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Background-—The long-term association between the status of the false lumen and poor patient outcomes in acute aortic
dissection (AAD) remains unclear. This systematic review and meta-analysis investigated whether the status of the false lumen was
a predictor of poor long-term survival in AAD.

Methods and Results-—Eleven cohort studies (2924 participants) exploring the association between the false lumen status and
long-term outcomes (>1 year) in AAD were included. All studies reported multivariate-adjusted hazard ratios (HRs) with 95% CIs for
long-term outcomes, according to false lumen status. Pooled HRs for mortality and aortic events were computed and weighted
using generic inverse-variance and random-effect modeling. Residual patent false lumen was an independent predictor of long-term
mortality in AAD type A (HR, 1.71; 95% CI, 1.16–2.52; P=0.007) and type B (HR, 2.79; 95% CI, 1.80–4.32; P<0.001). AAD patients
with residual patent false lumen exhibited an increased risk of aortic events (HR, 5.43; 95% CI, 2.95–9.99; P<0.001). Partial false
lumen thrombosis was independently associated with long-term mortality in type B AAD (HR, 2.24; 95% CI, 1.37–3.65; P=0.001).
This association was not observed in AAD type A patients (HR, 1.75; 95% CI, 0.88–3.45; P=0.211).

Conclusions-—The false lumen status influences late outcomes in AAD. Residual patent false lumen is independently associated
with poor long-term survival in AAD. However, only type B AAD patients with partial false lumen thrombosis had an increased late
mortality risk. ( J Am Heart Assoc. 2016;5:e003172 doi: 10.1161/JAHA.115.003172)
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A cute aortic dissection (AAD) is a life-threatening vascular
emergency, with high in-hospital and follow-up morbidity

and mortality rates. Approximately 48.6% of patients with AAD
die before admission.1 Dissections confined to the ascending
aorta (type A) exhibit worse in-hospital survival rates than
those involving the descending aorta (type B).2 A report from
the International Registry of Acute Aortic Dissection (IRAD)

identified an in-hospital surgical mortality rate of 30% in AAD
type A patients and 13% in type B.2,3 However, long-term
outcomes for AAD patients with type B dissection are not
necessarily better than those having type A. Long-term
survival of surgically treated patients with type B AAD after
discharge ranges from 56% to 96% at 1 year and from 48% to
83% at 5 years.4–8 In contrast, for surgically treated type A
patients who survive until hospital discharge, survival rates
range from 52% to 96% at 1 year and from 37% to 91% at
5 years.8–12 Therefore, given the variable prognosis of AAD
with current management strategies, it is necessary to
establish predictors of poor outcomes for targeted therapy.

Earlier studies have identified long-term predictors of
morbidity and mortality in AAD, including old age,13,14 female
sex,15 a history of atherosclerosis,4 and impaired renal
function,16 all of which may be more representative of a
patient’s high-risk clinical background than the severity and
nature of the AAD itself. Indeed, as of yet, there may be no
effective and simple marker available for evaluating severity of
AAD, predicting long-term clinical outcomes, and optimizing
surgical management. Several reports have indicated that the
status of the false lumen is associated with risk of poor
outcomes. Residual patency of the false lumen in AAD has
been associated with aortic expansion and death, whereas
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patients with complete thrombosis of the false lumen have
shown improved outcomes.17–19 In addition, the IRAD data
have shown that partial thrombosis, defined as the concurrent
presence of both flow and thrombus, is associated with a
higher 3-year mortality rate than a completely patent false
lumen in patients with type B AAD.20 This conclusion supports
the concept that a wide surgical extent during initial repair
could decrease late mortality rates for AAD type A patients.
However, some studies have shown that preoperative residual
patency of the false lumen is not a predictor of 5-year
mortality in AAD,21 and that partial thrombosis is not
associated with long-term mortality, reintervention rates, or
aortic growth in type A cases after a 5-year follow-up.22

Therefore, conclusions regarding the association between the
status of the false lumen and poor outcomes in AAD are
conflicting. Given that a single study may lack the power to
provide comprehensive and reliable conclusions, a systematic
review and meta-analysis of all eligible studies was performed.
In this review, we aimed to determine the influence of the
false lumen status on long-term outcomes in patients
presenting with AAD.

