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Abstract

Aim of the study: Different heart valve replacement tech-
niques have been described in the literature. In the present
study, a simple and very fast heart valve replacement tech-
nique is presented.

Material and methods: In a two-year period, 87 patients with
the diagnosis of mitral valve disease, aortic valve disease or
combined valve disease underwent valve replacement per-
formed by the same surgeon. In this technique, the valve was
implanted with the valve clamped to the surgical dressing
without the assistant holding it. Patients with coexisting surgi-
cal pathologies were excluded from the study. A control group
was created among the patients who were operated on during
the same time period by different surgeons with the assistant
holding the prosthesis. Control group operations were done by
conventional valve holding and suturing techniques.

Results: Mean age of the patients was 61.6 3.2 years. Mitral
valve replacement (MVR) was done to 51 patients, aortic valve
replacement (AVR) to 12 patients and both aortic and MVR to
24 patients. Aortic cross clamp duration was 30.7 +3.3 min for
MVR, 34.8 6.2 min for AVR and 69.1 +6.1 min for both valve
replacements. Aortic clamping durations were significantly
higher in the conventional implantation technique.
Discussion: The described technique has many advantages
such as short myocardial ischemia duration, better exposure
of the surgical field and facilitation of assistance.
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Streszczenie

Cel: W piSmiennictwie opisano wiele technik wymiany zasta-
wek serca. W niniejszym artykule przedstawiono metode szyb-
ka i tatwa do przeprowadzenia.

Materiat i metody: W okresie 2 lat 87 pacjentéw ze stwier-
dzona choroba zastawki mitralnej, zastawki aortalnej lub obu
tych zastawek przebyto operacje wymiany zastawek, ktére
byty przeprowadzane przez tego samego chirurga. W opisywa-
nej metodzie zastawka bez uchwytu przymocowywana jest do
chusty chirurgicznej po stronie chirurga przeprowadzajacego
operacje. Pacjenci ze wspétistniejagcymi patologiami chirur-
gicznymi zostali wytgczeni z badania. Utworzona zostata grupa
kontrolna, sktadajaca sie z pacjentéw operowanych w tym sa-
mym okresie przez r6znych chirurgébw. W czasie tych operacji
protezy zastawek trzymane byty przez asystentéw. W opera-
cjach przeprowadzonych w grupie kontrolnej uzyto tradycyj-
nych technik szycia chirurgicznego.

Wyniki: Sredni wiek pacjentéw wynosit 61,1 +3,2 roku. Wymia-
ne zastawki mitralnej przeprowadzono u 51 pacjentéw, wymia-
ne zastawki aortalnej przeprowadzono u 12 pacjentéw, a u 24
pacjentéw konieczna byta wymiana obu tych zastawek. Czas
trwania zaklemowania aorty wynosit 30,7 3,3 min dla wymia-
ny zastawki mitralnej, 34,8 +6,2 min dla wymiany zastawki
aortalnej oraz 69,1 +6,1 min dla wymiany obu zastawek. Czas
trwania zaklemowania aorty byt istotnie dtuzszy przy zastoso-
waniu konwencjonalnej metody implantacji.

Dyskusja: Opisana technika zapewnia wiele korzysci, takich
jak skrécenie czasu niedokrwienia miesnia sercowego, lepszy
dostep do pola operacyjnego, jak rowniez tatwiejsza wspotpra-
ca miedzy chirurgiem i asystentem.

Stowa kluczowe: zastawka mitralna, zastawka aortalna, ope-
racja zastawki.
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A simple heart valve replacement technique which improves surgical time

Introduction

Since the first successful prosthetic mitral valve was
implanted, there has been a great advance in the heart
valve prosthesis [1]. There are different techniques for im-
plantation of these prostheses. However, most surgeons
prefer the classically suggested suturing techniques in
which multiple single interrupted sutures are placed
in the annulus first and then the sutures are implanted in
the sewing ring [2].

In the present study, a detailed modified valve holding
technique is described. The surgical outcomes are evaluat-
ed and the pitfalls of the technique are discussed in detail.

