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ABSTRACT 

Aim To analyse the correlation between different surgical metho-
dologies employed in valve diseases treatment and their subsequ-
ent impact on the duration of hospitalization.

Methods This retrospective study conducted at the Clinical Centre 
of the University of Sarajevo analysed medical records of 163 val-
ve disease patients treated between January 2019 and November 
2022. The patients were divided into two groups: 77 had open-
heart valve surgery and 86 underwent minimally invasive cardiac 
surgery (MICS).

Results The mean duration of the surgical procedures was 3.9±1.3 
hours, with conventional open-heart surgery requiring an average 
of 3.6±1.1 hours and minimally invasive cardiac surgery (MICS) 
procedure 4.2±1.5 hours. No substantial disparities were found in 
the total length of hospitalization between the two groups, as both 
conventional (8.2±4.5 days) and MICS (8.7±7.0 days) demonstra-
ted similar duration. Similarly, the total duration of intensive care 
unit (ICU) stay displayed similarity, with conventional surgery 
patients staying an average of 3.9±2.8 days and MICS patients of 
4.2±4.1 days. The pattern of blood transfusion and fresh-frozen 
plasma usage revealed higher rates in the conventional valve sur-
gery group comparing to the MICS group.

Conclusion Minimally invasive valve surgery, despite slightly 
longer operative times, resulted in lower blood transfusion requi-
rements and comparable hospitalization and ICU stay.

Key words: blood, Bosnia and Herzegovina, cardiovascular sur-
gical procedures, heart valves, minimally invasive surgical proce-
dures
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INTRODUCTION

Cardiac surgery has been the last area of clinical 
surgery to adopt and embrace minimally invasive 
surgical techniques, probably due to the concerns 
over intracardiac air and the fine line between life 
and death in every cardiac procedure (1). Median 
sternotomy is a standard approach for the repair 
or replacement of cardiac valves. During recent 
years, several reports have been published deta-
iling less invasive techniques for cardiothoracic 
surgical procedures designed to limit surgical tra-
uma while decreasing costs, the new era of cardiac 
valve repair and replacement was inaugurated and 
minimally invasive techniques have gained popu-
larity in all cardiac valvular procedures (2). 
Minimally invasive procedures have emerged as 
the preferred approach in many medical centres, 
although they continue to be a subject of ongoing 
debate (3). The concept of minimal invasiveness 
in valve surgery revolves around the notion of 
achieving precise outcomes while minimizing 
access to the chest cavity (3,4). In recent years, 
there has been a growing advocacy for minister-
notomy as an alternative technique for various 
cardiovascular surgical procedures, which aims 
to reduce the surgical trauma traditionally asso-
ciated with the conventional full sternotomy (4). 
Previous studies have unequivocally established 
the safety of aortic valve replacement via mini-
sternotomy, revealing that it does not elevate the 
risk of mortality or major complications (5). Mo-
reover, another study has elucidated the manifold 
benefits of ministernotomy, which encompass 
not only noteworthy cosmetic enhancements but 
also positive effects on blood loss, postoperati-
ve pain, and potentially even sternal stability (6). 
Furthermore, the investigations by the authors 
underscore its potential to enhance respiratory 
function during the recovery period (4). Mini-
mally invasive or minimal-access surgery has 
firmly established itself in numerous medical 
centres, underscoring the importance of ensu-
ring that patients are consistently informed about 
these advanced techniques. When this informa-
tion is delivered objectively and patient selec-
tion is carried out accurately, these alternative 
approaches have a potential to improve postope-
rative recovery for the majority of patients. It is 
evident that a diverse range of alternative met-
hods exists for specific pathologies (7-9).