Methods
This systematic review and meta-analysis was conducted in
accord with the Meta-Analysis of Observational Studies in
Epidemiology guidelines.23

Search Strategy
An electronic search of the PubMed, Embase, and Cochrane
Library databases was performed from inception to December
2015 with no language restrictions. To identify studies
investigating the status of the false lumen and risk of long-
term outcomes in patients presenting with AAD, the following
search terms were applied: (thrombus OR thrombosis OR
thrombi OR clot OR false lumen) AND (aortic dissection OR
dissection of aorta). Two independent researchers conducted
the search; in cases of disagreement, the study reviewers met
to resolve issues. A manual search of additional articles was
conducted using references from relevant articles and review
papers.

Study Selection
The inclusion criteria were: (1) studies on AAD reporting the
prognostic impact of the false lumen status; (2) availability of
a multiple adjusted hazard ratio (HR) with 95% CI for overall
survival, or data regarding aortic events from which it could be
calculated; and (3) studies with a follow-up time of >1 year.
Studies were excluded if the study was designed as a review,

case-controlled study, or an animal study, or if the HR value
reported was unadjusted. If more than 1 study was published
by the same authors using the same case series or
overlapping case series, the study with the largest sample
size was included, except for those cases where a different
subgroup analysis could be performed.

Data Extraction and Quality Assessment
Data were collected using predesigned abstraction forms.
Two main reviewers (D.L. and L.Y.) independently extracted
the data and reached a consensus on all items. The following
items were extracted from each study if available: name of the
first author, publication year, study period, region, study
design, number of AAD cases, age of patients, proportion of
male patients, Stanford classification, treatment therapy,
outcomes, follow-up duration, adjusted HR and 95% CI, and
statistical adjustments for confounding factors. A quality
assessment of each selected study was conducted by 2
investigators (D.L. and L.Y.) using the Newcastle–Ottawa
Scale (NOS).24 A third reviewer was consulted in cases of
uncertainty. The NOS is an assessment tool for cohort studies
and consists of 3 parameters of quality: selection, compara-
bility, and exposure/outcome assessment. The NOS includes
a “star system” (range, 0–9) for assessment, of which a
maximum of 4 points is allocated to the selection parameter,
2 points for comparability, and 3 points for exposure/
outcome assessment. A total score of 7 or greater indicated a
high-quality study, whereas a total score of 6 or lower was
taken to indicate a low-quality study.

Statistical Analyses
Meta-analysis and statistical analyses were performed using
Stata software (version 12.0; StataCorp, College Station, TX).
A meta-analysis of time to event data was performed.
Reported multivariate adjusted HRs and 95% CIs were
extracted from included studies. Pooled estimates, together
with 95% CIs, were calculated using a random-effects model,
chosen because of expected heterogeneity among the
studies. Cochran’s Q test and Higgins’ I2 statistic were
calculated for the detection of heterogeneity. We defined an I2

less than 25%, 25% to 50%, and greater than 50% as low,
moderate, and high heterogeneity, respectively.25 P<0.1 and
an I2<50% were considered to be of no significant hetero-
geneity. Sensitivity analysis was performed to investigate the
influence of a single study on overall risk estimate and was
carried out by sequentially omitting 1 study at a time.
Subgroup analyses were performed according to a priori
groupings related to study design, region, duration of follow-
up (≤5 vs >5 years) and number of participants (≤200 vs
>200). Potential publication bias was assessed using Egger’s
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test. All hypothesis tests were 2-sided. P<0.10 was consid-
ered indicative of statistically significant heterogeneity, and all
other P values were considered statistically significant at
<0.05.

Results

Study Selection and Characteristics
A total of 1408 abstracts were identified through the literature
search, with 9 studies identified through manual searching of
reference lists from these articles. After removal of duplicates, a
review of the titles and abstracts of 908 articles was performed.
A total of 24 articles were obtained and read in full. Of these, a
further 13 studies were excluded. Ultimately, 11 studies,
including 2924 patients with AAD, were included (Figure 1).

