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MUHUMAITHO MHBA3SUBHA XUPYPIUA HA Bb3XOOALLATA AOPTA C HACTUYHA
FOPHA CTEPHOTOMMA: UHCTUTYLUOHAIEH ONMUT U CbBPEMEHHA MNMEPCMNEKTUBA

A. Kenyes, P. lewes, C. Kazakoe
OmdeneHue no kapouoxupypaus, Adxubadem Cumu KnuHuk YMBAJT Bumowa — Cogpusi

Abstract. Background: Surgical replacement of the ascending aorta remains the gold standard therapy for ascending aortic an-
eurysm, chronic dissection, and selected aortic root pathologies. Traditionally performed through full median sternotomy,
ascending aortic surgery has progressively evolved toward minimally invasive approaches aiming to reduce surgical trauma
while preserving procedural safety and durability. Upper partial sternotomy has emerged as the most widely adopted mini-
mally invasive access for ascending aortic surgery. This study presents the institutional experience of Acibadem City Clinic
Vitosha Hospital with minimally invasive ascending aortic surgery via upper partial sternotomy and places these results in
the context of contemporary literature. Methods: A retrospective analysis was conducted of consecutive elective patients
undergoing ascending aortic replacement with or without aortic root intervention through an upper partial sternotomy. De-
mographic characteristics, operative details, and early postoperative outcomes were analyzed. Institutional results were
interpreted considering current evidence comparing partial sternotomy with conventional full sternotomy, as well as alterna-
tive minimally invasive approaches including transaxillary and totally endoscopic techniques. Results: Minimally invasive
ascending aortic surgery via upper partial sternotomy was associated with excellent early outcomes, including absence of
early mortality, low neurological complication rates, limited blood transfusion requirements, and short intensive care and
hospital stays. Cardiopulmonary bypass and aortic cross-clamp times were within acceptable ranges and comparable to
those reported for conventional sternotomy in the literature. Conclusions: Upper partial sternotomy is a safe, reproducible,
and effective minimally invasive approach for ascending aortic surgery in carefully selected patients. When performed in
experienced centers, this technique provides outcomes comparable to full sternotomy while offering potential advantages
in postoperative recovery. It represents a pragmatic and scalable strategy within the expanding field of minimally invasive
aortic surgery.
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Pestome. BbBefeHue: X1pyprniHoTo NpoTe3npaHe Ha Bb3xoasilaTa aopTa OcTaBa 3naTeH CTaHAapT 3a leYeHe Ha aHeBpK3Ma Ha
Bb3X0AsLLATa a0pTa, XPOHNYHa AuCeKaLms v Apyra NaTonoris Ha aopTHUS KOpeH. TpaauLMOHHO N3BBPLUBaHA Ypes MbiHa
MefnaHHa CTEPHOTOMMS, Tasn XMPYPriMyHa MHTEPBEHLMS MOCTENEHHO €BOOMPA KbM MUHUMAMHO WHBA3WBHYU NOLXOAM
C LieNn HamansiBaHe Ha XvpypriyHata TpaBma npu 3anassaHe Ha 6€30MacHOCTTa W AbArOTPaHOCTTa Ha pesynTtaTtute.
YacTnyHaTa ropHa CTepHOTOMMS Ce YTBBPAM KaTo Han-LUMPOKO Bb3MPUETUS MUHUMAMHO WHBA3WBEH AOCTBN 3@ XVpyprus
Ha Bb3xogsLlaTa aopTa. HacToswoTo npoyyBaHe npeLcTaBs MHCTUTYLMOHANHUS onuT Ha BonHuua Acibadem City Clinic
BuTowa ¢ MMHMManHO MHBA3NBHA XMPYPrust HAa Bb3XOAALLATA a0pTa Ype3 YaCTMYHA ropHa CTEPHOTOMMS U MOCTaBS TE3M
pesynTaTi B KOHTEKCTA Ha CbBpeMeHHaTa nutepatypa. MeTtogu: poBefeH € peTPOCMEKTUBEH aHann3 Ha nocnenoBa-
TENHW NaUMeHTV 3a nepuog OT YeTupu roguHn ot 2022 r. go 2025 r., NOANOXKEHN Ha NPOTE3NPaHe Ha Bb3xoAdLLaTa aopTa
CbC N 6e3 MHTEPBEHLMS BbPXY a0PTHWS KOPEH NMPEe3 YacTUyHa ropHa CTEPHOTOMUS. AHanM3MpaHu ca aemorpadgckure
XapaKTepuCTUKL, ONEPATUBHUTE AaHHW U PaHHUTE CriefjonepaTUBHY pesynTaTi. MHCTUTYLMOHanHUTe pe3ynTaTu ca uH-

