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Background: Acute aortic dissection is a serious emergency with a significant impact on mortality and morbidity.
Many patients present with hemodynamic instability that may prevent them from being transported to more
experienced centers. We aim to present our experience with a modified limited root approach in terms of the

Results: This retrospective study included 27 patients who presented with Stanford A aortic dissection and underwent
modified selective root replacement. All patients were followed up using transthoracic echocardiography at 6 months
postoperatively and at yearly intervals thereafter. Computed tomography (CT) angiography was performed 12 months

A total of 92.6% of patients required concomitant aortic valve repair. There was no operative mortality related to the
operation itself, however, four patients died during the follow-up period. One patient developed new severe aortic
regurgitation in the 6th month of follow-up. One patient developed a pseudoaneurysm related to the suture line that
was diagnosed by CT angiography in the 16th month of follow-up.

Conclusions: The early results of modified selective root reconstruction with aortic valve repair are promising. This
procedure is a quick, reliable, easily reproducible, and technically undemanding valve-sparing treatment for acute aortic

Keywords: Aortic dissection, Aortic root, Stanford type A, Root reconstruction, Valve sparing

Background
Acute Stanford type A aortic dissection is one of the
most challenging scenarios encountered in the emer-
gency room (ER), a true emergency that is associated
with very high risks of morbidity and mortality [1]. The
surgical management of aortic dissection has evolved
along a circuitous path and is constantly being chal-
lenged by many authors. The main concerns are the ex-
tent and length of the operation in this fragile group of
patients [2].

The trend toward aggressive root replacement with the
addition of valve-sparing procedures demands a new level of
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expertise and has a slow learning curve for many surgeons,
necessitating the concept of an “aortic center” [2, 3].

Unfortunately, the concept of an “aortic center” may
not be feasible for developing countries, and even if such
a center exists, unnecessary transport delays hinder
properly timed definitive management. If a simpler inter-
vention was developed many rural areas with cardiac
surgery capabilities and acceptable levels of training
could save many high-risk or hemodynamically unstable
patients without the risks involved in transporting them.

In this study, we aim to present our experience by
evaluating the clinical and echocardiographic results of
modified limited root reconstruction in the context of
aortic dissection.
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Methods

This retrospective observational study included 27 pa-
tients who had Stanford type A aortic dissection involv-
ing the root and underwent modified selective root
reconstruction with or without aortic valve repair. The
study took place in the Ain Shams University Hospitals,
spanning from July 2014 until October 2019. The study
protocol was revised and approved by the Ethical Com-
mittee at our institute, by which patient consent was
waived due to the retrospective nature of the study.

All patients were followed up using transthoracic
echocardiography at 6 months postoperatively and on a
yearly basis afterward or whenever clinical symptoms are
indicated. Computed tomography (CT) angiography was
performed 12 months after the initial operation to evalu-
ate false lumen thrombosis and remodeling in the native
residual aortic segments. Positive aortic remodeling was
defined by obliteration of the proximal entry point with
subsequent reduction of the false lumen along with a
corresponding increase in the size of the true lumen
and, ultimately, obliteration of the false lumen. Negative
remodeling was defined as a failure of reduction of the
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false lumen, pseudoaneurysm formation, or persistence
of the side branch arising from the false lumen [4].

The primary endpoint of the study was operative mor-
tality. The secondary endpoints were all-cause mortality
during follow-up; the occurrence of new aortic regurgi-
tation (AR) above grade 2+ on transthoracic echocardio-
gram or of residual dissection or pseudoaneurysm on
CT angiography by the 12-month follow-up; reoperation
for AR; residual dissection or pseudoaneurysm; and sig-
nificant postoperative complications.

Surgical technique
Cardiopulmonary bypass (CPB) was performed through
femoral artery cannulation in 24 patients and innomin-
ate artery cannulation in 3 patients. Venous cannulation
was determined according to associated procedures, e.g.,
mitral replacement. The target temperature range was
20.1-28°C (moderate hypothermia) as measured by a
nasopharyngeal probe.

