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Appearance of cerebral infarct fogging on CT
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Article history:

Fogging is a deceptive phenomenon that can partially or completely obscure a subacute in-

Received 4 April 2019

farct on noncontrast head CT. We present the appearance of infarct fogging on CT perfusion
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through 3 cases. At time of fogging, the subacute infarctions demonstrated variable mean
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transit time with increased cerebral blood volume and cerebral blood flow on CT perfusion.
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Fogging occurred within 6-10 days, sooner than the previously described 2-3 weeks in classic fogging. At time of fogging, CT perfusion demonstrated a “luxury-like” perfusion pattern
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and augmented the identification of the true extent of the infarction at time of fogging.
© 2019 The Authors. Published by Elsevier Inc. on behalf of University of Washington.
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Introduction
Infarct fogging refers to the transient iso-dense appearance
of a previously hypodense infarct on noncontrast head CT
(NCCT) [1,2]. The “fogging effect” generally occurs 2-3 weeks
after stroke onset with redemonstration of hypoattenuation
on follow-up imaging [1,2]. Recognition of fogging on NCCT
is imperative to avoid underestimation or misdiagnosis of
cerebral infarction [1]. This may be especially important to
be aware of when assessing a new stroke patient transferred
from an outside hospital without available comparison imaging or for junior radiology trainees unfamiliar with infarct confounders.
Comparison to follow-up neurologic imaging can facilitate the identification of infarct fogging [1,2]. In an ischemic

∗

stroke patient, CT perfusion (CTP) can be used to assess blood
flow within ischemic parenchyma [3,4]. We present the appearance of infarct fogging on CTP through 3 cases (Tables 1
and 2).

Case 1
A 55-year-old female presented with subarachnoid hemorrahge (SAH) secondary to a ruptured anterior communicating artery aneurysm. The patient developed vasospasm and
subsequent small right paramedian frontal anterior cerebral
artery infarction 4 days after initial presentation and coil
embolization (Fig. 1). Fogging was noted 6 days after initial
infarction and last contrast administration with pseudonor-
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Table 1 – Patient characteristics and CT perfusion findings at time of infarct fogging.
Age and
gender

Initial presentation

Infarction

Prior intra-arterial
Verapamil before
fogging (days)

Prior contrast
before fogging
(days)

Time from
infarct to
fogging (days)

Case 1

55F

6

6

47F

7

4

7

Case 3

52F

Vasospasm causing
right ACA infarction
Vasospasm causing
right MCA/PCA
infarction
Vasospasm causing
multiple right MCA
infarcts

No

Case 2

Right ACom aneurysm
and SAH
Right basal ganglia
ICH/IVH

12

7

10

Right posterior
communicating artery
aneurysm and SAH

Fig. 1 – A 55-year-old female presented with SAH secondary to an anterior communicating aneurysm. The patient
developed vasospasm and (A) subsequent right anterior cerebral artery (ACA) infarction. (B) Fogging was noted 6 days after
infarction with normalization of hypodensities on NCCT/CTP. (C) One month follow-up NCCT revealed hypodense chronic
infarction of the right frontal lobe. Subtle symmetrical to decreased (D) MTT, and increased (E) CBV and (F) CBF were noted at
time of fogging.

malization of right anterior cerebral artery territory hypodensities. On CTP, subtle symmetrical to decreased mean
transit time (MTT), and slightly increased cerebral blood
volume (CBV) and cerebral blood flow (CBF) were identified in the right anterior cerebral artery territory infarction. The patient’s hospital stay required ventricular drain
placement, as well as intra-arterial Verapamil 6 days after fogging. One month follow-up NCCT revealed hypodense chronic infarction of the right frontal lobe. Clinically,
the patient was discharged with a right visual field de-

fect from concurrent left occipital infarction and personality
changes.

Case 2
A 47-year-old female presented with headache, nausea, and
vomiting. Initial head CT angiogram (CTA) demonstrated right
basal ganglia intracerebral hemorrhage with intraventricular
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Fig. 2 – A 47-year-old female presented with intracerebral hemorrhage (ICH), intraventricular hemorrhage (IVH), and left ICA
dissection secondary to hypertension. The patient developed vasospasm and subsequent (A) right MCA and posterior
cerebral artery (PCA) infarction on NCCT. (B) Fogging was noted 7 days later on NCCT/CTP. (C) Follow-up 9-month NCCT
demonstrated right parietal chronic infarction. Next day CTP at time of fogging demonstrated (D) prolonged MTT, (E)
increased CBV, and (F) increased CBF.

and subarachnoid extension likely secondary to hypertension.
The patient developed vasospasm and subsequent infarction
of the right parietal lobe 2 days after initial presentation (Fig.
2). Patient underwent same day cerebral angiogram with balloon angioplasty and intra-arterial Verapamil infusion. Fogging occurred 7 days after initial infarction and 4 days after
last contrast administration with areas of isoattenuation on
NCCT. Next day NCCT revealed persistent fogging effect with
CTP demonstrating increased MTT, CBV, and CBF within the
area of infarction. Patient’s course was complicated by ventricular drain placement and ventriculitis. Follow-up NCCT 9
months later revealed chronic right parietal infarction. Clinically, the patient’s symptoms improved with rehabilitation.

vasospasm of the right carotid terminus with development
of multiple right sided infarctions. Patient underwent balloon
angioplasty and intra-arterial Verapamil infusion 8 days after
initial presentation. An additional new posterior right middle
cerebral artery (MCA) stroke was apparent on MRI obtained 10
days after presentation (Fig. 3). The new infarction was also
seen on NCCT 2 days after the MRI. Fogging was noted 10 days
after infarction on MRI and 7 days after last contrast administration. At time of fogging, CTP revealed decreased MTT and
increased CBF/CBV within areas of the posterior MCA infarction. Patient was discharged to rehabilitation with cognitive
defects.

