NEURO-COGNITIVE DYSFUNCTIONS IN PATIENTS OPERATED WITH TWO DIFFERENT SURGICAL TECHNIQUES FOR AORTIC VALVE REPLACEMENT
Apstrakt
Uvod: Mozdana povreda je komplikacija pri operaciju aortne valvule. Neke autori veruju da embolizacija je dominantni mehanizam za oštetecenje mozga. Gasovite ili cvrste emboluse mogu da uzrokuju ishemiju,upalu i edem što dovedi do cerebralni mikroinfarkti. Transkranijalni dopler omogucava intraoperativno sledenje mikroembolični signali i je vazan sistem za monitoriranje i pracenje cerebralne cirkulacije. Brojne studije pokazali su povezanost izmegu broja mikro embolicni signali i incidenca, kako i stepena nevroloških komplikacija po kardiovaskularni operativni zafati. Ipak, faktore koje pridonose oštetecenja mozga nisu detaljno objasneti u veḱ spomenute studije. 
Cilj: Cilj predlozenog ispitivanja je da se sporede  dve hirurške tehnike koi se koriste za zamenu aortne valvule. Istraživanje bice osredotočeno na broju intraoperativni mikroembolični signali i njihove efekte na kognitivnu funkciju. Sa našim rezultatima,hocemo pomoci hirurzima da izberu soodvetnu tehniku za zamenu aortne valvule kod pojedinih pacijenata, kao i da razjasne uticaj na zamenuta aortna valvula vrz postoperativnu možačnu funkciju.
Metode: Istraživanje je dizajnirano kao prospektivna intervenciska komparativna klinička studija koja uključuje 60 pacienta. Oni ce biti podeleni u dve grupe od po 30 pacienata. Grupa sa minimalno invazivna sternotomija i grupa sa minimalno invazivna torakotomija. Sve zafate izvodice se sa pomocu  ekstrakorporalne cirkulacije. Nedelju dana pre operacije i jedna nedelja po operacije napravicemo kratok test na mentalne sposobnosti. Napravice se standardne laboratoriske i biohemiska ispitivanja (pre indukcije u anestezije, 6 časa, 24 časa, 48 časa po ekstrakorporalne cirkulacije i dan pre odpuštanja od bolnice). Za vreme operacije koristi ce se invazivna i neinvazivna dijagnostika za svaki pacijent, koja ukljucuje neinvazivna infracrvena spektroskoipja za tkivna oksigenacija, bispektralen indeks i transkranijalni dopler. Mikroembolični signali  kopredelice se sa transkranijalni dopler u 6 fazi. Prva faza od hirurški rez do sternotomija, druga faza od sternotomija do aortna kanulacija, treta faza od aortna kanilacija do početok na ekstrakorporalne cirkulacije, cetvrta faza od početok do završuvanje na ekstrakorporalne cirkulacije, petta faza, vreme na srceva deaeracija, do odtsranuvanje na aortnata kanila i posledna sheshta faza od odstarnuvanjeto na aortnata kanila do krajot na operacijata odnosno do zatvaranje  sternuma. Po operacije, pacijenti bice transportirani u Oddelot za intenzivna nega za oporavak i sledenje.
Rezultati: Ni je zabelezana razlika izmegu demografske kao i ultrasonografske karakteristike  pacijenata. Statisticki signifikantna razlika se notirala izmegu anestezija potrebna za uvod i odrzavanje u dvije grupe. Pacienti u grupi sa torakotomijom trazili su vece doze anestetike u odnosu na sternotomisana grupa (p<0.05). Statisticki signifikantni su bili i rezultatiu u odnosu na kognitivne funkcije koji su bili vloshene postoperativno. 
Zaklucok: Nashite rezultati pokazaa deka ne postoi razlika vo mikroemboliskite signali kaj pacienti operirani so minimalno invazivna sternotomija i minimalno invazivna torakotomija za zamena na aortna valvula.
Kljucni rechi: zamena na aortna valvula, neuro-kognitivnha disfunkcija, mikro embolusi.
INTRODUCTION
Postoperative brain injuries and cognitive dysfunction are a complication of aortic valve surgery (AVR) [1,2]. Some authors believe that embolization is the dominant mechanism for brain damage [2,3]. Most of them persist for longer time and are associated with increased mortality and prolonged recovery [4]. Degenerative valve diseases are very common in developed countries with incidence for severe aortic stenosis of more than 4% of the elderly population [1]. Available possibilities for treatment of such diseases are replacement of the aortic valve thought surgical path with the use of cardiopulmonary bypass (CPB) or trans catheter aortic valve replacement (TAVR) done without CPB. Regarding the limitations for TAVR procedure, surgical aortic valve replacement (AVR) is available option for the bigger number of the general population. In the surgical field, many attempts were done in terms to find less invasive and appropriate surgical approach suitable for the general population. From classical medial sternotomy, which is a golden standard, modification were done towards minimal invasive surgeries. Minimal invasive sternotomy (MIS) is known and frequently used surgical approach in daily practice. More novel and less invasive approach is minimal invasive thoracotomy (MIT).  Many studies have proved the benefit from minimal invasive surgery showing reduced postoperative mortality, less pain, faster recovery and better cosmetic results [5].  
