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Abstract: The authors present a unique case of recurrent stroke, discovered to be secondary to
hemorrhagic conversion of microemboli from a mechanical aortic valve despite anticoagulation with
Coumadin. The complexity of this case was magnified by the patient’s young age, a mechanical heart
valve (MHYV), and a need for anticoagulation to maintain MHYV patency in a setting of potentially
life-threatening intracranial hemorrhage. Anticoagulant and antiplatelet therapy are risk factors
for hemorrhagic conversion post-cerebral ischemia; however, the pathophysiology underlying
endothelial cell dysfunction causing red blood cell extravasation is an active area of basic and clinical
research. The need for randomized clinical trials to aid in the creation of standardized treatment
protocol continues to go unmet. Consequently, there is marked variation in therapeutic approaches to
treating intracranial hemorrhage in patients with an MHV. Unfortunately, patients with an MHV are
considered at high thromboembolic (TE) risk, and these patients are often excluded from clinical trials
of acute stroke due to their increased TE potential. The authors feel this case represents an example
of endothelial dysfunction secondary to microthrombotic events originating from an MHV, which
caused ischemic stroke with hemorrhagic conversion complicated by the need for anticoagulation for
an MHV. This case offers a definitive treatment algorithm for a complex clinical dilemma.
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1. Introduction

Stroke is the fifth most common cause of death in the U.S. and is the leading cause of long-term
physical and cognitive impairment, with over 800,000 stroke incidents occurring annually in the
United States [1-4]. The risk of stroke secondary to thromboembolism is significantly increased with
the use of a mechanical heart valve (MHV) as compared to bioprosthetic valves [5,6]. Consequently,
MHYVs require patients to undergo lifelong anticoagulation. Major thromboembolic (TE) events that
result in death or deficit, or necessitate surgery, have an increased incidence in patients with an MHV
that are without antithrombotic treatment, as compared to patients that receive antithrombotic therapy.
The incidence of major TE events for patients with an MHV without TE therapy, with antiplatelet
therapy, and with warfarin are, respectively, 4, 2.2, and 1 per 100 patient-years [7]. A stark contrast
is seen between the incidence of hemorrhagic stroke in patients taking Warfarin and the general
population, 2-3 per 100 patient-years and 25 per 100,000, respectively [8-10]. The formation of a
thrombus on the surface of the MHV can cause malfunctions in the valve’s function. However, danger
also presents itself when a fragment of the thrombus is dislodged from the valvular surface and travels
through the circulation. This fragment can become lodged in vasculature and thus occlude the vessel,
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resulting in ischemia and consequently hypoxia and infarction. One of the most common sites for
thrombus to embolize is the cerebral cortex due to the disproportionately high blood flow compared to
other regions of the cerebrum. The occlusion of vasculature can lead to the metabolic disruption of the
cerebral capillaries and eventually to hemorrhagic conversion in a step-wise process that ultimately
ends in endothelial cell integrity failure and extravasation of vascular contents into the parenchyma,
as described by Simard et al. [11].

Therapeutic recommendations are currently based on an individualized assessment of the
risk-benefit ratio, as no established guidelines exist. Overall, the goal of the patient-centered
recommendation is to prevent recurrent ischemic events without causing new or worsening hemorrhage.
A recent cross-sectional study involving neurosurgeons and thrombosis specialists highlighted the
continued need for randomized clinical studies citing marked variation in their therapeutic approaches
to treating intracranial hemorrhage in patients with an MHV [12].

2. Case Presentation

A 43-year-old Vietnamese man, with no history of hypertension, currently living in the US, first
presented with a five-day history of persistent worsening headache and dizziness with intermittent
nausea. He is a Type II diabetic with a significant medical history of a mechanical aortic valve
replacement (St. Jude valve placed in Vietnam in 2008) requiring anticoagulation treatment with
Coumadin. A routine workup included a non-contrast head CT that showed a 17 mm X 17 mm
hypodense ovoid lesion in the cerebellar vermis with minimal effacement of the left wall of the fourth
ventricle (Figure 1A). Labs at presentation showed an International normalized ratio (INR) of 5.66.
Diagnostic Magentic Resonance Imaging (MRI) showed these to be hemorrhagic lesions favored to be
multiple cavernous hemangiomas rather than metastatic or septic emboli. This conclusion was also
supported by a transthoracic echocardiogram done at this admission which showed a 70% LVEF with
no evidence of thrombosis. Coumadin was temporarily discontinued, and INR therefore decreased to
subtherapeutic 1.42 prior to discharge. Coumadin therapy was restarted on Post-Bleed Day 7.

