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EARLY POSTOPERATIVE OUTCOMES OF SURGICALLY TREATED AORTIC
DISSECTION IN MARFAN SYNDROME PATIENTS

Ivan Nesi¢t, Jelena Dotli¢23, Igor Zivkovicl, Aleksandra Sljivi¢*, Petar Vukovici?,
Slobodan Micéovic?, Petar MilacCi¢'?, Miroslav Mili¢i¢?, Djordje Zdravkovic?

Milan Cirkovi¢!, Miodrag Peri¢2

Acute aortic dissection remains the leading cause of morbidity and mortality of Marfan
syndrome patients. The study aimed to investigate the early postoperative outcomes of sur-
gically treated aortic dissection in patients with Marfan syndrome. Study included all patients
operated due to aortic dissection at the Cardiac Surgery Department, Dedinje Cardiovascular
Institute in Belgrade during a six year period (2012-2017). Patients were divided regarding the
diagnosis of Marfan syndrome. Preoperatively general data and detailed medical history were
taken from every patient. Upon admission, patients underwent a thorough clinical and cardio-
logic examination. Patients were surgically treated according to current protocols. Postopera-
tively, patients were followed up for one month. During this follow-up period, we registered all
complications and fatality. All pre and postoperatively collected data were compared and
statistically analyzed. Study included 246 patients out of which 7.7% had Marfan syndrome.
Marfan syndrome patients were significantly younger than control group patients (p = 0.001).
There were no significant differences between patient groups regarding sex and smoking
status. All patients with Marfan syndrome had dissection of type I. Marfan syndrome patients
had fewer preoperative chronic illnesses and complications (p = 0.001). There were no
significant differences in mortality (p = 0.702) and frequency of postoperative complications
(p = 0.231) between patients with and without Marfan syndrome. In conclusion, it can be seen
that prompt and adequate diagnosis and surgical treatment of aortic dissection can enable

mostly good early postoperative outcomes in patients with Marfan syndrome.
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Introduction

Marfan syndrome is an autosomal dominant
inherited disorder of the connective tissue in which
cardiovascular, skeletal, ocular and other anomalies
may be present to a variable degree (1). Its pre-
valence is around 1 in 5000 individuals. The com-
bination of structural microfibril matrix abnormali-
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ties, deregulation of matrix homeostasis and inade-
quate cell-matrix interactions present the basis for
clinical characteristics of the Marfan syndrome (2,
3).

The most common cardiovascular manifesta-
tions in patients with Marfan syndrome are progres-
sive aortic dilatation and mitral valve prolapse.
These anatomical abnormalities may cause mitral
insufficiency as well as aortic insufficiency, aneu-
rysm, dissection and even rupture (4). Surgical re-
placement of the dilated aortic root and ascending
aorta has significantly increased the life expectancy
of patients with Marfan syndrome. Nevertheless,
acute aortic dissection remains the most important
complication and the leading cause of morbidity and
sudden death in these patients (5, 6).

Therefore, the study aim was to investigate
the early postoperative outcomes of surgically treated
aortic dissection in patients with Marfan syndrome.

Materials and methods

Study included all consecutive patients who
were operated due to aortic dissection at the Cardiac
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Surgery Department, Dedinje Cardiovascular Insti-
tute in Belgrade during a six year period (January 1t
2012 to December 31t 2017). All patients were
divided into study and control group based on the
diagnosis of Marfan syndrome. Moreover, during
preoperative assessment, fenotypical characteristics
of Marfan syndrome followed in accordance with
Ghent criteria were used for the preoperative dia-
gnosis of Marfan syndrome.

For the study purpose, we took into consi-
deration all parameters that could potentially impact
the outcome of patients with aortic dissection, while
the main tested outcomes were complications and
fatality in early postoperative period.

