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Continuous Suture 
Technique for Aortic  
Valve Replacement
Shortens Cross-Clamp and Bypass Times

The interrupted noneverting mattress suture technique is typically used in conventional 
surgical aortic valve replacement. The continuous suture technique, although faster, has 
been associated with a higher incidence of paravalvular leak. Using a slightly modified 
technique to minimize this risk, we investigated whether continuous suturing would short-
en aortic cross-clamp time in aortic valve replacement in comparison with interrupted su-
turing.

We reviewed the cases and compared the perioperative data of 60 consecutive pa-
tients in Japan and Australia (35 men and 25 women; median age, 70 yr) who had under-
gone aortic valve replacement with or without septal myectomy. The continuous suture 
technique had been used in 41 patients (Group CS) and the standard interrupted suture 
technique in 19 (Group IS). The groups were similar in age, sex, pathologic valvular condi-
tions, and operative urgency.

In Group CS, aortic cross-clamp time (47 vs 63 min; P=0.0001) and cardiopulmonary 
bypass time (76 vs 89 min; P=0.04) were significantly shorter. Neither group had early 
paravalvular leak. Using our continuous suture technique safely shortened aortic cross-
clamp time during surgical aortic valve replacement. (Tex Heart Inst J 2017;44(6):390-
4)

W hereas progress in the transcatheter treatment of aortic valve stenosis has 
enabled more transcatheter aortic valve replacements (TAVR) from year 
to year,1 the number of surgical aortic valve replacements (SAVR) has 

also increased. In SAVR, sutureless valves have shown promise on the basis of early 
outcomes2; however, implantation with interrupted noneverting mattress suture is 
performed most often. The continuous suture technique,3,4 although comparatively 
faster than interrupted suturing, has been associated with a higher incidence of para-
valvular leak (PVL),5 possibly because of uneven stitching.
	 We studied whether our continuous suture technique—including extra attention 
to precise spacing at commissures and nadirs—compares favorably with interrupted 
suturing in terms of aortic cross-clamp time and early outcomes after aortic valve 
replacement (AVR), and we report our findings here.

Patients and Methods

We retrospectively studied the medical records of 60 consecutive patients who had 
undergone AVR, with or without septal myectomy, in Japan and Australia from July 
2006 through April 2016. We analyzed the patients’ demographic characteristics, 
intraoperative data, and early postoperative outcomes. All patients had undergone in-
traoperative transesophageal echocardiography (TEE) and postoperative transthoracic 
echocardiography before their discharge from the hospital. This study was conducted 
in compliance with human studies guidelines at our respective institutions and was 
approved by the institutional ethical review boards.
	 Table I shows the patients’ preoperative characteristics. The continuous suture tech-
nique had been used in 41 patients (Group CS) and the interrupted suture technique 
in 19 (Group IS). The groups were statistically similar except for a higher EuroScore 
II in Group CS.
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Surgical Technique

In each patient, after a median sternotomy, cardio-
pulmonary bypass (CPB) was started along with aortic 
perfusion and right atrial drainage. A left ventricular 
vent was inserted through the right upper pulmonary 
vein. Mild hypothermia was established, the aorta was 
cross-clamped, and crystalloid cardioplegic solution 
was administered antegrade, followed by intermittent 
blood cardioplegic solution retrograde regardless of 
aortic regurgitation. After the aortic valve was resected 
and the area thoroughly decalcif ied, the annulus was 
sized. Annuli in patients with endocarditis or severe 
calcification underwent aggressive débridement. Each 
attending surgeon used one technique—interrupted or 
continuous—exclusively.
	 Annular Repair. In continuous suture AVR, we re-
inforced the annulus when the ventriculo-aortic conti-
nuity was destroyed. We used 4-0 pledgeted Prolene® 

polypropylene mattress suture (Ethicon US, LLC, a 
Johnson & Johnson company; Somerville, NJ).
	 In interrupted suture AVR, we placed a noneverting 
mattress suture to repair a damaged annulus, using 2-0 
Ethibond Excel® braided polyester sutures (Ethicon).

