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Abstract: We are presenting a case report of a previously healthy 39-year-old man who was 
found to have acute inferior ST-elevation myocardial infarction (STEMI) and acute large 
right middle cerebral artery (MCA) ischemic stroke with hemorrhagic transformation. 
Transesophageal echocardiogram and chest CT angiogram revealed two thrombi; one 
attached to the wall of the ascending aorta just above the right coronary artery sinus, and 
one at the origin of the brachiocephalic trunk. The occlusion of the coronary artery and right 
MCA most likely could be because of embolization from these thrombi. Extensive workup 
looking for underlying etiology and risk factors for these concurrent vascular events in this 
young man revealed hyperhomocysteinemia along with unfavorable lipid profile, and family 
history of premature coronary artery disease which increased the suspicion of familial 
hypercholesterolemia. Besides, the presence of vitamin B12 and folate deficiencies. The 
elevated serum homocysteine is likely a major risk factor for thromboembolism in this 
patient. The patient received antithrombotics and vitamin supplementations and gradually 
improved without any worsening of the stroke’s hemorrhagic transformation. We suggest that 
hyperhomocysteinemia needs to be considered in the differential etiology of vascular events 
in young people or those with no significant history of major vascular risk factors. Besides, 
vitamin supplementation could be a cost-effective, safe, and efficient way to decrease 
elevated serum homocysteine levels and prevent vascular complications. As well as this 
case report demonstrates that antithrombotics can safely be used after stroke’s hemorrhagic 
transformation without neurological deterioration or aggravation of hemorrhagic 
transformation. 
Keywords: homocysteine, hyperhomocysteinemia, myocardial infarction, stroke, 
hemorrhagic transformation, thrombus, vascular diseases, vitamin B12, folate, 
antithrombotics, anticoagulant, antiplatelet

Introduction
Homocysteine (Hcy) is an intermediary sulfur-containing nonproteinogenic amino acid 
derived from the metabolism of methionine via the one-carbon metabolism (in the 
methionine cycle).1 After production of Hcy, is normally removed by two processes: 1) 
Transsulfuration pathway for producing cysteine and eventually glutathione (an antiox-
idant) or proteins, and this pathway is responsible for the metabolism of around 50% of 
Hcy; 2) The rest of Hcy can be metabolized through methionine cycle that synthesizes 
methionine from it.2,3 However, serum Hcy level is considered normal between 5 and 15 
μmol/l, while hyperhomocysteinemia (HHcy) refers to an elevated blood Hcy level 
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above 15 µmol/L, and is categorized into mild-moderate for 
values between 15 to 30 μmol/l, intermediate when ranging 
from 31 to 100 μmol/l, and severe for values exceeding 100 
μmol/l.4 HHcy can be caused by genetic defects in the 
enzymes involved in Hcy metabolisms, such as cystathio-
nine-β synthase or methylenetetrahydrofolate reductase 
(MTHFR);5,6 nutritional deficiencies in vitamins that act as co- 
factors for Hcy metabolism (vitamins B12, B6, and folate);7 

chronic medical conditions (eg chronic renal failure, hypothyr-
oidism, and systemic lupus erythematosus);8,9 drugs (eg theo-
phylline, bile acid resins, methotrexate, levodopa, fibrates, and 
nicotinic acid);10 and smoking.11

HHcy has atherogenic and prothrombotic effects. 
Several experimental studies implicated histopathologic 
hallmarks of vascular injury related to elevated plasma 
Hcy levels including smooth muscle hypertrophy, intimal 
thickening, elastic lamina disruption, platelet accumula-
tion, and the formation of platelet-enriched occlusive 
thrombi.12–14 HHcy is an established independent risk 
factor for occlusive vascular diseases and it has been 
confirmed to be associated with vascular diseases includ-
ing premature peripheral vascular, cerebrovascular and 
coronary artery diseases, in addition to venous throm-
boembolic diseases.15–19

