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Background: Aortic aneurysm and dissection are important causes of morbimortality in patients with
Marfan syndrome (MFS) and other connective tissue diseases that affect the cardiovascular tissues. Timely
intervention through different surgical techniques improves the prognosis. Both sparing and replacement-
type interventions of the aortic valve are used, but selection depends on the condition of the patient at the
time of diagnosis, the patient’s emergency condition, surgeon preference and hospital resources. Previous
meta-analyses have suggested an advantage with the use of sparing-type interventions, but this finding must
be updated and extended to patients with other connective tissue disorders. The objetive of this study is
to evaluate the outcomes of valve-sparing root replacement versus aortic root replacement procedures in
patients with MFS and similar connective tissue diseases that present with aortic aneurysm or dissection.
Methods: A systematic review of cohort studies that evaluated sparing-type (preserving, remodeling,
reimplantation, Yacoub, David or Florida Sleeve) or replacement-type (repair, Bentall, Button-Bentall,
composite valve graft or Cabrol) procedures in patients with Marfan, Loeys-Dietz, Beals-Hecht or Ehlers-
Danlos syndromes was done. Studies were retrieved from the SCOPUS, MEDLINE, CINAHL, EMBASE
and LILACS electronic databases up to January 2020 without language restrictions. Only studies that
directly compared sparing- versus replacement-type procedures were included in the meta-analysis.
Results: A total of 33 studies (n=1,807 subjects) reported sparing-type surgical interventions and 26
studies (n=2,218 subjects) reported replacement-type surgical interventions. Pooled rates of endocarditis,
thromboembolism and aneurysm were higher in replacement-type surgical intervention studies. Sixteen
studies were included in the meta-analysis. Sparing-type interventions were associated with a reduced risk of
endocarditis (RR =0.13, 95% CI: 0.03-0.61); however, replacement-type interventions favored freedom from
valve reoperation (RR =2.39, 95% CI: 1.24-4.60). All studies were at low risk of bias.

Conclusions: The choice of the best surgical technique is dependent on the type of disease (MFS or
other connective tissue diseases) as well as the accompanying aortic and cardiovascular damage, since these
key factors are heterogeneous. Although the results of this meta-analysis tend to show some advantages for
one type of surgical intervention over the other and viceversa, the surgeon can only make the best decision

during the surgical act.
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Introduction

Of the connective tissue diseases that affect the
cardiovascular system, Marfan syndrome (MFS) is more
common than other genetic conditions or similar syndromes
(SS). MES, an autosomal dominant genetic disease, is caused
by a mutation of the fibrillin-1 gene, a major glycoprotein
of the extracellular matrix, which leads to the deterioration
of the connective tissue. The ocular and skeletal systems are
also affected in MFS (1-4).

Loeys Dietz Syndrome (LDS) is associated with
mutations in the genes of transforming growth factor 1
and 2 (TGFBRI1 and TGFBR?2). Although LDS is similar
to MFS, LDS patients can present with aortic dilation that
progresses rapidly to aortic dissection; therefore, differential
diagnosis is essential because this can influence the timely
surgical decision (5).

Also, aortic dilation progresses rapidly in other SS, such
as type IV Ehlers-Danlos syndrome, which is characterized
by a mutation in a gene that encodes collagen chains (6-8).

Different cardiovascular conditions such as valve disease,
aortic dilation, aneurysm and dissection are cardiovascular
complications associated with decreased survival in patients
with MFS and SS, especially when diagnosis is late.

Improvements in the treatment of aortic damage
were not feasible until synthetic grafts that allow the
vascular segment to be replaced were manufactured and
commercialized in the late 1950s (9). Since then, various
surgical techniques have been developed to replace the
affected segment. For instance, Mueller reported the
supracoronary replacement technique in 1960 (10), Starr
and collaborators published the supracoronary replacement
and that of the aortic valve in 1963, and Wheat et 4/.
described a radical technique of resection of the aortic wall
in 1964 (11). It was not until 1968 that Bentall and De Bono
described the technique to replace the ascending aorta and
the aortic valve with a graft containing a valvular prosthesis
with lateroterminal reimplantation of the ostium of the
coronary arteries (12).

In the last 50 years, “prophylactic” surgery with
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replacement of the aortic root has gained popularity among
surgeons because it entails less risk to and improves survival
in patients with aortic aneurysms.

In patients with MFS who have an aneurysm of the aortic
root, the valve preservation procedure (David) has been
increasingly used because it is thought of as a technique
that offers better results (13); however, the pre-surgical
condition of the patient, the duration of surgery and the
type of postoperative complications affect the outcomes.

Overall results of surgery depend on the general
condition of each patient, the number of dilated aortic
segments, the diameter of the affected segments and the
presence or absence of dissection; however, associated
valvular damage and other cardiovascular conditions
can also influence the outcome. Furthermore, surgical
technique and whether the intervention is urgent or
elective are factors that may interfere with the results.
The literature describes the association between different
surgical techniques and outcomes used in MFS patients, but
few include the wide array of patients with SS.

The heterogeneity between the different surgical
techniques and connective tissue diseases has made it very
difficult to draw conclusions about the performance and
impact of each surgical technique on the outcomes relevant
to these conditions. Knowledge of more specific data could
broaden the evidence needed to guide the selection of a
particular surgical technique. Consequently, we performed a
systematic review and meta-analysis to determine the results
of the different surgical techniques used in patients with
different connective tissue diseases that present with aortic
dilation or dissection.

