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Analysed in the article are the results of the Ross procedure in patients presenting with dilatation of the ascending
portion of the aorta.
A combination of aortic valve defects with dilatation of the ascending aorta of more than 45 mm supposes
simultaneous prosthetic repair of the aortic valve and ascending aorta. The most common surgical procedure remains
the Bentall–DeBono operation whose main disadvantage is associated with implantation of a mechanical prosthesis
and the necessity of lifelong anticoagulant therapy. An alternative method is the Ross procedure demonstrating low
risk of thromboembolic complications and freedom from anticoagulant therapy.
Over the period from 2002 to April 2015, specialists of the Novosibirsk Scientific Research Institute of Circulatory
Pathology named after Academician E.N. Meshalkin carried out a total of 162 Ross procedures in patients presenting
with accompanying dilatation of the ascending aorta (more than 45 mm). The mean diameter of the aorta at the
level of Valsalva sinuses amounted to 45.6±8.6 mm, with that of the ascending aortic portion equalling 53.4±7.8
mm. The technique of total replacement of the aortic root was used in all cases. When the aneurysm extended
to distal portions of the ascending aorta, additionally performed were the following procedures: in 24 patients –
reduction aortoplasty, in 6 patients – replacement of the resected aorta with an insert from xenopericardium, and
in 2 patients with a vascular graft.
The average duration of follow up amounted to 40.1±21.6 months. Ten patients were subjected to repeat
operations for autograft dysfunction. There were no reoperations on the ascending portion of the aorta. The
regression analysis revealed that predictors of the development of autograft dysfunction were the baseline dilatation
of the fibrous ring (FR) of the aortic valve of more than 27 mm (p= 0.04) and uncorrected arterial hypertension
in the postoperative period (p=0.03). In the group of patients with the FR less than 27 mm there were no cases of
allograft dysfunction.
The results of the study suggest that the Ross procedure is a safe and effective method in patients with
accompanying dilatation of the ascending aorta. Risk factors for autograft dysfunction are dilatation of the FR of
the aortic valve exceeding 27 mm and arterial hypertension in the postoperative period.
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INTRODUCTION
Aortic valve defects in 15% of cases are combined
with considerable dilatation of the ascending portion of
the aorta [1, 2]. In people with the bicuspid aortic valve,
dilatation of the ascending aorta may be noted in 40–80%
[3]. According to the guidelines of the European Society
of Cardiology, for patients who are going to underwent
interventions on the aortic valve with the aortic diameter
of exceeding 45 mm there should be considered a
possibility of simultaneous prosthetic repair of the
ascending aorta [4]. However, the recommendations
have no clear-cut indications which method should
be preferred in a particular case. The most commonly
used method is the Bentall–DeBono procedure, its
main disadvantage is associated with implantation of a
mechanical graft and consequently with the necessity of
lifelong anticoagulant therapy.
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Alternative technologies include prosthetic repair of
the aortic valve with an allograft and pulmonary autograft
(Ross procedure), in which the risk of thromboembolic
complications is low, therefore anticoagulation therapy
may be discontinued. The use of allografts in an aneurysm
of the aortic root due to high incidence of their structural
degeneration is indicated for aged patients [5, 6]. A
pulmonary autograft in the aortic position possesses a
longer life service; however, application of the method
in an accompanying aneurysm of the ascending aorta is
limited to single cardiosurgical centres with contradictory
results [7]. By now, specialists of the Novosibirsk
Scientific Research Institute of Circulatory Pathology
named after Academician E.N. Meshalkin have gained
large experience with the Ross procedure [8-12],
including in this cohort of patients. The present work was
aimed at both assessing the results of the Ross procedure
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Preoperative characteristics of patients
Parameter

Number, n

Table 1

%

Gender
Male
Female

134
28

82,7
17,3

Etiology
Bicuspid aortic valve
CRHD
Infective endocarditis
Degenerative defect
Prosthetic dysfunction
Connective tissue dysplasia

79
43
12
12
2
14

48,8
26,5
7,4
7,4
1,2
8,6

Haemodynamic variant
Stenosis
Insufficiency
Combined defect
Prosthetic dysfunction