The patient returned to the Emergency Department (ED) less than a month later reporting a
one-day history of headache. Head CT showed a 3 cm x 5 cm left parietal intracranial hemorrhage
(Figure 1B). Risks and benefits of medical therapy and surgical intervention were considered by a
multidisciplinary team. Cardiology advised against holding anticoagulation for an extended time due
to a risk of thrombosis with an MHV. Although the St. Jude valve is a high-flow bi-leaflet MHV with a
relatively low-risk of thrombosis, the elevated risk of acute valvular thrombosis with corresponding
risk for acute heart failure from leaflet fixation or sudden death deemed anticoagulant discontinuation
unadvisable. The feasibility of replacing the mechanical aortic valve with a bioprosthesis to allow for
permanent discontinuation of anticoagulation therapy was discussed at this time; however, it was not
recommended due to the patient’s relatively young age, the associated morbidity of valvular redo
surgery, and the decreased lifespan of bioprosthetic valves relative to MHV. Surgical evacuation was
recommended to the patient, and a left temporal craniotomy for evacuation of the intraparenchymal
hematoma was performed. The pathology report of the excised hematoma showed only a “blood clot
with scant fragments of brain parenchyma with ischemic changes” and thus was not diagnostic for
vascular malformation.

Three months later, the patient returned to the ED due to acute onset worsening left-sided
weakness and numbness that started at lunchtime and continued to worsen into the night. A head
CT showed acute right parietal intracranial hemorrhage with associated subarachnoid extension
(Figure 1C).

The multidisciplinary team was again consulted for this third episode of recurrent intracranial
hemorrhage. Coumadin was reversed and ASA 81 mg daily was started on Post-Bleed Day 7. Gradient
Recalled Echo (GRE) T2-weighted 3T MRI showed innumerable bilateral, multilobar hypointensities,
indicating micro-hemorrhages associated with embolic ischemic events. To monitor anticoagulation,
prothrombin time (PT), partial thromboplastin time (PTT), and INR were drawn and measured
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regularly, showing subtherapeutic to low-normal INR levels (1.1-2.8) consistent with previous
measurements since the first hemorrhagic event three months prior. A hypercoagulability panel
was performed and showed no signs of hypercoagulability, including normal assay results for von
Willebrand factor and factors V, VIII, X, and lupus anticoagulant was not detected. PT was elevated,
and phospholipid-dependent screening tests (PT, Dilute Russells viper venom time (DRVVT)) were
not prolonged. In addition, patients underwent EKG and telemetry (as he had for each previous
admission) with normal results, suggesting low likelihood of emboli from cardiac thrombosis. These
findings favored ongoing cerebral emboli over hemorrhagic metastases, cavernomas, infection, or other
considerations (Figure 2). Transfemoral angiography definitively ruled out aneurysm, arteriovenous
malformation, arteriovenous fistula, and other vascular anomaly as potential sources of hemorrhage.
Cardiology recommended replacing the mechanical St. Jude valve with a bioprosthesis. Cardiothoracic
surgery then performed a redo sternotomy with an aortic valve replacement using a 27 mm Magna
tissue valve four weeks after this third admission. The patient was treated post-operatively with
aspirin and Plavix for 6 months, after which antiplatelet therapy may be discontinued indefinitely.
The patient recovered well post-operatively with no complications. His neurologic function returned
to normal by the sixth week after operative appointment.

Figure 1. Serial head CT without contrast over 3 month period. (A) Initial head CT without contrast
showing midline hyperdensity in the cerebellar vermis likely representing intraparenchymal hematoma
without hydrocephalus. (B) Head CT without contrast one month after initial visit showing large left
temporoparietal hyperdensity. (C) Head CT without contrast three months after initial visit showing
right parietal hyperdensity.

Figure 2. (A) 3T T2-weighted GRE MRI 3 months from initial presentation. Representative image shows
bihemispheric multi-lobar hypointense lesions, indicating blossoming of microhemorrhage likely from
thrombotic events from the mechanical heart valve. The patient did have a left temporal lesion removed
during his second hospital stay, with surgical pathology showing hemorrhage without underlying
lesion. (B) T1-weighted, post-contrast 3-Tesla MRI showing multiple enhancing lesions. (A,B) in
combination are highly suggestive of endothelial cell dysfunction with extraluminal hemosiderin and
contrast deposition.
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3. Discussion

Reperfusion of ischemic cerebral vasculature is known to cause vascular endothelial dysfunction
that can result in the formation of edema and hemorrhagic conversion of the ischemic insult.
The intricate process by which this occurs is thought be an amalgam of cellular and molecular processes
the exact mechanisms of which are currently being studied [11,13].

