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WATERSHED INFARCTION

WATERSHED INFARCTION

Primary Disciplinary Field(s): Neurology, Neuroradiology, Vascular Medicine

1. Core Definition

A watershed infarction, often termed a border zone infarct, represents a distinct subtype of
cerebral infarction characterized by the localized death and necrosis of neurons and glial cells.

This irreversible damage is a direct consequence of critically insufficient cerebral blood flow (CBF)

impacting areas situated at the anatomical boundaries between major vascular territories. These
border zones--or "watershed areas"--are supplied by the furthest terminal arterioles of two or more
adjacent major cerebral arteries (such as the anterior, middle, and posterior cerebral arteries).
Because these regions are at the periphery of their respective vascular beds, they possess the
lowest perfusion pressures and are therefore exquisitely vulnerable to systemic drops in blood
pressure, low cardiac output states, or hemodynamic failure caused by severe proximal vascular
stenosis. The resultant severe and sustained ischemia leads to cellular energy failure,
excitotoxicity, and ultimately, infarction, typically presenting as characteristic linear or wedge-
shaped lesions visible on neuroimaging.

The definition distinguishes watershed infarctions from typical territorial infarctions, which usually
result from an embolic occlusion of a major feeding artery. In contrast, watershed infarctions are
generally hemodynamic in origin, reflecting a global or regional state of hypoperfusion that
selectively impacts the most vulnerable tissues. The pattern of neuronal loss is often symmetrical,
particularly when the underlying cause is a systemic event like cardiac arrest or profound shock.
The severity of the perfusion deficit determines the extent of the damage; mild or transient
hypoperfusion might lead to reversible ischemia, but prolonged oxygen and nutrient deprivation
invariably results in irreversible tissue damage. Understanding this core definition is crucial for
clinical diagnosis, as identifying a watershed infarct often necessitates a search for underlying
systemic circulatory failure or severe chronic vascular obstruction rather than just an embolic
source.

Furthermore, the term highlights the critical vulnerability of the tissue residing at the junction of
vascular supply. These areas are the 'last fields to be irrigated,' meaning they suffer first and most
severely when the global pressure gradient supporting blood flow falters. The resulting lesion is not
simply a random area of necrosis but one precisely mapped to these hemodynamic boundaries.
This predictability allows clinicians to distinguish it from other forms of stroke and accurately infer
the pathological mechanism--a distinction vital for appropriate therapeutic intervention, which often
involves restoring systemic perfusion pressure or addressing the flow-limiting stenosis, rather than
solely relying on typical stroke management protocols like thrombolysis.
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2. Pathophysiology of the Watershed Zone

The concept of the watershed zone is rooted in the anatomy of the cerebral vasculature. The
brain's surface is supplied by three primary arterial systems: the Anterior Cerebral Artery (ACA),
the Middle Cerebral Artery (MCA), and the Posterior Cerebral Artery (PCA). Each of these
major arteries supplies a distinct territory. The watershed zones are the borderlands between these
territories. There are two principal types of watershed zones: the external cortical watershed zone
and the internal (or deep) watershed zone. The external zone lies between the cortical branches of
the MCA and those of the ACA (anteromedial) or the PCA (posteromedial), typically found high on
the cerebral convexity. The internal zone, conversely, is located deep within the brain, often near
the basal ganglia and corona radiata, representing the junction between the long penetrating
medullary arteries originating from the MCA and the deep perforating branches of the ACA or PCA.

The unique vulnerability of these zones stems from the physiological principle that pressure drops
progressively as blood moves further along the vascular tree. Terminal arterioles supplying the
watershed areas have the lowest mean perfusion pressure compared to the proximal arterioles
supplying the central territories. Under normal conditions, cerebral autoregulation mechanisms
maintain adequate CBF despite fluctuations in systemic blood pressure. However, when systemic
perfusion pressure falls below the lower limit of autoregulation (typically around 50-60 mmHg Mean

Arterial Pressure), or when a proximal stenosis (e.g., severe carotid artery stenosis) severely
restricts inflow, the blood flow to these terminal zones becomes critically reduced. This preferential
reduction in flow to the border zones is often referred to as a "steal phenomenon" or, more
accurately, a pressure gradient failure.

