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Abstract
Objective—To evaluate survival and com-
plication free survival in patients with
Marfan’s syndrome and to assess the pos-
sible influence of recently revised guide-
lines for prophylactic aortic root
replacement in these patients.
Methods—130 patients who had been
attending one institution over 14
years were evaluated. Kaplan–Meier
analysis was performed in 125 patients
who did not present with aortic root
dissection as the first sign of Marfan’s
syndrome, with the end points: death,
aortic root dissection, and prophylactic
aortic root replacement after diagnosis.
In the patients developing aortic root
dissection, current guidelines for prophy-
lactic aortic root replacement were retro-
spectively applied to investigate the
number of dissections that could theoreti-
cally have been prevented. The guidelines
were: (1) aortic root diameter > 55 mm,
(2) positive family history of aortic dis-
sections and aortic root diameter > 50
mm, and (3) aortic root growth > 2
mm/year. Outcomes following emergency
surgery (15 patients) and prophylactic
surgery of the aortic root (30 patients)
were compared.
Results—Five and 10 year survival after
diagnosis was 95% and 88%, and the five
and 10 year complication free survival was
78% and 66%, respectively. Thirteen pa-
tients developed dissection, 30 underwent
prophylactic repair, and 82 had an uncom-
plicated course. Eleven dissections could
theoretically have been prevented by ap-
plication of the current guidelines. Five
year survival following emergency and
prophylactic repair of the aortic root was
51%, and 97%, respectively.
Conclusions—Survival in the Marfan’s
syndrome in the past 14 years seems satis-
factory; with application of current guide-
lines, it has probably even improved.
However, because of the high fatality rate
in Marfan patients developing aortic root
dissection, more extensive screening for
Marfan’s syndrome and a search for addi-
tional risk factors are desirable.
(Heart 1999;82:499–504)
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Prognosis in patients with Marfan’s syndrome
is mainly determined by aortic complications,
especially of the aortic root.1–5 Clinical manage-
ment is primarily aimed at the prevention of
dissection of aortic root aneurysms, as these
complications are associated with a high
mortality.6–8 Improvements in surgical tech-
niques during recent decades have facilitated
the prophylactic replacement of the aortic root
with a composite graft (the Bentall
procedure).7–10 Application of this technique
was probably the main reason for the increase
in survival from 40 years in 1970 to approxi-
mately 60 years in 1990.3 5 Prophylactic
replacement of the aortic root was originally
performed when it had reached a diameter of
60 mm (previous guidelines).11–13 Recently, new
guidelines have been developed and prophylac-
tic surgery is now recommended at an aortic
root diameter of > 55 mm in adults, at an
aortic root diameter > 50 mm in children, and
in adults with a family history of aortic dissec-
tion, and when excessive aortic root growth
occurs (current guidelines).13–17 In only one
study has excessive aortic root growth been
quantitatively defined as an annual increase in
aortic root ratio of > 5%, representing ap-
proximately 2 mm/year in adults with Marfan’s
syndrome.17 In children with Marfan’s syn-
drome, excessive aortic root growth is even
more diYcult to quantify because of concomi-
tant physiological aortic root growth.18–23

The influence of revised guidelines on
survival and complication free survival is still
unknown. Accordingly, our aims in this study
were first, to determine survival and complica-
tion free survival in the patients who were
diagnosed as having Marfan’s syndrome in our
institution between 1984 and 1998; second, to
assess the possible influence of current guide-
lines for prophylactic repair, when applied ret-
rospectively to the patients who developed aor-
tic root dissection in the period from 1984 to
1998; third, to investigate possible diVerences
in Marfan related features and aortic root
growth between patients without complica-
tions, prophylactically operated patients, and
patients who developed aortic root dissection;
and finally, to determine diVerences in survival
between patients who were operated prophy-
lactically and patients who underwent emer-
gency surgery for aortic root dissection.

Methods
PATIENT POPULATION

From 1984 until 1998, 130 patients were diag-
nosed as having Marfan’s syndrome by the
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multidisciplinary screening team of our institu-
tion. Diagnosis was performed according to the
Berlin criteria during the period 1986–1996
and according to the revised Ghent criteria
thereafter.24 25 Of the 130 patients, five pre-
sented with aortic root dissection as the first
symptom of Marfan’s syndrome and they were
subsequently excluded from follow up analysis.
Survival and complication free survival of the
remaining 125 patients were assessed with well
defined end points—death, death or aortic root
dissection, and death or aortic root dissection
or prophylactic replacement of the aortic root.

