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Biomarkers of aortic diseases

Toru Suzuki, MD,* Eduardo Bossone, MD, > Daigo Sawaki, MD, © Rolf Alexander Janosi, MD, d
Raimund Erbel, MD, € Kim Eagle, MD, € and Ryozo Nagai, MD ? Tokyo, Japan; Milan, and Salerno, Italy;

Essen, Germany; and Ann Arbor, MI

The development of diagnostic biomarkers of acute cardiovascular disease remains an important topic of interest given
potential use to aid in early diagnosis. Cardiac biomarkers of ischemia and heart failure have already proven to be clinically
useful. Biomarkers of aortfic diseases are also needed, especially for life-threatening conditions such as aortic dissection. In this
review, we discuss the present status of the development of biomarkers of aortic diseases. Although aortic dissection has been
most vigorously pursued, there has also been notable recent progress in biomarkers of aneurysms and inflammatory aortic

disease. {Am Heart ] 2013;165:15-25))

Approximately 150,000 studies have discussed thou-
sands of potential clinically useful biomarkers, but
currently, only about 100 biomarkers have been “trans-
lated” for use in the clinic.” These tremendously difficult
odds of success (0.07%, or 1/1500) reflect the difficulties
not only in discovering a new biomarker but also the
additional effort that is necessary to validate findings in
additional patient cohorts and then to pursue clinical
trials for necessary administrative approval. Such devel-
opment also requires industrial and financial support to
create a platform for clinical use that often takes a decade
or more. It is not surprising, therefore, that many
potentially interesting biomarkers drop out along this
process before becoming clinically available.

Cardiac biomarkers such as those for myocardial
necrosis (eg, cardiac troponin) and heart failure (eg,
natriuretic peptides) have proven successful.2* Aortic
markers have also been pursued ranging from those for
acute disease targeting aortic catastrophes to chronic
markers for atherosclerotic disease (eg, aneurysms) and
inflammatory markers (eg, aortitis). The present state of
progress in this field will be discussed herein.
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Aortic dissection

Acute aortic dissection (AAD) has been most pursued
as a target for diagnostic biomarkers in the aorta and
vasculature. This disease would benefit from biomarkers
as an assistive tool because it still remains a challenge to
diagnose.>® Variability in presentation and excessive
early mortality makes early diagnosis both uncertain and
critical. Dissection may present with symptoms that
range from typical sudden-onset chest pain to an
atypical neurologic deficit, cramping abdominal pain,
or back pain.” A clinical risk score for detecting AAD,
the aortic dissection detection risk score, has been
proposed by the American Heart Association/American
College of Cardiology guideline committee to help
identify patients at risk for this condition, and it has
been confirmed to be highly sensitive for detection of
the condition by the International Registry of Acute
Aortic Dissection (IRAD) study group.s’9 The initial
decision whether to obtain a definitive imaging test may
also be limited by issues such as cost and/or availability.
Delay in time to diagnosis for AAD is a recognized issue
that needs to be improved upon because every minute
until diagnosis counts in this condition with a high
mortality of approximately 1%/h.'® A widely available
and cost-effective measure such as a blood test that can
rule in and/or rule out the disease would indeed aid in
the diagnosis of the disease, benefiting patients and
caregivers alike. !

Benefits of biomarkers when used with

standard imaging techniques

Acute aortic dissection has become more identifiable
and treatable in the current era owing to recent advances
in diagnostic methods, especially imaging modalities, as
well as in management and therapeutic approaches. In a
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recent meta-analysis that encompassed 119 patients from
16 studies, transesophageal echocardiography, computed
tomography (CT), and magnetic resonance imaging
showed comparable pooled sensitivity (98%-100%) and
specificity (95%-98%).*% According to observations from
the IRAD study, two-thirds of patients suspected of AAD
undergo multimodality imaging, thus highlighting the
importance of follow-up imaging tests when there
remains clinical suspicion even with an initial negative
or equivocal result. 13 Management of patients with AAD
depends on identification of the anatomy (eg, site,
extension) of the dissection in addition to complications
(eg, end-organ involvement), which affects therapeutic
approaches and prognosis. Imaging is thus the key
diagnostic modality for this condition.

The most important role of diagnostic biomarkers of
AAD lies in use in triaging patients to identify patients
who should undergo rapid imaging, thus allowing for
prompt initiation of treatment. As proposed in Figure 1, a
simple diagnostic algorithm might be helpful in making
an initial decision for patients with suspected AAD in
which biomarker testing is used with other rapid tests.
Biomarkers with high specificity will likely be useful to
this extent. For instance, smooth muscle myosin with a
specificity of 98% against healthy volunteers and 83%
against patients with acute myocardial infarction as a
disease with similar presentation of chest symptoms“‘
would be attractive as a “rule-in” test. Equally important is
that biomarkers are potentially useful to “rule-out” AAD in
suspicious patients. Because AAD has been the subject of
litigation due to misdiagnosis,6 a blood test that can help
rule out the disease would indeed be of use, such as use of
D-dimer to rule out both AAD and pulmonary embolism
(PE) in patients with chest pain, as will be discussed in
detail hereafter. In this instance, biomarkers with a high
sensitivity as is the case for p-dimer with a sensitivity of
>95% for AAD would be ideal.”> An ideal biomarker
would be one with both high specificity and high
sensitivity and would thus be a “golden biomarker,” but
at this stage, there is yet to be one that is ideal for both,
and thus, uses of biomarkers need to take into account
their strengths and weaknesses in diagnostic properties
or use a combination of such to provide for comprehen-
sive testing.

The clinical setting and environment also play an
important role in defining the usefulness of biomarker
testing. In the setting in which imaging modalities such
as CT are readily available in the emergency setting,
biochemical testing will play a supplemental role.
However, in community hospitals or clinics that do
not have available advanced imaging methods, biochem-
ical testing might be pivotal to aid in the initial
diagnostic decision as to whether to send the patient
home or refer to a tertiary center. Another point that
should be made is that biomarkers reflect pathogenic
activity and that they reflect whether the lesion is in
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active or nonactive stages. For example, when examin-
ing an asymptomatic patient with an AAD on CT, which
is not uncommon, biomarkers might help in the decision
making in determining whether the lesion is of acute
onset, which would require immediate attention (eg,
admission and surgical consult).

Other important roles of biomarkers in AAD involve
risk stratification or prognostic evaluation in subacute to
chronic phases. Studies have shown that increased FDG
uptake is a marker of active inflammation in the aortic
wall and branches. * Detection of increased inflammatory
change by 18Ffluorodeoxy glucose (FDG)-positive
positron emission tomography/CT may help to differen-
tiate acute from chronic AAD.'” Vascular/aortic bio-
markers that reflect remodeling (eg, transforming growth
factor a [TGF-o]) might strengthen risk prediction when
used in combination with these modalities, which can
evaluate metabolic and inflammatory processes with
precise anatomic localization.

Pathophysiology of aortic dissection

and biomarkers

Acute aortic dissection is generally an age-related
disease seen predominantly in the elderly, excluding
patients with Marfan syndrome (MFS) who have a fragile
aorta and are genetically predispositioned to dissect in
younger adolescent stages. The most common risk
factor of elderly AAD is hypertension, which accom-
panies more than 70% of patients.” About 50% of
DeBakey type I/I and 80% of type III lesions have been
reported to have a history of hypertension.'® A common
histologic characteristic is cystic medial necrosis with
elastic layer degradation and destruction, deposition of
proteoglycans, and medial smooth muscle cell apopto-
sis. In these processes, inflammatory reactions play a
role in pathogenic destruction of the media, which
eventually leads to aortic dilatation, dissection, and,
finally, rupture of the aortic wall. Fibrotic or fibrolytic
biomarkers likely reflect these degradation processes.
Once aortic dissection occurs, injury and destruction of
the medial smooth muscle layer likely result in smooth
muscle cell protein release and increased levels in
circulating blood. False lumen thrombus formation/
degradation, in turn, likely regulates thrombotic and
thrombolytic markers. Acute aortic dissection is also
associated with an inflammatory response, as evidenced
by an accompanying elevation in inflaimmatory markers
such as Creactive protein (CRP).

Smooth muscle markers
Smooth muscle myosin heavy chain

.Circulating smooth muscle myosin heavy chain (SM-
MHC) shows marked elevations in patients with AAD (eg,
dynamic range of approximately 20-fold higher levels in
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Figure 1

Suzuki et ol 17

High index of suspicion for AAS
Determine pre-test risk by combination of risk condition, history and exam

Intermediate Risk

Any single risk feature present

Initiate appropriate
therapy

Identified

e

S

Low Risk

No high risk feature present Two or more risk features present

High Risk

,

D-dimer > 500 pg/L. D-dimer > 1600 pg/L.

EKG, CXR > (within 6 hours Sx onset)
BLOOD TEST PE?
Very high suspicion of AAS
| v
D-dimer < 500 pg/L Immediate surgical
Consider alternate consultation and expedited
diagnosis aortic imaging

If suspicion for AAS still remains
(possible IMH-PAU-thrombosed false lumen)

!