Basic characteristics of the studies are shown in Tables 1
and 2. Four studies17,22,26,27 examined the association
between the false lumen status and AAD outcomes in type
A patients, and another 6 studies18–20,28–30 examined asso-
ciations in type B patients. One study21 included both type A
(73%) and type B (27%) AAD; in subgroup analysis based on
the Stanford classification, this study was placed in the type A
group. Mean patient age was 63 years old, and 53% of
patients were men. Seven studies were prospective cohort
studies, and 4 studies were retrospective cohort studies. All
of the included studies were of high quality, with an average
NOS score of 8.8.

Meta-Analysis

Long-term mortality

All 11 studies reported outcomes related to long-term
mortality. Four studies17–19,21 observed that a residual patent
false lumen increases risk of long-term mortality, compared
with complete thrombosis of the false lumen (n=1082; HR,
2.12; 95% CI, 1.58–2.83; P<0.001) with no significant
heterogeneity (I2=12.6%; P=0.330). Among studies in the
type A category,17,21 the pooled HR for long-term mortality
with a residual patent false lumen was 1.71 (95% CI, 1.16–
2.52; P=0.007; Figure 2) without significant heterogeneity
(I2=0.0%; P=0.992). One study21 reported the HR and 95% CI
with preoperative and postoperative residual patent false
lumen for long-term mortality. Subgroup analysis showed that
the pooled HR for long-term mortality with postoperative
residual patent false lumen was 2.02 (95% CI, 1.13–3.61;
P=0.017) with no significant heterogeneity (I2=29.6%;
P=0.233). For studies in the type B category,18,19,28 the
pooled HR for long-term mortality with preoperative residual
patent false lumen was 2.79 (95% CI, 1.80–4.32; P<0.001;
Figure 2); no statistically significant heterogeneity was
observed (I2=0.0%; P=0.386). Because of the small number
of studies, sensitivity analysis and Egger’s test were not
performed.

Six studies7,20,26,27,29,30 observed that partial thrombosis
of the false lumen, when compared to completely patent false
lumen, was an independent predictor of long-term mortality

Figure 1. Flow diagram for study identification and inclusion. HR indicates hazard ratio.
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(n=1308; HR, 2.06; 95% CI, 1.38–3.06; P=0.012) without
significant heterogeneity (I2=41.7%; P=0.127). For type A
studies,22,26,27 the pooled HR for long-term mortality with
partial thrombosis of the false lumen was 1.75 (95% CI, 0.88–
3.45; P=0.211; Figure 3) with moderate heterogeneity
(I2=68.1%; P=0.044). Among type B studies,20,29,30 the
pooled HR for long-term mortality with partial thrombosis of
the false lumen was 2.24 (95% CI, 1.37–3.65; P=0.001;
Figure 3) with no heterogeneity (I2=0.0%; P=0.371; Figure 3).
Egger’s test suggested no evidence of publication bias
(P=0.795).

Long-term aortic events

Three studies17,18,28 reported that a residual patent false
lumen was significantly associated with an increased risk of

long-term aortic events (n=832; HR, 5.43; 95% CI, 2.95–9.99;
P<0.001) without significant heterogeneity (I2=0.0%;
P=0.566). One study reported an HR for long-term aortic
events with residual patent false lumen in AAD type A cases
of 4.11 (95% CI, 1.85–9.16; P=0.001), and 2 studies reported
that a residual patent false lumen was a predictor of aortic
events in type B cases (HR, 7.97; 95% CI, 3.11–20.41;
P<0.001) with no significant heterogeneity (I2=0.0%;
P=0.852).

Subgroup Analysis
Subgroup analysis showed that in AAD type A, partial
thrombosis of the false lumen was associated with an
increased risk of long-term mortality in the subgroup of

Table 1. Summary of Included Studies

Study Study Period Region Design Sample Size Male, % Age, y Stanford Assay Method