We present the following article in accordance with the
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-789).

Methods
Data sources and search

With the assistance of a librarian (MA), potentially relevant
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articles were identified by searching EMBASE, MEDLINE,
CINAHL/EBSCO, LILACS, OVID, KOREAMED and
COCHRANE LIBRARY SCOPUS electronic databases
up to January 2020 without any language restrictions. The
search strategy was operated in MEDLINE with use of
MeSH terms (Table 1).

All articles and abstracts (including unpublished doctoral
theses) that fulfilled the (PICO) criteria were included
for further analysis: (P) population: MFS, Loeys-Dietz
syndrome, Beals-Hecht syndrome, Sprintzen-Goldberg
syndrome or Ehlers-Danlos syndrome patients of any
age and gender with thoracic aortic aneurysm and/or
dissection; (I) intervention: valve-sparing root replacement
(VS) (preserving, remodeling, reimplantation, Yacoub,
David or Florida Sleeve) or replacement procedure (VR)
(repair, Bentall, Button-Bentall, composite valve graft or
Cabrol); (C) comparator: VS or VR, as appropriate; and (O)
outcomes: in-hospital mortality (before hospital discharge),
late mortality (occurring >30 days after hospital discharge),
stroke, acute myocardial infarction, aortic insufficiency,
endocarditis, thromboembolic events, bleeding, arrhythmia,
dissection, aneurysm and reintervention due to bleeding or
for valve repair. Both retrospective and prospective cohorts
were acceptable study designs. Care was taken to select the
articles that fulfilled the standards set in the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) statement (14). A study was excluded if: (I) it
was a duplicate report or an update from a previous cohort,
(II) it reported data that were not stratified by syndrome
and surgical technique, or (III) it reported outcomes solely
in a graphical format. Concomitant surgical interventions
(such as coronary-artery bypass grafting or mitral valve
repair) were not considered exclusion criteria. Previous
meta-analyses were identified and any missing studies not
retrieved during the previous steps were included and
analyzed as mentioned above.

Three investigators (MES, EO and JA) independently
reviewed all citations identified through the literature
search using a predefined protocol. Articles that did not
meet inclusion criteria during the title and abstract analysis
were excluded. The remaining articles were selected for full
text review. When limited information was available from
the abstract, the full text was always obtained. Included
articles underwent a quality assessment by four investigators
(MES, EO, JA and SK).

Disagreements regarding the selection and quality
assessment of articles were resolved through group discussion,
and full consensus was achieved at each stage of review.
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The study was submitted to PROSPERO, the
international prospective register of systematic reviews of
the National Institute of Health Research with the number:
CRD42018103193.

Data extraction

Four investigators (MES, EO, JA and SK) independently
extracted data from selected studies using a standardized
electronic form. The following information was collected:
author, year of publication, country, study design, total
number of subjects, gender, mean age, type of disease, mean
aortic diameter, number of urgent procedures, mean and
total duration of follow-up, types of surgical techniques
assessed, and the outcomes mentioned above. Whenever
data were reported in percentages, conversion to integers
was done multiplying the fraction by the total number of
subjects in the category being analyzed. Since individual
data were not available from any study, means and medians
were handled as such, without modifications in our
database.

Summary of the systematic review

A summary was made of all articles included in the
systematic review and is reported separately for VS and
VR interventions. Since patients of one group could have
crossed over to the other group, subjects were classified in
the group that corresponded to the first type of surgical
intervention performed (analogous to an intention-to-treat
analysis). Variables in nominal scale were summarized using
percentages, whereas numerical variables were summarized
using either medians and interquartile ranges (variables with
non-gaussian distributions) or weighted means and weighted
standard deviations (variables with gaussian distributions).
Incidence density rates were calculated following two
steps: first, the total number of events for each outcome
of interest was divided by the sum of the person-years of
the at-risk population in each study; second, those results
were standardized to 10,000 person-years. Person-years
were calculated by multiplying the total number of subjects
included in each study by the mean follow-up (measured
in years). Absent data were not replaced and precluded
calculation of incidence density rates in these cases.

Statistical analysis

Testing of differences between groups at this step of the
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Table 1 CENTRAL search strategy

