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J-ShaPed STernOTOmY in aOrTic valve rePair 
and aScendinG aOrTa rePlacemenT. ShOrT-Term reSulTS
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Objective: to evaluate the short-term outcomes of surgical treatment of aortic valve and ascending aorta defects 
performed through mini-sternotomy using normothermic cardiopulmonary bypass and hyperkalemic cardioplegia 
via Calafiori technique from May 8, 2019 to May 14, 2020. Materials and methods. The study enrolled 80 pa-
tients with isolated aortic valve disease and combined pathology of the aortic root and ascending aorta. It lasted 
from May 8, 2019 to May 14, 2020. The patients were divided into two groups: Group 1 included 30 patients in 
whom the upper median J-shaped sternotomy was applied as an access, while Group 2 consisted of 50 patients 
in whom standard median sternotomy was used as an access. The patients consisted of 43 (53.7%) males and 37 
(46.3%) females; the average age was 55.1 ± 11.6 years. All patients were examined before surgery. There were no 
statistically significant differences between the two groups. Results. Group 2 had a 30-day mortality of 2% (n = 1) 
due to the development of acute heart failure against the background of heart rhythm disturbances. One patient 
in this group had a late mortality due to acute cerebrovascular accident occurring a month after discharge, which 
corresponded to 2% (n = 1). There were no deaths in Group 1. In Group 1, there were two conversions (6.7%) 
to longitudinal median sternotomy. In the first case, it was not possible to restore heart rhythm through repeated 
defibrillator discharges from mini-sternotomy access due to the presence of an adhesive process in the pericardial 
cavity. In the second case, ligation of the right internal thoracic artery was required after sternal wire sutures. Arti-
ficial ventilation (AV) lasted for 170.9 ± 70.2 minutes in Group 1 and 358.2 ± 169.5 minutes in Group 2. Cardiac 
activity was independently restored in 23 patients (77%) in Group 1, and in 12 (24%) in Group 2 (p < 0.001). 
Intraoperative blood loss was 400 ± 150 mL and 850 ± 150 mL (p < 0.05) in Group 1 and Group 2, respectively. 
In the early postoperative period, it was 200 ± 150 mL in Group 1 and 350 ± 150 mL in Group 2. The length of 
stay at the intensive care unit and the duration of intensive therapy did not exceed 1 day in both groups. In the 
early postoperative period, 4 patients in Group 1 (13%) and 27 patients in Group 2 (54%) needed inotropic support 
(p < 0.001). The need for painkillers and non-steroidal anti-inflammatory drugs was within 3–4 days in Group 1 
and 8–10 days in Group 2. In-hospital postoperative period varied from 10 to 16 days in both groups, depending 
on the severity of the initial condition, presence of concomitant diseases and the need to select an adequate anti-
coagulant dose. The patients were discharged in satisfactory condition under the supervision of a cardiologist at 
their homes. There were no inflammatory complications in the access area in both groups during their in-hospital 
stay. Among the complications in the mid-term postoperative period, two months after discharge, mediastinitis 
was observed in Group 2. The patient was re-hospitalized, after a course of antibiotic therapy which resolved the 
mediastinitis; sternal osteosynthesis was performed. Conclusion. Based on the study, it has been shown that this 
technique reduces the duration of mechanical ventilation, ensures early extubation, decreases blood loss, and, 
accordingly, ensures the use of replacement therapy, chest stability and a better cosmetic effect. It should be noted 
that there was no mortality and sternal complications in the patient group with a minimally invasive approach.
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Despite the first successful minimally invasive aortic 
valve replacement surgery performed in Cleveland in 
1996 by Cosgrove and Sabik [1], longitudinal median 
sternotomy remains the main standard approach among 
cardiac surgical access techniques. In May 1997, at the 
1st World Congress on Minimally Invasive Cardiac 
Surgery in Paris, it was decided that the main goal of 
minimally invasive surgery is to reduce the number of 
predicted complications and accelerate patient recove-

ry, provided that the effectiveness of surgical treatment 
and the duration of therapeutic effect are maintained. 
In Russia, the first aortic valve replacement through the 
upper mininotomy was performed in October 1997 by 
L.A. Bockeria [2].