TEE (preferred if clinically unstable)
CT (image entire aorta: chest to pelvis)

l

If AAS present

proceed to treatment pathway 4—

l

If suspicion for AAS still remains,
consider secondary imaging study

Diagnostic algorithm of AAD using D-dimer and imaging. AAS, acute aortic syndrome; blood fest: electrolytes, blood gases and H*, glucose,
creatinine, amylase, CRP, hemoglobin, cardiac markers, brain-specific protein, D-dimer, and coagulation markers; CXR: chest x-ray; ECG,
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echocardiogram. Modified from Hiratzka et al 8,

dissected patients after onset as compared with baseline
levels seen in chronic stages). Smooth muscle is
predominantly found in the aortic medial layer, which,
at onset and during the evolution of dissection, is injured,
leading to release of cellular proteins into the circulation.
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The time course of this marker showed elevations limited
to the initial 3 to 6 hours after onset of symptoms similar
to myoglobin in myocardial ischemia (aortic dissection
30.8 + 13.9 ng/mlL vs healthy controls 0.9 + 0.1 ng/mL,
cutoff value 2.5 ng/ml, sensitivity 90% and specificity
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97% within the first 12 hours), which limits its use in the
clinic in which presentation of the patient often exceeds
this time window. #'%?° A standard immunoassay for
research use is available, but efforts to create a rapid
diagnostic platform and bring this biomarker to market
have not been successful because of technical issues.

Creatine kinase-BB isozyme

Subsequent efforts were made to find a biomarker with
a broader time window. In line with the hypothesis that
circulating smooth muscle markers might prove useful,
the next pursued biomarker was the BB isozyme of
creatine kinase. Creatine kinase consists of muscle (M)
and brain (B) isozymes; the MM-type isozyme is widely
used for detection of skeletal muscle damage, as is the
MB-isozyme for detection of ischemic heart disease. The
BB isozyme, however, is selective for neurologic and
smooth muscle tissue and cells and had yet to be
exploited as a vascular biomarker. Studies measuring
the BB isozyme of creatine kinase showed that this
smooth muscle marker is elevated in aortic dissection
with a peak in levels at approximately 6 hours after onset,
extending the diagnostic time window beyond smooth
muscle myosin (AAD 3.4 = 1.0 SEIU/L [n = 10] vs controls
0.2 + 0.1 SE TU/L [n = 20]).*!

Calponin

A smooth muscle biomarker with an even wider time
window (eg, up to 24 hours) was then sought. Calponin,
which is a troponin counterpart of smooth muscle, was
chosen on the basis of analogy to the prominent role of
cardiac troponin proteins in detection of cardiac ische-
mia. Preliminary studies using an initial assay of calponin
showed that this protein is elevated in aortic dissection
and has a longer time course than the BB isozyme of
creatine kinase, remaining elevated within the initial 24
hours (acidic calponin and aortic dissection 4.10 ng/mL
[n = 16] vs normal reference 2.04 ng/mL [n = 52], basic
calponin and aortic dissection 377.56 ng/mL [n = 16] vs
normal reference 123.31 ng/mL [n = 52] within the first 6
hours after symptom onset, areas under the curve [AUCs]
0.63 and 0.67, respectively).*

These preliminary studies confirmed that not only
smooth muscle proteins are viable candidates as bio-
markers of AAD but also strategic use of these 3 proteins
might provide temporal profiles similar to the use of
cardiac enzymes in myocardial ischemia. Unfortunately,
none has yet to achieve gold standard status similar to that
of cardiac troponin, which is being a single bjomarker
having adequate sensitivity and specificity in addition to a
favorable time course of release that covers a time
window necessary for nonambiguity in the clinical
setting. It is important to note that the recent success of
cardiac troponin was preceded by along history of use of a
panel of cardiac markers (eg, myoglobin and creatine
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kinase-MB isozyme) before newer and improved assays
have made possible the commanding position that it has at
present. Aortic dissection biomarkers based on circulating
smooth muscle proteins are still in relatively “early” stages
of their development and remain promising.

Markers of other aortic proteins

Another biomarker that has been pursued for aortic
dissection is elastin, a structural protein in the vessel
wall. Elastin is abundantly present in aortic wall and
contributes to contraction and relaxation characteristics.
Once AAD occurs, inflammatory processes and proteo-
Iytic enzymes degrade medial elastin to produce
degradation products such as soluble elastin fragments
(SELAF), which are released into the circulation. Plasma
sELAF concentrations are elevated in patients with AAD
but seem to depend on the status of the false lumen or
degree of thrombus formation. The high negative pre-
dictive value (NPV) of sELAF may be helpful in ruling
out AAD (AAD 114.7 + 56.9 ng/mL [n = 25], controls of
acute myocardial infarction 56.1 = 14.9 ng/mL [n = 50],
sensitivity 64.0%, specificity 99.8% [at a cutoff point of
mean in healthy subjects + 3SD], positive predictive
value [PPV] 94.1%, NPV 98.1%).%> Plasma sELAF increases
as early as 0.7 hours after onset of AAD, supporting a role
in early diagnostic use. However, the dynamic range of
this protein is limited to less than 2-fold increases over
healthy controls, depending on age, making reliable
clinical use questionable.

Inflammatory markers

C-reactive protein has also been shown to be elevated
in AAD with one potential use suggested for monitoring
evolution of false lumen thrombosis.>* Peak levels
during admission have been shown to be a predictor
for adverse long-term events (death and aortic events) in
patients with type B dissection (patients with type B
AAD [n = 232]: mean peak CRP values, high group 19.5
+ 4.0 mg/dL vs low group 6.4 + 2.4 mg/dL, hazard ratio
6.02 [95% CI 2.44-14.87], P = .0001; mean peak CRP
value, middle group 12.0 = 1.5 mg/dL vs low group,
hazard ratio 3.25 [95% CI 1.37-7.11], P = .01),” but lack
of specificity makes clinical use suboptimal. Possible
mechanisms as to why elevated peak CRP levels are
associated with long-term adverse events may be that the
peak CRP level reflects the degree of inflammatory
response in the dissected wall and damage to the lesion.
In addition, association of elevation of CRP and positive
positron emission tomography uptake in the aortic wall
has been reported to correlate with progression of aortic
disease.”® The severely damaged aortic wall may be
more prone to expansion and thus redissection or
rupture in the chronic phase.
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Fibrolytic markers

Matrix metalloproteinases (MMPs) are a group of
extracellular matrix enzymes involved in the remodeling
of the aorta, which have also been shown to be elevated
and activated in acute dissection. Matrix metalloprotei-
nases are released into the interstitial space and also into
the circulation. This may result in collapse of medial layer
collagen and elastin fibers, eventually leading to aortic
remodeling and dissection.

Plasma concentrations of the MMP-9 subunit have been
reported to be increased within 1 hour after onset of
symptoms in patients with AAD (P < .03, types A and B,
respectively, 29.3 + 16.1 and 16.7 + 2.1 ng/mL [n = 13] vs
control 7.74 + 1.6 ng/mL [n = 10]) with increased MMP-9
concentrations continuing until 2 months of follow-up.>’
Studies suggest that plasma MMP levels might be used not
only in rapid diagnosis of AAD but also in long-term
follow-up to monitor aortic remodeling. Inhibition of
MMP-2 and MMP-9 synthesis by administration of
doxycycline effectively prevented thoracic aortic aneu-
rysm formation in 2 mouse model of MFES, thus indicating
that inhibiting the activities of MMPs might be a potential
therapeutic target for aortic aneurysm and dissection. 2

Transforming growth factor g

Circulating TGF-f is another notable biomarker that has
received recent attention because it may serve in
therapeutic monitoring of aortic remodeling in patients
with MFS.?° Circulating TGF-B concentrations have been
shown to be elevated in patients with MFS as compared
with control individuals (P < .001, 15 = 1.7 ng/mL [n =
53] vs 2.5 = 0.4 ng/mL [n = 74]). Patients with MFS
treated with angiotensin II receptor blocker (n = 553) or 3-
blocker (n = 80) showed significantly lower total TGF-3
concentrations compared with untreated patients with
MFS (P < .05). Circulating TGF-p levels have also recently
been shown to be markedly elevated in patients with
AAD, especially in Stanford type A dissections (P < .01,
28.5 + 14.7 ng/mL, n = 20) compared with type B (14.4 =
481 ng/mL, n = 8), thus suggesting that TGF-3 may
potentially serve as an aortic biomarker beyond its
potential role for monitoring aortic size in MFS.3°

Thrombotic markers
D-dimer

The most promising biomarker for use in suspected
acute dissection at the present time is D-dimer. The initial
discovery that p-dimer showed increased levels in aortic
dissection might have been by chance, but further studies
have shown that it can be used both to rule in the disease
in the early hours after onset and to use as a rule-out
marker and, thus, is the only biomarker at present that is
closest to golden standard status. Importantly, it is already
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widely available for clinical use including point-of-care
rapid tests.

p-dimer is a fibrin fragment seen in coagulopathic
disorders, and measurements are routinely used in the
diagnosis of PE.>* Classic AAD also shows elevated levels
of this biomarker.'>3'%? A cutoff level of 500 ng/mlL,
which is presently used for PE, has been confirmed in
multiple studies to also be applicable to rule out AAD. The
largest study on the use of D-dimer in aortic dissection*
showed marked elevations of this biomarker in the early
hours after onset (<6 hours) of acute dissection (aortic
dissection, type A 3213 + 1465 ng/mL and type B 3574 +
1430 ng/mL [n = 87] vs controls of myocardial infarction
1459 + 1650 ng/mlL, angina 760 + 974 ng/mL, PE 2452 +
1891 ng/mL, and other uncertain diagnosis 1399 + 1511
ng/mL [n = 133]; sensitivity 95.7% and specificity 61.3%
at a cutoff level of 500 ng/mL within the first 6 hours) and
that the disease could also be ruled in using a cutoff of
1600 ng/mL in the initial 6 hours.

