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Differential outcomes of type A dissection with malperfusion
according to affected organ system

Joshua C. Grimm', J. Trent Magruder', Todd C. Crawford', Christopher M. Sciortino', Kenton J. Zehr',
Kaushik Mandal', John V. Conte', Duke E. Cameron', James H. Black’, Joel E. Price’

"The Division of Cardiac Surgery, ‘Division of Vascular Surgery and Endovascular Therapy, The Johns Hopkins Hospital, Baltimore, MD, USA;
*Division of Cardiac Surgery, University of British Columbia, Vancouver, Canada
Correspondence to: Joel E. Price, MD, MPH. 494-1081 Burrard Street, Vancouver, BC, Canada. Email: joel.price@vch.ca.

Background: The management of malperfusion in patients with acute Stanford type A aortic dissection is
controversial. We sought to determine the rate of resolution of malperfusion following primary repair of the
dissection and to identify anatomic sites of malperfusion that may require additional management.
Methods: We reviewed the hospital records of patients who presented to our institution with acute type
A aortic dissection. Patient demographics, operative details and post-operative course were retrospectively
extracted from our institutional electronic database. Depending upon the anatomic site, malperfusion was
identified by a combination of radiographic and clinical definitions. Data were analyzed using standard
univariable and multivariable methods.

Results: Between 1997-2013, 101 patients underwent repair of an acute type A dissection. Thirty-day
mortality was 14.9% (15/101); there were five intraoperative deaths. There was no difference in 30-day
mortality between patients with or without malperfusion (15.4% vs. 14.7%, P=0.93). Twenty-five patients
(24.7%), who survived surgery, presented with 31 sites of malperfusion. Anatomic sites included extremities
[14], renal [10], cerebral [5] and intestinal [2]. Of these 31 sites, malperfusion resolved in 18 (58.1%)
with primary aortic repair. Renal malperfusion resolved radiographically in 80.0%, with no difference in
the incidence of insufficiency (44.0% vs. 35.2%; P=0.44) or dialysis (20.0% vs. 15.5%; P=0.61) between
malperfusion and non-malperfusion patients. Extremity malperfusion resolved postoperatively in six out
of 14 patients. Of the remaining eight, concomitant revascularization was performed in four, one had an
amputation and three required postoperative interventions. Advanced patient age (OR: 1.06, 95% CI: 1.01-
1.12, P=0.02) was an independent predictor of 30-day mortality, while preoperative malperfusion was not (OR:
0.77,95% CI: 0.18-3.31, P=0.73).

Conclusions: Malperfusion complicating acute type A dissection can be managed in many patients by
aortic replacement alone with low overall mortality. Most cases of renal and cerebral malperfusion resolved
following aortic surgery. Revascularization was frequently necessary in patients with extremity malperfusion.
Patients presenting with intestinal ischemia had very poor outcomes. A patient-specific approach is

recommended in such complex patients.
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Introduction

Though its incidence is low (2.9 per 100,000), acute type A
aortic dissection is associated with considerable morbidity
and mortality (1,2). End-organ malperfusion that results
from propagation of the dissection flap or subsequent
arterial thrombosis complicates 15-40% of all cases (2,3).
The repair strategy in complex dissections involving the
cerebral, visceral, extremity or other side-branch arteries
remains controversial.

In the traditional “aortic-first” approach, reconstitution
of true lumen flow is accomplished with an ascending
aorta or hemiarch repair. Peripheral revascularization is
only pursued if there is evidence of ongoing end-organ
ischemia after the primary surgery. Opponents of this
technique argue in favor of initial percutaneous or surgical
revascularization to address end-organ injury in the hope of
optimizing patient selection prior to definitive aortic repair
(4-6). The aortic surgery is performed after a variable period
of end-organ stabilization. The inherent danger of this
staged approach is interim aortic rupture with catastrophic
hemorrhage despite aggressive medical management.

