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Introduction

Posterior reversible encephalopathy syndrome (PRES) 
is a rare clinical neuroimaging disorder (1), which 
is characterized by vasogenic edema in the bilateral 
subcortical areas of the parietal and occipital lobes (2); 
there is frequent involvement of the frontal and temporal 
lobes, cerebellum, and brainstem (3). PRES can occur in 
any age group. The clinical manifestations of PRES are 
nonspecific and include acute headache, nausea, vomiting, 
and visual disorders (4), with seizure and coma occurring 
in severe cases (3). Sometimes PRES presents similarly to 
acute cerebral infarction with neurological dysfunction 
and thus can be easily misdiagnosed (5,6). With timely and 
appropriate treatment, the clinical symptoms and imaging 
changes of PRES can be rapidly improved, even completely 

recovered (7). Among the raft of causative factors of 
PRES, hypertension is one of the most common (8); 
hypertension is also the most common risk factor for acute 
cerebral infarction (9). However, the pathophysiological 
mechanisms between PRES and acute cerebral infarction 
are not the same. The lesion locations of PRES manifest as 
vasogenic edema (10,11), and as cytotoxic edema in cerebral  
infarction (3). The main principles of controlling BP 
in the early stage of these 2 diseases are different, even 
sometimes opposing (12). Clinically, the simultaneous 
appearance of PRES and acute cerebral infarction, caused 
by hypertension, is rare. And once the 2 diseases coexist, 
it is often challenging to decide on the best avenue for the 
regulation of hypertension. This article reports a case of 
PRES coexisting with acute lacunar cerebral infarction 
in an infrequent location of the hippocampus and pons 
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and analyzes the antihypertensive therapy provided to the 
patient. Moreover, the early antihypertensive principles of 
PRES and acute cerebral infarction are summarized for our 
allied clinicians.

Case presentation

The patient was a 36-year-old male admitted to the 
emergency room for weakness in his left limbs. Without 
any apparent predisposition, the patient had experienced 
difficulty in raising his left upper limb and holding 
chopsticks, and his left leg was not flexible. Additional 
symptoms included dysphonia, bilateral temporo-occipital 
headache, confusion, and short-term memory loss. 
There was no reduction in the depth of the nasolabial 
groove, fever, or seizures. The patient denied having 
a medical history of hypertension, diabetes, coronary 
heart disease, renal artery stenosis, connective tissue 
disease, and alcohol or drug abuse. The presenting vital 
signs included a body temperature of 36.2 ℃, heart rate  
84 beats per minute (bpm), and blood pressure (BP) 
214/145 mmHg. Upon neurological examination, he 
was conscious, having trouble speaking, comprehension 

and short-term memory were damaged, strength level of 
the left limbs was 5-, left Babinski sign (-), deep tendon 
reflexes of the 4 limbs were normal, and neck movement 
was unrestricted. Auxiliary examination revealed that 
routine complete blood count was normal, routine 
urine and feces were unremarkable; serum potassium  
3.18 mmol/L; liver and kidney function were normal; 
fas t ing  b lood g lucose  4 .8  mmol/L;  g lycosy la ted 
hemoglobin 5.2%; the renin-aldosterone system was 
normal; coagulation and thyroid function were normal; 
both anti-nuclear Ab and anti-phospholipid Ab were 
negative, and screening for syphilis and AIDS returned 
negative results. The cerebrospinal fluid pressure was  
140 mmH2O, with a protein level of 0.42 g/L; ultrasound 
of the renal parenchyma and adrenal gland did not find 
any tumor, and the abdominal aorta and renal vessel 
ultrasound revealed no severe stenosis;  computed 
tomography (CT) of the head detected a suspicious low-
density change in the pons (Figure 1A).