The avoidance of a complete median sternotomy 
effectively mitigates wound complications in 
this area. Sternal dehiscence, often accompanied 
by infection and subsequent mediastinitis, is a 
dangerous complication causing high morbidity 
and mortality (10). One of the crucial advanta-
ges of minimally invasive heart valve surgery 
lies in its ability to circumvent the need for a 
complete median sternotomy leading to a more 
favourable cosmetic outcome (11). However, it 
is worth noting that this advantage often entails 
extended operation times and increased duration 
on extracorporeal circulation. Among the esta-
blished approaches, there is the use of an incom-
plete upper sternotomy for aortic valve surgery, a 
right-sided lateral thoracotomy for mitral and tri-
cuspid valve surgery, and an inferior sternotomy 
for some congenital heart defects. In order to en-
sure that patients have access to the full spectrum 
of therapeutic options, it is essential for every 
cardiac surgery centre to be proficient in these 
minimally invasive procedures. (4)
The aim of this study was to analyse a correlati-
on between surgical methods in the treatment of 
valve diseases, with a particular focus on their 
impact on hospitalization duration marking the pi-
oneering effort of its kind in Bosnia and Herzego-
vina (B&H). This ground-breaking research holds 
immense importance for both the medical commu-
nity and the broader population of B&H. By 
shedding light on the correlation between surgical 
methods and hospitalization duration, it offers va-
luable insights that can significantly improve the 
healthcare outcomes and experiences of patients 
in the region. Moreover, as the first of its kind in 
B&H, it serves as a critical stepping stone for futu-
re research and advancements in the field, ultima-
tely contributing to the enhancement of healthcare 
practices and patient care within the country. 

PATIENTS AND METHODS

Patients and study design  

This retrospective cross-sectional study was con-
ducted between January 2019 and November 
2022 at the Clinic of Cardiovascular Surgery of 
the Clinical Centre of the University of Sarajevo 
in Bosnia and Herzegovina. Medical records of 
163 patients were reviewed: the first group com-
prised 77 patients treated with open heart surgery 
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off-pump techniques during the operation. Mini-
mally invasive cardiac surgery (MICS) is a type 
of heart surgery involving the use of small incisi-
ons between 2 and 4 inches (5 to 10 centimetres) 
in length, such as anterolateral mini-thoracotomy, 
rather than a median sternotomy, with the surgeon 
using specialized instruments to access the heart 
and perform the valve repair or replacement pro-
cedure. The choice of incision location depends on 
factors such as the specific valve to be addressed 
and the patient's anatomy. Specialized instruments 
play a pivotal role in MICS (14). These instru-
ments are designed to accommodate the limited 
access afforded by small incisions. They are typi-
cally elongated and slender, often equipped with 
articulating tips to allow precise manipulation. 
Some may incorporate video cameras (thoracos-
copy) to provide real-time visualization of the 
surgical field, aiding the surgeon in precise valve 
manipulation (14). Closure of the small incisions 
was performed with sutures, staples, or adhesive 
skin closures, marking the culmination of the sur-
gical procedure. The patients are then transitioned 
to postoperative care, including monitoring in a 
cardiac care unit.

Statistical analysis

Normally distributed data were presented as 
frequencies, percentage and by mean ±standard 
deviation, while non-normally distributed data 
were presented as median (25th, 75th percentile). 
Descriptive statistics data were presented across 
a 3-year timeline among the groups. For parame-
tric data, the independent sample t- test was used, 
and for nonparametric data, the Mann Whitney 
U test was used. The statistical significance level 
was set at p<0.05.

RESULTS

Our study included in total 175 patients who 
were admitted to the Clinic for Cardiovascular 
surgery at the Clinical Centre of University of 
Sarajevo for either aortic or mitral valve repla-
cement. After excluding 12 patients who did not 
meet the inclusion criteria due to intraoperative 
conversion from minimally invasive valve repair 
or replacement to conventional surgery, the final 
sample consisted of 163 patients.  
Males were predominated, 93 (57.0%), with 
a mean BMI 29.2±3.4, with median STS Risk 

and the second group comprised 86 patients trea-
ted with minimally invasive surgery. The exclusi-
on criterion was minimally invasive valve repair 
or replacement that had an intraoperative conver-
sion to the conventional approach.
The study was approved and validated in advance 
by the Ethical Committee of the Clinical Centre 
of the University of Sarajevo. All amendments to 
the Helsinki Declaration were adhered to in the 
study settings. 