Preoperatively, general data (age, sex and
smoking status) as well as detailed medical history
were taken from every patient. We registered if
patients had chronic illnesses and/or symptoms/
complications associated with Marfan syndrome that
could be the risk factors or signs of coronary illness
such as hypertension, hyperlipoproteinemia, cerebro-
vascular insults, periphery vascular disease, chronic
kidney insufficiency before operation and other minor
symptoms/complications (fatigue, shortness of
breath, heart palpitations, chest pain, cold extremi-
ties). Upon admission for operation, patients under-
went a thorough clinical and cardiologic examination
with echocardiography for visualization of the dis-
section localization and measuring the diameters of
ascending, descending and abdominal aorta. Only
dissections of the A type (Stanford classification)
were included in the study. Dissections were further
divided into type I and II according to DeBakey
classification system. The heart ejection fraction and
EuroSCORE (www.euroscore.org) were determined
for each patient. Moreover, we registered if the pa-
tient had cerebrovasular insult or heart tamponade
on admission to our institution as the gravest (major)
preoperative complications.

Patients were all surgically treated according
to current protocols for their condition (Bentall pro-
cedure; Interposition tube graft and resuspension of

the aortic valve; Tirone David procedure; hemiarch
replacement and arch replacement) (7, 8). We re-
gistered deep hypothermic cardiac arrest time, cross
clamp time, cardiopulmonary bypass duration.

Postoperatively, patients were followed up for
one month. During that period all complications
were registered such as myocardial infarction, cere-
brovascular insult, paralysis, kidney insufficiency,
other minor complications (prolonged intensive care;
need for intubation; revision of hemostasis; uncom-
plicated urinary infection; sternal wound infection)
and/or lethal outcome.

All pre and postoperatively collected data
were compared and statistically analyzed in the
whole sample as well as in regards to the diagnosis
of Marfan syndrome by applying methods of des-
criptive (mean, standard deviation, frequency and
percent) and analytical statistics (ANOVA and Kuskal
Wallis x? test). Spearman correlation was used to
test the associations of investigated parameters and
postoperative outcomes in the study group of pa-
tients with Marfan syndrome. We used SPSS 20
statistical software for Windows and p value of 0.05
was set as the level of significance.

Results

Study included 246 patients out of which 19
(7.7%) had Marfan syndrome while 227 were in the
control group. Investigated patients were more often
males (p = 0.001), 16 to 86 years of age. At least
one preoperative chronic illness and/or symptom/
complication (major or minor) were registered in
84.6% of our patients. Postoperative complications
were also rather frequent (44.7%), but in the overall
sample, outcome was good for majority of patients
(80.9%; p = 0.001).

Preoperatively collected data as well as post-
operative outcome of investigated patients in the
study and control group are presented in Tables 1
and 2.

Table 1. Descriptive data of investigated patients in the study and control group

Marfan syndrome Control group
Parameters Standard Standard F p
Mean - Mean -
Deviation Deviation

Patients age 55.00 34.84 86.00 59.44 86.211 | 0.001
Ejection fraction 65.00 55.27 65.00 54.46 0.164 0.686
Ascending aorta diameter mm 90.00 56.66 83.00 53.38 1.902 0.169
Descending aorta diameter mm 35.00 26.16 55.00 32.85 5.711 0.018
Abdominal aorta diameter mm 22.00 22.01 61.00 25.26 0.070 0.793
EuroSCORE 18.45 6.52 18.45 7.69 0.025 0.983
EuroSCORE 2 65.47 9.81 32.62 8.39 0.306 0.581
EuroSCORE + Log 38.43 11.73 38.41 13.65 0.033 0.862
DHCA time min 28.00 7.23 34.00 9.71 0.199 0.656
Cross clamp time min 64.00 8.11 65.00 6.21 0.454 0.501
Cardiopulmonary bypass min 141.00 49.68 132.00 61.31 0.398 0.529

Legend: mm - millimeters; min — minutes; DHCA - deep hypothermic cardiac arrest time
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Table 2. Frequency of investigated parameters in study and control group