No. Strategy

#1 MASS syndrome ALL FIELDS

#2 SUPPLEMENTARY CONCEPT MASS syndrome

#3 MESH DESCRIPTOR Ehlers-Danlos Syndrome

#4 Ehlers-Danlos Syndrome ALL FIELDS

#5 Ehlers Danlos Syndrome ALL FIELDS

#6 EHLERS DANLOS disease ALL FIELDS

#7 EHLERS-DANLOS disease ALL FIELDS

#8 Loeys-Dietz Syndrome ALL FIELDS

#9 Loeys Dietz Syndrome ALL FIELDS

#10 Loeys-Dietz Aortic Aneurysm Syndrome ALL
FIELDS

#11 Loeys Dietz Aortic Aneurysm Syndrome ALL
FIELDS

#12 MESH DESCRIPTOR Loeys-Dietz Syndrome

#13 Marchesani Syndrome ALL FIELDS

#14 MESH DESCRIPTOR Weill-Marchesani Syndrome

#15 Marchesani-Weill Syndromes ALL FIELDS

#16 Marchesani-Weill Syndrome ALL FIELDS

#17 Marchesani Weill Syndromes ALL FIELDS

#18 Marchesani Weill Syndrome ALL FIELDS

#19 Beals Hecht syndrome ALL FIELDS

#20 Beals-Hecht syndrome ALL FIELDS

#21 Shprintzen-Goldberg syndrome ALL FIELDS

#22 Shprintzen Goldberg syndrome ALL FIELDS

#23 Shprintzen-Goldberg Craniosynostosis Syndrome
ALL FIELDS

#24 Shprintzen Goldberg Craniosynostosis Syndrome
ALL FIELDS

#25 Shprintzen Golberg craniosynostosis ALL FIELDS

#26 SUPPLEMENTARY CONCEPT Shprintzen Golberg
craniosynostosis

#27 MESH DESCRIPTOR Marfan Syndrome

#28 MESH DESCRIPTOR Marfan Syndrome EXPLORE
ALL TREES

#29 marfan: TI,AB,KY

Table 1 (continued)
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Table 1 (continued)

No. Strategy

#30 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR
#8 OR #9 OR #10 OR #11 OR #12 OR #13 OR
#14 OR #15 OR #16 OR #17 OR #18 OR #19 OR
#20 OR #21 OR #22 OR #23 OR #24 OR #25 OR
#26 OR #27 OR #28 OR #29

#31 valve-sparing: ALL FIELDS

#32 valve sparing: ALL FIELDS

#33 bentall: ALL FIELDS

#34 cvg: ALL FIELDS

#35 david procedure: ALL FIELDS

#36 aortic valve sparing: ALL FIELDS

#37 aortic valve preserving: ALL FIELDS

#38 aortic root replacement: ALL FIELDS

#39 composite valve graft: ALL FIELDS

#40 aortic root surgery: ALL FIELDS

#41 Florida Sleeve: ALL FIELDS

#42 #31 OR #32 OR #33 OR #34 OR #35 OR #36 OR
#37 OR #38 OR #39 OR #40 OR #41

#43 Remodeling root repair: Tl

#44 Valve-sparing root replacement: Tl

#45 Root remodeling: Tl

#46 Valve-sparing reimplantation: Tl

#47 Aortic valve-sparing root replacement: Tl

#48 Valve configuration: Tl

#49 #43 OR #44 OR #45 OR #46 OR #47 OR #48

#50 aortic ring: Tl

#51 aortic valves: Tl

#52 Valve repair: Tl

#52 aortic regurgitation: Tl

#54 valves: Tl

#55 repair: Tl

#56 #50 OR #51 OR #52 OR #53 OR #54 OR #55

#57 #49 AND #56

#58 MESH DESCRIPTOR Cohort Studies

#59 MESH DESCRIPTOR Cohort Studies EXPLORE

ALL TREES

Table 1 (continued)
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Table 1 (continued)

No. Strategy

#60 mid-term: ALL FIELDS

#61 long-term: ALL FIELDS

#62 cohort study: ALL FIELDS

#63 cohort studies: ALL FIELDS

#64 cohort: ALL FIELDS

#65 #58 OR #59 OR #60 OR #61 OR #62 OR #63 OR
#64

#66 #30 AND #42 AND #65

#67 #57 OR #66

Filters

Languages Open
Article types Open

Publication  Open
date

analysis was done with either the chi-square test (nominal
variables) or with the Student #-test/Wilcoxon rank-sum
test, as appropriate (numerical variables); P values <0.05
were considered statistically significant. Stata version 14.0
(StataCorp, College Station, TX, USA) was used.

The meta-analysis was done only for the studies that
directly compared VS vs. VR interventions. Since differing
follow-up times between study groups were commonplace,
only outcomes with comparable follow-up times were
deemed eligible for comparison. When subjects had 2
different types of surgical interventions during follow-up,
categorization ensued as mentioned above. All outcomes
that had at least two studies available for meta-analysis were
finally reported. Risk of bias was assessed using RevMan
version 5; categorization of overall risk of bias for each
study proceeded as mandated by Cochrane standards. Risk
ratios with their 95% confidence intervals were calculated
for each outcome using the fixed effects model; P values
<0.05 and 95% confidence intervals that did not include
risk ratio values equal to 1.0 were considered statistically
significant. In case of significant heterogeneity (>30%),
its cause was determined and corrected, and meta-analysis
was repeated once again after this step using the fixed
effects model. Finally, publication bias for each outcome
was assessed using funnel plots and Egger’s test. RevMan
version 5 was used for all analyses except for Egger’s test,
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which was done with Stata version 14.0.

Results

Summary of systematic review

Of the 41 included studies, 33 studies (n=1,807 subjects)
reported outcomes for VS interventions and 26 studies
(n=2,218 subjects) reported outcomes for VR interventions
(Figure 1) (15). The majority of included studies had a
retrospective cohort design. MFS patients comprised the
majority of subjects included in both types of surgical
interventions. Male subjects comprised more than 65%
of subjects included in both interventions. No significant
differences were noted in the aforementioned variables.
However, subjects in the VS group were younger, had
smaller aortic diameters, had a lower proportion of
aortic dissection and had a higher proportion of elective
interventions performed. These results are fully shown in
Table 2.