A step-wise view of the cause of hemorrhagic conversion following cerebral ischemia posits
that the hypoxic conditions, with or without free radical formation following reperfusion, can lead
to a disruption of cellular functioning initiating a cascade of effects leading to disruption of the
blood-brain barrier. This step-wise process begins with ischemia-induced decreases in intracellular
ATP concentrations that promote ionic edema, leading to Starling force-driven vasogenic edema [11].
The vasogenic edema is followed by endothelial cell death and, consequently, intercellular structural
failure, causing hemorrhagic conversion via extravasation of vascular contents into the parenchymal
surroundings upon reperfusion [14,15].

An inflammatory extracellular matrix (ECM) degradation surrounding the infarct during this
process is thought to be mediated via aberrant functioning or upregulated matrix metalloproteinases
(MMPs) [13,16,17]. MMP-2 and MMP-9 have been shown to play a significant role in hemorrhagic
conversion and the reduction of their activity in the initial stages of cerebral ischemia corresponds to a
decrease in the incidence of hemorrhagic conversion [18].

In 1999, Simard et al. stratified TE potential into high-, middle-, and low-risk categories and
recommended therapeutic strategies for the cessation and reinstatement of anticoagulants within
these risk categories for those undergoing intracranial procedures [19]. Cerebrovascular accident
secondary to atrial fibrillation or intracardiac thrombus are categorized as high-risk and are cases
in which surgery should be avoided unless necessary. Reinstitution of anticoagulants such as
non-bolus heparin post-operatively and oral anticoagulants can resume 3-5 days after surgery in these
high-risk patients [19]. Patients with an MHYV, valvular disease, and atrial fibrillation, atrial fibrillation
2-12 months after cerebrovascular accident fall into the moderate-risk category. These moderate-risk
patients should receive post-operative low-dose subcutaneous heparin and start oral anticoagulation
between Days 5 and 7 post-operation. The low-risk group includes patients with bioprosthetic valves
should receive post-operative low-dose subcutaneous heparin and oral anticoagulation should begin
7-14 days post-operatively [19]. The recommendations represent the need to balance the risks of
hemorrhage and anticoagulation in relation to the wound healing process to minimize negative
outcomes. Although these recommendations are nicely packaged, the authors heavily underscore the
above recommendations are simply clinical options for treatment rather than set-in-stone therapeutic
guidelines and that clinical judgement and experience ought to take precedence. This relegation is due
to the scarcity of randomized clinical trials for which the authors hope will eventually be carried out to
establish efficacious therapeutic guidelines [19]. This need for randomized clinical trials continues as
highlighted by a 2014 cross-sectional study involving neurosurgeons and thrombosis specialists citing
marked variation in their therapeutic approaches to treating intracranial hemorrhage in patients with
an MHYV [12].

In the presented case, the multi-disciplinary team withheld anticoagulants until the hemorrhage
was stable on head CT and seven days had passed from the sentinel event. Aspirin 81 mg daily
was then started for another 14 days to prevent exacerbation of the hemorrhage. Repeat MRI
confirms the unique aspect of this case by potentially contributing to a pathologic mechanism for
this disease process. Specifically, the preoperative GRE T2-weighted 3-Tesla MRI demonstrated
several multilobar, bihemispheric hypointense lesions in multiple vascular territories, providing
strong evidence for a microembolic pathophysiology that is most likely explained by the presence of
a foreign mechanical valve. The hypointense regions of hemorrhage seen on GRE T2-weighted
3-Tesla MRI imaging correspond directly to the contrast-enhancing areas on T1 post-contrast
imaging with gadolinium (Figure 2B). This congruity suggests endothelial cell dysfunction and
proposes a mechanism to explain the observed hemorrhage. GRE hypointensities represent focal
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ischemia and hemorrhage, whereas contrast-enhancing regions on T1 post-contrast imaging represent
membrane permeability with gadolinium extravasation into the extracellular space. Since these
hypointensities and contrast-enhancing regions are congruent, it is reasonable to conclude that
ischemia was followed by endothelial cell dysfunction, increased vascular membrane permeability,
and extravasation of red blood cells into the parenchyma, as seen by the hypointense blossoming
on the GRE (Figure 2). This hypothesis is supported by the tissue examined by the pathologist at
the time of craniotomy: hemorrhage with ischemic changes. Given the clinical course, MRI findings,
the presence of a mechanical aortic valve, and intermittent holding of anticoagulation with three
months of subtherapeutic/low normal INR values in this patient, the hypothesis of microemboli
forming on and spreading from the MHV is well supported.