Studies including those mentioned previously have
suggested that plasma p-dimer may be a useful screening
tool to rule out AAD, but most of these studies were
inconclusive because of limited sample size and different
cutoff values as well as lack of a control group. Recent
meta-analyses using systematically searched clinical
studies in EMBASE, MEDLINE, CINAHL, and BIOSIS
have been performed to access the missed diagnostic
test measurements such as PPV or NPV and likelihood
ratios (LRs).>®> One study included AAD cases confirmed
by standard imaging techniques and autopsy or patho-
logical examination, with D-dimer measured by standard
plasma assays, and included control groups in which
absolute numbers of true positive, false positive, true
negative, and false negative were obvious or could be
derived. p-Dimer testing showed a high sensitivity of
0.97 (95% CI 0.94-0.98, I’ = 0.47) and a negative LR of
0.06 (95% CI 0.02-0.13, I? = 0.0%) with narrow
confidence intervals. Receiver operating characteristic
curve analysis yielded a high certainty for excluding
AAD on the basis of negative results (AUC 0.94). A
pooled specificity of 0.59 (95% CI 0.53-0.64, ? = 0.0%)
and a positive LR of 2.58 (95% CI 1.763.78, I? = 0.0%)
did not increase the certainty of diagnosis for AAD.
The diagnostic odds ratio was 21.27 (95% CI 11.64-
38.88, I* = 0.0%).>> p-Dimer was collectively shown to
be a favorable rule-out tool.

A more recent meta-analysis that added results of newer
studies, notably the IRAD-Bio study, as done by some of
the authors,** showed essentially similar results that p-
dimer has a high sensitivity and a low negative LR as
suited for a rule-out marker but showed only marginal
specificity and positive LRs. Overall pooled data estimat-
ed a high sensitivity of 0.97(95% CI 0.94-0.99) and a high
NPV of 0.96 (95% CI 0.93-0.98), with little statistical
heterogeneity (Q = 1.77 [I> < 0.001, P = .94] and Q = 1.45
[I? < 0.01, P = .96), respectively). By contrast, specificity
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Figure 2
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was low at 0.56 (95% CI 0.51-0.60) and PPV at 0.60 (95%
CI 0.55-0.66), with significant heterogeneity (Q = 33.8
[I* = 0.82, P<.001] and Q = 8.2 [I* = 0.39, P = .22],
respectively). Negative LR showed an excellent discrim-
inative ability of 0.06 (95% CI1 0.03-0.12, I 2< 0.001); on the
other hand, positive LR showed a poor discriminative
ability of 2.43 (95% CI 1.89-3.12, I = 0.78).° On the
latter, some of the authors reported in the IRAD-Bio study
that high p-dimer levels in the early hours (<6 hours) after
symptom onset would allow for rule-in diagnosis of AAD,
but the meta-analysis did not address time-dependent
effects likely because other studies examining p-dimer
have not pursued time course.

Therefore, the accumulated evidence suggests that p-
dimer testing might be helpful in risk stratifying patients
with suspected AAD. Importantly, because the same
cutoff level used to rule-out PE can be applied to aortic
dissection, this single blood test can be used to rule-out
both diseases, which is advantageous from the standpoint
of simplicity and cost-effectiveness.>" With the appropri-
ate understanding in use and interpretation (eg, possible
lack of elevations in intramural hematoma and throm-
bosed false lumen®”), p-dimer testing may be a potential
biomarker solution for sorting out chest pain syndromes
where very high levels will lead clinicians to look for AAD
or PE as opposed to acute coronary syndromes (see
Figure 1 for diagnostic algorithm and Figure 2 for time
course of diagnostic biomarkers).

On the potential use of p-dimer in the subacute and
chronic phases, sustained elevation up to 20 days after
thoracic endovascular aortic repair and increasing max-
imum pD-dimer values postoperatively have been shown to
be associated with decreased survival after the procedure,
thus suggesting potential use as a prognostic marker, as
well.>* On the platform for pD-dimer use, the Tina-quant
(Roche Diagnostics, Mannheim, Germany) and Innovance
(Siemens, Erlangen, Germany) tests are also in recent use,
in addition to the common STA-Liatest (Diagnostica Stago,
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Asnieres, France), mainly for Europe. Although there is a
lack of data for aortic dissection, a better sensitivity (96%-
100%) and specificity (37.5%-38.2%) for venous thrombo-
sis has been reported with the latter platform. 4 This assay
also maintains a standard cutoff level at 500 ng/mL, with
the 90th percentile of a normal collective at 550 ng/mL.

Abdominal aortic aneurysms

Aortic aneurysms of the abdomen (AAA) are frequent
in elderly patients (eg, >5% prevalence according to an
Australian study“). Increasing use of ultrasound screen-
ing and incidental diagnosis with other imaging modal-
ities such as CT will increase recognition of aneurysms
in early stages, but use of biomarkers for this disease
focuses more on their use in monitoring progression/
expansion rather than acute diagnosis at presentation
(eg, rupture).

Risk of rupture increases when aortic growth exceeds
expected expansion,®® and investigations to identify
surrogate biomarkers that correlate with expansion rate
have been a topic of interest. Several circulating
markers have shown association with AAA expansion,
symptom onset, and rupture. Serum elastin peptide
(SEP) levels have been shown to be modestly associated
with AAA expansion rate within the first year of
observation and risk of later mpmrc.45’44 Correlation
between SEP and AAA diameter with contained rupture
(r = 0.809, P < .001) but not with elective AAA repair
(r = 0.034, P = .825) has also been described. S Tumor
necrosis factor « and interleukin (JL)-8 levels have
also been reported to be significantly lower in large AAAs
and in symptomatic AAAs (P < .05).*® Not surprisingly,
markers such as procollagen, MMP-9, fibrinogen, p-dimer,
tissue plasminogen activator, and IL-6 have been pursued
but with varying results. ! Although a single biomarker
may not be sufficient, multiple biomarkers in combina-
tion might be of benefit. Initial AAA dimensions, SEP,
serum peptide of type III collagen, and expansion rate
show significant independent associations, and a multi-
variate formula using these parameters has been shown
to predict cases reaching 5 cm in diameter within 5 years,
with a sensitivity of 91% and specificity of 87% by
receiver operating characteristic analysis.47 Newer pro-
teomic methods have also identified proteins involved in
the kallikrein-kinin system (eg, kallistatin, carboxypepti-
dase B2, and protein AMBP) to be potential biomarkers of
the disease. *®

Thoracic aortic aneurysms

Thoracic aortic aneurysm has a strong genetic basis.
Marfan syndrome is a representative genetic disorder
complicated by aortic aneurysmal formation often of the
thoracic aorta. This syndrome is diagnosed on the basis
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Table 1. Biomarkers of cortic diseases

Biomarker

Characteristics

Time course
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diagnostic performance
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Thoracic aortic
aneurysm
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thrombosis2*
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- Therapeutic monitoring of
cortic remodeling in patients
with MFS?

- A fibrin fragment seen in
coagulopathic disorders

- A rule-in and rule-out marker

- The only biomarker close to
golden standard status

- Widely available for clinical
use, including rapid tests due
to its value for diagnesing
acute PE3!

- Possibly lack of elevations in
intramural hematoma and
thrombosed false lumen®”
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expansion and later
rupture

43,44

- These markers show varying
results, !

- For example, kallistatin,
carboxypeptidase B2, and
protein AMBP could be
potential biomarkers of the
disease.

- Ratio of MMP-9 to TIMP-1
increased in TAA and
dissection*?

- Therapeutic monitoring of
aortic remodeling in patients
with MFS52
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3-4 h1419.20

after onset of symptoms

kinase

initial 24 h?2
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1600 ng/mL in the initial 6 h34
- Increasing maximum p-dimer

values post-thoracic
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- Very short time window
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with peak approximately 6 h

21

- Has a longer time course than
the BB isozymes of creatine

- Remains elevated within the
- <2-Fold increase over healthy
controls depending on age?