Incidence density rates differed significantly between
groups for the following outcomes: endocarditis,
thromboembolic events and aneurysm (higher rates in the
VR group). Results are further shown in Table 2.

Meta-analysis

A total of 16 studies were included in the meta-analysis:
Bernhardt 2011 (16), Cameron 2009 (17), Coselli
2014 (18), de Oliveira 2003 (19), Gott 1999 (20), Karck
2004 (21), Moreau de Bellaing 2019 (22), Nicolo 2017 (23),
Patel 2008 (24), Price 2016 (25), Roubertie 2009 (26),
Schoenhoff 2015 (27), Sheick-Yousif 2008 (28), Song
2014 (29), Volguina 2009 (30), and Zehr 2005 (31). Only
MES patients were included (the number of other types
of patients was too small for subgroup meta-analysis). All
of the studies included in the most recent published meta-
analysis [Hu 2014 (32)] were considered in the present one,
except for Nardi 2010 (33) [which is included in the most
recent report from Nicolo 2017 (23)]. A summary is offered
in Table 3.
Results for the following outcomes were calculated.

In-hospital mortality

Seven studies were included [Cameron 2009 (17), de
Oliveira 2003 (19), Gott 1999 (20), Karck 2004 (21),
Roubertie 2009 (26), Sheick-Yousif 2008 (28), and Zehr
2005 (31)]. The overall risk ratio was 0.62 (0.22-1.74).
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Figure 1 PRISMA flow diagram: search and selection of literature.

Heterogeneity was 0%.

Late mortality

Four studies were included [Bernhardt 2011 (16), Coselli
2014 (18), Moreau de Bellaing 2019 (22), and Patel
2008 (24)]. The overall risk ratio was 0.35 (0.11-1.11).
Heterogeneity was 0%.

Stroke

Four studies were included [Bernhardt 2011 (16), Patel
2008 (24), Price 2016 (25), and Volguina 2009 (30)].
The overall risk ratio was 0.29 (0.11-0.75), favoring VS
interventions. Heterogeneity was 0%.

Aortic insufficiency (all grades)
"Two studies were included [Price 2016 (25) and Volguina
2009 (30)]. The overall risk ratio was 0.37 (0.09-1.52).

Heterogeneity was 0%.

Endocarditis
Three studies were included [Bernhardt 2011 (16), Coselli
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2014 (18), and Price 2016 (25)]. The overall risk ratio was 0.13
(0.03-0.61), favoring VS interventions. Heterogeneity was 0%
(Figure 2A4,2B).

Thromboembolic events

After excluding Coselli 2014 (18) (which included embolic
events in valves), two studies were included: Patel 2008 (24)
and Price 2016 (25). The overall risk ratio was 0.19
(0.03-1.13). Heterogeneity changed from 36% to 0% after
excluding Coselli 2014 (18) (Figure 34,3B).

Bleeding

Four studies were included [Bernhardt 2011 (16), Patel
2008 (24), Price 2016 (25), and Volguina 2009 (30)]. The
overall risk ratio was 0.51 (0.17-1.47). Heterogeneity was 0%.

Arrhythmia

Five studies were included [Bernhardt 2011 (16), Coselli
2014 (18), Patel 2008 (24), Price 2016 (25), and Volguina
2009 (30)]. The overall risk ratio was 0.74 (0.52-1.04).
Heterogeneity was 0%.
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Table 2 Comparison of basal characteristics and outcome rates by type of surgical procedure

Variable Valve sparing procedure Valve replacement procedure P
Number of subjects 1,807 2,218 N/A
Number of studies 33 26 N/A
Age (years), mean + SD 33.3+3.3 35.8+7.3 0.0057
Male, n (%) 1,067/1,634 (65.3) 843/1,262 (66.8) 0.4201
Emergency surgery, n (%) 93/1,313 (7.1) 307/1,606 (19.1) <0.001
Aortic diameter (cm), mean + SD 5.2+0.4 6.2+0.7 0.0232
Dissection, n (%)* 165/1,597 (10.3) 749/1,943 (38.5) <0.001
Aneurysm, n (%)* 1,181/1,262 (93.6) 1,189/1,547 (76.9) <0.001
Person-years, median (IQR) 129.5 (81.6-260.9) 242.5 (51.5-680.2) 0.61
Rates per 10,000 person-years (median, IQR)
In-hospital mortality 0 (0-0) 0 (0-1.1) 0.162
Late mortality 0.3 (0-2.8) 2.3 (0-4.4) 0.187
Stroke 0(0-0.2) 0.5 (0-1.1) 0.084
Acute myocardial infarction 0 (0-0) 0 (0-0.5) 0.424
Aortic insufficiency 3.1(1.3-6.3) 0.4 (0-16.6) 0.465
Endocarditis 0 (0-0) 1.0 (0.3-3.6) 0.002
Thromboembolic events 0(0-0.2) 1.5 (0.8-3.8) 0.014
Bleeding 0.1 (0-1.9) 2.2 (0.6-5.5) 0.082
Valve reintervention 1.5(0.1-6.3) 0.8 (0-2.5) 0.549
Reoperation for bleeding 3.0 (0.6-6.0) 0.7 (0-2.4) 0.303
Aneurysm 0.1 (0-0.5) 1.0 (0.6-40.0) 0.046
Dissection 0 (0-0.6) 1.0 (0.5-1.8) 0.126
Arrhythmia 1.2 (0.6-12.9) 6.1 (1.1-32.2) 0.436
Survivors without stroke 44.1 (35.0-70.0) 25.5 (20.0-31.0) *
Survivors without acute myocardial infarction 53.1 (43.8-89.0) 25.5 (20.0-31.0) *
Survivors without aortic insufficiency 57.7 (34.0-114.0) 68.7 (38.3-99.1) *
Survivors without endocarditis 79.0 (67.1-102.0) 14.6 (12.2-16.7) *
Survivors without thromboembolic events 152.7 (95.7-1596.8) 26.7 (21.8-31.6) *
Survivors without bleeding 77.5 (56.9-97.6) 17.2 (13.4-26.8) *
Survivors without valve reintervention 34.5 (25.6-86.3) 38.9 (12.4-185.4) 0.881

