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Malperfusion syndromes in type A aortic dissection: what we have
learned from IRAD
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Abstract: Patients presenting with type A acute aortic dissection (TAAD) complicated by malperfusion
syndromes represent one of the highest surgical risk cohorts for cardiovascular surgeons. In the setting
of aortic dissection, end-organ ischemia may involve any of the major arterial side branches resulting in
myocardial, cerebral, spinal cord, visceral and/or limb ischemia. In TAAD patients with malperfusion,
notwithstanding continuous improvement in diagnostic and management strategies, surgical and clinical
outcomes remain poor and the optimal therapy is controversial. The present review aimed to assess current
evidence on TAAD patients with the complication of malperfusion, as enunciated by the International
Registry of Acute Aortic Dissection (IRAD) investigators.
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Introduction remain under debate. In this setting, the International

Type A acute aortic dissection (TAAD) is a disease that Registry of Acute Aortic Dissection (IRAD), one of the

has a catastrophic impact on a patient’s life and emergent
surgery represents the key goal of early treatment. Despite
continuous improvements in diagnostic techniques and

largest worldwide registries for acute aortic dissection
enrolling patients at major aortic referral centers, represents
an ideal tool for evaluating clinical characteristics,
refinements in management strategies, surgical mortality management, and outcomes of TAAD patients. The present
still remains high, and is mostly influenced by patient review aimed to assess current evidence on TAAD patients
clinical status at presentation (1). In TAAD patients,

end-organ malperfusion is one of the most catastrophic

with the complication of malperfusion, as enunciated by the
IRAD investigators.
complications that adversely influences outcomes (2-5).

It has an incidence ranging from 16% to 34%, and may
involve any of the major arterial side branches resulting

Evidence from IRAD

in myocardial, cerebral, spinal cord, visceral and/or limb
ischemia (2,6,7). In patients with malperfusion, the optimal
therapeutic management is controversial, and several issues
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In the original IRAD study cohort, signs and symptoms
of malperfusion were reported in 20-30% of patients and
were associated with poorer outcomes (8,9). Patients who
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Figure 1 Left coronary artery malperfusion (red arrow) in type A

acute aortic dissection.

died during hospitalization suffered from an increased rate
of malperfusion complications, such as neurological deficits
(24% wvs. 15%), myocardial ischemia (15% wvs. 9%), visceral
ischemia (6% vs. 2%), renal failure (11% vs. 3%), and limb
ischemia (14% vs. 7%), compared with survivors (P<0.05) (9).

The presence of pulse deficits has long been recognized
as a marker for malperfusion (10). This sign implies that
major aortic side branches are compromised by the intimal
flap and/or by compression of the true lumen, and thus
may identify a subgroup of patients more likely associated
with brain, visceral, or limb malperfusion. Pulse deficits
were detected in nearby a third of IRAD patients and was
found to be an independent predictor of early mortality (10).
Hospital mortality varied substantially according to the
number of vessels involved; 24.7% in patients with no
pulse deficits, and 36.2%, 48.9% and 55.9% in patients
who had decreased or absent pulsation in 1, 2 and 3 vessels,
respectively (P<0.001). Similarly, in-hospital adverse events
occurred more frequently in the group with pulse deficits.
Neurologic deficits (35% vs. 11%) and coma (27% wvs.
9.1%) were threefold greater, renal failure 2 times higher
(10% vs. 4.6%) and limb ischemia almost 14 times more
frequent (29% wvs. 2.1%) in patients presenting with pulse
deficits than in those without. Furthermore, patients
with pulse deficits were more likely to have hypotension
at presentation (10,11). The latter, defined as a systolic
blood pressure <90 mmHg, was documented in >25% of
IRAD patients and was associated with a much higher rate
of malperfusion complications and in-hospital mortality
(55% wvs. 10%, P<0.001). In a series of 1,073 patients with
acute aortic dissection, Tsai ez /. (11) reported an incidence
of neurologic deficits, myocardial ischemia, mesenteric
ischemia and limb ischemia of 23%, 15%, 7% and 15%,
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respectively, in patients with hypotension compared with
12%, 7%, 3%, 7% and 10%, respectively, in patients
presenting with no hypotension (P<0.001) (11). Thus,
IRAD data suggest that the occurrence of both pulse deficits
and hypotension correlate with malperfusion complications
and should move caregivers toward timely surgical or
percutaneous interventions to re-establish blood flow to
vital organs.

