Aortic dissection in patients with Marfan syndrome based on the
IRAD data
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Between January 1996 and May 2017, the International Registry on Acute Aortic Dissections has collected
information on a total of 6,424 consecutive patients with acute aortic dissection, including 258 individuals
with a diagnosis of Marfan syndrome. Patients with Marfan syndrome presented at a significantly
younger age compared to patients without Marfan syndrome (38.2+13.2 vs. 63.0£14.0 years; P<0.001)
and in general had fewer comorbidities, although they more frequently had a known aortic aneurysm
and history of prior cardiac surgery. We noted significantly larger diameters of the aortic annulus and
root in the Marfan syndrome cohort, but no larger diameters more distally. The in-hospital mortality in
type A dissection was not significantly different in patients with or without Marfan syndrome, despite the
differences in age and comorbidities and the lower incidence of aortic rupture in the Marfan syndrome
cohort. In contrast, the in-hospital mortality of Marfan syndrome patients with type B dissection appears
to be lower than that of patients without Marfan syndrome. The Marfan syndrome cohort that was
treated with open surgery for type B dissection seemed to do especially well, with a 0% mortality rate
(n=27). Follow-up data for type A and B dissections combined show an estimated five-year survival rate
of 80.1% and an estimated reintervention rate of 55.3% in patients with Marfan syndrome. Such a high
rate of reinterventions highlights the need for careful surveillance and treatment for patients with Marfan

syndrome surviving the acute phase of aortic dissection.
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Introduction

Marfan syndrome is a heritable disorder of the fibrillin 1
(FBNT) gene, which encodes the connective tissue protein
fibrillin-1. In most patients, the connective tissue disorder
leads to abnormalities of the aortic wall, causing progressive
aortic dilatation, thus increasing the risk of acute aortic
dissection. Aortic root dilatation/dissection is in fact one of
the cardinal features of Marfan syndrome, according to the
revised Ghent criteria (1). Surgical replacement of the dilated
aortic root and ascending aorta has significantly increased
the life expectancy of patients with Marfan syndrome (2,3).
Nevertheless, aortic dissection remains the leading cause of
morbidity and mortality in these patients (2).

The International Registry of Acute Aortic Dissection
(IRAD) represents an investigational collaboration that has
collected information on unselected consecutive cases of
acute aortic dissection occurring at 30 aortic referral centers
in 10 countries since January 1, 1996. The rationale and
structure of IRAD have been published previously (4). A
number of observations on Marfan syndrome have been
made in previous IRAD studies (5-8). To gain additional
insight into surgical strategies and outcomes for the cohort
of Marfan syndrome patients enrolled in IRAD, an updated
analysis of the database was performed.

Methods

For the current analysis, the characteristics of the cohort
of Marfan patients were compared to those of all other
enrolled patients in IRAD. In IRAD, the diagnosis of
Marfan syndrome was made at each study site, but was not
independently verified by a central mechanism. Continuous
variables are expressed as mean = standard deviation (SD)
or median and interquartile range (IQR). Categorical
variables are expressed as percentages. In all cases, missing
data were not defaulted to negative and denominators
reflect only cases reported. Univariate analyses between
groups were done using Chi-square tests (or Fisher exact
tests) and Student’s 7-tests where appropriate. For Kaplan-
Meier survival estimates, groups were compared with a
log rank test. All P values are two-sided, with values <0.05
considered as significant. Statistical analysis was performed

using SPSS 22.0.

