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Abstract

Introduction: Cerebral hyperperfusion, or reperfusion syndrome, is a rare, but
serious, complication following revascularization. Hyperperfusion is defined as
a major increase in ipsilateral cerebral blood flow (CBF) that is well above the
metabolic demands of the brain tissue. Quantitatively, hyperperfusion is a 100%
or greater increase in CBF compared with baseline. This definition also extends to
rapid restoration of normal perfusion pressure, for example, with thrombolytic
therapy for acute ischemic stroke. Reperfusion syndrome can occur as a
complication of carotid endarterectomy (CEA), intracranial stenting, and even
bland cerebral infarction. The prognosis following hemorrhagic transformation
is poor. Mortality in such cases is 36-63%, and 80% of survivors have significant
morbidity. Case Report: A 78 years male hypertensive, diabetic and known coronary
artery disease patient came to emergency department with complain of weakness
in left upper limb since 4hours which was progressively improving without
slurring of speech, leg weakness, palpitation or loss of consciousness. On arrival
patient was conscious and oriented with normal vital parameters and normal
blood glucose level. On examination patient was having left upper limb power 4/
5. Other than that neurological and systemic examination was normal. Patient
was undergone basic blood test and Magnetic Resonance Imaging of brain which
was suggestive of small acute infarct in right high fronto-parietal region. Patient
was treated with dual antiplatelets and supportive measures. On carotid doppler
patient was found to have 90% obstruction of internal carotid artery on right side
and 60% on left side. Patient was opted for digital subtracted angiography and
angioplasty of right internal carotid artery. After the successful completion of
procedure patient became progressively drowsy and developed left upper limb
and lower limb dense hemiplegia. To rule out intracranial hemorrhage
immediately computed tomography of brain was performed and which was
suggestive of hyperdense fingerlike projection were noted in sulci all over right
side of brain. Differential diagnosis of subarachnoid hemorrhage and
hyperperfusion syndrome was suspected. Subsequent computed tomography of
brain was suggestive of no hyperdence projections after 24 hours conforming the
hyperperfusion syndrome. Patient was treated conservatively and improved in
15 days and discharge home with left hemiparesis. Disscussion: An abrupt increase
in cerebral blood flow following revascularization has been identified as the
direct physiological cause of hyperperfusion syndrome. Several factors including
advanced age, underlying leukoaraiosis, and post-procedural high blood pressure
have been associated with this condition. Two interlinked and synergistic
mechanisms may lead to development of syndrome; impaired cerebral
autoregulation and postoperatively elevated systemic blood pressure. If not treated
properly, it can result in severe brain oedema, intracerebral hemorrhage, or death.
Treatment strategies are directed towards regulation of blood pressure and
limitation of rises in cerebral perfusion.

Keywords: Acute Ischemic Stroke; Cerebral Hyperperfusion; Computed
Tomography; Hemiplegia.
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Introduction

In the treatment of acute stroke, restoration of the
blood supply can reduce more extensive brain tissue
injured by salvaging a reversibly damage penumbra
of tissue [1]. This mechanism provides a rationale for
clinical trials which have demonstrated that
reperfusion after thrombolysis improves clinical
outcome in selected patients with acute stroke [2].

Reperfusion, however, carries certain risks. Some
patients experience disastrous outcomes in the form
of fatal edema or intracranial hemorrhage following
thrombolysis [3]. In some animal stroke models [4, 5],
reperfusion after a long ischemic period can cause a
larger infarct than that associated with permanent
vessel occlusion. Thus, while reperfusion may reduce
infarct size and improve clinical outcome in some
patients, in others it may exacerbate the brain injury
and produce a so-called “cerebral reperfusion injury”
[4, 6, 7]. Cerebral reperfusion injury can be defined as
a deterioration of ischemic but salvageable brain
tissue after reperfusion.

Thrombolysis [2] and embolectomy [8, 9] usually
result in reperfusion of the infarcted brain tissue and
therefore carry the risk of causing reperfusion injury.
Thus reperfusion injury deserves the attention of
those interested in the diagnosis and treatment of
acute stroke. Strategies to reduce or minimize cerebral
reperfusion injury require the understanding of the
pathophysiology of cerebral reperfusion injury, and
the way the reperfusion injury is visualized by
magnetic resonance imaging (MRI). Therapeutic
options for preventing or attenuating cerebral
reperfusion need to be considered.