Parameters Islluan:fsgr synd r;:ne y u(;:’;;:m gro Uoz KW 12 0
Patients sex fn;:':zle 154 Zz; 15698 24618 0.001 0,975
Smoking e T i s T os [ are ] 074 | 038
Dissection type Swns 109 180 139; ?ig 7.177 0.035
Hypertension ;Zs 136 ?::2 15698 ii:g 27.927 | 0.001
protminaermis o[ 1o [ 100 [ 1% [ 819 1 fi01 | 0.3
CVI before ;ZS 118 954.-37 21161 973:.00 0.087 0760
Z?Srér;::ry vascular ;Zs 118 9;.37 22007 981_;32 1815 0.178
T 0 L L8 PP PO
o KW B 2 B 3 PP P
Temporadeon o} 16 | 842 L 167 | 76 | tos | o308
Comroustr w0 | 5 | oa7 | A |3 o | ame
bl I o 38 YRR P
?:i;lci)gzopnrseop. ;Zs 190 252 12989 ;33 21.709 0.001
i e . 0 2.0 e o
o W i L B = PO PR
EZ?ZTf;fUVe ;ZS 118 954_'37 255 909_'91 2.783 0.095
izsjziiek;i;ey ;Zs 127 ?3:? 22070 ??:; 0.031 0.859
complications o L5 @il 98 ] sis | oo
i - O R
Postoperativelethal [ ro L 1o | Bio L 195 | 806 1 ouas | o7

Legend: preop - preoperative; postop — postoperative

In our sample patients with Marfan syndrome
were significantly younger than patients from the
control group. There were no significant differences
between patient groups regarding sex and smoking
status. All patients with Marfan syndrome had dis-
section of type I.

Investigated patients with Marfan syndrome
in general were healthier preoperatively than pa-
tients from the control group. Compared to patients
from the control group significantly fewer patients
with Marfan syndrome had hyperlipoproteinemia and
hypertension, while there were no patients with
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Marfan syndrome who had chronic kidney insuffici-
ency and coronary illness. Periphery vascular di-
sease and cerebrovascular insults were found with
similar frequency in both patient groups.

On examination upon admission for opera-
tion, patients from both groups had comparable
ejection fraction as well as diameters of ascending
and abdominal aorta preoperatively. On the other
hand, descending aorta had larger diameter in pa-
tients of the control group than with Marfan syn-
drome. Still, EuroSCORE for both patient groups -
with and without Marfan syndrome was 18.45.
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Table 3. Correlations of investigated parameters and postoperative outcomes

Early postoperative Early postoperative
Parameters lethal outcome complications
All early postoperative rho 0.963 /
complications p 0.012 /
_ rho -0.171 0.156
Patients age
p 0.483 0.524
rho -0.259 -0.217
Patients sex
p 0.285 0.373
) rho -0.188 0.369
Hypertension
p 0.442 0.120
. rho 0.508 -0.295
Smoking status
p 0.026 0.219
rho -0.102 -0.276
Cerebrovascular insult before
p 0.678 0.252
o ) rho 0.106 0.045
Ejection fraction
p 0.676 0.858
Ascending aorta diameter rho 0.446 -0.630
(millimeters) p 0.063 0.094
Descending aorta diameter rho -0.630 -0.169
(millimeters) p 0.094 0.689
Abdominal aorta diameter rho 0.369 0.369
(millimeters) p 0.120 0.120
o rho 0.208 0.077
Tamponade on admission
p 0.392 0.754
Cerebrovascular insult on rho -0.102 0.201
admission p 0.678 0.409
Other symptoms and rho -0.149 0.293
complications preoperatively p 0.544 0.224
Had some preoperative rho -0.122 0.382
complications / symptoms p 0.620 0.106
rho -0.630 0.369
EuroSCORE
p 0.094 0.120
rho 0.045 0.318
EuroSCORE 2
p 0.858 0.313
rho 0.369 0.201
EuroSCORE Log
p 0.120 0.409
Deep hypothermic cardiac rho 0.522 0.159
arrest time (minutes) p 0.032 0.543
) ) rho 0.072 0.216
Cross clamp time (minutes)
p 0.777 0.390
Cardiopulmonary bypass rho 0.145 0.477
duration (minutes) p 0.554 0.039
Legend: Bold - significant
There were no significant differences in dura- In the early postoperative period patients
tion of hypothermic cardiac arrest as well as the from the control group more often developed myo-
time on the cross clamp between groups. cardial infarction, while patients with Marfan