Demographics, comorbidities and presentation

A total of 6,424 consecutive patients with acute aortic
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dissection were enrolled in IRAD between January 1996 and
May 2017, including 258 individuals (4%) with a diagnosis
of Marfan syndrome. Patients with Marfan syndrome
presented at a significantly younger age than patients
without Marfan syndrome (38.2£13.2 vs. 63.0+14.0 years;
P<0.001). The difference in age applied for type A
dissections (36.9+13.2 vs. 62.2+14.1, P<0.001) as well as
for type B dissections (40.3+12.9 vs. 64.3£13.7, P<0.001).
Patients with Marfan syndrome had a lower incidence of
hypertension, atherosclerosis and diabetes mellitus, while
they more frequently had a known aortic aneurysm and
had more frequently undergone prior cardiac surgery
(Table 1). The incidence of bicuspid valve was not
significantly different between both groups (3.8% vs. 3.0%;
P=0.527). Patients with Marfan syndrome presented with
a Stanford type A dissection in 63.6% of cases and a type
B dissection in 36.4% of cases. The distribution of type A
and B dissection was not significantly different between
patients with or without Marfan syndrome (P=0.691).
The incidence of pregnancy-associated aortic dissection
in Marfan syndrome patients (62.5% of which were type
A and 27.5% type B dissections) was significantly higher
compared to patients without Marfan syndrome (3.3% vs.
0.3%; P<0.001).

The median diameters of the aortic annulus and root
were significantly larger in patients with Marfan syndrome
compared to patients without Marfan syndrome, while
there were no significant differences in the diameters of
the sinotubular junction, ascending aorta, or descending
aorta (Table 2). Marfan patients more frequently had aortic
regurgitation than those without Marfan syndrome (54.5%
vs. 37.1%; P<0.001), more frequently had coronary artery
involvement of the dissection (13.1% vs. 8.2%; P=0.033) and
less frequently presented with pericardial effusion (19.6% vs.
29.8%; P=0.002) or periaortic hematoma (9.8% vs. 16.5%;
P=0.018). The false lumen was more frequently fully patent in
patients with Marfan syndrome than in those without (76.4%
vs. 62.3%; P<0.001) and correspondingly, less frequently
completely thrombosed (2.5% wvs. 11.3%; P<0.001). There
was no significant difference in the frequency of partial false
lumen thrombosis (21.1% vs. 26.4%; P=0.138).

The clinical presentation of patients with Marfan
syndrome is shown in Table 3. This shows that patients
with Marfan syndrome presented less frequently with
complications of stroke (1.3% wvs. 3.8%, P=0.051), acute
renal failure (5.5% vs. 11.0%, P=0.007), and limb ischemia
(6.5% vs. 12.5%, P=0.005), but more frequently with aortic
insufficiency grade 3 or 4 (14.6% vs. 7.0%, P<0.001).
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Characteristics Marfan syndrome (n=258) No Marfan syndrome (n=6,166) P value

Gender, female 92 (35.7%) 2,115 (34.3%) 0.653

Type of dissection
Type A dissection 164 (63.6%) 3,994 (64.8%) 0.691
Type B dissection 94 (36.4%) 2,172 (35.2%) 0.691

Atherosclerosis 16 (6.8%) 1,398 (23.0%) <0.001

Diabetes mellitus 10 (4.3%) 541 (8.9%) 0.014

Any prior cardiac surgery 107 (44.8%) 835 (14.2%) <0.001

Mitral valve replacement 9 (3.8%) 50 (0.9%) <0.001

CABG 10 (4.3%) 286 (4.9%) 0.705

SD, standard deviation.

Characteristics Marfan syndrome No Marfan syndrome P value

Aortic regurgitation 91 (54.5%) 1,525 (37.1%) <0.001

Periaortic hematoma 17 (9.8%) 7083 (16.5%) 0.018

Arch vessel involvement 61 (35.7%) 1,224 (29.8%) 0.102

False lumen patency

Fully patent 123 (76.4%) 2,094 (62.3%) <0.001
Partial thrombosis 34 (21.1%) 886 (26.4%) 0.138
Complete thrombosis 4 (2.5%) 380 (11.3%) <0.001
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Table 3 Clinical presentation

Variable Marfan syndrome No Marfan syndrome P value
Hours from onset of symptoms to diagnosis, median (IQR) 4.1 (2.3-9.1) 5.0 (3.0-12.0) 0.014
Hours from onset of symptoms to intervention for type A dissections, 8.2 (5.5-28.1) 9.5 (6.0-20.5) 0.117
median (IQR)

