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ABSTRACT

BACKGROUND

Patency or thrombosis of the false lumen in type B acute aortic dissection has been
found to predict outcomes. The prognostic implications of partial thrombosis of the
false lumen have not yet been elucidated.

METHODS

We examined 201 patients with type B acute aortic dissection who were enrolled in
the International Registry of Acute Aortic Dissection between 1996 and 2003 and
who survived to hospital discharge. Kaplan—Meier mortality curves were stratified
according to the status of the false lumen (patent, partial thrombosis, or complete
thrombosis) as determined during the index hospitalization. Cox proportional-
hazards analysis was performed to identify independent predictors of death.

RESULTS

During the index hospitalization, 114 patients (56.7%) had a patent false lumen,
68 patients (33.8%) had partial thrombosis of the false lumen, and 19 (9.5%) had
complete thrombosis of the false lumen. The mean (+SD) 3-year mortality rate for
patients with a patent false lumen was 13.7%7.1%, for those with partial thrombosis
was 31.6+12.4%, and for those with complete thrombosis was 22.6+22.6% (median
follow-up, 2.8 years; P=0.003 by the log-rank test). Independent predictors of post-
discharge mortality were partial thrombosis of the false lumen (relative risk, 2.69;
95% confidence interval [CI], 1.45 to 4.98; P=0.002), a history of aortic aneurysm
(relative risk, 2.05; 95% CI, 1.07 to 3.93; P=0.03), and a history of atherosclerosis
(relative risk, 1.87; 95% CI, 1.01 to 3.47; P=0.05).

CONCLUSIONS

Mortality is high after discharge from the hospital among patients with type B
acute aortic dissection. Partial thrombosis of the false lumen, as compared with
complete patency, is a significant independent predictor of postdischarge mortality
in these patients.
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CUTE AORTIC DISSECTION IS A DANGER-
ous condition with high in-hospital and
follow-up mortality rates. Dissections con-
fined to the descending aorta (type B) have better
in-hospital survival than those involving the as-
cending aorta (type A). Up to 89% of patients
with uncomplicated type B dissections survive to
hospital discharge after receiving effective anti-
hypertensive therapy.® However, despite a low in-
hospital mortality, the short- and long-term prog-
nosis of patients with type B acute aortic dissection
after discharge from the hospital is heterogene-
ous, with reported survival rates ranging from 56
to 92% at 1 year and from 48 to 82% at 5 years.>™
Given the variable prognosis of type B acute
aortic dissection with current management strat-
egies, predictors of poor outcomes have been
sought. In addition to aortic diameter, a reported
predictor of outcomes in type B acute aortic dis-
section has been the patency of the false lu-
men.>1%11 Studies have suggested that patients
with complete thrombosis of the false lumen have
improved outcomes, whereas those with a patent
false lumen have an increased risk of aortic ex-
pansion and death.>1%'* To our knowledge, par-
tial thrombosis of the false lumen, defined as the
concurrent presence of both flow and thrombus,
has not been studied. The purpose of this analy-
sis was to evaluate the incidence of partial throm-
bosis of the false lumen on cross-sectional imag-
ing and to assess its effect on mortality in patients
presenting with type B acute aortic dissection.

METHODS

The International Registry of Acute Aortic Dis-
section (IRAD) is a multinational registry of pa-
tients with acute aortic dissection evaluated at 22
aortic centers in 11 countries. The registry is
supported by grants and receives no commercial
funding. Treatment during the index hospitaliza-
tion is not standardized but is conducted at the
discretion of each patient’s treating physician.
Full details of the IRAD structure and the meth-
ods used have been previously published.-*2

The registry was approved by the institutional
review board or ethics committee at each partici-
pating center, and a waiver of informed consent
for retrospective chart review was granted for the
registry. Individual written informed consent was
obtained for the follow-up study.