Many epidemiological observations indicated the corre-
lation between HHcy and the incidence of ischemic 
stroke.20–22 A prolonged elevated level of homocysteine is 
implicated in the pathogenesis of ischemic stroke by the 
initiation of complex processes include increased oxidative 
stress, reactive oxygen species production, oxidizing mem-
brane lipids and proteins, protein homocysteinylation, Ca2+ 

dysregulation, and DNA methylation. These events with 
epigenetic risk factors can result in neuronal cell apoptosis, 
and blood-brain barrier dysregulation manifested as 
ischemic stroke.21–24

Several studies indicated a significant correlation of 
HHcy with the risk and severity of cardiovascular diseases 
and its complications such as heart attacks and 
strokes.25–27 Underlying mechanisms might include 
HHcy inducing endothelial cells damage, reduction in the 
flexibility of blood vessels, and altering the hemostasis 
process.25 In addition, HHcy could exacerbate the adverse 
effects of ischemic heart disease (IHD) risk factors such as 
high blood pressure, smoking, unfavorable lipid profile, 
lipoprotein metabolism, high creatinine, and faulty 
diet.25,26 Also, it is believed that HHcy could promote 
the process of inflammation.25 A previous meta-analysis, 
that was conducted on 120 genetic and prospective studies, 

reported significant associations between serum homocys-
teine levels and cardiovascular diseases, deep venous 
thrombosis, and strokes.28 Also, it strengthened the evi-
dence that a raised serum homocysteine level is a cause of 
IHD.28

Homocystinuria is a rare inherited disorder character-
ized by the accumulation of homocysteine in the body and 
elevated its excretion in the urine.29 Clinical findings of 
homocystinuria include mental retardation, ocular abnorm-
alities, bone fractures, thromboembolic disorders, and pre-
mature atherosclerosis.29

This case report is about a young man who developed 
acute myocardial infarction and ischemic stroke with hemor-
rhagic transformation most likely due to thromboembolism 
from clots in the ascending aorta and brachiocephalic trunk 
and was found to have hyperhomocysteinemia. Thrombi were 
resolved and the patient’s symptoms improved with vitamin 
supplementations, anticoagulants, and antiplatelet treatment.

Materials and Methods
Institutional approval was not required for a case report. 
Written Informed consent was obtained from the patient to 
have the case details published. We reviewed the electro-
nic medical records to investigate this clinical case includ-
ing hospital course, vital signs, laboratory findings, 
radiological images, and treatments. Serum homocysteine 
(Hcy), vitamin B12, and folate levels were measured by 
enzyme-linked immunosorbent assay (ELISA) kits (Roche 
COBAS INTEGRA® 6000). Genetic tests were conducted 
for MTHFR (A1298C, and C677T), and the prothrombin 
gene. All tests were conducted in the laboratories of 
Jordan University of Science and Technology (JUST), 
Irbid, Jordan.

Case Presentation
A 39-year-old male patient experienced an acute severe 
central non-radiating chest pain while asleep (2:00 am). As 
the patient woke up due to the pain, he also felt dizzy, had 
a headache, and vomited twice. The pain settled down on 
its own and the patient went back to sleep. He did not seek 
medical help until the morning (8:00 am) when he woke 
up from sleep and found that he already had developed left 
upper limb and facial weakness.

The patient works as a taxi driver, is an active smoker 
(20 pack-year), is not previously known to have diabetes 
mellitus, hypertension, or any other chronic medical dis-
eases, is not on any medications, has no history of alcohol 
intake or illicit drug abuse, but has a positive family history 
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for premature coronary artery diseases; his brother under-
went coronary artery bypass graft at age of 50, and his 
mother had unprovoked deep vein thrombosis. Although 
he is not a strict vegetarian, he only eats meat a few times 
per year. He denied any history of appetite or weight loss.

