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ANASTOMOSIS

Primary Disciplinary Field(s): Anatomy, Physiology, Surgery

1. Core Definition and Morphology

The term anastomosis describes a naturally occurring or surgically created junction, connection,

or opening established between two structures that are typically distinct or separate. In biological

systems, these structures are most commonly tubular elements, such as blood vessels, lymphatic

ducts, or nerve pathways. The defining characteristic of an anastomosis is the creation of a bypass

or a variant path that enables the rerouting of flow or signal transmission around a primary circuit.

This vital function ensures biological redundancy and protection against failure when a main

pathway is compromised due to injury, blockage, or disease. Understanding the morphology of

anastomoses is foundational to several medical disciplines, as their presence dictates surgical

approaches and predicts the potential for tissue survival following vascular or neural insult.

Morphologically, anastomoses can be categorized based on their orientation and function. A

common type involves the joining of two arteries, known as an arterial anastomosis, which

provides a critical collateral circulation pathway. Alternatively, the connection might be between

two veins (venous anastomosis) or, uniquely, a direct shunt between an artery and a vein that

bypasses the capillary network entirely, known as an arteriovenous anastomosis. Regardless of

the specific structures involved, the unifying principle is the establishment of a functional

communication bridge, facilitating the continued movement of essential resources--be they

oxygenated blood, filtered lymph fluid, or electrochemical nerve impulses--past an obstruction. The

efficacy of an anastomosis is often measured by its diameter and the flow capacity it can sustain

under increased demand or pathological stress.

The concept of anastomosis extends beyond the vascular system to include junctions between

various internal organs and tracts, such as segments of the gastrointestinal system or ducts within

the excretory system. For example, in the context of the bowel, an anastomosis is the site where

two segments of the intestine are surgically joined after a portion has been resected, demanding

meticulous technique to ensure integrity and prevent leakage. Therefore, anastomosis represents

a fundamental biological principle of networked organization and fail-safe design, underpinning the

body's ability to maintain homeostasis even when confronted with localized circuit failure.

2. Physiological Role in Circulation

In the circulatory system, the physiological function of anastomoses is principally related to the

provision of collateral circulation. This redundancy mechanism is paramount, particularly in

organs with high metabolic demands, such as the brain and the heart. When a major supplying
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artery, known as an end artery, becomes suddenly occluded--for instance, due to an

atherosclerotic plaque or an embolic clot--the tissues downstream of the blockage risk rapid

necrosis due to ischemia. Anastomotic pathways provide alternate channels through which blood

can be redirected from neighboring, unobstructed arteries, thereby mitigating tissue damage and

potentially preventing infarction. The effectiveness of this bypass mechanism often determines

whether an ischemic event results in minor damage or catastrophic organ failure.

A prime example of essential arterial anastomosis is the Circle of Willis, a hexagonal arrangement

of arteries located at the base of the brain. This intricate network connects the major arteries

supplying the cerebrum (the internal carotid and vertebral arteries). If one of these primary feeder

vessels is narrowed or blocked, the Circle of Willis allows blood to be shunted from the intact

vessels to the deprived area, equalizing pressure and flow across the cerebral hemispheres.

Without such an effective anastomotic arrangement, minor blockages that might otherwise be

asymptomatic would invariably lead to severe or fatal stroke. Similarly, in the coronary circulation,

while the heart is often described as having functional end arteries, pre-existing or newly

developed anastomoses between coronary branches can sometimes prevent severe myocardial

infarction when a coronary artery is occluded, showcasing the adaptive nature of these circulatory

safeguards.

Furthermore, venous anastomoses are crucial for managing venous return and preventing fluid

accumulation. The connections between deep and superficial venous systems allow for blood to be

diverted if the primary deep veins are obstructed (e.g., in deep vein thrombosis). In conditions like

portal hypertension, where blood flow through the liver is restricted, pathological venous

anastomoses, known as portosystemic shunts, develop spontaneously. While these shunts help

relieve pressure in the portal system, they bypass the liver's detoxification function, allowing toxins

to reach the systemic circulation and leading to severe complications such as hepatic

encephalopathy and the formation of dangerous varices, particularly in the esophagus and

stomach. This highlights that while anastomoses are typically protective, their pathological

manifestation can lead to significant morbidity.

