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Evolutionary model of circulation confirms the autonomous movement of blood
Branko Furst
Albany Medical College, USA

Heart, blood vessels and blood comprise the first functional organ system in the developing embryo. They emerge from 
common mesoderm-derived progenitors with the potential to become cardiomyocytes, endothelial cells and vascular 

smooth muscle cells. Recent in vivo observations have shown that the valve-less early embryo heart does not propel, but only 
rhythmically interrupts the flow of blood. The blood’s movement originates at the level of the microcirculation and exists 
before the functional integrity of the heart. The validity of the proposed circulation model is confirmed by comparing key 
developmental stages of the invertebrate, mammalian and avian species. Unlike the early vertebrates (e.g., the lancetfish) 
which have an open circulation and lack the heart as the central organ of circulation, fishes have a primitive, two-chambered 
heart a single atrium and ventricle and a closed circulatory system. This predominantly venous type of circulation is found 
in organisms with low metabolic rates subsisting on small amounts of oxygen dissolved in water. The components of the 
fish circulation are arranged in a single loop with the heart in-series with the gills. The crucial step in the evolution of the 
circulatory system occurs with the transition to land where along with the adaptation to primitive lung respiration, a new 
heart chamber, the left atrium is formed. The unique feature of the three-chamber amphibian heart is that the single ventricle 
is placed in-parallel with the systemic and pulmonary circulations, which are thus subjected to equal pressures. In spite of 
apparent mixing of the venous and arterial blood in the (single) ventricle, the separation nevertheless occurs, suggesting that 
morphogenetic flow factors play a dominant role over pressure. Only in higher vertebrates, such as mammals and birds, there 
is a complete separation of arterial and venous circulations. With significantly increased metabolic rates needed to maintain 
a homeothermic inner environment, the developmental demands now call for a high-pressure, arterial limb in the systemic 
circuit and for a new heart chamber, the left ventricle. An overview of the salient developmental stages across the vertebrate 
species shows a stepwise transformation of a single-circuit, predominantly venous circulation in fishes, to a double-circuit 
(systemic and pulmonary) circulation in mammals, arranged, once again, in-series. The importance of the developmental 
circulation model for understanding of hemodynamics of congenital heart malformations will be discussed.
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