In TAADs complicated by end-organ ischemia, a timely
diagnosis and characterization of the type and the extent of
malperfusion is crucial in determining optimal therapy and
likely patient outcomes. Prolonged time intervals between
the initial symptoms of TAAD and confirmation of the
diagnosis with subsequent treatment will affect in a greater
likelihood of irreversible end-organ ischemia with poor
patient prognosis. As expected, in IRAD, early mortality
in such unstable patients was much higher compared to
patients without unstable features (31.4% vs. 16.7%),
regardless of the type of intervention. Time to operation
was a predictive factor of survival in this high-risk category
of patients. Not surprisingly, mean time interval from onset
of symptoms to surgical intervention was shorter in unstable
patients than in stable patients (3.4 vs. 5 hours) (1).

Myocardial malperfusion

Coronary malperfusion complicates 10-15% of TAAD
cases (2,12-14). It may be the result of hypotension,
extension of the aortic dissection into a coronary artery
ostium, a dynamic flap occlusion at the level of the coronary
sinuses covering the coronary ostia in diastole, pre-existing
coronary disease, or a combination of these (Figure I). In
IRAD, ischemic electrocardiogram (ECG) abnormalities
were observed in 17.3% of TAAD, and findings of
myocardial infarction (new Q waves or ST segments) in
7.1% (8). Consistent with data reported by others (15,16),
IRAD investigators showed that ECG changes consistent
with an acute coronary syndrome leads to delays in
diagnosis in TAAD. The median time from presentation to
diagnosis was 4 hours in patients with a normal ECG and
almost 24 hours in patients presenting with ischemic ECG
abnormalities (17). Moreover, when comparing patients
undergoing early TAAD repair (<24 hours from symptom
onset) with those having late interventions (>24 hours),
the latter group exhibited a higher incidence of coronary
malperfusion such as myocardial infarction (11.2% vs. 3%)
and ECG evidence of new Q waves and ST elevations
(15.3% wvs. 8%). In addition to the delay in surgical
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Figure 2 TAAD complicated by cerebral malperfusion due to right carotid artery occlusion (red arrow). TAAD, type A acute aortic dissection.

treatment, the finding of ECG ischemic abnormalities,
may initially mislead clinicians into considering a possible
acute aortic syndrome case as the most likely diagnosis
which than may have potentially deleterious consequences
by exposing the patient to inappropriate, and potentially
harmful, treatments with antithrombotic agents (16). In this
setting, clinical and laboratory findings have been proposed
to facilitate the timely and accurate diagnosis of TAAD.
An aortic dissection detection risk score for identification
of acute aortic dissection at initial presentation was created
on the basis of several clinical risk markers reported in the
2010 American Heart Association and American College
of Cardiology guidelines (18). In the IRAD study cohort,
this diagnostic screening tool demonstrated satisfactory
sensitivity (>95%) to capture the vast majority of patients
presenting with TAAD (19). Moreover, the IRAD Substudy
on Biomarkers (IRAD-Bio study) evaluated the diagnostic
performance of D-dimer in a population of patients with
chest pain and a suspicion for aortic dissection. Initial
results showed that D-dimer levels were markedly elevated
in TAAD, and that it may be useful in risk stratifying
patients with suspected aortic dissection to rule out TAAD
(cutoff value: 0.5 pg/mL), if used within the first 24 hours
after symptom onset (20).

In TAAD, the presence of cardiac malperfusion has
been associated with poor surgical outcomes (1,3,4,21). In
a series of 682 IRAD patients undergoing surgical repair,
Rampoldi er al. (21) revealed that myocardial ischemia
and infarction (OR 1.76) and the necessity to perform
coronary revascularization (OR 2.54) were independent
preoperative predictors of mortality. Not surprisingly,
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preoperative left and/or right ventricular dysfunction were
also strongly associated with high surgical mortality (1).
However, while myocardial malperfusion carries an
increased risk of operative mortality, timely intervention
restoring coronary perfusion is the only viable treatment
in these critically ill patients, and surgical aortic repair
still remains the treatment of choice. In this setting,
emergency percutaneous coronary intervention (PCI)
may be considered as a treatment option, for very selected
patients, as a bridge to surgery (13). PCI can be technically
challenging and potentially time consuming in TAAD, and
has no effect in treating the on-going dissection process,
may involve further injury of the aortic wall and requires
post-procedure antithrombotic medications that result in
increased risk of bleeding, rupture and/or tamponade (16).

