World Journal of Cardiovascular Surgery, 2015, 5, 108-113
Published Online October 2015 in SciRes. http://www.scirp.org/journal/wjcs
http://dx.doi.org/10.4236/wjcs.2015.510017

Surgical Method for Facilitation of Aortic
Valve Replacement: Intraoperative
Application of External Pressure for
Increasing the Transverse Axis of
Aortic Annulus
Şahin Bozok1*, Mert Kestelli2, Aykut Şahin3, Hakan Kara4, Tevfik Güneş5, Berkan Özpak1,
Gökhan Ilhan1, Serdar Bayrak2
1

Department of Cardiovascular Surgery, Recep Tayyip Erdogan University Faculty of Medicine, Training and
Research Hospital, Rize, Turkey
2
Department of Cardiovascular Surgery, Izmir Katip Celebi University Faculty of Medicine, Atatürk Training and
Research Hospital, Izmir, Turkey
3
Department of Cardiovascular Surgery, Osmangazi University Faculty of Medicine, Eskişehir, Turkey
4
Department of Cardiovascular Surgery, Ada Hospital, Giresun, Turkey
5
Department of Cardiovascular Surgery, Pamukkale University Faculty of Medicine, Denizli, Turkey
Email: *sahinboz@yahoo.com
Received 28 September 2015; accepted 27 October 2015; published 30 October 2015
Copyright © 2015 by authors and Scientific Research Publishing Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract
Background: Surgical method was introduced for enhancement of prosthetic valve insertion and
overcoming difficulties ensourcing from prosthesis-patient mismatch. Methods: Twenty-two patients that underwent aortic valve replacement between January 2005 and July 2009 were included in this prospective study. In these patients, the insertion of prosthesis larger than the annulus diameter was attempted after the application of an external pressure that increased the
transverse axis diameter of the aortic annulus. The postoperative results and complications were
assessed. Results: This surgical method was performed on 22 patients (16 males, 6 females, mean
age: 52.2 ± 15.8 years) during the valve replacement. In 12 patients (55%), replacement of proper
sized aortic valve compliant to their surface area was accomplished, while the insertion of a proper valve could not be achieved in 10 (45%) of the patients. No perioperative mortality or complications related to the procedure were reported. Conclusion: Increasing the transverse diameter of
aortic valve may not only facilitate the insertion of a prosthetic valve but also aid in overcoming
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prosthesis-patient mismatch. Further studies on larger series are necessary to document the actual effectively and precise selection criteria for application of this method.
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1. Introduction
Surgical treatment of aortic stenosis aims to correct the valvular pathology and relieve the pressure load on the
left ventricle resulting in the reversal of pathologic anatomical changes and restoration of function [1]. Regression of left ventricular hypertrophy and other related anatomical changes after aortic valve replacement (AVR)
seems to affect the long-term survival rates significantly [2].
Valve prosthesis-patient mismatch (PPM) occurs when the effective orifice area of the inserted prosthetic valve is
too small relative to body surface area. PPM is defined as a valve effective orifice area indexed for body surface area
equal to or greater than 0.8 to 0.9 cm2/m2 [3]. This is a frequent problem in patients undergoing AVR (20% to 70%
prevalence) that results in generation of high transvalvular gradients through normally functioning prosthetic valves
[4]-[6]. Residual transprosthetic pressure gradients are important because an increased gradient will evidently result in
an increased left ventricle work-load, jeopardizing the regression of left ventricle mass after AVR [3]. Mismatch between the orifice surface of the mechanical valve and the patient’s body surface area remains as a challenge in aortic
valve surgery. Despite the definition of minimum valve sizes that could be inserted according to the surface area, unfortunately the replacement of a proper valve with respect to the surface area was not always feasible [3] [5] [6].
In this manuscript, we suggest a novel surgical method that relies on the intraoperative manipulation of the
aortic annulus by increasing the transverse diameter in order to eliminate the likelihood of patient-prosthesis
mismatch. To our knowledge, this method has not been previously described in the literature (PubMed).

