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B Objective: To determine the prevalence of venous
thrombosis in patients with suspected paradoxical em-
bolism.

B Design: Observational study.

B PFatients: Two hundred sixty-four patients with clin-
ically suspected embolic events underwent contrast
transesophageal echocardiographic evaluation. Forty-
nine patients (24 women, 25 men) had a patent foramen
ovale. Forty-one patients had acute stroke, and 8 had
acute limb ischemia.

B Selting: Echocardiography laboratory of a commu-
nity hospital.

B Measurements: The presence of a patent foramen
ovale was assessed by transesophageal contrast echo-
cardiography. Forty-two patients had venographic
evaluation of the lower-extremity venous system.

B Resuits: Venous thrombosis was clinically suspected
in 6 patients and documented in 24 of the 42 patients with
patent foramen ovale who underwent venographic study
(57%%; 95% CI, 419 to 72%). Venous thrombosis was
confined to calf or popliteal veins in 15 cases. Fifteen of
17 patients who had venographic evaluation within 7 days
of the index event had thrombosis compared with 9 of
25 patients who had later evaluations (P = 0.001). More
patients with venous thrombosis than without venous
thrombosis had a history of previous thromboembolism
(13 of 24 compared with 1 of 8, respectively; P = 0.001).
B Conclusion: When a patent foramen ovale is de-
tected in a patient with embolism, occult leg vein
thrombaosis is frequently present.
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A{:cnrding to a recent survey (1), paradoxical embo-
lism is considered an infrequent event, accounting for
fewer than 2% of all arterial emboli. Diagnosis of par-
adoxical embolism is based on three criteria: evidence
of arterial embolism, a right-to-lefi shunt, and a throm-
bosis in the venous system or in the right atrium. De-
tection of small intracardiac shunts like those in patients
with a patent foramen owvale has been facilitated by
contrast echocardiography. Use of this technigque has
resulted in the identification of young patients with em-
bolic stroke presumably caused by paradoxical embo-
lism via a patent foramen ovale (1-3). In a recent study,
patients with cryptogenic stroke had a higher preva-
lence of patent foramen ovale than patients with stroke
of determined cause in all age groups, even afier ad-
justment for the presence of recognized risk factors for
stroke (4). Howewer, investigators in previous studics
did not do transesophageal echocardiographic evalua-
tions for alternative cardiogenic causes or assess the
frequency of venous thrombosis.

The objectives of our study were 1) to assess the
frequency of venous thrombosis in patients with sus-
pected paradoxical embolism in whom a patent foramen
ovale detected by transesophageal echocardiography
was the only possible cause of embolism; and 2) to
assess the cffect of a history of venous thromboembo-
lism or arterial embolic events.

Methods

Patients

Berween December 1988 and January 1991, 406 patients with
clinically suspected embolic events underwent iransesophageal
echocardiographic evaluation to search for a cardiac cause.
Contrast studies were done in the 264 patients in whom estab-
lished sources of emboli {endocarditic vegetations, mitral valve
stenosis, left ventricular thrombi or dyssynergy, spontaneous
echocardiographic contrast, left atrial or appendage thrombi,
or a myxoma) could not be found,

Forty-nine patients found to have a right-to-left shunt at the
atrial level constituted the study sample. They were referred to
the echocardiographic laboratory from various medical and
surgical departments as well as from the newrology depart-
ment. Physical examination, routine laboratory tesis, electro-
cardiographic study, and chest radiography were done in all
patients. No patient showed clinical evidence of an abnormal
communication between the systemic and the pulmonary cir-
culation.

Diagnosis of Embolism

All patients with limb ischemia underwent angiography.
Brain computed tomographic scanning and duplex sonographic
studies of the carotid arteries were done in all patients with
stroke, Cerebral embolism was diagnosed in patients if a com-
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puted tomographic scan showed a territorial infarction corre-
sponding to the newrologic deficit and if arteriosclerotic lesions
of the ipsilateral carotid artery were excluded on the basis of
the sonographic studies (5).