Once the heart entered cardioplegic arrest, the aorta
was incised, and the root was carefully examined. If dis-
section involved the root at the noncoronary sinus and/

Fig. 1 Operative sighting of the aortic root and preparation for the procedure
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or the right coronary sinus, i.e., sparing the left coronary
sinus and ostium, the repair was carried out even if there
was an extension of the flap to the right coronary ostia
(Fig. 1a, b). The valve leaflets were thoroughly examined
to determine whether they were bicuspid or tricuspid
and to assess their leaflet pliability, calcification, and
raphe fibrosis in bicuspids. Additionally, the geometric
height of the leaflets (gH) was roughly estimated. If this
value was less than 17 mm in the tricuspid valve or less
than 20 mm in the bicuspid valve, repair was not carried
out.

The root was debrided from any thrombi or blood
clots and then irrigated with normal saline solution to
remove any nonvisible particles; this debridement must
reach as far down into the root as possible (Fig. 1c).

A polytetrafluoroethylene (PTFE) patch was cut and
fashioned as a strip (for the noncoronary sinus) and/or a
strip with an arched opening (to fit in the shape of a sad-
dle above the right coronary ostia) (Fig. 1d).

The patch(es) were then squeezed in the dissected si-
nuses, reaching as down as possible in the root. The
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patches were held in place using interrupted 5/0 poly-
propylene sutures from the inside (Fig. 2a).

Just before the sutures were tightened, a very thin film
of BioGlue was applied on both sides of the patch. The
film was both thin and homogenous to prevent any
bumps on the endothelial side (Fig. 2b).

A sharp scissor was used to trim the upper edges of
the patch to achieve an orderly, circular, uniform new
aortic wall (Fig. 2c). This step was followed by valve re-
suspension, subcommissural annuloplasty, and/or leaflet
plication as an adjunct repair to nullify residual AR
(Fig. 2d).

Aortic valve repairs included resuspension and sub-
commissural annuloplasty as a basic step in all patients.
Any leaflet calcification or raphe fibrosis was gently
shaved away with a sharp scalpel to increase the pliabil-
ity of the leaflet. A 6/0 Prolene suture was passed
through the central free margin of each leaflet, stretch-
ing every pair of leaflets together to identify any excess
tissue that might cause leaflet to prolapse. The prolapsed
leaflet was then plicated with a 6/0 Prolene suture to

Fig. 2 Basic steps of repair
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achieve equal length. The central plication was used to
increase the effective height of the leaflet (eH).

The key element of leaflet repair is to achieve good co-
aptation between all leaflets at two levels: above the an-
nulus and at the annulus. Due to the lack of a special
caliper in our institute, more difficult repairs were
discouraged.

These steps were followed by an interposition graft to
replace the ascending aorta. The dissected distal end of
the aorta was obliterated by another patch of PTFE with
an additional external PTFE support from the outside.
Total circulatory arrest was needed in 3 patients to
achieve good distal anastomosis, and all three patients
were given unilateral antegrade cerebral perfusion via in-
nominate artery cannulation.

Statistical analysis

The results were expressed as numbers (mean values
and standard deviation, median, and range) and percent-
ages as appropriate. Kaplan-Meier survival analysis was
performed using MedCalc® v.14.8.1.

Results

The mean age of the patients included in the study was
48.15 + 10.92 years, denoting a relatively young cohort;
85.1% of patients were male with systemic hypertension
as a comorbidity; 77.8% of patients presented with acute
Stanford type A dissection (Table 1).

Table 1 Patients’ demographics and characteristics

Selective root + repair

n=27
Age (years) 48.15+1092
Sex (male) 23 85.1%
NYHA -l 1 40.7%
NYHA IV 16 59.3%
Comorbidities
« HTN 19 70.4%
- DM 2 74%
- CAD T 37%
- COPD 4 14.8%
- CT disease 0 0%
- Cerebral malperfusion 0 0%
« Renal impairment (Cr > 1.7 mg/dl) 1 3.7%
« Malperfusion of another organ 2 74%
Aortic dissection
- Acute 21 77.8%
« Chronic 6 22.2%

Values are shown as numbers, percentages, mean + SD. NYHA New York Heart

Association class, HTN hypertension, DM diabetes mellitus, CAD coronary artery
disease, COPD chronic obstructive pulmonary disease, CT connective tissue, Cr

creatinine, mg/dl milligram(s) per deciliter
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A total of 85.2% of patients had more than grade 2 AR
as an echocardiographic finding, and 74% of patients
had a tricuspid aortic valve configuration (Table 2).

