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COMMENTARY

Hyperattenuated Intracerebral Lesions after Mechanical
Recanalization in Acute Stroke: Contrast and Compare

ummel etal' herein report their observations regarding hyper-

dense cerebral lesions (HCL) identified after mechanical re-
vascularization in acute ischemic stroke. They construct a nexus
between HCL and iodinated radiographic contrast material
(IRCM) deposition, which may either disappear within 24 hours
(enhancement) or persist as intracerebral hemorrhagic transfor-
mation lesions (HL). They analyzed the relationship of HCL to
clinical outcome and concluded that HCL indicated a higher risk
of secondary HL but that their presence does not seem to be of any
prognostic value for clinical outcome.

The latter conclusion seems predicated on a comparison
between 16 patients without HCL and 85 with HCL, in which
no statistical difference was identified between the 2 groups in
the modified Rankin Scale 0-3 outcome. A more convincing
conclusion regarding functional outcome might be derived if
the sample size of the 2 groups were larger or perhaps the
customary mRS 0-2 end points were analyzed. The small
group of 16 patients without HCL may well have been favor-
ably predisposed to a 93% revascularization and a 40% mRS
0-3 outcome. The subjects with HCL may have been otherwise
predisposed to a poorer 74% revascularization and a 33.7%
mRS 0-3 outcome. Lack of adjustment for relevant comorbidi-
ties leaves this question unresolved.

Within this HCL group, we are left to wonder about func-
tional outcome differences between the HCL-enhancement
group (n = 41) and the HCL-HL group (n = 43). We are told
that there was no significant difference. Due to the lack of
specific figures, we can only speculate on what percentage dif-
ference and/or P value might be sufficiently hypothesis-gener-
ating among those whose HCL disappear within 24 hours ver-
sus those in whom they persist and lead to hemorrhagic
transformation. A difference of 5% might be large enough to
promote further analysis, given sufficient sample sizes.

The authors are to be recognized for the very low PH rate,
all PH 1. After all, PH 1 is insignificant, with PH 2 the yardstick
of PH significance, according to the European Cooperative
Acute Stroke Study (ECASS) experience. But is it? In the Inter-
ventional Management of Stroke (IMS) I and II trials, symp-
tomatic intracerebral hemorrhages (ICHs) were composed of
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an equal number of PH 1 and PH 2s, and the 2 groups had
similar mean lesion (infarct + ICH) volume.> PH 1 and PH 2
status was, therefore, not defined so much by the PH volume,
but by lesion volume, in which PH 1s were associated with
larger infarcts and a larger denominator from which to deter-
mine the PH status as >30% (PH 2) or <30% (PH 1) lesion
volume. We hypothesize that endovascular (EV) revasculariza-
tion studies led to smaller lesions compared with IV treatment
of major arterial occlusive lesions, leading to an equal number
of symptomatic PH 1 and PH 2 values of equal mean volumes
inIMSTand1II, as opposed to large infarcts with a large number
of PH 2s in ECASS. The presence of all PH 1s and no PH 2s
raises the following question: How large were the lesion vol-
umes in the study of Lummel et al?* A mean volume of 92 mL
is reported in the HCL group. However, this volume is larger
than 61.6 mL reported for 109 anterior circulation subjects in
the Solitaire Retrospective Trial.” Surely the 92 mL would be
reduced if the 16 non-HCL cases were included.

This speculation leads us to other questions regarding the
study. The study population was selected on the basis of good
Alberta Stroke Program Early CT scores and CT perfusion, in
which patients without mismatch were excluded. They were
treated expeditiously with IV rtPA and EV mechanical revas-
cularization. Nevertheless, the reperfusion rates and the per-
centage mRS 0-2 were relatively low compared with the Soli-
taire Retrospective Trial, a reasonable comparator for such
retrospective analysis, in which 85% modified TICI 2b-3 was
achieved for the ICA terminus region and M1 occlusions.”
Why should patients with favorable advanced perfusion imag-
ing have relatively low reperfusion, with a relatively low per-
centage of good outcomes, with an HCL incidence at the upper
end of reported ranges? Where there is convergence of numer-
ous HCL, IRCM localization, suboptimal reperfusion rates,
and low functional outcome rates, are we missing an elephant
in the room?