Much of the literature suggest that anticoagulant and antiplatelet therapies are a risk factor for
hemorrhagic conversion along with other risk factors such as renal impairment, hyperglycemia, and
advanced age [19-24]. Anticoagulant therapy has also been shown to increase the risk of hemorrhagic
conversion post-cerebral ischemia in the absence of tissue plasminogen activator (tPA) administration
in studies using various anticoagulants, including warfarin [25,26]. However, a retrospective analysis
study suggest that anticoagulative therapy alone does not increase the risk of hemorrhagic conversion
but does increase the severity of hemorrhagic conversion when it occurs. The ability of this study to
resolve anticoagulation as a modifiable risk factor in hemorrhagic conversion was hindered due to
much of the study population being on anticoagulants [27].

Heart valve replacement has been associated with cerebral ischemia. Thromboembolisms
in patients with valve replacements have been approximated to be 1% per patient-year with
cerebrovascular event history recognized as a risk factor for TE and hemorrhagic complications [28-31].
As mentioned above, anticoagulation decreases the risk of TE in patients with an MHV; however,
the risk of thromboembolism is significantly increased with the use of an MHV as compared to
bioprosthetic valves. Although warfarin is efficacious at reducing risk of TE in patients with an MHYV,
warfarin heightens hemorrhagic risk, as therapeutic levels are difficult to achieve and maintain [32-36].

Of the three main classes of MHYV (tilting-disk, caged-ball, and bi-leaflet valves), the bi-leaflet
implants have the least potential for thromboembolism formation relative to caged ball valves, which
have the highest potential. The differences in embolism formation potential are due to differences
in material properties and mechanical actuation unique to the implanted valves. TE potential is also
related to the position of the valve in the heart irrespective of valve type [5,6]. Site-specific variation in
hemodynamics modulate the risk of thromboembolism of aortic and mitral valve replacements such
that aortic valves, compared to mitral valve replacements, have a decreased TE potential [37,38].

MHYVs have about twice the lifespan of tissue-derived bioprosthetic valves and thus have lower
re-operation rates. As such, a mechanical valve replacement is typically used in patients below the age
of 60 since the morbidity associated with re-operation is greater than that of the TE and hemorrhagic
risks [7,32-34,39-42]. Although patients with an MHYV are considered at high TE risk, little data on
the use of anticoagulation after ischemic stroke is available, as these patients are often excluded from
clinical trials of acute stroke due to their increased TE potential [6,43,44].

4. Conclusions

The authors feel the presented case offers an opportunity to support an existing proposed
mechanism for hemorrhagic conversion of ischemic stroke and suggests a possible treatment pathway
for a complex clinical dilemma: recurrent hemorrhagic stroke in a patient “needing” anticoagulation.
This is a unique case, as it gives rise to a histopathologic and radiographic comparison that supports
the hypothesis of microemboli causing focal ischemia with likely endothelial cell dysfunction and
ultimately hemorrhagic stroke. Patients with an MHV on anticoagulants that have sustained a
hemorrhagic stroke demonstrate the delicate counter-balance of risk associated with management of
such variables. Tissue heart valves that allow for anti-platelet therapy may be a safer option in patients
prone to hemorrhage with anticoagulants.



Brain Sci. 2018, 8,12 60f8

Author Contributions: Conception, design, and review—Koltz. Acquisition of data—Tarver, Schmidt, Koltz.
Drafting of article—Tarver, Schmidt, Koltz. Critically revising article—all authors. Reviewed submitted
version of manuscript—all authors. Approved the final version of the manuscript—all authors. Case report
supervision—Koltz.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

Emergency Department (ED), Mechanical Heart Valve (MHV), Thromboembolic (TE), Extracellular Matrix
(ECM), Tissue Plasminogen Activator (tPA), Gradient Recalled Echo (GRE).

References

1.  Centers for Disease Control and Prevention, National Center for Health Statistics. Compressed Mortality
File 1999-2009. CDC Wonder Online Database, Compiled for Compressed Mortality File 1999-2009 Series 20,
No. 20, 2012. Underlying Cause-of-Death 1999-2009. Available online: http://Wonder.Cdc.Gov/Mortsql.
Html (accessed on 22 October 2017).

2. Centers for Disease Control and Prevention (CDC). Prevalence and most common causes of disability among
adults—United States, 2005. Morb. Mortal. Wkly. Rep. 2009, 58, 421-426.

