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Patent Foramen Ovale: Current
Pathology, Pathophysiology, and Clinical Status
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CLINICAL PRACTICE
Patent Foramen Ovale in Young Adults with Unexplained Stroke
NEJM 2005

Contemporary Management of Patent Foramen Ovale
Circulation 2003
PFO management review 2003.pdf


Patent Foramen Ovale and Recurrent Stroke
Another Paradoxical Twist
Circulation 2003- relates to a stroke substudy of the WARSS study (PICSS) which suggests that there is no difference in outcome with aspirin vs warfarin for patients with stroke and PFO. Raises many questions including the possibility that PFO closure may not actually show benefit in terms of event rates.
stroke PFO editorial.pdf
ASA PFO stroke2.pdf

Patent Foramen Ovale: A Review of Associated Conditions and the Impact of Physiological Size
JACC 2001
PFO Review.pdf



Closure of PFO with device following possible paradoxical embolism


Reviews

*Transcatheter closure of patent foramen ovale, theurapeutic overkill or elegant management for selected patients at risk? ed, Circulation 1992;86(6):2013-5


Randomised trials








Non-randomised data





Comparison of Medical Treatment With Percutaneous Closure of Patent
Foramen Ovale in Patients With Cryptogenic Stroke
Retrospective analysis, all suggesting a trend towards important benefit from PFO closure, but not reaching statistical significance. We await some randomised trial data.
J Am Coll Cardiol 2004


#Transcatheter closure of patent foramen ovale after presumed paradoxical embolism, Circulation 1992;86:1902-8

Reviewed
36 patients (mean age 39.4yrs) referred for closure of PFO, all having had at least one episode of paradoxical embolism (stroke, RIND, peripheral embolism, or brain abscess). Reasonable thorough investigation to exclude other possible sources of embolism.

Defect closed with investigational Clamshell device. 34 returned for follow-up (mean follow-up 8.4mo); 1 residual shunt that may be important, 5 trivial shunt, 28 complete closure.

Figure 3
3 who had complete PFO closure had early recurrence (RINDs).



#Clinically silent atrial septal defects with evidence for cerebral embolism, Ann Intern Med 1986;105:695-7

11 patients < 50yr of age. Air/saline contrast injection, with and without valsalva, TTE A4C view. 

?Prospective or retrospective.

8/11 pts had +ve contrast study, all detected during "suspended respiration", valsalva only increased shunt.

6/8 with positive contrast studies underwent detailed cardiac catherization studies. Only one pt had phasic RAP that was transiently greater than LAP during normal respiration. Only one pt found to have R to L shunt with indocyanine dye curves- this patient had a small ASD and slight enlargement of RV. PFO confirmed in 4 pts, but not in one other ? intrapulmonary shunt.

Pts 1-4 had surgical closure of PFO, pt1 ASD, pt 2-4 PFO 5-10mm. Pts followed for 7-21mo without new neurological events.

Pre-op pts 1-4 had venography, VQ scanning, 4 vessel angiography without +ve findings.



Transcatheter Closure of Interatrial Communications for Secondary Prevention of Paradoxical Embolism
Single-Center Experience
Circulation 2002
PFO closure after paradoxical embolism.pdf


Transcatheter Closure of Patent Foramen Ovale in Patients With Cerebral Ischemia
JACC 2002
ASD closure in patients with cerebral ischaemia.pdf



Complications of device closure

Early and Late Complications Associated With Transcatheter
Occlusion of Secundum Atrial Septal Defect
JACC 2003
ASD closure with device and outcome2002.pdf


Comparison between transcatheter and surgical closure of secundum atrial septal defect in children and adults: Results of a multicenter nonrandomized trial

The early, primary and secondary efficacy success rates for surgical versus. device closure of ASD were not statistically different; however, the complication rate was lower and the length of hospital stay was shorter for device closure than for surgical repair. Appropriate patient selection is an important factor for successful device closure. Transcatheter closure of secundum ASD using the ASO is a safe and effective alternative to surgical repair.





Medical therapy after possible paradoxical embolism with PFO


Reviews

Secondary Prevention of Cerebral Ischemia in Patent Foramen Ovale: Systematic Review and Meta-analysis
South Med J 94(7):699-703, 2001
Secondary Prevention of Cerebral Ischemia in Patent Foramen Ovale.doc

Randomised Trial Data

PICSS- substudy of WARSS
Stroke PFO risk.pdf
Circulation 2003- relates to a stroke substudy of the WARSS study (PICSS) which suggests that there is no difference in outcome with aspirin vs warfarin for patients with stroke and PFO. Although those with cryptogenic stroke were more likely to have PFO particularly large PFO there was no difference in outcome between the aspirin and warfarin arms.

ASA PFO stroke.pdf- another report from the PICSS study suggesting that any differences in atrial septal anatomy does not influence prognosis and risk of recurrent events.
Related editorial: ASA PFO stroke2.pdf

TOE analysis of correlates of atrial septal aneuryms- substudy of PICSS
C:\Documents and Settings\Hitesh Patel\Hitesh\MEDINFO\Medinfo\Archive\PFO PICSS substudy.htm

The problem with PICSS may be:
1. no real age restriction if patient selection- may be reduces likelihood of finding relationship between PFO/ASA and recurrence
2. the target INR range of 1.5-2.4 with mean INR Of only 1.9- ie would the result be different if theurapeutic INR was used?

So, I think we assume there probably is still a relationship between PFO with ASA and recurrence, and we also assume that full dose warfarin therapy may be better than low dose aspirin, that a really large PFO may carry higher risk of recurrence.