Given the uncertainty of optimal management strategy
of these challenging patients, we examined our institutional
experience with acute proximal dissections presenting
with end-organ malperfusion, in order to gain a better
understanding of end-organ reperfusion and recovery
following prompt aortic surgery and to identify anatomic
sites which might require more frequent additional
interventions.

Methods
Patient selection

We searched our institutional database for all adult patients
(=18 years) presenting with an acute type A aortic dissection
from January 1, 1997 to December 31, 2013. The definition
of an ‘acute’ dissection was based on a duration of symptoms
of less than 14 days prior to presentation (7). Patients with
a sub-acute or chronic dissection and those that did not
undergo surgery were excluded from further analysis.
Operations were performed by a number of surgeons
over the study period. As a result, there was some variation
in the surgical technique. However, circulatory arrest with
varying degrees of hypothermia was utilized in all patients.
In all cases, the ascending aorta was replaced with a Dacron
tube graft. The decision to proceed with a tube graft repair
or a more extensive hemiarch or total arch replacement
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and/or aortic root replacement was based on intraoperative
findings and surgeon judgment. For cases presenting with
end-organ ischemia, all but four cases underwent a primary
proximal aortic operation with the intention of relieving the
malperfusion syndrome. In the four cases of limb ischemia
requiring concomitant vascular procedures, the following
were performed: femoral-femoral bypass in two cases, an
aortobifemoral bypass after failed transarterial measures and
a left iliofemoral bypass with left common femoral artery
endarterectomy.

Definition of malperfusion and its resolution

The definition of malperfusion employed in this study
varied based upon anatomic site. Radiographic evidence
of visceral (renal, celiac, or superior mesenteric artery),
coronary, and cerebral malperfusion was required with a
contrast enhanced computed tomography scan. Physical
exam findings consistent with limb ischemia (loss of pulse)
were adequate for an extremity definition of malperfusion.
Confirmation of the clinical findings was obtained from a
combination of admission and operative notes.

The classification of ‘resolved’ malperfusion varied
according to the affected end-organ and can be summarized
by the following:

(I) Renal: return to baseline serum creatinine without

long-term hemodialysis;

(II) Intestinal: resolution of lactic acidemia without clinical
signs of ongoing intestinal ischemia (gastrointestinal
hemorrhage);

(III) Extremity: restoration of adequate perfusion to the
extremity as evidenced by physical exam, such as
return of pulses and clinical evidence of limb viability;

(IV) Cerebral: absence of permanent defects on neurologic
examination.

Statistical analysis

Standard descriptive analysis, including baseline and
operative factors, was performed. Thirty-day survival was
reported for the entire cohort and by organ system for
malperfusion patients. For patients with multiple sites of
malperfusion, each organ system was treated as a separate
instance for the reperfusion analysis. The incidence
of malperfusion resolution following aortic repair was
determined for each organ system. The need for renal
replacement therapy was also analyzed in those patients
presenting with renal malperfusion. Non-parametric,
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Table 1 Baseline demographics in patients presenting with and without malperfusion

Variable Malperfusion (n=26) No malperfusion (n=75) P value
Age (years) 57.5 [46-63] 59 [45-67] 0.72
Male gender 76.9% [20] 62.7% [47] 0.19
Race 0.58

White 50.0% [13] 61.3% [46]

Black 46.2% [12] 34.7% [26]

Other 3.9% [1] 4.0% [3]
Tobacco use 11.5% [3] 13.3% [10] 0.23
Hypertension 65.4% [17] 66.7% [50] 0.23
Diabetes 7.7% [2] 8.0% [6] 0.23
NYHA 0.24

Class | 11.5% [3] 2.7% [2]

Class Il 11.5% [3] 10.7% [8]

Class lll 19.2% [5] 34.7% [26]

Class IV 38.5% [10] 28.0% [21]

Unknown 19.2% [5] 24.0% [18]
Dialysis dependence 7.7% [2] 4.0% [3] 0.04
Cerebrovascular disease 8.0% [2] 8.5% [6] 0.80
Previous heart surgery 3.9% [1] 13.3% [10] 0.03