2. Patients and Methods
Study Design: This study was performed in the cardiovascular surgery department of a tertiary care center
after the approval of Institutional Review Board. Twenty-two patients (16 males, 6 females) underwent AVR
between January 2005 and July 2009 were prospectively evaluated. Routine blood tests and transthoracic echocardiography were performed preoperatively in all patients, while cardiac catheterization and coronary angiography were preserved for those at risk for coronary artery disease and multiple valve disease.
Surgical Method: All the patients were operated under general anesthesia using median sternotomy. Standard
aortic arterial and uni-caval venous cannulation was performed on all patients, while venous cannulation was
performed as bi-caval for candidates of mitral valve intervention. All the patients were cooled down to be 28˚C 30˚C with a pump. Following the cross clamping, initial antegrade and subsequently retrograde isothermic
hyperpotassemic blood cardioplegia was administered. The aorta was transversely opened after the cross clamping. Sling suturing was applied with 2/0 Tycron through each three commissure. Aortic valve was held from the
leaflets and excised as to leave about 2 - 3 mm of the annulus. U sutures were passed with 2/0 Tycron sutures
from the annulus with 2 mm intervals as the pledgets will be kept above the annulus. The sutures passed through
the annulus were advanced through the mechanical valve suture ring. The horizontal axis of the mechanical
valve was introduced into the annulus perpendicular to the horizontal axis of the aortic annulus. After fixation of
first suture from where the aortic left coronary cusp adhered to the annulus, the valve was located and the suture
in where the right coronary cusp adhered to the annulus was fixed. After completion of all the sutures, mechanical valve leaflets were checked, and the aortotomy was closed.
This novel surgical method, illustrated in Figure 1, is theoretically based on the insertion of the mechanical
valve greater than the annulus diameter to the annulus owing to the application of an external pressure that increases the transverse axis.
All the patients received dopamine (Dopadren®, Vem Ilac, Istanbul, Turkey) 10 μg/kg/min and dobutamine
(Dobutamin Konsantre®, Meditera Ilac, Izmir, Turkey) 10 μg/kg/min infusions before the cardiopulmonary bypass was finished. Intra-aortic balloon pump was used when required. The patients were fully monitorized under
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Figure 1. Facilitated insertion of the aortic valve prosthesis by increasing the
transverse diameter of the annulus by application of external pressure.

the mechanical ventilation during the intensive care and there was no perioperative mortality. ACE inhibitor, diuretics and anti-coagulant treatment (warfarin sodium 5 mg) were administered to all patients at the 1st postoperative day. Warfarin sodium (Coumadin®, Eczacibasi, Istanbul, Turkey) dose was set according to prothrombin time and international normalized ratio values measurements. Prothrombin time and international normalized ratio values were adjusted as to be 2 - 2.5 times of the normal values.

3. Results
The mean age of the study group was 52.2 ± 15.8 (range: 21 - 76) years. The co-morbidities reported included
hypertension (n = 11), diabetes mellitus (n = 3), chronic pulmonary disease (n = 2), cerebrovascular disease (n =
2) and history of smoking (n = 10). Mitral valve replacement and concurrent coronary artery bypass were performed on five and two patients respectively.
The patients’ mean surface area was 1.75 ± 0.18 (range: 1.56 - 2.06) m2 and the average size of the valves inserted was no 23.45 ± 1.84 (range: 19 - 27) mm. Body surface areas of patients and data regarding aortic valve
sizes are demonstrated in Table 1. In 12 patients (55%), replacement of proper-sized aortic valve compliant to
their surface area was accomplished, while insertion of a proper valve could not be achieved in 10 (45%) of the
patients.
Neither any complications related to the surgical procedure were encountered during the AVR, nor any perioperative mortality occurred. Four of the patients died due to heart failure during the long-term follow-up period
after a minimum of two-year time interval.