Survivors without aneurysm
Survivors without dissection

Survivors without arrhythmia

53.1 (43.8-67.0)
43.8 (27.5-60.0)
42.5 (38.2-46.9)

36.4 (24.2-468.0)
24.2 (18.1-30.3)
846.6 (439.6-1,097.4)

*k

*k

*k

*, the percentages of patients with dissection and aneurysm within groups do not add up to 100% because these categories are not
mutually exclusive (i.e., patients could have had both conditions). Additionally, denominators are not similar because not all studies
included both types of patients or did not make this distinction; **, no studies available for direct comparison of such outcomes between
groups. N/A, not applicable; SD, standard deviation; IQR, interquartile range.
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Author Country Year n Mean follow-up (years) Design Reference
Bernhardt Germany 2011 88 3.2 Retro (16)
Cameron United States 2009 372 NR Retro (17)
Coselli United States 2014 316 1 Pro (18)
de Oliveira Canada 2003 105 S=5.3, R=3.7 Retro (19)
Gott Multicentric 1999 675 NR Pro (20)
Karck Germany 2004 119 S=2.5, R=9.5 Retro (21)
Moreau de Bellaing France 2019 15 6.8 Retro (22)
Nicolo Italy 2017 59 8.1 Retro (23)
Patel United States 2008 140 NR Retro (24)
Price United States 2016 165 17 Retro (25)
Roubertie France 2009 15 7.4 Retro (26)
Schoenhoff Switzerland 2015 59 S=6.5, R=8.8 Pro 27)
Sheick-Yousif Israel 2008 40 S=4.4, R=2.1 Retro (28)
Song United States 2014 200 S=6.2, R=10.5 Retro (29)
Volguina Multicentric 2009 151 0.1 Pro (30)
Zehr United States 2004 83 S=6.3, R=15 Retro (31)
NR, not reported; VS, valve sparing procedure; VR, valve replacement procedure; Retro, retrospective; Pro, prospective.
A B 0;SE(og[RR])
Sparing Replacement Risk Ratio Risk Ratio
Study or Subgroup __ Events Total Events _Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI 0.5
Bernhardt 2011 0 58 3 30 281% 0.08[0.00,141] &
Pree20ts. T 3w omm owomre ——a ol
Total (95% CI) 395 164 100.0% 0.13 [0.03, 0.61] —el— a ©
Total events 1 7
Tos o overet oo 2 < 25 (0010, 001 0 g Favors ropoment 1 ° ol
0.01 0.1 1 10 100

Figure 2 Results of the meta-analysis for endocarditis and funnel plot. (A) Comparison of endocarditis between patients operated with valve

sparing versus replacement surgical techniques. (B) Publication bias for endocarditis.

Valve reintervention

Five studies were included [Bernhardt 2011 (16), Coselli
2014 (18), Moreau de Bellaing 2019 (22), Patel 2008 (24),
and Price 2016 (25)]. The overall risk ratio was 0.79 (0.31-
1.98). Heterogeneity was 17%.

Freedom from valve reintervention

After excluding de Oliveira 2003 (19) (other causes of
reintervention besides valvular reintervention) and Zehr
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2005 (31) (different definitions of reintervention), five
studies were included: Karck 2004 (21), Moreau de Bellaing
2019 (22), Nicold 2017 (23), Patel 2008 (24), and Sheick-
Yousif 2008 (28). The overall risk ratio was 2.39 (1.24-4.60),
favoring VR interventions. Heterogeneity changed from
57% to 0% after excluding de Oliveira 2003 (19) and Zehr
2005 (31) (Figure 44,4B).

Funnel plots and Egger’s test did not suggest publication
bias except for the case of freedom from valve reintervention

7 Thorac Dis 2021;13(8):4830-4844 | https://dx.doi.org/10.21037/jtd-21-789
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Figure 3 Results of the meta-analysis for thomboembolic events and funnel plot. (A) Comparison of thromboembolic events between

patients operated with valve sparing versus replacement surgical techniques. (B) Publication bias for thromboembolic events.
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Figure 4 Results of the meta-analysis for freedom from valve reintervention and funnel plot. (A) Comparison of freedom from valve

reintervention between patients operated with the valve sparing versus replacement techniques. (B) Publication bias for freedom from valve

reintervention.

(P=0.022). Egger’s test could not be calculated for aortic
insufficiency and thromboembolic events, but the funnel
plots did not suggest publication bias for any of these
outcomes.

