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Abstract
Objectives: According to the International Registry of Acute Aortic Dissection, >70% of patients with type-B aortic dissection (AD) have delayed aortic
growth. The objective of this study was to investigate the morphologic characteristics of aortic enlargement in type-B AD. Methods: A total of 120 patients
with uncomplicated acute type-B aortic dissection (uATBAD) were divided into 4 groups according to the presence of a patent or thrombosed false lumen
(FL) with or without aortic enlargement. In all groups, the area of the true lumen (TL) and the FL were measured on axial computed tomography images.
Results: A total of 120 uATBAD patients were evaluated: patent FL with (PE, N
= 28, 23%) or without aortic enlargement (PU, N = 17, 14%) and thrombosed
FL with (TE, N = 34, 28%) or without enlargement (TU, N = 41, 34%). The initial aortic diameter was not significantly different among the 4 groups (PE vs.
PU = 39 ± 8 vs. 37 ± 10 (p = 0.354); TE vs. TU = 38 ± 6 vs. 37 ± 6 (p = 0.391)).
The area of the FL tended to be larger in the PE group. In contrast, the area of
the TL was significantly larger in the TE group. Late outcomes of uATBAD
treated with optimal medical treatment were acceptable. Conclusions: In patients with uATBAD and a thrombosed FL, the patients with aortic enlargement tended to be increased TL size. In contrast, in patients with a patent FL,
the patients with aortic enlargement tended to be increased FL size.
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1. Introduction
Acute aortic dissection is medical and/or surgical emergency. That usually reDOI: 10.4236/wjcd.2019.91002 Jan. 22, 2019
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sults from a tear in the aortic intima, which allows a pressurized hematoma to
form within the media between external and internal intima. The blood in the
false lumen is contained by only the thin outer third of the media and the loose
adventitial connective tissue, rupture into the pericardial space, pleural cavity, or
mediastinum is common. Surgical intervention is generally recommended for
Stanford type A aortic dissection. On the other hand, resting antihypertensive
therapy has been the standard treatment for acute type B dissection. Complicated type B aortic dissection having impending rupture, organ ischemia, propagation of the dissection, or continued pain should be treated by surgical repair
at acute phase. Patients presenting with uncomplicated acute type-B aortic dissection (uATBAD) are typically treated conservatively. Medical management is
associated with excellent results, with an in-hospital death rate of 10% [1] [2].
However, the long-term prognosis of these patients is far less favorable, including enlargement of the aorta in 73.3% of patients treated with medical therapy
[3], and mortality rates ranging from 21% to 36% after 5 years [4] [5] [6].
To improve the long-term outcome, a more patient-specific approach is warranted for patients who are at high risk of developing aortic adverse events: enlargement of the aortic diameter, malperfusion, aortic rupture, and type A aortic
dissection. Therefore, early and reproducible methods for assessing the risk of
aortic enlargement are needed to differentiate patients who will benefit from
prophylactic intervention from those who can safely receive lifelong medical
treatment. The purpose of this study was to determine the association of clinical
and imaging-based morphological and functional features. We analyzed correlate changes in the true and false lumen area obtained during the index hospitalization with late adverse events in patients with initially uncomplicated type B
aortic dissection using computed tomography (CT) area measurements.