Shock 19 (8.3%) 352 (6.5%) 0.293
Coma 13 (5.3%) 475 (7.9%) 0.132
Congestive heart failure 19 (8.2%) 306 (5.4%) 0.074
Aortic insufficiency grade 3 or 4 30 (14.6%) 336 (7.0%) <0.001
Cardiac tamponade 15 (6.3%) 467 (8.2%) 0.309
Myocardial complications* 17 (7.8%) 389 (7.2%) 0.719
Cerebrovascular accident 3 (1.3%) 210 (3.8%) 0.051
Spinal cord ischemia 4 (1.6%) 124 (2.1%) 0.633
Visceral ischemia 12 (56.1%) 294 (5.1%) 0.968
Acute renal failure 13 (5.5%) 629 (11.0%) 0.007
Limb ischemia 16 (6.5%) 753 (12.5%) 0.005

*

interquartile range.

Spin: -42
Tilt: -2

Figure 1 Reconstruction from a 5-year postoperative CT of a
35-year-old patient with Marfan syndrome and type A aortic
dissection, who was submitted to multiple interventions for aortic
valve-sparing, ascending-arch-descending-thoracoabdominal-
abdominal aortic graft replacement. Of note, the native supra-
aortic trunks and Carrel patch for visceral and renal reimplantation

have dilated during follow-up.
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, myocardial complications include: acute myocardial infarction, myocardial ischemia, preoperative low output syndrome. IQR,

Management of type A dissection

In type A dissection patients with or without Marfan
syndrome, open surgery was the preferred treatment
method and was performed in 88.4% and 86.7% of cases,
respectively. Surgical treatment more frequently included
a complete arch replacement (Figure I) in patients with
Marfan syndrome compared to those without (34.1% vs.
19.6%; P=0.019). Concomitant aortic valve replacement was
seen at similar frequency in both groups (37.5% vs. 32.2%;
P=0.483), but Marfan patients more commonly received a
mechanical valve (78.6% vs. 49.9%) or homograft (7.1%
vs. 1.9%) and less commonly a biological valve (14.3% ws.
48.2%; P=0.013). Valve-sparing techniques were used in a
similar percentage of patients (24.4% vs. 19.7%; P=0.462).
Medical management was adopted in a minority of cases,
while endovascular or hybrid procedures were very rarely
performed (7able 4).

Management of type B dissections

The approach to type B dissections showed significant

Ann Cardiothorac Surg 2017;6(6):633-641



Annals of cardiothoracic surgery, Vol 6, No 6 November 2017

637

Variable

Marfan syndrome

No Marfan syndrome P value

Type B dissection

Medical management 47 (50.0%)

Surgical management 27 (28.7%)
Endovascular management 18 (19.1%)

Hybrid management 2 (2.1%)

1,360 (62.6%) 0.014
210 (9.7%) <0.001
550 (25.3%) 0.176
49 (2.3%) 1.000

differences between patients with or without Marfan
syndrome. Patients with Marfan syndrome were more
frequently treated with open surgery than those without
(28.7% vs. 9.7%; P<0.001) and less frequently with
medical management (50.0% vs. 62.6%; P=0.014).
Endovascular and hybrid management were adopted at
similar frequencies (7uble 4).

In-hospital outcomes

The overall in-hospital mortality rate was 10.9% in
patients with Marfan syndrome compared to 16.9% in
patients without Marfan syndrome (P=0.010). Table 5
shows the rates of mortality and neurological complications
(stroke and/or spinal cord ischemia) by type of dissection
and treatment. For patients with type A dissection who
underwent open surgical treatment, there was no significant
difference in mortality between patients with or without
Marfan syndrome (13.1% wvs. 16.6%; P=0.265). For those
who received medical treatment, mortality was very high in
both groups, but lower in patients with Marfan syndrome
than in patients without Marfan syndrome, however, this
did not reach statistical significance (33.3% wvs. 55.4%;
P=0.091). In the cohort of patients with Marfan syndrome
who underwent open surgical treatment for acute type B
dissections (n=27), there were no mortalities, while the
mortality rate in those without Marfan syndrome (n=210)
was 17.6% (P=0.011). The mortality rates of type B
dissection patients treated with medical, endovascular, and
hybrid treatment were also lower in patients with Marfan
syndrome than in those without, however, this difference
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was not statistically significant (see Table 5). Neurological
complications occurred only in the surgically treated
patients with Marfan syndrome (8.2% for type A dissection
and 7.7% for type B dissection). However, there were no
significant differences in the incidence of neurological
complications in the cohort without Marfan syndrome.