3. Classification of Anatomical Anastomoses

Anatomical anastomoses are broadly classified based on the types of vessels they connect and

the presence or absence of a capillary bed involvement. The simplest form is the **convergence

anastomosis**, where two separate arteries or veins merge to form a single trunk. More complex is

the **transverse anastomosis**, where a smaller vessel connects two larger, parallel vessels.

Understanding these classifications is essential for surgical planning and interpreting diagnostic

imaging, such as angiograms, which map the collateral pathways available to specific vascular

territories.
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The most clinically significant categories include Arterial, Venous, and Arteriovenous types.

**Arterial anastomoses** are connections between the terminal branches of two or more arteries

that supply the same region. These are typically found around major joints (like the shoulder, knee,

and ankle) where movement might temporarily compress a single vessel, requiring an alternative

supply route. The existence of plentiful arterial anastomoses often determines the classification of

an artery as a "true" end artery (which has no effective anastomoses) versus an artery with robust

collateral support. Regions that lack adequate anastomotic connections, such as the central artery

of the retina or the renal arteries, are highly susceptible to infarction upon acute blockage.

**Arteriovenous (AV) anastomoses**, or shunts, represent a specialized type of direct connection

where the arteriole bypasses the capillary bed entirely and drains directly into a venule. These

shunts are particularly abundant in the skin, especially in the digits, and play a pivotal role in

thermoregulation. By opening these shunts, the body can rapidly dissipate excess heat by

increasing blood flow near the surface, or, conversely, by closing them, preserve core heat by

restricting blood flow to the periphery. This mechanism is primarily under sympathetic nervous

system control, allowing for quick physiological adaptation to environmental temperature changes.

4. Anastomoses in the Nervous System

While the term anastomosis is most frequently associated with the circulatory system, it is also

highly relevant in neuroanatomy, describing the junction and intermingling of nerve fibers. A neural

anastomosis occurs when branches of two or more distinct nerves merge and then redistribute

their fibers, often forming complex structures known as **plexuses**. The most prominent

examples are the brachial plexus (supplying the upper limb) and the lumbosacral plexus (supplying

the lower limb).

The physiological significance of neural anastomoses mirrors that of vascular redundancy: they

provide a safety mechanism to prevent complete functional loss upon localized injury. Since the

fibers originating from several different spinal nerve roots are mixed and re-sorted within the

plexus, damage to a single nerve root will only partially impair the function of a peripheral nerve

derived from that plexus. For instance, the musculocutaneous nerve contains contributions from

multiple roots (C5, C6, C7) after traversing the brachial plexus; thus, injury to just C5 will leave the

muscle partially innervated by fibers from C6 and C7.

In the surgical context, creating an intentional neural anastomosis is a critical procedure in

reconstructive surgery, particularly for patients with severe peripheral nerve damage. A technique

known as **nerve transfer** involves surgically connecting a less critical, functional nerve branch

(the donor) to the paralyzed portion of a major injured nerve (the recipient). This surgical

anastomosis aims to re-establish innervation and restore motor or sensory function to the target

muscles or skin area, demonstrating the therapeutic application of creating new neural pathways
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where native ones have been severed or damaged.

5. Surgical Applications: Anastomotic Techniques

Surgical anastomosis is a cornerstone of operative medicine, particularly in disciplines involving

hollow structures, such as vascular surgery, cardiac surgery, and gastroenterology. The goal of a

surgical anastomosis is to create a patent, leak-proof, and tension-free connection between two

tubular structures. The selection of the appropriate technique depends heavily on the caliber,

thickness, and inherent tension of the tissues being joined, and the potential for successful healing

is paramount to patient recovery and long-term outcome.

There are three fundamental configurations for surgical anastomoses: **end-to-end**, **side-to-

side**, and **end-to-side**. An end-to-end anastomosis involves joining the cut ends of two

structures directly, ensuring a continuous straight pathway; this is common in bowel resection and

some vein graft procedures. Side-to-side anastomosis involves creating an opening in the walls of

two adjacent structures and joining these openings; this method is often used to bypass an

obstruction, such as in certain intestinal bypass surgeries. End-to-side anastomosis joins the end

of one structure to the side of another, a technique frequently employed when connecting a graft

vessel (e.g., in coronary artery bypass grafting) to a major existing artery.