65
74
21
2

40,1
45,7
13,0
1,2

Prior operations
Prosthetic repair of the aortic valve
Balloon valvulodilatation of the AV
Resection of aortic coarctation
PTCA

3
1
1
2

1,85
0,6
0,6
1,2

FC HF (according to the NYHA
classification)
I
II
III
IV

7
55
95
5

4,3
34,0
58,6
3,1

Left ventricular ejection fraction
≥ 50%
< 50%

137
25

84,6
15,4

Note: CRHD – chronic rheumatic heart disease; AV – aortic valve; FC HF – functional
class of heart failure; PTCA – percutaneous transluminal coronary angioplasty.

in patients with dilatation of the ascending aorta and
analysing the predictors of unsatisfactory outcomes.
MATERIALS AND METHODS
Over the period from 2002 to April 2015 specialists
of the Novosibirsk Scientific Research Institute of
Circulatory Pathology named after Academician E.N.
Meshalkin performed a total of 756 Ross procedures
in adult patients over 16 years old. We carried out a
retrospective analysis of the results of correction in
162 patients with accompanying dilatation of the root
ascending aorta (≥ 45 mm). The mean age amounted to
51.0±10.7 years. General characteristics of the patients
are shown in Table 1.
Surgical technologies
In all cases the Ross procedure was performed by
means of the total root replacement technique with
reimplantation of the coronary arteries ostia into the
autograft (Table 2).
A peculiarity of exposing a pulmonary autograft in
patients with an aortic aneurysm consists in the necessity
of obtaining an autograft of an optimal length sufficient for
maximally possible replacement of the altered ascending
aorta. For this purpose, the pulmonary artery was cut
immediately in front of the bifurcation. If the aneurysm

Table 2

Intraoperative data
Parameter

Value

Duration of artificial circulation, min

183.5±30.1

Aortic occlusion time, min

138.9±23.9

Number, n (%)

Cardioplegia:
Custodiol cardioplegia
Blood cardioplegia

158 (97,5)
4 (2,5)

Method of autograft implantation:
Uninterrupted suture
Separate U-shaped sutures

158 (97,5)
4 (2,5)

Interventions on the aorta:
Replacement of the aneurysm with a
pulmonary autograft
Reduction aortoplasty according to
Robicsek
Prosthetic repair of the ascending
aorta with a xenograft
Prosthetic repair of the aorta with a
vascular graft
Prosthetic repair of the aortic arch

130 (80,2)
24 (14,8)
6 (3,7)
2 (1,2)
1 (0,6)

Baseline dilatation of the FR of the
aortic valve (≥27mm)

101 (62.3)

Reduction of the FR

30 (18.5)

Exoprosthetic repair of the autograft

3 (1.85)

Accompanying interventions
Aortocoronary bypass grafting
Mitral valve plasty
Tricuspid valve plasty
Radiofrequency fragmentation of
the atria
Closure of IVSD/IASD
Ross–Konno operation

12 (7,4)
9 (5,6)
8 (4,9)
8 (4,9)
4 (2,5)
2 (1,2)

Reconstruction of the RVOT
Pulmonary homograft
Epoxy-treated xenoconduits
Glutaraldehyde-treated xenoconduits
PTFE conduit
RVOT conduit mean diameter, mm

38 (23,5)
105 (64,8)
17 (10,5)
1 (0,6)
26,7±1,1

Note: FR – fibrous ring of the aortic valve; IVSD – interventricular septum defect;
IASD – interatrial septum defect; RVOT – right ventricular outlet tract; PTFE – polytetrafluoroethylene.

was located either at the level of the root or proximal
third of the ascending aorta we simultaneously replaced
the affected aortic valve and resected portion of the
aorta with the pulmonary complex (130 patients). If the
aneurysm extended to distal portions of the ascending
aorta, when the length of the autograft was insufficient, we
performed reduction plasty of the dilated distal portion of
the ascending aorta (24 patients) (Fig. 1), or used an insert
between the autograft and aorta from the xenopericardium
(6 patients) or a vascular prosthesis (2 patients) (Fig. 2).
In a wide fibrous ring of the aortic valve (more than 27
mm) and non-conformance of the diameters of the rings
of the pulmonary and aortic valves exceeding 2 mm, we
performed its reduction. We used such manipulations as
plication of the fibrous ring by separate U-shaped sutures
(Fig. 3) or reduction with the mattress suture along the
perimeter of the fibrous ring with tying on the bougie of
the corresponding diameter (Fig. 4). In three cases we
carried out exoprosthetic repair of the autograft (Fig. 5).
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А

Fig. 1. Reduction aortoplasty of the ascending aortic portion.