3. Go, A.S.; Mozaffarian, D.; Roger, V.L.; Benjamin, E.J.; Berry, ].D.; Blaha, M.J.; Dai, S.; Ford, E.S.; Fox, C.S,;
Franco, S; et al. Heart disease and stroke statistics—2014 update: A report from the American Heart Association.
Circulation 2014, 129, e28-€292. [CrossRef] [PubMed]

4. Products—Data Briefs—Number 178—December 2014. Available online: https://www.cdc.gov/nchs/
products/databriefs/db178. htm (accessed on 22 October 2017).

5. Leiria, T.L.L.; Lopes, R.D.; Williams, J.B.; Katz, ].N.; Kalil, R A.K.; Alexander, ].H. Antithrombotic therapies
in patients with prosthetic heart valves: Guidelines translated for the clinician. J. Thromb. Thrombolysis 2011,
31, 514-522. [CrossRef] [PubMed]

6. Dasi, L.P.; Simon, H.A.; Sucosky, P; Yoganathan, A.P. Fluid Mechanics of Artificial Heart Valves. Clin. Exp.
Pharmacol. Physiol. 2009, 36, 225-237. [CrossRef] [PubMed]

7. Birkmeyer, N.J.; Birkmeyer, ].D.; Tosteson, A.N.; Grunkemeier, G.L.; Marrin, C.A.; O’Connor, G.T. Prosthetic
valve type for patients undergoing aortic valve replacement: A decision analysis. Ann. Thorac. Surg. 2000,
70, 1946-1952. [CrossRef]

8.  Schulman, S.; Beyth, R.J.; Kearon, C.; Levine, M.N. Hemorrhagic complications of anticoagulant and
thrombolytic treatment: American College of Chest Physicians Evidence-Based Clinical Practice Guidelines
(8th Edition). Chest 2008, 133, 2575-298S. [CrossRef] [PubMed]

9.  Flaherty, M.L.; Kissela, B.; Woo, D.; Kleindorfer, D.; Alwell, K.; Sekar, P.; Moomaw, C.J.; Haverbusch, M.;
Broderick, J.P. The increasing incidence of anticoagulant-associated intracerebral hemorrhage. Neurology
2007, 68, 116-121. [CrossRef] [PubMed]

10. Goldstein, J.N.; Greenberg, S.M. Should anticoagulation be resumed after intracerebral hemorrhage?
Clevel. Clin. J. Med. 2010, 77, 791-799. [CrossRef] [PubMed]

11. Simard, ].M.; Kent, T.A.; Chen, M.; Tarasov, K.V.; Gerzanich, V. Brain oedema in focal ischaemia: Molecular
pathophysiology and theoretical implications. Lancet Neurol. 2007, 6, 258-268. [CrossRef]

12.  AlKherayf, E; Xu, Y.; Westwick, H.; Moldovan, I.D.; Wells, P.S. Timing of anticoagulant re-initiation following
intracerebral hemorrhage in mechanical heart valves: Survey of neurosurgeons and thrombosis experts.
Clin. Neurol. Neurosurg. 2017, 154, 23-27. [CrossRef] [PubMed]

13.  Zhang, J; Yang, Y.; Sun, H; Xing, Y. Hemorrhagic transformation after cerebral infarction: Current concepts
and challenges. Ann. Transl. Med. 2014, 2. [CrossRef]

14. Rossi, D.J.; Brady, ].D.; Mohr, C. Astrocyte metabolism and signaling during brain ischemia. Nat. Neurosci.
2007, 10, 1377-1386. [CrossRef] [PubMed]

15. Warach, S.; Latour, L.L. Evidence of reperfusion injury, exacerbated by thrombolytic therapy, in human
focal brain ischemia using a novel imaging marker of early blood-brain barrier disruption. Stroke 2004, 35,
2659-2661. [CrossRef] [PubMed]

16. Heo, J.H.; Lucero, J.; Abumiya, T.; Koziol, ].A.; Copeland, B.R.; del Zoppo, G.J. Matrix metalloproteinases
increase very early during experimental focal cerebral ischemia. J. Cereb. Blood Flow Metab. 1999, 19, 624-633.
[CrossRef] [PubMed]