The actual execution of the anastomosis requires specialized techniques, primarily involving suture

lines or specialized stapling and coupling devices. Microsurgical techniques, often utilizing

extremely fine sutures and high magnification, are mandatory for delicate vascular or nerve

anastomoses to ensure minimal disruption to the vessel lining (endothelium) and precise alignment

of nerve fascicles. In contrast, gastrointestinal anastomoses often rely on surgical staplers, which

allow for rapid, standardized closure and transection, minimizing operative time while providing

reliable structural integrity. The success of any surgical anastomosis hinges not only on the

technical proficiency of the surgeon but also on the physiological factors of the patient, including

vascularity of the site and nutritional status, which affect the healing process.

6. Pathological Implications and Complications

While native anastomoses are designed as protective mechanisms, both natural and surgical

anastomoses can be sources of significant pathology. In surgical contexts, the most feared

complication is **anastomotic leakage**, which occurs when the structural integrity of the surgical

connection fails, allowing the contents of the lumen (e.g., intestinal contents or blood) to escape

into surrounding cavities. Leakage following gastrointestinal surgery is associated with high rates

of sepsis, peritonitis, and mortality, necessitating immediate intervention. Factors contributing to

leakage include high tension at the suture line, poor blood supply to the tissue edges, malnutrition,

and underlying inflammatory conditions.
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Another complication is **anastomotic stricture** or stenosis, where excessive scar tissue

formation leads to the narrowing of the lumen at the junction site, potentially causing functional

obstruction. In vascular anastomoses, stenosis can reduce blood flow, leading to graft failure or

ischemia, while in intestinal anastomoses, it can cause chronic obstruction requiring further

surgical correction. Conversely, in situations where anastomoses develop pathologically, such as

the creation of large portosystemic venous shunts in patients with liver cirrhosis, the resulting

hyperdynamic circulation and systemic overflow can lead to life-threatening bleeding from varices

and neurological dysfunction from shunting unfiltered blood to the brain.

Furthermore, in the context of cancer treatment, the development of new, often abnormal,

anastomotic vessels (neovascularization) is a characteristic feature of tumor growth. These

pathological vessels are often disorganized, leaky, and contribute to the tumor's ability to

metastasize and grow rapidly by securing an independent blood supply. Research into inhibiting

these abnormal anastomotic formations is a major focus in oncology, demonstrating the critical

interplay between normal physiological redundancy and disease progression when circulatory

pathways are aberrantly generated.

7. Etymology and Historical Context

The term anastomosis derives from the Ancient Greek word anastomoun, which means "to

furnish with a mouth" or "to communicate by an opening." It is composed of the prefix ana- (up,

throughout) and stoma (mouth or opening). This etymology perfectly captures the concept of

creating a functional, open junction between two channels, reflecting the historical understanding

of the term as it related to natural structures observed in dissections.

The recognition of vascular interconnections dates back to early anatomical studies, long before

the comprehensive understanding of circulation provided by William Harvey. Ancient anatomists

and physicians recognized that arteries and veins were interconnected, although the microscopic

role of capillaries and the precise nature of the flow were debated for centuries. With the rise of

detailed anatomical mapping during the Renaissance and subsequent centuries, the presence of

these crucial collateral routes in regions like the mesentery, joints, and the cerebral base became

well-established. This anatomical knowledge was critical for early surgical procedures, guiding

surgeons on which vessels could be ligated without immediately compromising the viability of the

distal tissue.

In the modern era, the historical definition of anastomosis has been extended significantly by the

advancements in surgical technique, particularly in the late 19th and 20th centuries. Pioneering

work in vascular repair and gastrointestinal surgery transformed the concept from merely an

anatomical description of a natural junction into a highly sophisticated, controlled surgical

procedure. The introduction of standardized suturing methods and, later, mechanical devices,
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made the creation of reliable surgical anastomoses possible, enabling complex organ

transplantation, bypass grafting, and extensive oncological resections that define modern surgical

capabilities.

Further Reading

Anastomosis (Wikipedia Entry)

Circle of Willis (Wikipedia Entry)

Portosystemic Shunt (Wikipedia Entry)

Etymology of Anastomosis (Wiktionary)
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