Bias

Bias was evaluated for the following domains: (I)
randomization process, (II) deviations from intended
interventions, (III) missing outcome data, (IV) measurement
of the outcome, and (V) selection of the reported result.
Our overall risk assessment concluded the presence of a
low risk of bias in the observational studies included in the
meta-analysis, considering that randomization did not apply
to these cohort studies.

Comparisons adjusted to severity scores, aortic diameter
and urgent surgery were not possible due to lack of
individual data for subjects.

Tuable 4 shows the level of evidence using the Grading
of Recommendations, Assessment, Development and
Evaluation system (GRADE).

© Journal of Thoracic Disease. All rights reserved.

Discussion

Different techniques have been used to reconstruct the
complex types of aortic dilation that patients with MFS
and SS present. Experience in mastering each surgical
technique is required since this is also a contributing factor
in the prediction of different outcomes. Current European
Society of Cardiology (ESC) guidelines on the diagnosis
and treatment of acute and chronic aortic diseases of the
thoracic and abdominal aorta of the adult recommend
aortic valve reimplantation or aortic root remodeling with
annuloplasty in young patients with tricuspid aortic valve
morphology and aortic root aneurysm (34).

Initially, aortic valve-sparing surgery was used in patients
with aortic root aneurysms, and aortic root replacement
was reserved for patients with abnormal aortic leaflets.
Subsequently, reimplantation and remodeling techniques
began to be used due to the theoretical importance of
recreating the aortic sinuses. Finally, aortic annuloplasty
was added to the remodeling procedure in patients with
annulo-aortic ectasia or MFS with the idea of preventing

7 Thorac Dis 2021;13(8):4830-4844 | https://dx.doi.org/10.21037/jtd-21-789



4839

Journal of Thoracic Disease, Vol 13, No 8 August 2021

(ponuru03) 4 d[qe],

(10w
| O} JoMad}
¥ wou) 001 (1 "Jusipe.d
ybly Jad syuens 01 €0°0) (%45°0) osuodsal asop snouss selpn1s
[eony  oO0dD Jomeye  6L0dHY  (%L'¥)€2L/S  28L/L ‘uoueloosSSe PuOsS SNOLISS JON  SNOLSS JON  SNOLIS JON 10N [euolieAI8sSqO 4
(sseah | jJo uesw :dn-moj|0}) WISIOqUIBOqUIOIY ]
(240w
Z O} Jamay
¥ wouy) 001 (est
alesopow Jad sjuane 0160°0) (%%5°1) wLipelb snouas salpnis
wepodw| OGOD Joamay} ¢ /e04dd  (%¥h) €LL/S €02/ asuodsal 8s0( SNOLIBS JON SNOLIBS JON  SNOWSS 10N JON [euOllBAIBSOO Z
(sseah g g jJo ueaw :dn-moj|oy) Aousiolynsul dILOY
(1omay
Z O} Jamay
9 wouy) 00+ (520 juslpe.d
ybly Jad syuens 0O} L1°0) (%¥°1) osuodsal asop snouss selpn1s
[eony  oO0dD oma} g 6204dY (%G9 66L/EL  GPE/S ‘UONBIOOSSE BUONIS SNOWSS JON SNOWSS JON  SNOLSS JON 10N [euolieAIssqO 14
(sseaA Q| jo uesw :dn-mojjoy) 80N
juaipesb sasuodsai
9sop {paniasqo
SEM 0848 OU J|Iym
(210w ‘1094 snounds
| O} Joma} 1se66ns pjnom
¥ wou) 00+ (A1 Buipunoyuoo
ybly Jad sjuens o1 L10) (%%G°1) renpisaJ a|qisneid ||e snouas salpnis
[eony SO0 Jome} € geodd  (%6%) ¥9L/8  GBE/9 ‘UOHEIOOSSE BUOAS SNOLISS JON  SNOLSS JON  SNOWSS JON 10N [euolieAI®SAO 14
(sseah | Jo uesw :dn-mojjoy)) Alfeow a1e
jusipe.b ssuodsai
9S0op {panIasqo
SEBM 10848 OU 3|Iym
(10w ‘1098448 snounds
Z O} Jamay 1seb6ns pjnom
g woi) 00} (7t Buipunojuoo
ubly  Jed juens 0} 22°0) (9%60€) (%1°1) enpisai ojqisneld |fe snolss salpnis
jepodw| GOOOD Jemay | 290 44 YZLL/PE G682/ ‘uoleloosse BuoJiS SNOLES JON SNOWSS JON  SNOLSS JON JON [eUOlIBAISSOO /
(sAep g jo uesw :dn-mojjoy) Ayjerow [eydsoy-uj
(10 %56) (1D %S6) jusweoe|dey Huuedg SUOREISPISUOD uoisioaidw) ssaujoalipu] Adusisisuoou| SElq ubisep Apnig mo__o.Em
oouepodw| Aurepey — SINOSAY  8AlElRY Y0 JO XSl 40 'ON

10944

sjuaied Jo 'oON

uswissasse Ajulepa)

waIsAs VYD 22 YSNOIY) 90UaPIAd JO UONIYISSe]D) 4 A[qR,

7 Thorac Dis 2021;13(8):4830-4844 | https://dx.doi.org/10.21037/jtd-21-789

© Journal of Thoracic Disease. All rights reserved.