RISK ASSESSMENT

For risk assessment with respect to aortic root
complications, the 125 patients were divided
into three groups:
Group A: no aortic root dissection or aortic
root surgery (n = 82, age range 0 to 68 years);
Group B: prophylactic replacement of the aor-
tic root (n = 30, age range 3 to 49 years);
Group C: dissection of the aortic root (n = 13,
age range 11 to 55 years).

Table 1 shows the clinical characteristics of
the patients. All aortic root diameters were
measured by M mode or cross sectional echo-
cardiography, which can be used interchange-
ably as we have shown in an earlier study.26 The
occurrence of Marfan related cardiovascular,
ocular, skeletal, integumentary, and pulmonary
features, the presence of aVected family mem-
bers with or without aortic dissection, and
annual aortic root growth rate were compared
in the three groups. Annual aortic root growth
was assessed in 85 patients, who were older
than 16 years of age, and in whom at least two
sequential measurements of aortic root diam-
eter were available. In the group without aortic
complications (group A, n = 52), the most
recent measurements were analysed, whereas
in the prophylactically operated group (group
B, n = 21) and in the group of patients who
developed aortic root dissection (group C,
n = 12) the final measurements before surgery
or dissection were analysed. Aortic root growth
was expressed as the slope of the linear correla-
tion between aortic root size and age.

CURRENT GUIDELINES

The patients who developed aortic root dissec-
tion were retrospectively analysed in relation to
the current guidelines for prophylactic replace-
ment of the aortic root—that is, aortic root
diameter > 55 mm; aortic root diameter > 50
mm and a family history of aortic dissection; or
growth of the aortic root diameter of > 2
mm/year

We subsequently investigated how the cur-
rent guidelines might hypothetically have
prevented aortic root dissection in these
patients.

COMPARISON OF SURVIVAL AFTER PROPHYLACTIC

AND EMERGENCY SURGERY

Survival of the patients who underwent pro-
phylactic replacement and emergency repair of
the aortic root (by means of the button Bentall
procedure27) was compared. The five patients
who presented with aortic root dissection as
the first symptom of Marfan’s syndrome were
reincluded only for this analysis (n = 130).

STATISTICAL ANALYSIS

Survival and event free survival were calculated
by Kaplan–Meier analysis. The occurrence of
Marfan related features was compared in the
three groups by the Fisher exact probability
test. DiVerences in aortic root growth rates
between the three groups were assessed using
the Mann–Whitney U test. A probability (p)
value of < 0.05 was considered significant.

Results
SURVIVAL AND EVENT FREE SURVIVAL

Mean (SD) follow up of the 125 patients was
8.9 (4.0) years. Eleven patients died, all as a
result of cardiovascular complications, and
nine (82%) as a direct result of aortic root dis-
section. Cumulative survival and complication
free survival during 16 years were assessed by
Kaplan–Meier analysis (fig 1). Five year and 10
year cumulative survival was 95% and 88%,
respectively. After five and 10 years, the
complication free survival was 78% and 66%,
respectively.

Table 1 Clinical characteristics of 125 patients with Marfan’s syndrome at time of diagnosis, selected by aortic root
complications

Total
(n = 125)

No aortic root
complications (A, n = 82)

Elective aortic root
replacement (B, n = 30)

Aortic root dissection
(C, n = 13)

Sex (M/F) 64/61 37/45 20/10 7/6
Age (years) (mean (SD)) 21 (15) 19 (15) 24 (14) 30 (15)
Aortic root diameter (mm) (mean (SD)) 38 (12) 33 (9) 49 (15) 42 (8)
Positive family history of

Marfan’s syndrome 71% 72% 67% 77%
Dissection 50% 45% 53% 69%

Figure 1 Kaplan–Meier curves of survival
(uninterrupted line), survival without aortic root dissection
(dotted line), and survival without aortic root
complications (dashed line) in 125 Marfan patients. The
numbers of patients followed up are given in the lower part
of the figure.
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RISK ASSESSMENT

For risk analysis, the patients were divided into
three groups. Figure 2 shows the number of
patients in the three groups schematically.

