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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
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typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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, AFlow and AEF - this distribution
is not reliable (Chi2=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
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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 pg/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 pg/kg/h for
analgesia and its intermittent boluses at 1 pg/kg as needed.
After induction, we added pancuronium 0.01 pg/kg every hour
for muscle relaxation. Hemodynamic stability was ensured by
a- and B-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).
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Figure 1. CSBF (coronary sinus blood flow) view with Puls Wave Mode
by TEE (Transesophageal Echocardiography).
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Figure 2. CSBF (coronary sinus blood flow)intraoperative measurement
by TEE (Transesophageal Echocardiography).
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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 (Tablel).

Table 1. Results of AEF.

Positive changes No changes Negative changes
AEF >0 AEF =0 AEF <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 A CSBF.

Positive changes No changes Negative Changes
A Flow> 0 AFlow =0 AFlow <0
74% 9% 17%

Based on the results obtained, AFlow and AEF 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 A CSBF and A EF.

Positive No dynamics Negative

AEF >0 AEF=0 AEF<0
Positive o o o
AFlow> 0 (n=s2) 21 (404%)  20(385%) 11 (L1%)
No dynamics 3(50.0%)  2(33.3%) 1 (16.7%)
A Flow = 0 (n=6) e =7 e
Negative

3 (25.0%) 4(33.3%) 5 (41.7%)

A Flow < 0 (n=12)
This distribution is not reliable (Chi2=2.76, p=0.599, NS).

WEF Changes> 0 4EF Changes=10 WEF Changes <0

Flow Changes <0 33.3% 41.7%

Flow Changes =0 33.3% 16.7%

Flow Changes >0 38.5%

Figure 3. Results of AFlow and AEF%.
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Figure 4. Correlation between EF (ejection fraction) and Flow (CSBF
-coronary sinus blood flow) parameters changes (AEF vs. A Flow).

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 (AEF vs. AFlow).

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% (Tablel). 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.
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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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