According to medical  history and neurological 
examinations, the initial diagnosis was acute cerebral 
infarction. The antithrombotic agent aspirin and atorvastatin 
were taken orally, and oral nifedipine was administered to 
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Figure 1 Head computed tomography (CT), and magnetic resonance imaging (MRI) scans were performed at admission. (A) The CT shows 
a suspicious low-density shadow of the pons; (B,C) the diffusion-weighted imaging (DWI) sequence and apparent diffusion coefficient (ADC) 
map, showing high signal and low signal in the right thalamus respectively (arrow), indicating that the lesion is cytotoxic edema; (D,E) the DWI 
sequence and ADC map at the pons level, equi-signal and high signal are displayed in the pons and right hippocampus (arrow), indicating that 
the lesion is vasogenic edema; (F-H) showed T1WI low signal, T2WI high signal and fluid-attenuated inversion recovery (FLAIR) high signal 
in the pons and right hippocampus respectively; (I,J) show intracranial vascular integrity, without apparent stenosis (coronal).
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reduce BP. However, the head CT suggested that the pons 

lesions were inconsistent with the clinical manifestations. 

The patients’ BP decreased to 172/119 mmHg in the 24 h 

after admission. Magnetic resonance imaging (MRI) of the 

head showed acute lacunar infarction in the right thalamus 
and vasogenic edema in the pons and right hippocampus, 
without large vessel stenosis (Figure 1B,C,D,E,F,G,H,I,J). We 
added irbesartan to control the hypertension further, and the 
BP gradually decreased. On the 14th day, BP was controlled 
at 130/85 mmHg (Figure 2), a repeat head MRI revealed that 
the lesions in the pons and hippocampus had disappeared 
(Figure 3), and the patient had no remarkable sequelae. The 
final diagnosis was made in 3 parts: (I) acute lacunar cerebral 
infarction; (II) posterior reversible encephalopathy syndrome; 
(III) hypertension.

Discussion

There are several causes of PRES, including hypertension, 
eclampsia/preeclampsia (13), autoimmune disease (14), use 
of immunosuppressants (15), severe infection (16), renal 
insufficiency (17), and others. Hypertension is one of the 
most common causes of PRES (18). In our case, the BP 
was extremely high at the onset of disease, and there was 
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Figure 2 The trend change of blood pressure in the patient. 
Blood pressure decreased gradually and steadily during the 
antihypertensive treatment.
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Figure 3 The head magnetic resonance imaging (MRI) examination on the 14th day of admission. (A,B) Show respectively that the 
high signal of diffusion-weighted imaging (DWI) sequence is significantly reduced compared to before in the right thalamus (arrow), 
while the apparent diffusion coefficient (ADC) map shows the equal signal in the same location (arrow), indicating that cytotoxic edema 
has significantly reduced; (C-G) show the DWI sequences, ADC map, T1WI, T2WI, and fluid-attenuated inversion recovery (FLAIR) 
sequences, respectively at the pontine layer. The pons and right hippocampus are all shown as equal signals, indicating that vasogenic edema 
has disappeared. 
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no other relevant medical history, so we hypothesized that 
hypertension was the main reason for PRES.

Mechanism of vasogenic edema and cytotoxic edema 
induced by hypertension

Approximately 75–80% of PRES patients have significantly 
elevated BP (2). When the increased BP exceeds the 
upper limit of self-regulation in cerebrovascular injury, 
the endothelial cells become damaged and release vascular 
endothelial toxic substances, which increase vascular 
permeability and lead to brain tissue over perfusion (19), 
and subsequent vasogenic edema (20). For acute cerebral 
infarction caused by hypertension, the interruption of 
cerebral blood flow promotes ischemia and hypoxia in the 
brain tissue, which gives rise to metabolic disorders in nerve 
cells and changes the internal and external environment 
of neurons; then, cytotoxic edema ensues (4). In light of 
the above, we can deduce that the pathophysiological 
mechanisms caused by either vasogenic edema or cytotoxic 
edema are different. Therefore, we strongly believe that the 
principles of antihypertensive therapy in the 2 conditions 
require very distinct approaches.   