39



Acta Medica Medianae 2020, Vol.59(1)

Early postoperative outcomes of surgically treated aortic dissection...

syndrome postoperatively more often had other
minor complications. Still, when all postoperative
complications were assessed together there were no
significant differences in their frequency between
groups.

Lethal outcome after the operation for aortic
dissection was generally not very frequent in our
sample and occurred in similar percent of patients
with and without Marfan syndrome.

Finally, in the study group of patients with
Marfan syndrome postoperative lethal outcome sig-
nificantly correlated with having early postoperative
complications, being a smoker and longer duration
of hypothermic cardiac arrest, while early postope-
rative complications were associated with longer
duration of cardiopulmonary bypass (Table 3).

Discussion

Marfan syndrome is caused by more than a
thousand currently described mutations in the fi-
brillin-1 (FBN1) gene (on chromosome 15) encoding
a glycoprotein which is a principal component of the
extracellular matrix microfibril (2, 3). Therefore,
major clinical features of this syndrome result from
weaker connective tissues caused by defects in fi-
brillin-1, but the extent of signs and symptoms are
highly variable because of varying genotype ex-
pression (1). Moreover, some studies have shown
that in Marfan syndrome, function of transforming
growth factor beta (TGF-B), stimulator of inflam-
mation, fibrosis and activator of matrix metallopro-
teinase 2 and 9, is abnormal (9). Increased TGF-p
activation in tissues can cause failure of lung sep-
tation, development of a myxomatous mitral valve
and aortic root dilation. In addition, as the des-
truction of the elastic and collagen lamellae progres-
ses over time, the loss of elasticity in the media
causes increased aortic stiffness and decreased dis-
tensibility. Therefore, due to the loss of appropriate
medial layer support, aortic dissections are facili-
tated (2, 3, 9). Therefore, it is considered that
nearly all patients with Marfan syndrome will de-
velop cardiovascular disease over their lifetimes,
most frequently aortic root enlargement with asso-
ciated aortic regurgitation, thoracic aortic aneurysm,
aortic dissection or mitral valve prolapse (10).

Although nowadays there are well established
clinical criteria and available genetic tests, Marfan
syndrome patients are still diagnosed late. Conse-
quently numerous patients do not get specialist care
before they develop complications (6, 7). According
to the data of a large study covering 20 years period
conducted by The International Registry on Acute
Aortic Dissections around 4% of patients with acute
aortic dissection had Marfan syndrome (1). Studies
on Marfan syndrome patient cohorts reported that
around 36% of patients have an aortic event. The
incidence of aortic complications at the age of 20 is
less than 5% and it increases up to 50% by the age
of 50 years (5, 10, 11). In our sample Marfan syn-
drome was somewhat more frequent reaching
7.7%.

Different studies indicate that patients with
Marfan syndrome have aortic dissection more often
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at a significantly younger age compared to patients
without Marfan syndrome. On the other hand, be-
cause of their younger age, they were found to
generally have less other comorbidities (12, 13).
Patients with Marfan syndrome mostly have lower
incidence of hypertension, atherosclerosis and dia-
betes mellitus, acute renal failure and stroke, while
they more frequently have aortic aneurysms, aortic
insufficiency grade 3 or 4 and prior cardiac surgery
(1, 6). The same was confirmed in our study as well.