Observational Studies on Risk of Recurrent Events

RECURRENT CEREBROVASCULAR EVENTS ASSOCIATED WITH PATENT
FORAMEN OVALE,ATRIAL SEPTAL ANEURYSM,OR BOTH

After four years,the risk of recurrent stroke was 2.3 percent (95 percent confidence interval,0.3 to
4.3 percent)among the patients with patent foramen ovale alone,15.2 percent (95 percent confidence in-
terval,1.8 to 28.6 percent)among the patients with both patent foramen ovale and atrial septal aneurysm,
and 4.2 percent (95 percent confidence interval,1.8 to 6.6 percent)among the patients with neither of these
cardiac abnormalities.There were no recurrences among the patients with an atrial septal aneurysm
alone.The presence of both cardiac abnormalities was a significant predictor of an increased risk of recur-
rent stroke (hazard ratio for the comparison with the absence of these abnormalities,4.17;95 percent con-
fidence interval,1.47 to 11.84),whereas isolated patent foramen ovale,whether small or large,was not.
Stroke and PFO 2000.pdf



The good thing about this study is that they restricted the age group of the study population rather than include older patients- patients who despite having an apparent cryptogenic stroke, the stroke is more likely not to be due to paradoxical embolism.
The findings of increased risk with ASA and PFO if worth rememebering.
Size of PFO may still matter in the sense that very large PFO which allow almost continual right to left shunting may still be at higher risk of recurrence.




Foramen ovale and paradoxical embolism- evidence from case control studies

Reviews


(Circulation. 2002;105:2580.)
© 2002 American Heart Association, Inc. 
Patent Foramen Ovale and Recurrent Stroke 
Another Paradoxical Twist

An editorial, full of good data. Risk of recurrent stroke higher in those with ASA than with PFO alone.
Refers to study in this issue of the journal which was a substudy of warfarin vs aspirin after ischaemic stroke.
Found no difference in rate of recurrence in those with PFO/ASA ie warfarin not better than aspirin.
Makes one wonder about the mechanism of stroke in those with PFO/ASA
NOTE also that there is a relationship between migrane and prevalence of PFO/ASA.



ASA and PFO and Risk
Patent foramen ovale: Innocent or guilty? Evidence from a prospective, population-based study. J Am Coll Cardiol; DOI:10.1016/j.jacc.2005.10.044

· A PFO was identified in 140 (24.3%) subjects and ASA in 11 (1.9%) subjects. 
· Of the 140 subjects with PFO, 6 (4.3%) had an ASA; of the 437 subjects without PFO, 5 had an ASA
· (1.1%, two-sided Fisher exact test, p = 0.028).
· During a median follow-up of 5.1 years, cerebrovascular events (cerebrovascular disease-related death, ischemic stroke, transient ischemic attack) occurred in 41 subjects.
· After adjustment for age and comorbidity, PFO was not a significant independent predictor of stroke (hazard ratio 1.46, 95% confidence interval 0.74 to 2.88, p = 0.28).
· The risk of a cerebrovascular event among subjects with ASA was nearly four times higher than that in those without ASA (hazard ratio 3.72, 95% confidence interval 0.88 to 15.71, p = 0.074).


From the Mayo clinic; taking patients older than the age of 45 years found that PFO was not associated with a higher risk of subsequent stroke, presence of an ASA was associated with a four fold non-significant increased risk. Number of patients with ASA was small so lack of significance needs to be viewed with this in mind.
Cryptogenic stroke patients are those aged less than 45 years so one might argue that this data does not apply to this group of patients. 
Would a larger study have found different results? May be but this is the first prospective study trying to assess risk.
Editorial


Volume 346:1331-1332
April 25, 2002; number 17
Patent Foramen Ovale, Atrial Septal Aneurysm, and Recurrent Stroke

To the Editor: Mas et al. (Dec. 13 issue)1 describe multiple potential thromboembolic mechanisms that may account for the increased risk of recurrent stroke in young patients with both patent foramen ovale and atrial septal aneurysm. 
The initial descriptions of paradoxical embolism with stroke provide clear evidence of a thrombotic source (e.g., deep-vein thrombosis), evidence of thrombus movement elsewhere (pulmonary embolus, ischemia in other organs, such as the kidney, or both), and a cardiac abnormality.2,3 Curiously, more recent articles have failed to identify an increased risk of deep-vein thrombosis, pulmonary embolism, or ischemia in other organs in patients with cardiac abnormalities such as patent foramen ovale and stroke. In Table 2 of their article, Mas et al. indicate that one patient had systemic embolism. Furthermore, it is unclear why the presence of both abnormalities would be necessary to account for the increased risk, rather than either one or none. Similarly, in this and numerous other studies, there has not been evidence of thrombus within the cardiac defects or an increased risk of cardiac arrhythmia among these patients. 
Thus, it may be that in young patients who have had a stroke without an identifiable cause, these cardiac abnormalities are either epiphenomena of the stroke or markers of some other abnormality that confers a predisposition to stroke. 

John R. Corboy, M.D. 
University of Colorado School of Medicine 
Denver, CO 80262 
john.corboy@uchsc.edu 
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To the Editor: Mas et al. used semiquantitative transesophageal echocardiography with contrast medium, a technique with pitfalls, to determine the size of a patent foramen ovale.1,2,3 Transesophageal echocardiography with contrast material administered through a cubital vein has a low level of accuracy for determining the size of a patent foramen ovale.2,3 Our study of patients with cryptogenic stroke and patent foramen ovale showed a significant association between the degree of interatrial septal deviation and the size of the patent foramen ovale (correlation coefficient, 0.61; P<0.001) (Figure 1). This finding suggests that an atrial septal aneurysm is an indicator of a large patent foramen ovale, which is associated with a substantial risk of recurrent stroke.3 We hypothesize that in the study by Mas et al., the high rate of recurrent stroke in the patients with both patent foramen ovale and atrial septal aneurysm was due predominantly to the presence of a large patent foramen ovale. 


Herwig W. Schuchlenz, M.D. 
Georg Saurer, M.D. 
Wolfgang Weihs, M.D. 
Landeskrankenhaus–Universitätsklinikum Graz 
A-8036 Graz, Austria 
herwig.schuchlenz@klinikum-graz.at 
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To the Editor: The article by Mas et al. has important implications for the management of cryptogenic stroke and patent foramen ovale. In particular, the low rate of recurrent stroke among the patients who had patent foramen ovale without an atrial septal aneurysm calls into question the use of oral anticoagulants and closure of the patent foramen ovale in patients who are not enrolled in controlled clinical trials. Paradoxical embolism is assumed to be a probable mechanism of stroke in many patients with patent foramen ovale. Hypercoagulable states may confer a predisposition to paradoxical embolism and cryptogenic stroke in patients with patent foramen ovale.1,2 Although the authors state that coagulation studies were performed in their patients, they do not report the results of these studies. Furthermore, two major hereditary hypercoagulable conditions, the factor V Leiden mutation and the G20210A factor II mutation, are not mentioned. It would be of great interest to know whether the patients with patent foramen ovale had a higher prevalence of coagulation abnormalities than those without patent foramen ovale; how many patients were tested for resistance to activated protein C, the factor V Leiden mutation, and the G20210A factor II mutation and whether the results differed between the groups; and in how many patients venous thrombosis was diagnosed (although venous thrombosis was probably not systematically investigated in this large cohort). 