This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.
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KniouoBu gymu:

TEpnpeTMpaHu B CBET/INHATA HA HAaNMYHWTE [10Ka3aTeNCTBa, CPABHABALLM YacTUYHATa CTEPHOTOMMS C KOHBEHLMOHaNHaTa
MbJIHa CTEPHOTOMMS!, KAKTO 1 C anTepHaTUBHWN MUHUMATTHO MHBA3WUBHY MOLXOAM, BKIIOYMTENHO TPAHCAKCUMAPEH 1 13S0
eHgockoncku goctbn. Pesyntatu: O6wo 50 naunentn ca npemuHanu npe3 OTaeneHneTo 3a nepuog ot 4 roguuu. Mpu
31 naumeHnTn (62%) e ussbpeHa Wheat npoueaypa (npoTeaupaHe Ha acLeHAeHTHaTa aopTa 1 aopTHaTa krnana), a npu
19 (38%) Bentall npouieaypa, BkntoyBaLLa NpoTe3npaHe Ha aopTHaTa Kana, kopeHa Ha aopTaTa ¥ Bb3xogdllara aopTa.
OT n“3BegeHNTe OT HaLLKS ONWUT Pe3yNTaT YCTAHOBUXME, Y€ MUHMMAIHO MHBa3VWBHaTa XUPYPrUs Ha Bb3xoasLlaTa aopTa
4pe3 napuuanHa J-cTepHOTOMUS € CBbp3aHa C OTNMYHM PaHHU Pe3ynTaTy, BKM. INNCA Ha paHHa CMBbPTHOCT, 6€3 Hanuume
HEBPOIOMNYHI YCRIOXHEHNS! NOCTONEPATUBHO, HAManeHa HeobXoAUMOCT OT U3NON3BaHe Ha KPbBHW NPOAYKTM U ChKpaTeH
NpecToil B MHTEH3WBHO OTAEeNeHue 1 6onHuua. BpemeTo Ha ekcTpakopnopanHo kpbBoobpalleHre 1 aopTeH knamnax be
B NPVYEMIMBM rPaHULIM 1 CbMOCTABMMO C TOBA NPY KOHBEHLMOHAMNHA CTEPHOTOMUS, A0KNaABaHO B nuTepatyparta. 3aknio-
yeHue: YactuyHaTa ropHa cTepHoTomMus e Ge3onaceH, Bb3npou3BOaNM 1 eheKTUBEH MUHUMAIHO UHBA3UBEH NOAX0A 3a
XMPYPris Ha Bb3XoAsiliaTa aopTa Npu BHUMATENHO NogbpaHu nauueHTw. MpunaraHa B ONUTHYU LEHTPOBe, Tasn TeXHWKa
ocurypsiBa pesyntati, CPaBHUMU C MbJiHaTa CTEPHOTOMMSI, KaTO CbLUEBPEMEHHO Npeanara NoTeHUuanH1 nNpeanMcTaa
Mo OTHOLLEHWe Ha CrefonepaTBHOTO Bb3CTaHOBsIBaHe. TS e afjekBaTHa CTpaTerusi B paslmpsiBaljata ce obnact Ha
MWHUMAMHO MHBA3WBHATa aopTHa XMpyprus. Mpu M3BbPLUBaHE Ha npoLieaypaTa OT ONUTEH KapAUOXWPYpr, pasnonaraly ¢
NOAXOASILL, MHCTPYMEHTAPNYM, YCIIOXHEHUSITA Ca PELKN.

MUHUMAsHO MHBA3WBHA KapaAMOXMPYPIUs, TOPHA YacTu4YHa CTEPHOTOMMS, Bb3Xoaslua aopTa, Bentall npouesypa, Wheat

npouenypa
Appec
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INTRODUCTION

Diseases of the ascending aorta constitute a ma-
jor indication for elective cardiac surgery and are as-
sociated with significant morbidity and mortality if left
untreated. Ascending aortic aneurysm, bicuspid aortic
valve-associated aortopathy, chronic aortic dissection,
and aortic root dilatation represent the most frequent
pathologies requiring surgical intervention [1-3]. Sur-
gical replacement of the ascending aorta has demon-
strated excellent long-term durability and remains the
cornerstone of preventive treatment, effectively reduc-
ing the risk of rupture, acute dissection, and sudden
death [1, 2].