http://Wonder.Cdc.Gov/Mortsql.Html
http://Wonder.Cdc.Gov/Mortsql.Html
http://dx.doi.org/10.1161/01.cir.0000441139.02102.80
http://www.ncbi.nlm.nih.gov/pubmed/24352519
https://www.cdc.gov/nchs/products/databriefs/db178.htm
https://www.cdc.gov/nchs/products/databriefs/db178.htm
http://dx.doi.org/10.1007/s11239-011-0574-9
http://www.ncbi.nlm.nih.gov/pubmed/21327503
http://dx.doi.org/10.1111/j.1440-1681.2008.05099.x
http://www.ncbi.nlm.nih.gov/pubmed/19220329
http://dx.doi.org/10.1016/S0003-4975(00)01863-4
http://dx.doi.org/10.1378/chest.08-0674
http://www.ncbi.nlm.nih.gov/pubmed/18574268
http://dx.doi.org/10.1212/01.wnl.0000250340.05202.8b
http://www.ncbi.nlm.nih.gov/pubmed/17210891
http://dx.doi.org/10.3949/ccjm.77a.10018
http://www.ncbi.nlm.nih.gov/pubmed/21048052
http://dx.doi.org/10.1016/S1474-4422(07)70055-8
http://dx.doi.org/10.1016/j.clineuro.2017.01.006
http://www.ncbi.nlm.nih.gov/pubmed/28103532
http://dx.doi.org/10.3978/j.issn.2305-5839.2014.08.08
http://dx.doi.org/10.1038/nn2004
http://www.ncbi.nlm.nih.gov/pubmed/17965658
http://dx.doi.org/10.1161/01.STR.0000144051.32131.09
http://www.ncbi.nlm.nih.gov/pubmed/15472105
http://dx.doi.org/10.1097/00004647-199906000-00005
http://www.ncbi.nlm.nih.gov/pubmed/10366192

Brain Sci. 2018, 8,12 70f8

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Sumii, T.; Lo, E.H. Involvement of matrix metalloproteinase in thrombolysis-associated hemorrhagic
transformation after embolic focal ischemia in rats. Stroke 2002, 33, 831-836. [CrossRef] [PubMed]

Lu, A.; Suofu, Y.; Guan, E; Broderick, ]J.P.; Wagner, K.R.; Clark, ]J.F. Matrix metalloproteinase-2 deletions
protect against hemorrhagic transformation after 1 h of cerebral ischemia and 23 h of reperfusion. Neuroscience
2013, 253, 361-367. [CrossRef] [PubMed]

Paciaroni, M.; Agnelli, G.; Corea, F; Ageno, W.; Alberti, A.; Lanari, A.; Caso, V.; Micheli, S.; Bertolani, L.;
Venti, M.; et al. Early hemorrhagic transformation of brain infarction: Rate, predictive factors, and influence
on clinical outcome: Results of a prospective multicenter study. Stroke 2008, 39, 2249-2256. [CrossRef]
[PubMed]

Lazio, B.E.; Simard, J.M. Anticoagulation in neurosurgical patients. Neurosurgery 1999, 45, 838-847.
[CrossRef] [PubMed]

Li, M.; Zhang, Z.; Sun, W.; Koehler, R.C.; Huang, J. 17p-estradiol attenuates breakdown of blood-brain
barrier and hemorrhagic transformation induced by tissue plasminogen activator in cerebral ischemia.
Neurobiol. Dis. 2011, 44, 277-283. [CrossRef] [PubMed]

Wang, X.; Tsuji, K.; Lee, S.-R.; Ning, M.; Furie, K.L.; Buchan, A.M.; Lo, E.H. Mechanisms of hemorrhagic
transformation after tissue plasminogen activator reperfusion therapy for ischemic stroke. Stroke 2004, 35,
2726-2730. [CrossRef] [PubMed]

Ishiguro, M.; Mishiro, K.; Fujiwara, Y.; Chen, H.; Izuta, H.; Tsuruma, K.; Shimazawa, M.; Yoshimura, S.;
Satoh, M.; Iwama, T.; et al. Phosphodiesterase-III Inhibitor Prevents Hemorrhagic Transformation Induced
by Focal Cerebral Ischemia in Mice Treated with tPA. PLoS ONE 2010, 5, e15178. [CrossRef] [PubMed]
Trouillas, P.; von Kummer, R. Classification and pathogenesis of cerebral hemorrhages after thrombolysis in
ischemic stroke. Stroke 2006, 37, 556-561. [CrossRef] [PubMed]

Dorado, L.; Millan, M.; de la Ossa, N.P.; Guerrero, C.; Gomis, M.; Lépez-Cancio, E.; Ricciardi, A.C.; Davalos, A.
Influence of antiplatelet pre-treatment on the risk of intracranial haemorrhage in acute ischaemic stroke after
intravenous thrombolysis. Eur. J. Neurol. 2010, 17, 301-306. [CrossRef] [PubMed]

Pfeilschifter, W.; Spitzer, D.; Czech-Zechmeister, B.; Steinmetz, H.; Foerch, C. Increased Risk of Hemorrhagic
Transformation in Ischemic Stroke Occurring During Warfarin Anticoagulation: An Experimental Study in
Mice. Stroke 2011, 42, 1116-1121. [CrossRef] [PubMed]

