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CLINICAL REPORT
ADULT BRAIN

Medial Occipital Lobe Hyperperfusion Identified by Arterial
Spin-Labeling: A Poor Prognostic Sign in Patients with Hypoxic-

Ischemic Encephalopathy

A. de Havenon, A. Sultan-Qurraie, D. Tirschwell, W. Cohen, J. Majersik, and J.B. Andre

ABSTRACT

SUMMARY: Hypoxic-ischemic encephalopathy carries an uncertain prognosis. We sought to retrospectively assess the prognostic value

of arterial spin-labeling MR imaging in 22 adult patients diagnosed with hypoxic-ischemic encephalopathy. Quantitative CBF maps were

generated from the MO map, and arterial spin-labeling data on a per-voxel basis were regionally interrogated via visual inspection and ROI

placement. Hyperperfusion was defined as regional increases in CBF of >20% (relative to global CBF) and/or >100 mL/100 g/min. Eleven

of 22 patients had prominent bilateral medial occipital lobe hyperperfusion, all of whom died before hospital discharge. One patient who

had nondistinct arterial spin-labeling hyperperfusion and restricted diffusion survived. Medial occipital lobe hyperperfusion is a distinctive

pattern that merits prospective investigation in a cohort of patients with moderate hypoxic-ischemic encephalopathy to determine its

predictive ability in patients with a higher likelihood of survival.

ABBREVIATIONS: ASL = arterial spin-labeling; HIE = hypoxic-ischemic encephalopathy; MOLH = medial occipital lobe hyperperfusion

ypoxic-ischemic encephalopathy (HIE) can result from car-
diac arrest, profound hypotension, or respiratory distress
secondary to a variety of medical causes, which share the final
common pathway of neuronal death from failure of oxidative
metabolism.' Despite advances in its treatment, patients with HIE
have high rates of morbidity and mortality.” Given that the sever-
ity of HIE varies widely, a wealth of predictive prognostic tools
exist, ranging from clinical markers, including level of conscious-
ness and motor response to central noxious stimulation, to neu-
rophysiologic testing, such as electroencephalogram, laboratory
markers, and somatosensory-evoked potentials. Although tradi-
tionally difficult to perform in this typically clinically unstable
population, MR imaging examination is the neuroimaging test of
choice, despite the observation that functional recovery following
extensive gray matter infarction can occur, suggesting that con-
ventional MR imaging findings lack specificity.”
CBF is typically reduced in the first 24 — 48 hours after HIE, but
delayed cerebral hyperperfusion can develop thereafter, a finding
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first observed with xenon-enhanced CT.*® This hyperperfusion
appears to correlate with poor clinical outcome and was theorized
to be the result of a loss of vascular resistance. Hyperperfusion
after HIE has also been observed with arterial spin-labeling (ASL)
MR imaging in both pediatric and adult patients, but in nonspe-
cific patterns that have often corresponded with regions of re-
stricted diffusion.®” ASL is a noninvasive MR imaging technique
that produces perfusion maps that are comparable with contrast-
based methods such as dynamic susceptibility contrast MR imag-
ing.® Because the brain and kidneys are both very sensitive to
hypotension and lack of oxygen, HIE is often accompanied by
transient acute renal injury, which can be a contraindication to
gadolinium-based contrast agent administration in MR imag-
ing.”'* In light of this limitation, we sought to further clarify
whether the presence of hyperperfusion, as previously reported in
patients with HIE® and detected with ASL, could be used as a
marker of survival prognosis and to examine its relationship to
standard prognostic tests.

Case Series

We performed a retrospective data base and patient chart review
at an urban tertiary care academic hospital and included adult
patients (18 years of age or older) with a discharge diagnosis of
HIE. All patients had been admitted to our intensive care unit
between September 2012 and January 2014 with a Glasgow Coma
Scale score of <8. All patients underwent routine brain MR im-
aging on a 3T scanner (Tim Trio; Siemens, Erlangen, Germany) as
part of standard clinical care. Acquired sequences varied slightly



FIG 1. Brain MR imaging from a 44-year-old woman who had a ventricular fibrillation cardiac
arrest 5 days prior. Top left: axial DWI with extensive parieto-occipital cortical and deep gray
matter restricted diffusion. Top right: axial ADC map with a lesser amount of corresponding
hypointensity from low ADC values, primarily located in the occipital cortex, likely secondary to
early pseudonormalization. Bottom left: axial ASL CBF with prominent hyperperfusion of the
bilateral medial occipital lobes. Bottom right: axial SWI MIP with near-absence of venous blood

oxygen level-dependent signal in the parieto-occipital cortices.

depending on the specific imaging protocol used but always in-
cluded axial diffusion, T1- and T2-weighted, fluid-attenuated in-
version recovery, and susceptibility-weighted imaging or gradient
recalled-echo sequences.