For decades, full median sternotomy has been the
standard surgical access for ascending aortic surgery,
offering wide exposure of the heart and great vessels
and allowing complex aortic reconstruction to be per-
formed safely [3, 4]. However, full sternotomy is inher-
ently invasive and associated with substantial surgical
trauma, postoperative pain, prolonged recovery, and
potential sternal complications such as infection, insta-
bility, and impaired respiratory mechanics [4]. These
limitations have become increasingly relevant in an ag-
ing population with higher comorbidity burden.

The evolution of minimally invasive cardiac surgery
has fundamentally changed the landscape of valve
and coronary surgery and has progressively extended
to proximal aortic procedures [5, 6]. Minimally invasive
approaches aim to reduce access-related morbidity
while maintaining the same oncologic — or in the case
of aortic surgery, reconstructive — principles and long-
term outcomes as conventional techniques. Among

these approaches, upper partial sternotomy has gained
widespread acceptance as a minimally invasive access
for aortic valve and ascending aortic surgery [7, 8].

Upper partial sternotomy, usually performed as a
J-shaped or inverted T incision to the third or fourth
intercostal space, preserves the integrity of the lower
sternum while maintaining a familiar midline surgical
orientation [7]. This access allows central cannulation
in most patients, facilitates safe myocardial protection,
and enables performance of complex procedures such
as composite aortic root replacement and valve-spar-
ing root repair [8-10]. Importantly, several propensi-
ty-matched studies have demonstrated that ascending
aortic and aortic root replacement via upper partial
sternotomy yields perioperative mortality, neurologi-
cal outcomes, and midterm survival comparable to full
sternotomy [9-11].

In parallel with partial sternotomy, alternative ster-
nal-sparing approaches have emerged. The transax-
illary approach, developed in high-volume centers,
allows minimally invasive aortic valve and selected
ascending aortic procedures through a lateral incision
with excellent cosmetic results [12, 13]. More recently,
totally endoscopic right anterior mini-thoracotomy tech-
niques have been applied to ascending aortic and even
aortic root replacement, demonstrating the technical
feasibility of completely avoiding sternotomy in careful-
ly selected patients [14, 15].

Despite these advances, upper partial sternotomy
remains the most broadly applicable minimally inva-
sive approach for ascending aortic surgery, particularly
during the establishment of a minimally invasive aortic
program. The present study aims to report the expe-
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rience of Acibadem City Clinic Vitosha Hospital with
minimally invasive ascending aortic surgery via upper
partial sternotomy, evaluate early outcomes, and dis-
cuss the role of this technique within the contemporary
spectrum of minimally invasive aortic surgery.

MATERIALS AND METHODS

Study Design and Patient Selection

This study is a retrospective observational analysis
of consecutive adult patients undergoing elective as-
cending aortic surgery via upper partial sternotomy at
Acibadem City Clinic Vitosha Hospital. All procedures
were performed by a dedicated cardiac surgical team
experienced in minimally invasive techniques.

Inclusion criteria consisted of patients undergoing
isolated ascending aortic replacement or ascending aor-
tic replacement combined with aortic root intervention.
Indications for surgery followed current international
guideline recommendations, including absolute aortic di-
ameter thresholds, rapid aneurysm growth, presence of
connective tissue disease, and associated aortic valve
pathology [1, 2]. Patients with chronic type A dissection
were included when surgical anatomy was favorable.

Exclusion criteria were acute type A aortic dissec-
tion, redo sternotomy, extensive aortic arch pathology
requiring total arch replacement, porcelain aorta, and
the need for concomitant coronary artery bypass graft-
ing or complex multivalve surgery. These criteria were
applied to ensure procedural safety during minimally
invasive access.

Preoperative Evaluation

All patients underwent standardized preoperative
assessment including transthoracic echocardiography,
contrast-enhanced computed tomography of the tho-

racic aorta, and coronary angiography when clinically
indicated. Attention was paid to the relationship be-
tween the ascending aorta and the sternum, extent of
aortic pathology, and feasibility of central cannulation
through a limited incision.