Identification of vasogenic edema and cytotoxic edema

Diffusion-weighted imaging (DWI) combined with 
apparent diffusion coefficient (ADC) is the “gold standard” 
to identify the area of cerebral edema (21,22), and they also 
can distinguish PRES from acute cerebral infarction (4,23).

Vasogenic cerebral edema is caused by the breakdown of 
the blood-brain barrier and increased capillary permeability. 
Water molecules and some protein substances penetrate 
the extracellular fluid through the vascular wall and 
increase the osmotic pressure of the extracellular fluid. In 
areas of vasogenic edema, DWI usually presents as low 
or equal signals (23), but can sometimes present a slightly 
higher signal due to the “shine-through” effect of MRI 
T2 weighted image (T2WI) (24); however, ADC always 
presents a high signal for this pathology (21,22). 

The reasons for cytotoxic edema are diverse, and it 
happens commonly in ischemia of the brain. Due to ischemia, 
the energy pump function of cell membranes is destroyed, 
and nerve cells develop metabolic disorders and edema. 
However, the blood-brain barrier function is reserved, and 
the perivascular and extracellular space is not significantly 
expanded. In cytotoxic edema, DWI shows a high signal, 
while ADC reveals a low signal (6). Both DWI and ADC can 

identify the above 2 types of brain tissue edema. When the 
head MRI of the patient reveals the coexistence of cytotoxic 
edema and vasogenic edema, it suggests that different 
pathogeneses are involved in the disease, which creates a 
challenge in determining the most appropriate treatment.

Early management of BP in PRES

There are no randomized controlled clinical trials (RCTs) 
to support optimal management of hypertension in PRES; 
however, the effective treatment of hypertension is essential. 
Antihypertensive medications should be used when the 
systolic blood pressure (SBP) exceeds 160 mmHg and/or 
diastolic blood pressure (DBP) exceeds 105–110 mmHg (6).  
It is usually recommended to reduce BP by about 25% 
within 24–48 h, depending on the level of BP at the time of 
the attack, or the basic BP situation. Moreover, intravenous 
antihypertensive treatment is feasible when necessary (25), 
although severe fluctuations of BP in a short period should 
be avoided. Fluctuating BP will further damage the blood-
brain barrier and lead to the leakage of macromolecular 
substances from the vascular endothelial cells into the brain 
tissue (26). The above recommendations are based only on 
relevant case analyses or reviews, and clinical guidelines 
do not support them. The BP of the patient we currently 
report on accorded with the antihypertensive indications 
of PRES. Meanwhile, the drop level of BP reached 20% 
in 24 h, which was in line with the basic principles of 
antihypertensive treatment in PRES. Therefore, we 
speculate that the exemplary prognosis of the patient is 
attributed to the effective control of hypertension.

The differences between classical PRES and variants of 
PRES

The basic imaging pattern of PRES is limited to watershed 
areas of the brain, including the cortex, subcortex, and 
deep white matter. The parietal and occipital lobes are 
most frequently affected in PRES and are often distributed 
symmetrically (27). The frontal lobe, temporal lobe, 
cerebellum, basal ganglia, brainstem, and deep white matter 
are also commonly affected, are circumstantially called 
atypical parts, and account for about 4% of the affected 
areas (28). The most common pathogenesis of PRES is 
disordered cerebrovascular self-regulation, which is induced 
by hypertension. The vertebrobasilar arterial system is very 
sensitive to this process, so posterior circulation is most 
frequently involved (29). Some researchers have found 
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that patients with supratentorial involvement tend to have 
slightly elevated BP, while patients with the brainstem, 
basal ganglia, and cerebellum involvement tend towards 
significantly elevated BP readings (27). We hypothesize that 
the affected sites of PRES relate to BP level, etiology, age, 
and other factors, which require further research.