Of the 82 patients in whom no aortic root
complication occurred (66%), one patient died
of heart failure owing to severe mitral regurgi-
tation at the age of 17 months and one patient
developed type B dissection at 47 years.

Thirty patients (24%) underwent prophylac-
tic aortic root surgery. One patient in this
group died of cardiac arrest postoperatively at
the age of 12 years, three patients developed
aortic complications at other levels of the aorta,
and in one patient reoperation on the aortic
root was necessary.

Of the 13 patients who developed aortic root
dissection (10%), three died before reaching
hospital. Five of the remaining 10 patients died
perioperatively and one patient died six years
after emergency surgery from rupture of an
abdominal aortic aneurysm. Two patients
developed type B dissection before aortic root
dissection occurred. Of the five patients who
survived emergency surgery, four developed
aneurysms in the aortic arch or the descending
aorta, in two cases leading to further surgical
intervention.

The occurrence of Marfan related clinical
features was compared between the three
groups. In patients without aortic root compli-
cations (group A) and in those with prophylac-
tic repair (group B), lens subluxation was
present in 45% (37/82) and 53% (16/30),
respectively. In patients with aortic root dissec-
tion (group C), there was significantly less lens
subluxation (1/13; p < 0.05 v group A;
p < 0.01 v group B). No significant differences
in other Marfan related phenotypic features or
in familial involvement could be demonstrated
between the three groups.

Table 2 shows the clinical characteristics of
the 43 patients who underwent aortic root sur-
gery. Prophylactic aortic root replacement was
performed at a mean age of 28 years and at a
mean aortic root diameter of 60 mm, whereas
aortic dissection developed at a mean age of 35
years and at a mean aortic root diameter of 53
mm.

AORTIC ROOT GROWTH

Mean aortic root growth was 0.5 (0.6)
mm/year in the “uncomplicated” group (group
A), which was significantly diVerent from aor-
tic root growth in the prophylactically operated
group (group B) (p < 0.0001) and in the
dissected group (group C) (p < 0.01). The
aortic root growth rates in groups B and C are
shown in table 2.

CURRENT GUIDELINES

In the 13 patients who developed aortic root
dissection, the current guidelines for prophy-
lactic aortic root replacement were retrospec-
tively applied in the period preceding dissec-
tion (fig 3). In five of the 13 patients, aortic
root dissection occurred at a diameter > 55
mm (55 to 65 mm). Of the remaining eight
patients, four developed aortic root dissection
at a diameter of 50 to 55 mm with a family
history of aortic dissection, and two showed
excessive growth of the aortic root (> 2
mm/year), presently an indication for prophy-
lactic replacement of the aortic root in our
institution. Consequently, only two patients
remained in whom, theoretically, aortic root
dissection could not have been prevented by
the application of the current guidelines. In
neither of these two patients was any known
risk factor for aortic root dissection present
(other than the diagnosis Marfan’s syndrome
itself). The aortic root diameter of one patient
had been 37 mm and of the other 52 mm for
several years at the time dissection occurred.
In both cases the family history was positive
for Marfan’s syndrome but not for aortic
dissection.

Figure 2 Subdivision of 125 patients into the three groups A, B, and C, according to
aortic root complication. Absolute numbers are indicated, with deceased patients in brackets.

A. No aortic root complications 

B. Elective aortic root replacement 

C. Aortic root dissection

82 (1)

30 (1)

13 (9)

125 Patients

Emergency aortic
root replacement

Yes 10 (6)

No 3 (3)

Table 2 Clinical characteristics in 43 patients with Marfan’s syndrome at time of elective
aortic root replacement or aortic root dissection

Total (n = 43)
Elective aortic root
replacement (B, n = 30)

Aortic root dissection
(C, n = 13)

Age (years) 30 (13) 28 (12) 35 (14)
Aortic root diameter (mm) 58 (11) 60 (12) 53 (7)
Time since diagnosis (years) 4.7 (4.0) 4.5 (4.2) 5.3 (3.7)
Aortic root growth (mm/year) 2.9 (3.4) 3.6 (4.0) 1.8 (1.3)

Values are mean (SD).