Cerebral ischemia may be global, affecting
numerous vascular territories as in the case of cardiac
arrest and cerebral hypoperfusion, or alternatively
target a focal region or arterial distribution as in the
case of ischemic stroke. The end result in both of these
cases is tissue hypoxia, cellular dysfunction and cell
death. Circulation in the central nervous system is
distinctive due to the fact that large vessels including
those of the circle of Willis as well as the extra- and
intracranial vessels contribute to approximately half
of cerebrovascular resistance [10,11]. Experiencing an
episode of prolonged ischemic insult leads to fatal
consequences for neurons that extend beyond the
failure of cellular energy resources. The cellular
changes associated with resultant death include
nuclear fragmentation, chromatin condensation and
cell body shrinkage [12,13,14]. Changes also occur at
the level of the membrane phospholipid structure,

which is comprised in part of
phosphatidylethanolamine, phosphatidylcholine,
phosphatidylserine and sphingomyelin. Studies have
proposed a regulatory role for the aforementioned
phosphatidy lethanolamine in blebbing and in the
formation of apoptotic bodies [15]. This phospholipid
also serves a role in mediation of cellular necrosis as
its externalization may serve in part to contribute to
cytoskeletal organization [15].

Stroke, whether ischemic or hemorrhagic in nature,
has the ability to culminate in devastating clinical
outcomes. The mechanisms of ischemic stroke are
variable, complex and multifactorial in nature. These
include thromboembolic stroke secondary to
atherosclerosis in the elderly patient population and
structural cardiac or vasculopathic/metabolic
etiologies in younger patients. Atherosclerosis in itself
is one of the most common causes of vascular
thrombosis and occlusion and is mediated by
atherogenesis. Borderzone infarctions can lead to
ischemia in the brain parenchyma, or tissue, by
hypoxia to areas in between principal arterial
territories. They may occur between the anterior and
middle cerebral artery in the case of anterior cortical
borderzone infarcts and between the anterior, middle
and posterior cerebral territories in the case of
posterior borderzone infarctions. Lacunar infarcts,
previously thought to result solely from
lipohyalinosis, are now thought to ensue from platelet
or fibrin clots within an environment of diffuse
atherosclerotic small vessel disease [16]. While
common causes of embolic stroke include arrhythmias
(most prominently atrial fibrillation), structural cardiac
pathology such as persistent patent foramen ovale or
artery-to-artery thromboembolic phenomenon,
another etiology for embolic infarction is septic emboli.
These occur typically in the context of systemic
infection with seeding of heart valves and more
commonly in immunocompromised patients with
atypical pathogens including fungal infections and
in immunocompetent patients with more common
bacterial infections [17]. In these cases, parenchymal
damage is mediated by pathogen-mediated
inflammation (further contributing to disturbance of
the blood/brain barrier, BBB, with cerebral edema),
resultant reduction cerebral blood flow and,
subsequently, cellular hypoxia and death.

Restoration of vascular supply to an organ
temporarily deprived of blood flow, while effective in
providing oxygenation, often paradoxically results in
injury of the affected tissue bed [18, 19]. This concept
has been demonstrated in a variety of organ systems
including the brain, heart and kidneys as in the cases
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of stroke, myocardial infarction and acute kidney
injury, respectively. It has also been seen in the setting
of multiorgan ischemia-reperfusion during trauma,
cardiac arrest and sleep apnea as well as during
surgical procedures including solid organ transplant
where acute graft failure and early rejection may be
the resultant outcome. Eltzschig and Eckle [19], in
2011, provided a schematic overview of the cellular
and molecular mechanisms believed to be involved
in reperfusion injury involving both innate and
adaptive immune systems as well as the complement
system, platelets and coagulation factors. Subsequent
to activation of these systems, cell death can occur
through a number of mechanisms including both
necrosis with a hallmark of cellular swelling and
apoptosis involving intricate cell signaling
mechanisms for cellular demise [20]. Both processes
have been linked to further stimulation of the
inflammatory system to include the release of
nucleotides acting as signals to promote phagocytosis
in the apoptotic tissue bed, leading to more extensive
reperfusion injury [18,21]. Additional injury to
reperfused tissue has been extensively shown to be
mediated by reactive radical oxide species in the brain
as well as in other tissues [22-27]. The vascular
consequences of injury extend beyond the outcome of
cell death to also include a change in the nature of the
vascular system as a whole. As a result of the general
dysfunction in the cellular metabolic milieu,
proinflammatory cytokines lead to endothelial cell
inflammation and increased permeability of the
vascular system. This injury lasts beyond the period
of ischemia, as animal studies have shown the
sustained effect of oxidative stress on pericytes in the
microvasculature of a middle cerebral artery occlusion
murine model, despite arterial recanalization [28].