Methods 

Prior to the surgical procedure each patient un-
derwent preoperative evaluation, including medi-
cal history assessment (cardiac status, medication 
allergies, symptoms of coronary artery disease, 
past medical conditions and comorbidities) and 
clinical examination (electrocardiograms (ECG), 
echocardiography and coronary angiography), as 
well as patients risk scoring using the 2013 Society 
of Thoracic Surgery Risk Score (STS-score) (12) 
and the 2018 updated Society of Thoracic Surgery 
Short-Term Risk (STS Short-Term Risk) (13). 
The 2013 Society of Thoracic Surgery Risk Sco-
re (STS score) (12) and the 2018 updated Soci-
ety of Thoracic Surgery Short-Term Risk (STS 
Short-Term Risk) (13) are instrumental in quan-
tifying the 30-day risk of mortality and morbi-
dity in heart surgery, factoring in variables such 
as age, gender, race, weight, height, body mass 
index (BMI), haematocrit levels, white blood cell 
count, platelet count, previous comorbidities and 
therapies, family medical history, the severity of 
specific blood vessel stenosis, medication profi-
les, as well as tobacco and alcohol usage.
Postoperative evaluation (after the surgical pro-
cedure) included the duration of hospitalization, 
procedural timelines, length of mechanical venti-
lation, administration details of inotropic agents 
and pharmacological support, wound healing and 
drainage metrics, neurological and renal function 
evaluations, instances of cardiopulmonary resus-
citation (CPR), overall patient survival outco-
mes, as well as immediate preoperative findings.
Surgical procedure. Open-heart valve replace-
ment (conventional valve surgery) is a surgical 
procedure that utilizes a median sternotomy incisi-
on to access the heart and may involve the use of 
mechanical or biological valves, with the surgeon 
having the option to employ either on-pump or 
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Score of 1.5 (0.7 and 4.1 25th and 75th percen-
tile, respectively), and median short STS score 
of 11.5 (6.9 and, 29.0, 25th and 75th percentile, 
respectively). Mean age was 62.7±8.0 years 
ranging from 42 to 85 years. Considering co-
morbidities, hypertension was found among 135 
(82.8%), diabetes mellitus in 51 (31.3%), hyper-
lipidaemia in 123 (75.4%), chronic renal disease 
in 11 (6.7%), chronic obstructive pulmonary 
disease in 28 (17.2%), and peripheral vascular 
disease in 74 (45.4%) patients. There was no sta-
tistical significance (p>0.05) in the occurrence of 
certain entities between groups of conventional 
valve surgery and MICS valve surgery (Table 1). 

The overall mean procedure duration was 
3.9±1.3 hours, 3.6±1.1 h in conventional surgery 
and 4.2±1.5 h in MICS (p=0.008). The patients 
undergoing conventional valve surgery generally 
required mechanical ventilation for 22.4±18.3 h, 
whereas those undergoing MICS valve surgery 
required it for 17.7±12.4 h. No significant dif-
ference was observed in the total hospitalization 
length between the conventional versus MICS, 
8.2±4.5 and 8.7±7.0, days, respectively. Simi-
larly, the total intensive care unit duration was 
comparable between the conventional and MICS, 
3.9±2.8 and 4.2±4.1 days, respectively.
Considering perioperative complications related 
to blood, conventional valve surgery group used 
considerably more blood derivatives: red blood 
cells (conventional 343 vs MICS 204), plasma 
(conventional 319 vs MICS 218), and compara-
ble platelets (conventional 100 vs MICS 107) than 
the MICS valve surgery group. The patients recei-
ving MICS also experienced fewer CPR incidents 
(MICS 5.8% vs conventional 10.3%) (Table 2).

