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Abstract
Aim: This study aims to examine the association between the presence of postinterventional 
cerebral hyperdensities (PCHD) and the occurrence of hemorrhagic transformation. 
Materials and Methods: We retrospectively analyzed the data of 33 patients who underwent 
successful mechanical thrombectomy for emergent large vessel occlusion of the anterior circulation 
and received two computed tomography (CT) scans of the brain; the first (CT1) within 4.5 h from 
the procedure and the second (CT2) within 4 days from the procedure. In patients who showed 
PCHD on CT1, CT2 was checked to detect hemorrhage or infarction in the location of the noted 
PCHD. Statistical analysis was done through the Fisher’s exact test to detect the association between 
PCHD and hemorrhagic transformation. Results: 28 of the 33 patients (84.8%) showed PCHD on 
CT1. 20 of the 28 patients (71.4%) showed infarction on CT2, while 8 patients (28.6%) showed 
hemorrhage. The 5 patients that did not show PCHD on CT1 all showed infarction on CT2. Analysis 
of our results revealed that although cases with hemorrhage had more frequent positive contrast 
compared to infarction, this difference did not reach a statistically significant level (P = 0.302). 
Conclusion: We concluded that the presence of PCHD may be associated with future risk of 
hemorrhagic transformation, but this association did not reach statistical significance. Further studies 
are needed to validate these results, which may affect the use of antiplatelets in the immediate 
postthrombectomy period in the presence of PCHD.
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Introduction
Mechanical thrombectomy is considered 
the standard of care in patients with 
acute ischemic stroke due to emergent 
large vessel occlusion (ELVO).[1] 
Patients who have undergone mechanical 
thrombectomy show hyperdense lesions on 
the treated side on noncontrast computed 
tomography (CT) done after the procedure 
in up to 60% of cases.[2] These hyperdense 
lesions have been termed as hyperdense 
areas,[3] contrast staining areas,[4] contrast 
extravasation,[5] and postinterventional 
cerebral hyperdensities (PCHD);[6] we will 
refer to them as PCHD. PCHD has been 
hypothesized to occur due to disruption 
of the blood–brain barrier (BBB) by 
ischemia, which leads to extravasation and 
trapping of contrast in the ischemic brain 
tissue.[7-9] The significance of PCHD has 
been controversial, with studies suggesting 
that their presence indicates an increased 
risk of hemorrhagic transformation[3,5,10] 

and other studies suggesting that their 
presence is associated with final brain 
infarction.[4,6,7]

In this series, we investigate the 
significance of PCHD in a cohort of 
patients who underwent successful 
mechanical thrombectomy for acute 
ischemic stroke involving the anterior 
circulation. Our aim is to identify the 
significance of presence or absence of 
PCHD on immediate postthrombectomy 
CT, specifically whether it could be used 
as a prognostic factor to predict future 
hemorrhagic transformation.

Materials and Methods
Patient selection

We retrospectively analyzed the data 
of patients who underwent mechanical 
thrombectomy for ELVO in the 
hospitals that were covered by our 
Acute Stroke team between April 2016 
and September 2018. We then included 
only the patients who had ELVO of the 
anterior circulation, underwent successful 
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Imaging analysis

PCHD was defined on CT1 as an area exceeding 0.1 cm2 
showing increased density on the side of the intervention 
with a Hounsfield unit reading at least 10 units higher than 
the contralateral side, with no surrounding edema and no 
mass effect. Reading of CT1 was done by  two members of 
the acute stroke team (A.M., A.E.; radiologists with 3 years 
and 16 years of experience, respectively).

Hemorrhage on CT2 was defined as persistent increased 
density in the area of previous PCHD, with surrounding 
edema and with or without mass effect. Infarction on CT2 
was defined as decreased density in the area of previous 
PCHD in comparison to the contralateral side. Reading of 
CT2 was done by an independent certified radiologist who 
was blinded to the procedure details and two members of 
the acute stroke team (A.M., A.E.).