Kimura, 201517 1990–2003 Japan Prospective cohort 534 52 63 A CT

Akutsu, 200418 1981–2000 Japan Retrospective cohort 138 65 64 B CT

Marui, 200719 1988–2004 Japan Retrospective cohort 141 97 68 B CT

Tsai, 200720 1996–2003 Multi centers IRAD registry 201 69 61 B CT/MRI/TEE

Bernard, 200121 1984–1996 France Retrospective cohort 109 74 61 A/B CT/MRI/TEE

Larsen, 201322 1996–2011 Multi centers IRAD registry 522 75 58 A CT/MRI/TEE

Song, 201026 1997–2007 Korea Prospective cohort 118 55 60 A CT

Song, 201127 1997–2007 Korea Retrospective cohort 136 56 60 A CT

Miyahara, 201128 2000–2009 Japan Prospective cohort 160 63 66 B CT

Tanaka, 201429 2002–2011 Japan Prospective cohort 103 67 67 B CT

Ueki, 201430 2003–2012 Japan Prospective cohort 228 67 70 B CT

CT indicates computer tomography; IRAD, International Registry of Acute Aortic Dissection; MRI, magnetic resonance imaging; TEE, transesophageal echocardiography.

Table 2. Summary of Included Studies

Study False Lumen Status Treatment Outcomes Follow-up, y NOS

Kimura, 201517 Patent/thrombosed EVAR and OAR Mortality/aortic events 6.8 9

Akutsu, 200418 Patent/thrombosed EVAR, OAR, and medication Mortality 10 9

Marui, 200719 Patent/thrombosed Medication Mortality/aortic events 5.4 9

Tsai, 200720 Paten/partial/complete EVAR, OAR, and medication Mortality 2.8 9

Bernard, 200121 Patent/thrombosed OAR and medication Mortality 5 8

Larsen, 201322 Paten/partial/complete OAR Mortality/aortic events 5 9

Song, 201026 Paten/partial/complete OAR Mortality/aortic events 3.5 9

Song, 201127 Paten/partial/complete OAR Mortality 4.3 9

Miyahara, 201128 Patent/thrombosed OAR and medication Mortality/aortic events 3.6 9

Tanaka, 201429 Paten/partial/complete Medication Mortality 3.1 8

Ueki, 201430 Paten/partial/complete EVAR and OAR Mortality 3.2 9

EVAR indicates endovascular aneurysm repair; NOS, Newcastlee–Ottawa Scale; OAR, open acute aortic dissection repair.
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studies examining Asian populations, with a retrospective
cohort study design, sample size <200, and follow-up
<5 years. For AAD type B, partial thrombosis of the false

lumen was not an independent predictor of long-term
mortality in the Asian subgroup with a sample size <200
(Table 3).

Figure 2. Forest plot demonstrating the association between residual patent false lumen and long-term
mortality in acute aortic dissection patients. HR indicates hazard ratio.

Figure 3. Forest plot demonstrating the association between partial thrombosis of false lumen and long-
term mortality in acute aortic dissection patients.
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Discussion
There is rapidly growing interest in the association between
the status of the false lumen and risk of poor outcomes in
AAD. Our meta-analysis of 11 cohort studies provides
evidence that a residual patent false lumen is significantly
and independently associated with an increased risk of long-
term mortality and aortic events in both type A and type B
AAD, as compared with complete thrombosis of the false
lumen. In addition, partial thrombosis of the false lumen
appears to be an independent predictor of long-term mortality
in type B AAD, when compared with a completely patent false
lumen; this association was not observed in type A cases
(Figure 4).

Several studies have investigated the association between a
patent false lumen and long-term outcomes in AAD. A large
prospective cohort study indicated that preoperative false
lumen patency influenced outcomes over a 6.8-year follow-up
in AAD type A, with decreased survival rates (HR, 1.70;
P=0.012) and an increase in the number of distal aortic events
(HR, 4.11; P=0.001), controlling for conventional risk factors.17

Another 3 small sample-size observational studies showed an
independent association between the presence of a patent
false lumen and long-term mortality and aortic events in AAD
type B.18,19,28 However, 1 retrospective cohort study indicated
that postoperative false lumen patency was independently
related to 5-year mortality for type A cases, whereas preoper-
ative false lumen patency was not a predictor of mortality.21

Postoperative false lumen patency may be a relatively better
predictor of long-term outcomes for AAD type A patients.