- Peck level during admission
maybe a predictor for adverse

- Increases within 1 h from
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associated with decreased

survival. %

diagnosis.

basis and is often less
inflammatory.

- Use of biomarkers for this
disease focuses more on their
use in monitoring progression/
expansion rather than acute

- TAA has a strong genetic

Suzuki et al,’* n = 27, sensitivity
90%, specificity 97%

Suzuki et al®!, n = 30, AAD group
vs control group 3.4 + 1.0 SE vs
0.2+0.1 SEIU/L

Suzuki et al?2, n = 150, AUC acidic
calponin 0.63, AUC basic
calponin 0.67

Shinohara et al®, n = 175,
sensitivity 64.0%, specificity 94.8%
Sakura et al?®, n = 233, CRP high
group vs low group, hazard ratio
6.02, P=.0001

Sangiorgi et al®, n = 23, AAD
group vs control group 29.3 vs
7.74 ng/mlL, P< .03

Suzuki et al®, n = 28, type A AAD
vs type B AAD 28.5vs 14.4 ng/ml,
P<.01

Suzuki et al®, n = 200, at cutoff
level 500 ng/mL, sensitivity 96.6%,
specificity 46.6%

Shimony et al*¢, meta-analysis,

7 studies, n = 734, sensitivity 97%,
NPV 0.96, specificity 56%,

PPV 0.60

Lindholt et al*®, 112 patients with
AAA from 4404 men screened,
prospective study, correlation:
r=04

These markers show varying
results.*!

Koullias et al*®, n = 47, increased
MMP-9/TIMP-1 ratio to control
group, P< .05

Ahimastos et al*?, n =17, for

24 weeks, ACEl vs placebo, 59.6 vs
45.3 ng/ml, P= .01
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k Table 1. (continued)

Biomarker Characteristics

American Heart Journal
January 2013

Reference, tested samples,

Time course diagnostic performance

Aortitis PTX-3 - A vascular-selective CRP

- Selective produced by
vascular endothelial cells,

macrophages, and neutrophils

Ishihara et al®8, aortitis n = 41,
sensitivity 82.6%, specificity 77.8%

- May be o potential biomarker
for Takayasu arteritis

- Reflects pathogenetic activity
of Takayasu arteritis
regardless of therapeutic
steroid use>®

of clinical features; genetic testing for clinical use is still
controversial because of a lack of a genotype-phenotype
correlation. Unlike abdominal aortic aneurysm forma-
tion, the pathogenesis of thoracic aortic aneurysm is
mainly caused by silent medial layer degradation and is
often less inflammatory, thus making use of conventional
inflammatory biomarkers less informative. Several
markers have been pursued, including MMPs, which
are known to be involved in the pathogenesis of
thoracic aortic aneurysm. A relative index of the ratio
of MMP-9O to tissue inhibitor of metalloproteinase-1
(TIMP-1) has been shown to be increased in both
patients with thoracic aortic aneurysm and patients with
dissection compared with control patients, thus suggest-
ing that imbalance of MMP-TIMP might be important for
the development and progression of aortic disease. ®
Elevated MMP levels have also been shown to be
associated with recurrent blood flow in aneurysms
after endovascular therapy.>*>’

Transforming growth factor B signaling also contributes
to aortic degeneration in MFS. Angiotensin-converting
inhibitor (ACED) treatment reduces TGF-5 blood con-
centrations in both latent (59.645.3 ng/mL in ACEI
group, P = .01 vs placebo) and active (46.2-42.1 ng/mL
in ACEI group, P = .02 vs placebo) forms.>® Recent
studies have also shown that mutations in smooth
muscle cell isoforms of «- and B-myosin heavy chain
(SM-MHC) cause familial thoracic aortic aneurysm
leading to AADs.?® The protein levels of SM-MHC are
elevated in patients with aneurysmal rupture and may
also be a potential candidate biomarker for this
condition (T. Suzuki et al, unpublished observation).
Another proposed strategy for identifying thoracic aortic
aneurysms is investigation of the gene expression
signature in peripheral blood.>* A preliminary study
has identified 41 gene signatures in peripheral blood
cells that distinguish patients with aneurysm from
control subjects, with an accuracy of 78% to 80%.>>
The ribonucleic acid signature also provides additional
information to detect impending rupture or dissection.

Aortitis
Aortitis (Takayasu arteritis) is an uncommon chronic
vasculitis mainly involving the aorta and main branches.

Biochemical monitoring of the pathogenic state is a viable
target for aortic biomarkers. The erythrocyte sedimenta-
tion rate and CRP level have been used as markers of
disease activity.’®>” Although preliminary tests did now
show smooth muscle proteins to demonstrate a sufficient
dynamic range for diagnostic use (T. Suzuki et al,
unpublished observation), a recent vascular inflammatory
biomarker, pentraxin-3 (PTX-3), has shown promise as a
potential biomarker for Takayasu arteritis. Pentraxin-3 is a
“vascular-selective CRP,” with both PTX-3 and CRP
belonging to the pentraxin family with CRP harboring a
short pentraxin domain, whereas PTX-3 harbors a long
pentraxin domain and, importantly, is selectively pro-
duced by vascular endothelial cells, macrophages, and
neutrophils. A study comparing the usefulness of highly
sensitive CRP and PTX3 showed that PTX3 is more
specific for arterial inflammation than CRP (highly
sensitive CRP, sensitivity 65.2%, specificity 94.4%, AUC
0.905; PTX3, sensitivity 82.6%, specificity 77.8%, AUC
0.914). Plasma MMP-3 levels showed a positive correla-
tion with predonisolone dose as used for treatment,
whereas PTX3 levels were not correlated with its dose
(MMP-3: R = 0.649, PTX3: R = 0.432), which suggests
that this biomarker reflects pathogenic activity of
Takayasu aortitis regardless of therapeutic steroid use.”®

Future perspectives

Biomarkers for aortic diseases in general remain few.
Increasing awareness to the importance of aortic and
vascular diseases owing to an aging society with
increasing atherosclerotic disease is a prerequisite condi-
tion for further advancement of this field. Noninvasive,
relatively inexpensive, and nontechnical methods of early
diagnosis and/or progression of disease using biomarkers
would be ideal to meet this need.*® Table I and Figure 3
summarize our present knowledge. Emerging technolo-
gies such as proteomic methods may also help in
identifying new and translatable biomarkers. Society
guidelines recognize the need for the development of
aortic biomarkers. The European Society of Cardiology
(ESC) guidelines on aortic dissection, published in 2001,
mention the potential of using SM-MHC. The latest
guidelines from the United States (American College of
Cardiology/American Heart Association) in 2010 recog-
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Figure 3
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Aortic dissection

Smooth muscle myosin heavy
chain, BB-isoenzyme of

creatine kinase, calponin,

elastin, C-reactive protein

(CRP), matrix metallo-
proteinases (MMP),

circulating transforming

growth factor o (TGF-o), D-dimer

interleukin-6

Aortic aneurysm

Pro-collagen, MMP-9,
fibrinogen, D-dimer, tissue
plasminogen activator,

Aortitis

Pentraxin-3 (PTX-3)

High sensitive CRP (hsCRP)
Erhythrocyte sedimentation
rate (ESR)

Biomarkers categorized according to aortic disease with representative images.

nize that several biomarkers have been investigated for
their use in the evaluation of AAD such as SM-MHC, -
dimer, and high-sensitivity CRP.® The American guidelines
further state that these markers show diagnostic promise
and that biomarker development is an important future
research direction.

As we look to the future, aortic diseases should be
recognized as conditions that will benefit from a
noninvasive blood test and therefore are a target of
biomarker development. To develop the golden standard,
which is necessary and sufficient to both rule in and rule
out disease, will be of utmost importance. p-Dimer in
aortic dissection is promising for the present, but more
“vascular-specific” biomarkers need to be developed in
the future. Clinical studies that not only address diagnostic

108

performance in a certain disease but also build confidence
in using the biomarker under wider and general
circumstances need to be addressed to confidently use
these biomarkers in the emergency room and when
triaging patients with certain symptoms/signs (eg, chest
pain). For acute diseases, point-of-care tests would be
most useful, but these are technically challenging and will
require more work after the initial assays are developed.

In the end, how diagnostic biomarkers are helpful in
the clinic will depend on their additive usefulness in
light of current clinical diagnostic algorithms and
imaging modalities. This will hold not only for acute
disease but also for chronic monitoring of aortic
pathologies in relevance to timing and indication of
treatment and outcome.
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Background: Few data exist on clinical/imaging characteristics, management, and outcomes of patients with
type A acute dissection and mesenteric malperfusion.

Methods: Patients with type A acute dissection enrolled in the International Registry for Acute Dissection
(IRAD) were evaluated to assess differences in clinical features, management, and in-hospital outcomes
according to the presence/absence of mesenteric malperfusion. A mortality model was used to identify predic-
tors of in-hospital mortality in patients with mesenteric malperfusion.