STUDY POPULATION

We examined data from all patients with type B
acute aortic dissection enrolled in IRAD between
January 1, 1996, and December 31, 2003. Type B
acute aortic dissection was defined as any non-
traumatic dissection not involving the ascending
aorta and presenting within 14 days of symptom
onset.'>1# Patients were identified prospectively
at presentation or retrospectively from discharge
diagnoses and from imaging and surgical data-
bases. Diagnosis was based on confirmatory im-
aging, intraoperative visualization, or autopsy.
Of the 532 patients enrolled in IRAD with
type B acute aortic dissection, 466 were discharged
from the hospital alive. Postdischarge mortality
data were available for 342 patients. Of these,
141 were excluded from our study, including 64
with a diagnosis of intramural hematoma, 46 for
whom imaging data on the false lumen were lack-
ing, and 31 for whom consensus on the status of
the false lumen on imaging was lacking. The
distinction between an intramural hematoma and
a true dissection with complete thrombosis of the
false lumen was made by experts at local IRAD
centers. Patients were considered to have an intra-
mural hematoma if the hematoma extended out-
ward from the lumen in a crescent shape and
maintained a constant circumferential relationship
with the aortic wall without a demonstrable inti-
mal flap and with no radiologically apparent inti-
mal tear. Our final study population included 201
patients (38% of those enrolled in the registry).

DATA COLLECTION
A standardized form was used to record clinical
variables, including information on patient demo-
graphics and history, clinical presentation, phys-
ical findings, imaging results, medical and surgi-
cal treatment, and outcomes, including mortality.
The data forms were forwarded to the IRAD co-
ordinating center at the University of Michigan,
reviewed for internal consistency and face valid-
ity, and then scanned electronically into a Micro-
soft Access database.

The imaging results were interpreted at each
patient’s respective tertiary care center by experi-
enced radiologists and echocardiographers and
were entered on the data form. Each patient un-
derwent spiral computed tomography, transesoph-
ageal echocardiography, magnetic resonance im-
aging, or a combination of these procedures.
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The status of the false lumen on imaging was
classified as patent if flow was present in the
absence of thrombus, as partially thrombosed if
both flow and thrombus were present, or as com-
pletely thrombosed if no flow was present.

Yearly follow-up data were obtained with the
use of standardized forms after the patient was
discharged. We obtained clinical and imaging
data as well as information about mortality, with
the date of death when known. When applicable,
missing data on mortality were obtained from the
Social Security Death Index.>

STATISTICAL ANALYSIS
Three comparison groups were created on the ba-
sis of the status of the false lumen: patent, partial
thrombosis, or complete thrombosis. The clini-
cal characteristics of each of the three groups
were presented as frequencies and percentages for
categorical variables and as means *SD for con-
tinuous variables. Univariate differences among
the three groups were compared by the chi-square
test for categorical variables and by analysis of
variance for continuous variables.

Univariate associations between all clinical
variables, including false-lumen status, and post-
discharge mortality were calculated by Cox re-
gression analysis. No imputation of missing
variables was performed. Stepwise Cox propor-
tional-hazards analysis was performed to iden-
tify independent predictors of postdischarge
mortality. The initial modeling used variables
marginally suggestive of an unadjusted associa-
tion with mortality (P<0.20). Variables were re-
viewed for clinical significance before testing.
Forward-ascending stepwise selection of variables
after adjustment for age, sex, and in-hospital
treatment (medical, surgical, or endovascular)
was performed sequentially, with a default value
for inclusion set at P<0.05. SAS software, version
8.2, was used for all analyses.

RESULTS

BASELINE AND IMAGING CHARACTERISTICS
The mean age (£SD) of the 201 patients exam-
ined in this analysis was 60.8+13.9 years (Table 1).
The majority of patients (69.1%) were male, 28.4%
were 70 years of age or older, and 77.0% had a
history of hypertension. Other coexisting condi-
tions, such as atherosclerosis (29.8%), prior aortic

aneurysm (21.0%), and prior aortic dissection
(11.7%), were not uncommon. In comparison with
the study population, patients in the IRAD data-
base who were not included in the analysis were
older (65.9+12.6 years), more likely to have a his-
tory of atherosclerosis (39.7%), and less likely to
have had a previous aortic dissection (5.4%).

