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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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FLOW (CSBF) DURING OFF-PUMP CORONARY ARTERY BYPASS GRAFTING SURGERY
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Abstract.
Introduction: Many studies have shown that CABG (coronary 

artery bypass grafting) increases the survival rate of patients, 
but the effect of bypass grafting on cardiac function is still a 
matter of debate.

Objective: The objective of our study was to determine:
a. To what extent can the change in coronary sinus flow be 

used as an intraoperative criterion for the assessment of adequate 
revascularization.

b. Whether the functional improvement of the revascularized 
myocardium occurs.

c. The existence of a correlation between the change in 
coronary sinus flow and changes in myocardial function.

Material and methods: Our study included 435 adult 
patients of both sexes, aged 55-85 years, ASA -III or less, who 
underwent coronary artery bypass grafting on a functioning 
heart. For this part of the study, 70 patients were selected, in 
whom EF (ejection fraction) and CSBF (coronary sinus blood 
flow) were determined before and after bypass grafting by TEE 
(transesophageal echocardiography).

Results: CSBF flow in the CS increases in 74% of cases after 
bypass surgery, does not change in 9% of cases, and decreases 
in 17% of cases.

Based on the results obtained, ΔFlow and ΔEF - this distribution 
is not reliable (Сhi2=2.76, p=0.599, NS)

There is no reliable correlation between intraoperative CSBF 
(coronary sinus blood flow) and EF (ejection fraction).

Conclusions: In off-pump CABG-surgery, coronary sinus 
flow (CSBF) increases in most cases when assessed shortly after 
revascularization.

In cases where an increase in ejection fraction (EF) was 
observed, coronary sinus flow (CSBF) did not increase in 
most cases and vice versa, meaning that coronary sinus flow 
(CSBF) and cardiac ejection fraction (EF) did not correlate in 
the immediate post-revascularization period.

Key words. Coronary Sinus Blood Flow (CSBF), Ejection 
Fraction (EF), Coronary Artery Bypass Grafting (CABG), 
Transesophageal Echocardiography (TEE).
Introduction.

Many studies have shown that CABG (coronary artery bypass 
grafting) increases the survival rate of patients, but the effect of 
bypass grafting on cardiac function is still a matter of debate 
[1-6]. There is increasing interest in non-invasive methods for 
assessing coronary blood flow, both during and after coronary 
artery bypass grafting. It is clear that TEE (Transesophageal 
Echocardiography) would be a priority for many reasons, 
mainly its availability, cost-effectiveness, non-invasiveness, 
and simplicity. The main task in evaluating a method is to 

determine its accuracy, error rate, and clinical significance. In 
addition, the value of the information obtained by this method 
must be assessed. For this purpose, it is interesting to study 
the coronary sinus, which blood flow calculation is currently 
considered the gold standard for positron emission tomography 
of the myocardium. However, due to the cost and complexity of 
the method, its intraoperative use is impossible, therefore, it is 
interesting to evaluate coronary blood flow through changes in 
the caliber and/or flow of the coronary sinus measured by TEE. 
The CS (coronary sinus) is a large venous structure located 
in the posterior part of the left atrium. Its length is 2-3 cm. It 
drains the venous blood of the coronary circulation into the right 
atrium. Approximately 70-75% of the entire coronary blood 
flow flows into the CS (coronary sinus). The anterior cardiac 
veins drain 15-17%. Approximately 7-10% is drained by small 
cardiac veins (the so-called veins of Thebes). Coronary artery 
revascularization also increases flow in the coronary sinus.
Objective.

Therefore, one of our objectives was to determine whether the 
change in coronary sinus flow can be used as an intraoperative 
assessment criterion for adequate revascularization. In addition, 
we were interested in whether the revascularized myocardium 
improves functionally. The third objective was to determine 
the correlation between the change in coronary sinus flow and 
changes in myocardial function.
Materials and Methods.