Cerebral malperfusion

Cerebral malperfusion occurs in 6-14% of TAAD patients
and results from partial or complete occlusion of the arch
vessels by the intimal-medial flap, hypoxic encephalopathy
secondary to shock or tamponade and/or brain embolism
from thrombus in the false lumen (Figure 2) (2-4,14,22).
Clinical manifestations of stroke or coma were shown
to be predictors for detrimental outcomes, and optimal
management of TAAD patients with cerebral malperfusion
syndrome remains controversial. IRAD data showed that
nearly 1 out of 10 TAAD patients are complicated by major
brain injury at the onset of dissection [cerebrovascular
accident (CVA) 4.7%; coma 2.9%] (22). Patients presenting
with coma were more hemodynamically compromised
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Figure 3 TAAD with totally collapsed true lumen in abdominal
aorta and visceral malperfusion (red arrow). TAAD, type A acute

aortic dissection.

with a greater incidence of hypotension, shock and/or
tamponade leading to end-organ dysfunction. The imaging
findings were similar in patients with and without brain
injury, except for arch vessel involvement by the dissection
which was more likely in CVA patients (62%) compared
to coma patients (44%) and uncomplicated patients (36%)
(P<001). Such differences strongly influenced patient
survival carrying a two or threefold higher mortality for
patients with CVA and coma, respectively (CVA 40%; coma
60%; no brain injury 23%, P<0.001).

Major brain injury at presentation has long been
considered a contraindication to emergent surgery with
several authors proposing a delayed surgical approach after
the neurologic status has improved (4,23,24). At IRAD
enrolling centers, presence and type of brain injury clearly
influenced patient management. Surgery was not performed
in 24% of patients with CVA and 33% of patients with
coma, compared with 11% of patients without brain injury.
However, when assessing hospital outcomes according to
therapeutic management, the investigators showed that
medical therapy was associated with dismal outcomes:
100% mortality in patients with coma and 76.2% in those
with CVA. Conversely, surgery was found to be a protective
factor against mortality (OR 0.058; P<0.001), leading to a
50% survival benefit over medical management.

Since the brain is the organ most prone to ischemic
damage, in TAAD with major brain injury, probably
more than in other malperfusion syndromes, minimizing
the ischemic time is crucial to increase the chances of a
successful neurologic recovery. Over the last decade, a
number of reports have documented the value of emergent
aortic repair suggesting a cutoff value of 9-10 hours
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for predicting lack of neurologic improvement (24-26).
Nevertheless, IRAD data revealed that, despite longer
interval times from symptoms to surgery (CVA 12.3 hours,
coma 13.8 hours), CVA and coma resolved in 84% and 79%
of patients. Moreover, evidence of reversal of brain injury
was a protective factor against mortality, in the surgically
managed population (22).

Therefore, the observations coming from IRAD, indicate
that TAAD patients with neurologic injury should always
be considered for intervention, especially if early surgery is
feasible and there are no signs of neurologic devastation.