Anticoagulant Treatment

All patients with stroke received antithrombotic prophylaxis
starting on the day of admission with either 5000 wnits of
low-molecular-weight heparin (Fragmin, Kabi Pharmacia, Upp-
sala, Sweden) administered once daily or 5000 units of unfrac-
tionated heparin (Liquemin, Hoffmann-LaRoche AG, Basel,
Switzerland) administered subcutanecusly 2 or 3 times daily.
In patients with embolic ocelusion of a limb artery or docu-
mented venous thrombosis, heparin was infused continuously
at a dosage that prolonged the activated partial thromboplastin
time from 50 to 70 seconds. After 1 week of this treatment,
these patients were usually given oral anticoagulant therapy.

Diagnosis of Patent Foramen Ovale

All patients underwent transthoracic and transesophageal
echocardiographic studies after informed consent had been ob-
tained. Either a Diasonics CV (Diasonics Inc., Milpitas, Cali-
fornia) or an Aloka SSD 870 (Aloka Co., Tokyo, Japan) with a
3.5-mHz transducer was used for transthoracic echocardiogra-
phy. and either a Diasonics Varian 3400 with a monoplane
3.5-mHz probe or an Aloka 55D 870 with a biplane 5-mHz
probe was used for the transesophageal echocardiography.

After visualizing both atria and the interatrial septum with
the transesophageal probe, 10 mL of agitated normal saline
solution was injected into an antecubital vein while the patient
performed the Valsalva maneuver., When the first microbub-
bles appeared in the right atrium, the patient was asked o
resume normal breathing. Contrast injections were repeated
during normal respiration and, in cases of doubt, during a
second Valsalva maneuver after a 3-minute interval to allow
for disappearance of all microbubbles. A patent foramen ovale
was diagnosed if two or more microbubbles crossed the inter-
atrial septum immediately after the appearance of contrast
material in the right atrium (6).

The transesophageal studies were recorded on videotapes
and reviewed by a second observer from the same laboratory
who was blinded to the initial assessment. Agreement on pres-
ence or absence of patent foramen ovale was reached in all
cases.

Clinical Assessment

Immediately after the transesophageal echocardiographic
study, patients with a patent foramen ovale were asked by the
physician who did the examination about a history of previous
venous thrombosis or pulmonary or systemic embolism and
about a temporal relation of the actual embolic event with a
Valsalva maneuver. Thereafter, the same physician inspected
the legs for signs of venous thrombosis. All findings were
recorded for later analysis. Screening for pulmonary embolism
was nol done routinely, but patients with clinical signs under-
went ventilation-perfusion scanning.

Diagnosis of Venous Thrombosis

Bilateral ascending venography was proposed to all patients
with a patent foramen ovale, and informed consent was ob-
tained. The contrast agent used was iopamidol (Jopamiro,
Gerot Pharmazeutika, Vienna, Awustria [licensed by Braceo
5.p.A., Milano, Italy]). Venous thrombosis was diagnosed in
the presence of a constant intraluminal filling defect assessed
by two independent observers.

The study design was approved by our institutional review
board. For both ethical and methodologic reasons, we decided
not 1o recruit a control group for venographic evaluation.

Because of the heterogeneity of the study sample, the se-
quence of individual examinations and intervals berween ex-
aminations differed among patients,

Table 1. Localization of Venous Thrombosis in 24 Pa-
tients with Arterial Embolism and Patent Foramen Ovale

Localization All Asymptomatic
Patients Patients
n
Calf veins 13 12
Extending 1o popliteal vein 2 2
Extending to femoral vein 8 4
Extending o iliac vein 1 ]

Statistical Analysis

Data were analyzed using the Student r-test for numerical
variables and the Fisher exact test for categorical variables
{(5AS Institute Inc., Cary, North Carolina). All P values are
two-tailed. A P value less than 0.05 was considered to indicate
significance (7). The 95% Cls for rates were calculated using
the appropriate tables in Documenta Geigy (8).

Results
Characteristics of Patients with Patent Foramen Owvale

Transesophageal contrast study revealed a patent fo-
ramen ovale in 49 of 264 patients (19%; CI, 15% to
25%). Of these 49 patients, 24 were women and 25 were
men (mean age, 58 years; age range, 31 to 85 years).
The 49 patients had been admitted for stroke (36 cases),
limb ischemia (7 cases), and venographically confirmed
venous thrombosis (6 cases). The 6 patients with ve-
nous thrombosis (3 women and 3 men [mean age, 65
years; age range, 38 to 85 years|) developed arterial
embolism during their clinical stay; 5 expenienced stroke
and 1 had brachial artery embolism. Contrast trans-
esophageal studies were done 6 to 24 hours afier the
embolic event and 1 to 4 days after confirmation of
venous thrombosis by venographic study. None of the
remaining 43 patients showed clinical evidence of ve-
nous thrombosis of the legs. However, assessment was
hampered in 3 of these 43 patients by acute ischemia
caused by embolism in the femoral artery.