Variable
Conventional 
valve surgery  

(N=77)

MICS valve 
surgery
(N=86)

p

Gender (No,%) >0.05
Female 33 (42.9) 37 (43.1%)
Male 44 (57.1) 49 (56.9%)
Age (years)  (mean ±SD) 63.0±7.1 62.5 ± 8.3 >0.05
BMI (kg/m2) 30.3±3.5 28.2 ±3.4 >0.05
STS score (25th, 75th percen-
tile) (%) 1.6 (0.7, 4.2) 1.5 (0.8, 3.7) >0.05

STS short term risk (25th, 
75th percentile)  (%) 12.5 (7.5, 29.8) 10.4 (6.7, 21.2) >0.05

Comorbidity  (No, %) N/A
Diabetes mellitus 24 (31.1) 27 (31.4)
HTA 65 (84.4) 70 (81.3)
HLP 60 (77.9) 63 (73.2)
CKD 5 (6.4) 6 (6.9)
COPD 13 (16.8) 15 (17.4)
PVD 32 (41.5) 42 (48.8)
ECG changes* (No, %) N/A
Sinus rhythm 70 (90.9%) 73 (85.0)
Atrial fibrillation 4 (5.1%) 2 (2.3)
AV block second or third degree 3 (4.0%) 0
RBBB 8 (10.3) 4 (4.6)
LBBB 11 (14.2) 7 (8.1)
ECHO (mean ±SD)
EF (%) 41.5±10.3 41.2±13.2 >0.05
TAPSE (mm) 17.0±23.6 16.5±12.0 >0.05
LVIDd (mm) 51.2±8.9 51.3±10.2 >0.05
LVIDs (mm) 36.9±8.5 37.5±11.5 >0.05
AR diameter (mm) 29.2±10.1 23.2±11.3 >0.05
MV diameter (mm) 35.1±12.4 33.4±9.7 >0.05
TV diameter (mm) 35.2±2.5 34.1±2.1 >0.05
PAP (mmHg) 14.9±21.0 13.4±21.8 >0.05

Table 1. Diagnostic procedures conducted in the preopera-
tive period among conventional valve surgery and minimally 
invasive cardiac surgery (MICS) valve surgery groups

*Some patients had multiple ECG changes
STS score, 2013 Society of Thoracic Surgery Risk Score; BMI, body 
mass index; HTA, hypertension; HLP, hyperlipidaemia; CKD, chro-
nic kidney disease; COPD, chronic obstructive pulmonary disease; 
PVD, peripheral vascular disease;  ECG, electrocardiograph; ECHO, 
echocardiography; RBBB, right bundle branch block; LBBB, left 
bundle branch block;  EF, ejection fracture; TAPSE, tricuspid annular 
plane systolic excursion; LVIDd, left ventricular internal diameter at 
end-diastole; LVIDs, left ventricular internal diameter at end-systole; 
AR, aortic root; MV, mitral valve;

Variable
Conventional 
valve surgery 

(N=77)

MICS valve 
surgery 
(N=86)

p

Procedure duration
(hours) (mean ±SD) 3.6±1.1 4.2±1.5 0.008

Mechanical ventilation duration 
(hours) (mean ±SD) 22.4±18.3 17.7±12.4 >0.05

ICU duration (days) (mean ±SD) 3.9±2.8 4.2±4.1 >0.05
Hospitalization duration
(days) (mean ±SD) 8.2±4.5 8.7±7.0 >0.05

Usage of blood derivates (No) N/A
Red blood cells transfusion 343 204
Fresh-frozen plasma usage 319 218
Platelet transfusion 100 107
CPR (No, %) N/A
Asystole/Pea (yes) 5 (6.4) 3 (3.4)
VF/VT (yes) 3 (3.8) 2 (2.3)

Table 2. Postoperative evaluation of conventional valve 
surgery and minimally invasive cardiac surgery (MICS) valve 
surgery groups

ICU, intensive care unit; CPR, cardiopulmonary resuscitation; VF/
VT, ventricular fibrillation /ventricular tachycardia;