Table 1
Parameter Value
Mean age (years) 56.7
Male sex, n (%) 36 (72%)
Female sex, n (%) 14 (28%)
Mean ejection fraction (%) 57.4
Arterial hypertension, n (%) 45 (98%)
Chronic kidney disease, n (%) 1(2%)
Diabetes mellitus, n (%) 1(2%)
Atrial fibrillation, n (%) 10 (19.6%)
Chronic obstructive pulmonary disease, n (%) 6 (10.8%)
History of ischemic stroke, n (%) 3(6%)

Surgical Technique

All operations were performed under general
anesthesia with continuous transesophageal echo-
cardiographic monitoring. Patients were positioned
supine. A midline skin incision was made from the
sternal notch to the level of the third or fourth intercos-
tal space. Upper partial sternotomy was performed in
a J-shaped fashion extending into the right or left in-
tercostal space. Fig 1, 2.

After pericardial opening, cardiopulmonary bypass
was established using central aortic and right atrial can-
nulation in most patients. Peripheral cannulation was
reserved for selected cases with unfavorable anatomy.
Mild to moderate systemic hypothermia was employed
depending on the extent of the procedure.

Myocardial protection was achieved using ante-
grade cold blood cardioplegia. The ascending aorta

Fig. 1. Limited upper midline skin incision (ap- Fig. 2. Exposure of the ascending aorta Fig. 3. Completed proximal anastomosis

proximately 6-7 cm) demonstrating reduced sur- through J-shaped upper partial sternotomy.

gical access trauma

of the vascular graft with preserved oper-
ative field visibility through limited access
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was replaced with a synthetic vascular graft using
standard proximal and distal anastomotic techniques
(Fig. 3). In patients requiring aortic root intervention,
composite valve-graft implantation (Bentall proce-
dure) or valve-sparing aortic root replacement was
performed through the same access. Carbon diox-
ide insufflation and meticulous de-airing techniques
under transesophageal echocardiographic guidance
were routinely used.

At the conclusion of the procedure, the upper ster-
num was closed using standard wire fixation, preserv-
ing the integrity of the lower sternum.

Data Collection and Endpoints

Demographic data, operative variables, and post-
operative outcomes were collected from institutional
databases. Primary endpoints included early mortality,
stroke, re-exploration for bleeding, renal failure, and
wound complications. Secondary endpoints included
cardiopulmonary bypass time, aortic cross-clamp time,
transfusion requirements, intensive care unit stay, and
total hospital length of stay.

REsuULTS

Patient Characteristics

Patients undergoing minimally invasive ascending
aortic surgery via upper partial sternotomy represent-
ed a typical elective aortic surgery population. The
majority were male, with a high prevalence of arterial
hypertension and degenerative aortic disease. Bicus-
pid aortic valve morphology and associated aortopathy
were frequently observed, consistent with established
epidemiological data [16].

Operative Findings

All  procedures were successfully completed
through the planned upper partial sternotomy without
conversion to full sternotomy. Central cannulation was
feasible in most patients, confirming the practicality
of this approach. Cardiopulmonary bypass and aortic
cross-clamp times were within ranges reported for both
minimally invasive and conventional sternotomy as-
cending aortic surgery [9-11].

Ascending aortic replacement was the most
common procedure. In selected cases, aortic root
replacement or valve-sparing root repair was per-
formed without technical compromise. The surgical
field provided by upper partial sternotomy allowed
precise anastomotic work and safe coronary reim-
plantation when required.

Table 2
Parameter Wheat (n = 31) | Bentall (n =19) | Total (n = 50)
CPB time (min) 116+ 18 149 + 22 129+ 25
Aoric cross-clamp time 90 + 14 122419 104 + 22
(min)
Menchanlcal prosthesis, 2(6.5%) 3 (15.8%) 5 (10%)
n (%)
Biological prosthesis, n (%) 27 (87%) 14 (73.7%) 41 (82%)
Valve reconstruction, n (%) 2 (6.5%) 2(10.5%) 4 (8%)
Reintubation, n (%) 0 0 0
Rehospitalization <30 o 0 0
days, n (%) 5(16.1%) 3(15.8%) 8 (16%)

Early Postoperative Outcomes

There was not early or in-hospital mortality. Neu-
rological complications were rare and consistent with
reported rates for ascending aortic surgery performed
via full sternotomy [17]. Re-exploration for bleeding oc-
curred infrequently and did not exceed rates reported
in large series of conventional surgery [10].