B
Fig. 4. Reduction of the aortic valve fibrous ring by means of an
interrupted suture: a) fibrous ring after reduction by the uninterrupted
mattress suture with the use of xenopericardium strips (the suture
is pulled outward in the projection of the noncoronary sinus); b)
fibrous ring is reduced with a reinforcing suture on a 25-mm bougie.

Fig. 2. Prosthetic repair of the ascending aorta distal to the pulmonary
autograft by an insert from the vascular graft.

Fig. 3. Reduction of the aortic valve fibrous ring by means of separate
U-shaped sutures.
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Assessment of autograft function
All patients after cutting off artificial circulation
were intraoperatively subjected to transesophageal
EchoCG in order to assess haemodynamics on the
neoaortic valve. It was followed by control transthoracic
ultrasound examination prior to discharge and at annual
examination. After discharge, we examined a total of
132 (81.5%) patients. The average duration of follow up
amounted to 40.1±21.6 months.
Statistical analysis of data
The obtained findings were assessed by means of the
Statistica 6.0 package. The results are represented as
the mean and standard deviation (M±σ). The actuarial
freedom from secondary operations/dysfunction of
the autograft was calculated according to the Kaplan–
Mayer technique. We also analysed risk factors for
the development of autograft insufficiency (aortic
insufficiency above moderate) and dilatation of the
autograft (diameter ≥40 mm) in the postoperative period.
The first stage consisted in correlation analysis using
the gamma-coefficient. The factors having significant
correlation or closer to that (p≤0.01) were included
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А

B

C

D

Fig. 5. Exoprosthetic repair of the autograft with a vascular prosthesis: a) pulmonary autograft is placed into the vascular prosthesis; b) formation of
holes in the vascular graft for ostia of coronary arteries; c) a distal line of sutures between the autograft and vascular prosthesis is formed; d) final view
of the operation. The dilated portion of the aorta distal to the autograft is replaced with an insert from the vascular prosthesis.

into the regression model. Differences at p<0.05 were
regarded as statistically significant.
RESULTS
Hospital lethality amounted to 5.6%. In the early
postoperative period pronounced aortic insufficiency
was revealed in 3 (1.9%) patients, all of whom underwent
secondary prosthetic replacement of the aortic valve with
a mechanical prosthesis. At discharge, moderate aortic
insufficiency was observed in 3 patients. In the remaining
cases, regurgitation on the autograft was not observed, or
was insignificant.
One lethal outcome was observed in the remote period,
with the cause of death being ischaemic stroke.
Indications for repeat interventions were considered
to be pronounced aortic insufficiency, aneurysm of the
autograft/ascending portion of the aorta (diameter ≥55
mm), and false aneurysms. Reoperations on the autograft

were carried out in 7 (5.3%) patients with pronounced
aortic insufficiency, who undergone secondary repeat
prosthetic repair replacement of the aortic valve with a
mechanical prosthesis. The mean time from the Ross
procedure to reoperations amounted to 19±9.4 months.
In six cases autograft dysfunction was caused by FR
dilatation, in one case – infective endocarditis. There were
no secondary operations on the ascending aorta, however
2 patients were found to have dilation up to 5.0 cm, with
no haemodynamic changes on the neoaortic valve.
The actuarial freedom from reoperation on the
autograft 5 years after amounted to 89.0±6.6% (Fig. 6).
There were no lethal outcomes in secondary operations.
The correlation analysis revealed that the development
of autograft insufficiency was influenced by the initial
baseline dilatation of the FR of the aortic valve
and uncorrected arterial hypertension (AH) in the
postoperative period (Table 3). The regression model
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Time after operation (in months)
Fig. 6. Actuarial freedom from reoperations on the autograft.