The underlying pathological mechanism is fundamentally one of energy mismatch. Neurons require
a continuous supply of oxygen and glucose to maintain their resting membrane potential and
cellular integrity. When CBF drops below the critical threshold required for metabolic needs
(typically 10-15 mL/100g/min), the resulting hypoxia and hypoglycemia lead rapidly to failure of the
Na+/K+ ATPase pump, membrane depolarization, and the release of massive amounts of
excitatory neurotransmitters, primarily glutamate. This process, known as excitotoxicity, initiates a
destructive cascade involving calcium influx, mitochondrial dysfunction, and the generation of
reactive oxygen species, culminating in delayed cell death through both necrosis and apoptosis.
Because the watershed zones are the first to experience flow reduction, they serve as the
barometer for global or severe regional hemodynamic compromise.

3. Classification and Types

Watershed infarctions are clinically and radiologically classified based on their anatomical location,
which helps infer the specific vascular territories involved and the clinical syndrome presented. The
two primary categories are cortical and subcortical (or internal) infarcts, each reflecting different
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anatomical relationships between the major cerebral arteries.

The Cortical Watershed Infarction (or cortical border zone infarct) occurs in the junctional area
between the cortical surface supplies of the major arteries. The most common site is the boundary
between the MCA and the ACA, located along the superior convexity of the hemisphere. A less
common site is the boundary between the MCA and the PCA, usually found in the temporo-parietal
region. These infarcts often appear as curvilinear or beaded lesions paralleling the inter-arterial
boundary on MRI. Clinically, involvement of the MCA-ACA border zone frequently affects the motor
and sensory cortices responsible for the proximal limbs and shoulders (the "man-in-the-barrel"
syndrome), leading to proximal limb weakness that is disproportionately severe compared to distal
weakness.

The Internal Watershed Infarction (or deep white matter border zone infarct) occurs in the deep
white matter, typically involving the centrum semiovale and periventricular white matter,

representing the border zone between the deep penetrating arteries. These infarcts occur where
the long medullary arteries supplying the white matter meet the deep perforators supplying the
basal ganglia. Internal watershed infarcts are often identified as chains of small, punctate infarcts
(string-of-pearls appearance) along the course of the white matter tracts. Due to their location in
the white matter, they often produce pure motor or sensory deficits that can be challenging to
distinguish from lacunar strokes, though the underlying mechanism remains hemodynamic
hypoperfusion rather than small vessel lipohyalinosis.

4. Etiology and Underlying Causes

The primary etiological factor for watershed infarction is a condition that results in chronic or acute
reduction in cerebral perfusion pressure. Unlike embolic strokes, where a clot suddenly blocks a
vessel, watershed events are often linked to a failure of the hemodynamic reserve.

One of the most frequent causes is Systemic Hypoperfusion, often resulting from acute
cardiovascular collapse. This includes conditions such as cardiogenic shock, severe cardiac
arrhythmias (e.g., prolonged atrial fibrillation with rapid ventricular response), massive hemorrhage
leading to hypovolemic shock, or severe sepsis. In these scenarios, the mean systemic arterial
pressure drops below the critical threshold needed to perfuse the distal vascular beds, leading to
bilateral and often symmetrical watershed infarctions. Resuscitation efforts, while necessary, must
rapidly restore adequate blood pressure to prevent permanent neurological damage.

Another major cause is Severe Proximal Arterial Stenosis, particularly critical stenosis or
occlusion of the internal carotid artery (ICA). When the ICA is severely narrowed (typically >70%),
blood flow distal to the stenosis is compromised. While collateral circulation (via the Circle of Willis)
often compensates, if the stenosis is severe or if the collateral routes are inadequate, the regional
pressure gradient fails. The ipsilateral hemisphere's border zones, especially those supplied by the
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MCA, become chronically under-perfused, leading to flow-limiting ischemia even during minor
physiological drops in blood pressure (e.g., orthostatic changes). This mechanism accounts for
many unilateral watershed infarctions.

Less common causes include specific hematological disorders leading to hyperviscosity, or
iatrogenic hypotension during surgery, especially cardiac procedures. Furthermore, chronic small
vessel disease, while primarily causing lacunar strokes, can exacerbate the vulnerability of the
deep watershed zones by impairing the capacity of the smaller vessels to dilate and maintain flow
reserve. The hallmark of the etiology, regardless of the specific underlying disease, is the failure of
the cerebrovascular system to deliver sufficient blood volume and pressure to the most distant
regions of supply.

5. Clinical Presentation and Symptoms

The clinical presentation of a watershed infarction is highly dependent on the anatomical location
of the ischemic damage. Because these areas are situated between major functional territories, the
resulting deficits often present in patterns characteristic of the border zone involvement, allowing
clinicians to suspect the diagnosis even before imaging confirmation.