Case Report

A 78 years male patient came to emergency
department with complain of sudden onset of
weakness in left upper limb since 4 hours which was
progressively improving without slurring of speech,
leg weakness, palpitation or loss of consciousness.
There was no history of headache, vomiting,
shortness of breath, chest pain, abdominal pain, back
pain, syncope, vision loss, swallowing difficulty,
involuntary movements, and urine or stool
incontinence. He was a known case of hypertension
since 15 yrs, diabetes type 2 since 10 yrs and coronary
artery disease with angioplasty done on left anterior
descending artery 8 yrs back. Patient was on regular
medicines in form of Tab Amlodepin, Tab Metformin,

Tab Ecosprin, Tab Clopidogrel.  There was no history
of transient ischemic attacks or cerebral vascular
accidents.

On arrival patient was conscious and oriented,
following verbal commands. Patient was having
normal vital parameters inform of Heart Rate- 62/
min, Blood pressure- 142/82mmhg, Respiratory rate-
20/min, SpO2- 100% on room air, Temperature- 98.2’F
and normal blood glucose level 110 mg/dl. On genreal
examination patient was not having any pallor,
edema, cyanosis, icterus, clubbing, lymphadenopathy
or dehydration. On systemic examination,
Neaurolically he was having left upper limb power
4/5. In all other limbs were having power of 5/5. There
were no sensory deficits, facial weakness, focal
tremors, speech abnormalities or deformity of limbs.
Patient was not having any neck rigidity and head
jolt test was negative. There were no cerebellar signs
as finger to nose test, heel to sheen test and Romberg’s
test were normal along with no nystagmus and patient
was able to walk without any problems. Bilateral
pupils were 3 mm bilateral and reacting to light. On
respiratory examination patient was having normal
bilateral air-entry, with no foreign signs. On
cardiovascular examinations, patient was having all
peripheral pulses were present and equal, normal
heart sounds and no carotid bruits were heard. On
abdominal examinations, patient was having soft
abdomen with no tenderness and normal bowl sound
were present.

Patient was investigated in form of complete blood
counts, renal function test, liver enzymes, viral
markers, troponin-I, lipid profile, S.homocystien,
electrocardiogram, 2D-echocardiograph, carotid
Doppler examination and Magnetic Resonance
Imaging of brain. All blood reports were normal.
Electrocardiograph and 2D-echocardiography were
normal. On carotid doppler patient was found to have
90% obstruction of internal carotid artery on right side
and 60% on left side.

Magnetic resonance imaging of brain was
suggestive of small acute infarct in right high fronto-
parietal region, age related changes of atrophy,
chronic ischemic changes in periventricular and
subcortical white matter. Patient was treated with dual
antiplatelets and supportive measures.

 Patient was opted for digital subtracted
angiography and angioplasty of right internal carotid
artery.

After the successful completion of procedure patient
became progressively drowsy and developed left
upper limb and lower limb dense hemiplegia.
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To rule out intracranial hemorrhage immediately
computed tomography of brain was performed and
which was suggestive of hyperdense fingerlike
projection were noted in sulci all over right side of
brain.

Differential diagnosis of subarachnoid hemorrhage
and hyperperfusion syndrome was suspected.
Subsequent computed tomography of brain was
suggestive of no hyperdense projections after 24 hours
conforming the hyperperfusion syndrome.

Patient was treated conservatively and remained
left sided completed hemiplegic which progressively
improved over period of 1 month but maximum
improvement achieved was only inform of power 2/5
in both upper limbs and lower limbs. This was very
important case which was suggestive of harmful effect
of reperfusion injury over potential benefits.

Discussion

Brain parenchymal damage in the setting of
ischemia followed by reperfusion injury (as in other
organ systems) occurs as a result of a complex series
of events. These events at initiation include an
interruption in blood flow to the affected tissue
followed by depletion of cellular energy resources and
glycolysis at an anaerobic substrate level,
subsequently followed by lactic acidosis, failure of
sodium potassium pump, release of glutamate,
cytotoxic edema, free radical formation and activation
of both innate and adaptive immune responses [29,30].
The excessive generation of free radicals overwhelms
the system, which then is thought to become inefficient
in scavenging these molecules, leading to cellular
demise. While ischemic stroke resulting from vascular
occlusion by nature limits tissue bed oxygenation, it
is believed that cerebral ischemia and hypoxia occur
even in the setting of primary hemorrhagic stroke. The
mechanism by which this is proposed to occur

Fig. 1:

Fig. 2:

Fig. 3.
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happens through a ‘multihit theory’. In essence, it is
believed that in patients with predisposing factors
such as microangiopathy secondary to atherosclerotic
disease or amyloid angiopathy, the threshold for
tolerance of ischemia is lower and, in the presence of
a prothrombotic environment subsequent to
hemorrhage, the failure of autoregulation, the increase
in intracranial pressure or iatrogenic hypotensive
therapy may all act as factors contributing to tissue
hypoxia and ischemia [31].