Some of the main advantages of minimally invasive 
techniques after surgery over the conventional access 
include reduced traumatic nature of surgical intervention, 
superior cosmetic results, reduced pain in the postope-
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rative period, and possibility of early patient activation 
due to thoracic stability, which leads to shorter hospital 
stay [3].

Studies have shown that the minimally invasive tech-
nique provides reduced pain, lower number of sternal 
complications, respiratory disorders due to thoracic sta-
bility and preservation of the integrity of the diaphragma-
tic attachment to the chest wall, reduced blood loss and 
transfusions, and shorter hospital stay. There was also a 
decrease in the incidence of atrial fibrillation, myocardial 
infarction and strokes in the postoperative period [3–22]. 
In 2017, German colleagues reported on their experience, 
which showed that upper sternotomy during aortic arch 
surgery does not increase the risk of complications and 
mortality [3]. The Swiss Cardiac Surgery Guidelines, 
published in February 2020, reported that, when com-
pared with the conventional access, minimally invasive 
aortic valve surgery reduces postoperative mortality and 
complications [23].

Most revealing is the data provided by T.A. Rayner 
et al. In January 2020, the results of a comparative meta-
analysis based on online databases Medline, EMBASE, 
Cochrane Library and Web of Science, were published. 
The meta-analysis included 1101 patients with minimally 
invasive aortic surgery and 1405 patients with standard 
median sternotomy from thirteen published studies. The 
confidence level in all previously reported results re-
mains very low. Mortality and incidence of stroke were 
similar between the 2 cohorts. Meta-analysis demonst-
rated increased length of cardiopulmonary bypass (CPB) 
time, more time in hospital and intensive care among 
patients undergoing standard median sternotomy com-
pared with minimally invasive surgery of the aortic root 
and ascending aorta. This group also had higher risks of 
bleeding and renal impairment [24].

To reduce the risk of surgery, patients with conco-
mitant coronary artery disease can be offered two-stage 
operations using endovascular surgery [8]. The success 
of minimally invasive surgery also depends on individual 
selection of patients. The patient’s specific anatomical 
and pathophysiological characteristics, as well as the 
experience of the surgical team in provision of adequate 
access and working in minimally invasive conditions 
should be taken into account.

This technique has its disadvantages: the need (in 
some cases) for the use of peripheral cannulation for 
CPB, internal thoracic artery injury, as well as cases of 
conversion to complete longitudinal median sternoto-
my [5].

Objective: to evaluate the short-term outcomes of 
surgical treatment of aortic valve and ascending aorta 
defects performed through mini-sternotomy using nor-
mothermic cardiopulmonary bypass and hyperkalemic 
cardioplegia via Calafiori technique from May 8, 2019 
to May 14, 2020.

maTerialS and meThOdS
The study enrolled 80 patients with isolated aortic 

valve disease and combined pathology of the aortic root 
and ascending aorta. It lasted from May 8, 2019 to May 
14, 2020. The patients were divided into two groups: 
group 1 included 30 patients in whom the upper median 
J-shaped sternotomy was applied as an access – aortic 
valve prosthetics (15), aortic valve and ascending aortic 
prosthetics with a valve-containing conduit according to 
the Bentall-De Bono technique (1) and the Kouchoukos 
modifications (4), valve-preserving operations according 
to the David I (3) and the Florida Sleeve (1) techniques, 
supracoronary ascending aortic replacements (4), as-
cending aorta prosthetics with annuloplasty of the aortic 
annulus fibrosus (2). Group 2 consisted of 50 patients 
in whom standard median sternotomy was used as an 
access: aortic valve replacement (17), aortic valve and 
ascending aorta valve replacement with valve-containing 
conduit according to the Bentall-De Bono technique (4) 
and the Kouchoukos modifications (1), valve-preserving 
operations according to the David I (18) and Florida 
Sleeve (5) techniques, aortic valve leaflet repair (5).

There were 43 (53.7%) males and 37 (46.3%) fema-
les that underwent surgery. Their mean age was 55.1 ± 
11.6 years.