Continuous Suture Technique
To minimize PVL after continuous suturing, we applied 
6 equally spaced stitches in each leaflet attachment for 
normal-sized valves, and 5 stitches for smaller valves. 
To achieve adequate depth, we made 4-mm suture bites 
of 2 mm each on the aortic and ventricular sides. For 
the first 3 stitches of the right coronary leaflet attach-
ment, we made 3-mm bites (2 mm on the aortic side 
and 1 mm on the ventricular side), to avoid conduction 
disturbance.
	 We used one of three 17-mm half-circle needles to 
pass a 2-0 Prolene suture through the right coronary–

noncoronary leaf let commissure from the aortic side 
to the ventricular side (Fig. 1A), and then through the 
sewing cuff of the prosthetic valve from bottom to top 
(Fig. 1B). The suture was run counterclockwise and 
was passed under the previous suture for the annulus 
and then over the previous suture for the sewing cuff 
(Fig. 1C–E). Of the 5 or 6 equidistant stitches for each 
leaflet attachment, the 3rd stitch was placed just before 
the nadir and the 4th just beyond it. The suture was 
twisted as we sutured the right leaflet attachment, but it 
gradually untwisted as the prosthetic valve was rotated 
clockwise. After the sewing cuff for the right coronary 
leaf let was completed, we used rubber-tipped forceps 
to hold this needle and the needle of the 2nd suture to-
gether. The left coronary leaflet attachment was sutured 
in the same fashion with the 2nd needle (Fig. 1F). The 
noncoronary leaflet attachment was sutured similarly, 
and we used another forceps to hold the end of the su-
ture line and the first suture needle together. The pros-
thetic valve was lowered to the annulus as we pulled the 
3 rubber-tipped forceps individually. The suture from 
the nadir to the commissure was tightened by pulling 
up the suture at each nadir with a nerve hook (Fig. 1G). 
Then, 2 strings of each forceps were pulled individually, 
and the loops at the nadir were tightened (Fig. 1H). We 
cut off the needles, securely tightened both ends of the 
sutures, and tied the suture at each commissure (Fig. 
2). Finally, we ensured that no sutures were loose on the 
aortic and ventricular sides.
	 When the 3 commissures were not positioned in an 
equilateral triangle (such as in the case of a bicuspid 
valve), the sizing replica of the prosthesis was positioned 
so that it did not interfere with the coronary orif ices, 
and “virtual” commissures were marked on the native 
valve leaflet attachment. Stitches were placed in accor-
dance with these virtual commissures. Marking the 
nadirs also helped to ensure equal stitching.

TABLE I. Preoperative Characteristics of the Study Groups

	 Cohort	 Group CS	 Group IS	  
          Variable	 (N=60)	 (n=41)	 (n=19)	 P Value

Age, yr	 70 (61–77)	 72 (61–79)	 66 (61–72)	 0.35

Male	 35 (58.3)	 24 (58.5)	 11 (57.8)	 0.96

Aortic regurgitation	 7 (11.7)	 6 (14.6)	 1 (5.3)	 0.29

Endocarditis	 4 (6.7)	 4 (9.8)	 0 	 0.16

Hemodialysis	 6 (10)	 5 (12.2)	 1 (5.3)	 0.41

Emergency operation	 9 (15)	 8 (19.5)	 1 (5.3)	 0.15

Repeat operation	 3 (5)	 3 (7.3)	 0 	 0.23

EuroScore II	 3.3 (1.8–8.4)	 4.1 (2.1–9)	 2.2 (1.5–4.3)	 0.02
 
CS = continuous suture; IS = interrupted suture 

 

Data are presented as median and interquartile range or as number and percentage. P <0.05 was considered statistically significant.
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Fig. 1  Drawings illustrate the operative technique. A) The first stitch passes through the leaflet attachment at the right coronary and 
noncoronary leaflet commissure. B) The 2nd stitch passes through the sewing cuff of the prosthesis. C) The 3rd stitch passes under the 
previous suture and is placed at the leaflet attachment. D) The 4th stitch passes over the previous suture and is placed on the sewing 
cuff. E) The 5th stitch passes under the previous suture and is placed at the annulus. F) The end of the first suture and one end of the 
2nd suture are held with rubber-tipped forceps, which are then placed on the left shoulder of the patient. The left coronary leaflet is 
sutured in the same manner, with use of the other end of the suture. G) The suture at each nadir is pulled with a nerve hook. H) Six 
ends of 3 sutures are pulled individually, and the loops at the nadir are tightened.
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Statistical Analysis
Statistical analysis was performed with use of JMP® ver-
sion 12 (SAS Institute Inc.; Cary, NC). Continuous 
data are expressed as median and interquartile range. 
Continuous variables were analyzed by using the Mann-
Whitney U test, and the categorical variables by using 
the χ2 test. A P value <0.05 was considered statistically 
significant.