Statistical analysis

Statistical analysis of our results was done using GraphPad 
Prism 8 software (California, USA) utilizing the Fisher’s 
exact test for nonparametric comparison of two categorical 
variables to detect the association between PCHD and 
hemorrhagic transformation.

Results
A total of 33  patients fulfilled our inclusion 
criteria (20 males [60.6%], 13 females [39.4%]) with a mean 
age of 55.2 years (range 21–73 years). Of these patients, 
15 (45.5%) had ELVO on the right side and 18 (54.5%) 
had ELVO on the left side. 8 patients (24.2%) had ELVO 
of the internal carotid artery and 25 patients (75.8%) had 
ELVO of the middle cerebral artery [Table 1].

Of all the 33 patients who fulfilled our inclusion 
criteria (irrelevant of the presence or absence of PCHD on 
CT1), 25 (75.8%) showed infarction and 8 (24.2%) showed 
hemorrhage on CT2.

28 (84.8%) of the 33 patients showed PCHD on CT1 and 
5 (15.2%) did not show PCHD on CT1. Of the 28 patients 
who showed PCHD on CT1, 20 (71.4%) showed infarction 

mechanical thrombectomy (TICI 2b/3) in under 6 h 
from symptom onset, and received two CT scans of the 
brain; the first (CT1) within 4.5 h from the end of the 
procedure and the second (CT2) within 4 days  from the 
procedure (a minimum of 24-h and a maximum of 4 days’ 
postprocedure). CT1 was checked for the presence or 
absence of PCHD. In patients who showed PCHD on 
CT1, CT2 was checked for the presence of hemorrhage or 
infarction in the location of the noted PCHD. In patients 
who did not show PCHD on CT1, CT2 was checked 
for the presence of hemorrhage or infarction on the side 
of the intervention. The need for informed consent was 
waived by our institutional review board because we were 
going through patient data retrospectively.

Mechanical thrombectomy procedure

All mechanical thrombectomy cases were initiated within 
6 h from symptom onset in patients who had an Alberta 
Stroke Program Early Computed Tomography Score of ≥7 
and done using Solitaire FR Retrievable Stent (Covidien, 
Ireland). Intravenous tissue plasminogen activator was 
administered to all eligible patients in accordance with 
acute ischemic stroke guidelines under the management 
of the neurology team (25 of 33 patients) until time of 
arterial puncture in the angio suite; however, accurate time 
and dosage of administered tissue plamsinogen activator 
(TPA), actilyse (alteplase), boehringer ingelheim, ingelheim, 
Germany was not recorded. The procedure was done under 
conscious sedation provided by certified anesthesiologists, 
and no cases required full anesthesia. Procedure time 
and amount of contrast used were not recorded for 
each  patient but followed our interventional neuroradiology 
team guidelines (no upper limit for procedure time or 
amount of contrast used provided a maximum of 7 
stentriever passes was not exceeded until recanalization 
or aborting the procedure). All other procedure details are 
beyond the scope of this manuscript.   After completion of 
the procedure, patients were admitted to the intensive care 
unit for at least 24 h for close monitoring, which included 
maintaining blood pressure between 120/80 mmHg and 
140/90 mmHg, followed by discharge to a stroke unit.

Table 1: Demographics, baseline characteristics, and outcomes of all patients who fulfilled inclusion criteria
Total PCHD No PCHD

Number (%) 33 (100%) 28 (84.8%) 5 (15.2%)
Gender Males number (%) 20 (60.6%) Males number (%) 17 (60.7%) Males number (%) 3 (60%)

Females number (%) 13 (39.4%) Females number (%) 11 (39.3%) Females number (%) 2 (40%)
Age Range years 21-73 Range years 21-73 Range years 51-64