Although minimal invasive surgery are accompanied with great benefits neurological impairment still remains major complication after such procedures [2,3].  Brain injuries after AVR are categorized in two groups: patients with visible CT findings and visible neurological injuries such as stroke, while in the other group are delirium and neurocognitive decline [4]. 
Pathophysiological mechanisms leading of brain injury after cardiac surgery are cerebral embolization, hipoperfusion and systematic inflammatory response (SIRS) associated with CPB [6]. Cerebral emboluses are mainly gaseous, but they can also be solid [7]. Depending from the size of the emboli, they can occlude vessels with various diameters. Occlusion causes ischemia, inflammation and later edema, which consequently causes cerebral micro infarctions.
AIM
The aim of this research is:
1.  To compare two surgical techniques used for aortic valve replacement. 
2.  The impact of the intraoperative MES and post-operative cognitive decline on the brain in patients operated with two different minimal invasive surgical approaches for AVR.
3. To help surgeons to choose appropriate surgical technique for aortic valve replacement in different patients.
METHODS 	
A prospective, observational, single-centre clinical trial was carried at Clinical Department of Anaesthesiology and Perioperative Intensive Therapy, Division of Cardiovascular Anaesthesia and Intensive therapy, in Acibadem Sistina-Skopje between February, 2021 and November, 2021. The trial was approved by National Medical Ethics Committee and was accompanied by written signed informed consent of each patient. Included were all consecutive patient 18 years and older with isolated severe aortic stenosis, scheduled for AVR were divided in two groups. MS group 30 patients for minimal sternotomy and MT group 30 patients for minimal thoracotomy. Exclusion criteria were patients with poor acoustic window, epilepsy, psychiatric illnesses, carotid pathology and alcohol abusers.
Anaesthesia Procedures
All patients received arterial cannula, NIRS (near infrared spectroscopy), BIS (bispectral index) placed on the forehead and TCD electrodes placed in the transtemporal area insonating a. cerebri media on both sides. Patients were intubated after induction in anesthesia with fentanyl 5-10 g/kg, etomidate 1 mg/kg and pancuroniume 0.6 mg/kg. Patients were sedated with propofol and managed by the BIS values for the depth of anaesthesia. Weaning from CPB was done aiming for MAP 60-70 mmHg in the perioperative course. After surgery patients were transferred in intensive care unit and extubated in stabile hemodycamical condition. 
Trans-cranial Doppler
Intraoperative MES were detected bilaterally with transcranial Doppler (TCD). High intense transient signals- HITS were recorded and later analyzed. Differentiation from HITS into MES and artifacts was done according to the criteria recommended in the International Consensus Group on Microembolus Detection. 
Cognition assessment
Cognitive status for every patient was done before and after surgery with Addenbrooke’s Cognitive Examination Test (ACE-R). Examined patients showed their capabilities in five categories (memory, language, orientation and attention, verbal fluency and visuo-spatial abilities).
Statistical analysis
For descriptive statistics was used Student t-test (for continuous variables) and the Chi-Square test (for categorical variables). To compare the level of ME between the two surgical procedures was used two tailed Mann-Whitney U test. All data analysis was performed by using  IBM SPSS Statistics 10. For level of significance was considered 0.05. 
RESULTS
[bookmark: _Hlk31717370]In the study 60 patients were involved and were divided into two groups, MS 30 and MT 30. There was no difference in gender, age and other general characteristics between the groups (Chi-square, p=0.458, respectively). Also, no statistically significant difference in ultrasound characteristics/indications for surgery, were noted. All results are shown in Table 1. General data.
Table 1. General data
	