Wolfgang Lalouschek, M.D. 
University of Vienna Medical School 
1097 Vienna, Austria 
wolfgang.lalouschek@univie.ac.at 

for the Vienna Stroke Study Group 
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The authors reply: 
To the Editor: Statistical association does not necessarily imply causality, since it may result from selection or information bias, chance, or confounding factors.1 Although bias and chance are unlikely to explain the findings of numerous studies linking patent foraman ovale and atrial septal aneurysm to stroke,2 it is more difficult to exclude the presence of an as yet unknown confounding factor that is associated with these septal disorders and that affects the outcome (stroke). The criteria that support causality include a temporal sequence, a strong and consistent association, a dose–response relation, biologic plausibility, and experimental evidence.1,2 The association of stroke with the above-mentioned cardiac disorders meets the first three criteria.2 
Large shunts have been reported to be more strongly associated with stroke than smaller ones, suggesting a dose–response relation. However, since atrial septal aneurysm has not usually been taken into account, stroke may be associated with the two lesions in combination, rather than with patent foramen ovale alone. Potential mechanisms of stroke include paradoxical embolism and in situ thrombosis, but we agree that these mechanisms have rarely been documented. Causality will eventually be confirmed if randomized trials demonstrate that endovascular or surgical "removal" of these septal disorders substantially reduces the risk of subsequent stroke, in the same way that the clinical relevance of carotid stenosis has been confirmed by the finding that carotid endarterectomy substantially reduces the risk of subsequent ipsilateral stroke. 
We agree that future studies should include direct evaluation of the size of the foramen.3 However, whether the measurement of a morphologic characteristic (the size of the foramen) rather than a functional characteristic (the degree of shunting) results in a more accurate assessment of the risk of recurrent stroke remains to be determined. With regard to atrial septal aneurysm, we also found that its prevalence increased with the degree of shunting, but the degree of shunting was not a significant predictor of recurrent stroke in an analysis adjusted for atrial septal aneurysm.4 
Our study was not designed to assess the role of a hypercoagulable state. Patients with a definite cause of stroke, including those with a coagulation disorder, were excluded from the study. (Among the patients who were excluded because of a definite cause of stroke, less than 5 percent had a coagulation disorder as the definite cause.) Tests for factor V Leiden and the G20210A factor II mutation were not available at the time the study was designed. About 50 percent of the patients with patent foramen ovale were evaluated for latent venous thrombosis within four weeks of the onset of stroke, mainly with the use of Doppler ultrasonography. Latent venous thrombosis was found in only 4 percent of these patients, a rate consistent with that in our previous study with the use of phlebography.5 

Jean-Louis Mas, M.D. 
Sainte-Anne Hospital 
75674 Paris CEDEX 14, France 

Laure Cabanes, Ph.D. 
Joël Coste, Ph.D. 
Cochin Hospital 
75679 Paris CEDEX 14, France 

for the Patent Foramen Ovale and Atrial Septal Aneurysm Study Group 
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PFO and evidence for causality



**Identification ofpatent foramen ovlae permitting paradoxic embolism, JACC 195;26:1030-6

Good study, seems to have reliable exculded those with known causes of arterial embolic events. 

77 patients with PFO detected by TOE were studied: 21 patients with an otherwise unexplained aterial ischaemic event and clinical evidence implying paradoxic embolism (group I), 30 patients with an unexplained ischaemic event but no clinical evidence for paradoxical embolism (group II) and 27 patients without ischaemic events (grade III) were studied.

ASA incidence similiar in all groups.
Measured opening of PFO in an unusual way: by M mode during endsystole after release of the valsalva manoeuvre.

	Group
	%LA filled by contrast
	opening of PFO (mm)

	I
	52±16
	7.1±3.6

	II
	35±15
	4.4±3.2

	III
	23±12
	3.0±2.0



Severe contrast shunting (>50% of LA area) and wide opening of PFO (5mm) revealed a high sensitivity (71% and 86% respectively) and high specificity (86% and 96% respectively)



#Clinically silent atrial septal defects with evidence for cerebral embolism, Ann Intern Med 1986;105:695-7

11 patients < 50yr of age. Air/saline contrast injection, with and without valsalva, TTE A4C view. 

?Prospective or retrospective.

8/11 pts had +ve contrast study, all detected during "suspended respiration", valsalva only increased shunt.

6/8 with positive contrast studies underwent detailed cardiac catherization studies. Only one pt had phasic RAP that was transiently greater than LAP during normal respiration. Only one pt found to have R to L shunt with indocyanine dye curves- this patient had a small ASD and slight enlargement of RV. PFO confirmed in 4 pts, but not in one other ? intrapulmonary shunt.

Pts 1-4 had surgical closure of PFO, pt1 ASD, pt 2-4 PFO 5-10mm. Pts followed for 7-21mo without new neurological events.

Pre-op pts 1-4 had venography, VQ scanning, 4 vessel angiography without +ve findings.


#Patent foramen ovale in young stroke patients, The Lancet 1988;2:11-12

Retrospective, case control study.
40 pts, all less than 40yrs, mean interval between ictus and follow-up 36 months. Air/saline contrast with and without valsalva, TTE A4C view.

PFO in:
50% in study population
15% in control.

Valsalva manoeuvre almost doubled detection rate of PFO. Figure 1.

Semiquantitative assessment of grade of shunt in study and control population, figure 2.