NYHA, New York Heart Association.

continuous data were compared with the Wilcoxon signed-
rank test and are reported as median [interquartile range],
whereas categorical data were compared with Fischer’s exact
test and chi-squared analysis (where appropriate) and are
reported as %, (n). Statistical significance was established
at a P value less than 0.05. StataSE 13.0 was utilized
for analysis (StataCorp, College Station, Texas, USA).
Multivariable analysis of the entire cohort was performed
to determine the independent influence of malperfusion
on 30-day survival. Covariates with a P value of less than
0.20 on exploratory univariate analysis were then manually
included in a multivariable, logistic regression model. The
Akaike Information Criterion and likelihood ratio test were
referenced to compare model strengths. In addition to
malperfusion, the factors included in the final model were
age, hypertension and preoperative dialysis dependence.

Results

A total of 101 patients underwent repair of an acute type
A aortic dissection during the study period. Thirty-day
mortality was 14.9% (15/101). Five patients (malperfusion
present in one) died intraoperatively and were excluded
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from the outcome analysis for resolution of malperfusion.
Of the remaining 96 patients, 25 (26.0%) presented with
at least one organ system of malperfusion. Thirty-day
mortality was similar between patients with and without
malperfusion [15.4% (4/26) vs. 14.7% (11/75), P=0.93].

In regards to baseline demographics in those with
malperfusion, the median age was 57.5 [46-63] years,
20 (76.9%) were male, and the majority were Caucasian
(n=13, 50.0%). Hypertension, diabetes, and NYHA Class
IV heart failure were present in 17 (65.4%), 2 (7.7%), and
10 (38.5%) of malperfused patients, respectively (Tuble I).
The most common repair strategies were replacement of
the ascending aorta with a tube graft in 11 (44.0%) and
hemiarch replacement in eight (32.0%). An aortic root
operation was necessary in three additional patients (12%)
and three others required a complete arch replacement (12%).
The median durations of circulatory arrest, cross clamp, and
cardiopulmonary bypass were 23 [14-33], 93 [67.5-112], and
182 [164-208] minutes, respectively (Tuble 2).

Thirty-one anatomic sites of malperfusion were
identified in 25 patients who survived their aortic operation.
The sites included arm/leg in 14, renal in 10, cerebral in
five and intestinal in 2. Resolution of ischemia was reported
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Table 2 Intraoperative characteristics in patients with and without malperfusion

Operative variable Malperfusion (n=26) No malperfusion (n=75) P value
Extent of repair 0.13

Tube graft only 42.3% [11] 57.3% [43]

Hemiarch 30.8% [8] 13.3% [10]

Arch 11.5% [3] 18.7% [14]

Aortic root procedure 11.5% [3] 5.3% [4]
Cardiopulmonary bypass time (minutes) 173 [141-209] 182 [164-208] 0.25
Cross clamp time (minutes) 88 [60-122] 93 [67.5-112] 0.72
Circulatory arrest time (minutes) 19 [12-24.5] 23 [14-33] 0.14

Table 3 Resolution and survival by anatomic sites of malperfusion

following primary aortic repair

Anatomic site Resolution 30-day mortality
Renal 80% (8/10) 10% (1/10)
Intestinal 0% (0/2) 100% (2/2)
Extremity 43% (6*/14) 7% (1/14)
Cerebral 80% (4/5) 20% (1/5)

*, seven of these patients required concomitant or subsequent
lower extremity revascularization. One additional patient that
did not undergo revascularization required a below the knee
amputation.