Figure 3 Hypothetical clinical course of 13 patients with
Marfan’s syndrome who developed aortic root dissection in
the previous 14 years, when current guidelines were
retrospectively applied. n, number of patients; *annual
aortic root growth rate of > 2 mm/year. In 11 of the 13
patients, current guidelines would have indicated the need
for prophylactic aortic root surgery before dissection
occurred.
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COMPARISON OF SURVIVAL AFTER PROPHYLACTIC

AND EMERGENCY SURGERY

Figure 4 shows the diVerences in survival of
patients with Marfan’s syndrome after prophy-
lactic (n = 30) and emergency (n = 15) aortic
root replacement, with a five year cumulative
survival of 97% and 51%, respectively
(p < 0.001). Mean age during prophylactic
repair did not diVer significantly from the mean
age during aortic root dissection, at 28 (12) v
34 (14) years; p = 0.14. Of the 30 patients who
underwent prophylactic repair, one died of car-
diac arrest postoperatively at the age of 12
years, one had a reoperation of the aortic root,
and two underwent surgery on the descending
aorta. Nine of the 15 patients (60%) who
underwent emergency repair eventually died:
six died perioperatively and three died several
years after emergency surgery (two following
complications in the aortic arch or descending
aorta, and one following complications in the
aortic root). Of the six remaining patients,
three developed complications in the aortic
arch and descending aorta, requiring surgery.

Discussion
SURVIVAL AND EVENT FREE SURVIVAL

Our aim in this study was to determine survival
and event free survival in our Marfan patient
population. Five and 10 year cumulative
survival following diagnosis was 95% and 88%,
respectively. Although long term prognosis
seems reasonably good, it should be kept in
mind that these figures relate to a rather young
patient population (with a mean age of 21 years
in our study), and that survival is far from
uncomplicated in a considerable proportion of
the patients. Our study showed that 34% of all
diagnosed cases (43 of 125) will develop
serious cardiovascular complications (varying
from major cardiac surgery to death) in the fol-
lowing 10 years. All these findings are consist-
ent with the results of other recent
studies.4–5 10 16 Cardiovascular complications
were the only cause of death, with aortic root
dissection counting for 82% of overall mor-
tality in our study. These numbers are in line
with previous studies, reporting values between
71% and 100% for cardiovascular deaths, of
which 80–100% are the result of aortic root
dissection.3–5 16

COMPARISON OF SURVIVAL AFTER PROPHYLACTIC

AND EMERGENCY SURGERY

Thirty of 125 patients (24%) underwent
prophylactic surgery of the aortic root. Five
year survival, which remained 97% after 10
years in these patients, was significantly better
than in those undergoing emergency surgery
for aortic root dissection (51% at five years and
31% at 10 years, respectively). These findings
emphasise once again the clinical importance
of early intervention in patients at risk for aor-
tic root dissection.28

CURRENT GUIDELINES

Current recently revised clinical guidelines
could in theory have prevented 11 of 13 aortic
root dissections (85%) by prophylactic replace-
ment of the aortic root, which seems to be a
reasonable improvement over the clinical strat-
egy of the past 14 years. Further lowering of the
threshold—for example, from 55 to 50 mm,
routinely—would have prevented only one
more dissection, which does not seem to
outweigh the disadvantages of prophylactic
surgery in a considerable number of patients.
Two patients developed aortic root dissection
without any predisposing risk factors, even
according to current guidelines. Aortic dissec-
tion with only moderate aortic dilatation has
been observed in various Marfan
studies.8 17 29–31 Therefore, investigation of other
risk factors, such as aortic stiVness, remains
important.32 33

RISK ASSESSMENT

Excessive aortic root growth has undoubtedly
contributed to the decision to perform prophy-
lactic surgery in the past 14 years. This is
reflected by the high aortic root growth rates in
this prophylactically operated patient group
(mean 3.6 mm/year). In the group without any
aortic complications, this growth was signifi-
cantly less (mean 0.5 mm/year). In this
population, mean aortic root growth aug-
mented by two standard deviations was 1.7
mm/year, which seems reasonably in line with
the threshold for excessive aortic root growth
proposed by Legget et al.17 Although significant
diVerences in the prophylactically operated
group were found, the group of patients devel-
oping aortic root dissection did not show
excessive aortic growth (mean 1.8 mm/year). It
is possible that these patients are not consid-
ered to be at risk for aortic dissection because
of their only mildly accelerated aortic root
growth.