Cerebrovascular perfusion was evaluated by using a commer-
cially available pulsed ASL sequence that incorporates quantita-
tive imaging of perfusion by using a single subtraction (QUIPSS),
second version (QUIPSS II), with thin-section TI, periodic satu-
ration (Q2TIPS), and proximal inversion with a control for off-
resonance effects (PICORE) with the following parameters: 52
label and control image pairs with section spacing (0-mm section
gap); 5 mm for 21 sections or 7.5 mm for 17 sections (dependent
on protocol); TE = 12 ms; TI1 = 800 ms; TI2 = 1800 ms; TR =
3400 ms; receiver bandwidth = 2367 Hz/px; flip angle = 90°
FOV = 192; 64 X 64 matrix. Quantitative CBF was calculated
from ASL data on a voxelwise basis (in milliliters per 100
g/min)."" Areas of regional hyperintensity on quantitative CBF
maps (suggesting regional hyperperfusion) were visually assessed

by 1 reader (J.B.A.) who was blinded to
patient clinical history and outcome.
Reader assessment was supplemented
with ROI placement within the corti-
cal and basal ganglia gray matter. Re-
gional increases in CBF of >20% (rel-
ative to global CBF) and/or >100 mL/
100 g/min were considered meaning-
ful and defined as hyperperfusion.

After several cases demonstrated hy-
perperfusion predominantly in the me-
dial occipital lobes, classified as medial
occipital lobe hyperperfusion (MOLH),
we differentiated MOLH and hyperper-
fusion in any other vascular distribu-
tion, classified as “nondistinct.” Addi-
tional assessment was performed to
determine the extent of diffusion restric-
tion and abnormalities on SWI. Patient
chart review was performed (A.d.H) to
determine clinical outcome, which was
defined as a dichotomous outcome of
death or survival before hospital dis-
charge. Descriptive and frequency statis-
tical analyses were obtained by using
STATA software, Version 13.1 (Stata-
Corp, College Station, Texas). Statistical
significance for intergroup differences
was assessed by the Pearson x* or the
Fisher exact test for categoric variables
and by the Student t or Mann-Whitney
U test for continuous variables.

Twenty-two patients met the inclu-
sion criteria. Mean age was 51.0 = 19.6
years with a male predominance (77.3%).
The mean admission Glasgow Coma
Scale score was 3.5 = 1.1, and the time
from hospital admission to MR imaging
was 3.2 = 1.7 days. The etiology of HIE
included cardiac arrhythmia and/or ar-
rest (45.5%), respiratory arrest and/or depression (22.7%), drug
overdose (18.2%), and hanging (13.6%). Eleven patients (50%)
underwent therapeutic hypothermia (32°-34° C for 24-72
hours). Seventeen patients demonstrated nondistinct regional hy-
perperfusion; 16 died. Eighteen patients had restricted diffusion
of the cortical gray matter and/or the basal ganglia, and 17 died.
Most patients died secondary to withdrawal of care based on the
severity of their injury and poor prognostic indicators. Four of the
5 patients with normal perfusion survived. By visual inspection,
the ASL abnormalities comprised smaller volumes than the diffu-
sion abnormalities.

Eleven of 22 patients had MOLH: prominent or isolated hy-
perperfusion on ASL involving the bilateral medial occipital lobes
(Fig 1). The presence of hyperperfusion, either in any vascular
territory (nondistinct) or as MOLH, was associated with in-hos-
pital death (nondistinct, P = .003; MOLH, P = .018). The pres-

ence of cortical and/or deep gray matter restricted diffusion was
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FIG 2. Brain MR imaging of a 36-year-old woman who had respiratory arrest secondary to opiate
overdose 2 days prior. Top left: axial DWI with global cortical and deep gray matter diffusion
restriction. Top right: axial ASL CBF with MOLH. Bottom left: axial SWI MIP with near-absence of
venous blood oxygen level-dependent signal throughout the brain. Bottom right: axial SWI MIP
from another patient in the cohort, for comparison, who did not have diffusion restriction or
hyperperfusion, with ample venous blood oxygen level-dependent signal in both hemispheres.