A total of 92.6% of patients required additional aortic
valve repair rather than valve resuspension and/or sub-
commissural annuloplasty. Additional procedures in-
cluded 2 patients who required an additional saphenous
vein graft (SVG) to the right system, one patient who re-
quired SVG to the left anterior descending artery (LAD),
and one patient who required a concomitant mitral valve
replacement. Operative details are shown in Table 3.

There was no operative-related mortality; however,
during the follow-up period, four patients were de-
ceased. The first patient sustained a significant neuro-
logical disability causing severe bulbar affection and died
during the first month of follow-up. The second death
was due to a newly developed severe AR, causing heart
failure diagnosed in the 6th month of follow-up; the pa-
tient was operated on for aortic valve replacement
(AVR) and died 1 month after the second operation. The
third patient developed a pseudoaneurysm related to the
suture line that was diagnosed by CT angiography in the
16th month of follow-up, he was operated on, and the
sac was found to be infected. He later died of septicemia.
The fourth death was mostly due to sudden fatal
arrhythmia in the 23rd month (Tables 4 and 5).

Kaplan-Meier survival analysis showed a 5-year sur-
vival rate of 83% for the study cohort (Fig. 3).

During a follow-up period of 30.96 + 17.82 (median 29
months), 96.3% of patients had <2 AR by echocardiog-
raphy. Of the 27 patients included in the study, 22
patients reached the one-year milestone at which follow-
up CT angiography showed thrombosis of the false
lumen and positive remodeling with no residual dissec-
tion in 21 patients (Table 5).

Discussion

The Bentall procedure was one of the earliest ap-
proaches of acute aortic dissection involving the root by
replacing the ascending aorta and valve with a prefabri-
cated valved conduit [1, 2].

Table 2 Preoperative echocardiographic findings

Selective root + repair

n=27

EF 5253+9.17
Aortic insufficiency

£ <2 4 14.8%

e >2 23 85.2%
Aortic valve morphology

« Bicuspid 7 26%

« Tricuspid 20 74%

Values are shown as numbers, percentages, mean + SD. EF ejection fraction
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Table 3 Operative details

Selective
root + repair
n=27
ACX time (min) 1244 +£222
Bypass time (min) 194 £53
Arterial cannulation
« Innominate artery 3 11.1%
- Femoral artery 24 88.9%
Lowest temperature, °C 23.74+£387
Circulatory arrest 3 11.1%
Circulatory arrest time (min) 26+12.16
Cerebral perfusion during circulatory arrest
- Antegrade 3 100%
« Retrograde 0 0%
Concomitant procedures 4
« CABG (SVG to RCA) 2
« CABG (SVG to LAD) 1
« MVR 1
Aortic valve repair (leaflet other than SCA and 25 926%

resuspension)

Values are shown as numbers, percentages, mean + SD. ACX aortic cross-
clamp, min minutes, CABG coronary artery bypass grafting, SVG saphenous
vein graft, RCA right coronary artery, LAD left anterior descending coronary
artery, MVR mitral valve replacement, SCA subcommissural annuloplasty

For a long time, it has been considered the gold stand-
ard for root replacement [5]. Since its first adoption, it
underwent several modifications that decreased rates of
reoperation following the primary procedure [6]. Most
of the Bentall procedures performed today utilize mech-
anical valves owing to their longer duration, yet this car-
ries its own risk of thromboembolic complications and
life-long commitment to anticoagulation [7].

However, this was challenged later by the trend of
sparing the native valve in younger patients without ap-
parent leaflet disease [8]. The adoption of valve-sparing
techniques revolutionized the concept of managing such
pathology [9].