showed that dilatation of the FR and arterial hypertension
were also independent predictors for the development of
autograft dysfunction in the remote period.
In the group of patients with initially dilated FR,
the 5-year actuarial freedom from reoperations on the
autograft amounted to 71.1±10.3%, whereas in the
group of patients with FR less than 27 mm there were
no reoperations (Fig. 7).
Assessing efficacy of FR reduction revealed no
significant influence thereof on progression of aortic
regurgitation (p=0.08).
Aortic insufficiency of ≥2 degree in the early
postoperative period was not a statistically significant
factor, which may be explained by a small number of
patients (n=3) with moderate regurgitation at the time
of discharge.
The findings of postoperative ultrasound examination
and MSCT showed no significant increase in the aortic
dimensions at all levels as compared with the data at
discharge (Table 4).

Time after operation (in months);
Fig. 7. Comparison of actuarial freedoms from reoperations on the
autograft depending on the diameter of the fibrous ring of the aortic
valve: on the axis of ordinate (y) – actuarial freedom from reoperations
(in %); on the axis of abscissa (x) – time after operation (in months);
red dotted line – freedom from reoperations with the diameter of
the FR of the aortic valve <27 mm; blue solid line – freedom from
reoperations with the diameter of the FR of the aortic valve ≥27 mm.

The correlation analysis revealed relationship between
uncorrected arterial hypertension and dilatation of the
autograft ascending aorta in the postoperative period,
however the multivariate analysis revealed no statistically
significant influence of the analysed factors on the
development of dilation of the autograft (Table 5).

DISCUSSION
In aortic valve defects combined with an ascending
aortic aneurysm the most frequently used procedure
is either the Bentall–DeBono procedure or separate
prosthetic repair of the aortic valve and ascending
aorta. Disadvantages of these methods are associated
with implantation of a mechanical prosthesis: necessity
of life-long anticoagulant therapy, high risk for the
development of thromboembolic complications and
haemorrhage [13, 14]. Besides,
Table 3
prosthetic replacement of the
Analysis of predictors of the development
of autograft insufficiency in the postoperative period
aortic valve with a mechanical
prosthesis is associated with a
Parameter
Univariate analysis
Multivariate analysis
relatively high risk of prosthetic
Gamma
р
OR
p
endocarditis associated with
Gender
0.16
0.08
0.26
0.14
elevated mortality [15]. In some
Aortic insufficiency
0.05
0.76
–
–
patients negative influence on
Bicuspid aortic valve
-0.1
0.46
quality of life may be exerted by
FR dilatation (≥27 mm)
0.55
0.0007
5.2
0.04
the sound of the working closing
Aortic aneurysm aetiology (connective
0.33
0.2
tissue dysplasia)
element of the valve [16].
Nature of intervention on the aorta
0.13
0.39
The Ross procedure is an
Active infective endocarditis (before/after
-0.03
0.93
alternative to the conventional
the operation)
methods of prosthetic repair
AOI of ≥2 degree in the early postoperative
0.14
0.48
of the aortic valve. Using a
period
pulmonary autograft in the aortic
Postoperative arterial hypertension
0.87
<0.0001
3.6
0.03
position makes it possible to
Note: Gamma – correlation coefficient, OR – odds ratio, AOI – aortic insufficiency.
obtain excellent haemodynamic
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Table 4

Dynamics of aortic dimensions after operation
Prior to operation

At discharge

After 12 months After 24 months After 36 months

After 48 months After 60 months

FR, mm

26.4 ±2.8

25.1±1.6

25.4±1.8*

25.6±1.6*

25.6±1.7*

25.8±1.9*

Sinuses, mm

45.6±8.6

33.7±3.8

34.1±4.3*

35.3±4.5*

35.6±4.3*

36.3±5.3*

25.7±1.9*
37.8±5.8*

Ascending portion, mm

53.4±7.8

34.8±4.6

35.7±4.9*

36.1±4.6*

36.3±3.7*

37.5±4.7*

38.9±5.7*

Note: * p >0.05 (compared with the parameters at discharge).
Table 5

Analysis of predictors for the development of autograft dilatation in the postoperative
period
Parameter