In more than 90% of patients, the diagnosis
of type B acute aortic dissection was confirmed
by cross-sectional imaging within 1 day of pre-
sentation. The remaining cases were diagnosed
within 7 days. On cross-sectional imaging, the
false lumen was found to be patent in 114 pa-
tients (56.7%), partially thrombosed in 68 (33.8%),
and completely thrombosed in 19 (9.5%) (Table 1).
The mean number of imaging studies performed
per patient was 1.5; the most frequent procedure
was computed tomography, which was performed
in three quarters of the patients. There were no
significant differences in the frequency of per-
formance of different imaging procedures be-
tween patients with patent, partially thrombosed,
and completely thrombosed false lumens.

CLINICAL FEATURES ASSOCIATED WITH STATUS
OF THE FALSE LUMEN

Patients with complete thrombosis of the false
lumen were significantly older than those in the
other two false-lumen groups, with a mean age of
70.9+12.1 years, versus 57.6+13.5 years in patients
with a patent false lumen and 63.3£13.5 years in
patients with partial thrombosis of the false lu-
men (P<0.001). There were no significant differ-
ences among the three groups in symptoms or
physical findings at presentation (Table 1). With
regard to diagnostic testing, patients with com-
plete thrombosis of the false lumen were more
likely to have abnormal electrocardiograms and
pleural effusions on chest radiography than pa-
tients with a patent or partially thrombosed false
lumen.

IN-HOSPITAL TREATMENT AND OUTCOMES
All patients initially received medical therapy to
regulate systolic blood pressure and the velocity
of left ventricular ejection (change in pressure+
change in time [dP/dt]). One hundred forty-six
patients (72.6%) received medical therapy only, 36
(17.9%) underwent surgery, and 19 (9.5%) had
endovascular treatment, defined as stent place-
ment, fenestration, or both (Table 1). There were
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P Values

Overall, 0.003

Partial thrombosis vs. patent, <0.001

Complete thrombosis vs. patent, 0.17

Partial thrombosis vs. complete thrombosis, 0.41

'_[l— Partial thrombosis

————— Complete thrombosis

v+ Patent

1
1200

75 56
32 24
12 4

0.50
2
]
o
>
£ 025
]
£
S
=
No. at Risk
Patent 111 96
Partial thrombosis 67 48
Complete thrombosis 19 17
Figure 1. Kaplan—Meier Mortality Curve Stratified According to the Status of the False Lumen.
P values were calculated by the log-rank test. Overall denotes comparison of all three curves.

no significant differences among the three false-
lumen groups with regard to choice of therapy or
rates of specific in-hospital complications.

The median follow-up for the 201 patients ex-
amined in this analysis was 2.8 years. Figure 1
shows the Kaplan—Meier mortality curves strati-
fied according to false-lumen status. The mortal-
ity rate was highest in patients with partial throm-
bosis of the false lumen, with 1- and 3-year
mortality rates of 15.4+8.8% and 31.6%£12.4%,
respectively, versus 5.4+4.2% and 13.7+7.1% in
patients with a patent false lumen and 0% and
22.6%£22.6% in patients with complete thrombo-
sis of the false lumen. Separate log-rank testing
revealed a significant increase in mortality in pa-
tients with partial thrombosis of the false lumen
as compared with patients with a completely pat-
ent false lumen (P<0.001). Log-rank testing did
not reveal significant differences between patients
with complete thrombosis of the false lumen
and those with a completely patent false lumen
(P=0.17) or with partial thrombosis of the false
lumen (P=0.41).

In a further analysis, we included patients with
intramural hematoma in the group classified as
having complete thrombosis of the false lumen.
The number of patients in this group was in-
creased to 41, and the 1- and 3-year mortality
rates were increased to 5.6%7.5% and 32.4+19.2%,

respectively. However, the difference between the
mortality curves according to the log-rank test
did not change significantly.

