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Abstract

New tissue requires oxygen, nutrient exchange, vascular support and coordinated endothelial signaling. This paper
proposes that microvascular infrastructure can constrain regeneration even when progenitor cells remain competent.
It distinguishes adequate capillary function from indiscriminate angiogenesis and describes why improving perfusion
is sometimes necessary but rarely sufficient for complete repair.

Regeneration must be supplied

Cells cannot proliferate, differentiate and maintain specialized work without oxygen, nutrient delivery and waste
exchange. Regrowing tissues also require endothelial signals and organized microcirculation, not merely a normal
oxygen saturation measured at the finger. A tissue's capillary network determines diffusion distances, local substrate
availability and communication with immune cells. This suggests a regenerative bottleneck: stimulating tissue
growth before establishing adequate vascular support may produce fragile or incomplete repair.

The coordination problem

New vessels and new parenchymal tissue influence each other. Hypoxic signaling may promote angiogenesis, but
prolonged or disorganized hypoxia can contribute to fibrosis and maladaptive remodeling. Endothelial cells provide
guidance cues, while pericytes support capillary integrity and barrier function. In cancer, abundant abnormal
angiogenesis can support destructive growth, illustrating that more vessels are not automatically better. Appropriate
vascular patterning matters as much as vessel count.

Application to older tissues

Age-associated endothelial dysfunction, diabetes, peripheral arterial disease and local scarring can all limit repair. In
some chronic wounds, restoring perfusion is central to healing; in other conditions, inflammation, infection or
mechanical pressure is the dominant barrier. A capillary-first argument should therefore be conditional rather than
universal. It should prompt examination of tissue delivery and extraction before assuming deficient stem-cell
activation is the only problem.

What would prove the hypothesis useful

Investigators could compare regenerative interventions under controlled vascular environments and test whether
restoring perfusion changes cell survival, spatial organization and function. A result where vascular restoration
improves healing without directly increasing stem-cell number would support an environment-centered
interpretation. Failure despite normal perfusion would point toward other constraints. The proposal is not to prescribe
angiogenic therapy indiscriminately but to consider supply infrastructure as part of the repair program.
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A clinical thought experiment

An ischemic foot wound may remain open despite excellent nutrition and apparently competent skin cells. Without
adequate local blood supply, regenerative stimulation has a constrained ceiling. Conversely, a hypervascular tumor
demonstrates that abundant blood supply does not equal health. Both examples sharpen the distinction between
perfusion as a necessary condition in some circumstances and perfusion as an automatically sufficient treatment.

What would discriminate among explanations

Studies should assess microvascular function and oxygen extraction, not solely arterial patency or pulse oximetry. A
new capillary network that leaks or fails to connect to meaningful flow may worsen edema. The best evidence would
show restoration of stable exchange followed by better tissue architecture and function, with no unacceptable
abnormal angiogenesis.
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