Results

Continuous suturing was performed in 16 of the first 30 
patients and in 27 of the next 30 patients (P=0.0003).

	 The aortic cross-clamp and CPB times were signifi-
cantly shorter in Group CS (Table II). There was no 
significant difference between groups in the use of me-
chanical versus tissue prostheses or in valve size (Table 
III). No substantial PVL was seen on intraoperative 
TEE in either group. Postoperatively, one patient in 
group CS died of bradyarrhythmia within 30 days, 
one patient in Group IS had atrioventricular block that 
necessitated pacemaker implantation, and 2 patients 
in Group CS underwent repeat exploration for hem-
orrhage. The suture technique, cross-clamp time, and 
CPB time were not associated with postoperative mor-
bidity or death. Of note, we observed no early PVL in 
either group.

Discussion

Aortic valve replacement to treat aortic stenosis is be-
coming more prevalent. In 2013, approximately 12,000 
AVRs were performed in Japan,6 and the number has 
continued to increase.7 Technological advances have led 
to more TAVR procedures.1 However, TAVR is associ-
ated with vascular sequelae, postoperative aortic insuffi-
ciency, and atrioventricular block.8,9 Moreover, TAVR is 
not currently indicated purely for aortic regurgitation, so 
SAVR is performed in most cases of aortic valve disease.
	 Various minimally invasive surgical approaches for 
aortic valve disease have been reported. The use of su-
tureless valves can shorten aortic cross-clamp time2; 
however, the current-generation devices are associated 
with the risk of PVL. In addition, a patient who needs 

TABLE II. Comparison of Aortic Cross-Clamp and Cardiopulmonary Bypass Times

	 Cohort	 Group CS	 Group IS 
                      Variable	 (N=60)	 (n=41)	 (n=19)	 P Value

Cross-clamp time (min)	 52 (42–63)	 47 (40–56)	 63 (53–78)	 0.0001

Cardiopulmonary bypass time (min)	 79 (66–96)	 76 (63–91)	 89 (77–106)	 0.04
 
CS = continuous suture; IS = interrupted suture 
 

Data are presented as median and interquartile range. P <0.05 was considered statistically significant.

TABLE III. Characteristics of the Aortic Valve Prostheses

	 Cohort	 Group CS	 Group IS 
        Variable	 (N=60)	 (n=41)	 (n=19)	 P Value

Valve type	 —	 —	 —	 0.56

   Tissue	 44 (73.3)	 31 (75.6)	 13 (68.4)	 —

   Mechanical	 16 (26.7)	 10 (24.4)	 6 (31.6)	 —

Size ≤19 mm	 17 (28.3)	 11 (26.8)	 6 (31.6)	 0.7
 
CS = continuous suture; IS = interrupted suture 
 

Data are presented as number and percentage. P <0.05 was considered statistically significant.

Fig. 2  Photograph during aortic valve replacement shows 
continuous suture passing under the previous suture as the right 
coronary leaflet attachment is stitched. 
 

Supplemental motion image is available for Figure 2.
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annular enlargement will more likely undergo AVR 
with suturing.
	 Aortic cross-clamp time accounts for a substantial 
portion of CPB time, an independent risk factor in 
conventional SAVR.10 In comparison with surgical ap-
proach and valve selection, less discussion has occurred 
regarding suturing techniques in relation to cross-clamp 
and CPB time. In the current series, continuous sutur-
ing is associated with significantly shorter cross-clamp 
time than that of interrupted suturing; in addition, we 
observed no early PVL. Because postoperative PVL 
might be due to inaccurate or uneven stitching, we 
divided our suture line into equidistant segments to 
achieve consistency.
	 Another advantage of continuous suturing is that it 
can be performed through a minimally invasive ap-
proach or during aortic root replacement (Fig. 3).
	 This retrospective study has some limitations. The 
small sample size, especially in Group IS, precluded 
analysis of differences among the attending surgeons in 
terms of cross-clamp and CPB time. In addition, long-
term results were not evaluated, because the patients 
who underwent AVR in Australia did not undergo 
regular postoperative echocardiographic evaluation. 
Nevertheless, we found that our continuous suture 
technique shortened the aortic cross-clamp time dur-
ing AVR without increasing the risk of early PVL.
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Fig. 3  Intraoperative photographs show A) minimally invasive 
aortic valve replacement and B) aortic root replacement with use 
of the continuous suture technique.
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