Results: Mesenteric malperfusion was detected in 68 (3.7%) of 1809 patients with type A acute dissection.
Patients with mesenteric malperfusion were more likely to be older and to have coma, cerebrovascular accident,
spinal cord ischemia, acute renal failure, limb ischemia, and any pulse deficit. They were less likely to undergo
surgical/hybrid treatment (52.9% vs 87.9%) and more likely to receive only medical (30.9% vs 11.6%) or
endovascular (16.2% vs 0.5%) management (P <.001). Overall in-hospital mortality was 63.2% and 23.8%
in patients with and without mesenteric malperfusion, respectively (P <.001). In-hospital mortality of patients
with mesenteric malperfusion receiving medical, endovascular, and surgical/hybrid therapy was 95.2%, 72.7%,
and 41.7%, respectively (P <.001). At multivariate analysis, male gender (odds ratio [OR], 1.7; P = .002), age
(OR, 1.1/y; P = .002), and renal failure (OR, 5.9; P = .020) were predictors of mortality whereas surgical/hybrid
management (OR, 0.1; P = .005) was associated with better outcome.

Conclusions: Type A acute aortic dissection complicated by mesenteric malperfusion is a rare but ominous
complication carrying a high risk of hospital mortality. Surgical/hybrid therapy, although associated with
2-fold hospital mortality, appears to be associated with better long-term outcomes in the management of type
A acute aortic dissection in this setting. (J Thorac Cardiovasc Surg 2013;145:385-90)
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Over the past 2 decades, knowledge of natural history, diag-
nosis, and management of acute type A aortic dissection has
markedly improved. Despite this, hospital mortality in pa-
tients with aortic dissection remains substantial, ranging
from 7% to 30%.' Preoperative patients’ characteristics
mostly affect hospital outcomes, with the worst results
being reported in patients with hypotension, tamponade,
and organ malperfusion.*

Although several studies have assessed outcomes of
patients with type A aortic dissection complicated by end-
organ malperfusion syndromes, few have focused on mes-
enteric malperfusion. The International Registry of Acute
Dissection (IRAD) represents a unique opportunity to study
a large group of patients with aortic dissection collected in
18 referral centers worldwide.
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Abbreviations and Acronyms

Cl = confidence interval

IRAD = International Registry of Acute
Dissection

NS = not significant

OR = odds ratio

Aims of the present study were to compare clinical/imag-
ing characteristics, management, and outcome of patients
with type A acute dissection with and without mesenteric mal-
perfusion and to assess outcomes of patients with mesenteric
malperfusion according to different therapeutic strategies
(surgical/hybrid, endovascular, and exclusively medical).

METHODS
Study Population and Data Collection

The rationale and methodology of IRAD have been published previously.>
At the time of our study, we examined 1809 consecutive patients with type A
acute dissection enrolled at 18 institutions between December 1995 and
August 2010. Acute type A dissection was defined as any dissection that
involved the ascending aorta and/or aortic arch appearing within 14 days of
the onset of symptoms. The diagnosis of aortic dissection was based on
history, imaging studies, direct visualization at surgery, and/or postmortem
findings. Patients were categorized according to presence/absence of
mesenteric malperfusion, which was defined as any radiologic evidence of
decreased perfusion through the celiac trunk, superior mesenteric artery,
and inferior mesenteric artery with decreased viability or necrosis of the
gut, with or without lactic acidosis, pain, or abdominal distention.

All patients were classified according to 3 different therapeutic strategies:
surgical/hybrid, endovascular, and exclusively medical therapy. A surgical/
hybrid procedure was defined as a planned central aortic operation (ascending
aorta/arch replacement) possibly associated with any percutaneous aortic or
branch artery procedure (fenestration, stenting) performed simultaneously
or within the same hospitalization. Endovascular treatment was defined as
any percutaneous aortic or branch artery procedure (fenestration, stenting)
in which any other central surgical procedure was not performed.

IRAD data forms were used to collect 290 clinical variables, including pa-
tient demographics, history, clinical presentation, physical findings, imaging
studies, therapeutic management, in-hospital mortality, and adverse events.
Completed data forms were forwarded to the coordinating center at the
University of Michigan and reviewed for faced validity and completeness.

Statistical Analysis

Continuous variables were expressed as the mean = 1 standard devia-
tion or median and Q1-Q3 and categorical variables as percentages. In
all cases, missing data were not defaulted to negative, and denominators
reflect only cases reported.

Univariate analyses between groups were done using x> tests (or Fisher
exact tests) and Student ¢ tests where appropriate. All P values are 2-sided.

Preoperative and intraoperative variables were first analyzed using
univariate analysis to determine whether any single factor was related to
therapeutic strategy and hospital mortality in all patients and in those
with mesenteric malperfusion. Variables that achieved P values less than
.15 in the univariate analysis were examined using gender-adjusted multi-
variate analysis by forward stepwise logistic regression to estimate the in-
dependent odds ratios (ORs) of factors related to nonsurgical/hybrid
management (all patients and patients with mesenteric malperfusion) and
hospital mortality in patients with mesenteric malperfusion.

Statistical analysis was performed by SPSS version 18.0 (SPSS, Inc,
Chicago, Il1).

RESULTS
Clinical Characteristics of Patients With and
Without Mesenteric Malperfusion (Tables 1, 2, and 3)

Of 3099 consecutive patients with acute aortic dissection
enrolled between December 1995 and August 2010, 1967
(63.5%) had type A dissection. Sixty-eight (3.8%) of
1809 patients with available data had mesenteric
malperfusion.

Compared with those who did not have mesenteric mal-
perfusion, those who did were older (61.8 & 14.4 vs 57.9
=+ 14.4 years; P = .028) and more likely to have abdominal
(58.5% vs 242%; P < .001), leg (35.9% vs 12.0%;
P < .001), and migrating (21.3% vs 12.1%; P = .032)
pain. Patients with mesenteric malperfusion more fre-
quently had coma (10.0% vs 3.1%; P = .003), ischemic
spinal cord damage (6.8% vs 0.8%; P = .002), acute renal
failure (52.2% vs 7.2%; P <.001), limb ischemia (38.5%
vs 9.9%; P < .001), and any pulse deficit (45.8% vs
29.8%; P = .009).

Electrocardiographic evidence of new myocardial infarc-
tion (8.5% vs 7.2%; P = not significant [NS]), left ventric-
ular hypertrophy (24.1% vs 20.9%; P = NS), and low
voltage (5.2% vs 4.5%; P = NS) were similar in patients
with and without mesenteric malperfusion. On imaging
studies, widened mediastinum (52.0% vs 54.1%;
P =NS), pleural effusion (20.8% vs 12.4%; P = NS), aor-
tic regurgitation (65.5% vs 53.5%; P = NS), and coronary
artery compromise (16.7% vs 12.4%; P = NS) were
equally present in patients with and without mesenteric
malperfusion.

Computed tomographic angiography, magnetic reso-
nance 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 patients with mesenteric malperfusion (33.3% vs 11.0%;
P < .001), in whom an overall higher number of imaging
tests were required to complete the diagnostic process
(2.0 £ 0.8 vs 1.6 &= 0.6; P <.001). Despite that, the time de-
lay (hours) between symptom onset and diagnosis was sim-
ilar in patients with and without mesenteric malperfusion
(6.5 vs 5.8; P =NS).

The intimal-medial flap originated more frequently at
the aortic root (62.7% vs 45.2%; P = .005) in patients
with mesenteric malperfusion and at the ascending aorta
(36.5% vs 23.9%; P = .035) in patients without mesen-
teric malperfusion. Patients with mesenteric malperfu-
sion were more likely to have arch vessel involvement
(52.9% vs 357%; P = .012) and any renal artery
(70.6% vs 18.0%; P < .001) involvement by the
dissection.
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TABLE 1. Demographics and history of patients with and without mesenteric malperfusion

Variable Mesenteric malperfusion (n = 68) No mesenteric malperfusion (n = 1741) P value
Age, mean (£SD), y 61.8 £+ 144 579 + 144 .028
Male (%) 47/68 (69.1) 117171741 (67.3) 749
White (%) 54/62 (87.1) 1461/1629 (89.7) 512
Atherosclerosis (%) 16/66 (24.2) 37771676 (22.5) 139
Diabetes (%) 3/66 (4.5) 96/1669 (5.8) 796
Hypertension (%) 47/66 (71.2) 1208/1693 (71.4) 980
Aortic valve disease (AS+AR) (%) 8/65 (12.3) 63/1672 (12.1) 956
Bicuspid aortic valve (%) 3/53 (5.7) 202/1669 (12.1) 668
Martfan (%) 2/66 (3.0) 74/1687 (4.4) 167
Peripartum (%) — 4/1653 (0.2) 1.000
Cocaine abuse (%) — 19/1656 (1.1) .643
Known aortic aneurysm (%) 5/66 (7.6) 210/1683 (12.5) 260
Prior aortic dissection (%) — 72/1684 (4.3) .110
Iatrogenic dissection (%) 2/65 (3.1) 55/1665 (3.3) 1.000
Prior cardiac surgery (%) 15/65 (23.1) 245/1660 (14.8) .066
History of catheterization/angiography 9/53 (17.0) 155/1390 (11.2) 189

SD, Standard deviation; AS, aortic stenosis; AR, aortic regurgitation.