Mean 55.2 Mean 54.6 Mean 58.4
ICA Right 2 Right 2 Right 0

Left 6 Left 5 Left 1
MCA Right 13 Right 12 Right 1

Left 12 Left 9 Left 3
Infarction Number (%) 25 (75.8%) Number (%) 20 (71.4%) Number (%) 5 (100%)
Hemorrhage Number (%) 8 (24.2%) Number (%) 8 (28.6%) Number (%) 0 (0%)



thrombolysis and received two CT scans of the brain; one 
immediately following the intervention and the other 24 h 
after the intervention. They described contrast that appears 
on the first CT but disappears on the second CT as “contrast 
enhancement,” and contrast that persists on the second CT 
and shows a Hounsfield unit reading of >90 as “contrast 
extravasation.” They noted that patients who showed contrast 
extravasation had a statistically significant higher incidence of 
symptomatic hemorrhagic transformation and poor outcome.[5]

Contrast extravasation, as defined by Yoon et al.,[5] is 
typically referred to as hemorrhagic transformation by 
other authors because it goes in concordance with one of 
the main differentiating points used to differentiate between 
PCHD and hemorrhage, persistence on follow-up scans.[3] 
Other factors can be used to differentiate between PCHD 
and hemorrhagic transformation such as Hounsfield unit 
reading,[11] morphology of the lesion,[4] dual-energy CT,[14,15] 
and magnetic resonance imaging[16] but are beyond the 
scope of this paper. Yoon et al. acknowledge that what 
they call “contrast extravasation” is a mixture of blood 
and contrast material, and the increase in the size of the 
hyperdensity with positive mass effect is what they term 
symptomatic hemorrhagic transformation.[5] We believe 
that this is just an increase in the size of a parenchymal 
hematoma that was present on the first CT.

The pathophysiology of PCHD is closely related to 
the integrity of the cerebral microvasculature, which is 
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and 8 (28.6%) showed hemorrhage on CT2 at the site of 
PCHD. The 5 patients that did not show PCHD on CT1 all 
showed infarction  on CT2.

Statistical analysis of our results revealed that although 
cases with hemorrhage had more frequent positive contrast 
compared to infarction, this difference did not reach a 
statistically significant level (P = 0.302) [Table 2].

Discussion
Cerebral hyperdensities following intra-arterial therapy 
for acute ischemic stroke were first reported in 1993 
by Komiyama et al.[11] They were initially believed to 
be a predictor of future hemorrhagic transformation 
in the era of intra-arterial thrombolytic therapy,[3] but 
more recent studies support the hypothesis that PCHD 
is not useful as a predictor for the occurrence of 
hemorrhagic transformation in the era of mechanical 
thrombectomy[2,12] [Figure 1].

Parrilla et al. studied 48 patients who underwent mechanical 
thrombectomy and received two CT scans of the brain; the 
first within 24 h and the second between 48 and 72 h from 
the intervention. 15 patients showed PCHD on the first CT, 
6 of which persisted on the second CT with no reported 
cases of massive hemorrhagic transformation. The authors 
concluded that PCHD does not indicate an increased risk of 
symptomatic hemorrhage.[12]

Other authors hypothesized that PCHD was more useful as 
a predictor of the final infarction size rather than a predictor 
of hemorrhagic transformation[4,6,7,13] [Figure 2]. Schneider 
et al. assessed the relationship between preintervention, 
confirmed infarction seen on diffusion weighted imaging 
and PCHD in 27 patients who underwent mechanical 
thrombectomy, and concluded that PCHD represents the 
minimum final infarct volume at a certain point in time.[13]

Some authors argued that PCHD was not one single entity. 
Yoon et al. studied 62 patients who received intra-arterial 