Marfan and similar syndromes

ic surgery in

Soto et al. Aort

4840

*Oljel YSU ‘HY {[eAlajul @2Uspluod ‘|9

(20w
| 0} Joma}
8 wou) 00k (0L
juepoduwl ybly Jad sjuens 0} 2S'0)

ION ©Oed emeiy /044

(210w
Z O} Jamay
€ woly) 00+ (v1
ybly Jad spusns 01 /1°0)
jJuepodw| GODD Jlomelz  1G0HY

(1lomay
| O} Joma}
¥ wouy) 00k (990
ybly Jad spuens 01 €0°0)
wepodw| OORD Jamay ¢ y1'04d4d

(euow
2z o1alow
| woiy) 00L (09'v
ybly Jad syuane 01¥2’1L)
[eoiD  OOPP alow g 6€°C "y

(210w
€ O} Jamay}
g wou) 00k (86°L
ybly Jsediuens 01 1g0)
juepodw|  GOOD Jlemay | 62°04d

1uaipesb ssuodsai
asop {108y
pajeJsisuowsp
2y} #onpaJ pjnom
Buipunojuoo

(%e21) enpisas ojqisneld (e

(9%2°91) 922/9% +8G/1L

(%2°1)
(%S€) 66L/L  SvE/9

(%£°0)
(%0°V) ¥2LL/L  GBE/L

‘uoneroosse buong

sipelb
asuodsal asop
‘uoleroosse buong

usipelb
asuodsal asop
‘uoneroosse buong

usipelb asuodsal
asop ‘10oye
pajelisuowap
8y} 80npaJ pjnom
Buipunojuoo

(%¢€°02) [enpisas o|qisneld |e

(%1°9) 18L/LL  ¢6L/6E

(%)
(9%5°¢) Le2/8  ¢6v/le

‘uoleroosse buong

jusipe.b ssuodsai
9s0op ‘paniesqo
SEM 10849 OU 9|Iym
‘0848 snounds
1sebbns pjnom
Buipunojuod
[enpisaJ a|qisneld
||e ‘uolneloosse
Buosrs Aiap

SNOLS JON SNOWBS JON  SNOLISS JON

snouss

seipnis

10N [BUONEAIBSIO G

(sreah Q| jo uesw :dn-moj|of) BILYIALY

SNOLISS JON SNOLBS JON  SNoL8s 10N

snoues

selpnis

10N [eUOlBAIBSAO ¥

(sAep og jo ueaw :dn-moj|oy) Buipas|g

SNOLS JON SNOWBS JON  SNOLISS JON

snouss

seipnis

10N [eUONBAISSAO €

(s1eaA Q| jo uesw :dn-mojjoy) siHpIedopuU]

SNOLISS JON SNOLIBS JON  SNoL8s 10N

snoues

solpnis

10N [eUOlBAISSAO G

(sieah Q| Jo ueaw :dn-moj|0}) UOIIUBAIBIUIBI JEJNAJEA IO} LLOPSI

SNOLSS JON SNOWSS JON  SNOLSS JON

snouss

soipnis

10N [BUONEAISSIO G

(s1eak Q| Jo ueaw :dn-moj|0}) UOIIUBAIBIUIBI JEINAJBA

(10 %S6) (1D %S6)
souepodw| Aueupepy — ONIOSAY  dAlEIRY

jusweoe|dey bBuuedg

SUOljBIBPISUOD
Joy10

uoisioaidw| sseujoalipu| Aouslsisuoou|

selq
10381y

selpnis

uBisep Apnis 10 "ON

10944

sjuened Jo 'oN

juswissesse Ajurens)

(ponuru03) 4 S[qe],

7 Thorac Dis 2021;13(8):4830-4844 | https://dx.doi.org/10.21037/jtd-21-789

© Journal of Thoracic Disease. All rights reserved.



Journal of Thoracic Disease, Vol 13, No 8 August 2021

future dilation of the aortic annulus.

In the practice of contemporary cardiothoracic surgery,
the most widely adopted and performed surgical approaches
in patients with MFS with ascending aortic dilation are
the Bentall, De Bono and David type V techniques. These
interventions are not comparable because the first approach
is generally reserved for patients with aortic dilation and/
or dissection in severe condition or during episodes of acute
aortic dissection, when surgical treatment is an emergency;
on the other hand, techniques that preserve and repair
the aorta are used more frequently in elective surgery and
especially when there is no valve dysfunction.

The known long-term limitations of the Bentall
technique are the need for lifelong anticoagulation
and complications such as thromboembolism and
endocarditis (34). On the other hand, the valve-sparing (VS)
technique, which was introduced in 1990, as well as other
techniques, perform repair of the aortic valve and allow the
reconstruction of the aortic root and cusps with the aim of
restoring normal geometry and valve competence.

The adaptations and modifications made through
VS techniques are important because the recurrence of
aortic insufficiency is related to a dilated annulus that was
not treated when the diameters were greater than 25-28
mm and a residual cusp prolapse was present after root
reconstruction, whether native or induced.

Urbanski (35) considered that adaptive root repair in
isolated sinus replacement is an effective and long-lasting
method of VS repair in selected patients with marfanoid
habitus since satisfactory quality of the aortic cusps
appeared to be decisive for long-term valve function.