Before surgery, all patients underwent standard exa-
minations, including collection of complaints, medical 
history, physical examination, laboratory and imaging 
investigations (electrocardiography, echocardiography 
(EchoCG)), chest X-ray in direct projection, direct X-ray 
contrast-enhanced spiral CT). Preoperative evaluation 
revealed no statistically significant differences between 
the two groups.

Chest X-ray in direct projection and chest X-ray 
contrast-enhanced spiral CT help to determine the level 
of the aortic root location and its projection onto the 
sternum and intercostal space, which is the determining 
factor for choosing the level of the intercostal space 
when conducting a median J-shaped mini-sternotomy for  
planning the access length and predicting visualization 
of the aortic root and ascending aorta (Fig. 1, 2).

The skin incision was made longitudinally for 7–9 cm, 
departing from the sternum handle by 2–3 cm. The me-
dian J-shaped mininotomy, depending on the projection 
of the aortic root onto the sternum, was performed along 
the 3rd and 4th intercostal spaces in 13 (43%) and 17 
(57%) patients, respectively (Fig. 3, 4).

After opening the pericardium, standard direct aortic 
cannulation and venous cannulation of the right atrial 
appendage were performed using a two-level cannula. 
The left heart was drained through the right superior 
pulmonary vein (Fig. 5).

Surgical interventions were performed under cardio-
pulmonary bypass in conditions of moderate hypother-
mia or normothermia at 34.1–36.2 °C temperature with 
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Fig. 1. Chest X-ray in a direct projection: (1) aortic root pro-
jection, (2) sternotomy line, (3) intersection of the sternum 
through the 3rd intercostal space, (4) intersection of the ster-
num through the 4th intercostal space. The white areas indi-
cate the position of the ribs
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Fig. 2. X-ray contrast-enhanced spiral CT scan of the chest 
with a J-shaped access line. (a) the sternum is preserved, (b) 
a section of the sternum was removed along the cutting line, 
for the purpose of approximately visualizing the aortic root 
and ascending aorta

а

b

selective introduction of blood hyperkalemic cardiople-
gia via Calafiori technique. A standard set of instruments, 
a small wound retractor and a defibrillator with small 
internal paddles were used.

All patients underwent surgical interventions under 
transesophageal echocardiography to assess myocardial 
contractility, fill the cardiac cavities, assess the adequa-
cy of air embolism prevention and surgical treatment 
outcome.

When using a minimally invasive technique, ult-
rasound control is necessary to assess the location of 
the venous cannula in order to prevent impaired blood 
outflow in the CPB device, as well as to evaluate the 
correction performed (prosthetics or heart valve repair). 
Also, at the end of CPB, ultrasound assessment of the 
deaeration process and heart function is necessary, since 
direct visual monitoring of cardiac activity is impos-
sible. Fig. 6 shows the final view after skin suturing. 
Fig. 7 shows X-ray contrast-enhanced spiral computed 
tomography with reconstruction of the aortic root and 
ascending aorta (a – before surgery, b – after reconst-
ruction of the aortic root and ascending aorta according 
to the David I technique).

The peculiarity of using the mini-access is to effect 
drainage into the pericardial cavity and suture the elec-
trode to the right ventricle for temporary stimulation 
before removing the clamp from the aorta, with an un-
filled heart.

Air embolism was prevented by active drainage of the 
left heart and intraoperative injection of carbon dioxide 

into the pericardial cavity at 2 L/min. To prevent aeroem-
bolism, the ascending aorta was additionally punctured.

reSulTS
Thirty-day mortality in group 2 was 2% (n = 1) due 

to the development of acute heart failure amidst heart 
rhythm disturbances. Late mortality was also observed 
in group 2 in one patient due to stroke one month after 
discharge, corresponding to 2% (n = 1). There were no 
deaths in group 1.

In group 1, two patients underwent conversion to 
median longitudinal sternotomy – 6.7%. In the first case, 
it was not possible to restore rhythm with multiple de-
fibrillator discharges from the ministerial access due to 
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Fig. 4. Median J-shaped mini-sternotomy through the 4th in-
tercostal space

Ао

Fig. 3. Median J-shaped mini-sternotomy through the 3rd in-
tercostal space. Optimal visualization of the aortic root and 
ascending aorta

Ао

Fig. 5. (1) Central cannulation of the ascending aorta (2) and 
the right atrium (3) with the left cannula laid through the 
right superior pulmonary vein

1

23

adhesions in the pericardium. The second required li-
gation of the right internal thoracic artery after sternum 
stitching with wire sutures.