Adams, H.P. Emergent Use of Anticoagulation for Treatment of Patients with Ischemic Stroke. Stroke 2002,
33, 856-861. [CrossRef] [PubMed]

Marsh, E.B.; Llinas, R.H.; Hillis, A.E.; Gottesman, R.F. Hemorrhagic transformation in patients with acute
ischaemic stroke and an indication for anticoagulation. Eur. J. Neurol. 2013, 20, 962-967. [CrossRef] [PubMed]
Labaf, A.; Grzymala-Lubanski, B.; Stagmo, M.; Lovdahl, S.; Wieloch, M.; Sjalander, A.; Svensson, PJ.
Thromboembolism, major bleeding and mortality in patients with mechanical heart valves—A population-based
cohort study. Thromb. Res. 2014, 134, 354-359. [CrossRef] [PubMed]

Bourguignon, T.; Bergdend, E.; Mirza, A.; Ayegnon, G.; Neville, P.; Aupart, M.R.; Marchand, M. Risk factors
for valve-related complications after mechanical heart valve replacement in 505 patients with long-term
follow up. J. Heart Valve Dis. 2011, 20, 673-680. [PubMed]

Misawa, Y. Valve-related complications after mechanical heart valve implantation. Surg. Today 2015, 45,
1205-1209. [CrossRef] [PubMed]

Wijdicks, E.E; Schievink, W.I.; Brown, R.D.; Mullany, C.J. The dilemma of discontinuation of anticoagulation
therapy for patients with intracranial hemorrhage and mechanical heart valves. Neurosurgery 1998, 42,
769-773. [CrossRef] [PubMed]

Hammermeister, K.E.; Sethi, G.K.; Henderson, W.G.; Oprian, C.; Kim, T.; Rahimtoola, S. A Comparison of
Outcomes in Men 11 Years after Heart-Valve Replacement with a Mechanical Valve or Bioprosthesis. N. Engl.
J. Med. 1993, 328, 1289-1296. [CrossRef] [PubMed]

Puvimanasinghe, ].P,; Steyerberg, E.W.; Takkenberg, ].J.; Eijkemans, M.].; van Herwerden, L.A.; Bogers, A.J.;
Habbema, ].D. Prognosis after aortic valve replacement with a bioprosthesis: Predictions based on
meta-analysis and microsimulation. Circulation 2001, 103, 1535-1541. [CrossRef] [PubMed]
Hammermeister, K.; Sethi, G.K.; Henderson, W.G.; Grover, EL.; Oprian, C.; Rahimtoola, S.H. Outcomes 15
years after valve replacement with a mechanical versus a bioprosthetic valve: Final report of the Veterans
Affairs randomized trial. J. Am. Coll. Cardiol. 2000, 36, 1152-1158. [CrossRef]


http://dx.doi.org/10.1161/hs0302.104542
http://www.ncbi.nlm.nih.gov/pubmed/11872911
http://dx.doi.org/10.1016/j.neuroscience.2013.08.068
http://www.ncbi.nlm.nih.gov/pubmed/24035828
http://dx.doi.org/10.1161/STROKEAHA.107.510321
http://www.ncbi.nlm.nih.gov/pubmed/18535273
http://dx.doi.org/10.1097/00006123-199910000-00022
http://www.ncbi.nlm.nih.gov/pubmed/10515479
http://dx.doi.org/10.1016/j.nbd.2011.07.004
http://www.ncbi.nlm.nih.gov/pubmed/21816222
http://dx.doi.org/10.1161/01.STR.0000143219.16695.af
http://www.ncbi.nlm.nih.gov/pubmed/15459442
http://dx.doi.org/10.1371/journal.pone.0015178
http://www.ncbi.nlm.nih.gov/pubmed/21151895
http://dx.doi.org/10.1161/01.STR.0000196942.84707.71
http://www.ncbi.nlm.nih.gov/pubmed/16397182
http://dx.doi.org/10.1111/j.1468-1331.2009.02843.x
http://www.ncbi.nlm.nih.gov/pubmed/19912320
http://dx.doi.org/10.1161/STROKEAHA.110.604652
http://www.ncbi.nlm.nih.gov/pubmed/21330626
http://dx.doi.org/10.1161/hs0302.104628
http://www.ncbi.nlm.nih.gov/pubmed/11872915
http://dx.doi.org/10.1111/ene.12126
http://www.ncbi.nlm.nih.gov/pubmed/23521544
http://dx.doi.org/10.1016/j.thromres.2014.06.007
http://www.ncbi.nlm.nih.gov/pubmed/24985036
http://www.ncbi.nlm.nih.gov/pubmed/22655498
http://dx.doi.org/10.1007/s00595-014-1104-0
http://www.ncbi.nlm.nih.gov/pubmed/25519937
http://dx.doi.org/10.1097/00006123-199804000-00053
http://www.ncbi.nlm.nih.gov/pubmed/9574641
http://dx.doi.org/10.1056/NEJM199305063281801
http://www.ncbi.nlm.nih.gov/pubmed/8469251
http://dx.doi.org/10.1161/01.CIR.103.11.1535
http://www.ncbi.nlm.nih.gov/pubmed/11257081
http://dx.doi.org/10.1016/S0735-1097(00)00834-2