Males were found to have a significantly in-
creased risk of aortic events compared with women.
In addition, aortic complications happened earlier in
males than in females (8, 11). Our study also
showed that male Marfan patients were significantly
more often affected by acute dissection than women
(73.7% vs. 26.3%). It is not clear why aortic dis-
section in Marfan syndrome occurs more frequently
in men, but there are several hypotheses, including
a still unknown protective effect of the X chromo-
some in women. 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 (2, 14).

Available data show that distribution of type A
and B dissection seems to occur with a similar
frequency in both patients with and without Marfan
syndrome (11). In our sample, type II dissection
was only registered in the control group patients.
Moreover, the diameter of descending aorta was
significantly larger in the control group patients than
in patients with Marfan syndrome. In some in-
vestigations, significantly larger diameters of the
aortic annulus and root were registered in Marfan
syndrome patients with aortic dissections, but not
larger diameters more distally (1, 15). In our sam-
ple, patients with and without Marfan syndrome had
similar diameters of ascending and abdominal aorta.
However, neither of the preoperatively measured
diameters of the aorta was associated with early
postoperative complications or outcomes in Marfan
syndrome patients.

Another interesting observation from the
literature is that the incidence of aortic rupture
appears to be lower in Marfan syndrome, as sug-
gested by the lower incidence of pericardial effusion
and periaortic hematoma on preoperative imaging
(1, 10). Contrary, in our study no significant dif-
ferences in preoperative tamponade occurrence
were noted between patients with and without
Marfan syndrome.

Open aortic repair is the gold standard for
treating patients with aortic dissection. The aortic
root is commonly replaced while some patients may
also need distal aortic repair (7, 8, 15, 16). Despite
improvement in prevention and surgical techniques,
aortic aneurysm repair is still a high-risk operation
for patients with Marfan syndrome (17). Failure to
extend the primary surgery to aortic root or arch
repair was found to correlate with more postope-
rative complications (13, 18). However, elective
repair of aortic aneurysms in Marfan syndrome pa-
tients usually has excellent survival and postope-
rative quality of life. Mortality in urgent or emergent
repair is somewhat higher, but still quite acceptable
(18-20).



Early postoperative outcomes of surgically treated aortic dissection...

Ivan Nesi¢ et al.

The mortality rates in the first month after
surgery for aortic dissection vary in literature data.
Some centers managed to achieve very low early
postoperative adverse events (2 to 6% of Marfan
syndrome patients) which mostly occurred due to
intraoperative ruptures (10, 11). In the USA authors
reported 4.4% 30-day mortality in patients with
Marfan syndrome who underwent urgent ascending
aortic repair. Postoperative survival is usually above
60% even in case of reintervention (18). Other
findings showed that the overall in-hospital mortality
rate after surgery is 10.9% in patients with Marfan
syndrome compared to 16.9% in patients without
Marfan syndrome (1, 19). The early mortality in type
A dissection was not significantly different in patients
with or without Marfan syndrome, but in case of
type B dissection mortality was lower in patients
without Marfan syndrome (4, 13). In our sample, in-
hospital mortality was not high and comparable with
the mortality currently reported for the overall aortic
dissection population, which ranges between 8%
and 20% in high-volume centers (1, 20). In our
study there were no significant differences in early
postoperative mortality of patients with and without
Marfan syndrome.

According to the literature data, risk factors
for adverse postoperative outcome in Marfan syn-
drome patients were younger age at surgery, post-
operative use of ECMO, post-operative hemorrhage,
neurologic complication and having additional coro-
nary artery procedure (10, 16, 17). Sex and race/
ethnicity were not associated with mortality after
surgery for aortic dissection regardless of having or
not the Marfan syndrome (5, 10). We found that in
Marfan syndrome patients, postoperative lethal out-
come was associated with having early postopera-
tive complications, being a smoker and longer dura-
tion of hypothermic cardiac arrest, while early post-
operative complications were associated with longer
duration of cardiopulmonary bypass.

