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Abstract:

During gestation period the oxygenated maternal blood is transferred to the embryo via the placenta and umbilical
cord into the right atrium. It is further transferred through an interatrial shunt to the left atrium, the Foramen Ovale,
and distributed to the embryonic body. The foramen is closed after the birth, but remains occasionally patent,
permitting embolization through a right to left shunt. This is transferring thrombi, fat, cement and bony spikes, air,
and occasionally malignant tissue. This brief review is on the malignant embolization.
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Introduction:

The topic of Paradoxical embolism, namely embolization through a
Patent Foramen Ovale (PFO) has preoccupied the authors, considered an
important clinical condition, with an interesting pathogenesis. The
authors reviewed the published cases of blood clot embolization and cases
following orthopedic procedures, all ending in the cerebrum [1, 2].

The historical background

takes us back centuries: The inter-atrial foramen was apparently known
since Galen‘s time in the second century CE and was discussed in more
detail in Italian medical publications in the 16" century. It was known as
“trou de Botal” in the French medical literature of the 191" Century.

Thrombosis was described in 1842 by Virchow, the great pathologist in
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Berlin, whereas the clinical syndrome of embolism was described by H.
Wallman in 1859. The well-known clinical pathologist Julius Cohnheim
in Berlin /Leipzig in 1872 defined the clinical aspect of embolism through
the foramen ovale. It was further developed by Wilhelm Zhan in 1881 as
“consequential embolism”. Amadee Rostand in Geneva in 1884 called it
“Embolie croisee” and finalised a year later, again by Wilhelm Zahn as
“Paradoxical embolism”, the title that has remained permanent ever since
[3-6].

The condition during the subsequent century advanced in a prophylactic
and curative way, but with limited success[7]. At present the diagnosis is
based on saphenous and tibial vein ultrasound testing, with Trans-
oesophageal Echocardiogram identification of the cardiac anomaly and
bubble inflation to prove pathology [1].
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Fig.1: Patent Foramen Ovale (arrow showing inter-atrial communication)

Once diagnosed, in the presence of cerebral symptoms, the curative
treatment is thrombolysis (unless contraindicated), insertion of intra-cava
filter. Identification of cranial circulation with CT angiogram would also
allow for a therapeutic embolectomy.

In arecent case, we described a cerebral embolism after a long-haul trans-
Atlantic flight, with venous thrombosis in both calves [1].

Findings, the Incidence in the literature

Whilst the incidence of PFO was documented as persistent between 25-
35% of the population, a review (NCBI/Google Scholar) found
documented spread of malignant tissue only in 15 publications out of the
total of 300 reviewed articles on cerebral infarct due to malignant tissue
[8-23]. Itis therefore likely that many cases were not diagnosed, the PFO
unknown and unsuspected found incidentally in indirect investigations,
(transesophageal ultrasound or CT angiograms) or in autopsy.

Our results were as follows, published cases of paradoxical malignant
embolization.

No. Author Publication Tumor location
1 Thompson 1929 Testicular
2 Wolfe 1960 Argentaffinoma
3 Wood 1992 Wil’s tumor
4 Mitsui 2001 Ovarian
5 Dumont 2002 Renal
6 Horowitz 2002 Pharynx
7 Wada 2007 Ovarian
8 Schallner 2011 Renal
9 Uga 2012 Breast
10 Thibault 2018 Breast
11 Portigari 2019 Ovarian
12 Kamakura 2019 Bladder
13 Yasui 2020 Renal
14 Yu 2020 Breast
15 Wagner 2021 Lung
Table 1.

The pathogenesis:

The oxygen and nutrient requirement of the embryo is supplied via
placenta and umbilical arteries and veins, bypassing the inactive lung
tissue. Postpartum the lungs are expanding, taking over the respiration
and the inter-atrial connection (Foramen) is closed, except for about 25%
of the population. It remains usually asymptomatic, unknown, discovered
during unrelated investigations. Should the Foramen remain open, a
sudden increase of right sided cardiac pressure, would result in a shunt
toward the lesser pressure gradient of the left cardiac side, allowing for
embolization. This was the mechanism of embolization from a lung
disease presented in an extensive essay of two mechanisms of
pathogenesis of malignant embolism [3-6].The suggested mechanisms of
paradoxical embolization in the literature were:

a. The pulmonary tissue with either primary or secondary lung
malignancy, allows the spread of cancer cells via capillaries to the left
atrium and then into the arterial system.

b. In the presence of PFO, malignant tissue originating from various
origins, suspended in the right atrium is shunted into the left side of the
cardiac system. The authors’ suggestion would be a rather combined
mechanism, i.e a transfer mechanism of malignant tissue from the lungs,
via a cor pulmonale, increasing the right atrial pressure, and secondarily
leading through the shunt to the left atrium via an opened Foramen
Ovale.[3].

Final Comments
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A review of paradoxical tumor embolization in the literature, was
expected to lead to a significant incidence. The small figure of the
published incidence would not permit any conclusion, but to:

1. Raise attention to the likelihood of missed diagnoses within the high
percentage of PFO in the population and promote the study of the extent
of passage of malignant cells through foramen ovale.

2. Raise the question for the need to close an asymptomatic PFO, a dispute
in the literature that reached no definite conclusion.

The authors support the closure of existent PFO in a patient diagnosed
with malignancy. This intervention could reduce the chance of early
spread of tumor cells into the arterial system, rather than be stagnant, at
least temporarily in the pulmonary filter.
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