2. Patients and Methods
The Yamagata university hospital institutional review board approved for this
study. Informed consent was obtained from participating patients in accordance
with hospital policy.
Between July 2004 and October 2017, 334 patients with acute aortic dissection
were treated at our institution. Of these, 154 patients were admitted with a diagnosis of type B acute aortic dissection. Exclusion criteria were traumatic dissection, aortic diameter more than 60 mm, emerging aortic complications; rupture, organ ischemia, and type A dissection with 2 weeks from the onset. Twenty
five patients were excluded for having these complications. Of these, 9 patients
showed traumatic dissection. In the 25 patients, nine were underwent graft replacement, seven were performed TEVAR, one patient was underwent axillo-femoral bypass and another five were operated by femoro-femoral bypass.
Only three patients could not receive surgery. Twenty one patients were survived
after treatment, but four patients died. Ultimately, 120 medically treated patients
were enrolled in the study (Figure 1). After 2 weeks of medical management,
DOI: 10.4236/wjcd.2019.91002
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patients were divided into four groups according to the status of the false lumen
(FL, patent or thrombosed) and aortic enlargement (enlarged or unenlarged)
(Figure 2).
Acute uncomplicated Stanford type B aortic dissection is defined as a dissection not involving the ascending aorta, presenting within 14 days of symptom
onset. We divided the time course of aortic dissection into acute (<14 days),
sub-acute (15 - 90 days), and chronic (>90 days) phases. All patients were initially treated with medical management and followed up according to the standard clinical regimen. All patients received an arterial pressure catheter, central
venous catheter, intravenous agents and continuous monitoring of vital signs.
For blood pressure control, all patients received an intravenous calcium-channel
blocker, nitroglycerine, β-blockers or a combination after admission. For the
first 2 weeks after onset, systolic blood pressure was controlled to less than 120
mmHg with careful observation of urine output. After 2 weeks, blood pressure
was controlled to less than 130 mmHg. On admission, patients were treated in
an intensive care unit or high care unit. All patients underwent contrast CT
scanning at emergency admission, and again on the 1st and 7th days after admission. All patients were administered oral medications starting the 1st day after
CT screening, and were encouraged to take a short walk starting the 7th day after
onset. Patients were eligible for discharge 4 weeks after onset. During follow-up,
patients who had an aortic event despite medical management underwent aortic
interventions. The term “aortic event” included enlargement of the aortic diameter, malperfusion, aortic rupture, and type A aortic dissection.
The initial diagnostic CT scans and all follow-up CT scans obtained during
the chronic phase of aortic dissection were retrospectively reviewed. For all patients in this study, a baseline CT angiography (CTA) was available for review
(120 scans). A total of 118 scans were available for follow-up CT analysis (excluding 2 patients in Group TU). Of the 118 follow-up scans, 114 were CTA studies and four were unenhanced CT studies (3 patients in Group TU, 1 patient in

Figure 1. Summary flow diagram of deviation of study population.
DOI: 10.4236/wjcd.2019.91002
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Figure 2. The typical image of CT, each case of PE, PU, TE and TU (PE: patent false
lumen and aortic diameter enlargement; PU: patent false lumen and unchanged
aortic diameter; TE: thrombosed false lumen and aortic diameter enlargement; TU:
thrombosed false lumen and unchanged aortic diameter).

Group PU). The four unenhanced CT studies were follow-up studies obtained
during the chronic phase and were used only for aortic diameter measurements
and not for measurements of the true and false lumina.
Image analysis was performed on a SYNAPSE VINCENT system (Tokyo Japan, FUJIFILM Holding Corporation) with a dedicated 3D image analyzer. All
CTA measurements were obtained using multiplanar reconstruction (MPR) images in an axial plane perpendicular to the aortic median centerline (Figure 3A).
The aortic median centerline was generated by software on the VINCENT that
uses a 3D algorithm to create an MPR centered around the contrast-enhanced
aortic lumen. In all cases in which the aortic diameter was measured from an
unenhanced CT scan, the unenhanced study was compared with prior contrast-enhanced CTA to define the region of dissected aorta. In no instance did
the maximum aortic diameter occur in a nondissected segment.
The areas of the true and false lumina were measured. Measurements were
performed on the orthogonal cross-section in which the aortic diameter was
maximal (Figure 3B and Figure 3C). The maximum aortic diameter was compared between images obtained on admission and images obtained during the
chronic phase. In the PU and TU groups, the first and last CTA were analyzed.
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 completely thrombosed if no flow was present [7].
The judgement of the “thrombosed” or “partial thrombosed” was checked in the
late phase of enhanced CT-scans.
Intramural hematomas and penetrating aortic ulcers were not included in this
study. Ulcerlike projection type was included in the patent false lumen type following the definition of the last Japanese guideline in 2011 [8] [9].
DOI: 10.4236/wjcd.2019.91002
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Figure 3. Multiplanar CT angiography reconstruction for aortic measurements in a
59-year-old man at initial hospitalization. A: The 3D image of the aorta after generation
of an aortic centerline from proximal aortic arch to the left iliac artery by software on the
VINCENT; B: The aorta is straightened along its centerline and the diameter of enhanced
area; C: True and false lumen measurements using measurement tool, perpendicular to
contour of initial flap.