Postoperative complications after surgery for
aortic dissection are mostly common in available
studies reaching 45% (5, 20). The most frequently
reported complications were arrhythmia, post-ope-

rative hemorrhage, pericardial complications and
respiratory complications (10). The most common
complications in Marfan syndrome patients are pul-
monary complications. Postoperative neurological
complications occurred only in patients with Marfan
syndrome (1). On the other hand, permanent stroke
and paraplegia, gastrointestinal ischemia as well as
renal failure were found to occur rarely in Marfan
syndrome patients (16, 19). In our study postope-
rative complications were registered in around 50%
of patients, but there were no significant differences
in their frequency between patients with and without
Marfan syndrome. Moreover, Marfan syndrome pa-
tients postoperatively more often had only minor
complications. These good results are probably re-
lated to the relatively young age at the time of sur-
gery and low prevalence of comorbidities in patients
with Marfan syndrome.

Conclusion

Results of our study show that with prompt
and adequate diagnosis and surgical treatment of
aortic dissection early postoperative outcomes in
patients with Marfan syndrome are mostly good.
Mortality rates of Marfan syndrome patients are low
and postoperative complications are minor. More-
over, the outcomes of surgically treated aortic dis-
sections are generally comparable in patients with
and without Marfan syndrome. The parameters that
impact Marfan syndrome patients’ postoperative
outcome are longer duration of cardiopulmonary
bypass and hypothermic cardiac arrest, having early
postoperative complications and being a smoker.
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RANI POSTOPERATIVNI ISHODI HIRURSKI TRETIRANE AORTNE
DISEKCIJE KOD BOLESNIKA SA MARFANOVIM SINDROMOM
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Akutna disekcija aorte ostaje vodeci uzrok morbiditeta i mortaliteta bolesnika sa
Marfanovim sindromom. Studija je imala za cilj da ispita rane postoperativne ishode hirurski
tretirane disekcije aorte kod bolesnika sa Marfanovim sindromom. Studija je obuhvatila sve
bolesnike operisane zbog disekcije aorte na Klinici za kardiohirurgiju Instituta za kardio-
vaskularne bolesti “Dedinje” u Beogradu, tokom perioda od Sest godina (2012. - 2017.).
Bolesnici su bili podeljeni u odnosu na postojanje dijagnoze Marfanovog sindroma. Preo-
perativnho od svakog bolesnika uzeti su opsti podaci i detaljna medicinska istorija. Nakon
prijema, bolesnici su bili podvrgnuti temeljnom klinickom i kardiolosSkom pregledu. Bolesnici su
hirurski tretirani prema aktuelnim protokolima. Postoperativno, bolesnici su praéeni mesec
dana. Tokom ovog perioda pracenja registrovane su sve komplikacije i registrovana je
smrtnost. Svi preoperativno i postoperativno prikupljeni podaci uporedeni su i statisticki
analizirani. Studija je obuhvatila 246 bolesnika od kojih je 7,7% imalo Marfanov sindrom.
Bolesnici sa Marfanovim sindromom bili su znacajno mladi od bolesnika kontrolne grupe (p =
0,001). Nije bilo znacajnih razlika izmedu grupa bolesnika u pogledu pola i pusackog statusa.
Svi bolesnici sa Marfanovim sindromom imali su disekciju tipa I. Bolesnici sa Marfanovim
sindromom imali su manje preoperativnih hroni¢nih bolesti i komplikacija (p = 0,001). Nije
bilo znacajnih razlika u mortalitetu (p = 0,702) i uCestalosti postoperativnih komplikacija (p =
0,231) izmedu bole-snika sa Marfanovim sindromom i bez Marfanovog sindroma. U zakljucku
se moze videti da brza i adekvatna dijagnoza i hirurSko leCenje disekcije aorte mogu
omoguciti uglavnom dobre rane postoperativnhe ishode kod bolesnika sa Marfanovim
sindromom.
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