Management of BP in acute cerebral infarction

The management of BP in acute cerebral infarction is a 
complicated issue, and it is necessary to increase the blood 
perfusion of ischemic brain tissue and avoid reperfusion 
injury. Fluctuating BP is typical in the acute phase (30), 
and high BP is most common. It has been reported that 
SBP is >140 mmHg in 77% of acute cerebral infarction 
patients (31). The pathophysiological mechanisms of 
hypertension are very complex, but the specific reasons 
are still not entirely clear. Contributing factors include a 
history of hypertension, psychological stress, the severity 
of the disease, thrombus load, location of infarction, and 
collateral circulation, and these factors comingle to raise 
the BP (30,32). Our patient denied having a history of 
hypertension, but he had never monitored his BP; thus, we 
cannot rule out the possibility of persistent hypertension. 
Current opinions on antihypertensive approaches in acute 
cerebral infarction vary greatly, mainly because most studies 
have been characterized by being single-center, small sample 
size, and lacking repeatability (33). Chamorro et al. (34)  
found that in cerebral infarction patients with a history of 
hypertension, high BP in the acute phase could increase 
brain perfusion, which was beneficial for clinical prognosis. 
Verschoof et al. (35) noted that hypotension in the acute 
phase of cerebral infarction increases the risk of death and 
complications during hospitalization, especially in patients 
with heart failure, shock, and gastrointestinal bleeding. 
Anderson et al. (36) proved that antihypertensive therapy 
can only reduce the risk of hemorrhage transformation, 
but cannot improve the clinical prognosis. There was a 
U-shaped relationship between BP and clinical prognosis, 
which indicated that maintaining SBP at <150 mmHg could 
achieve the lowest mortality, and death risk increased by 
3.6% per 10 mmHg of elevation beyond that threshold (37).  
Therefore, maintaining BP at a high level may be beneficial 
for acute ischemic stroke patients, but this perspective 
is inconsistent with the therapeutic principles of PRES. 
Furthermore, higher BP is not always better for this 
purpose. A meta-analysis of 32 studies involving 10,892 
patients suggested that hypertension in the acute stage was 

an independent risk factor for poor clinical prognosis (38).  
Leonardi-Bee et al. (31) pointed out that in the early phase 
when SBP exceeded 200 mmHg or was increased by more 
than 50% from the basal level, the risk of stroke relapse, 
bleeding transformation, and brain edema increased 
significantly. Different views exist on antihypertensive therapy 
for acute ischemic injury, and this presents a challenge to the 
management of BP in PRES. Meanwhile, in the acute phase 
of cerebral ischemic injury, severe fluctuations of BP should 
be avoided; Geng et al. (39) found that severe fluctuation of 
SBP within 24 h of onset was an independent risk factor for 
poor prognosis at 7 days. Manning et al. (40) also proved 
that fluctuations of SBP within 24 h of infarction was an 
independent risk factor for hemorrhagic transformation. 
Tanaka et al. (41) pointed out that the fluctuation of SBP 
in the acute phase was an independent predictor for death 
within a month. Avoiding severe fluctuations of BP in the 
acute phase is consistent with the treatment principles of 
PRES. We hypothesized that keeping BP within a moderate 
range would contribute to the protection of endothelial cells.

Regarding the timing for commencing antihypertensive 
therapy, Zhang et al. (42) suggested that aggressive 
antihypertensive treatment should be started within  
48 h after the onset of symptoms, in order to reduce 
the risk of stroke recurrence. Saver et al. (43) found that 
antihypertensive treatment within 24 h would reduce 
cerebral perfusion in the ischemic area and increase 
the scope of infarction. In current clinical practice, the 
American Heart Association/American Stroke Association 
(AHA/ASA) guidelines of 2018 suggested that for the acute 
cerebral infarction, antihypertensive therapy should be 
initiated within 24–72 h following the attack, but if the BP 
exceeds 220/120 mmHg, or target-organs are damaged 
(acute renal insufficiency, aortic dissection, acute pulmonary 
edema, etc.), accompanied by BP over 200/100 mmHg. 
We should reduce BP aggressively earlier (32). Hence, we 
believe that early antihypertensive therapy in acute cerebral 
infarction is a general guiding principle, and similar to 
the administration of BP in PRES. However, the degree 
and speed of antihypertensive management should be 
considered carefully in combination with other factors.