Mesenteric malperfusion

Mesenteric malperfusion is among the most insidious and
detrimental forms of ischemic end-organ complications
occurring in TAAD (Figure 3). The incidence of mesenteric
ischemia has been reported to be approximately 4-6%, in
large multicenter registries (2,27). In TAADs complicated
by mesenteric malperfusion, diagnostic and management
decision-making is frequently challenging and remains
controversial. IRAD data (27) showed that patients
presenting with mesenteric malperfusion were more likely
to have abdominal, leg and migrating pain compared
with those who did not experience visceral malperfusion.
However, abdominal pain did not occur in more than 40%
of patients with mesenteric ischemia, whereas about 20% of
patients without mesenteric malperfusion had pain. Thus,
abdominal pain, while important, is a non-specific symptom
of acute mesenteric ischemia (28). Mesenteric malperfusion
was frequently associated with clinical or imaging signs of
other organ injuries, such as coma (10%), ischemic spinal
cord damage (6.8%), acute renal failure (52.2%) and limb
ischemia (38.5%), that may further complicate and delay
the diagnostic process (27). Indeed, at IRAD centers,
an overall higher number of imaging modalities were
required to diagnose TAAD in patients with mesenteric
malperfusion. While, computed tomography scan, magnetic
resonance imaging and transesophageal echocardiography
were used with similar frequency to assess characteristics
of dissection in patients with and without mesenteric
malperfusion, angiography was more frequently performed
in the malperfusion group (33.3% wvs. 11.0%). Despite that,
the time delay between symptom onset and both diagnosis
and surgery were similar in patients with and without
mesenteric ischemia (27).

TAAD complicated by mesenteric malperfusion has been
associated with extremely poor outcomes (29). In IRAD,
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almost two-thirds of patients died during hospitalization,
almost a 3-fold increase compared to those patients without
malperfusion (63.2% vs. 23.8%, P<0.001). Furthermore,
mesenteric malperfusion has been shown to be one of the
strongest risk factors for early mortality (OR 2.5) (27).

In the setting of visceral malperfusion, the correct
management and timing of aortic repair is still a subject
of debate. While there is general agreement that early
reperfusion is critical for mesenteric malperfusion, it is not
clear whether initial central aortic repair or percutaneous
and/or extra-anatomic reperfusion best accomplishes
that end (3,30,31). Some groups, given the unpredictable
nature of TAAD and its potential for rupture, suggest
immediate central aortic repair followed by investigation
and treatment of residual malperfusion (3,32). Conversely,
other authors, in selected patients with established visceral
ischemic dysfunction, recommend initial catheter-based
end-organ reperfusion followed by delayed central aortic
repair (4,31). At IRAD centers, patients presenting with
mesenteric malperfusion were less likely to undergo
surgical/hybrid treatment (53% vs. 88%) and more likely
to receive endovascular (16% vs. 1%) or medical 31% wvs.
12%) management, compared to uncomplicated patients.
These data undoubtedly reflect a resistance of surgeons
to proceed with open surgery in such patients. At the
same time, when assessing hospital mortality according
to different therapeutic management, surgical/hybrid
therapy was associated with superior clinical outcomes;
in-hospital mortality was 41.7%, 72.7% and 95.2%, in
patients who underwent surgical/hybrid, endovascular,
and medical treatment, respectively (P<0.001). In addition,
surgical/hybrid management emerged as a protective
factor for early mortality in patients deemed operable
by IRAD investigators. This is likely due to both patient
selection and the potential benefit of definitive aortic repair.
However, hybrid management (central aortic operation plus
percutaneous treatment of mesenteric malperfusion) was
performed in only a very few cases, and central aortic repair
still represents the most common therapeutic approach,
in this setting (27). Yet, when visceral ischemia is clinically
manifest and advanced, percutaneous fenestration with or
without stenting to reperfuse the ischemic organs, as an
initial procedure, may be more likely to achieve patient
survival and prevent ineffective open aortic repair, in
extremely high-risk individuals. Contrariwise, in patients
with malperfusion but no significant advanced end-organ
dysfunction, proximal repair should occur first (31). Thus,
the complexities of management in such patients must
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require a prompt referral to dedicated multidisciplinary
teams involving cardiac, endovascular and vascular surgeons
equipped with a full array of interventional, hybrid, and
surgical techniques (33).

Conclusions

Patients presenting with TAAD complicated by
malperfusion syndromes represent one of the highest
surgical risk cohorts for cardiovascular surgeons. In this
subgroup of patients surgical outcomes remains poor,
especially in those with mesenteric ischemia. Nevertheless,
when compared with other forms of therapy, early central
aortic repair appears to be associated with superior clinical
outcomes and thus should be considered in all patients.
However, the optimal management should be individualized
for each patient based on presenting characteristics, type of
malperfusion and time to surgery.
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