Five-year outcomes

Figure 2 shows 5-year survival rates of patients with and
without Marfan syndrome. There was an initial survival
advantage for patients with Marfan syndrome, lost after
a follow-up duration of about 2 years. At 5 years follow-
up, there was no significant difference in survival between
the two groups (80.1% vs. 79.8%; P=0.712). Figure 3
shows reintervention rates of patients with and without
Marfan syndrome. Patients with Marfan syndrome more
frequently needed to undergo reinterventions, starting
within the first year of follow-up. At 5 years follow-up,
the difference between both groups in estimated freedom
from reintervention rate was significant (44.7% vs. 81.5%;
P<0.001). The 5-year freedom from reintervention rate
was 54.4% vs. 88.0% (P<0.001) for patients initially treated
with open surgery, 40.0% vs. 71.9% (P=0.071) for those
with initial endovascular treatment and 32.0% vs. 71.5%
(P<0.001) for patients with initial medical management.

Perspectives

The current updated IRAD analysis confirms a number
of the typical characteristics of Marfan syndrome. First of
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Variable

Marfan syndrome

No Marfan syndrome P value

Type B
Death
Medical 2 (4.3%)
Surgical 0 (0.0%)
Endovascular 1(5.6%)
Hybrid 0 (0.0%)
Neurological complications
Medical 0 (0.0%)
Surgical 2(7.7%)
Endovascular 0 (0.0%)
Hybrid 0 (0.0%)

106 (7.8%) 0.576
37 (17.6%) 0.011
61 (11.1%) 0.708
7 (14.3%) 1.000
0 (0.0%) N/A

24 (13.3%) 0.542
51 (10.3%) 0.380
4 (10.0%) 1.000

all, it shows that dissection in Marfan syndrome occurs in
patients at a younger age (37 vs. 62 years for type A; 40 vs.
64 years for type B). This has also been shown in a previous
IRAD study, focusing on patients <40 years enrolled in the
registry, which found that these patients were more likely to
have Marfan syndrome (as well as bicuspid aortic valve and
previous aortic surgery) than patients >40 years (7). Because
of this younger age, Marfan syndrome patients are less
frequently affected by atherosclerosis and hypertension at
the time of dissection.

Since Marfan syndrome is an autosomal dominant
genetic disorder, it is to be expected that it affects men and
women in equal proportions. However, we found that only
about 35% of patients with aortic dissection were female,
which was not different for patients with Marfan syndrome
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compared to those without, despite the higher incidence
of pregnancy-associated dissection in Marfan syndrome.
Recently published data from a Danish national registry of
Marfan syndrome patients confirm that male patients have
a 75% higher risk of an aortic event than female patients
at any given age (9). Aortic dilatation does not appear to
be more prevalent in male than in female adolescents with
Marfan syndrome (10). It is not clear why aortic dissection
in Marfan syndrome occurs more frequently in men, but
there are several hypotheses, including a still unknown
protective effect of the X chromosome in women (11). This
is suggested by the fact that women with a deficiency of
the X chromosome (Turner syndrome) have a significantly
increased risk of aortic disease, including dissection (12).
We noted significantly larger diameters of the aortic
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Figure 2 Kaplan-Meier curves showing the estimated survival
rates with 95% confidence intervals of aortic dissection patients
with and without Marfan syndrome up to a follow-up duration of

5 years.