The BBB, due to its unique nature, provides the
ability to achieve and maintain cerebral homeostasis.
The BBB is constituted by endothelial cells, basement
membrane and pericytes, as well as the end feet of
astrocytes. Unlike elsewhere in the body, endothelial
cells which contribute to the BBB connect via both
adherent and tight junctions and lack fenestration.
It does, however, afford low permeability due to
pinocytic activity [32]. Finally, extracellular matrix
proteins contribute to the formation of the basal
lamina that connects to endothelial cells by virtue of
integrin molecules. Astrocytic end feet help regulate
cerebral capillary blood flow, contributing to both
the creation and maintenance of the BBB
environment [33]. As in the case of reactive oxygen
species mediating their long-lasting effects on
endothelium and altering the permeability of the
vascular system, they are also thought to play a role
in altering the permeability of the BBB. Kahles and
Brandes [34] review the targets of reperfusion injury
on the neurovascular unit, outlining the effects of
matrix metalloprotease activation on basal lamina
leading to the following: degradation (expression of
cell adhesion molecules and stress fiber formation
on endothelial cells), followed by contraction (altered
expression/distribution/phosphorylation on tight
junctions), leading to disassembly and the effect of
lipid oxidation (changes in DNA and protein
expression in all of the cells of the neurovascular
unit) and, finally, oxidative cell damage [34]. Not
only can damage related to ischemia-reperfusion
occur at the molecular and cellular levels, but a
disruption in the BBB contributes to further damage
as an increase in vascular permeability causes edema
which contributes to impedance in adequate
perfusion to the affected tissue bed [35]. In addition
to the effects of reactive oxygen species on the
neurovascular unit and in altering BBB endothelial
cells, excitotoxicity also deleteriously influences
astrocyte function, leading in part to inhibition of
astrocytic repair as well as end feet detachment,
which together disable the BBB. The functional
outcome of these events is noted clinically, as studies
have shown that the degree of disruption in BBB also

correlates with severity of patient outcomes. Using
CT perfusion as a reflection of BBB permeability,
increased infarct permeability area was proposed as
a predictor of poor outcome associated with
increased likelihood for undergoing
hemicraniectomy in patients with malignant middle
cerebral artery infarction [35].

The unique cerebral autoregulatory mechanisms
which the brain possesses may also be deleteriously
affected as a result of reperfusion injury and result in
a loss of adequate control of cerebral blood flow,
contributing to further damage [36]. From a purely
hemodynamic perspective, cerebral perfusion
pressure in an adult with normal blood pressure
ranges between 60 and 150 mm Hg [37]. Beyond the
lower and upper limits of these ranges cerebral
autoregulation is disrupted, resulting in the
dependence of cerebral blood flow on mean arterial
pressure. Given that vasodilation occurs in the context
of cerebral ischemia, reperfusion may lead to
hyperemia, which exacerbates neuronal damage by
virtue of reperfusion as well as in response to
increased perfusion pressures [38].

Hemorrhagic transformation of ischemic infarction
is perhaps the most well-recognized consequence of
ischemia, followed by reperfusion. The disruption
of BBB and subsequent edema, neuroinflammation
and continued damage mediated by free radical
oxides contribute to the hemorrhagic transformation
of ischemic tissue beds following the return of blood
flow to the area which once experienced restriction
[39]. The concern for this complication, which can
lead to worsening of already devastating outcomes
of ischemic stroke, influences clinician treatment
decisions for aggressive intervention at initial patient
presentation. As with the pathophysiology of
primary hemorrhagic stroke, subsequent to
hemorrhagic transformation, parenchymal injury
occurs at multiple levels. It is thought that one of the
ways by which this occurs is due to a mechanism
akin to traumatic brain injury, given increased
pressure and tissue compression following
hemorrhage [40]. Furthermore, activated blood may
contain factors which are toxic to the parenchymal
milieu and have been proposed to include excess
glutamate, proapoptotic mediators (TNF and Fas
ligand), thrombin, hemoglobin and iron sulfate [41].
Figure 1 provides an overall summary demonstrating
the possible outcomes of vessel recanalization
following acute ischemic stroke, whether that
becomes successful and salvages tissue, leads to no-
reflow or results in the deleterious outcome of
reperfusion injury.
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The outcomes of recanalization following vessel
occlusion. In a percentage of patients, both
recanalization and reperfusion are successful and
lead to tissue salvage and recovery. The no-reflow
phenomenon occurs when, in spite of successful
mechanical recanalization, no flow is restored to the
ischemic tissue bed and is thought in part to be a result
of downstream vascular resistance. The third scenario,
which has been demonstrated widely in animal
models of stroke, is the instance where recanalization
and reperfusion are both successful. However, the
outcome is cell death or hemorrhagic transformation
rather than tissue salvage.