#Prevalence of patent foramen ovale in patients with stroke, NEJM 1988;318:1148-52

100 in control group. Pts "candidates for" posterior fossa surgery. Mean age 38.9 years.

60 stroke pts, mean age 36 years.
A:19 pts- those with identifiable cause of stroke.
B:15 pts- those with no identifiable cause but a risk factor.
C:26 pts with no identifiable cause of stroke.
 
Air/saline contrast without and with valsalva, TTE A4C.

Table 1 for prevalence of PFO in 160 patients. Statistically significant difference in prevalence rates of PFO between controls (10%) and stroke patients (40%). Apparent trend for increasing prevalence rate for PFO from group 1A to 1C, ie higher prevalence of PFO in those with stroke and no indentifiable cause (54%, 14/38) compared with those with identifiable cause of stroke (21%, 4/21).


Table 2, angiographic findings.

Association with mitral valve prolapse:
6/34 (18%) with PFO had MVP,
7/126 (6%) without PFO had MVP.
Association between PFO and stroke remained after "controlling" for MVP.

MVP: controls 4%, stroke patients 15%,


#Patent foramen ovale and cerebral infarct in young patients, Schweiz Med Wochenschr 1990;120(22):823-9

Abstract.
Prospective study over six months of young patients (<50 years) with cerebral infarcts, 16 patients recruited. TTE, ?with saline contrast.

5/16 had identifiable cause of stroke.
8 had PFO, ie 8/15 = 50% approx. All 8 with PFO in group with no identifiable cause for stroke, ie 73%. 


#Patent foramen ovale in elderly stroke patients, Post-grad Med J 1991;67:745-6

Abstract:
50 elderly patients without identifiable cause of stroke, one had PFO, none of 33 controls had PFO.

?PFO uncommon in elderly with stroke.

#The frequency of patent foramen ovale in patients with ischaemic stroke: a transoesophageal echocardiographic study, Taiwan-I-Hsueh-Hui-Tsa-Chih 1991;90(8):744-8

Abstract.
Patients <55 years.
PFO in 44% of stroke patients compared with 18% in controls.


#Diagnosis of patent foramen ovale by transesophageal echocardiography and association with cerebral and peripheral embolic events, Am J Cardiol 1992;70: 668-72

238 patients, 145 men and 93 women, age range 18-84 years, mean 52 years.

3 groups,
A:Unexplained ischaemic stroke or TIA

B:Ischaemic stroke or TIA with possible cardiac cause found, note proportion with some form of LV disease, thus probable not valid for comparison.

C:Controls who had TTE/TOE for other reasons, all apparently normal apart from PFO in some.

Analyses questionable in some respects.

Prevalence of PFO

			Age<40		   Age>=40

Group A		31%			   15.6%
Group B
Group C		11.1%		 	  23.5%

?PFO more prevalent only in young patients with stroke/peripheral embolism.


#Risk of patent foramen ovale for thromboembolic events in all age groups, Am J Cardiol 1992;69:1316-20

Some concern about whether the control patients were suitable, it seems a significant proportion probable had disease which might have increased LA preassure and thus reduce the likelihood of a PFO being detected.

Group I, those with an embolic event (stroke, TIA or peripheral embolism) divided into Ia, those with no risk factors for stroke, Ib, those with risk factors for stroke.
Group II. "controls"

PFO prevalence:
Group Ia:	26%
Group Ib:	14%
Group II:	 3%


It seems not valid to conclude from the small numbers that a PFO is an important risk factor for paradoxical embolism in all age groups.


#Patent foramen ovale as a risk factor for cryptogenic stroke, Ann Intern Med 1992;117: 461-5

Air/saline contrast TTE without and with valsalva, A4C view.
 
Table 2
Comparison of those with and those without cryptogenic stroke, there would have been increased prevalence of diseases likely to cause LV dysfunction in the group with known causes of stroke, thus one would expect a lower prevalence of detectable foramen ovale in this group. Group "breakdown" not given.
Table 2, shows PFO prevalence is higher in those with cryptogenic stroke, the odds ratio being higher for those <55 years.


#Relation between patent foramen ovale and unexplained stroke, Am J Cardiol 1993;71: 596-8

Retrospective study.
Stroke patients with no apparent cause but 11% had AF,  no 29, aged 32-68 years, mean 55 years.
Controls, those who had TOE for other reasons. Again a number of these had prosthetic cardiac valves (4/28), endocarditis (2/28, ?underlying valve lesion), valvular disease (7/28) ....

Thus again not valid comparison. But they suggest early appearance of "massive" contrast in the LA is more likely in the stroke group.


#Patent foramen ovale: is stroke due to paradoxical embolism? Stroke 1993:24(1): 31-4

Abstract.
Conclude that because those with PFO, compared with those without detected PFO, did not have more frequent clinical/ radiological evidence for an embolic stroke, that it is unlikely that a paradoxical embolus was the primary mechanism! They can not really say this, since in those without PFO emboli may arise from atheroma in ascending aorta for example and presumable the clinical picture will be similir to those with small paradoxical emboli.

PFO found in 47%.

Valsalva provoking activity present at stroke onset in 6 pts with PFO and in 8pts without PFO.
 
13 with PFO had venography, none had occult thrombi.




**Identification of patent foramen ovale permitting paradoxic embolism, JACC 1995;26:1030-8

Need to get this article. Apparently showed that the finding of a widely open Pfo and severe contrast shunting had a high sensitivity and specificity for identification of patients with ischaemic events considered to be due to paradoxic embolismm.




Pulmonary Embolism and PFO



#Patent foramen ovale in patients with haemodynamically significant pulmonary embolism, The Lancet 1992;340: 561-64

85 patients with haemodynamicallyy significant pulmonary embolism ie 10 hypotension Ps<90 for at least 15 min or need for CPR/ inotropes or (2) echo/doppler evidence of mean pulmonary pressure >20mmHg.

Table 1. Initial clinical presentation

Table 11. Haemodynamic profile (of those that underwent right heart catheteri-zation.

Table 111.
In hospital course. Mortality no different.

But note higher incidence of need for resuscitation, of events that could be due to paradoxical embolism. Also see Table IV.