Pulmonary embolism was suspected in only 5 of the
49 patients. These 5 patients were admitted because of
vein thrombosis, and ventilation-perfusion scan studies
confirmed pulmonary embolism in all of them.

Seven patients without clinical signs of venous throm-
bosis (one woman and six men [mean age, 57 years; age
range, 31 to 77 wyears]) did not undergo venographic
study for various reasons: An alternative mechanism for
the index event had been detected in four patients (one
each with brain tumor, lacunar stroke, carotid artery
stenosis, and subclavian artery stenosis). Venography
was declined by the referring physician in two cases
because the patients were known to have adverse reac-
tions to the contrast agent, and in one case the patient
refused to undergo venographic study.

Other Causes of Ischemic Events

Thirteen of the 42 patients who underwent
venographic study had potential alternative causes of
their embolic event: Artery-to-artery embolism was the
possible cause of ischemia in 4 patients {carotid artery
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stenosis [2 patients], and subclavian artery stenosis [1
patient], popliteal artery stenosis [1 patient]). Lacunar
lesion was the possible cause of stroke in 4 other pa-
tients. Embolism from the left atrium had to be consid-
ered in 5 patients with chronic or intermittent atrial
fibrillation, but neither left atrial thrombi nor spontane-
ous echocardiographic contrast was detected in these
patients.

Prevalence of Venous Thrombosis

Venographic study was done in 42 patients and
showed abnormal findings in 24 patients (Table 1). The
procedure was well tolerated by all patients, and no
complications due to the contrast agent were observed.
Venographic study was done within 1 week before or after
the embolic event in 17 patients and showed venous
thrombosis in 15 patients (Table 2). The other 25 pa-
tients underwent venographic study 8 to 90 days after the
embolic event, and venous thrombosis was detected in
9 patients, yiclding a significantly lower rate than that
seen in patients who underwent evaluation within a week
of the embolic event (P = 0.001). Of the 42 patients who
underwent venographic study, 29 patients (16 women and
13 men [mean age, 59 years; range, 37 to 85 years]) had
no detectable alternative cause of their ischemic event,
and the only explanation for their event was paradoxical
embolism via the patent foramen ovale. Nineteen of these
29 patients (66%; CI, 46% to 82%) had venous thrombosis
of the lower limbs that was detected by venographic
study; venous thrombosis had been clinically unsuspected
in 13 of these 19 patients. The frequency of deep venous
thrombosis in these patients was not statistically different
from that seen in patients with alternative causes of isch-
emia (P = 0.2). However, among the 17 patients who had
venographic evaluation within 1 week of the index event,
the 15 patients with abnormal findings were those who did
not have alternative causes of ischemia (see Table 2).

History of Venous Thromboembolism and Results of
Venography

Thirteen of the 24 patients with an abnormal
venogram had a history of venous thromboembolism

Table 2. Clinical and Historical Data in Patients with
Abnormal and Normal Venograms

Data Abnormal MNaormal P
Venogram  Venogram  Value
{n = 24) (m = 18)

Mean age = 5D, ¥ 59 * 15 57 =12 =0.2

Female/male, nin 12/12 1078 =02

Venographic evaluation 15 2 0.001
within 1 week of index
evenl, n

History of previous 13 1 0,01
venous thrombosis,

History of arterial embolic f 2 =0.2
events, a

Potential alternative cause 5 8 0.2
of index event, n

Stroke as index event, n 19 16 =0.2

Mo clinical signs of 18 18 (.03
thrombosis, n

{see Table 2). Of the 18 patients with normal veno-
grams, only 1 had a history of venous thrombosis (P =
0.001).

Six of the 24 patients with an abnormal venogram had
a history of previous arterial embolic events and none
had a possible cause of embolism apart from a patent
foramen ovale.