3. Statistical Methods
Baseline patient characteristics for the total study population and the four
groups (PE, PU, TE, and TU) were described as absolute numbers, percentages,
and mean (±standard deviation) for categorical variables. Differences between
groups were evaluated using the χ2 test for populations and the t test for independent samples of continuous variables (if normally distributed). Cumulative
probabilities of event-free survival from aortic adverse events at 1 year, 5 years,
and 10 years after onset were calculated with Kaplan-Meier survival analysis.
The event-free curves from each group were compared by log-rank test. Aortic-related death-free curves from each group were compared by log-rank test.
Analyses were conducted with JMP software, version 10 (SAS Institute).

4. Results
Over the 12-year study period from 2004 to 2017, 120 patients presented with
uncomplicated acute type B aortic dissection. The mean age was 70 years (±11
years) and 70% were men. The average follow-up time was 57 ± 43 months
(range, 1 - 156 months). In addition, 90% patients were followed up for at least 1
month. The false lumen was found to be patent in 31 patients (25.8%), partially
thrombosed in 14 (11.7%), and completely thrombosed 75 (62.5%). Three patients had connective tissue diseases, including Marfan syndrome, and all three
were in group PE. In the PE vs. PU and the TE vs. TU analyses, there were no
significant between-group differences in patient characteristics (Table 1). Both
DOI: 10.4236/wjcd.2019.91002
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the PE and TE groups had significant differences in max diameter during follow-up and in the aortic growth rate. The PE group had a higher number of intimal tears than the PU group (Table 2). During the subacute-to-chronic phase,
there were no significant differences in aortic related events or mortality in the
PE vs. PU or the TE vs. TU groups.
In the late stage, aortic rupture was only observed in the enlarged groups, and
all four patients with aortic rupture died (Table 3). Two patients were treated
with thoracic endovascular aortic repair (TEVAR); one was in PE group and the
other was in TE group, and the other two patients refused surgical intervention.
One of the four patients had an aorto-bronchial fistula (PE group), and another
had an aorto-esophageal fistula (TE group). Both patients with type A aortic
dissection were treated with graft replacement; one was in TE group and another
one was in TU group. In these patients, no additional aortic intervention was
required. A higher rate of aortic related event was observed in the aortic enlargement groups than in the unchanged groups (Figure 4). Aortic related
deaths only occurred in the enlarged groups, among which there were no significant between-group differences (Figure 5).
Comparing the PE vs PU groups, the average FL area in the PE group was significantly larger in the follow-up period. This finding suggests that, in patients
with chronic type B aortic dissection with a patent FL, aortic enlargement might
also increase the size of the FL (Figure 6). In the TE vs. TU groups, the average
TL area of the TE group was larger in the follow-up period. Hence, in patients
with a thrombosed FL, the etiology of aortic enlargement may be different than
in patients with a patent FL. We also observed a significant difference in the area
of the FL between the TE and TU groups, suggesting a decrease in the FL area in
the TU group (Figure 6).
Table 1. Baseline Patient Characteristics (PE = patent false lumen and aortic diameter enlargement; PU = patent false lumen and
unchanged aortic diameter; TE = thrombosed false lumen and aortic diameter enlargement; TU = thrombosed false lumen and
unchanged aortic diameter; SD = Standard Deviation; BMI = Body Mass Index; COPD = Chronic Obstructive Pulmonary
Disease). Group PE and PU were younger than Group TE and TU. There was no statistical difference between Group PE and PU,
Group TE and TU. All Marfan syndrome wereincluded in Group PE. There was no statistical difference in numbers of patients
diagnosed with COPD between Group PE and PU, Group TE and TU.
Characteristic

Total
(N = 120)

Group PE
(N = 28)