Scuba Divers and PFO


Data on Device Closure



Transcatheter occlusion of foramen ovale  with a button device after neurological decompression illness in professional divers 

 Sir--There is an association in divers between neurological decompression
 illness and right to left shunts, usually patent foramen ovale. A shunt is
 particularly likely to be present when the diver has followed a pressure-time
 profile permitted by an accepted decompression algorithm and when there is
 onset of symptoms within 30 min of surfacing.1 In those affected the shunts
 usually appear large on contrast echocardiography and may cause
 exercise-related arterial desaturation, which suggests that the mechanism
 involves gas embolism.2,3 Support for this view comes from animal
 experiments.4 The neurological manifestations of decompression illness are
 not always cerebral; arterial-gas embolism resulting from pulmonary
 barotrauma in divers can produce spinal injury.2 

 Figure: Buttoned closure device (arrow) and transoesophageal probe 

 There is no systematic attempt to  screen prospective divers for the
 presence of a shunt but the UK  Sports Diving Medical Committee
 recommends tests to exclude a shunt  when amateur divers have
 neurological decompression illness  after a theoretically safe dive profile.
 There are no formal  recommendations for professional
 divers who have decompression  illness but, in two divers referred to
 hospital after they had neurological decompression illness despite adherence
 to accepted decompression tables, we showed a large patent foramen ovale
 and closed it by a transvenous method to enable them to continue
 unrestricted diving. 

 A 31-year-old commercial diver trainee developed left hemiparesis and
 impaired consciousness within 5 min after surfacing from a 53 ft air dive for
 a duration of 78 min including 9 min of in-water decompression stops. He
 recovered with recompression. Lung function tests, including flow-volume
 loops were normal. Contrast echocardiography showed a large right to left
 intracardiac shunt present at rest without provocation by valsalva and
 coughing. 

 A 30-year-old commercial diver was referred for contrast
 echocardiography after three episodes of neurological decompression
 illness, each cured by recompression. He had spinal decompression illness
 with onset within 30 min after surfacing from a 160 ft air dive with 13 min of
 in-water decompression stops. After a similar dive he had vestibular
 decompression illness. After a dive to 12 ft he developed headache with
 hemianopia. Contrast echocardiography showed a large right to left
 intracardiac shunt which was seen at rest without provocative manoeuvres. 

 Both divers had their foramen ovale closed with a 30 mm inverted
 adjustable buttoned device.5 We used an inverted device, such that the large
 square-shaped occluder is located on the right atrial aspect of the interatrial
 septum while the smaller rhomboid-shaped counter-occluder is placed on
 the left atrial aspect. Both procedures were done under general anaesthesia
 to allow for transoesophageal echocardiographic visualisation. Both patients
 were discharged home the following day. 

 Repeat contrast echocardiography 1 month after the procedure in the first
 case showed no evidence of residual shunt despite multiple contrast
 injections and provocative manoeuvres. Repeat contrast echocardiography
 in the second case showed a tiny residual shunt after multiple contrast
 injections. Both divers have been permitted to resume commercial diving.
 Although the second case has a small residual shunt, it is of similar size to
 that present in approximately one-quarter of the population and presumably
 one-quarter of divers who do not have decompression illness. 

 *Peter Wilmshurst, Kevin Walsh, Lindsay Morrison 


 *Royal Shrewsbury Hospital, Shrewsbury, Shropshire SY3 8XQ, UK;
 Alder Hey Children's Hospital, Liverpool; and Cardiothoracic Centre,
 Broadgreen Hospital, Liverpool, UK 

 1 Wilmshurst PT, Byrne JC, Webb-Peploe MM. Relation between shunts
 and decompression sickness in divers. Lancet 1989; ii: 1302­06. 

 2 Wilmshurst PT, Davidson C, O'Connell G, Byrne C. Role of
 cardiorespiratory abnormalities, smoking and dive characteristics in the
 manifestations of neurological decompression illness. Clin Sci 1994; 86:
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Evidence for role of PFO
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This week in BMJ Saturday 8 March 1997


Multiple brain lesions associated with presence of patent foramen
ovale in scuba divers

The increased prevalence of multiple brain lesions in scuba divers has
been suggested to be due to arterial gas embolism, the emboli entering
the arterial circulation via a patent foramen ovale. Knauth et al (p 701)
investigated this hypothesis in 87 volunteer sport divers who had made
at least 160 scuba dives. They found the brain lesions occurred in
divers even in the absence of reported decompression sickness and that
multiple brain lesions occurred exclusively in divers with a large patent
foramen ovale. The authors conclude that this association suggests
paradoxical inert gas embolism as the pathological mechanism.




#Patent foramen ovale and decompression sickness in divers, The Lancet 11 March 1989;513-4

TTE, with injection of contrast, without and with valsalva.

Controls those reported by two other groups! ?5% PFO prevalence.


30 patients with decompression sickness. 11/30 had shunting during quite breating, . These 11 were part of group of 18 with serious decompression sickness.


A bit suspect, especially in the absence of their own controls.


#Relation between interatrial shunts and decompression sickness in divers, The Lancet Dec 2 1989;1302-1306

Divided into four groups:

Ia: those who had neurological Sx within 30 min of dive

Ib: those who had neurological Sx after 30 min

Ic: those with joint pain only

Id: those with rashes only


See table 1: those with early onset of neurological symptoms were more likely to have a PFO. ie 66% in Group Ia  compared with 17, 17 and 24% in other groups and controls.



#Patent foramen ovale and subagua diving, BMJ 1992;304:1312

Letter to editor.
Assuming 25% prevalence of PFO in population, 15 000 of 50 000 divers in UK would be expected to have a shunt, each year there are approx 100 cases of decompression sickness, not all of which will be due to atrial shunting. ie the risk seems low, thus can not exclude those with a PFO from diving on this basis.