also associated with in-hospital death (P = .001). Seven of the 11
patients with MOLH were treated with therapeutic hypothermia
(63.6%), while 4 of the 11 patients without MOLH (36.4%) un-
derwent therapeutic hypothermia (P = .197). The patients with
MOLH and therapeutic hypothermia were more likely to die
(100%, 7/7) than the patients with therapeutic hypothermia with-
out MOLH (25%, 1/4) (P = .024). Fifteen patients underwent
SWI, of whom 8 demonstrated a relative absence of the typical
cortical blood oxygen level-dependent signal from venous struc-
tures, which was notable in corresponding areas of hyperperfu-
sion or diffusion restriction (Fig 2) and was associated with inpa-
tient death (P = .007). In patients with MOLH, the absent SWI
blood oxygen level-dependent venous signal was identified in the
occipital lobes in 4/4.

DISCUSSION

Hypoxic-ischemic encephalopathy is often associated with a grim,
yet uncertain, prognosis. We evaluated the presence of regional
hyperperfusion in a sample of patients with severe HIE, who sub-
sequently underwent MR imaging with ASL, and identified non-
distinct regional hyperperfusion in most (77%) patients and a
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specific pattern of MOLH in half of
them (50%). The mechanism of hyper-
perfusion following HIE is not clearly
understood but is theorized to result
from a delayed loss of vascular resistance
following an initial period of hypoperfu-
sion.® The mean time to MR imaging
from the hypoxic or anoxic insult was
3.2 days in our cohort, which exceeds
the 24- to 48-hour period of hy-
poperfusion following HIE.* The pre-
ferential involvement of the medial
occipital lobes in HIE is incompletely
understood but may be due to the high
baseline metabolic demand of this re-
gion, rendering it more susceptible to
hypoxic or anoxic injury.'?

ASL hyperperfusion following HIE
has been previously described,”” but
selective hyperperfusion involving the
medial occipital lobes represents a novel
finding. Preferential or isolated re-
stricted diffusion involving the occipital
lobes has been reported following HIE,
though we did not observe such prefer-
ential regional cortical involvement in
our patient cohort.'”” An interesting
finding was the absence of venous de-
oxyhemoglobin blood oxygen level-de-
pendent signal on SWIin areas of hyper-
perfusion. Following cardiac arrest,
evaluation with PET has demonstrated a
reduction of oxygen metabolism and ex-
traction in the occipital lobes, associated
with worse outcome.'* The specific ab-
sence of venous deoxyhemoglobin in the
medial occipital lobes on minimum-
intensity-projection SWI-processed images, observed in the pa-
tients with MOLH, would support this observation and suggests
the development of possible physiologic shunting of diamagnetic
oxygenated blood through dilated vascular channels.

We acknowledge referral bias in this study, because MR imag-
ing examinations were preferentially ordered for patients pre-
sumed to have a poor prognosis. As a result, the mortality rate of
77.3% in our sample was notably high for HIE, but it proffered a
unique opportunity to identify imaging biomarkers that could be
studied in more heterogeneous cohorts of HIE. We did observe
survival in 1 patient, who exhibited both deep gray matter re-
stricted diffusion and nondistinct hyperperfusion, which are con-
cerning false-positive findings. Nonetheless, the universal poor
prognosis of patients with the highly distinctive imaging pattern
of MOLH emerged from our retrospective investigation and can
be viewed as hypothesis-generating.

CONCLUSIONS
ASL may have a unique complementary role in the evaluation of
patients with HIE, who are often unable to undergo contrast-



based perfusion scans secondary to acute renal insufficiency. In
our small cohort, a patient survived despite having poor prognos-
tic indicators, including nondistinct hyperperfusion and re-
stricted diffusion. Multimodal, accurate diagnostic testing is cru-
cial for decision-making in this setting. MOLH is a distinctive
imaging pattern with a plausible physiologic basis. Our findings
warrant additional study, particularly in light of the potential util-
ity of MOLH in patients undergoing therapeutic hypothermia,
which has led to uncertainty in the reliability of traditional prog-
nostic markers validated in the prehypothermia era.'”> A pro-
spective trial would determine if these findings hold true for
patients with moderate HIE, both with and without therapeu-
tic hypothermia.
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