Univariate analysis
Gamma

р

-0.1

0.5

Aortic insufficiency

0.14

0.38

Bicuspid aortic valve

0.23

0.1

FR dilation (≥27 mm)

-0.03

0.84

Connective tissue dysplasia

0.25

0.28

Character of intervention on the aorta

0.22

0.2

Active infective endocarditis (before and after
operation)

0.16

0.15

AOI of ≥2 degree in the early postoperative
period

0.13

0.18

Postoperative AH

0.34

0.03

Gender

results, which makes it possible to refuse anticoagulant
therapy, as well as to carry out lead an active way of
life style [17, 18]. According to the literature data,
a pulmonary autograft is superior to mechanical
prostheses by haemodynamic characteristics [19, 20],
whereas and while the frequency of the development
of thromboembolic complications and haemorrhage
following after the Ross procedure is less [21]. It was
also demonstrated that remote survival after the Ross
procedure is superior to that of using mechanical
prostheses and allografts and comparable to survival in
the general population [22–24]. However, some a series
of authors explain advantages in the remote survival rate
by a more careful selection of patients for the operation
[21]. On the other hand, optimization of anticoagulant
therapy in implantation of mechanical prostheses in the
aortic position makes it possible to decrease the risk of
complications and to increase survival [25].
R. Elkins, et al. showed safety and efficacy of prosthetic
replacement of the aortic valve with a pulmonary
autograft in patients with an aortic aneurysm. The authors
suggested in dilation of the aorta to additionally carry out
reduction aortoplasty, in aneurysm – prosthetic repair of
the ascending aorta with a vascular graft [2, 26]. It was
also shown that the use of a vascular graft has a stabilizing
effect on the sinotubular junction, preventing autograft
dilatation in the remote period [18, 27].
According to some authors, the Ross procedure despite
advantages did not find wide application in presence of
an accompanying aneurysm of the ascending aorta, since
such patients are running high risk for the development of
autograft dysfunction in the remote period [7].