PFO and altitude sickness
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	High Prevalence of Patent Foramen Ovale at an Altitude of 4559 m in Subjects Susceptible to High Altitude Pulmonary Edema
Yves Allemann, Ernst Lipp, Damian Hutter, Claudio Sartori1, Hervé Duplain1, Marc Egli1, Urs Scherrer1, Christian Seiler

Swiss Cardiovascular Center, University Hospital Bern; 1Department of Internal Medicine, University Hospital Lausanne, Switzerland 


Background: Subjects prone to high-altitude pulmonary edema (HAPE-P) have an accentuated pulmonary vasoconstrictor response to hypoxia and consequently an augmented pulmonary vascular resistance At sea level, a patent foramen ovale (PFO) is present in approximately 25% of the general population, and in clinical conditions associated with temporary right-to-left shunting it aggravates hypoxemia We hypothesized that at high altitude, exaggerated pulmonary hypertension in HAPE-P may be associated with an augmented prevalence of PFO, which in turn could contribute to more severe arterial oxygen desaturation.
Methods: Sixteen HAPE-P and 19 age-matched subjects resistant to this condition (HAPE-R) were studied at high-altitude (4559 m) Contrast trans-esophageal echocardiography (TEE) was performed with imaging of the interatrial septum in 2 orthogonal planes PFO was considered present if microbubbles were seen in the left atrium within 3 cardiac cycles after opacification of the right atrium (RA) The right ventricular (RV) to RA pressure gradient was assessed with Doppler echocardiography Arterial oxygen saturation (SaO2) was measured by finger pulse oxymetry.
Results:


	HAPE-P
	HAPE-R
	p

	Men/women
	10/6
	17/2
	-

	Blood pressure, mmHg
	118/68 ± 19/11
	128/72 ± 19/17
	ns

	SaO2, %
	75 ± 16
	83 ± 7
	0.04

	RV-RA, mmHg
	56 ± 12
	36 ± 10
	0.0001

	PFO present, %
	56
	21
	0.03

	

Conclusions: At high-altitude, exaggerated pulmonary vasoconstriction in HAPE-P subjects is associated with a more than 2.5-fold augmentation of the prevalence of a PFO. We speculate that right-to-left shunting through the PFO contributes to the more severe hypoxemia observed in these subjects, and, therefore, may be a relevant factor in the pathogenesis of HAPE.








Case reports of proven paradoxical embolism


Case report of thrombus logded in PFO initially detected with cardiac MRI


Massive Paradoxical Embolism Caught in the Act
Circulation. 2004;109:3056-3057



#Paradoxical systemetic embolisation through a patent foramen ovale,letter, The Lancet April 1,1989;732-3 (case report)

A report of an eighty year old man who had a large PE, then deteriorated developing multiple splinter heamorrhages, and haematuria. At post-mortem confirmed PE, but also an embolus protruding through a tiny PFO, haematuri was due to a renal infarct.


#Impending paradoxical embolism: a rare but important diagnosis, Br Heart J 1991;61:163-5

A man with a stroke, initial echo showed no cardiac source of embolus. After some weeks developed a clod pulseless foot. Repeat echo revealed a mass in the RA and LA- at surgery organised thrombus removed from both atria and stretched foramen ovale closed.


#Right atrial masses: role of two-dimentional echocardiography in indications for emergency surgery. Description of a case of right and left atrial thromboembolism with pulmonary and paradoxical embolism, G Ital Cardiol 1990;20(8):738-41

#Embolic occlusion of a patent foramen ovale: a cause of false negative contrast echocardiogram, J Am Soc Echocardiogr 1992;5(4): 444-6



Popliteal Venous Aneurysm With Paradoxical Embolization in a Patient With Patent Foramen Ovale
Circulation 2001
Stroke paradoxical embolism example.pdf




PFO with R to L shunt and hypoxaemia



#Refractory hypoxaemia after pneumo-nectomy: diagnosis by transoesophageal echocardiography, Thorax 1992;47(1):60-1

Well documented case of a patient with normal oxygenation re-pneumonectomy for lung cancer who was severely hypoxic post operatively with extensive invstigations revealing no cause until TOE was done which showed the widely patent PFO.



#Dyspnoea after pneumonectomy, Eur Respir J 1991;4(2):243-5

#Right-to-left shunting through a patent foramen ovale caused by pulmonary hypertension associated with rheumatoid arthritis and Sjogren's syndrome: a case report, Angiology 1990;41(12):1082-5 

#Patent foramen ovale: a cause of hypoxaemia in patients on left ventricular support, Ann Thorac Surg 1992;53:1149

#Right to left shunt across a patent foramen ovale caused by cardiac tamponade: diagnosis by transoesophageal echocardiography, Mayo Clinic Proc 1991;66(4):391-4

#The role of transoesophageal echo-cardiography in the diagnosis and management of patent foramen ovale following aortocoronary bypass graft surgery, Am Heart J 1991;121:1224-7

Right ventricular dysfunction developed post CBG and in addition there was persisting hypoxaemia. TOE revealed a widely patent PFO, with right to left shunting. Occlusion of the PFO with a Swan-Gang catheter resulted in marked improvement of the hypoxaemia until the catheter fell back into the RA.




Diagnosis of patent foramen ovale
(also see under other headings)


PFO detection with TOE or TTE and correlation with catheter findings or autopsy findings.



#Mayo Clinic Proc 1984;59:17-20
quoted by editorial ref 
Autopsy study 965 normal hearts:
Overall 27% had PFO
34% first three decades, 20%  9th & 10th decades


#Q J Med 1930;23:135-50
quoted in ref 
Pencil patent PFO 6%
Probe patent PFO 29%



#Diagnosis of patent foramen ovale by transesophageal echocardiography- correlation with autopsy findings, Abstract, Circulation Suppl I,1992;86:I-126

Prospective study!
15 patients. 7/15 found to have PFO at autopsy, had been correctly identified by colour doppler TOE.