Regarding the Florida Sleeve technique, only
Volguina (30) included one patient. Although this technique
is valve preserving, it is scarcely practiced in the world
because it was recently introduced; since it involves a
different approach, standardization and results of this
technique will have to be evaluated in the future.

Remodeling procedures involve the repair of the annulus,
the aorta and the valve leaflets, allowing the physiological
reconstruction of the aortic root. Many reports of the
experience with remodeling exist. Kunihara er /. (36)
reported 33 MFS patients that had either the remodeling
(n=21) or the reimplantation technique (n=12) between
1995 and 2011; results were similar among groups after
matching by propensity score. Cameron et 4l. (17) reported
that 5 of 40 patients that had the David II remodeling

technique required reintervention due to aortic valve

© Journal of Thoracic Disease. All rights reserved.
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insufficiency as compared to no patients that underwent a
David I procedure. In a series of 37 patients with MFS with
a follow-up period of 13 years, Claudia Schmidtke reported
that although the remodeling technique provided excellent
results in 6 of 12 patients that had a Yacoub (remodeling)
procedure, three required reoperation afterwards; thus,
such technique could be associated with progressive aortic
insufficiency (37). After studying 146 patients over 24 years
of follow-up, Tirone E. David concluded that remodeling
of the aortic root with an external band along the fibrous
components of the left outflow tract seems inappropriate
for MFS patients because the aortic annulus can dilate
and cause aortic insufficiency years after the intervention;
however, definite conclusions could not be drawn (38).

In the present meta-analysis, three articles reported
results of the annuloplasty procedure. De Oliveira (19)
reported the results of annuloplasty in 11 of 105 MFES
patients in 2003 and he found an increase in annular
diameter in the entire subgroup (from 23.1 to 24.8 mm);
besides, the annular diameter did not change in 11 patients
and increased by 10% or more in 10 patients. However,
a relationship between dilation of the aortic annulus
and the development of aortic insufficiency could not be
established due to a small sample size. Kremer ez a/. (39)
found short-term success of annuloplasty in 13 of 56
patients, but long-term results are still unknown. Another
author that reported his experience with annuloplasty is
Vricella (40). He performed annuloplasty in 102 children
over a period of 7 years and reported that VS can be
done in pediatric patients with congenital heart disease
or connective tissue disorders with minimal morbidity
and mortality. The valvular and annular preservation and
stabilization provided by reimplantation of the aortic
valve within a graft with a pseudosinus can be a longer-
lasting alternative to a composite prosthetic replacement
in children. Other case series of annuloplasty have shown
that some patients developed dilated cardiomyopathy,
moderate aortic insufficiency and cardiac dysfunction (22).
It is currently known that external annuloplasty for valve
replacement allows patients to be free of a valve-related
reoperation for up to 7 years. The subvalvular remodeling
and annuloplasty technique has been demonstrated by the
CAVIAAR group (41).

The results of the present study are consistent with the
work of Hu and colleagues published in 2014. The present
meta-analysis included more recent studies, and its main
strength is the systematic approach used to identify articles
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through a sensitive search strategy (42).

This meta-analysis confirms that the different techniques
used in the repair of aortic dilation and/or dissection have
a specific indication according to the complexity and state
with which a patient presents to the surgeon. Recognition
of the type of connective tissue disease is important since
dilation progresses rapidly in some. Multidisciplinary
intervention is the best prospect for a successful and
timely surgical intervention. Current guidelines suggest
intervening these patients when aortic diameters are less
than 5 cm, but the best choice of surgical technique will be
subject to individual cardiovascular complexities. VS surgery
favors patients that have the opportunity of an elective
procedure, but replacement surgery continues to provide
excellent results in patients that need a salvage surgery due
to delayed diagnosis or inappropriate follow-up. In the end,
while the choice of the technique or procedure depends
largely on the experience of the surgeon, it also depends
on the type of patient, his/her age and gender (considering
pregnancy a possibility), occupation or lifestyle, possibility
of aortic annulus dilation or aortic engorgement (through
the evaluation of the morphology of the aortic root and
the condition of the leaflets), and the viability to receive
anticoagulation.

The recognized limitation of this study is the
impossibility of finding large prospective cohort studies in
which similar methodological strategies were carried out
with each of the surgical techniques, as well as the lack of
randomization in the studies included. Another limitation
was the absence of a differential reporting of outcomes
based on clinical presentation (aneurysm versus dissection
or urgent versus elective procedure).

Conclusions

Timely identification of MFS and other connective tissue
diseases, the type of aortic and cardiovascular damage, and
specific patient conditions are key factors when choosing
the surgical technique. The results of this meta-analysis
could guide future prospective studies aimed at offering
the best surgical, interventional or hybrid interventions in
patients with these syndromes. This is important because
scientific evidence uncovers biases and heterogeneity that
can be reduced with better patient selection and a systematic
methodology that could otherwise be overlooked if only
surgeon experience is relied upon. Aortic and cardiovascular
damage is complex and heterogeneous in patients with

© Journal of Thoracic Disease. All rights reserved.
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connective tissue diseases, so even when the evidence
suggests a course of action and choice with a particular
surgical technique, the surgeon is the one that faces the
challenge of the final decision during the surgical act.
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