	Total(n =60)
	MS(n =30)
	MT(n =30)
	p-value*

	Age
	72,5±12,1
	73,54± 14,4
	72±5,84
	0,336

	Gender (male/female)
	 36/24       
	17/12
	     19/12
	0,462

	Hight (cm)
	170 ± 8,10
	172 ± 8,3
	168 ± 7,54
	    0,765

	Weight 
	71,6 ± 14,1
	75,2 ± 11,4
	72,5 ± 12,9
	    0,567

	BSA (m2)
	1,98 ± 0,187
	1,98 ± 0,167
	1,99 ± 0,178
	 0,675

	Hypertension, n (%)
	40 (60)
	18 (30)
	22 (72)
	 0,12

	Diabetes, n (%)
	11 (21,1)
	4 (16)
	7(25,9)
	 0,393

	Createnin, (mg/dl)
	84,1 ± 23,6
	83,7 ± 14,7
	84,6 ± 21
	 0,533

	GFR, ml/min
	76,5± 14,4
	80±14,7
	73,2± 13,6
	    0,36

	Euroscore
	1,19± 0,742
	1,12± 0,734
	1,26± 0,757
	 0,350


MT- minitoracotomy, MS-ministernotomy, Numbers are presented in Mean value and Standard deviation.
Statistically significant difference was noted in the anesthesia drugs used for induction and for maintenance of continuous sedation during the whole surgery including the CPB period. Patients in MT group require bigger amount of propofol continuous infusion dose (p=0,013) and pancuronium (p=0,028). All the results are shown in Table 2. Anesthesia.
Table 2. Anesthesia 
	
	Total(n =60)
	MS(n =30)
	MT(n =30)
	p-value*

	Etomidate (mg)
	16± 3.2
	15±2.9
	14±30.5
	0,16

	Fentanyl(µg)
	150.6±17.4
	170.8±15.3
	    175.1±12
	0,54

	Pancuronium(mg)
	8,2 ±3
	9.5±7.5
	6.5±4,5
	   0,028

	Propofol ( C/I)(gr)
	1.82±0.96
	2.44±1.53
	1.82±0.56
	   0,013


MT- minitoracotomy, MS-ministernotomy, Numbers are presented in Mean value and Standard deviation.
In all the patients were implanted biological valve prosthesis, but we noticed statistically significant difference (p < 0.001) in surgery duration, aorta clamped time (p < 0.001) and intubation time (p=0,034). No statistically significant difference was identified in ICU and SUB ICU stay, also no difference in total hospital stay. From cognitive point of view ACE-R cognitive test after surgery showed statistically significant difference and the cognitive tests showed worsening of the cognitive function postoperatively. All the results are shown in Table 3. Perioperative characteristics and postoperative outcome.
Table 3. Perioperative characteristics and Postoperative outcome
	