In AAD type A, the IRAD data reported that the rates for
overall 5-year survival and major adverse events were not
influenced by false lumen thrombosis (using the log-rank
test).22 Conversely, another 2 studies, both having relatively
small sample sizes, showed that the presence of a partial false
lumen was an independent predictor of long-term mortality,
compared with a completely patent false lumen, after adjusting
for confounding factors.26,27 Our meta-analysis indicated that
partial false lumen thrombosis is not predictive of a greater risk
of long-term death in AAD type A; however, in the subgroup of
Asian studies having a sample size <200, and a follow-up
<5 years, partial false lumen thrombosis was an independent
predictor of poor long-term survival in type A cases. For type B
AAD, the IRAD data and our meta-analysis have both shown
that partial thrombosis of the false lumen, as compared with
complete patency, is a significant independent predictor of
long-term postdischarge mortality in type B patients.20 On the
contrary, 2 other studies29,30 have suggested that the false
lumen status does not influence long-term mortality in type B
AAD. The statistical power of these tests was limited because
of the relatively small number of included studies. Further well-
designed trials are warranted to confirm this association.

The underlying mechanisms involved in the association
between the false lumen status and poor survival remain
uncertain. Several possible contributing factors have been
suggested. Complete thrombosis of the false lumen has been
thought to be a prerequisite for healing of the aorta
postdissection, given that flow and pressurization of the false
lumen are thought to contribute to late dilation and rupture.20

Table 3. Subgroup Analyses of Partial Thrombosis of False Lumen and Risk of Long-Term Mortality in Acute Aortic Dissection

Factors No.

Type A Acute Aortic Dissection

No.

Type B Acute Aortic Dissection

HR (95% CI) P Value I2
Heterogeneity,
P Value HR (95% CI) P Value I2

Heterogeneity,
P Value

Region

Asia 2 4.18 (1.56–11.19) 0.004 0.0 0.498 2 1.65 (0.72–3.76) 0.238 5.5 0.304

Europe 0 — — — — 1 2.69 (1.45–4.98) 0.002 — —

Multicenters 1 0.78 (0.30–1.99) 0.600 — — 0 — — — —

Design

Prospective 2 2.02 (0.26–15.98) 0.503 79.8 0.026 3 2.24 (1.37–3.65) 0.001 0.0 0.371

Retrospective 1 3.21 (1.19–14.38) 0.035 — — 0 — — — —

Sample size

More than 200 1 0.78 (0.3–1.99) 0.600 — — 2 2.70 (1.55–4.70) <0.001 0.0 0.980

Less than 200 2 4.18 (1.56–11.19) 0.004 0.0 0.498 1 1.16 (0.41–3.26) 0.776 — —

Follow-up, y

More than 5 1 0.78 (0.3–1.99) 0.600 — — 0 — — — —

Less than 5 2 4.18 (1.56–11.19) 0.004 0.0 0.498 3 2.24 (1.37–3.65) 0.001 0.0 0.371

HR indicates hazard ratio.
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Therefore, a patient with complete thrombosis of the false
lumen could be expected to have an improved survival rate
during follow-up. A patent false lumen may be perfused by a
proximal entry tear and decompressed through distal reentry
tears. Subsequently, partial thrombosis can occlude these
distal tears, impeding outflow and resulting in a blind sac, in
the most extreme of situations.20,31 An increase in pressure in
the false lumen will result in an increase in wall tension and
elevates the risk of aneurysm expansion, redissection, and
rupture; thus, mortality is expected to be increased in these
patients.20,32 Additionally, altered hemodynamics have been
correlated with AAD progression. False lumen thrombus has
been observed to be associated with areas of low velocity and
complex flow, but does not appear to be protective from
aortic expansion.33 This type of flow is known to cause stasis
of the blood and endothelial activation, with initiation of
thrombus formation.34 Four-dimensional flow-cardiac mag-
netic resonance is able to accurately assess blood flow at low
velocities and consequently can differentiate it from false
thrombosis. Furthermore, blood-flow quantification and veloc-
ity mapping can demonstrate bidirectional flow within a false
lumen that exhibits partial thrombosis. This turbulent or
helical flow can induce aortic wall shear stress, which may be
associated with an elevated risk of aneurysmal dilatation or
tear.33,35,36 Therefore, partial thrombosis of the false lumen in
patients with AAD may be reflective of a clinical context in
which multiple risk factors exist.

