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Abstract
Background: Thrombolysis with recombinant tissue plasminogen activator (rtPA) is an
established treatment in acute stroke. To prevent rethrombosis after rtPA therapy, secondary
anticoagulation with heparin is commonly performed. However, the recommended time-point and
extent of heparin treatment vary and are not well investigated.

Case presentation: We report a 61-year-old man who developed an acute global aphasia and
right-sided hemiparesis. Cranial CT was normal and systemic thrombolytic therapy with tPA was
started 120 minutes after symptom onset. Low-dose subcutaneous heparin treatment was initiated
24 hours later. Transthoracic echocardiography (TTE) 12 hours after admission showed slightly
reduced left ventricular ejection fraction (LVEF) but was otherwise normal. 48 hours later the
patient suddenly deteriorated with clinical signs of dyspnea and tachycardia. TTE revelead a large
left ventricular apical thrombus as well as a reduction of LVEF to 20 %. Serial further TTE
investigations demonstrated a complete resolution of the thrombus and normalisation of LVEF
within two days.

Conclusion: Our case demonstrates an intracardiac thrombus formation following rtPA
treatment of acute stroke, probably caused by secondary hypercoagulability. Rethrombosis or new
thrombus formation might be an underestimated complication of rtPA therapy and potentially
explain cases of secondary stroke progression.

Background
Recombinant tissue plasminogen activator (rtPA) is an
approved treatment option for acute ischemic stroke

within three hours of symptoms onset. It is well known
that reperfusion of ischaemic brain tissue, when per-
formed in a timely manner, improves clinical outcome
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[1,2]. However, there is evidence, that rtPA induces a sec-
ondary activation of coagulation cascades and inhibition
of endogenous fibrinolysis [3,4]. These hemostatic
changes might contribute to severe complications of rtPA
treatment such as vessel reocclusion or recurrent stroke.
Therefore, an adjuvant anticoagulation with heparin is
performed to prevent reocclusion in myocardial infarc-
tion [5] and after intra-arterial thrombolysis of the basilar
artery [6]. However, no studies or consensus exist regard-
ing early anticoagulation after systemic thrombolysis in
acute stroke.

We present a patient with acute ischaemic stroke who
developed a transient left ventricular apical thrombus
after systemic thrombolysis.

Case presentation
A 61-year-old man was admitted to the Emergency
Department immediately after he experienced global
aphasia and right-sided hemiparesis. The clinical diagno-
sis of acute cerebral ischaemia in the middle cerebral
artery (MCA) territory was made by a neurologist. A cra-
nial CT-scan showed no early signs of cerebral infarct and
no intracranial bleeding. Atrial fibrillation was recognised
on the initial ECG and an cerebral infarct of cardiac
embolic origin was assumed. The patient had no history
of stroke but suffered from coronary heart disease and sus-
tained an anterior cardiac wall infarction in the past. Fur-
ther known vascular risk factors were hypertension and
smoking. Even so, the patient took no medication at the
time of admission.

Thrombolysis with 70 mg rt-PA (0.9 mg/kg) was started
two hours after the onset of symptoms. The neurological
status during and after rt-PA treatment remained
unchanged. Transthoracic echocardiography (TTE) per-
formed 12 hours after initiation of thrombolytic therapy
revealed a moderately reduced left ventricular systolic
function (ejection fraction: 41%), left ventricular regional
dyssynergy, and no intracardiac thrombus.

The D-Dimer antigen plasma concentration as a marker of
coagulation activation was raised 24 hours after rt-PA
treatment and showed a tendency to normalisation dur-
ing the following days.

Extracranial Duplexsonography revealed moderate arteri-
osclerotic plaque formation in the carotid bulb on both
sides but no hemodynamic stenosis of the carotid and ver-
tebral arteries. Using transcranial duplexsonography a
severe stenosis was found in the proximal segment of the
left middle cerebral artery. No diabetes or hyperlipidae-
mia were diagnosed. Cerebral MRI, twenty-four hours
after lysis revealed a cortical infarct with a clinically
asymptomatic haemorrhagic transformation in the left-

sided MCA territory. Antithrombotic treatment with sub-
cutaneous low-dose heparin (Dalteparin 2/d) was initi-
ated 24 hours after thrombolysis. The fluid balance was
continuously monitored and kept net 0 ml/24 hours to
avoid fluid overload.