Table 4 Postoperative in-hospital outcomes

Selective root + repair

n=27

Operative mortality 0 0%
Other mortality (ICU, ward) 0 0%
Permanent neurological impairment 1 3.7%
Transient neurological impairment 3 11.1%
New onset of dialysis 0 0%
GIT complications 0 0%
Re-exploration 2 74%

Values are shown as numbers, percentages, mean + SD. ICU intensive care unit,
GIT gastrointestinal tract
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Whether first introduced by Yacoub as “remodeling”
[10] or later by David as “reimplantation” [11], both
share the same principle of replacing the ascending aorta
and root with a prosthetic conduit while preserving the
native aortic valve, differing only in the treatment of the
aortic sinuses [11, 12]

This revolutionary concept came with the high tech-
nical cost of replacing the whole ascending aorta, valve
repair, and reimplanting the coronary buttons. Addition-
ally, extensive experience is required both to perform
the operation and to select the suitable patient who will
benefit from such complicated procedures with the least
unfavorable results, with many experienced centers not
recommending the procedure for high-risk and elderly
patients [2].

Since then, surgeons have realized that restoration of
normal root geometry can indeed restore aortic valve
competence [9]. Additionally, David and colleagues
showed that a reduction of the sinotubular junction
(STJ) diameter can achieve even better coaptation of the
aortic valve with normal leaflets, leading to a newer con-
cept of “isolated aortic valve repair” [13].

One of the most basic and efficient valve repair tech-
niques is “central plication” of the free margin of the
leaflet; shortening the free margin causes the effective
height (eH) to increase, thus ensuring better coaptation.
A surgeon must ensure that residual leaflet tissue is
available before proceeding with the repair; as a rule of
thumb, the geometric height (gH) should be at least 17
mm in the tricuspid valve and at least 20 mm in the bi-
cuspid valve for all leaflets together [14].

It is difficult to calculate the long-term outcome of
many valve-sparing procedures since most published
data include the repair of both tricuspid and bicuspid
valves. However, for isolated valve repair, the 5-year
freedom from intervention was 95% if the AR was due
to prolapse and no leaflet restriction [15].

The mere adhesion of a dissected aortic wall by means
of biocompatible glue is a simple and efficient way to

Table 5 Postoperative follow-up data

Selective root +repair

n=27
Follow-up death 4 14.8%
Follow-up period 3096+ 17.82 Median 29
Aortic insufficiency

« <2 26 96.3%

e >2 1 3.7%
Reoperation for aortic valve 1 3.7%
Reoperation for residual dissection 0 0%
Reoperation for pseudoaneurysm 1 3.7%
1-year remodeling (n=22) 21 (positive) 95.4%

Values are shown as numbers, percentages, mean + SD
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restore the aortic root configuration. This technique is
beneficial in reconstructing dissected sinuses in fragile,
severely ill patients who might benefit from short, simple
interventions [1]. The critical drawback of this technique
is that it is noncurative, potentially resulting in the need
for reoperation [2].

The principle of our technique is based on combining
three approaches. The first approach is the Stanford and
Cleveland Clinic approach, which has always been con-
servative in dealing with a dissected root using a supra-
coronary graft, valve resuspension, and/or sinus repair
[2]. To achieve a reduction in the sinotubular junction
(STJ), we tend to use a graft size of 30 for males and 28
for females. The second approach is that of the Leipzig
group, who found that “limited root remodeling” to re-
place one or two sinuses, i.e., the Uni/Bi Yacoub proced-
ure, has results comparable to those of David’s
reimplantation procedure [1, 16]; hence, we used sand-
wiched PTFE patches in selected sinuses. The third ap-
proach is the concept of utilizing BioGlue to reconstruct
aortic wall sinuses.

Limitations of the study

Our study has some limitations that should be acknowl-
edged. In particular, the design is retrospective, and the
number of patients is small. Furthermore, this study is
limited to short-term data, and a longer follow-up is
needed. Due to the extremely low rate of adverse events,
it is not possible to determine small differences in favor
of this technique or its alternatives.

In our belief, this technique should be reserved for
high-risk patients in whom the risk of open surgery risk
outweighs the benefit and medical treatment alone is
not effective; patients who will not tolerate complex pro-
cedures; patients who would usually be recommended
for endovascular interventions rather than open proce-
dures; and critically ill patients who present to cardiac
centers offering only basic services and cannot be trans-
ferred to a center with advanced aortic services, e.g., a
hybrid room and proper cerebral monitoring systems,
without a high risk of immediate mortality.

Conclusion

The early results of modified selective root reconstruc-
tion with aortic valve repair are excellent. This method
provides a quick, reliable, easily reproducible, and tech-
nically undemanding valve-sparing technique for acute
aortic root dissection.
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