in 18 (57.1%) with resection of the primary tear alone. The
best outcomes were noted in patients presenting with renal
malperfusion (n=10), with 80.0% having resolved by the
time of discharge. The incidence of progression to renal
insufficiency (44.0% vs. 35.2%; P=0.44) or failure requiring
renal replacement (20.0% wvs. 15.5%, P=0.60) was similar
in those with and without malperfusion. Of note, none of
these patients required any interventional procedures in the
postoperative period to ameliorate their renal malperfusion.
Only one patient died within 30 days and they had a
complicated postoperative course due largely to intestinal
ischemia. This patient underwent numerous operations
including a left hemicolectomy and multiple washouts. In
patients presenting with extremity malperfusion (12 upper
extremity and 2 lower extremity), revascularization was
required in 50.0% (7/14). One additional patient that did
not undergo concomitant or subsequent revascularization
required a lower extremity amputation. Only one of these
patients experienced a 30-day mortality and they had an
extensive dissection involving both the SMA and at-least
one renal artery. With regards to cerebral malperfusion,
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there was one intraoperative death in this cohort, and one
patient experienced a postoperative central nervous system
event. None of the patients presenting with intestinal
pathology experienced resolution of their malperfusion and
both expired in the postoperative period (Table 3).

Patients with malperfusion had longer hospital lengths
of stay {20 [11-36] wvs. 12 [8-18] days, P=0.006}, as well as
more reoperations for postoperative hemorrhage (24.0% vs.
5.6%, P=0.01) and a greater number of postoperative CNS
events (44.0% vs. 18.3%, P=0.01).

On univariate analysis, malperfusion was not predictive
of 30-day mortality (OR: 1.05, 95% CI: 0.31-3.67, P=0.93).
This lack of a relationship persisted after adjusting for
high-risk factors (age, preoperative hypertension and
preoperative dialysis dependence) in multivariable, logistic

regression (OR: 0.77, 95% CI: 0.18-3.31, P=0.73).

Discussion

We present a single institution series of an “aortic-first”
approach in the initial management of acute proximal
type A aortic dissections complicated by malperfusion.
Our results indicate that prompt restoration of true lumen
flow can obviate the need for subsequent revascularization
procedures in nearly 60% of patients presenting with
malperfusion. More specifically, patients with presenting
with renal and cerebral malperfusion do well with aortic
repair alone. The rate of recovery is most rapid in patients
with renal malperfusion, most likely due to the kidney’s
ability to tolerate prolonged periods of altered perfusion.
Concomitant or post-operative revascularization is
frequently necessary for limb salvage. Patients presenting
with intestinal ischemia have a very poor prognosis, in our
experience.

Ultimately, the most important consideration in regards
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to the optimal surgical strategy is the expected outcomes
associated with each anatomic site of malperfusion. While it
would be easier to universally advocate for either an aortic-
or peripherally-centric paradigm in all of these patients, it
is evident that there is a variation with respect to the impact
of ischemia, depending upon the affected organ system, and
a patient-specific approach is required.

It is well established that cases of acute dissection
presenting with end-organ malperfusion are associated
with increased rates of morbidity and mortality (8,9). The
failure to demonstrate this in our series is almost certainly
a product of a small sample size. Comparisons of outcomes
between the malperfusion and non-malperfusion groups
were underpowered and not the purpose of this study.
Rather, we intended to examine our experience of patients
presenting with end-organ ischemia and to examine the
variable outcomes, stratified by which organ system was
malperfused, with an approach involving repair of the
ascending aorta as a primary intervention.

Several series have similarly showed that renal
malperfusion is often associated with favorable outcomes
following repair of a type A dissection. In a study of 221
patients with type A dissections, Geirsson identified nine
with dissection flaps extending into the renal arteries.
Only two of these patients experienced renal insufficiency
postoperatively, but both recovered without the need
for dialysis following discharge (3). It is important to
differentiate, however, between cases of isolated renal
malperfusion and those occurring in the context of
associated mesenteric or limb malperfusion. In our
experience, the outcomes in the latter context are not as
encouraging.