Material and methods
Patients

Between June 2010 and June 2012, 87 patients with
the diagnosis of mitral valve disease, aortic valve disease
or combined valve disease underwent valve replacement.
Patients with surgically treated valvular heart disease with
a valvular prosthesis were included in the study. Coexisting
coronary artery disease or ascending or arcus aorta disease
that necessitated simultaneous surgical correction, aortic
root enlargement procedures, mitral valve or aortic valve
repair procedures were excluded from the study. The data
of the patients were retrospectively collected. The study
mainly concerned the early in-hospital outcomes and not
the mid-term or late results.

Surgical technique

The operations were done by the same surgeon under
general anesthesia and intratracheal intubation. Median
sternotomy was done. Pericardial stay sutures were placed.
Anticoagulation was accomplished with heparin until a tar-
get activated clotting time of a minimum of 450 seconds
was achieved. Standard ascending aorta and venous can-
nulations were done for the valve that was going to be
replaced. Standard cardiopulmonary bypass techniques
were used for the operations. The patients were cooled to
30-32 degrees Celsius. Antegrade isothermic hyperkalemic

Fig. 1. The sutures applied to the annulus at 3, 6, 9 and 12 o’clock
position and the valve prosthesis without its holder clamped on its
sewing ring to the surgical cloth with a surgical clamp
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blood cardioplegia with a 4 to 1 blood to crystalloid ratio
was used for myocardial protection in the cases of mitral
valve surgery and additional retrograde cardioplegia for
maintenance for all aortic valve procedures. A routine left
atrial vent catheter was introduced for all procedures.

Mitral valve replacement (MVR)

A surgical cloth with a hole was used for surgical area
isolation. The mitral valve was exposed through interatrial
groove incision to the left atrium. Left atrial retractor trac-
tion was done by the first assistant. Excision of the valve
was started from the center of the anterior mitral leaflet
at the 12 o’clock position. A pledgetted 2-0 nonabsorbable
polyfilament horizontal mattress suture was then applied,
leaving the pledgettes on the left atrial side. The anterior
leaflet was then excised in counter clockwise direction until
the anterolateral commissure was reached. Another pledget-
ted 2-0 nonabsorbable polyfilament horizontal mattress su-
ture was then applied in the 9 o’clock position. The anterior
leaflet was completely excised in clockwise direction up to
the posteromedial commissure and a pledgetted 2-0 nonab-
sorbable polyfilament horizontal mattress suture was then
applied to the annulus at the 3 o’clock position. The pos-
terior leaflet was spared in all procedures. Another pledg-
etted 2-0 nonabsorbable polyfilament horizontal mattress
suture was then applied to the midpoint of the posterior
annulus at the 6 o’clock position. The valve size was de-
termined. The valve without its holder was gently clamped
on its sewing ring to the surgical cloth with a simple sur-
gical clamp as seen in Fig. 1. Starting from the posterior
6 o’clock suture, the suture was sewn to the valve (Fig. 2).
Interrupted sutures were then passed from the annulus first
and then the sewing ring subsequently in a clockwise direc-
tion (Fig. 3). After placement of the last suture of the first
quadrant, the sutures were clamped and needles were cut.
The valve was then rotated in a counterclockwise direction

Fig. 2. 6 o’clock annular suture sewn to the sewing ring of the pros-
thesis
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Fig. 3. Interrupted sutures passed from the annulus first and then
the sewing ring subsequently in a clockwise direction. The arrows
indicate the direction of the suturing from the annulus and the se-
wing ring

Fig. 5. Completion of the second quadrant and rotation of the pros-
thesis in the direction of the arrow

and was clamped to the surgical cloth again (Fig. 4). This was
repeated for the first three quadrants (Fig. 5). After comple-
tion of the third quadrant, the valve was declamped and put
to the left side of the surgeon without clamping it (Fig. 6).
The last quadrant was then completed with the same si-
multaneous annular and prosthesis suturing. The ventricle
was rinsed with saline and then the valve was lowered to
the annulus using its holder. Starting from the posterior an-
nular sutures, the sutures were tied in clockwise direction.