A close temporal relation between performance of the
Valsalva maneuver and the actual embolic event was
detected in 5 of 49 patients. In 2 of these paticnts,
venograms were abnormal 2 and 4 days after the em-
bolic event, respectively. In two other patients, veno-
grams were normal 10 and 70 days after the embolic
event, respectively. In 1 patient, venography was de-
clined by the referring physician. In these 5 patients, no
alternative mechanism for the embolic event could be
detected.

Discussion

Recent reports have suggested that paradoxical em-
bolism may be more common than previously thought
{1-4). However, neither transesophageal contrast echo-
cardiography nor any investigation of the wveins was
done in those studies. Transesophageal echocardiogra-
phy has been shown to be superior to transthoracic
echocardiography in recognizing patent foramen owvale
by using either color-coded Doppler sonography or con-
trast injections (6, 9, 10). Autopsy studies have shown
that the foramen ovale is patent in 27% of otherwise
normal human hearis (11). The reported prevalence of
patent foramen ovale as assessed by transesophageal
contrast echocardiography varies considerably, ranging
from 8% o 54% (6, 12, 13). The striking differences
among rates may be attributable to several factors: the
study population, the technique used, and the criteria
applied for diagnosis of patent foramen ovale (14).

Selection bias was a factor in our study: Transcsoph-
ageal contrast studies were done only in those patients
in whom no other potential cardiac source of embolism
could be detected by echocardiography. In our study,
the detection rate for patent foramen ovale was only
19% (CI, 15% to 25%); this rate might be attributable to
the underlying discase because siroke may hinder pa-
tients from performing an adequate Valsalva maneuver,
An identical rate of 19% (CI, 15% to 25%) for patent
foramen ovale was observed in our laboratory in a
group of unselected patients: In an interlaboratory com-
parison, it was shown that our diagnostic criteria
yielded a lower rate of patent foramen ovale than those
applied by the other laboratory (14).

Study patients were recruited from the echocardio-
graphic laboratory. The patients were referred from
several departments. Thus, the tests corroborating a
cardiogenic mechanism for the presumed embolic event
could not be done according to a fixed protocol. Twelve
patients initially included in the study because of a
patent foramen ovale were diagnosed on the basis of the
results of transesophageal contrast echocardiography;
however, subsequent diagnostic tests showed more
probable noncardiogenic mechanisms for ischemic
symptoms: artery-to artery-embolism in 6 patients, la-
cunar stroke in 5 patients, and brain tumor in 1 patient.

15 Sepiember 1993 « Annals of Internal Medicine = Volume 119 - Number 6 463

Downloaded From: http://annals.org/ by a Penn State University Hershey User on 09/18/2016



Five other paticnts with embolic stroke and atrial fibril-
lation may have had an embaolic cause other than patent
foramen owvale, although no left atrial thrombus or spon-
taneous echocardiographic contrast was detected.

Clinical signs of leg vein thrombosis are evident in
fewer than 50% of patients who have pulmonary embo-
lism. In contrast, a prospective study found a 71% rate
of wvenous thrombosis in patients who underwent
venographic study (15), and an autopsy study showed a
rate of up to 83% (16). These findings clearly under-
score the importance of performing appropriate tests of
the leg veins when paradoxical embolism is suspected,
even if clinical signs are inconspicuous.

MNoninvasive testing of the lower limbs by plethys-
mography or ultrasound studies is impeded by the lim-
ited sensitivity of these studies in isolated calf vein
thrombosis (17). Radionuclide scanning of the veins can
overcome this problem (17), but, because of technical
reasons, the availability of such scanning was limited at
our hospital.

When all patients with arteriosclerotic lesions and a
possible additional cardiac origin of embolus are ex-
cluded from the analysis, 19 of 29 patients (66%; CI,
46% 1o 82%) in our series had documented deep venous
thrombosis, and in two thirds of patients thrombosis
was clinically silent. These rates arc consistent with
those scen in patients with pulmonary embolism (15).
Theoretically, thrombosis might have developed as a
consequence of stroke or bed-rest rather than having
been the cause of arterial embolism. The prevalence of
deep venous thrombosis in patients with stroke varies
between 20% and 80% but is reduced to 4% o 13%
when low-dose heparin is administered prophylactically
(18, 19). In an unpublished study done at our institu-
tion, deep venous thrombosis was not detected by du-
plex sonography in any of 56 bed-ridden patients who
received heparin prophylactically. All patients  with
stroke in our scries had received prophylactic heparin
therapy, so secondary thrombosis was an unlikely fac-
tor in most cases, particularly because 63% (CI, 41% 1o
819%) of the abnormal venograms were obtained within
1 week of the ischemic event. Morcover, all 15 venograms
obtained within the first week in patients without alterna-
tive causes of ischemia were abnormal. A trend toward a
higher frequency of venous thrombosis in patients without
alternative causes of ischemic events was observed when
such patients were compared with patients who had alter-
native causes of ischemic events (P = 0.2).