The patient was taken by the family to a nearby hospi-
tal where an electrocardiogram (ECG) and a brain com-
puted tomography (CT) scan were done and showed acute 
inferior ST-elevation myocardial infarction (STEMI) with 
a lateral extension (Figure 1) and acute large right middle 

cerebral artery (MCA) ischemic stroke with the hemorrha-
gic transformation (Figure 2). The patient was later 
referred to our hospital for further evaluation. Within six 
hours from the patient’s presentation to the primary hospi-
tal emergency room, and 12 hours from the chest pain 
onset (at 2:00 pm) the patient arrived at our hospital, and 
he was immediately admitted to the coronary care unit. His 
chest pain was gone but he was tachycardic with slightly 
elevated blood pressure. His detailed exam revealed an 
overweight man with a low relative risk of mortality 

Figure 1 ECG of the patient on presentation showing inferior ST-elevation myocardial infarction (STEMI) with a lateral extension.

Figure 2 CT brain without contrast showing evidence of a large hypoattenuating area seen involving the right fronto-parietal region with loss of the gray-white matter 
differentiation containing few hyperdense foci associated with right cerebral hemispheric edema, effacement of sulci, compression effect on the ipsilateral lateral ventricle and 
midline shift to the left side measuring about 3 mm, overall findings representing acute right MCA territory infarction with hemorrhagic transformation.
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from excess weight following A Body Shape Index 
z-score. The patient was conscious, oriented with a left 
lower facial weakness and 1/5 left upper limb weakness. 
His exam was otherwise normal (Table 1).

The ECG, and brain CT scan were repeated in our 
hospital and showed the same findings of previous hos-
pital tests. Additional tests were conducted including 
a brain Magnetic Resonance Imaging (MRI) which 
showed the same above-mentioned findings on the CT 
scan in addition to a small area of chronic ischemic 
nature in the periventricular white matter of the left 
frontal lobe (Figure 3). Head CT angiography (CTA) 
was remarkable for occluded branches of the right 
MCA (Figure 4).

Transesophageal echocardiogram (TEE) showed 
a fresh, freely oscillating, 1.6 *1.2 cm thrombus attached 
to the wall of the ascending aorta just above the right 
coronary artery sinus (Figure 5). Also, TEE and 
Transthoracic Echocardiogram showed a hypertrophied 
moderately impaired left ventricle with an ejection fraction 
of 43%, inferior akinesia, and lateral hypokinesia. 
Atherosclerotic changes in the aorta with visible small 
calcified plaques in the aortic arch were also noted. 
Chest CTA showed another thrombus at the origin of the 
brachiocephalic trunk (Figure 6).

Laboratory investigations at presentation showed elevated 
cardiac enzymes, unfavorable lipid profile, intermediately ele-
vated serum Hcy level (65.91 μmol/L), low vitamin B12 
(112.7 pg/mL), low folate (4.17 ng/mL), heterozygote 
MTHFR (A1298C, C677T), and heterozygote prothrombin 

gene. Other extensive hypercoagulability workups were nega-
tive (Table 2).

Since there is a high risk of further embolization from the 
freely oscillating thrombi in the ascending aorta and the 
brachiocephalic trunk, and after agreement with the patient 
and his family, heparin infusion was started without a loading 
dose. Besides, cardiac catheterization was postponed for 
several reasons, including the high risk of aortic thrombus 
rupture and dislodgment during catheterization, the patient’s 
late presentation to our hospital when the chest pain was 
resolved and ECG showed established Q waves in the infer-
ior leads, and the worry that we needed full anticoagulation 
therapy (if stent to be placed) before comprehensively eval-
uating the case the benefit-risk ratio in the presence of 
ischemic stroke with hemorrhagic transformation.

Frequent neurological assessments and daily brain CT 
follow up were done to quickly detect any worsening of the 
stroke’s hemorrhagic transformation. Aspirin, high dose statin, 
ACE inhibitor, and beta-blocker were also started. The 
patient’s hospital clinical course was smooth. Subsequent 
follow-up CT brain images initially showed an increase in 
the midline shift to the left side to 7 mm and a right-sided uncal 
herniation which gradually improved without any worsening 
of the stroke’s hemorrhagic transformation. The patient was 
discharged on warfarin; vitamin B 12, vitamin B complex and 
folic acid supplements; aspirin; high dose statin; ACE inhibi-
tor; and a beta-blocker.