Our study included 435 adult patients of both sexes, aged 
55-85 years, ASA -III or less, who underwent coronary artery 
bypass grafting on a functioning heart. Patients who refused to 
participate in the study were not included in the study. Also, 
those who underwent additional surgical intervention on valves 
or other cardiac pathology. Those who had contraindications 
for transesophageal sounding. Those who had severe left 
ventricular dysfunction <30%. Those who had a history of 
stroke or had concomitant liver or kidney disease. Our study 
was approved by ethical review board of Tbilisi 5th clinical 
hospital in 2022 (#CS04-022). Informed consents were obtained 
from all individuals. 70 patients were selected for this part of the 
study, in whom EF (ejection fraction) and CSBF (coronary sinus 
blood flow) were determined before and after bypass surgery 
by TEE (transesophageal echocardiography). All patients had 
intravenous access, anesthesia was induced with midazolam 2 
mg/kg, fentanyl 5 μg/kg, and pancuronium 0.1 mg/kg. Tracheal 
intubation was performed after 5 minutes of manual mask 
ventilation with FGF 6-8 L/min FiO2 1.0. After intubation 
and airway prosthesis, we set the FGF to 0.5 L/min and fully 
opened the sevoflurane vaporizer to 8%. Mechanical ventilation 
was performed with the anesthesia machine “Drager Primus” in 
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VCV mode: Vt 8 ml/kg, f 10-12/min, I:E 1:2, PEEP 2-3 mbar. 
As soon as the sevoflurane concentration reached 1.2 MAC, the 
vaporizer parameters were adjusted so that its concentration 
during the operation was 1.1-1.2 MAC. Mechanical ventilation 
parameters were also adjusted to maintain normocapnia (EtCO2 
34-35 mmHg). We used fentanyl infusion at 2 μg/kg/h for 
analgesia and its intermittent boluses at 1 μg/kg as needed. 
After induction, we added pancuronium 0.01 μg/kg every hour 
for muscle relaxation. Hemodynamic stability was ensured by 
α- and β-mimetic and blocking agents. We used dobutamine 
and norepinephrine by infusion, and metoprolol and urapidil 
by boluses as needed. Heart rate, invasive blood pressure, 
and central venous pressure were recorded continuously. TEE 
transducer was placed in the esophagus in a 4-chamber view. 
We then focused on the inferior aspect of the atrial septum 
to visualize the tricuspid valve, followed by 10-15 degrees of 
rotation and maximum retroflexion of the transducer (Retro-
Flex), which revealed the CS (coronary sinus) and its opening 
in the right atrium. After this, we briefly stopped ventilation, 
turned on the Pulse Wave Modes, focused on the CS (coronary 
sinus), and measured blood flow in the coronary sinus. (When 
turning on the Pulse Wave Modes, it is important to focus on the 
coronary sinus and not on the tricuspid valve, which is located 
nearby) (Figures 1 and 2).

The aim of this part of our study was to determine the 
relationship between ejection fraction and changes in CS 
(coronary sinus) flow. We used the chi-square test for statistical 
calculations (software SPSS 23.0).

Results.
Our study (70 selected patients) showed that: EF at the end of 

surgery increases in 39% of cases, does not change in 37% of 
cases, and decreases in 34% of cases (Table1).

Table 1. Results of ΔEF.

Positive changes
∆EF > 0

No changes
∆EF = 0

Negative changes
∆EF < 0

39% 37% 24%

Our study also showed that: CSBF flow in CS increases in 
74% of cases after shunting, does not change in 9% of cases and 
decreases in 17% of cases (Table2).

Table 2. Results of Δ CSBF.

Positive changes
∆ Flow> 0

No changes
∆Flow = 0

Negative Changes
∆Flow < 0

74% 9% 17%

Based on the results obtained, ΔFlow and ΔEF were as follows 
(Table 3).

In the CS (coronary sinus), blood flow increased in 52 patients, 
but the ejection fraction increased by 40%, did not change at all 
in 38.5%, and decreased by 21.1% (Table 3 and Figure 3).

In the CS (coronary sinus), blood flow did not change at all in 
6 patients, in whom the ejection fraction increased by 50%, did 
not change at all in 33.3%, and decreased by 16.7%. (Table 3 
and Figure 3).