The presence of mesenteric malperfusion has been
identified as a predictor of a poor prognosis in several
studies (9-12). In one of the largest series, Di Eusanio
et al. reviewed the International Registry of Acute Aortic
Dissection, a database compiled from 18 contributing
centers and comprised of 1,809 consecutive patients
presenting with an acute, type A dissection, to better
understand the influence of mesenteric malperfusion on
outcomes. While only present in 3.8% of the patients,
intestinal ischemia was associated with considerably higher
in-hospital mortality (63.2% wvs. 23.8%, P<0.001) (10).
These patients were commonly afflicted by multiple
sites of malperfusion and were routinely managed non-
operatively (10). The in-hospital mortality was largely
driven by the cohort of patients managed medically (95.2%)
and was significantly lower in those deemed operative
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candidates (41.7%) (10). Similarly dismal survivals for this
subset were published in smaller series by Pacini (13) and
Yagdi et al. (9). Our own experience, although very small,
confirms the very poor outcomes in these patients. Since
mesenteric ischemia remains so devastating, perhaps a
more aggressive approach involving the performance of a
laparoscopy after type A repair would be of use. In such a
situation, segmentally damaged bowel could be addressed
before general hemodynamic compromise ensues (14).

When proximal dissections extend into the cerebral
vessels, there is little evidence to support carotid repair
in the absence of ongoing symptoms. Charlton-Ouw ez
al. reported on 43 patients with common carotid artery
involvement from propagation of a proximal aortic
dissection and demonstrated that 5-year stroke-free survival
was similar when compared to a cohort of patients with
no appreciable dissection on carotid imaging (69.7% and
73.6%, P=0.82) (15). Zielinski er /. monitored 15 patients
diagnosed with cerebral malperfusion with regular carotid
duplexes and reported no disease progression on follow-
up (16). Another study by Tsukube et 4/. investigating
the role of immediate aortic repair in patients presenting
comatose confirmed that neurologic function could be
recovered if surgical intervention was prioritized (17).
While we did not obtain routine radiographic imaging in all
patients to determine the incidence of occult CNS injury,
only one patient presenting with cerebral malperfusion
experienced ongoing clinical manifestations postoperatively.

The management of patients with extremity malperfusion
can be challenging and can, as our series illustrates, demand
simultaneous or subsequent interventions to ensure
adequate luminal flow. It is important to note that 10 of
the 14 patients in our series were transferred from outside
hospitals. It can be assumed, therefore, that the extremity
was exposed to a protracted period of ischemia prior to
surgical intervention. Furthermore, it is unclear how many
of these patients would have been adequately perfused
following aortic repair alone. The decision to pursue
concomitant lower extremity interventions was based on
intraoperative assessment, as definitive criteria in this
setting do not exist. In another large study by Charlton-Ouw
et al., lower extremity malperfusion was diagnosed in 15%
of patients; of these, 22% required additional procedures
to restore distal pulsation (18), which is slightly lower than
the 50% reported in our series. Furthermore, in a study by
Bossone ez al., a preoperative pulse deficit was associated
with adverse in-hospital events, including perioperative
mortality (8).
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Limitations

Our series has several limitations worth highlighting.
This is a single center experience. The limited sample size
prohibited the construction of robust risk-adjusted models.
Additionally, while a majority of the repairs were performed
by a small cohort of surgeons, advances in preoperative
imaging and patient optimization, as well as changes in
the operative technique over the study period, may have
influenced outcomes. There is no convention with regards
to the peri-, intra-, and postoperative care of patients
with type A dissections with malperfusion. Subsequently,
surgeon-specific preferences could have attributed to
significant differences in morbidity and mortality.

Conclusions

Patients presenting with acute, type A aortic dissections
complicated by malperfusion can be challenging to manage
in the perioperative period. Our series demonstrates
that outcomes comparable to those in patients without
malperfusion can be achieved with prompt aortic repair
in certain subsets of these patients. Those with renal and
cerebral malperfusion do well with aortic repair alone.
Patients presenting with intestinal ischemia have very poor
outcomes. Concomitant or post-operative revascularization
is frequently necessary for limb salvage in patients with
extremity malperfusion. Therefore, a patient-specific
approach is recommended in these complex patients.
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