Therapeutic Strategies for Patients With and

Without Mesenteric Malperfusion

All patients. Overall, 86.7% (1567 of 1809) of patients
with acute type A dissection underwent surgical/hybrid
procedures and 1.0% (19 of 1809) and 12.3% (223 of
1809) received endovascular and medical management,
respectively.

On binary logistic regression, preoperative mesenteric

malperfusion (OR, 7.9; 95% confidence interval [CI],
3.229-19.521; P < .001), age more than 70 years (OR,
2.9; 95% CI, 1.782-4.884; P < .001), and female gender
(OR, 2.1; 95% (I, 1.317-3.557; P = .002) were the stron-
gest independent predictors of receiving medical/endovas-
cular management.
Patients with and without mesenteric malperfusion
(Table 4). Patients with mesenteric malperfusion were
less likely to undergo surgical/hybrid treatment (52.9% vs
87.9%; P < .001) and more likely to receive medical
(30.9% vs 11.6%; P < .001) or endovascular (16.2% vs
0.5%; P <.001) management, when compared with patients
without mesenteric malperfusion.

In surgically managed patients, the extent of aortic re-
placement, rate of associated cardiac procedures (8.6% vs
12.6%; P = NS), and rate of open aortic anastomosis
(84.0% vs 94.1%; P = NS) were equally distributed in pa-
tients with and without mesenteric malperfusion. Patients
with mesenteric malperfusion were more likely to require
an associated peripheral vascular surgical procedure
(11.1% vs 3.5%; P = .018) (Table E1).

Patients with mesenteric malperfusion. Preoperatively,
clinical and dissection imaging features were similar in
patients receiving surgical/hybrid, endovascular, or medical
treatment, except for older age being more frequent
in patients receiving medical management (medical vs

surgical/hybrid: 65.0 + 159 vs 54.1 £ 13.1 years;
P = .007; medical vs endovascular: 65.0 + 15.9 vs 56.6
£ 11.1 years; P = NS; surgical/hybrid vs endovascular:
54.1 & 13.1 vs 56.6 £ 11.1 years; P = NS). Severe comor-
bid illness was reported as a contraindication to surgical re-
pair in all cases and, on logistic regression, age greater than
70 years (OR, 5.2; 95% CI, 0.741-36.526; P = .097)
emerged as the only independent predictor of medical/en-
dovascular management.

Hospital Results

Patients with and without mesenteric malperfusion
(Table 5). Hospital mortality was 63.2% (43 of 68) and
23.8% (414 of 1741) in patients with and without mesen-
teric malperfusion, respectively (P <.001).

On multiple logistic regression, mesenteric malperfusion
(OR, 2.520; 95% CI, 1.127-5.633), age greater than 70
years (OR, 2.327; 95% CI, 1.680-3.222), migrating pain
(OR, 1.747; 95% CI, 1.126-2.710), hypotension/shock/
tamponade (OR, 2.636; 95% CI, 1.915-3.629), renal failure
(OR, 2.076; 95% CI, 1.466-2.940), and abnormal electro-
cardiogram (OR, 1.568; 95% CI, 1.113-2.210) emerged
as independent predictors of in-hospital mortality.

Postoperative occurrence of new major brain injuries
(stroke or coma), myocardial ischemic complications, and
cardiac tamponade were equally observed in patients with
and without mesenteric malperfusion. Patients with mesen-
teric malperfusion were more likely to have postoperative
renal failure (44.4% vs 16.8%; P <.001) and limb ischemia
(9.6% vs 3.1%; P = .009).

Patients with mesenteric malperfusion. In patients with
mesenteric malperfusion, hospital mortality was 95.2%
(20 of 21) after medical management, 72.7% (8 of 11) after
endovascular treatment, and 41.7% (15 of 36) after
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TABLE 2. Clinical presentation of patients with and without mesenteric malperfusion

Mesenteric malperfusion No mesenteric

Variable (n = 68) malperfusion (n = 1741) P value

Time from symptom onset to diagnosis (h) 6.5 (1.3-23.8) 5.8 (1.9-24.0) 325
Time from diagnosis to surgical/hybrid or endovascular treatment (h) 9.0 (2.3-24.0) 4.8 (2.1-18.1) 193
Time from symptom onset to surgical/hybrid or endovascular treatment (h) 19.1 (8.8-65.0) 14.8 (6.8-40.5) 743
Chest pain (%) 48/68 (70.6%) 1348/1672 (80.6%) .042

Anterior (%) 43/55 (78.2) 1075/1378 (78.0) 976

Posterior (%) 15/44 (34.1) 487/1274 (38.2) 579
Back pain (%) 32/66 (48.5) 682/1622 (42.0) 299
Abdominal pain (%) 38/65 (58.5) 389/1610 (24.2) <,001
Leg pain (%) 23/64 (35.9) 191/1593 (12.0) <.001
Quality of pain

Migrating (%) 13/61 (21.3) 189/1563 (12.1) 032

Radiating (%) 24/63 (38.1) 560/1583 (35.4) .658
Pain severity (%)

Mild (%) - 11771350 (8.7) .304

Severe (%) 40/52 (76.9) 1008/1350 (74.7) 713

Worst ever (%) 12/52 (23.1) 225/1350 (16.7) 226
Abrupt onset of pain (%) 59/65 (90.8) 1335/1619 (82.5) .082
Febrile 4/54 (7.4) 34/1319 (2.6) .059
Hypotension/shock/tamponade (%) 18/64 (28.1) 449/1628 (27.6) 924
Hypertension (%) 22/64 (34.4) 493/1628 (30.3) 485
Syncope (%) 8/67 (11.9) 297/1644 (18.1) 199
Cerebrovascular accident (%) 6/63 (9.5) 84/1624 (5.2) 132
Coma (%) 6/60 (10.0) 50/1626 (3.1) .003
Ischemic spinal cord damage (%) 4/59 (6.8) 13/1628 (0.8) .002
Myocardial ischemia/infarction (%) 12/66 (18.2) 193/1733 (11.1) 077
Cardiac heart failure (%) 9/63 (14.3) 127/1670 (7.6) .053
Acute renal failure (%) 35/67 (52.2) 124/1729 (7.2) <.001
Limb ischemia (%) 25/65 (38.5) 171/1728 (9.9) <.001
Any pulse deficit (%) 27/59 (45.8) 394/1321 (29.8) .009

surgical/hybrid treatment (P < .001). In the 43 patients with
mesenteric malperfusion who died, causes of death were vis-
ceral ischemia (n = 15; 34.9%), neurologic (n = 2; 7.0%),
multiorgan failure (n = 5; 11.6%), cardiac (n = 2; 4.7%),
tamponade (n = 2; 4.7%), and not specified (n = 15; 44.9%).

At binary logistic regression, surgical/hybrid manage-
ment (OR, 0.1; 95% CI, 0.028-0.539; P = .005) resulted
as a protective factor for hospital mortality, whereas male
gender (OR, 1.7; 95% CI, 0-338-7.397; P = .484), age
(OR, 1.112; 95% CI, 1.041-1.188; P = .002), and preoper-
ative renal failure (OR, 5.989; 95% CI, 1.328-26.182;
P = .020) were associated with increased hospital mortality.

DISCUSSION

Aortic dissection remains one of the most lethal cardio-
vascular diseases, and end-organ malperfusion syndromes,
which occur in approximately in one-third of patients,*
are associated with elevated mortality and dismal postoper-
ative outcomes.’”