	Total(n =60)
	MS(n =30)
	MT(n =30)
	p-value*

	Surgery duration
	146± 30.2
	158±24.9
	134±30.5
	<.001

	Aorta clamed time
	49.6±17.4
	60.8±15.3
	    39.1±12
	<.001

	Intubation time
	7.84±3.15
	9.32±7.65
	6.7±3.75
	   0,76

	ICU stay (day)
	1.82±0.96
	2.44±1.53
	1.82±0.56
	   0,164

	SUB ICU stay (day)
	1,48 ± 0,167
	1,89 ± 0,14
	1,88 ± 0,23
	0,643

	Total hospital stay
	8,16±1,12
	7,13±0,65
	7,89±0,23
	0,54

	Delirium, n (%)
	10(10)
	22 (44)
	24(48)
	0,393

	 ACE-R after surgery
	83,4 ± 25,8
	85,4 ± 16,8
	83,2 ± 23
	0,003

	30 day mortality, n(%)               
	0
	0
	0
	



MT- minitoracotomy, MS-ministernotomy, Numbers are presented in Mean value and Standard deviation.
Number of MES during CPB also did not show statistically significant difference between the groups. Results are shown in Figure 1.
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Figure 1: Number of Microemboli during CBP in both groups
DISCUSSION
In this study we shown that there was no difference in MES load in patients operated either with MS or MT for AVR.  Total intraoperative number of MES was not associated with CPB nor with surgery duration. There was no correlation between postoperative neurologic decline and number of MES. MIS surgeries are first line strategy in treatment of severe aortic valve diseases in the world and till now have showed low complication rates [8]. Other studies have shown that this small surgical incision lead to poor outcome due to the inadequate exposure of the heart and aorta, subsequently lead to longer operative times and increased possibilities for neurocognitive dysfunction due to inappropriate de-aeration. Because opinions regarding the safety of such procedures in the world are divided, surgeons tried to develop appropriate instruments and cannulas that will make the surgical field more visual [8]. Also de-aeration in those circumstances it’s difficult many world surgical centers are using CO2 for this purpose [9]. Huge amount of gaseous ME is dissolved and never reaches the brain.  Several studies have reported TCD detected MES in patients with a normally functioning heart valve prosthesis,including mechanical and biological valve prosthetesis, implying on cerebral microembolization [9]. They have used software for rejects artifacts online and were able automatically to determinate solid and gaseous MES.  The number of MES was highest on the 5th day after surgery in biologic and mechanical prosthesis. Solid cerebral microemboli represented approximately one third of the total cerebral microembolic load after mechanical AVR and were detectable in the majority of such patients, in 5 days and 3 months after surgery [10,11]. Patients with biological prosthesis showed cognitive decline most probably due to presence of cerebral MES after 3 months. Twenty percent of their patients in both groups were positive for MES before the operation, but none were solid microemboli. In this manner, MES can be visible accompanied with other diseases not specifically correlated with CPB and surgery duration. Although the number during surgery is much higher compared to   the 5th day and 3 mounts after surgery [12]. 
In our study we found no statistically significant difference in   duration of surgery between the groups. Compared to the findings from Ringelstein et al., who showed on bigger sample that MT approach showed decreased operative times and decreased lengths of stay, we were not able to confirm the same. We noticed trend of decreased operative time and decreased length but on such sample size was statistically not significant. Ringelstein et al. showed also decreased incidence of prolonged ventilator time, and a trend towards lower mortality compared to mini-sternotomy and conventional sternotomy [13].
The CPB is still unavoidable for most open heart operations, an undesirable SIRS is associated with its use [14]. This complex inflammatory response is induced by many factors; it is either material dependent (the exposure of blood to non-physiologic surfaces and conditions) or material independent (surgical trauma, ischemia-reperfusion to the organs, changes in body temperature, and release of endotoxin). All of these factors have certain impact on the internal and external coagulation path despite of the use of heparin. Small clots are additional danger in circulatory system that can make occlusion and subsequently brain infarction. Usually, patients resistant to heparin are prone to such condition [15,16].  
The research by Clancy and colleagues will close a gap in longitudinal imaging studies that evaluate symptoms including apathy, weariness, anxiety, delirium, sleep disturbance, and emotional vulnerability, helping to identify early systemic vascular disease (SVD) states. They pinpoint "red flags" that indicate the presence and progression of SVD so that we can catch the disease sooner, even before it manifests, as opposed to in individuals who already exhibit overt brain dysfunction, such as dementia or stroke (17). By learning more about the causes and characteristics of lesion regression, we can develop new preventative and therapeutic targets. This study broadens our understanding of SVD, which is crucial for the treatment and prevention of stroke and vascular dementia. This patient will be in increased risk for developing neuro-cognitive dysfunctions if they underwent AVR and special consideration should be taken. 
Further studies are necessary to be done to elucidate the effect of MES on neuro-cognitive function in operated patients. More important is individual approach for each patient to confirm the source of MES in patients before and after cardiac surgery.  
CONCLUSIONS
There was no difference in MES load in patients operated either with MS or MT for AVR.  Total intraoperative number of MES was not associated with CPB nor with surgery duration. There was no correlation between postoperative neurologic decline and number of MES. Furthermore, various data have confirmed the impact of the microembolic load on central nervous system and effects on the postoperative outcome in surgeries that have longer cardio-pulmonary bypass duration. Using the same method with transcranial doppler we can notify the number of microembolic signals  and describe if gaseous or solid  microembolic signals are dominant in the sample, which give us another direction of treatment. In clinical practice, microembolic signals are frequently seen in patients with valve replacement. Significant amount of them are solid coming out from small thrombosis present in the blood due to inappropriate INR value. In accessing the complete outcome in patient with artificial mechanical or biological valve, various approaches needs to be determinated, like preoperative risks as well as perioperative direct impact on the cerebral hemodynamics and also post-operative follow up should be   added in order to receive valuable outcome measurements to direct us to the desired therapy.
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