Conclusion

Symptomatic hemorrhagic transformation rates
within 24-36 hours of stroke are increased in the
setting of revascularization therapy, regardless of
modality (ie, intravenous lytics, intra-arterial lytics,
antithrombotics, or mechanical devices) [42].  In the
absence of revascularization therapy, hemorrhagic
transformation is a common and natural consequence
of infarction [43]. 

Rates of symptomatic intracerebral hemorrhage are
generally higher in intra-arterial lytic trials [44] 
(eg, 10% in PROACT-II) than in intravenous lytic trials
(eg, 6.4% in NINDS).  The rates of symptomatic ICH
following revascularization with a device are even
lower and range from 4%-2% with the Trevo and
Solitaire stent systems, respectively [45].

Hemorrhagic transformation is now known to be a
multifactorial process. Stroke severity is likely to be a
major predictor of symptomatic intracerebral
hemorrhage because it is associated with the volume
of ischemic brain at risk for hemorrhagic
transformation. Older patients may be at greater risk
of symptomatic intracerebral hemorrhage. Higher lytic
doses are associated with higher symptomatic
intracerebral hemorrhage risk, but whether lower
doses can achieve adequate benefit with less risk is
not known. Delayed revascularization minimizes
benefit and likely increases risk. The goal of acute

revascularization should not just be to open occluded
vessels but to open them quickly. Patient selection
based on physiologic parameters is likely important
to reduce late hemorrhage attributable to
revascularization.

Transcranial Doppler (TCD) ultrasonography
measures cerebral blood flow in major cerebral arteries.
Low preoperative distal carotid artery pressure (< 40
mm Hg) and an increased peak blood flow velocity
have been found to be predictive of postoperative
hyperperfusion [46].  Therefore, TCD can be used to
select patients for aggressive postprocedure
observation and management. In a patient who is
determined to be at risk, TCD can also be used during
the postoperative period to assess for hyperperfusion.

The most important factor in preventing reperfusion
syndrome is early identification and control of
hypertension [47].  This is important even in
normotensive patients, since delayed hypertension
can occur.  The use of TCD ultrasonography
preoperatively and postoperatively can aid in
identifying patients with increased CBF and,
consequently, increased risk of hyperperfusion.  Blood
pressure should then be controlled aggressively if CBF
elevates.

In the situation of reperfusion after carotid
endarterectomy (CEA), Cleveland Clinic has
implemented an effective protocol for identifying risk
factors of reperfusion syndrome and post-op
hemorrhage. These risk factors include stenosis of
>80%, pre-morbid hypertension, and poor collaterals.
In these patients the BP was maintained at less than
120/80 post-op. Of 225 patients, 33% (n=75), 0
patients had post-op reperfusion syndrome, or
hemorrhage. Prior to the protocol implementation they
had a 17% complication rate.

Pressures can be reduced gently with
antihypertensives that do not increase CBF
or cause excessive vasodilatation. Examples
include labetalol and nicardipine. Less favored
medications include intravenous angiotensin-
converting enzyme (ACE) inhibitors, calcium-channel
blockers, and vasodilators such as nitroprusside [48]. 

Unfortunately, no specific parameters or guidelines
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have yet been established for optimal blood pressure
under these circumstances. According to the
American Stroke Association stroke and intracerebral
hemorrhage guidelines, the blood pressure goal for
an acute intracerebral hemorrhage is a mean arterial
pressure (MAP) of less than 110 mm Hg [49].  This
modest pressure goal can also be applied in acute
ischemic stroke with reperfusion issues, because it
does not hypoperfuse the tenuous surrounding tissues,
nor does it further aggravate injury or hemorrhagic
conversion.

In any case, it remains the consensus that patients
should be observed postoperatively in an intensive
care unit (ICU) setting. If blood pressure management
is an issue, it should be managed in the ICU until
stabilized.
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