TEE and chest CTA were repeated one month following 
discharge and the previously described thrombi resolved. INR 
was in therapeutic range, the patient had improvement in his 
left upper limb and facial weakness, and the Modified Rankin 
Score was 2. Besides, after two months following discharge, 
significant improvements in serum levels of Hcy, vitamin B12, 
and folate were observed with values of 42.1 μmol/L; 236 pg/ 
mL; and 11 ng/mL respectively. Till the time of writing this 
report, approximately 1 year and 3 months, the patient had not 
developed any thromboembolic events with preserved vitamin 
therapy.

Discussion
HHcy may present with vascular thromboembolic events, 
in the presence or absence of the traditional vascular risk 
factors.15–19 Our patient was a smoker male with dyslipi-
demia, that was diagnosed after admission, along with 
intermediate HHcy which increased his risk profile. He 
had an unusual presentation of concurrent myocardial 
infarction and stroke caused by thromboembolism from 
ascending aorta and brachiocephalic trunk thrombi. There 

Table 1 The Main Anthropometric Indices and Vital Signs of Our 
Patient at Admission

Anthropometric Indices (Unit) Results

Weight (Kg) 80

Height (cm) 168

BMI (kg/meter2) 28.3
Waist circumference (cm) 95.6

Waist to Height ratio 0.57

ABSI (z-score) −0.368

Vital signs (unit)
Temperature (Celsius) 37.1

BP (mmHg) 125/94

HR (Beat per minute) 115
RR (per minute) 18

O2 sat at room air 96%

Abbreviations: BMI, body mass index; ABSI, a body shape index; BP, blood 
pressure; HR, heart rate; RR, respiratory rate.
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was a positive family history for premature coronary artery 
diseases, and heterozygote prothrombin and MTHFR 
genes mutations. This case sheds light on the importance 

of testing for HHcy as part of a workup for atherothrom-
botic diseases, especially in patients of young age or those 
without other significant risk factors. Also, the patient 
clinically improved on vitamin supplementations and 
antithrombotics therapy without any worsening of the 
stroke’s hemorrhagic transformation. Therefore, anticoa-
gulants and antiplatelet drugs may be safely used in 
patients with stroke hemorrhagic transformation especially 
when the risk of recurrent embolism is high.

Our patient had a serum Hcy level of 66 μmol/L which 
reflects an intermediate HHcy. Previous studies, which were 
conducted on the Jordanian population, showed that the 
mean serum Hcy level ranged from 10.3 to 17.7 as the 
highest reported mean among a subsample of healthy indi-
viduals in Jordan.30,31 Thus, our patient had a higher serum 
Hcy level than the general population in Jordan. Given the 
family history of premature coronary heart disease, and 
elevated LDL-cholesterol and cholesterol levels increase 
the suspicion of familial hypercholesterolemia (FH).32 Figure 4 Brain CTA showing a Lesser extent of opacification of the cortical 

branches of right MCA compared to the left.

Figure 3 Brain MRI: (A-C) T2, FLAIR and DWI showing right MCA territory infarction. A small chronic ischemic lesion seen in the white matter of the left frontal lobe. (D) 
SWI image showing blooming artifacts at the site of infarction representing blood component (hemorrhagic transformation).
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However, a genetic confirmation test and serum apolipopro-
tein B level were not conducted. The concordant occurrence 
of acute myocardial infarction and ischemic stroke and the 
presence of two large oscillating thrombi increased the 

possibility of an embolic phenomenon from the thrombi as 
the main cause of these events. However, we could not 
exclude a heavy atheromatic burden in the arteries as 
a cause since it is likely that the patient had FH.

Figure 6 Chest CTA showing non-occlusive filling defects at the origin of the Brachiocephalic artery and in the proximal ascending aorta.