Aortic valve replacement (AVR)

Aortic valve sutures were applied in three thirds differ-
ent from the mitral valve. The valve was excised starting
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Fig. 4. The first quadrant sutures clamped, the valve prosthesis
rotated in counterclockwise direction as the arrow indicates

Fig. 6. Completion of the three quadrants. The valve prosthesis
declamped and put to the left side of the surgeon without been
clamped

from the right coronary leaflet, the left coronary leaflet and
then the non-coronary leaflet. Commissural sutures were
applied and the valve size was determined. The prosthetic
valve was clamped as explained for MVR. This time the left
coronary-non coronary commissural suture was the start-
ing suture. The sutures were introduced in a clockwise
fashion both to the annulus and the prosthesis. After
completion of one third of the annulus, the valve was ro-
tated in counterclockwise direction and clamped again to
the surgical cloth. When two thirds of the sutures were
finished, the prosthesis was declamped and put on the left
side of the surgeon. The last noncoronary one third was

343



A simple heart valve replacement technique which improves surgical time

finished and then the valve was lowered. Sutures were tive pulmonary disease (10 patients), smoking (14 patients),

tied thereafter. and diabetes (4 patients).
Preoperative mean left ventricular ejection fraction was
Statistical analysis 54.0 £10.8% (range 25-70%). Mean left ventricular end dia-

stolic diameter was 57 10 mm (range 40-78 mm). Mean
left ventricular end systolic diameter was 41 +10 mm (range
27-68 mm). Mean bleeding amount was 490 +317 ml (range
100-1700 ml). Mean intensive care unit stay and postopera-
tive hospital stay were 1.29 +0.57 days (range 1-4 days) and
6.76 +1.33 days (range 5-13 days) respectively. Mechanical
valves were used for 76 patients and bioprostheses were
used for 11 patients. Aortic cross-clamp time, CPB (cardio-
pulmonary bypass) time and size of the prosthesis are pre-
sented in Table I.

The data of the described technique were compared with
randomly selected conventional operation groups according
to different valves. Mitral valve replacement was compared
with MVR in the control group. Aortic valve and combined

Statistical analysis was done with the SPSS statistical
software program (SPSS Inc, Chicago, IL). For the control
group, data of the same type of valvular replacement pro-
cedures during the same time period were retrospectively
collected. These operations were done by other surgeons.
These procedures were done using the standard classical
technique in which whole sutures were applied to the an-
nulus first, and then to the prosthesis which the assistant
held. In order to make a comparison with the standard valve
implantation technique 87 patients were randomly select-
ed. The same number of each valvular replacement proce-
dure (MVR: 51 patients, AVR: 12 patients and MVR plus AVR:
24 patients) was randomly selected among those patients
who met the inclusion criteria. two-valve operation were also compared. Each valve im-

The differences between the groups according to gender,  pj3ntation technique group was well matched according to
smoking and diabetes were analyzed by y? test. Continuous age, sex, diabetes and smoking (p > 0.05). When the surgi-

variables were expressed as the mean +1 SD. Continuous vari- 3| procedures and postoperative data were compared, there
ables were compared by the t-test. The p values less than 0.05 a5 only a significant difference according to the aortic

were considered to be statistically significant. crossclamp durations. Preoperative and postoperative data
comparison showed similar insignificant differences except
Results for aortic crossclamp durations. The comparative data are

During the study period 87 patients were operated on for ~ presented in Tables Il and III.

valvular heart disease. The male/female ratio was 51/36. Mean

age of the patients was 61.6 +13.2 years (range 26-82 years). Discussion

Mitral valve replacement was done to 51 patients, AVR to Surgical techniques on valvular replacements have been
12 patients, and both aortic and MVR to 24 patients. Twenty- ~ well described in the textbooks and there are few reports
six patients had tricuspid valve repair as well. One patient had  on this subject in the literature. Many surgeons have modi-
revision for excess bleeding and 2 patients died due to pulmo-  fied these described techniques in the textbooks according
nary complications. Patients had preoperative chronic obstruc-  to their preferences. However, we are in the opinion that

Tab. I. Operative data of the patients in the described technique according to the valve replacement types

Valve type Cross-clamp time (min) (min-max) CPB time (min) (min-max) Prosthesis size (mm) (min-max)
mitral valve replacement 30.7 3.3 (24-45) 49.1 +4.3 (38-65) 27.5 +1.6 (25-31)
aortic valve replacement 34.8 £6.2 (27-52) 50.5 +7.6 (40-70) 21.6 1.4 (20-25)