4. Discussion
The term “prosthesis-patient mismatch” was described as the situation in which “the effective prosthetic valve
area, after insertion into the patient, is less than that of a normal human valve” by Rahimtoola in 1978 [7]. In
other words, PPM is expected to occur when the effective orifice area of the implanted prosthetic valve is too
small in relation to the patient’s body size, despite the normal prosthesis function [2] [6] [8].
Actually, many patients receiving a prosthetic aortic valve will have some degree of PPM, since the sewing
ring, struts and leaflets of prostheses produce a relative obstruction to blood flow [2] [5].
The phenomenon of PPM is mainly attributed to two main reasons. First, patients with aortic valve disease
frequently exhibit annulus calcification and fibrosis in addition to the left ventricle hypertrophy, which reduce
the size of the aortic annulus [9]-[11]. In these circumstances, prosthesis smaller than calculated with respect to
the patient’s body surface area-should be implanted. Second, because the stented prosthesis has its own annulus,
the effective orifice area after the implantation is actually smaller than that of a normal native valve. Factors that
may predict PPM preoperatively are as follows: larger body surface area, high body mass index, older age,
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Table 1. Body surface areas, required and inserted aortic valve sizes in our series.
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Patient no.

Body surface area (m2)

Minimum valve size required (mm)

Inserted valve size (mm)

1

1.66

23

23

2

1.64

23

19

3

2.02

27

25

4

1.56

23

25

5

2.06

27

25

6

1.67

23

25

7

1.65

23

21

8

1.47

21

23

9

1.81

25

25

10

1.82

25

25

11

1.85

25

23

12

1.94

27

25

13

1.89

25

23

14

1.48

21

21

15

2.01

27

25

16

2.02

27

27

17

1.64

23

23

18

1.56

23

23

19

1.86

25

23

20

1.66

23

23

21

1.68

23

21

22

1.64

23

23

smaller prosthesis size, and valvular stenosis as the predominant lesion before the operation [11]-[13].
Patient-prosthesis mismatch occurs more frequently in patients with stenotic native valves and in older patients. This is consistent with the overall concept, because patients with stenotic native valves generally have a
smaller valvular annulus than those with regurgitant valves, while calcific aortic stenosis is by far the most prevalent lesion in older patients undergoing AVR [5]-[7].
General practice to PPM is the insertion of a closest smaller valve than the measured size of the annulus. A
rapid and complete regression of the left ventricle hypertrophy can happen as a result of the superior hemodynamic performance and lower transvalvular gradient with the large prostheses. This subsequently provides a
clinical recovery and prolongs the life expectancy. In contrary, small prostheses may be threatening in especially
early and late periods of life and during exercise by creating an obstruction through the left ventricle outlet
[11]-[16]. It was demonstrated that both prosthetic and bioprosthetic valves are narrower than the natural valves,
and although function normally, they may lead to some degree of a gradient [17] [18]. These gradient values
further increase in the cases with a small annulus by using valves with a small size [19]. To allow the usage of
large valves, the annulus needs to be expanded before the replacement procedure [8] [15]. According to David’s
definition of the minimum required valve sizes to be inserted with respect to the surface area, size no 21 is the
minimum for a surface area < 1.5 m2, size no. 23 between 1.5 and 1.7 m2, size no. 25 between 1.7 and 1.9 m2
and, size no. 27 for the surface area > 1.9 m2 [3].
Aortic annulus diameter decreases by 16% from systole to diastole [15] [20]. In our study, we considered the
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decrease of annulus diameter at the diastole and therefore, AVR was performed during the diastolic arrest,
where the annulus was decreased by 16%. The annulus diameter measured during the valve replacement was
smaller by 16% than the diameter pre-operation. Furthermore, intra-aortic pressure is zero when the valve is being replaced, hence it can be foreseen that the aortic annulus will be stretched a little more under the normal
pressure after the replacement.
Limitations of our study are relatively small size of our series and lack of definite criteria for selection of patients for this method. However, we hope that this study will pioneer not only further studies on this method but
also development of alternative options to eliminate PPM.

5. Conclusion
In conclusion, we believe one could act more courageously for the insertion of a larger valve than the aortic diameter measured during the operation. Changing the form of the aortic annulus, increasing the transverse diameter as well is an applicable and successful method that can aid in the insertion of the prosthesis.
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