Artificial ventilation in group 1 and in group 2 lasted 
for 170.9 ± 70.2 minutes and 358.2 ± 169.5 minutes, 
respectively.

There was independent restoration of cardiac activity 
in 23 patients (77%) in group 1, and in 12 (24%) in group 
2 (p < 0.001).

Intraoperative blood loss in group 1 and group 2 was 
400 ± 150 mL and 850 ± 150 mL (p < 0.05), respectively. 
In the early postoperative period – 200 ± 150 mL and 
350 ± 150 mL, respectively.

Length of intensive care among all patients in both 
groups did not exceed 1 day.

In the early postoperative period, 4 patients (13%) 
needed inotropic support in group 1, and 27 patients 
(54%) in group 2 (p < 0.001). The need for painkillers 
and non-steroidal anti-inflammatory drugs in group 1 and 
group 2 was within 3–4 days and 8–10 days, respectively.

In group 2, two patients (4%) required a second in-
tervention due to sternal diastasis; sternal osteosynthesis 
was performed in the early postoperative period.

In-hospital postoperative period in both groups varied 
from 10 to 16 days, depending on severity of the initial 

Fig. 6. A 8.5-cm skin incision
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Fig. 7. X-ray contrast-enhanced spiral CT scan with reconstruction of the aortic root and ascending aorta: (a) before surgery, 
(b) after reconstruction of the aortic root and ascending aorta by the David I method

а b

condition and presence of concomitant diseases and the 
need to select an adequate anticoagulant dose. The pati-
ents were discharged in satisfactory condition under the 
supervision of a cardiologist at their place of residence.

There were no inflammatory complications in the 
access area in both groups during the hospital period. 
Among the complications in the mid-term postoperative 
period, two months after discharge, mediastinitis was 
observed in group 2. The patient was re-hospitalized, 
after a course of antibiotic therapy with resolution of 
mediastinitis, sternal osteosynthesis was performed.

findinGS:
1. Median J-shaped mini-sternotomy is a safe and feasi-

ble approach to perform a full range of interventions 
on the aortic valve and ascending aorta, which pro-
vides adequate visualization to the aortic root and 
ascending aorta and partially to the right heart, while 
maintaining the integrity of the thoracic cage.

2. Mini-sternotomy, in contrast to the standard median 
sternotomy, showed reduced blood loss, earlier extu-
bation, reduced need for inotropic support, absence 
of wound, infectious and other sternal complications, 
and absence of in-hospital mortality.

3. In planning the length of access and predicting ade-
quate visualization of the aortic root and ascending 
aorta, chest X-ray contrast-enhanced spiral computed 
tomography should be performed.

4. Blood hyperkalemic cardioplegia by Calafiori tech-
nique is the preferred method of myocardial protec-
tion in surgical correction of aortic defect. Our experi-
ence shows that independent restoration of the rhythm 

was recorded in 77% of cases when this myocardial 
protection method was carried out.

5. Repeated interventions and pronounced adhesions 
can complicate heart rhythm restoration, increasing 
the likelihood of conversion to median sternotomy.

cOncluSiOn
The technique reduces the duration of mechanical 

ventilation, ensures early extubation, reduced blood loss 
(and, accordingly, reduced use of replacement therapy), 
and provides thoracic stability and superior cosmetic 
results. Note that there was no mortality and sternal 
complications in the group of patients with a minimally 
invasive approach.

A better thoracic stability makes minimally invasive 
surgical access the first choice both in comorbid patients 
and in patients with high body mass index, and in high-
risk patients in general.

A properly performed surgery shortens the operation 
time. This in turn reduces the cardiopulmonary bypass, 
myocardial ischemia, anesthesia and blood loss during 
operation.

We also agree with our colleagues about the need for 
a prospective randomized study in order to avoid possible 
erroneous conclusions from retrospective data.

The authors declare no conflict of interest.
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