BP management in patients who experience intravenous 
thrombolysis or intravascular therapy

Wang et al. (44) demonstrated that among patients 
who received intravenous thrombolytic therapy if SBP 
was controlled between 130–140 mmHg compared to  
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180 mmHg, it did not improve the 90-day clinical prognosis 
or reduce bleeding risk. Ahmed et al. (33) implied that 
the risk of symptomatic intracranial hemorrhage was  
4 times higher in patients who would receive intravenous 
thrombolytic therapy with SBP greater than 170 mmHg 
compared to 141–150 mmHg. Aries et al. (45) showed 
that patients who received intravenous thrombolysis with 
a rapid reduction of BP experienced impaired perfusion 
of the collateral circulation into the ischemia penumbra 
and aggravation of the symptoms of clinical ischemia. 
Therefore, there are still controversial standpoints on 
whether aggressive antihypertensive therapy is appropriate 
for patients who receive intravenous thrombolytic 
treatment in acute cerebral infarction. The AHA/ASA 
recommends that for intravenous thrombolysis, the BP 
should be <185/110 mmHg before treatment, and no 
more than 180/105 mmHg within the first 24 h following  
treatment (32), which could increase reperfusion and reduce 
the risk of bleeding transformation (46). 

Alcaraz et al. (47) proved that the reduction of BP by more 
than 10% during mechanical thrombectomy compared to 
pre-operation was not of benefit to the clinical prognosis. 
Ishitsuka et al. (48) suggested that the elevated BP in the 
acute phase was detrimental to the long-term prognosis 
in patients who received mechanical thrombectomy. 
Raychev et al. (49) found that if vascular recanalization was 
achieved, the risk of bleeding was lowest when the SBP was  
≤170 mmHg, and excessive BP might lead to reperfusion 
injury. On the contrary, if patients did not achieve 
recanalization, hypotension would result in a state of 
hypoperfusion in the ischemic area. As a result, the 
antihypertensive treatment for patients who achieve 
mechanical thrombectomy is complex. We need to consider 
multiple factors, such as recanalization, collateral circulation, 
door to treatment time, risk factors, and thrombectomy 
devices. The American AHA/ASA suggests that BP should be 
controlled at <185/110 mmHg before endovascular therapy, 
and at the same time, lower BP should also be avoided (32). 
Independent of intravenous thrombolysis or endovascular 
treatment, early BP management is a challenging problem, 
with all kinds of potential outcomes. We need to consider 
a variety of factors and undertake antihypertensive therapy 
according to the current guidelines.

Management of BP in different subtypes of acute cerebral 
infarction

Methods of management of BP fluctuations in the acute 

phase are various because of different infarction subtypes, 
which may be related to diverse etiological factors (50). 
Patients with lacunar infarction have higher BP in the 
acute phase, which results in fibrinoid necrosis and hyaline 
degeneration in deep perforating branch arteries (51). 
Endothelial cell dysfunction appears earlier, accompanied 
by cerebral microvascular lesions, which lead to the 
cerebrovascular regulation curve shifting to the right (51).  
Meanwhile, it was found that active antihypertensive 
treatment in lacunar cerebral infarction would not adversely 
affect the clinical prognosis (52,53). In patients with 
cerebral infarction due to large arterial stenosis or occlusion, 
the collateral circulation may be opened simultaneously. 
Collateral circulation was opened because of elevated BP, 
which effectively enhanced cerebral perfusion. However, it 
can also boost the risk of hemorrhagic transformation, so it 
is necessary to take into account both under perfusion and 
over perfusion in the process of BP administration (54). For 
the patients with cardiogenic cerebral infarction, cardiac 
failure was often present, and the compensatory mechanism 
of elevated BP was subsequently destroyed. Therefore, 
in the acute phase, BP was always lower or normal (50). 
Marcheselli et al. (55) proposed that lower BP was found 
in cardiogenic stroke patients within 24 h of onset, which 
may be related to long-term oral antihypertensive drugs. 
Based on the above, different etiologies lead to various 
kinds of BP in the acute phase, which may be related to the 
pathophysiological mechanism. Hence, etiological factors 
should be fully considered in antihypertensive treatment. 
Currently, there is no uniform antihypertensive goal, and 
the individuation of antihypertensive should be routinely 
performed (56).