Brain Sci. 2018, 8,12 80f8

36.

37.

38.

39.

40.

41.

42.

43.

44.

Oxenham, H.; Bloomfield, P.; Wheatley, D.J.; Lee, RJ.; Cunningham, J.; Prescott, R.J.; Miller, H.C. Twenty year
comparison of a Bjork-Shiley mechanical heart valve with porcine bioprostheses. Heart 2003, 89, 715-721.
[CrossRef] [PubMed]

Rahimtoola, S.H. Choice of prosthetic heart valve for adult patients. J. Am. Coll. Cardiol. 2003, 41, 893-904.
[CrossRef]

Cannegieter, S.C.; Rosendaal, FR.; Briét, E. Thromboembolic and bleeding complications in patients with
mechanical heart valve prostheses. Circulation 1994, 89, 635-641. [CrossRef] [PubMed]

Ruel, M.; Masters, R.G.; Rubens, ED.; Bédard, PJ.; Pipe, A.L.; Goldstein, W.G.; Hendry, PJ.; Mesana, T.G.
Late incidence and determinants of stroke after aortic and mitral valve replacement. Ann. Thorac. Surg. 2004,
78,77-83. [CrossRef] [PubMed]

Robinson, A.A.; Tkuta, K.; Soverow, J. Anticoagulation for the Acute Management of Ischemic Stroke.
Yale J. Biol. Med. 2014, 87, 199-206. [PubMed]

Vongpatanasin, W.; Hillis, L.D.; Lange, R.A. Prosthetic heart valves. N. Engl. |. Med. 1996, 335, 407—416.
[CrossRef] [PubMed]

Yacoub, M.; Rasmi, N.R.; Sundt, TM.; Lund, O.; Boyland, E.; Radley-Smith, R.; Khaghani, A.; Mitchell, A.
Fourteen-year experience with homovital homografts for aortic valve replacement. J. Thorac. Cardiovasc. Surg.
1995, 110, 186-193. [CrossRef]

O’Brien, M.E,; Stafford, E.G.; Gardner, M.A.; Pohlner, P.G.; Tesar, PJ.; Cochrane, A.D.; Mau, T.K.; Gall, K.L.;
Smith, S.E. Allograft aortic valve replacement: Long-term follow-up. Ann. Thorac. Surg. 1995, 60, S65-S70.
[CrossRef]

Vandvik, P.O.; Lincoff, A.M.; Gore, ] M.; Gutterman, D.D.; Sonnenberg, F.A.; Alonso-Coello, P.; Akl, E.A;
Lansberg, M.G.; Guyatt, G.H.; Spencer, F.A. Primary and secondary prevention of cardiovascular disease:
Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American College of Chest Physicians
Evidence-Based Clinical Practice Guidelines. Chest 2012, 141, e6375-e668S. [CrossRef] [PubMed]

@ © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1136/heart.89.7.715
http://www.ncbi.nlm.nih.gov/pubmed/12807838
http://dx.doi.org/10.1016/S0735-1097(02)02965-0
http://dx.doi.org/10.1161/01.CIR.89.2.635
http://www.ncbi.nlm.nih.gov/pubmed/8313552
http://dx.doi.org/10.1016/j.athoracsur.2003.12.058
http://www.ncbi.nlm.nih.gov/pubmed/15223407
http://www.ncbi.nlm.nih.gov/pubmed/24910565
http://dx.doi.org/10.1056/NEJM199608083350607
http://www.ncbi.nlm.nih.gov/pubmed/8676934
http://dx.doi.org/10.1016/S0022-5223(05)80025-X
http://dx.doi.org/10.1016/0003-4975(95)00223-8
http://dx.doi.org/10.1378/chest.11-2306
http://www.ncbi.nlm.nih.gov/pubmed/22315274
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Case Presentation 
	Discussion 
	Conclusions 
	References