Group PU
(N = 17)

p Value
(PE vs. PU)

Group TE
(N = 34)

Group TU
(N = 41)

p Value
(TE vs. TU)

Age, y, Mean ± SD

70 ± 11

65 ± 13

66 ± 10

0.583

71 ± 9

73 ± 10

0.412

Male, %

70 (84 of 120)

64 (18 of 28)

76 (13 of 17)

0.513

74 (25 of 34)

68 (28 of 41)

0.799

Height, cm, Mean ± SD

160.4 ± 10.5

162.1 ± 10.3

159.8 ± 14.2

0.532

160.8 ± 8.9

162.1 ± 10.6

0.589

Weight, kg, Mean ± SD

60 ± 14

58.8 ± 15.4

60.5 ± 14.4

0.732

61.6 ± 12.6

59.9 ± 14.3

0.575

BMI, kg/m2, Mean ± SD

23 ± 4

22 ± 4

23 ± 1

0.27

24 ± 4

23 ± 4

0.262

Marfan Syndrome, %

3 (3 of 120)

11 (3 of 28)

0 (0 of 17)

-

0 (0 of 34)

0 (0 of 41)

-

COPD, %

38 (32 of 120)

43 (12 of 28)

35 (6 of 17)

0.757

29 (10 of 34)

26 (10 of 39)

0.796

Follow-Up Period,
Months, Mean ± SD

57 ± 43

64 ± 45

42 ± 38

0.093

65 ± 43

51 ± 41

0.159

DOI: 10.4236/wjcd.2019.91002
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Table 2. Initial computed tomography findings.
Total
(N = 120)

Group PE
(N = 28)

Group PU
(N = 17)

p Value
(PE vs. PU)

Group TE
(N = 34)

Group TU
(N = 41)

p Value
(TE vs. TU)

On Admission

38 ± 7

39 ± 8

37 ± 10

0.354

38 ± 6

37 ± 6

0.391

During Follow-Up (Max Diameter)

40 ± 9

45 ± 2

35 ± 9

<0.001

44 ± 9

36 ± 6

<0.001

Aortic Growth Rate (mm/6 Months)

2.0 ± 5.7

4.7 ± 5.9

−0.1 ± 1.0

<0.005

5.1 ± 5.5

−1.7 ± 4.5

<0.001

Perfused with Partial Thrombosiss, %

12 (14 of 120)

25 (7 of 28)

41 (7 of 17)

0.326

Number of Intimal Tears
(Patent False Lumen)

2.2 ± 1.2

2.5 ± 0.2

1.7 ± 0.3

<0.05

-

-

-

Characteristic
Aortic Diameter, mm

Table 3. Late major adverse events and aortic adverse events of uncomplicated type B aortic dissection (PE = patent false lumen
and aortic diameter enlargement; PU = patent false lumen and unchanged aortic diameter; TE = thrombosed false lumen and
aortic diameter enlargement; TU = thrombosed false lumen and unchanged aortic diameter).
Characteristic

Total
(N = 120)

Group PE
(N = 28)

Group PU
(N = 17)

p Value
(PE vs. PU)

Group TE
(N = 34)

Group TU
(N = 41)

p Value
(TE vs. TU)

Aortic Related Deaths, %

4 (5 of 120)

7 (2 of 28)

0 (0 of 17)

0.519

9 (3 of 34)

0 (0 of 41)

0.086

Surgical Intervention, %

28 (33 of 120)

54 (15 of 28)

24 (4 of 17)

0.066

32 (11 of 34)

7 (3 of 41)

<0.01

Aortic Related Events
(without Aortic Enlargement), %

6 (7 of 120)

7 (2 of 28)

0 (0 of 17)

0.519

6 (2 of 34)

0 (0 of 41)

0.202

Rupture, %

3 (4 of 120)

7 (2 of 28)

0 (0 of 17)

0.519

6 (2 of 34)

0 (0 of 41)

0.202

Type A Aortic Dissection, %

2 (2 of 120)

0 (0 of 28)

0 (0 of 17)

-

3 (1 of 34)

2 (1 of 41)

-

Malperfusion, %

1 (1 of 120)

4 (1 of 28)

0 (0 of 17)

-

0 (0 of 34)

0 (0 of 41)

-

Figure 4. Kaplan-Meier curves for aortic-related event-free in 120 patients with
uncomplicated chronic type B aortic dissection (uCTBAD). There were statistically
significant difference between Group PE and PU, Group TE and TU (p < 0.0001).
DOI: 10.4236/wjcd.2019.91002
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Figure 5. Kaplan-Meier curves for aortic-related deaths-free in 120 patients with
uncomplicated chronic type B aortic dissection (uCTBAD).