Discussion
Case 3
A 52-year-old female presented with sudden onset severe headache. Initial CTA and cerebral angiogram revealed
SAH secondary to a right posterior communicating artery
aneurysm. Patient underwent right frontotemporal craniotomy for surgical aneurysm clipping. Her course was complicated by hydrocephalus requiring a ventricular drain and

We present the appearance of infarct fogging on CTP through
3 educational cases. In all cases the infarction was secondary
to vasospasm from subarachnoid blood. The CTP findings at
the time of fogging demonstrated variable MTT but all patients showed elevated CBV and CBF. The presence of isodense attenuation of the fogged parenchyma on NCCT and
postischemic hyperperfusion on CTP can be misleading find-
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Fig. 3 – A 52-year-old female presented with SAH secondary to a right posterior communicating artery aneurysm. The
patient developed vasospasm and subsequent (A) right MCA infarction on MRI with ADC revealing restricted diffusion of
the stroke, also seen on (B) 2-day follow-up NCCT. (C) Fogging was noted 10 days after initial infarction. At time of fogging,
CTP revealed (D) decreased MTT, (E) increased CBV, and (F) increased CBF.

ings. Theoretically, hyperperfusion of the infarcted tissue may
make the contralateral normal tissue appear as the abnormal
hypoperfused side on CTP. Careful evaluation of comparison
imaging and familiarity with perfusion patterns on CTP may
help avoid this pitfall.
Traditionally, infarct fogging refers to the transient isodense appearance of previously hypodense infarction, occurring generally 2-3 weeks after initial infarction [1]. Normal
CT imaging within a week of initial stroke symptoms without prior imaging demonstrating a stroke has been previously
described [2]. Our cases of iso-dense infarct attenuation developed 6-10 days after initial hypodense infarction, sooner
than previously described classic fogging [1]. The decreased
conspicuity of infarction at time of traditional fogging on
NCCT has been postulated to be secondary to decreased bulk
fluid, increased capillary proliferation, and increased influx of
macrophages and erythrocytes [1,2,5]. However, CTP findings
of all 3 of our cases would argue against decreased bulk fluid
since each case had consistently elevated CBV and CBF, mimicking a “luxury” like perfusion consistent with a subacute infarction [3,4]. An explanation for the discrepancies may lie in
the etiology for the infarctions, as the 3 presented cases were
from vasospasm and not thromboembolic disease [1,2]. Furthermore, cases 2 and 3 received intra-arterial Verapamil before fogging, which may play a role in augmented vasodilation

[6,7]. Redemonstration of hypodense infarction had been reported to occur within 1-7 weeks after traditional fogging, in
concordance with our findings [1].
Infarct fogging is distinct from contrast staining, where
the infarction is masked or even mistaken for hemorrhage
by recent contrast administration (ie from previous cerebral
angiogram) [5,8–10]. Both entities can appear similar with
pseudonormalization of infarcted parenchyma on NCCT; but,
fogging is a subacute process and staining typically happens
in the more acute time period [1,2,5,8]. However, infarct contrast staining, and fogging are not mutually exclusive. The infarctions in cases 2 and 3 increased in size and conspicuity on
consecutive follow-up exams; poor initial visualization could
be partially due to serial contrast enhanced CTAs ordered for
the evaluation for vasospasm which is a customary practice at
our institution. In cases of contrast staining, repeat CT imaging in 24 hours may be required to show infarction extent in
the absence of contrast [8].
In the setting of acute ischemia, CTP can be used to distinguish reversable penumbra from irreversible core infarction [3,4]. In both situations, MTT is prolonged (Table 2); for
penumbra, CBV is preserved and CBF is decreased; whereas
for core, both CBV and CBF are decreased [3,4]. On CTP at
time of fogging, the subacute infarctions demonstrated variable MTT with increased CBV and CBF. This perfusion pattern
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Table 2 – CT perfusion patterns of different infarct/
ischemia types [3,4].
Stroke type

MTT

CBV

CBF

Chronic infarction
Acute Core
Acute Penumbra/Vasospasm
Luxury Perfusion/Subacute Fogginga

↑
↑
↑
↓↑

↓
↓
↑↔
↑

↓
↓
↓
↑

a

Based on the 3 cases presented.

matches postischemia hyperperfusion, or “luxury perfusion,”
which generally occurs in subacute infarctions [3,4]. Luxury
perfusion is likely due to increased edema and blood flow in
the setting of low oxygen demand secondary to abnormal vascular autoregulation in the infarcted tissue [3,4]. Even though
the infarcts in all 3 cases were due to vasospasm, the CTP pattern at fogging was not similar to vasospasm where MTT is
prolonged, CBV is preserved, and CBF is decreased [3,4]. In all
cases, the true extent of the infarction is easily identified on
CTP at time of fogging (Figs. 1–3).

Conclusion
Identification of the “fogging effect” on NCCT and CTP is important to avoid underestimation or misdiagnosis of a cerebral
infarction. In our case series, infarction fogging occurred 6-10
days after infarction, sooner than the previously described 2-3
weeks in classic fogging [1]. At time of fogging, CTP reflected
the chronological stage of the 3 subacute infarctions, with a
“luxury-like” perfusion pattern. CTP may augment the identification of this process, as well as outline the true extent of
infarction at time of fogging.
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