PREDICTORS OF POSTDISCHARGE MORTALITY
Candidate univariate predictors of postdischarge
mortality are shown in Table 2. Patients with
type B acute aortic dissection who died during
the follow-up period were significantly older and
significantly more likely to have a history of aor-
tic aneurysm or atherosclerosis. In addition, they
were more likely to have pleural effusions on chest
radiography. Independent predictors of mortality
are shown in Table 3. After adjustment for age,
sex, and in-hospital treatment, the key predictors
of mortality were partial thrombosis of the false
lumen versus a patent false lumen, a history of aor-
tic aneurysm, and a history of atherosclerosis.
We also assessed the potential effect of surgi-
cal or endovascular therapy (both of which tend-
ed to be performed independently of false-lumen
status) on the relationship between false-lumen
status and survival. Thirty-six patients underwent
surgery and 19 received endovascular therapy;
among the remaining 146 patients, the relative
risk of partial thrombosis of the false lumen
remained a significant independent predictor of
postdischarge mortality (relative risk, 4.01; 95%
confidence interval, 1.87 to 8.64; P<0.001).
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Table 2. Candidate Univariate Predictors of Mortality.*
Variable Categorical Variables
No. of Deaths/
No. of Patients (%) Risk Ratio (95% Cl) P Value
Age =70 yr 20/57 (35.1) 1.77 (0.99-3.13) 0.05
Female sex 17/62 (27.4) 1.11 (0.62-2.00) 0.73
Atherosclerosist 23/59 (39.0) 2.26 (1.29-3.96) 0.005
Previous aortic aneurysm: 17/41 (41.5) 2.41 (1.34-4.33) 0.003
Chest pain 29/137 (21.2) 0.65 (0.37-1.14) 0.13
Pleural effusion on chest radiograph 11/25 (44.0) 2.00 (1.02-3.95) 0.04
Status of false lumen
Patent] 20/114 (17.5)
Partial thrombosis 25/68 (36.8) 2.67 (1.48-4.82) 0.001
Complete thrombosis 5/19 (26.3) 1.86 (0.70-4.98) 0.22
Treatment
Medical only§ 35/146 (24.0)
Surgical 10/36 (27.8) 1.17 (0.58-2.36) 0.67
Endovascularq 5/19 (26.3) 1.07 (0.42-2.75) 0.89
Hypotension after admission 5/12 (41.7) 1.85 (0.73-4.70) 0.19
Continuous Variables
Patients Who Died
during Follow-up (N=50) Risk Ratio (95% Cl)| P Value
Age —yr 64.8+14.2 1.03 (1.00-1.05) 0.02
Diameter of ascending aorta— cm 4.6+1.0 1.71 (1.22-2.39) 0.004
Diameter of descending aorta— cm 4.8+1.5 1.29 (0.97-1.73) 0.08

* Cl denotes confidence interval.

7 Atherosclerosis includes coronary, peripheral, and cerebrovascular disease.
i Aortic aneurysm includes thoracic and abdominal aneurysm.

§ Patent false lumen and medical-only treatment are the reference groups.

9§ Endovascular treatment includes fenestration and stent placement.

| The risk ratio is per additional year or centimeter.

DISCUSSION

In this large cohort of patients with type B acute
aortic dissection, mortality was high after dis-
charge from the hospital, with nearly one in four
patients (24.9%) dying within 3 years. Partial
thrombosis of the false lumen was common
(present in a third of patients) and was the stron-
gest independent predictor of postdischarge mor-
tality that we identified: the risk of death in these
patients was increased by a factor of 2.7 in com-
parison with patients with a patent false lumen.

Previous small observational studies have sug-
gested a lower risk of adverse events and better
outcomes in patients with complete thrombosis
of the false lumen than in those with a patent

false lumen.31%11,16.17 These studies have linked
patency of the false lumen to adverse events re-
sulting from aneurysmal dilatation and rupture
during the chronic phase.>'#-2° In our study, par-
tial thrombosis of the false lumen was defined
as the concurrent presence of both flow and
thrombus in the false lumen; this condition was
not considered a distinct physiological state in
most previous studies and has not been previous-
ly associated with increased mortality.

In our study, complete thrombosis of the false
lumen occurred in a small number of patients
who were, on average, 13 years older than pa-
tients with a completely patent false lumen, a
finding similar to that of previous studies.?1%:2!
Since only 19 patients (9.5%) were classified as
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of Multivariate Models.*

Variable
Age =70 yr

Female sex

Atherosclerosis§

Surgical treatment
Endovascular treatment

Previous aortic aneurysm:i

Patent false lumenq|

Partial thrombosis of the false lumen

Table 3. Independent Predictors of Death after Adjustment with the Use
Hazard Ratio

(95% Cl) P Value
1.42 (0.74-2.74) 0.29
1.16 (0.62-2.17) 0.64
1.33 (0.49-3.58) 0.57
1.38 (0.64-3.01) 0.41
2.05 (1.07-3.93) 0.03
1.87 (1.01-3.47) 0.05
1.00
2.69 (1.45-4.98) 0.002
1.02 (0.32-3.22) 0.98

Complete thrombosis of the false lumen

* Cl denotes confidence interval.