Mv 26.7 £1.5 (25-29)

mitral and aortic valve replacement 69.1 +6.1 (58-80) 93.7 +8.3 (70-110) Ao 211 +1.4 (18-23)

CPB — cardiopulmonary bypass; Mv — mitral valve; Ao — aortic valve

Tab. Il. Demographic and preoperative data comparison with control group

N Age (year) F/M DM Smokers LVEF (%) LVESD (mm)  LVEDD (mm)
MVR 51 60.0 £12.7 34/17 3 6 54.0 £10.9 42 £10 58 +10
MVR control 51 573 %134 36/15 2 8 54.9 #11.3 39 £9 54 +9
p 0.298 0.831 1.000 0.775 0.664 0.128 0.086
AVR 12 66.0 9.1 2/10 1 2 60.9 £5.1 3519 52 +9
AVR control 12 65.3 £8.2 7/5 1 1 55.7 £7.9 36 £5 50 £5
b 0.852 0.089 1.000 1.000 0.071 0.833 0.637
MVR + AVR 24 62.8 ¥15.4 15/9 0 6 50.7 £11.4 43 +7 57 +8
MVR + AVR control 24 58.1 #11.0 13/11 1 4 55.3 +11.6 39 +7 57 £5
b 0.226 0.770 1.000 0.724 0.169 0.057 0.833

LVEF — left ventricle ejection fraction; F/M — female/male; LVESD - left ventricular end systolic diameter; LVEDD — left ventricular end diastolic diameter
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Tab. Ill. Operative and postoperative data comparison with control group

Cross-clamp time (min)

Total amount of chest

Intensive care unit stay  Postoperative hospitali-

(min-max) tube drainage (ml) (day) zation (day)
MVR 51 30.7 £33 451 £328 1.21 £0.57 6.60 £1.41
MVR control 51 66.3 £12.5 373 £227 1.21 +0.46 6.96 £1.92
p < 0.001 0.165 1.000 0.295
AVR 12 34.8 £6.2 452 +386 1.25 £0.45 6.83 +1.37
AVR control 12 65.9 £9.5 350 £213 1.25 £0.45 6.75 +£0.96
p < 0.001 0.432 1.000 0.863
MVR + AVR 24 69.2 6.1 591 +234 1.45 £0.59 7.04 +1.12
MVR + AVR control 24 106.6 +19.4 490 £315 1.21 £0.59 6.58 +1.24
p < 0.001 0.215 0.148 0.188

there are still difficulties that surgeons meet during these
procedures. Classically, in both mitral and aortic valve re-
placements, the sutures stay in the surgeon’s view, whereas
the sutures stay away from the surgeon’s view in the pre-
sented technique because when working on the posterior
annulus, the valve prosthesis stays on the surgeon’s side.
When working on the anterior annulus, the sutures again
stay away from the surgical view. Traction of the previous
suture lowers especially the anterior annulus into the surgi-
cal view in mitral position. This facilitates suture implanta-
tion in the annulus. Another and maybe the most important
advantage of the presented technique is that the first as-
sistant does not have to hold the prosthesis or the sutures.
Therefore he may help the first surgeon with the other
hand. There are sternal retractors with some attachments
on them to place a mitral retractor. Nevertheless, retraction
by an assistant is sometimes necessary when the mitral po-
sition is difficult for suture implantation.

In the classical techniques, when using the interrupted
suture technique, all of the annular sutures are placed first
and these sutures are placed in the sewing ring thereafter.
This technique has some disadvantages. First of all, many
sutures when applied may be entangled and separation
of these sutures may sometimes be difficult. This will pro-
long the operation time as well. A purpose-made retain-
ing device for suture holding has been presented in order
not to mix these sutures. Another solution is to use diffe-
rent colored sutures [3]. However, even these solutions are
not satisfactory. The currently presented technique solves
the problem as the sutures are placed in the annulus and
then subsequently in the sewing ring. This avoids mixing
as well as accidental suture crossing. Another difficulty is
the needles, which sometimes complicate this problem, but
this is also solved in the presented technique. Removing
needles as soon as possible makes threads easy to handle
and decreases accidental puncture of surgeons’ gloves.