Possible causes of PRES coexisting with acute cerebral 
infarction

The coexistence of PRES and acute cerebral infarction is 
clinically rare, with an incidence of about 11–26%, and 
poor prognosis is often indicated (23). There are multiple 
possible reasons for this coexistence; firstly, vasogenic 
edema caused by PRES increases the pressure of brain 
tissue, compresses the intracranial micro arteries, and 
leads to local infarction (57); secondly, vascular endothelial 
toxic substances or hypertension promote cerebral artery 
contraction or spasm (58), this further facilitates the decline 
of local cerebral blood flow (59). However, the exact 
pathogenesis is still unclear. In this case, we speculate that 
BP was significantly increased at the initial stage of the 



2362 Liu and Zhang. Blood pressure management in PRES

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2020;10(12):2356-2365 | http://dx.doi.org/10.21037/qims-20-392

disease, which destroyed the self-regulatory function of the 
cerebral vessels and led to vasogenic edema. Moreover, the 
vasoconstriction and spasm happened, and cytotoxic edema 
subsequently appeared.

Antihypertension in this case

According to the head CT, the cerebral hemorrhage was 
eliminated after 10 h. The initial diagnosis was acute 
cerebral infarction, and oral antihypertensive drugs were 
administered as BP was 214/145 mmHg, which exceeded 
the recommended guidelines for antihypertensive 
treatment. The MRI on the second day confirmed the 
presence of both vasogenic and cytotoxic edema, especially 
the results of DWI MRI and ADC MRI, which suggested 
that PRES (unusual parts of pons and right hippocampus) 
coexisted with acute lacunar infarction (right thalamus). 
The patients’ BP decreased to 172/119 mmHg at 24 h. 
According to the principles of early BP management 
of PRES, active antihypertensive treatment should be 
performed to avoid irreversible cytotoxic edema. For 
patients who had not received intravenous thrombolytic 
therapy, early antihypertensive treatment was generally not 
recommended. However, considering that the patient had 
only lacunar infarction, antihypertensive treatment would 
not affect the clinical prognosis. After careful consideration, 
we intensified the antihypertensive treatment. After  
2 weeks, the edema of the patients’ pons and hippocampus 
and the prognosis were favorable.

Summary

Hypertension is the most common cause of PRES and 
acute cerebral infarction, but there are differences in the 
antihypertensive treatment approaches between them. 
There is no ideal treatment scheme for BP management 
when these 2 pathologies present concurrently. Generally 
speaking, in PRES patients with elevated BP, appropriate 
antihypertensive therapy should be initiated during the 
acute phase. However, for patients with acute cerebral 
infarction, early antihypertensive therapy is more 
complicated. It requires consideration of BP history level, 
BP at the onset, whether or not to administer intravenous 
thrombolysis or endovascular therapy, the severity of 
the disease, and the etiology of cerebral infarction. The 
coexistence of PRES and acute cerebral infarction are 
relatively rare in clinical practice. Antihypertensive therapy 
should be considered thoroughly, including the timing, 

speed, and targets. Individualized treatment should be 
carried out after a suitable therapeutic compromise has been 
decided upon.
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