#Detection of patent foramen ovale by doppler color flow mapping in patients undergoing cardiac catheterization, Am J Cardiol 1991;68:125-9


Reviewed.
Catheterization for CAD, CHD, PTCA or dilated cardimyopathy. PFOs patency assessed at catherization.

			subcostal window
sensitivity	       	90%
Specificity	       	92%
+ve predictive value    82%
-ve predictive value     96%




Detection of PFO with TOE or TTE


#The frequency of patent foramen ovale in patients with ischaemic stroke: a transoesophageal echocardiographic study, Taiwan-I-Hsueh-Hui-Tsa-Chih 1991;90(8):744-8

% with PFO

		TTE        TOE
Stroke patients	12          44
Controls		 3          18



#Diagnosis of patent foramen ovale by transesophageal echocardiography and association with cerebral and peripheral embolic events' Am J Cardiol 1992;70: 668-72

Stroke patients PFO detection:

Colour TTE	0 %
Contrast TTE	8 %
Contrast TOE	22%




#Detection of patent foramen ovale by contrast transoesophageal echocardiography, Chest 1992;101:1515-20

Reviewed.
32 patients who had various cardiac structural abnormalities excluding mitral stenosis. presence or absence of PFO was attempted in all but 3 at catherisation, and in 25/32 at operation. The catherisation findings and operative findings were used to determine sensitivity and specificity.

19/32 found to have PFO, high incidence reflects atrial pressures.

			sensitivity   specificity
TTE
	normal breathing	42%	100%
	valsalva		61%	100%

TOE
	normal breathing	68%	92%
	valsalva		100%	92%



Haemodynamic data on 29pts.
Group A: 16 pts, LA pressure>RA pressure by 3mmHg.
Group B: 13 pts, Remaining pts.
See Figure 2.

Seems to validate the use of contrast TOE to detect PFO.



#Comparison of transesophageal and transthoracic contrast echocardiography for detection of a patent foramen ovale 1991;Am J Cardiol 1991;68(11):1247-9

#The cough test is superior to the valsalva maneuver in the delineation of right-to-left shunting through a patent foramen ovale during contrast transesophageal echocardiography, Am Heart J 1993;125(1): 185-9

Reviewed.
73 consecutive patients referred for TOE: air/contrast study

PFO:
During quite breating: 18/73
With Valsalva:	  24/73
With cough:		  32/73


#Transesophageal contrast echo-cardiographic and color flow mapping: methods of choice for the detection of shunts at the atrial level? Am Heart J 1992;124:1545-50

Note contrast studies with and without valsalva.
156 patients, certain groups of patients excluded.

TTE with contrast:	13/143 positive for PFO
TOE with colour doppler:   14/143
TOE with contrast:	34/143


#Intraoperative detection of patent foramen ovale by transesophageal echocardiography, Anesthesiology 1991;74:212-6

#Transesophageal echocardiographic demonstration of distinct mechanisms for right to left shunting across a patent foramen ovale in the absence of pulmonary hypertension, J Am Coll Cardiol 1991;18:
1112-7


#Significance of left-sided heart disease for the detection of patent foramen ovale by transesophageal contrast echocardiography, JACC 1992;19:1192-6


Reviewed.
Complex design, not randomised. Includes 99 consecutive patients with suspected embolism of unknown origin divided into those with certain diseases of the left ventricle and those without. But review of the data shows that some of these
patients had cardiac disease that could have been the source of embolism such as mitral stenosis, mitral valve prosthesis etc!

Other patients include those referred to exclude PFO before neurosurgery in the sitting position and others with  "relevant" heart disease.


Analysis showed no difference in PFO  patency rates between those with and those without history of unknown embolism but this conclusion is flawed.
Analysis also showed that those with certain left heart diseases (NYHA class III or IV, or CXR showing PVHT as well as one of three other echo criteria) had lower PFO patency rates, 5% vs 29%.


#Transesophageal echocardiographic diagnosis of right to left shunting across the foramen ovale in adults without prior stroke, JACC 1993;21: 1231-7

50 adult patients undergoing elective cardiac surgery, TEE with saline contrast after induction of anaesthesia, during apnoea at end expiration and at end-inspiration with 20cm positive airways pressure to simulate valsalva maneuver.

Table 1: Re age of patients with and without PFO similiar, mean RA pressure lower than PCW.

Figure 1: what was measured.

Figure 2 and 3, patients with a PFO had a more mobile septum, considerable overlap, but an excursion >1cm seems unlikely in those without PFO.




PFO and migrane headaches



Evidence implicating PFO with migrane headaches



PFO closure and migrane frequency

Editorial J Am Coll Cardiol 2005


Migraine Headache Relief After Transcatheter Closure of Patent Foramen Ovale
In patients with paradoxical cerebral embolism, migraine headaches are more frequent than
in the general population, and transcatheter closure of the PFO results in complete resolution
or marked reduction in frequency of migraine headache. 
(J Am Coll Cardiol 2005;45:493–5)




Association of Interatrial Shunts and Migraine Headaches
Impact of Transcatheter Closure

Transcatheter closure of PFO or ASD results in complete resolution of MHA in 60% of
patients (75% of patients with migraine and aura) and improvement in symptoms in 40% of
the remaining patients. Interatrial communications may play a role in the etiology of MHA
either through paradoxic embolism or humoral factors that escape degradation in bypassing
the pulmonary circulation. A randomized trial is needed to determine whether transcatheter
closure of interatrial shunts is an effective treatment for MHA. 
(J Am Coll Cardiol 2005;45:489 –92)





MISCELLANEOUS




ATRIAL SEPTAL DEFECTS


Reviews/Editorials


EDITORIAL COMMENT
Lessons From Cardiopulmonary Testing After Device Closure of Secundum Atrial Septal Defects
J Am Coll Cardiol 2004


Outcome after surgery


Randomised trial of surgical closure

Surgical Treatment for Secundum
Atrial Septal Defects in Patients _40 Years Old
A Randomized Clinical Trial

Surgical closure was superior to medical treatment in improving both the composite of major
cardiovascular events and overall mortality in patients _40 years old with secundum ASDs.
This superiority was related to the mean pulmonary artery pressure, age at diagnosis and
cardiac index. Because of the higher risk of morbidity and mortality, we believe that anatomic
closure should always be attempted as the initial treatment for ASDs in adults _40 years old
with pulmonary artery systolic pressure _70 mm Hg and a pulmonary/systemic output ratio
_1.7. The operation must be performed as soon as possible, even if the symptoms or the
hemodynamic impact seems to be minimal. (J Am Coll Cardiol 2001;38:2035– 42) © 2001
by the American College of Cardiology
ASD closure.pdf

Retrospective comparison of medical and surgical therapy




**A comparison of surgical and medical therapy for atrial septal defect in adults, NEJM 1995;333:469-73

Retrospecive review. Those with ASD recognised after age of 40 years. The adjusted 10 yr survival in surgical group was 95% compared with 84% in the medically treated group. Surgical treatmetn also prevented functional deterioration. The incidence of atrial arrythmias or cardiovascular insults were not significantly different in the two groups.