Endovascular treatment includes fenestration and stent placement.

I Aortic aneurysm includes thoracic and abdominal aneurysm.
§ Atherosclerosis includes coronary, peripheral, and cerebrovascular disease.
9| Patent false lumen is the reference group.
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having complete thrombosis of the false lumen,
comparisons with this group lack statistical
power. We did not find a significant difference
in mortality between patients with complete
thrombosis of the false lumen and patients with
a completely patent false lumen. The small num-
ber of cases has also impaired the ability to draw
conclusions about this group in other studies of
type B acute aortic dissection.>”222° Only one pre-
vious study found that complete thrombosis of
the false lumen was a predictor of less aortic en-
largement; another study found that dissection-
related mortality was lower among patients with
complete thrombosis of the false lumen.1%:1°
Determination of the mechanism by which
partial thrombosis of the false lumen portends
a poor outcome is beyond the scope of this ob-
servational study. However, two possible contrib-
uting factors deserve mention. One potential ex-
planation relates the pressure within the false
lumen to the presence of partial thrombosis.
Whereas a patent false lumen may be perfused
by a proximal entry tear and decompressed
through distal reentry tears (Fig. 2A), formation
of a partial thrombus may occlude these distal
tears, impeding outflow and, in the most extreme
situation (Fig. 2B), resulting in a blind sac. Stud-
ies have shown that pulsatile inflow into a lumen
with impaired outflow may lead to a significant
increase in the mean arterial and diastolic pres-
sure as compared with that in a lumen with

adequate outflow, despite similar systolic pres-
sure.?729

An increase in pressure within the false lumen
will increase wall tension, which may elevate the
risk of aneurysm expansion, redissection, and
rupture and would thus explain the increased
mortality seen in these patients. Complete throm-
bosis of the false lumen (Fig. 2C) excludes the
false lumen from the circulation and is thought
to be a prerequisite for complete healing. This is
the principle on which endovascular stent ther-
apy is based.2+3°

Partial thrombosis may also have a role in the
rupture of the false lumen similar to its role in
the rupture of abdominal aortic aneurysms. Pre-
vious studies have suggested a direct relationship
between intraluminal thrombosis and the risk
of rupture of an abdominal aortic aneurysm as
a result of hypoxia of the arterial wall adjacent
to the intraluminal thrombus, which leads to in-
creased local inflammation, neovascularization,
and localized wall weakening.313* This mecha-
nism may be even more pertinent to the false
lumen of a dissected aorta, since in this setting
the residual outer layers of the aortic wall already
have diminished strength.

In addition to partial thrombosis of the false
lumen, independent predictors of mortality in our
study included a history of atherosclerosis and a
history of aortic aneurysm. Atherosclerosis has
been previously linked to mortality in patients
recovering from type B acute aortic dissection.
Pathological studies have suggested that the wall
of an aneursymal aortic segment has decreased
collagen synthesis, reduced elastin content, and a
thinner wall as part of a systemic problem through-
out the peripheral vasculature.3*353¢ These bio-
physical properties of the aorta predispose the
entire aorta and its branches to dissection, further
aneurysm formation, or rupture in the future
and may contribute to the increased mortality in
this group.

As with all observational studies, this investi-
gation has limitations that must be kept in mind
when the data are interpreted. First, our cohort
consists of patients who were treated at aortic
specialty centers and for whom imaging data on
false-lumen status as well as follow-up vital sta-
tistics were available. As a result, these findings
do not represent the entire cohort of the IRAD or
patients followed at community hospitals. Second,
the mortality data available to us did not include
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C False Lumen with Complete Thrombosis

B False Lumen with Partial Thrombosis

A Patent False Lumen without Thrombus

200 mm Hg 200 mm Hg
\/0\/\
80
BP, 10/10 mm Hg MAP, 10 mm Hg
BP, 140/80 mm Hg MAP, 100 mm Hg BP, 120/100 mm Hg MAP, 107 mm Hg —
0mm Hg 0 mm Hg 0mm Hg

Figure 2. Conceptual Model of Risk According to the Status of the False Lumen.