The most challenging difficulty of the presented tech-
nique is that the surgeon should guess the distance be-
tween the quadrants and calculate how many sutures to
place on the annulus in that quadrant. This is important
to properly locate sutures in the sewing ring. Mostly 12-14
pledgetted sutures in mitral and 9-12 in AVR are enough in
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most of the operations, so most of the time this has not
been a challenge for us.

Clamping the sewing ring to the cloth may be thought
to harm the sewing ring but this has never been seen due
to the fact that clamping the sewing ring with a toothless
clamp is not traumatic. Clipping the prosthesis to the surgi-
cal towel will also avoid the prosthesis from the patient’s
skin organisms. The bioprosthesis does not complicate
the described technique as well.

In the continuous suture technique, the prosthesis is
tightly approximated to the annulus and the slippage of
the suture loops makes the tension equalized with heart
motion. This technique also speeds up the procedure [4].
A running suture for implantation of mitral valves makes
a very clean suture line with minimal knots, although it
has the risk of valve dehiscence if an infection occurs [1].
Continuous running suture technique is found to be ad-
vantageous when speed is taken into account [5]. A study
comparing the continuous suture technique with the inter-
rupted suture technique has shown an increase in the risk
of paraprosthetic regurgitation in both mitral and aortic po-
sitions. Need for reoperation has been significantly higher in
the continuous suture technique after mechanical AVR [6].

In a study comparing a newly designed sutureless valve
with conventional AVR, the mean aortic cross-clamp and
CPB times have been found as 34 +15 min and 59 +21 min,
respectively. These short durations of the aortic cross-
clamp and CPB times were reported to reduce mortality
and morbidity [7]. When compared with interrupted suture
technique, continuous suture technique has been found to
have shorter aortic cross clamp times (85.9 +32.9 vs. 46.3
+20.4) [8]. Our study demonstrated even shorter dura-
tions. In a study comparing port access mitral valve pro-
cedures with standard mitral valve techniques, the cross-
clamp time was found longer with port access. In this study
standard MVR cross clamp time was found as 64.6 min [9].
Another study demonstrated a cross clamp time of 43 +15
min for conventional MVR technique [10]. In the present-
ed technique, the cross clamp time was 30.7 +3.3 min for
MVR. The aortic cross-clamp times were nearly the same
as the sutureless valve implantation durations. In the pre-
sent study, we did not focus on the surgical outcomes but
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the operational data. The crossclamp times were excellent
and in hospital outcomes were acceptable.

The mean aortic valve size in the present study is rela-
tively small, with a mean of 21.6. This may cause a patient-
prosthesis mismatch. We do not preoperatively plan the size
of the prosthesis to be implanted. But in practice we de-
cide to enlarge a root when the valve size is below 19 or
when a patient has a relatively large body surface area. On
the other hand, enlarged aortic roots were excluded from
the study, which in fact might lead to wrong analysis of
the replacement durations. In a study, supra-annular mat-
tress sutures were offered to implant a bigger prosthesis. In
addition, in that study below the valve size of 25 mm, left
ventricular mass index only decreased in stentless biologi-
cal aortic valves when compared to mechanical or stented
biological aortic valves. The authors also mentioned that
early left ventricular mass regression had not been due
to residual gradient but due to afterload reduction [11].
Although we also used supra-annular sutures, we think
that prosthesis size may be increased to some extent with
pledgettes below the annulus or with continuous sutures.
However, sub-annular pledgettes may disappear if the su-
ture is broken during tying. Disadvantages of continuous
sutures have been discussed previously.

A major limitation of the study is its retrospective de-
sign and comparison of two techniques done by differ-
ent surgeons. The small population, especially in the AVR
group, may make it difficult to reach conclusions. Another
limitation may be the lack of late results of the procedures,
which in fact may be a further study.

To conclude, the presented technique provides some
practical solutions to the above-mentioned pitfalls of valve
replacement.

We would like to thank Prof. Dr. Ali Glirbiiz for his great
efforts in teaching the presented technique.
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