Figure 5 Transesophageal echocardiogram (TEE) images showing ascending aorta thrombus.
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Although the results from many studies conducted over the 
last 30 years have shown consistent evidence that suggests 
a strong relationship between HHcy and various atherothrom-
botic diseases including cerebrovascular and coronary artery 

diseases, in addition to venous thromboembolic diseases,15–19 

several clinical trials have failed to achieve improvement in 
vascular diseases’ risks and outcomes with administering Hcy 
lowering agents like folic acid and vitamin-B 
supplementations.33–35 In contrast to those studies which 
included patients with mild-moderate elevations in serum 
Hcy levels, our patient had an intermediately elevated Hcy 
level. On the other hand, a recent meta-analysis of observa-
tional studies found that a 25% reduction in the serum Hcy 
level is associated with an 11% lower IHD risk with an odds 
ratio (OR) of 0.89 (95% CI, 0.83 to 0.96) and a 19% lower 
stroke risk with OR of 0.81 (95% CI, 0.69 to 0.95).27 Another 
systemic review and meta-analysis by Wald David et al 
reported that lowering Hcy levels by 3 μmol/l (achievable by 
increasing folic acid intake) would reduce the risk of IHD by 
16% (11% to 20%), and stroke by 24% (15% to 33%).28 Thus, 
It has been suggested that the relationship is complex and 
needs further testing and stratification for possible outliers 
and effect modifiers.

Veeranna et al study found that the addition of a serum 
Hcy measurement to the Framingham risk scores signifi-
cantly improved coronary heart disease risk prediction. 
A significant number of individuals were reclassified to 
an intermediate risk level of coronary heart disease 
events.36 Therefore, HHcy needs to be considered in the 
work-up of acute myocardial infarction not explained by 
traditional risk factors.

One of the reported factors in this patient is double hetero-
zygous for MTHFR (A1298C, C677T). The MTHFR is an 
important enzyme involved in the Hcy metabolism by stimu-
lating the conversion of 5,10-methylenetetrahydrofolate into 
5-methyltetrahydrofolate which is a co-substrate for Hcy 
remethylation back to methionine.1–3 However, the MTHFR 
gene has at least two functional polymorphisms, A1298C, and 
C677T. Heterozygosity for MTHFR C677T is quite common 
in the general population and ranged from 22% up to 78% in 
some ethnic groups.37,38 A previous study on the Arab popula-
tions showed that the prevalence of heterozygous C677T 
genotype was 25.8% while 51.5% for heterozygous A1298C 
genotype among healthy individuals.39 Besides, the preva-
lence of A1298C, C677T compound heterozygous was 9.6% 
for the healthy group.39 Although double heterozygosity status 
for MTHFR, particularly C677T, can result in a lower 
MTHFR activity and thus decreased levels of circulating folate 
and methionine,40,41 it is rarely associated with moderately 
elevated homocysteine levels.42,43 However, previous studies 
have failed to establish a link between these 2 MTHFR poly-
morphisms and coronary artery disease.39,43 Thus, we could 

Table 2 Summary of Patient’ Laboratory Findings at Admission

Laboratory Tests (Unit) Results (Normal 
Range)

Hcy (μmol/L) 65.91 (5–15)

Vitamin B12 (pg/mL) 112.7 (197–771)

Folate (ng/mL) 4.17 (5–32)

CBC

Hb (g/dL) 14.3 (13.5–17.5)

MCV (fL, or 10−15L) 92.5 (80–100)

WBC (cell/mm3) 17,600 (3500–11,000)

Cardiac enzymes

CK (U/L) 15,322 (22–198)

CK-MB (U/L) 713.6 (39–308)

Troponin (ng/mL) >10 (0–0.4)

Lipid profile

HDL-cholesterol (mg/dl) 29.8 (40 and above)

LDL-cholesterol (mg/dl) 214.4 (below 100)

Total cholesterol (mg/dl) 285.8 (below 200)

TGs (mg/dl) 210.8 (below 150)

HbA1c 5.6% (< 5.7%)

Thrombophilia screening tests

Prothrombin Time (second) 13.6 (11.5–15.0)

International Normalized Ratio (INR) 1.0 (below 1.1)

Activated Partial Thromboplastin Time (second) 26.4 (25.0–40.0)

Factor V Leiden (G1691A (R506Q), H1299R (HR2), 

Y1702)