No deep sternal wound infections or sternal in-
stability were observed, reflecting the reduced sternal
trauma associated with partial sternotomy. Blood trans-
fusion requirements were limited, in line with evidence
suggesting reduced bleeding with minimally invasive
access [28].

Postoperative recovery was favorable, with short
durations of mechanical ventilation and intensive care
unit stay. Hospital length of stay was comparable or
shorter than that reported for full sternotomy in the lit-
erature [29].

Table 3
Outcome Value
30-day mortality, n (%) 0(0%)
Neurological complications, n (%) 0 (0%)
Reoperation for bleeding, n (%) 0(0%)
Pericardiocentesis (pericardial effusion), n (%) 7 (14%)
Pleural drainage, n (%) 4 (8%)
Permanent pacemaker implantation, n (%) 1(2%)
Mean ICU stay (days) 2+2
Mean hospital stay (days) 73
DiscussioN

The present institutional experience demonstrates
that minimally invasive ascending aortic surgery via
upper partial sternotomy is safe, effective, and repro-
ducible in carefully selected elective patients. These
findings are consistent with a growing body of evidence
supporting the use of partial sternotomy for proximal
aortic surgery [7-11].



104

A. Keltchev, R. Geshev, S. Kazakov

Several comparative studies have shown that par-
tial sternotomy yields perioperative outcomes equiva-
lent to full sternotomy with respect to mortality, stroke,
and major complications [9, 10]. In a propensity score—
matched analysis, Papadopoulos et al. reported no
significant differences in early mortality or neurological
events between partial and full sternotomy for ascend-
ing aortic and root surgery [9]. Similar findings have
been reported by Angerer et al., who demonstrated
comparable early and midterm outcomes between the
two approaches [10].

One concern associated with minimally invasive
aortic surgery is the potential for increased operative
times. While some studies have reported modestly lon-
ger cardiopulmonary bypass and cross-clamp times
during early adoption, this has not translated into worse
clinical outcomes [10, 11]. Moreover, operative efficien-
cy improves with experience, and institutional learning
curves play a critical role in optimizing results.

Upper partial sternotomy offers several practical
advantages. It preserves a familiar midline orientation,
allows straightforward conversion to full sternotomy if
necessary, and facilitates management of unexpect-
ed intraoperative findings. These characteristics make
it particularly suitable as a foundational technique for
centers developing a minimally invasive aortic surgery
program.

Alternative minimally invasive approaches continue
to evolve. The transaxillary approach has demonstrat-
ed excellent outcomes in large series of minimally inva-
sive aortic valve surgery and selected ascending aortic
procedures, with low mortality and favorable cosmetic
results [12, 13] (Fig. 4) . Totally endoscopic right anteri-
or mini-thoracotomy techniques have further expanded
the boundaries of minimally invasive aortic surgery, al-

Fig. 4. Early postoperative aspect of the upper median sternotomy incision

lowing ascending aortic and root replacement without
sternotomy in highly specialized centers [14, 15].

Despite these advances, upper partial sternotomy
remains the most widely applicable minimally invasive
access for ascending aortic surgery. Its balance be-
tween reduced invasiveness and technical familiarity
facilitates broader adoption and maintains a high level
of procedural safety.

Patient selection remains essential. Elective pa-
tients without extensive arch involvement or complex
concomitant procedures are best suited for this ap-
proach. When applied judiciously, upper partial sternot-
omy can serve as an integral component of a modern,
patient-centered aortic surgery program.

CONCLUSIONS

Minimally invasive ascending aortic surgery via up-
per partial sternotomy is a safe and effective technique
that achieves outcomes comparable to conventional
full sternotomy. Institutional experience confirms low
perioperative morbidity, absence of early mortality, and
favorable postoperative recovery.

Upper partial sternotomy represents a pragmatic
and scalable approach within the expanding spectrum
of minimally invasive aortic surgery. Its adoption in ex-
perienced centers should be encouraged, with careful
patient selection and adherence to established surgical
principles.

No conflict of interest was declared
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