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I. Relcvancc ol'the disscrtation
'l'he topic ol'thc disscrtation is rclcvant and cxtrcmcly usclul in

scicntillc and practical aspcct.
'l'he doctoral thcsis o1'Dr.Zorrrilsa Vassilcva addrcsscs an

imporlant diagnostic problcrn which is crucial lbr the optimal surgical
outcomc in patients rvith one of the fiequent congenital heart defects
Completc atriovcntricular septal det-ect (CAVSD).

CAVSD is a consenital mallbrmation with dif fcrcnt
pathomorphological charactcristics (balanced and unbalanced fbrms
with right or lcft dominancc) whose diagnosis relics entirely on
echocardiography. 'l'hc role of' prcoperativc cchocardiography is
precise classilication ol'the CAVSI) type which is of outcrmost
imporlance 1br thc choicc ol-optinal surgical stratcgy.

'l'hc problcm with cchocardiograph ic di I'lbrcntiation o f' balanccd
and unbalanced lbrms ol'CAVSI) is rclcvant. and thc scarch of



sensitive criteria for their dcllnition is still ongoing. 'l'he borderline
lbrms of CAVSD arc the most challenging oncs' as thc clinical
outcomc dcpends on the ability o{'the lell ventriclc to support thc
systemic circulation alter bivcntricular rcpair. 'l'he doctoral thesis ol-
Dr.Vassileva proposes an algorithm for accurate classillcation of
CAVSD as balanced or unbalanccd,, which givcs her work grcat
cl inical signilicance.

Il. Structure of thc dissertation
'l'lrc disscrtation of Dr.Vassileva is prcscnted on 145 pages in a

classical way including 2 - introduction, 47 litcraturc rcvicw. 2 ,
purposc and tasks, I I materials and methods, 49 - results, 6
discussion, l2 - conclusions and contributions, I I bibliography with
142 sources, 9 o1'thcm in Ilulgarian, 4 appcndiccs. Good scientillc
language, accurate interprctation ol-thc data and the conclusions.

a) Litcrature review
'l'he litcrature rcview dcmonstrates cxccllcnt knowlcdgc of this

congenital heart dclbct: embryological devclopmcnt, anatomical
charactcristics, classiflcations, diagnostic methods, ibcusing on the
anatom ical and physio logical f-eatures o1' balance.

'l'hc author has conducted a comprehcnsivc search of thc availablc
scientific litcraturc on the topic. Detailcd review of thc
cchocardiographic mcasurcments and of' surgical stratcgies by cAVSI)
has bccn pcrlbrmed.

f]ased on thc data from the pubrished triars (most of thcm
rctrospcctive, with small number of parlicipants), thc author
summarizes thc most important points of each ol'thcm and idcntillcs
the unsolved problems which are grouped in several conclusions:

' J'hc problcm whether the patient wourd bc able to tolerate
biventricular repair as thc incorrcct choicc of surgical strategy is
associated with incrcascd mortality.

' -l'hc 
accuratc classification o1'thc dcrbct and thc choicc of

thc most optimal surgical stratcgy rcquire utilization of a comorcx
cchocardiographic algorithnr. Irvcn though di lll.rcnt rncasurcmcnts lbr
assessnrent ol'thc balancc by cAVSI) havc bcen proposcd, an algorithm



lacilitating the diagnosis and
is still lacking, especially by

All this justifies thc
purpose and the tasks ofthe
ol thc literaturc revicw.

b) Purpose and tasks

thc choicc ol'thc optimal surgical stralegy
the borderlinc lbrms.

conducted study. 'l'he dcfinition of the
doctoral thesis arise from the conclusions

iff-crcntiati een balan unbalanced form
CAVSD b ad ds
echocardiographic asscssment.

In order to fulfill this purposc thc doctoral student has 5 clearly
defincd tasks:

o Sclecting a group o1' paticnts rvith CAVSD admittcd at the
Pcdiatric cardiology depaftmenr during the period 1.1.2014 -
3t.12.21

o [)escription of the clinical outcomc - opcrated, unoperated, Iethal
outcome

r Measurcment ol' a group of prcdclincd cchocardiographic
parametcrs by the rctrospective group as well as measurements
according to a protocol by the prospcctive group. Statistical
analysis of the results and identilrcation of thc paramctcrs with
significant dillbrcnccs belrvccn thc balanccd and thc unbalanccd
lbrrn ol'CAVSI)

o Integration of the mcasurclncnts by thc retrospectivc and the
prospective groups with creation ol an algorithm lbr
dill'ercntiation betwccn thc balanccd and thc unbalanccd form of
CAVSD

o llvaluation o1'thc application of thc proposed algorithm

c) Methods
'l'hc study includes 100 paticnts with CAVSD who havc bcen

admittcd to thc Pediatric cardiologv Dcpartmcnt of'thc National Ilcart
If ospital during thc pcriod 2014-2021 ycar.

lror thc purposc of thc trial thc doctoral studcnt has cxamincd 64
patients in thc retrospective part of the trial, 44 oi'them were with

'l'he purpose ol the disseftation is creation of an algorithm lbr



complete measurements and 42 undcrwcnt surgical trcatment. 'l'he

second subgroup includes 36 patients in the prospective part who are
with complctc mcasuremcnts, 26 of them operated upon.

'l'he data from the systems Globalllis ra BIS have been used for
the rctrospective par1. 'l'hc cchocardiographic mcasuremcnts havc bccn
pcrlbrmed ofllinc on thc savcd in the system Syngoplaza
echocardiographic imagcs and video clips. 1'hc clinical outcomc has
bcen fbllowed up to day 30 afler the last surgical intcrvention.