All wild type normal

Protein C activity (%) 99 (75–165)

Antithrombin III activity (%) 118 (80–120)

Prothrombin gene mutation Heterozygous

MTHFR (A1298C, and C677T) Heterozygous

ANA Negative

DNA double-stranded AB Negative

Lupus Anticoagulant Negative

Anti-cardiolipin AB IgM Negative

Anti-cardiolipin AB IgG Negative

Anti-Phospholipid AB IgM Negative

Anti-Phospholipid AB IgG Negative

ESR mm/hr 15 (0–22)

C3 mg/dl 137 (90–180)

C4 mg/dl 34 (10–40)

MPO-ANCA Negative

PR3-ANCA Negative

Abbreviations: Hcy, serum homocysteine level; CBC, complete blood count; Hb, 
hemoglobin; MCV, mean cell volume; WBC, white blood cell count; CK, creatine kinase; 
HDL, high-density lipoprotein; LDL, low-density lipoprotein; TGs, triglycerides; MTHFR, 
methylenetetrahydrofolate reductase; ANA, antinuclear antibodies; AB, antibody; ESR, 
erythrocyte sedimentation rate; MPO-ANCA, myeloperoxidase-antineutrophilic cyto-
plasmic autoantibody; PR3-ANCA, proteinase 3-antineutrophilic cytoplasmic 
autoantibody.
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not recommend the MTHFR test for patients unless elevated 
serum Hcy levels are investigated.

Our patient improved clinically and follow-up CTs showed 
no worsening of the stroke’s hemorrhage despite the use of 
antithrombotics Up to date, there have been no appropriate 
guidelines about the use of antithrombotics after hemorrhagic 
transformation. However, previous retrospective studies 
showed that the use of antithrombotics did not worsen or 
increase the risk for hemorrhagic transformation in stroke 
patients and was not associated with neurological deterioration 
after hemorrhagic transformation.44–46 However, many physi-
cians are hesitant to use antithrombotics after hemorrhagic 
transformation detected by imaging even when there is an 
indication for anticoagulation therapy. Since our patient had 
STEMI and MCA strokes and two large oscillating thrombi, 
the consensus between caring physicians was to give antith-
rombotics. Therefore, we suggest that the use of antithrombo-
tics following stroke hemorrhagic transformation, after 
balancing the risk of hemorrhage worsening against the benefit 
of preventing further thromboembolism, can be safe and not 
necessarily be associated with neurological deterioration and 
worsening of hemorrhagic transformation.

Conclusion
This case demonstrates that hyperhomocysteinemia, even if it 
is not severe, can be a risk factor for thromboembolic events. 
We conclude that hyperhomocysteinemia needs to be consid-
ered in the work-up of acute myocardial infarction or stroke 
not sufficiently explained by the traditional vascular risk fac-
tors. Although several studies have shown no vascular benefits 
from correcting mildly elevated homocysteine levels by vita-
min supplementations, we suggest that intermediate or severe 
elevations in serum homocysteine levels should be corrected 
with appropriate vitamin therapy to potentially prevent vascu-
lar complications. Also, we suggest that antithrombotics can 
safely be used in ischemic stroke after hemorrhagic transfor-
mation especially when the risk of recurrent embolism is high 
and can not be associated with worsening of hemorrhagic 
transformation. Further studies on large cohorts should be 
conducted to look more carefully at antithrombotics use after 
hemorrhagic transformation, hyperhomocysteinemia as 
a vascular hazard, and the clinical impact of its correction.

Clinical Implications
The workup of stroke-in-the-young should include 
a measurement of serum homocysteine level, and hyperhomo-
cysteinemia should be corrected with vitamin therapy that may 
alleviate the risk of further vascular events. Although using 

anticoagulants may increase the risk of bleeding in ischemic 
stroke with hemorrhagic transformation, the benefits of using 
them, in cases where thrombi are concurrently present, can 
outweigh the risk. Individualized decisions in complicated 
cases should be sought.

Ethics and Consent
Institutional approval was not required for a case report. 
Written informed consent has been provided by the patient 
to have the case details published.
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