Table 3. Results of Δ CSBF and Δ EF.
Positive
∆EF > 0

No dynamics
∆ EF = 0

Negative
∆ EF < 0

Positive
∆Flow > 0 (n=52) 21 (40.4%) 20 (38.5%) 11 (21.1%)

No dynamics
∆ Flow = 0 (n=6) 3 (50.0%) 2 (33.3%) 1 (16.7%)

Negative
∆ Flow < 0 (n=12) 3 (25.0%) 4 (33.3%) 5 (41.7%)

This distribution is not reliable (Сhi2=2.76, p=0.599, NS).Figure 1. CSBF(coronary sinus blood flow) view with Puls Wave Mode 
by TEE (Transesophageal Echocardiography).

Figure 2. CSBF(coronary sinus blood flow)intraoperative measurement 
by TEE (Transesophageal Echocardiography). Figure 3. Results of ΔFlow and ΔEF%.
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In the CS (coronary sinus), blood flow decreased in 12 patients, 
of whom the ejection fraction increased by 25%, did not change 
at all in 33.7%, and decreased by 41.7%. (Table 3 and Figure 3).

Accordingly, as a result of the conducted study, we came to 
the conclusion that

There is no reliable correlation between intraoperative CSBF 
(coronary sinus blood flow) and EF (ejection fraction).

No reliable correlation was established between changes in EF 
(ejection fraction) and Flow (CSBF -coronary sinus blood flow) 
parameters (ΔEF vs. ΔFlow).

r = - 0.126773, p = 0.295 (NS – non-significant) (Figure 4).
Discussion.

It is known from the literature that EF is often associated with 
mortality after coronary artery bypass grafting, but there is little 
information about how it changes during the postoperative 
period after revascularization [7-10]. Our study data showed that 
ejection fraction increases in only 39% of cases, does not change 
in 37% of cases, and even decreases in 24% (Table1). These 
data are based only on intraoperative studies. Ejection fraction 
was measured before the patient's chest was opened (i.e., before 
coronary artery bypass grafting) and after the chest was closed 
(i.e., after coronary artery bypass grafting). Unfortunately, 
we do not have studies conducted in the immediate and long-
term postoperative period, which would be interesting in terms 
of whether the ejection fraction changes in the postoperative 
period and, if it does, whether there is a correlation with the data 
we obtained directly during the operation. As for the blood flow 
in the coronary sinus, according to the world literature, in most 
cases it increases in the period after coronary bypass grafting 
(immediately after the grafting), which is logical, because in 
95% of cases of coronary bypass grafting, revascularization of 
the branches of the left coronary artery necessarily occurs, which 
should reliably increase the blood flow in the coronary sinus 
and, accordingly, this plays a certain role in the assessment of 
revascularization [11,12]. In our cases, revascularization of the 
left coronary arteries was also performed during all operations, 
but in a number of cases (26%) the blood flow in the coronary 
sinus did not increase, and in 17% of cases it decreased (Table 
2). The decrease in flow in CS was an unexpected finding for 
us. The interpretation of this requires additional studies, in 
particular, it would be interesting to examine the same patients 
after some time to assess long-term results.

It should be noted that we performed the last coronary flow 
measurement after chest closure, when we applied more 
aggressive artificial ventilation (increased PEEP), and this may 
have had some effect on the total blood flow in the coronary sinus. 
Here too, it would have been interesting to determine the blood 
flow in the coronary sinus in the postoperative period, namely 
a few days after surgery, which was not technically possible, 
since transthoracic echo data may differ from transesophageal 
echo data.
Conclusion.

Based on the results of our study, we can draw the following 
conclusions:

1. During off-pump CABG-surgery, when assessing the 
ejection fraction (EF) of the heart muscle in the short term after 
revascularization, an increase in the percentage of cases was not 
observed (Table3).

2. During off-pump CABG-surgery, when assessing the 
flow in the coronary sinus (CSBF) in the short term after 
revascularization, the flow in the coronary sinus (CSBF) 
increased in most cases.

(However, a small percentage of cases were also observed 
where the flow decreased) (Table3 and Figure 3).

3. In cases where there was an increase in ejection fraction 
(EF), coronary sinus flow (CSBF) did not increase in most 
cases and vice versa, which means that coronary sinus flow 
(CSBF) and cardiac ejection fraction (EF) did not correlate in 
the immediate post-revascularization period (Figure 4).

4. Detection of increased sinus flow by TEE (transesophageal 
echocardiography) may be used as one of the criteria for 
intraoperative assessment of revascularization.
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