We had shown earlier that the
presence of an aneurysm of the
Multivariate analysis
ascending aorta did not increase
Odds ratio
p
the risk of re-operation [12].
Using a pulmonary autograft
makes it possible to effectively
0.7
0.26
remove the dilated portion of
the aorta, with the majority
of patients not developing
meaningful dilatation of the
autograft ascending aorta in
the
mid-remote period after the
operation.
According to the literature
0.5
0.14
data the main cause of the
development of autograft dysfunction is dilatation of the
neo-aortic root (primarily at the level of the fibrous ring
and sinotubular junction), leading to loss of cooptation
of valvular leaflets and the appearance of regurgitation
[23, 28]. The most significant risk factors for the
development of insufficiency of a neo-aortic valve are as
follows: baseline aortic insufficiency [17, 18, 23, 28–30],
dilatation of the aortic valve FR [17, 18]; the total root
replacement technique [31]; bicuspid aortic valve [32];
young age [33]; male gender [18]; arterial hypertension
[22, 27, 33].
In our study the main cause of dysfunctions was also
dilatation of the autograft FR. Independent predictors
of the development of aortic insufficiency in the
postoperative period turned out to be a wide FR (≥27
mm) and uncorrected arterial hypertension. The initial
aortic insufficiency and bicuspid aortic valve, if not
combined with FR dilation, did not increase the risk
for autograft dysfunction. We consider that a wide FR
should compulsorily be reduced and reinforced. Some
authors reported efficacy of reducing methodics [18, 27].
However, there also exists a controversial point of view.
According to T. David, et al., reduction of the FR does
not prevent the development of autograft dysfunction
since a wide RF is an indirect sign of connective tissue
dysplasia [17]. We did not reveal significant effect of FR
reduction on progression of aortic insufficiency in the
postoperative period, which can probably be explained
by a short term of follow up in this subgroup of patients.
It is known that adaptation of physical properties
of a pulmonary autograft to systemic haemodynamics
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occurs in early postoperative terms [34]. Therefore,
correction of arterial hypertension may prevent early
dilation and dysfunction of the autograft. We attain grate
importance to the protocol of strict antihypertensive
therapy, especially during the first 6 months after the
Ross operation procedure.
In order to prevent autograft dilatation, especially
in high-risk patients, various methods of reinforcing
the autograft have been proposed. The most commonly
frequently used is external fixation of the FR and
sinotubular crest with teflon strips or pericardium,
stabilization of the sinotubular crest with a vascular
graft. In the literature there is description a method
of reinforcing the neoroot by means of inserting a
pulmonary autograft into the vascular prosthesis [35],
but in doing so a series of the autograft’s physiological
properties are lost. We used this technique technology in
3 patients, however small experience does not allow us to
evaluate it efficacy in the remote period.
Using a pulmonary autograft for replacing the aortic
valve and ascending aorta is contraindicated in pathology
of the mitral valve, requiring its prosthetic repair, in
anomalies of the pulmonary artery valve, pronounced
systolic dysfunction of the left ventricle, multiple-vessel
lesion of the coronary bed [36]. The most prevailing
opinion is that the Ross procedure is appropriate feasible
only in young patients [17]. However, there are studies
suggesting safety and efficacy of this method in patients
over 60 years [37]. In our opinion, the age should not be
a determining factor while deciding upon a possibility of
carrying out the Ross procedure. An individual approach
is required with due regard for the patient’s wishes,
anatomical peculiarities, and accompanying diseases.
However, at the age over 65 years preference should be
given to biografts and allografts. According to the opinion
of most authors, connective tissue dysplasia (Marfan
syndrome and others) is an absolute counterindication
to using a pulmonary autograft [36], although there are
sporadic reports regarding successful use of the modified
Ross procedure (with encasing of the autograft into
the vascular prosthesis) in such patients [38]. We also
have experience in carrying out the Ross procedure in
14 patients with connective tissue dysplasia (of these, 3
patients with confirmed Marfan syndrome) with good
immediate results. Taking into consideration a short term
of follow up (20.7±3.1 months) we currently cannot speak
in the affirmative of feasibility of carrying out the Ross
procedure in this cohort of patients.
Indications for reoperation in patients with autograft
dilatation with no significant aortic regurgitation remain
disputable [18, 39]. Considering the literature-described
cases of dissection of the dilated autograft [40], it is
probable that policy in such situations should be more
active. When determining indications for reoperation,
we are guided by the recommendations of the European
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Society of Cardiology [4]. An indication for secondary
reconstructive interventions on the ascending aorta with
no aortic insufficiency we consider to be the diameter at
the level of the autograft/ascending aorta to be more than
55 mm, with a diameter of 50 mm requiring dynamic
follow up with assessment of aortic dimensions twice a
year. Accretion of the aortic diameter by 3 mm and more
per year surgical treatment is also indicated.
In our series, all patients with autograft dysfunction
were subjected to secondary replacement of the aortic
valve with a mechanical prosthesis. However, according
to some publications this cohort of patients may
successfully be treated by valve-sparing methods (David
and Yacoub) with comparable results of valve-sparing
operations for treating aneurysms of the native aorta
[27, 41, 42].
CONCLUSION
The results of the study demonstrate that the Ross
procedure is safe and effective in patients with ascending
aortic aneurysm. A principal technological aspect of the
operation is exposure of an optimal-length pulmonary
complex for total replacement of the aneurysmatically
altered portion of the ascending aorta. In insufficient
length, thinned wall of the autograft it is necessary to
use synthetic (biological) materials for replacement of
the ascending aorta. In the postoperative period there is
no significant increase in aortic dimensions at all levels
as compared with the findings at discharge. The main
predictor for the development of autograft dysfunction
is dilatation of the FR of the aortic valve of more than 27
mm, thus requiring reduction of the ring in combination
with its reinforcement. Not a less important risk factor
is arterial hypertension, thus suggesting necessity of
strict compliance with antihypertensive therapy in the
postoperative period.
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