Patients with an alternative cause of their ischemic
event, however, do not constitute an appropriate control
sample because some may well have experienced a para-
doxical embolism in the sctting of patent foramen ovale.

One third of our patients had a normal bilateral
venogram, but such a finding does not rule out paradox-
ical embolism: Thrombosis may be localized in nonvisu-
alized deep veins of the legs or the pelvis. In cases of
delayed examination, the thrombosis may have undergone
spontaneous lysis, complete embolization, or recanaliza-
tion. These latter mechanisms may have operated in sev-
eral of our cases because 16 of 18 normal venograms were
obtained 8 to %0 days after the index event.

One of 18 patients with a normal venogram and 13 of
24 patients (54%; CI, 33% to 74%) with an abnormal

wvenogram had a history of previous venous thromboem-
bolism. This striking difference raises the possibility of
an underlying coagulopathy. If a procoagulatory state
were present, however, the issue would still remain
whether venous thrombosis was attributable to insuffi-
cient prophylaxis by routine low-dose heparin therapy
in this setting or was a primary cvent that enhanced the
potential for paradoxical embolism,

Twenty-five percent (CI, 105 to 47%) of patients had
previous arterial embolic events; in all 25%, patent fora-
men ovale was the only possible cause, raising the possi-
bility of repeated paradoxical embolism in this sample.

In patients with embolic events, a history of previous
wvenous thromboembolism and the onset of symptoms in
association with a Valsalva mancuver should alert the
clinician to the possibility of paradoxical embaolism.

The demonstration of a right-to-left shunt—either by
transesophageal contrast echocardiography or by transc-
ranial Doppler sonography (2()—should prompt a diligent
investigation of the venous system, regardless of whether
clinical signs of venous thrombosis are observed. To con-
firm the diagnosis of paradoxical embolism, the interval
between onset of symptoms and investigation of the ve-
nous system should be as short as possible.

Acknowledgrments: The authors thank Maria Birger for her assistance
in performing the contrast studies, Lajos Csepoi and Dr, Friedrich
Abzicher for preparation of the manuscript; and Dr, Barbara Schneider
for statistical help.

Reguest for Reprints: Claudia Stollberger, MD, Krankenanstalt Rudolf-
stiftung, A0 Wien, Juchgasse 25, Austria.

Curreni Author Addresses: Drs, Swollberger, Slany, Schuster, Leitner,
Winkler, and Kamik: Krankenanstah Rudolfstiftung A 1030 Wien, Juch-
gasse 15, Awustria,

References
1. Biller J, Johnson ME, Adams HF Jr, Kerber RE, Corbett 1], Bruno
A, el al. Further observations on cercbral or retinal ischemia
paticnts with right-left intracardiac shunts. Arch MNewrol, 1937:44:
T40-3,

. Webster MW, Chancellor AM, Smith HJ, Swift DL, Sharpe DN, Bass
NM, et al. Patent foramen ovale in young stroke patients. Lancet.
1988;2:11-2.

3, Lechat PH, Mas JL, Lascaul G, Lordn P, Theard M, Klimczac M,
et al. Prevalence of patent foramen ovale in patients with stroke.
N Engl J Med, |988;318:1148-52.

4, i Tullio M, Sacco RL, Gopal A, Mohr JP, Homma 5. Patent
foramen ovale as a risk factor for cryplogenic stroke, Ann Intern
Med. 1992;117:461-5.