On the 3rd day after admission, the patient developed
acute dyspnea, tachypnea, tachycardia, and an elevated
blood pressure. Acute myocardial infarction was excluded
on the basis of ECG and blood tests (CK, CK-MB, Tro-
ponin were normal). A CT-scan detected no pulmonary
embolism, but massive bilateral pleural effusion. TTE
revealed an apical thrombus measuring 2.0 × 2.0 cm in
the left ventricle (figure 1) with left ventricular ejection
fraction reduced to 20%. The thrombus, was fixed to the
hypokinetic anteroseptal wall. Serial TTE performed two
days later revealed complete resolution of the thrombus
and hypokinesia; with a left ventricular ejection fraction
of 40%. In the mean time the patient recovered from the
acute cardiac decompensation. The neurological clinical
picture remained stable during the acute phase with a
slight improvement of aphasia and hemiparesis within
the following 5 weeks.

Discussion
Systemic rt-PA thrombolysis in acute stroke has been
implemented into daily clinical practice during the last
decade. The treatment within three hours of stroke
appears to be effective in reducing the neurological deficit
[1,7]. However, the use of rtPA therapy remains limited
due to the narrow time-to-treatment windows and the
potential complications of intracranial haemorrhage [7].
The optimal time-point of anticoagulation after systemic
thrombolysis is unclear due to a lack of evidence. In
accordance with the NINDS-protocol anticoagulation is
interdicted within 24 hours after thrombolysis [1]. Also,
latest guidelines for early stroke management recommend
no antithrombotic therapy within 24 hours after applica-
tion of rt-PA although there is increasing evidence for ves-
sel reocclusion in about one third of the patients [8].
However, in clinical practice the use of anticoagulative
agents seems to be much more heterogeneous [9].

Some authors have reported a significantly higher inci-
dence of parenchymal haematomas if thrombolysis was
immediately followed by intravenous or subcutaneous
heparin administration [10]. However, recent analyses
have shown that full-dose intravenous anticoagulant
treatment within 24 hours does not increase the incidence
of parenchymal hemorrhage [9].

rt-PA has a short biological half-life of 8–12 minutes but
alters the physiological balance between coagulation and
anticoagulation for a longer time period [11]. After dis-
continuation of rtPA infusion several mechanisms,
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potentially leading to a secondary hypercoagulability sta-
tus have been discussed. For instance, the activation of
plasminogen activator inhibitor-1, resulting in suppres-
sion of endogenous fibrinolysis [4], the increase of
thrombin generation and activity [3], the increase of
thrombin-antithrombin-III-complex levels [12] or the
induction of hypoperfusion in ischaemic brain tissue
[11]. The procoagulant response to rt-PA has been shown
to persist up to 72 hours [3].

Otherwise, clinical studies of fibrinolytic therapy in myo-
cardial infarction show, that early heparin treatment start-
ing immediately after thrombolysis significantly decreases
the risk of cardiac vessel reocclusion [5]. The capacity to
attenuate the increased coagulation activity seems to be

similar, regardless if low-molecular-weight or unfraction-
ated heparin is used [13]. In stroke patients with an occlu-
sion in the posterior cerebral circulation undergoing intra-
arterial thrombolysis, heparin treatment is also known to
reduce the rate of early reocclusion [6].

In our patient, treated with low dose heparin, an apical
thrombus developed within 72 hours after thrombolytic
therapy, strongly suggesting a causal relationship of sec-
ondary hypercoagulability and thrombus formation. The
patient's history and risk profile suggests an increased risk
for cardiac events [14]. We postulate, that he developed an
acute coronary syndrome (dyspnea and tachycardia) on
the basis of the pre-existing cardiac disease with kinetic
disturbance which subsequently enabled the formation of

Cardiac duplex ultrasound image (4-chamber view), obtained 2 days after thrombolysis showing the thrombus attached to left ventricular apex (arrow)Figure 1
Cardiac duplex ultrasound image (4-chamber view), obtained 2 days after thrombolysis showing the thrombus attached to left 
ventricular apex (arrow).
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a ventricular thrombus – promoted by the risk factors
hypercoagulability, atrial fibrillation and previous
myocardial infarction [15]. The transient increase of D-
Dimer probably indicates the state of hypercoagulability
after rt-PA treatment [3]. The low-dose heparin therapy in
our patient was not sufficient to prevent thrombus devel-
opment although a number of studies have shown that
sufficient systemic anticoagulation with heparin is able to
do so [16].