DISCUSSION 

This study represents the inaugural research en-
deavour in Bosnia and Herzegovina that syste-
matically compares distinct approaches to valve 
surgery, namely open surgery versus minimally 
invasive surgery. This research not only elucida-
tes the merits and outcomes of these surgical mo-
dalities but also sheds light on their prospective 
implications. Furthermore, it offers valuable insi-
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ghts into the existing landscape of valve surgery 
procedures within the country, considering that 
coronary artery disease and other cardiac conditi-
ons stand as the predominant contributors to both 
mortality and morbidity rates. The majority of the 
sample consisted of males who were overweight, 
with a range of comorbidities such as hyperten-
sion, diabetes mellitus, hyperlipidaemia, chronic 
renal disease, chronic obstructive pulmonary di-
sease, and peripheral vascular disease.
Even though the research has shown that mini-
mally invasive cardiac surgery required more 
time to conduct, it required less mechanical ven-
tilation time and used less blood derivates inclu-
ding red blood cells, plasma and similar platelets 
than conventional valve surgery leading to faster 
recovery. Similar studies such as the one by Cohn 
et al. have shown that their experience with this 
approach led to patients’ recovering faster, re-
duced hospital stays, and lowered cost. Patients 
with severe chest wall deformities might not be 
suitable for minimally invasive surgery as their 
conditions, such as severe pectus excavatum or 
carinatum, could impede exposure (1). What is 
noteworthy is that the effectiveness of the ope-
ration through a small incision rivals that of full 
sternotomy. The incidence of sternal wound in-
fection was minimal (1).
Cardiac valve replacement requiring open-heart 
surgery remains among the procedures with the 
highest morbidity and mortality rates, surpassed 
only by aortic aneurysm repairs and surgeries for 
congenital heart defects (15-17). Minimizing in-
vasiveness is a desirable goal. Various strategies 
to make valve repair or replacement less invasive 
have been pursued (18). Despite the promising 
outcomes reported with minimally invasive tech-
niques, the duration of extracorporeal circulation 
is invariably longer than conventional procedu-
res, as our study also corroborated (8). Wolfe et 
al. presented in great detail the surgical technique 
and the four pillars of a successful minimally in-
vasive mitral valve surgery (MIMVS): adequate 
cannulation and perfusion, good view of mitral 
valve, thorough cardiac protection and procedure 
match to specific pathology and etiology of mi-
tral valve defect (9). 
Minimally invasive surgery is progressively 
adopted worldwide as an alternative to the con-
ventional sternotomy for treating mitral valve 

pathologies (19). It is a safe method and is asso-
ciated with low 30-day mortality and stroke rate 
(19,20). Alternatively, ministernotomy has been 
promoted over recent years as an alternative tech-
nique for different cardiovascular surgical proce-
dures, aiming to minimize the trauma associated 
with conventional full sternotomy (21). Fewer 
perioperative complications, a decreased likeli-
hood of surgical wound infections, and a shorte-
ned recovery period have been the main advanta-
ges of MIMVS and these results were obtained in 
our study as well (22,23).
The availability of increasingly accurate methods 
for pre- and intraprocedural imaging, the ability 
of precise tracking of intravascular catheters and, 
last but not least, the development of “smart me-
tal” devices that can change configuration after 
introduction into the body, will make it possible 
to repair the valves using procedures of a mini-
mally invasive character. The benefit to patients 
will be decreased pain and suffering, shorter disa-
bility and faster return to normal life (24). 
In our study edge-to-edge repair method was not 
evaluated, but it is important to notice that less 
invasive trans-catheter techniques could be con-
sidered as the natural future evolution of structu-
ral heart disease and mitral reoperations (25). 
The safety and efficacy of edge-to-edge repair 
procedures have not been compared to open re-
operations in a randomized trial (26). However, 
published case series and comparisons to histori-
cal cohort’s comparisons suggest that they are an 
effective and feasible alternative (25). Continued 
monitoring of relevant medical literature will 
offer more insight into minimally invasive and 
transcatheter procedures and provide valuable 
clinical outcome data (24,27). 
The current literature shows that MICS and con-
ventional mitral valve surgery have a comparable 
perioperative outcome. Minimally invasive mi-
tral valve surgery appears more favourable con-
cerning ICU stay, hospitalization duration as well 
as the need for blood transfusion (28). 
This study is limited by its retrospective natu-
re and the small number of patients enrolled.  
Specifically, due to the limited number of pa-
tients, a statistical analysis was not performed. 
Further studies are necessary to clarify benefits 
of this approach compared with conventional 
full sternotomy. 
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