Observations on Outcome after Device Closure



EDITORIAL COMMENT. Transcatheter Closure of Atrial Shunts
J Am Coll Cardiol 2004

Long Term Outcome



Transcatheter Closure of Atrial Septal Defect in Young Children
ASD closure with device.pdf
In the current era and in experienced hands, ASD closure can be performed safely and
successfully, even in very young children. (J Am Coll Cardiol 2003;42:241–5)

Long-Term Outcome of Transcatheter Secundum-Type Atrial Septal Defect Closure
Using Amplatzer Septal Occluders
Since the first human implantations in September 1995, the Amplatzer septal occluder proved
as a safe and effective device for percutaneous closure of ASD II. 
(J Am Coll Cardiol 2005;45:505–7)




Impact on Exercise Capacity

Improvement in Exercise Capacity in Asymptomatic and Mildly Symptomatic Adults After Atrial Septal Defect Percutaneous Closure
VHD atrial septal defects closure and ex tolerance2002.pdf
Adult ASD patients significantly increase their functional capacity after percutaneous defect closure. This
is observed even in patients classified as asymptomatic, in those with lesser shunts, and in older patients. These findings suggest that ASD closure in an adult population should be considered even in the absence of symptoms. (Circulation. 2002;106:1821-1826.)


Determinants of Cardiopulmonary Functional Improvement After Transcatheter Atrial
Septal Defect Closure in Asymptomatic Adults

Transcatheter ASD closure leads to a significant improvement in cardiopulmonary function
within six months, via an increase in peak oxygen pulse. An increase in both left ventricular
stroke volume and cardiac output due to a positive ventricular interaction is the mechanism
leading to improved peak VO2. (J Am Coll Cardiol 2004;43:1886 –91)





Impact on Cardiac Structure


Determinants of Cardiopulmonary Functional Improvement After Transcatheter Atrial
Septal Defect Closure in Asymptomatic Adults

Transcatheter ASD closure leads to a significant improvement in cardiopulmonary function
within six months, via an increase in peak oxygen pulse. An increase in both left ventricular
stroke volume and cardiac output due to a positive ventricular interaction is the mechanism
leading to improved peak VO2. (J Am Coll Cardiol 2004;43:1886 –91)





Improvements in Cardiac Form and Function After Transcatheter Closure of Secundum Atrial Septal Defects

Device closure of ASDs leads to improvement of both RV and LV function as well as
reduction in LA volume. These hemodynamic improvements provide insights into the
symptomatic benefits gained in closure of ASDs using the transcatheter approach. 
(J Am Coll Cardiol 2005;45:499 –504)




ASD closure with device- complications


ASD closure with device and outcome2002.pdf
Early and Late Complications Associated With Transcatheter Occlusion of Secundum Atrial Septal Defect

Our series of patients with ASD by transcatheter occlusion shows that the procedure is safe
and effective in the vast majority of cases. To further reduce the complications rate, the criteria
of device selection according to ASD morphology and some technical tips during implanta-tion
are discussed. (J Am Coll Cardiol 2002;39:1061–5) ©


Incidence and Clinical Course of Thrombus Formation on Atrial Septal Defect and Patient Foramen Ovale
Closure Devices in 1,000 Consecutive Patients

The incidence of thrombus formation on closure devices is low. The thrombus usually resolves under anticoagulation therapy. (J Am Coll Cardiol 2004;43:302–9)





Atrial arrhythmias in those with ASD

ATRIAL ARRHYTHMIA AFTER SURGICAL CLOSURE OF ATRIAL SEPTAL DEFECTS
IN ADULTS
ABSTRACT
Background Atrial flutter and atrial fibrillation are causes of morbidity in adults with an atrial septal defect. In this study, we attempted to identify risk factors for atrial flutter and fibrillation both before and after the surgical closure of an atrial septal defect. Methods We searched for preoperative and postoperative atrial flutter or fibrillation in 213 adult patients (82 men and 131 women) who underwent surgical closure of atrial septal defects because of symptoms, a substantial left-to-right shunt (ratio of pulmonary to systemic blood flow, >1.5:1), or both at Toronto Hospital between 1986 and 1997. Results Forty patients (19 percent) had sustained atrial flutter or fibrillation before surgery. As compared with the patients who did not have atrial flutter or fibrillation before surgery, those who did were older (mean [±SD] age, 59±11 vs. 37±13 years, P<0.001) and had higher mean pulmonary arterial pressures (25.0±9.7 vs. 19.7±8.2 mm Hg, P=0.001). There were no perioperative deaths. After a mean follow-up period of 3.8±2.5 years, 24 of the 40 patients (60 percent) continued to have atrial flutter or fibrillation. The mean age of these patients was greater than that of the 16 who converted to sinus rhythm (P=0.02). New-onset atrial flutter or atrial fibrillation was more likely to have developed at follow-up in patients who were older than 40 years at the time of surgery than in those who were 40 or younger (5 of 67 vs. 0 of 106, P=0.008). Late events (those occurring more than one month after surgery) included stroke in six patients (all but one with atrial flutter or fibrillation, one of whom died) and death from noncardiac causes in two patients. Multivariate analysis showed that older age (>40 years) at the time of surgery (P=0.001), the presence of preoperative atrial flutter or fibrillation (P<0.001), and the presence of postoperative atrial flutter or fibrillation or junctional rhythm (P=0.02) were predictive of late postoperative atrial flutter or fibrillation. Conclusions The risk of atrial flutter or atrial fibrillation in adults with atrial septal defects is related to the age at the time of surgical repair and the pulmonary arterial pressure. To reduce the morbidity associated with atrial flutter and fibrillation, the timely closure of atrial septal defects is warranted. (N Engl J Med 1999;340:839-46.)