Figure 2: A 61‑year‑old patient who also presented with acute ischemic 
stroke due to left internal carotid artery occlusion. (a) Nonenhanced 
computed tomography scan immediately after successful thrombectomy 
shows faint hyperdensity in the region of the medial aspect or 
the left temporal lobe consistent with postinterventional cerebral 
hyperdensities. (b) Nonenhanced computed tomography scan three 
days after thrombectomy shows a hypodensity in the location of the 
previously noted postinterventional cerebral hyperdensities consistent 
with established ischemic infarction

ba
Figure 1: A 63‑year‑old patient who presented with acute ischemic stroke 
due to left internal carotid artery occlusion. (a) Nonenhanced computed 
tomography scan immediately after successful thrombectomy shows 
hyperdensity in the region of the left lentiform nucleus consistent with 
postinterventional cerebral hyperdensities. (b) Nonenhanced computed 
tomography scan two days after thrombectomy (and following deterioration 
in consciousness level) shows a large area of hemorrhage in the location of 
the previously noted postinterventional cerebral hyperdensities consistent 
with hemorrhagic transformation

ba

Table 2: Correlation between postinterventional cerebral 
hyperdensities and hemorrhage and infarction

Lesion Type P Significance
Infarction Hemorrhage

Count Column 
n %

Count Column 
n %

Contrast
Positive 20 80% 8 100% 0.302 Not 

SignificantNegative 5 20% 0 0%
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maintained by the basal lamina and the BBB, mainly 
formed by the tight junctions between endothelial cells.[17,18] 
Ischemia causes gradual breakdown in the basal lamina 
and is considered the first step in a process that may result 
in hemorrhagic transformation.[19] Ischemia also leads to 
increased expression of leukocyte adhesion receptors by 
endothelial cells, which leads to leukocyte diapedesis and 
activation, adding to the damage to the BBB and the basal 
lamina.[20]

The damage caused by the ongoing ischemic process 
is aggravated by the toxic effects of direct intra-arterial 
injection of contrast media on the cerebral microvasculature, 
which is believed to occur due to the hyperosmolarity and 
consequent increased viscosity of contrast media, as well 
as direct contrast media chemotoxicity.[21-23] Authors have 
postulated that reperfusion of the cerebral blood vessels 
following successful recanalization also contributes to 
damage to the BBB.[24]

We hypothesize that all these factors as well as the 
mechanical trauma caused by the equipment used during 
mechanical thrombectomy[25] contribute to damage of 
the BBB and basal lamina, which leads to PCHD, and 
when combined with other risk factors for hemorrhagic 
transformation,[26] it may result in hemorrhagic 
transformation.

Our results add to the studies that concluded that PCHD was 
not a statistically significant predictor of risk of hemorrhagic 
transformation. However, our data trends that the absence of 
PCHD after mechanical thrombectomy for acute ischemic 
stroke may be a good prognostic factor, though with no 
statistical evidence likely due to the relatively small number 
of patients. Of the 5 patients that did not show PCHD, 
none showed hemorrhagic transformation. Lummel et al.[10] 
showed that 16 patients (15.8%) did not show PCHD of 
101 patients who had mechanical recanalization for acute 
ischemic stroke, which fall in line with our numbers (5 of 
33 patients, 15.1%), yet differ from other, widely varying, 
reported numbers (66.1%[5] and 39.2%[6]). However, Lummel 
et al.[10] report that 2 of those 16 patients (12.5%) developed 
clinically insignificant hemorrhagic transformation, which 
differs from our results (0%). Other studies also showed 
varying incidence of hemorrhagic transformation in the 
absence of PCHD (35%,[6] 43.9%[5]).

Limitations to our study include a relatively small sample 
size, which prevented us from detecting the statistical 
significance of the absence of PCHD and a possible 
relationship with consequent absence of hemorrhage.

Conclusion
Although patients who developed hemorrhagic 
transformation more often showed PCHD compared 
to patients who developed ischemic infarctions, this 
difference did not reach a statistically significant level. 
Further studies are needed to accurately assess the relation 

between presence or absence of PCHD and hemorrhagic 
transformation as well as neurological outcome.
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