The figure shows a proposed model of the physiological consequences of false-lumen patency or thrombosis, based on hemodynamic
studies in ex vivo models and in patients with aortic dissection.?”">° Panel A shows type B aortic dissection with patent proximal and
patent distal reentry tears in the absence of thrombus. The blood-pressure tracing shows systolic, diastolic, and mean arterial pres-
sures in the false lumen similar to the pressures in the true lumen. Panel B shows type B aortic dissection with a patent entry tear
and partial thrombosis that occupies the inner circumference of the false lumen and obstructs the reentry tears, forming a blind sac.
The blood-pressure tracing shows diastolic and mean arterial pressures in the false lumen that exceed the pressures seen in Panel A,
with identical pressures in the true lumen. Panel C shows type B aortic dissection with a false lumen filled with thrombus and no
longer communicating with the true lumen. The pressure within the false lumen is likely to be low and nonpulsatile. BP denotes blood
pressure, and MAP mean arterial pressure.

information on the cause of death. We were
therefore unable to evaluate cause-specific mor-
tality or other end points, such as freedom from
reoperation, rupture, or redissection, which would
be necessary to give more plausibility to our
mechanistic hemodynamic theories. However, pre-

vious studies have shown that the majority of
deaths in such patients are related to catastro-
phes of the aorta.>+°

Third, imaging techniques were not standard-
ized among centers, and imaging data were col-
lected before our study was designed and were
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not subsequently reevaluated. Thus, misclassifica-
tion of false-lumen status is possible. Follow-up
mortality was recorded independently of the des-
ignation of false-lumen status on the in-hospital
data forms, thereby minimizing any systematic
misclassification bias.

Fourth, false-lumen status was determined
once during the hospitalization and does not re-
flect false-lumen status during the follow-up pe-
riod. In small studies, false-lumen status changed
in a minority of patients (18 to 25%) over 10 to
15 months and was not studied in the acute
period.32%22 Therefore, we believe the likelihood
of a change in false-lumen status is low in the
early window of interest. However, surgery or
endovascular therapy used in a complication-
specific approach may alter the status of the
false lumen before discharge. We therefore per-
formed a separate analysis confined to patients
receiving only medical treatment to demonstrate
that the effect of false-lumen status on survival
remains significant in this subgroup.

Fifth, although intramural hematoma was
strictly defined in the IRAD, the true ability of
cross-sectional imaging to distinguish between
intramural hematoma and a completely throm-
bosed false lumen in an acute dissection is largely
unknown because of the absence of a gold stan-
dard. Moreover, only pathoanatomic studies would
be capable of determining whether an intimal
tear was present. We therefore reanalyzed the
data, including patients with intramural hema-
toma in the group classified as having complete

thrombosis of the false lumen. In this analysis,
the differences between mortality curves did not
change significantly.
In summary, we analyzed data from the IRAD

to evaluate the prognosis in patients with type B
acute aortic dissection who survive their initial
hospitalization. Mortality is high after discharge
from the hospital, with nearly one in four patients
dying within 3 years. In patients with partial
thrombosis of the false lumen, the risk of death
is increased by a factor of 2.7 in comparison with
patients with a completely patent false lumen.
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Germany. Coinvestigators: E. Bossone, National Research Council, Lecce, Italy; A. Evangelista, Hospital General Universitari Vall d’Hebron,
Barcelona; R. Fattori, University Hospital S. Orsola, Bologna, Italy; J. Froehlich, University of Michigan, Ann Arbor; D. Gilon, Hadassah
University Hospital, Jerusalem, Israel; S. Hutchison, St. Michael’s Hospital, Toronto; J.L. Januzzi, Jr., Massachusetts General Hospital,
Boston; A. Llovet, Hospital Universitario 12 de Octubre, Madrid; D. Mukherjee, University of Kentucky, Lexington; T. Myrmel, Tromso
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