annulus and root in the Marfan syndrome cohort, but not
larger diameters more distally. This supports that aortic
dilatation in Marfan syndrome involves the annulus and
root predominantly. The increased diameter of the aortic
annulus is associated with a higher incidence of aortic
valve insufficiency. We did not note a difference between
Marfan and no Marfan syndrome in the frequency of
concomitant aortic valve replacement during surgery for
aortic dissection, but this is probably due to the fact that
almost a third of patients with Marfan syndrome had
already undergone an aortic valve replacement previously.
Interestingly, while the aortopathy in Marfan syndrome
manifests itself mainly in the proximal aorta, we found no
difference in the distribution of type A and B dissection
between the cohorts with and without Marfan syndrome.
Another interesting observation is that the incidence of
aortic rupture appears to be lower in Marfan syndrome, as
suggested by the lower incidence of pericardial effusion and
periaortic hematoma on preoperative imaging. One can
speculate about the cause. It might be due to the interval
time from onset of symptoms to diagnosis, which was
significantly shorter in Marfan syndrome (median 4.1 vs.
5.0 hours, P=0.014), however, the difference in timing of
intervention (for type A dissection) did not reach statistical
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Log-rank P<0.001
0.6
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Cumulative freedom from late
intervention (%)

0.2

No history of Marfans
History of Marfans

0 1 2 3 4 5
Time post-discharge (years)

No. at risk
No. history of Marfans 1,286 988 599 426 324 250
History of Marfans 63 40 21 12 9 6

Figure 3 Kaplan-Meier curves showing the estimated freedom
from reintervention rates with 95% confidence intervals of aortic
dissection patients with and without Marfan syndrome up to a

follow-up duration of 5 years.

significance (8.2 vs. 9.5 hours, P=0.117).

The in-hospital mortality after surgical treatment of type
A dissections was not significantly different for patients
with or without Marfan syndrome. A potential reason
might be the more extensive surgery that Marfan patients
require, both proximally at the level of the aortic root, and
distally, at the level of the arch. Such longer operations are
associated with longer cross clamp times, which is a known
predictor for postoperative mortality (13). Results from
other studies suggest that initial hemiarch replacement,
eventually followed by elective secondary surgery in case
of distal adverse aortic events, is an effective treatment
approach (14,15).

In contrast, the in-hospital survival of Marfan syndrome
patients with type B dissection appears to be better than
that of patients without Marfan syndrome. The cohort that
was treated with open surgery seemed to do especially well,
with a 0% mortality rate (n=27), despite the fact that some
of the patients may have been enrolled up to twenty years
ago. The experience with endovascular treatment of type
B dissection in Marfan syndrome is limited, both within
IRAD and other published literature, but suggests relatively
high complication rates (16). Currently, many experts
believe that only after previous graft replacement of parts
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of the aorta, creating safe landing zones, is there a potential
role for endovascular therapy in Marfan syndrome. In case
medical management fails, open surgery should thus remain
first-line therapy for Marfan syndrome patients with type
B dissection, even in the endovascular era, unless the risk
of open surgery is considered prohibitive or for life-saving
complications.

Lastly, follow-up data show that in a patient cohort with
a mean age of 38 years, the estimated 5-year survival rate is
80% and over half of the patients underwent reinterventions
within 5 years. Late (recurrent) dissection, usually in the
downstream aorta, has been recognized before as a risk
factor for late mortality (3); a recent IRAD study in 204
patients with recurrent aortic dissection found Marfan
syndrome to be a strong independent predictor of recurrent
aortic dissection (hazard ratio 8.6, 95% confidence
interval, 5.8-12.8; P<0.001) (5). It is hypothesized that
the risk of distal aortic dissection is increased by altered
hemodynamics, due primarily to reduced compliance of the
aortic root after graft replacement. Progressive aneurysmal
dilatation due to the inherent weakness of the aortic
wall may be another reason for either proximal or distal
reinterventions. Since the reasons for reintervention were
not included in the analysis, these hypotheses could not be
confirmed or refuted in the current study.

Conclusions

Observations from IRAD confirm the classic clinical
features of aortic dissection in Marfan syndrome. The
majority of patients with type A dissection were treated
with open surgery, which was associated with a 13.1%
in-hospital mortality rate. Half of the patients with type
B aortic dissection could initially be treated medically,
while 28.7% underwent open surgery. The results of open
surgical treatment of type B aortic dissections were excellent
and in case medical therapy fails, should be preferred
above endovascular treatment. Five-year follow-up shows
reduced survival and high reintervention rates in patients
with Marfan syndrome, highlighting the need for a careful
follow-up protocol after the patient survives the acute phase
of aortic dissection.
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