Figure 6. The chronological changes in the true and false lumen areas in all four groups (PE = patent false lumen with
aortic diameter enlargement; PU = patent false lumen with unchanged aortic diameter; TE = thrombosed false lumen
with aortic diameter enlargement; TU = thrombosed false lumen with unchanged aortic diameter). Enhanced CT
measurements were performed in four sections of the thoracoabdominal aorta: 2 cm distal to the left subclavian artery (a);
the same height as the bifurcation of the trachea (b); above the celiac artery (c); 2 cm distal to the lower side of the renal
artery (d). The mean values of the initial (e) and follow-up (f) aortic areas are connected by blue lines, and these values
were compared statistically.
DOI: 10.4236/wjcd.2019.91002
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5. Discussion
Factors that predict aortic events and mortality in patients with chronic type B
aortic dissection include male sex [10], partial thrombosis of the false lumen
[11], younger age [7] [12] [13], a primary entry tear located on the concavity of
the distal aortic arch, dissection entry tears > 10 mm [14] [15] and aortic diameter > 40 mm [12] [16]. These risk factors are indications for surgical intervention. Recently reported predictive factors of aortic enlargement include the
number of vessels originating from the false lumen [17] and the number of intercostal arteries [18]. However, the mechanism of aortic expansion in chronic
aortic dissection remains unclear. It has been suggested that aortic expansion is
caused by a complex interplay between three dimensional morphologic changes
and the number and diameter of intimal tears, blood pressure, aortic diameter,
degenerative changes of the aortic wall, etc. Our study adds to this list by demonstrating that aortic enlargement is associated with changes in the diameter
of the true and false lumen, depending on the patency of the false lumen. By
comparing area measurements, we may be able to differentiate patients who require aortic repair versus those who require medical treatment alone.
Kelly et al. [19] suggested that enlargement of the aortic diameter during the
chronic phase of type B aortic dissection was primarily due to the increasing size
of the FL; the wall of the FL had lost its muscle barrier against blood pressure.
Williams et al. [20] showed in an in vitro model of chronic type B aortic dissection that the aortic diameter expands because of the dissected, elastin-poor,
pressurized FL. Our findings are consistent with both of these studies. Interestingly, patients with a thrombosed FL and enlarged aortic diameter had a characteristic increase in TL diameter. Anna et al. [21] reported that more than one
half of patients with intramural hematoma showed resorption of the hematoma
with the first year. However, in patients in whom the hematoma did not resolve
and who had an initial aortic diameter > 40 mm, there was an increased risk of
unfavorable evolution. Consistent with this finding, we found that patients with
a thrombosed FL without aortic enlargement had less aortic related death and
required fewer surgical interventions. The mechanism of aortic expansion in patients with a thrombosed FL may not be the same as that in patients with a patent FL. Hence, optimal preemptive treatment and timing of intervention may
not be the same in these two patient populations.
We found that enlargement of the FL in patients with a patent FL, and enlargement of the TL in patients with a thrombosed FL, was correlated with aortic
expansion in the chronic phase of disease. These patients require careful observation in the subacute and chronic phases.

6. Conclusion
In patients with uATBAD and a thrombosed FL, the patients with aortic enlargement tended to be increased TL size. In contrast, in patients with a patent
FL, the patients with aortic enlargement tended to be increased FL size.
DOI: 10.4236/wjcd.2019.91002
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Limitation
Our study is limited by its retrospective design, its relatively small number of patients, incomplete follow-up (10%), and varying number of CT scans among patients.
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