The goals of open AAD repair and endovascular aneurysm
repair are to prevent lethal complications, resect the entry tear,
and redirect the blood flow to the true lumen.22 Blood flow
through the false lumen will be altered by resection of the
primary tear and aortic reconstruction, because thrombosis of
the false lumen is promoted.22 Thus, the false lumen status
may be altered postoperatively. After initial repair, the distal
false lumen remains patent in as many as 79% of AAD patients
with a type A dissection. In the present study, for type B AAD,
partial false lumen thrombosis was observed to be associated
with an increase in late mortality; however, this association
was not observed in type A cases. Patients with type B AAD
receiving stent graft therapy may exhibit partial thrombosis of
the false lumen, whereby the thoracic false lumen has
complete thrombosis along the length of the stent, but the
abdominal false lumen remains patent. Therefore, it can be
concluded that the stent graft landing zone should be left in
place to protect from cases where aneurysmal dilatation or tear
occurs in the distal aorta, when using stent graft therapy for
treatment of type B AAD. Resection of the primary tear and
aortic reconstruction will also alter flow in the false lumen and
might promote thrombosis. Thus, an extended arch resection
in type A repairs should be performed, such that the proximal
Dacron or stent graft landing zone is left in place to account for
cases of significant aneurysmal dilatation in the distal aorta.
Song et al.26 found that surgical extent was the only risk factor
for the presence of residual false lumen and partial thrombosis

Figure 4. Summary of recommendations based on themeta-analysis. AAD indicates acute aortic dissection.
The figure of aortic false lumen with complete thrombosis, patent and partial thrombosis from Tsai et al.20
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after surgery for DeBakey type I AAD. Furthermore, in their
study, total arch replacement had a lower incidence of partial
thrombosis at the proximal descending thoracic aortic level
and showed favorable outcomes for aortic enlargement and
aortic reintervention, when compared with ascending or
hemiarch replacement. Although it remains unclear whether
extended arch resection can improve late survival, we believe
that the surgical extent during initial repair is a determinant of
the natural history of the distal aorta after surgery for AAD type
A (Figure 4).

Substantial heterogeneity was observed among studies
investigating partial false lumen thrombosis and long-term
survival among patients with AAD type A. Subgroup analysis
showed that 1 study with a relatively large sample size
contributed to the heterogeneity observed. Among the
patients in this study, the partial and complete false lumen
thrombosis groups were small, with only 16% and 4.6% of
patients having partial thrombosis or complete thrombosis of
the false lumen, respectively. Because of the small number of
patients, adjusted comparisons with the partial thrombosis
group lacked statistical power in this study.

This study has several limitations. First, the meta-analysis
included a limited number of eligible studies, which made it
more difficult to detect heterogeneity between studies related
to the association between partial false lumen thrombosis and
poor outcomes in AAD type A. Subgroup analysis included
different groups, based on influencing factors, which lacked
statistical power because of a limited number of studies.
Second, a number of studies that were unadjusted for
confounding factors were excluded from the meta-analysis,
which may have introduced bias. Third, some studies reported
all-cause mortality and did not provide AAD-associated long-
term mortality. Consequently, the lack of original information
may have caused an overestimation of the proportion of
cardiovascular deaths in both the complete thrombosis and
completely patent false lumen groups, given that the pooled
HR would be negative. Fourth, our results are intrinsically
related to time, and the death rate would be expected to
change with varying lengths of follow-up. Thus, the results
observed in this study may be limited by the fact that the
included studies did not have a uniform follow-up duration.

Conclusions
The status of the false lumen is associated with long-term
outcomes in AAD. A residual patent false lumen is an
independent predictor of long-term mortality and aortic
events in both type A and type B AAD, when compared with
complete false lumen thrombosis. In addition, partial false
lumen thrombosis is independently associated with long-term
mortality in type B AAD; however, this association was not

observed in type A dissections. This observation supports the
suggestion that the stent graft landing zone should be left in
place to account for cases where aneurysmal dilatation or
tear occurs in the distal aorta, when performing stent graft
therapy for treatment of type B AAD. Furthermore, extended
arch resection may provide an avenue for improving late
survival in AAD type A patients, where significant postoper-
ative aneurysmal dilatation is observed.
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