Coronary angiography was not performed, considering
the cerebral state of the patient and the observation that
repeated ECGs were normal and cardiac enzymes not ele-
vated. The clinical status stabilised spontaneously and the
cardiac thrombus resolved within two days without initi-
ation of a specific therapy, further supporting the hypoth-
esis of a temporary status of hypercoagulation after
thrombolysis.

Another hypothesis for the temporary cardiac detoriation
in our patient could be an acute neurogenic stunned myo-
cardium. This phenomenon is described as sudden,
reversible left ventricular dysfunction with abnormal left
ventricular wall motion and reduced ejection fraction.
Levels of creatine kinase MB and troponin may be ele-
vated and ECG alterations as depression or elevation of
the ST segment or T wave inversion can be observed. How-
ever, acute neurogenic myocardial stunning has so far
only been reported after subarachnoid hemorrhage [17-
20] and in isolated cases of subdural hematoma [21] and
Guillain-Barré syndrome [22]. We found no evidence in
the literature for acute neurogenic myocardial stunning
after stroke. In addition, our patient suffered from coro-
nary artery disease whereas neurogenic myocardial stun-
ning has been reported in patients without cardiac
disease. Finally, the cardiac failure in our patient occurred
on the 3rd day and not directy after stroke which makes the
diagnosis of neurogenic stunned myocardium further
unlikely [17,20,21].

In summary, our case demonstrates an intracardiac
thrombus formation following rtPA treatment of acute
stroke, probably caused by secondary hypercoagulability.
Rethrombosis or new thrombus formation might be an
underestimated complication of rtPA therapy and poten-
tially explain cases of secondary stroke progression. Early
systemic anticoagulation with heparin might reduce the
risk of rethrombosis but also increase the risk of a bleed-
ing complication. Systematic studies concerning the inci-
dence of thrombus formation after rtPA therapy and the
effects of different post-thrombolysis anticoagulation
strategies are required to assess the clinical relevance of
the discussed secondary hypercoagulability. Closed
echocardiographic monitoring in stroke patients treated
with systemic thrombolysis might be useful for early

detection of the described potential cardiac complications
especially because repeated measurement of ECG and car-
diac enzymes alone might fail.

References
1. The National Institute of Neurological Diseases and Stroke rt-PA

Stroke Study Group: Tissue plasminogen activator for ischae-
mic stroke. N Engl J Med 1995, 333:1581-1587.

2. Hacke W, Kaste M, Fieschi C, Toni D, Lesaffre E, von Kummer R,
Boysen G, Bluhmki E, Hoxter G, Mahagne MH, for the ECASS Group:
Intravenous thrombolysis with recombinant tissue plas-
minogen activator for acute hemispheric stroke: The Euro-
pean Cooperative Acute Stroke Study. JAMA 1995,
274:1017-1025.

3. Fassbender K, Dempfle CE, Mielke O, Schwartz A, Daffertshofer M,
Eschenfelder C, Dollman M, Hennerici M: Changes in Coagulation
and fibrinolysis markers in acute ischemic stroke treated
with recombinant plasminogen activator. Stroke 1999,
30:2101-2104.

4. Paganelli F, Alessi MC, Morange P, Maixent JM, Levy S, Vague IJ: Rela-
tionship of plasminogen activator inhibitor-1 levels following
thrombolytic therapy with rt-PA as compared to streptoki-
nase and patency of infarct related coronary artery. Thromb
Haemost 1999, 82:104-108.

5. Frostfeldt G, Gustavsson G, Lindahl B, Nygren A, Wallentin L: Influ-
ence on coagulation activity by subcutaneous LMW heparin
as an adjuvant treatment to fibrinolysis in acute myocardial
infarction. Thrombosis Research 2002, 105:193-199.

6. Kuker W, Friese S, Vogel W, Schmidt F, Weller M: Incomplete res-
olution of basilar artery occlusion after intra-arterial throm-
bolysis: abciximab and heparin prevent early rethrombosis.
Cerebrovasc Dis 2000, 10:484-486.

7. Wardlaw JM, Zoppo G, Yamaguchi T, Berge E: Thrombolysis for
acute ischaemic stroke. Cochrane Databaes Syst Rev 2003,
:CDOOO213.

8. Adams H, Adams R, Del Zoppo G, Goldstein LB: Guidelines for the
Early Management of Patients With Ischemic Stroke: 2005
Guidelines Update: A Scientific Statement From the Stroke
Council of the American Heart Association/American
Stroke Association. Stroke 2005, 36:916-921.