Among different ischemic end-organ complications oc-
curring at the onset of dissection, mesenteric malperfusion
is one of the most insidious and therefore challenging for di-
agnostic and management decision making.'°

Our data show that mesenteric malperfusion is a rare com-
plication of acute dissection and that, very commonly, is asso-
ciated with clinical or imaging signs of other organ injury or
malperfusion. In our series of 1809 patients with type A acute
dissection, only 68 (3.8%) met our definition of mesenteric
malperfusion and approximately 30% of them showed clini-
cal symptoms or signs of neurologic complications, 52.2%
had acute renal failure, and 30% had limb ischemia. Although
the mentioned associated complications may not involve mal-
perfusion as the only underlying pathogenetic mechanism,
imaging data, showing extremely high rates of arch vessel
(52.9%) and any renal artery involvement (70.6%) by the dis-
section, support the idea that malperfusion plays an important
role and that, when it occurs, it is likely to involve more than
one vascular territory. Interestingly, the observation that about
40% of patients with mesenteric ischemia did not have ab-
dominal pain, whereas about 20% of patients without mesen-
teric malperfusion had pain, confirms that abdominal pain is
a nonspecific symptom of acute mesenteric ischemia.!’"*?
Moreover, the typically progressive nature of both the aortic
dissecting disease and malperfusive complication, in
addition to the potential different times of patients’
presentation with different degrees of bowel ischemia, may
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TABLE 3. Characteristics of dissection in patients with and without mesenteric malperfusion

Variable Mesenteric malperfusion (n = 68) No mesenteric malperfusion (n = 1741) P value

Origin of dissection flap

Sinotubular junction (%) 5/67 (1.5) 195/1628 (12.0) 262

Aottic root (%) 42/67 (62.7) 736/1628 (45.2) .005

Ascending (%) 16/67 (23.9) 594/1628 (36.5) .035

Arch (%) 3/67 (4.5) 66/1628 (4.1) .863
False lumen patency

Patent (%) 38/50 (76.0) 753/1063 (70.8) 431

Partial thrombosis (%) 10/50 (20.0) 208/1063 (19.6) .940

Complete thrombosis (%) 2/50 (4.0) 102/1063 (9.6) 184
Distal communication (%) 17/44 (38.6) 243/1015 (23.9) .027
Arch vessel involvement (%) 27/51 (52.9) 429/1203 (35.7) .012
Any renal artery involvement (%) 48/68 (70.6) 309/1716 (18.0) <.001
Coronary arteries compromised (%) 8/48 (16.7) 156/1262 (12.4) .376
Aortic regurgitation (%) 36/55 (65.5) 77311445 (53.5) .081
Aortic measurements

Aortic annulus (cm) 2.6 (2.3-2.9) 2.5 (2.3-2.9) 878

Aortic root (cm) 4.5(3.8-5.9) 4.2 (3.7-5.0) 511

Ascending aorta (widest) (cm) 4.9 (4.5-5.5) 5.0 (4.4-5.8) .539

Aortic arch (cm) 4.0 (3.5-4.4) 3.6 (3.24.1) 252

Descending aorta (widest) (cm) 3.3(3.0-4.2) 3.4 (3.0-3.8) 875

justify our rate of patients without abdominal pain of 40%,
which is slightly superior to the 25% reported in literature.'?
In IRAD, patients with mesenteric malperfusion were less
likely to undergo surgical treatment and more likely to re-
ceive a recognized suboptimal therapeutic management,
namely, medical or endovascular therapy. Moreover, such
a difference in therapeutic management was striking: about
50% of patients with mesenteric malperfusion did not receive
surgical therapy against 12% of patients without. Accord-
ingly, binary logistic regression confirmed these observations
by indicating mesenteric malperfusion as the strongest pre-
dictor of medical therapy in the overall series (OR, 7.9).

These data clearly reflect surgeons’ attitudes to avoid sur-
gery in patients with severe preoperative comorbidities and
indicate that mesenteric malperfusion, among all preopera-
tive dissection-related complications, is considered as (one
of) the most threatening.

Almost two-thirds of patients with mesenteric malperfu-
sion died during hospitalization, almost 3 times the number
of those patients without the mentioned complication
(63.2% vs 23.8%).

However, when assessing hospital mortality according
to different therapeutic management, in patients with mes-
enteric malperfusion an interesting scenario becomes evi-
dent: medical and endovascular therapies were associated
with dismal mortality rates (95.2% and 72.7%, respec-
tively), whereas surgical/hybrid therapy was associated
with a significantly higher survival of 41.7%.

Accordingly, our binary logistic regression indicated that
surgical/hybrid therapy for patients deemed operable by the
treating facility was associated with the best survival in pa-
tients with mesenteric malperfusion, even after adjusting for
gender, age, and renal failure. This is likely due to both pa-
tient selection and the potential benefit of definitive repair.

When surgical treatment is used, operative timing and
potential use of percutaneous procedures (fenestration/
stenting) to address branch artery obstruction still represent
greatly debated issues.

Some authors,13 14 given the unpredictable nature of acute
type A dissection and its ever-present potential for rupture, ad-
vocate immediate correction of malperfusion syndromes by
replacing the ascending and/or transverse aortic arch, thus

TABLE 4. Therapeutic strategies for patients with and without mesenteric malperfusion

Therapeutic strategies Mesenteric malperfusion (n = 68) No mesenteric malperfusion (n = 1741) P value
Surgical/Hybrid (%) 36/68 (52.9) 1531/1741 (87.9) <.001
Open surgery -+ aortic fenestration (%) 0/4 (0.0) 1/14 (7.1) 1.000
Open surgery + aortic stenting (%) 2/4 (50.0) 12/14 (85.7) 197
Open surgery + aortic stenting and fenestration 2/4 (50.0) 1/14 (7.1) .108
Endovascular (%) 11/68 (16.2) 8/1741 (0.5) <.001
Aortic fenestration (%) 2/11 (18.2) 2/8 (25.0) 1.000
Aortic stenting (%) 2/11 (18.2) 2/8 (25.0) 1.000
Aortic stenting and fenestration (%) 711 (63.6) 4/8 (50.0) 658
Exclusively medical (%) 21/68 (30.9) 202/1741 (11.6) <.001

The Journal of Thoracic and Cardiovascular Surgery * Volume 145, Number 2 389

117



aov

Acquired Cardiovascular Disease

Di Eusanio et al

TABLE 5. In-hospital mortality and complications for patients with type A acute dissection with and without mesenteric malperfusion

Mesenteric malperfusion (n = 68) No mesenteric malperfusion (n = 1741) P value
Mortality (%) 43/68 (63.2) 414/1741 (23.8) <.001
Major brain injury (coma--stroke) (%) 5/42 (11.9) 129/1532 (8.4) 575
Spinal cord injury (%) 1/45 (2.2) 13/1551 (0.8) 331
Myocardial infarction/ischemia (%) 4/59 (6.8) 96/1689 (5.7) 772
Acute renal failure (%) 20/45 (44.4) 286/1701 (16.8) <.001
Limb ischemia (%) 5/52 (9.6) 52/1695 (3.1) .025
Cardiac tamponade (%) 5/57 (8.8) 91/1659 (5.5) .370
restoring blood flow into the true lumen. Others,™'*'>'7 in  malperfusion is a rare but ominous complication carrying

selected patients showing clinical deterioration owing to
established end-organ ischemic dysfunction, suggest alterna-
tive management strategies such as delayed central aortic op-
eration after percutaneous end-organ blood flow restoration.
This approach, which certainly takes into account the potential
for aortic rupture before ascending aortic repair has been ac-
complished, finds its rationale in the predominant prognostic
weight of the end-organ dysfunction and in the suboptimal sur-
gical outcomes reported in this setting.

Our analysis does not allow us to distinguish the best
therapeutic option between the aforementioned approaches.
However, IRAD data show that hybrid management (central
aortic operation plus percutaneous treatment of mesenteric
malperfusion) was applied in only a very few cases and that
immediate surgical repair of the proximal dissected aorta
still represents the most common therapeutic approach for
patients with type A acute dissection complicated by mes-
enteric malperfusion.

Limitations and Strengths

Our definition of mesenteric malperfusion does not allow
distinguishing patients with different degrees of intestinal is-
chemic injury As a consequence, differences in clinical fea-
tures, management, and outcomes of patients according to
the presence/absence of intestinal infarction could not be
captured, and the comparison between surgical/hybrid, en-
dovascular, and medical management might have been influ-
enced by a selection bias in the therapeutic referral process.

Data on intestinal surgical procedures are not available in
the IRAD registry. Thus, the clinical relevance and prognos-
tic implications of concomitant abdominal surgery could
not be evaluated.

Current knowledge about mesenteric malperfusion is
based on case studies with an extremely limited number
of patients, or extrapolated by larger reports including dif-
ferent organ malperfusion syndromes. Our study, analyzing
the largest series of patients with mesenteric malperfusion,
may help shed light on this high-risk group of patients.