One possible common denominator to the information
above is IRCM. That the HCL incidence correlated with EV
low-osmolar IRCM volume in a population that already had IV
IRCM infusion for CTA supports an IRCM-ICH hypothesis.



This is consonant with our animal work, in which increased
ICH was found in a rat temporary-occlusion model with intra-
arterial (IA) low-osmolar iohexol (Omnipaque; GE Health-
care, Piscataway, New Jersey) injection, as opposed to saline
injection, despite equal infarct edema.’

Supported by the Foundation of the American Society of Neu-
roradiology and Boston Scientific, Morales et al® studied 3 groups
of rats with the same model, with saline, low-osmolar iopamidol
(Isovue; Bracco Diagnostics, Monroe Township, New Jersey), or
iso-osmolar iodixanol (Visipaque; GE Healthcare) infused IA
postocclusion. They performed 3T MR imaging immediately
postinfusion and at 24 hours immediately before sacrifice. On MR
imaging and postmortem cut sections, the iodixanol rats had not
only smaller infarct edema but also less cortical ICH.® ICH and
infarct volumes were not significantly different in saline and iop-
amidol rats.

IfIRCM A is associated with smaller infarcts and less ICH than
saline or IRCM B in animals, is it too far-fetched to suggest that
IRCM may have an adverse effect in human use? Could IRCM A
use contribute to a higher percentage of mRS 0-2 than IA IRCM
B in humans? IMS IIT was designed to give insight into the poten-
tial clinical effects of IRCM in this respect. Operators recorded
contrast type and volume for later analysis. Symptomatic ICH was
sufficiently infrequent in IMS III and sufficiently multifactorial
that an IRCM-related smoking gun would be impossible to prove,
even if it existed. It is not clear that IA IRCM use contributes to
symptomatic ICH directly, independent of technical factors.

IMS III showed asymptomatic ICH to be significantly more
common when maintaining combined IV rtPA-EV treatment
compared with IV rtPA alone; at least it did not negate an IRCM-
ICH hypothesis. That Lummel et al' found a relationship between
procedural IRCM volume and HCL sustains a harmful IRCM
hypothesis as well. Analysis of the relationship of ICH and IRCM
type and volume in IMS III has been initiated, with interesting
preliminary results.

That ICH differences and mRS outcome differences might oc-
cur with isomolar-versus-low-osmolar IRCM is consistent with
the findings of Morales et al® and, furthermore, is supportive of an
IRCM-HCL-ICH functional outcome hypothesis. Unfortunately,
IMS III stopped prematurely, and additional opportunities to
identify any effect were lost.

Lummel et al' briefly discussed potential mechanisms of the
harmful effects of IRCM on the basement membrane contribut-
ing to HCL and ICH. Effects may, in fact, be additive. Did the
IRCM used contribute to blood-brain barrier disruption or apo-
ptosis of initially viable cells? Could IRCM effects be IRCM-spe-
cific: Is there a tissue osmotic effect of smaller monomeric IRCM
molecules that is reduced or overcome by larger molecular intra-
vascular dimers at the capillary and BBB level? Did a thrombotic
effect of IRCM at the precapillary level contribute to reduced per-
fusion and worse outcomes? Did vasospasm generated by large

guide catheters in the ICA and by devices in the MCA contribute
to pressure-flow alterations during IRCM guide-catheter injec-
tions, contributing to HCL and potential sequelae? Did IV IRCM
prior to EV treatment contribute to these phenomena? Is there a
target at the BBB level that can be engaged to reduce or overcome
adverse effects of thrombolytic therapy associated with mechani-
cal revascularization?”

I have been personally concerned about the relationship of
IRCM and outcome for many years during the IA-thrombolysis
era. With the advent of mechanical revascularization, I thought
this issue would now be relegated to a lower rung on the ladder of
stroke-therapy-related concerns. Reported excellent revascular-
ization rates and outcomes would overshadow any small harmful
effect that IRCM might add. Identifying a less-harmful effect of
one IRCM versus another may be a more reasonable option.
Clearly, IRCM is not the primary determinant of EV outcomes.
Nevertheless, an effect in 3%-5% of subjects could mean the dif-
ference between success and futility in a trial. Lummel et al' leave
me with the impression that there is still much to understand
about IRCM and their use.
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