In the group of patients who developed aor-
tic root dissection, lens subluxation was less
often present than in the uncomplicated and
prophylactically operated patients. This phe-
nomenon was also shown in the study by Leg-
get et al,17 and probably reflects the diagnostic
importance attached to lens subluxation as a
phenotypic feature in Marfan’s syndrome.
Lack of this classical feature is therefore associ-
ated with delayed diagnosis and more severely
aVected aortas.34 Thus the age at diagnosis of
dissected patients in our study population was
apparently higher than in the other Marfan
groups. Aortic root dilatation at the time of

Figure 4 Kaplan–Meier survival curves of 30 patients
who underwent prophylactic replacement of the aortic root
and 15 patients who underwent emergency replacement of
the aortic root. The numbers of patients during follow up
are indicated in the lower part of the figure. A significant
diVerence between the survival curves is demonstrated
(p < 0.0001).

1.0

0.8

0.6

0.4

0.2

0.0
10

7
1

9
1

12
4

15
6

18
7

30
15

Time after aortic root surgery (years)
C

u
m

u
la

ti
ve

 s
u

rv
iv

al

0 8642

502 Groenink, Lohuis, Tijssen, et al

http://heart.bmj.com


dissection, however, was less pronounced than
in the group who underwent prophylactic
repair (at the time of surgery). A possible
explanation for this observation is that 12 of the
30 patients (40%) with prophylactic repair
presented at the first visit with a severely dilated
aortic root (52 to 100 mm) and underwent
surgery soon afterwards. Hence, mean aortic
root diameter in this group exceeded the mean
diameter in the dissected patients. Absence of
lens subluxation as a clinical feature, and high
mutation frequencies (29% in our study, 44%
in the study by Legget et al 17), may necessitate
a more aggressive screening policy to prevent
cardiovascular catastrophes in a relatively
young patient population.

Relative longevity in prophylactically oper-
ated Marfan patients may unmask progressive
degenerative disease of the remaining aorta,
resulting in aneurysmal dilatation, dissection,
and rupture of the aortic arch and descending
aorta, which might influence survival.35 36 In
our study, this was especially the case in the
patients who underwent emergency surgery
(four of five surviving patients), but also for the
other patient groups. Evaluation of the entire
aorta by computed tomography or magnetic
resonance imaging has therefore become a
crucial issue in the clinical follow up of Marfan
patients, both before and after aortic root sur-
gery.

STUDY LIMITATIONS

Our data relate only to clinically recognised
Marfan patients. These patients occasionally
withdrew from follow up, resulting in prophy-
lactic surgery at a larger aortic root diameter
than desired by the attending physician, or
resulting in aortic root dissection.

The occurrence of lumbosacral dural ecta-
sia, which was recently recognised as a major
feature of Marfan’s syndrome,25 37 was not
evaluated, because these data were lacking in
most patients.

Although it has been recommended that
aortic root growth should be expressed in aor-
tic ratios (relative to expected aortic root size
from body surface area nomograms),13 17 19–21

only patients older than 16 years were used for
aortic root growth analysis, and physiological
growth is not expected to make an important
contribution to increases in aortic root diam-
eter after that age.20 21 The normal average aor-
tic root growth after the age of 20 years is
approximately 0.85 mm/decade which seems
unlikely to influence our measurements.38

The influence of â adrenergic blocking
agents on aortic root growth, aortic complica-
tions, and survival was not analysed. Many of
our patients were diagnosed before the benefi-
cial eVects of â adrenergic blocking agents were
known and several received treatment for only
a limited period of time, or were treated with
several types or dosages.

CONCLUSIONS

Survival in Marfan’s syndrome seems satisfac-
tory, although it is not complication free in
many patients.

The recent revision of clinical guidelines will
probably lead to a substantial reduction in
aortic root dissections in patients with
Marfan’s syndrome. However, a few patients
will develop aortic root dissection in the
absence of any known risk factor. Further
improvement in prognosis of Marfan patients
might be achieved by the earlier detection of
Marfan patients, by the application of current
clinical guidelines, by evaluation and follow up
investigation of the entire aorta, and by inves-
tigation of other risk factors for aortic
dissection.
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