in the upper GI
tract, and has been reported to be appropriate after Roux-En-Y surgery [14]. However, in cases of poor
response to direct oral anticoagulants in patients with disrupted GI anatomy, and after ensuring proper
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compliance and use, it is reasonable to consider a vitamin K antagonist, since therapeutic levels can be
monitored via international normalized ratio measurements [15]. Parenteral anticoagulation can also be
utilized, if needed.

Conclusions
Ultimately, this case illustrates the interplay of genetic, iatrogenic, environmental and social factors leading
to metabolic derangements and thrombosis, as well as the wide differential in unprovoked PE. It also
provides further evidence in favor of the association between hyperhomocysteinemia and thrombosis. 

Additional Information
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relationships or activities that could appear to have influenced the submitted work.

References
1. Ray JG: Meta-analysis of hyperhomocysteinemia as a risk factor for venous thromboembolic disease . Arch

Intern Med. 1998, 158:2101-2106. 10.1001/archinte.158.19.2101
2. Eichinger S, Stümpflen A, Hirschl M, et al.: Hyperhomocysteinemia is a risk factor of recurrent venous

thromboembolism. Thromb Haemost. 1998, 80:566-569.
3. Ospina-Romero M, Cannegieter SC, den Heijer M, Doggen CJM, Rosendaal FR, Lijfering WM:

Hyperhomocysteinemia and risk of first venous thrombosis: the influence of (unmeasured) confounding
factors. Am J Epidemiol. 2018, 187:1392-1400. 10.1093/aje/kwy004

4. Fay WP: Homocysteine and thrombosis: guilt by association? . Blood. 2012, 119:2977-2978. 10.1182/blood-
2012-01-401513

5. Aday AW, Van Denburgh M, Christen WG, Manson J, Ridker P, Pradhan A: Homocysteine is associated with
future venous thromboembolism in two prospective cohorts of women. JACC. 2018, 71:A2106.
10.1016/S0735-1097(18)32647-0

6. Ray JG, Kearon C, Yi Q, Sheridan P, Lonn E: Homocysteine-lowering therapy and risk for venous
thromboembolism: a randomized trial. Ann Intern Med. 2007, 146:761-767. 10.7326/0003-4819-146-11-
200706050-00157

7. den Heijer M, Willems HP, Blom HJ, et al.: Homocysteine lowering by B vitamins and the secondary
prevention of deep vein thrombosis and pulmonary embolism: a randomized, placebo-controlled, double-
blind trial. Blood. 2007, 109:139-144. 10.1182/blood-2006-04-014654

8. van Guldener C, Robinson K: Homocysteine and renal disease. Semin Thromb Hemost. 2000, 26:313-324.
10.1055/s-2000-8407

9. Rao AA, Rahim NA, Prakasha RS, Dileep KS, Sharma R, Prakash PS: Hyperhomocysteinemia and pulmonary
embolism without deep vein thrombosis in a young patient presenting as pneumonia: a rare case report.
NUJHS. 2012, 2:36-38.

10. Dani SI, Thanvi S, Shah JM, Prajapti J, Jain S, Joshi H: Hyperhomocysteinemia masquerading as pulmonary
embolism. J Assoc Physicians India. 2003, 51:914-915.

11. Iqbal MP, Ishaq M, Kazmi KA, et al.: Role of vitamins B6, B12 and folic acid on hyperhomocysteinemia in a
Pakistani population of patients with acute myocardial infarction. Nutr Metab Cardiovasc Dis. 2005, 15:100-
108. 10.1016/j.numecd.2004.05.003

12. Green PH: Alcohol, nutrition and malabsorption. Clin Gastroenterol. 1983, 12:563-574.
13. Brattström L, Israelsson B, Lindgärde F, Hultberg B: Higher total plasma homocysteine in vitamin B12

deficiency than in heterozygosity for homocystinuria due to cystathionine beta-synthase deficiency.
Metabolism. 1988, 37:175-178. 10.1016/S0026-0495(98)90014-2

14. Mahlmann A, Gehrisch S, Beyer-Westendorf J: Pharmacokinetics of rivaroxaban after bariatric surgery: a
case report. J Thromb Thrombolysis. 2013, 36:533-535. 10.1007/s11239-013-0891-2

15. Martin KA, Lee CR, Farrell TM, Moll S: Oral anticoagulant use after bariatric surgery: a literature review and
clinical guidance. Am J Med. 2017, 130:517-524. 10.1016/j.amjmed.2016.12.033

2020 Kovalenko et al. Cureus 12(4): e7818. DOI 10.7759/cureus.7818 4 of 4

https://dx.doi.org/10.1001/archinte.158.19.2101
https://dx.doi.org/10.1001/archinte.158.19.2101
https://www.ncbi.nlm.nih.gov/pubmed/9798970
https://dx.doi.org/10.1093/aje/kwy004
https://dx.doi.org/10.1093/aje/kwy004
https://dx.doi.org/10.1182/blood-2012-01-401513
https://dx.doi.org/10.1182/blood-2012-01-401513
https://dx.doi.org/10.1016/S0735-1097(18)32647-0
https://dx.doi.org/10.1016/S0735-1097(18)32647-0
https://dx.doi.org/10.7326/0003-4819-146-11-200706050-00157
https://dx.doi.org/10.7326/0003-4819-146-11-200706050-00157
https://dx.doi.org/10.1182/blood-2006-04-014654
https://dx.doi.org/10.1182/blood-2006-04-014654
https://dx.doi.org/10.1055/s-2000-8407
https://dx.doi.org/10.1055/s-2000-8407
http://nitte.edu.in/journal/SepSplit/hapewdvt.pdf
https://www.researchgate.net/publication/8929489_Hyperhomocysteinemia_masquerading_as_pulmonary_embolism
https://dx.doi.org/10.1016/j.numecd.2004.05.003
https://dx.doi.org/10.1016/j.numecd.2004.05.003
https://europepmc.org/article/med/6409471
https://dx.doi.org/10.1016/S0026-0495(98)90014-2
https://dx.doi.org/10.1016/S0026-0495(98)90014-2
https://dx.doi.org/10.1007/s11239-013-0891-2
https://dx.doi.org/10.1007/s11239-013-0891-2
https://dx.doi.org/10.1016/j.amjmed.2016.12.033
https://dx.doi.org/10.1016/j.amjmed.2016.12.033

	Hyperhomocysteinemia and Pulmonary Embolism in a Young Male
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Pulmonary angiography with evidence of filling defects bilaterally in pulmonary vasculature, as noted with arrows.
	FIGURE 2: Right ventricular strain as demonstrated by enlarged right ventricle (shown by dashed line) on a four-chamber view of echocardiogram.

	Discussion
	FIGURE 3: The conversion of homocysteine to the essential amino acid methionine.

	Conclusions
	Additional Information
	Disclosures

	References