CONCLUSIONS

Our data showed that patients with mesenteric malperfu-
sion are older and frequently have associated neurologic, re-
nal, and limb dissection—related complications. Mesenteric

a 3-fold higher risk of hospital mortality. When compared
with different therapeutic treatments, surgical/hybrid ther-
apy appears to be associated with better outcomes.
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TABLE El. Surgical procedures for patients with type A acute dissection with and without mesenteric malperfusion

Mesenteric malperfusion (n = 68) No mesenteric malperfusion (n = 1741) P value

Extent of aortic replacement

Root (%) 10/30 (33.3) 482/1339 (36.0) 7164

Ascending aorta (%) 28/36 (77.8) 1380/1483 (93.1) .001

Partial arch (%) 10/37 (27.0) 564/1426 (39.6) 123

Complete arch (%) 5/37 (13.5) 204/1435 (14.2) 1.000
Open procedure (%) 21/25 (84.0) 866/920 (94.1) .061
Associated procedures (%)

AVR (%) 8/34 (23.5) 394/1456 (27.1) .647

CABG (%) 3/35 (8.6) 173/1446 (12.0) 7191

MVR (%) - 10/1449 (0.7) 1.000

Reoperation (%) 5/34 (14.7) 189/1429 (13.2) 797

Peripheral vessels replaced 4136 (11.1) 51/1440 (3.5) 018

AVR, Aortic valve replacement; CABG, coronary artery bypass grafting; MVR, mitral valve repair/replacement.
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Type-Selective Benefits of Medications in Treatment of Acute
Aortic Dissection (from the International Registry of Acute Aortic
Dissection [IRAD))

Toru Suzuki, MD®*, Eric M. Isselbacher, MDP, Christoph A. Nienaber, MD®, Reed E. Pyeritz, MD?,
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Kevin M. Harris, MD', Anna Booher, MD®, Jae K. Oh, MDY, Mark Peterson, MD',

Vijay S. Ramanath, MD™, and James B. Froehlich, MD*®

The effects of medications on the outcome of aortic dissection remain poorly understood.
We sought to address this by analyzing the International Registry of Acute Aortic Dissec-
tion (IRAD) global registry database. A total of 1,301 patients with acute aortic dissection
(722 with type A and 579 with type B) with information on their medications at discharge
and followed for =5 years were analyzed for the effects of the medications on mortality.
The initial univariate analysis showed that use of § blockers was associated with improved
survival in all patients (p = 0.03), in patients with type A overall (p = 0.02), and in patients
with type A who received surgery (p = 0.006). The analysis also showed that use of calcium
channel blockers was associated with improved survival in patients with type B overall
(p = 0.02) and in patients with type B receiving medical management (p = 0.03).
Multivariate models also showed that the use of B blockers was associated with improved
survival in those with type A undergoing surgery (odds ratio 0.47, 95% confidence interval
0.25 to 0.90, p = 0.02) and the use of calcium channel blockers was associated with
improved survival in patients with type B medically treated patients (odds ratio 0.55, 95%
confidence interval 0.35 to 0.88, p = 0.01). In conclusion, the present study showed that use of
£ blockers was associated with improved outcome in all patients and in type A patients (overall
as well as in those managed surgically). In contrast, use of calcium channel blockers was
associated with improved survival selectively in those with type B (overall and in those treated
medically). The use of angiotensin-converting enzyme inhibitors did not show association with

mortality. © 2012 Elsevier Inc. All rights reserved. (Am J Cardiol 2012;109:122-127)

Medical management of aortic dissection is still mainly
determined from personal experience, expert opinion, and
historical observational studies.'™® B Blockers are thought
to be the first-line medication,”™'* and recent studies have
suggested the benefit of inhibitors of the renin-angiotensin
system,'*'? although the effect of calcium channel block-
ers is poorly understood. Guidelines from the European
Society of Cardiology,? Japanese Circulation Society,” and
American College of Cardiology/American Heart Associa-
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tion' societies in the past decade have reaffirmed the lack of
evidence for therapeutic approaches and targeted medical
management. We, therefore, sought to understand the cur-
rent approaches to medical management and the effects of
medications on the outcomes by analyzing the International
Registry of Acute Aortic Dissection IRAD) database.®

Methods

IRAD is a multinational registry of 24 referral centers in
12 countries. The details of the IRAD structure and methods
used have been previously published.?®~%*

Data from all patients with aortic dissection enrolled in
IRAD from December 26, 1995 with follow-up to 5 years
was examined, with a focus on patients discharged alive
with medication and follow-up data that included the use of
medications. The collected data included variables on
clinical, imaging, and mortality data. Follow-up was
monitored at each of the sites. Mortality data were ob-
tained through the Social Security Death Index for Amer-
ican subjects when this information was missing. At each
enrolling hospital, the study investigators worked with
their ethics or institutional review board to obtain appro-
priate approval for participation.
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Table 1
Baseline demographics
Variable All Patients Type A Type B
(n = 1301) (n = 722) (n = 579)
Gender
Male 918 (70.6%) 510 (70.6%) 408 (70.5%)
Female 383 (29.4%) 212 (29.4%) 171 (29.5%)
Admission status
Hypertensive 622/1,240 (50.2%) 229/679 (33.7%) 393/561 (70.1%)
Normotensive 450/1,240 (36.3%) 298/679 (43.9%) 152/561 (27.1%)
Hypotensive/shock 149/1,240 (12.0%) 133/679 (19.6%) 16/561 (2.9%)
Medications
Angiotensin-converting enzyme inhibitor 561/1,201 (46.7%) 272/667 (40.8%) 289/534 (54.1%)
Angiotensin receptor blocker 14/198 (7.1%) 8/93 (8.6%) 6/105 (5.7%)
B Blockers 1,100/1,242 (88.6%) 586/683 (85.8%) 514/559 (91.9%)
Calcium channel blocker 609/1,211 (50.3%) 258/670 (38.5%) 351/541 (64.9%)
Diuretic 58/201 (28.9%) 23/91 (25.3%) 35/110 (31.8%)
Vasodilator 259/1,179 (22.0%) 97/655 (14.8%) 162/524 (30.9%)
Discharge status
Systolic blood pressure (mm Hg) 1240 =179 124.1 = 19.1 123.8 2163
Diastolic blood pressure (mm Hg) 71.0 £ 10.6 71.5 = 10.3 70.4 = 11.1
Heart rate (beats/min) 725+ 115 75.0 x 11.6 69.4 = 10.6
Hypertensive 28/1,176 (2.4%) 13/651 (2.0%) 15/525 (2.9%)
Normotensive 1,056/1,176 (89.8%) 585/651 (89.9%) 471/525 (89.7%)
Data at 1-year follow-up
Systolic blood pressure (mm Hg) 129.2 = 20.0 129.6 = 21.7 1284 = 17.0
Diastolic blood pressure (mm Hg) 764 =163 77.0 + 19.1 75.4 £10.6
Heart rate (beats/min) 68.5 = 124 69.0 = 12.1 67.8 =129
Highest systolic blood pressure (mm Hg) 145.8 = 27.7 146.2 = 30.6 145.1 £22.0
Highest diastolic blood pressure (mm Hg) 85.6 = 27.6 85.9 = 28.0 85.0 £26.8
Mortality 78/1,274 (6.1%) 33/704 (4.7%) 45/570 (7.9%)

Data are presented as number of applicable patients/cases relative to number of recorded data points (%) or mean * SD.

The summary statistics between groups are presented as
frequencies for categorical variables and the mean * SD for
continuous variables. Missing data were not defaulted to
negative, and denominators reflected only the cases re-
ported. The relations with follow-up outcome were investi-
gated using univariate Cox regression analysis. Multivariate
analysis was used to identify the independent predictors of
outcome using models previously determined to be predic-
tive of follow-up mortality.>"** All-cause mortality was the
examined end point. The variables tested for type A in-
cluded history of atherosclerosis and previous cardiac sur-
gery. For type B, female gender, a history of previous aortic
aneurysm, a history of atherosclerosis, in-hospital renal fail-
ure, pleural effusion on chest radiograph, and in-hospital
hypotension/shock were included. Stepwise selection of
variables was performed sequentially with a default value
for inclusion set at p < 0.05. SAS, version 8.2 (SAS
Institute, Cary, North Carolina), was used for statistical
analyses.

Results

For the 1,301 patients with acute aortic dissection who
survived to discharge and had information on the medica-
tions at discharge and during follow-up (median 26.0
months, interquartile range 12.0 to 48.0), the blood pressure
status on admission showed that a little >1/2 (50.2%) of all
patients were hypertensive. Most of the patients with type B
(70.1%) were hypertensive. In contrast, more of the patients
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with type A were normotensive (43.9%) than hypertensive
(33.7%), with a significantly greater number of patients
presenting with hypotension/shock than did those with type
B (19.6% for type A vs 2.9% for type B), as would be
expected for a typical patient population with aortic dissec-
tion.”** The mortality rate for all patients at 1 year was
6.1% and was 4.7% for those with type A and 7.9% for
those with type B.

At discharge, most patients (89.8%) were normotensive and
hemodynamically stable, with a blood pressure of 124.0 =
17.9/71.0 = 10.6 mm Hg and a heart rate of 72.5 = 11.5
beats/min. Those with type A tended to have a greater heart
rate than those with type B (type A, 75.0 beats/min vs type
B, 69.4 beats/min). Almost all patients received antihyper-
tensive medications at discharge in our study population
(96%), with 88.6% taking P blockers, 46.7% angiotensin-
converting enzyme inhibitors, 50.3% calcium channel
blockers, 28.9% diuretics, and 22.0% vasodilators. The de-
mographic data are listed in Table 1.

The association of medications with all-cause mortality
during follow-up was analyzed separately for the type A
(n = 722) and type B (n = 579) groups. B Blockers,
angiotensin-converting enzyme inhibitors, and calcium
channel blockers were studies because the use of these
agents, either alone or in combination, accounted for >80%
of all medications. The initial univariate analysis showed 8
blockers to be associated with improved survival in all
patients (p = 0.03), those with type A overall (p = 0.02),