Infarction of the MCA-ACA cortical watershed zone often results in the classic "man-in-the-
barrel" syndrome, also known as proximal arm and shoulder weakness. Since the cortical
representation of the proximal limbs and trunk resides in the border zone between the ACA and
MCA territories, ischemia here impairs their function, while the hands and face (supplied more
centrally by the MCA) and legs (supplied by the ACA) may be relatively spared. Patients struggle
to raise their arms but may retain movement in their fingers and ankles. This is a crucial
differentiating feature from typical territorial strokes.

Involvement of the MCA-PCA watershed zone typically results in visual and spatial disturbances,
most commonly manifesting as higher-order visual processing deficits like visual agnosia or
Balint's syndrome, if bilateral damage occurs. These regions house associative visual cortices

crucial for integrating vision with other sensory input. Furthermore, widespread bilateral watershed
infarction, often seen after severe global hypoperfusion events (such as cardiac arrest), can lead to
devastating outcomes, including cortical blindness, severe cognitive impairment, and a persistent
vegetative state, reflecting extensive damage to sensitive boundary regions across both
hemispheres.

6. Diagnostic Imaging and Radiographic Features

Neuroimaging, primarily Magnetic Resonance Imaging (MRI) and Computed Tomography (CT), is
essential for diagnosing watershed infarctions and differentiating them from other stroke subtypes.
The appearance of the lesions on imaging is typically highly characteristic.
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On diffusion-weighted imaging (DWI) sequences of MRI, which are most sensitive for acute
ischemia, watershed infarcts appear as high-intensity signals that precisely map the vascular
boundaries. The lesions are often linear or curvilinear in shape, following the contour of the
cerebral convexity in the cortical watershed zone, or appearing as multiple small, scattered foci
(beads or chains) in the deep white matter. This specific morphology contrasts sharply with the
large, confluent, wedge-shaped lesions seen in territorial strokes caused by proximal embolism.
The distribution of these lesions across territories, rather than within a single territory, strongly
suggests a hemodynamic cause.

In addition to structural imaging, functional imaging techniques are critical for establishing the
mechanism. CT Perfusion (CTP) or MR Perfusion (MRP) studies often reveal evidence of chronic
regional low flow, typically showing prolonged mean transit time (MTT) and decreased cerebral
blood flow (CBF) in the affected border zones, even outside the area of acute infarction. This
highlights the concept of the penumbra or tissue at risk due to chronic hypoperfusion. Doppler
ultrasound and angiography are then employed to identify the flow-limiting lesion, such as severe
carotid artery disease, which is necessary for planning definitive secondary prevention strategies.

7. Prognosis and Treatment Strategies

The prognosis following a watershed infarction is highly variable, depending heavily on the
underlying cause, the extent of the damage, and the rapidity of therapeutic intervention to restore
adequate perfusion. Infarctions resulting from transient systemic hypoperfusion (e.g., self-limiting
cardiac arrhythmia) may carry a better prognosis than those resulting from chronic, severe,
uncorrected proximal stenosis.

Acute management focuses immediately on stabilizing the patient hemodynamically. For systemic
causes, this involves rapid restoration of blood pressure, cardiac output, and oxygenation.
Pressors may be required, and the underlying cardiac or hemorrhagic source must be aggressively
addressed. Unlike typical embolic strokes, where blood pressure is often kept slightly elevated to
maximize perfusion to the ischemic penumbra, in the context of global hypoperfusion causing
bilateral watershed events, the priority is often the rapid normalization of systemic circulation.

Long-term treatment hinges on secondary prevention by addressing the cause of the flow
compromise. If the etiology is severe, flow-limiting carotid stenosis, definitive treatment--such as
carotid endarterectomy (surgical removal of the plaque) or stenting--may be necessary to improve

regional cerebral perfusion pressure and prevent recurrent strokes. Medical management typically
includes aggressive control of risk factors such as hypertension, diabetes, and hyperlipidemia,
alongside antiplatelet therapy (e.g., aspirin) to minimize the risk of concurrent embolic events.
Rehabilitation, focusing on the specific motor and cognitive deficits caused by the border zone
lesions, is also a critical component of recovery.
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Further Reading

Cerebral Infarction (Wikipedia)

Carotid Artery Disease (Mayo Clinic)

Cerebral Blood Flow (Wikipedia)

Mechanisms of Watershed Infarction (AHA Journals)
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