9. Schenkel J, Weimar C, Knoll T, Haberl RL, Busse O, Hamann GF,
Koennecke HC, Diener HC: R1-Systemic Thrombolysis in Ger-
man Stroke Units. The experience from the German Stroke
Data Bank. J Neurol 2003, 250:320-324.

10. Trouillas P, Nighoghossian N, Derex L, Adeleine P, Honnorat J, Neu-
schwander P, Riche G, Getenet JC, Li W, Froment JC, Turjman F, Mal-
icier D, Fournier G, Gabry AL, Ledoux X, Berthezene Y, Ffrench P,
Dechavanne M: Thrombolysis with intravenous rtPA in a series
of 100 cases of acute carotid territory stroke. Determination
of etiological, topographic, and radiological outcome
factors. Stroke 1998, 29:2529-2540.

11. Kilic E, Bähr M, Hermann DM: Effect of recombinant tissue plas-
minogen activator after intraluminal thread occlusion in
mice. Role of hemodynamic alterations. Stroke 2001,
32:2641-2647.

12. Maki A, Shirato C, Ohguchi M, Aoki N, Ochiai I, Ishikawa K: Mecha-
nism of re-thrombosis after thrombolytic therapy: angio-
graphic findings and investigation of the coagulation system
in dogs. Angiology 1998, 49:447-453.

13. Nilsen DW, Goransson L, Larsen AI, Hetland O, Kierulf P: Systemic
thrombin generation and activity resistant to low molecular
weight heparin administered prior to streptokinase in
patients with acute myocardial infarction. Thromb Haemost
1997, 77:57-61.

14. Adams RJ, Chimowitz MI, Alpert JS, Awad IA, Cerqueria MD, Fayad
P, Taubert KA: Coronary risk evaluation in patients with tran-
sient ischemic attack and ischemic stroke: a scientific state-
ment for healthcare professionals from the Stroke Council
and the Council on Clinical Cardiology of the American
Heart Association/American Stroke Association. Circulation
2003, 108:1278-1290.

15. Greaves SC, Zhi G, Lee RT, Solomon SD, MacFadyen J, Rapaport E,
Menapace FJ, Rouleau JL, Pfeffer MA: Incidence and natural his-
tory of left ventricular thrombus following anterior wall
acute myocardial infarction. Am J Cardiol 1997, 80:442-448.
Page 4 of 5
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7477192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7477192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7563451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7563451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7563451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10512913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10512913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10512913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10456462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10456462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10456462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11927123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11927123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11927123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11070384
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11070384
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15800252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15800252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15800252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12638023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12638023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12638023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9836764
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9836764
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9836764
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11692029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11692029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11692029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9631890
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9631890
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9631890
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9031450
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9031450
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9031450
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12963684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12963684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12963684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9285655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9285655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9285655


Cardiovascular Ultrasound 2005, 3:14 http://www.cardiovascularultrasound.com/content/3/1/14
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

16. Vaitkus PT, Barnathan ES: Embolic potential, prevention and
management of mural thrombus complicating anterior
myocardial infarction: a meta-analysis. J Am Coll Cardiol 1993,
22:1004-1009.

17. Kono , et al.: Left ventricular wall motion abnormalities in
patients with subarachnoid hemorrhage: neurogenic
stunned myocardium. J Am Coll Cardiol 1994, 24:636-640.

18. Robert , et al.: Evidence of stunned myocardium in humans: a
2001 update. Coron Artery Dis 2001, 12:349-356.

19. Bulsara , et al.: Use of the peak troponin value to differentiate
myocardial infarction from reversible neurogenic ventricu-
lar dysfunction associated with aneurysmal subarachnoid
hemorrhage. J Neurosurg 2003, 98:524-528.

20. Jain , et al.: Management of patients with stunned myocardium
associated with subarachnoid hemorrhage. Am J Neuroradiol
2004, 25:126-129.

21. Ohtsuka , et al.: Neurogenic stunned myocardium. Circulation
2000, 101:2122-2124.

22. Bernstein R, Mayer SA, Magnano A: Neurogenic stunned myocar-
dium in Guillaine-Barre syndrome. Neurology 2000, 54:759-762.
Page 5 of 5
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8409034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8409034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8409034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8077532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8077532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8077532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11491199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11491199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12650423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12650423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12650423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14729541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14729541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10790357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10680822
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10680822
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Case presentation
	Conclusion

	Background
	Case presentation
	Discussion
	References