5. Asinger RW, Dyken ML, Fisher M, Hart RG, Sherman DG, Cardio-
genic brain embolism. The second report of the Cerchral Embolism
Task Force. Arch Neuwrol. 1989:46:727-43,

6, Witllich N, Krdmer M. Diagnosis of patent foramen ovale by trans-
esophageal contrast echocardiography. Circulation, 1988;78(Suppl
I}z 11-441.

7. Ingelfinger JA, Mosteller F, Thibodeau LA, Ware JH. Biostatistics in
Clinical Medicine. 2d edition. New York: Macrmillan: 1987,

8. Documenta Geigy, Wissenschafiliche Tabellen, 7. Auflage, 1968,
J.R. Geigy AG, Pharma, Basel, Switzerland,

4, Pearson AC, Labovitzr AJ, Tatineni 5, Gomez CR. Superionty of
transesophageal echocardiography in detecting cardiac source of
embolism in patients with cerebral ischemia of uncertain etiology.
1 Am Coll Cardiol, 1991:17:66-T2,

10, Stahl JA, Fisher EA, Budd JH, Horowitz DR, Thurim 5, Goldman
ME. Contrast 2-D transesophageal echo: the method of choice 1o
detect patent foramen ovale. Circulation. 1990;82(Suppl 111} 111-
(L1

11, Hagen PT, Scholz DG, Edwards WD [ncudence and size of patent
foramen ovale during the first 10 decades of life: an autopsy study
of 95 normal hearts, Mayo Clin Proc, 198459 17-20,

12. Lee RJ, Bartzokis T, Yeoh TK, Grogin HR, Choi D, Schaittger 1.
Enhanced detection of intracardiac souces of cerebral emboli by
transesophagesl echocardiography. Siroke, 1991;22:734-9.

13, Archer SR, Kvernen LR, James K, Exekovitz M, Gornick CG. Docs
warfarin reduce the prevalence of left atrial thrombus in chronic

(]

464 15 September 1993 « Annals of Internal Medicine = Volume 119 » Number 6

Downloaded From: http://annals.org/ by a Penn State University Hershey User on 09/18/2016



atrial fibrillation? A double Blind, placebo controlled study, Ciren-
lation. 1991:845uppl 11:101-643,

14, Stillberger C, Schreider B, Abzicher F, Wollner T, Meinertz T,
Slany J. Diagnosizs of patemt foramen ovale by transesophageal
contrast echocardiography. Am J Cardiol. 1993,71:604-6,

15. Hull RDy, Hirsh J, Carter CJ, Jay RM, Dodd PE, Ockelford PA, et
al. Pulmonary angiography, ventilation lung scanning and venogra-
phy for clinically suspected pulmonary embolism wih abnormal
perfusion lung scan. Ann Intern Med, 1983;58:891-9.

17.

19,

Hirsh J, Hull RD, Haskob GE. Clinical features and diagnosis of
venous thrombosis, J Am Coll Cardiol. 1986:8:114B-127H.

. McCarthy 5T, Turner JJ, Robertson DI, Hawkey CJ, Macey DJ.

Low-dose heparin as o prophylaxis against deep-vein thrombosis
after acute stroke, Lancel, 197728001,

Turpie AG, Levine MN, Hirsh J, Carter CJ, Jay RM, Powers PJ, et
al. Double-blind randomised trial of ORG 10172 low-maolecular-
weight heparinoid in prevention of deep-vein thrombosis in throm-
botic stroke. Lancet. 1987;1:1523-6,

16, Sandler DA, Martin JF. Autopsy proven pulmonary embolism in 20, Karnik R, Stéllberger C, Valentin A, Winkler W, Slany 1. Detection
hospital patients: are we detecting enough deep vein thromboses? of patent foramen ovale by transcranial contrast Doppler ultea-
J R Soc Med. 1989:82:205-6, sound. Am J Cardiol. 1992:69:560-2.
TO 5.M

I am not willing you should go

Into the carth, where Helen went;
She is awake by now, I know.
Where Cleopatra’s anklets rust

You will not lie with my consent;
And Sappho is a roving dust;
Cressid could love again; Dido
Rotted in state, is restless still:

You leave me much against my will.

Edna 5t. Vincent Millay

Collected Poems

Harper and Row, New York, 1956, p. 147

Subsmisstons from readers are welcomed. If the quotation is published, the sender’s name will be
acknowledged. Please include a complete citation, as done for any reference.—The Editors
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