'l'he protocol o1'the echocardiographic examination includcs the
fbllowing obligatory paramcters which arc wcil ilrustratcd in the
disscrlation:

L Ratio betwccn thc long axcs ol-the lcri vcntriclc and thc right
vcntriclc liom apical lour-chambcr view

2. Ratio betwecn the diastolic dimcnsions ol'the leli and thc risht
ventricle form parastcrnal short-axis vicw

3. Diameters ol'the lelt and the right AV-valvc
4. Right ventricle/Iell vcntricle inflow anglc
5. Atrioventricular septal angle
6. Atrioventricular valvc indcx - thc smallcr dividcd by the largcr

valve surfbce arca
7. Modilled atrioventricular valvc indcx the lcft AV-valvc arca

divided by the corlmon AV-valvc area
8. Indexed vcntricular scptal def'ect thc ratio bctwccn thc sizc of

thc VSD and thc common AV-valvc diamctcr
9. l-cft AV-valvc inllow thc ratio bctr.vecn thc diameter of the

color Dopplcr .lct at thc lcvcl ol. thc papillary muscles
(sccondary annulus) and the diameter ol. thc left AV_valvc
(primary annulus)

10. '['he dcgree o1' AV-valve regurgitation has been dcline<J
bascd on thc vcna contracta diamctcr and the ratio betwccn thc
arca of thc regurgitation.jct and thc atrial area

'I-hc inlbrmation regarding the conlbrmity bctween thc
echocardiographic and the intraopcrativc lindings and thc type ol-
surgical strategy - bivcntricular rcpair, singlc vcntricle circulation, has
bccn obtaincd liom the opcrativc protocols, and by the paticnts with
lethal outcomc thc anatomical dctails havc bccn rctrievcd l'rom thc
autopsy protocols.



Contemporary statistical analysis has bccn performed and the
statistical methods have been optimally chosen and allow answering
the predelincd tasks. Statistical soltware IBM, vcrsion 22 of SpSS
(Statistical Package for Social Scicnce) has been used.

'l'he following statistical methods havc been utilized: Student's r-
test, Mann-Whitney lj-test, as wcll as corre latiorr and discriminant
analysis. 'l'hc sensitivity and specilicity of thc identilied through
discriminant analysis echocardiographic mcasurcments for
dilferentiation o1'thc balanced I'rom thc unbaranccd lbrms of cAVSI)
have bcen dctcrnrined tlrrough analysis ol'thc ROC-curve.

'l'hc results from the study are very well iilustrated with tables
and ligures and are didactically prescntcd fbr cach task separately.'l'hcir presentation is followcd by anarysis and comparison olthe data
with thosc ol'other centers publishcd in the scientillc literature.

'l'he author emphasizcs that cAVSD is an anomary with a high
percentagc of prenatal diagnosis which in our country i.s suboptimal.
According to the obtaincd data, in 66%o or- the cascs no pienatar
diagnosis was pcrformed. Rcgarding thc anatomy o1- thc dclbct, the
associatcd anomalies and the degrcc ol'thc AV-valvc regurgitation, thc
data corrcsp.nd to those in sirnilar clinical ccnlcrs in oticr-parts olthc
world.

Out ol- 89 children who undcrwcnt surgcry, in l4 there was
discrcpancy betwecn the cchocardiographic ani tnc intraoperativc
lindings, and the failurc to rccognize thc unbaranced lbrm is asiociatcd
with thc most unfavorabre outcome (in 2 chirdrcn). fhe author
undcrlines the nccd lbr comprcx anarysis - not onry of the sizes of the
ventriclcs but also of thc two harvcs of the common AV-varve and ol'
thc sizc of thc ventricular scptal dcl-:ct.'l'he detailed analysis o| thc mortarity data shows that they are
comparablc rvith those rcported in thc scientillc literature with
signilicantly highcr nrortality by paticnts with unbaranccd lbrms ol.
CAVSD.

Task I

t!rouD



The author finds a significant overlap between the values of the
diffcrent echocardiographic measurcments by the balanced and the
unbalanced forms ol'CAVSD. 'fhc measurements by thc largcr part ol'
the retrospective group are incomplete (thcre arc no paticnts with
mcasurements of the inllow angle,, thc atriovcntricular septal angle and
the indexcd VSD). Bascd on three stagcs ol' statistical analysis
Student's -l'-test, 

corrclation and discriminant analysis, the author
identilles 3 parameters with signilicant dilf crcnccs bctwccn the groups
r'vith balanccd and unbalanccd cAVSI). 'l'he discriminanilunction rbr
balanccd and unbalanccd cAVSD has bccn calculalcd lbr cach naticnt
and thc rcsults liom thc applicarion ol'thc modcl by thc rctrospccrivc
group with intraoperatively confirmcd diagnosis show that 95oh ol'thc
cases are accurately classified.

Tusks 4,5 - echocardiogratthig naramelers hv the prospective
tlroun and unified dntu
Again, the author finds a significant ove rlap betwecn thc

echocardiographic measurements by thc balanccd and the unbalanced
forms oICAVSD.

Aficr statistical analysis ol'thc unillcd data by thc rctrospcctivc
and thc prospcctivc the author linds signilicant difl'ercnccs in thc
following paramctcrs: right ventriclc/lc11 vcntriclc intlow anglc,
atrioventricular valvc index, rnodilled atriovcntricular valve indcx,
indexcd VSD, lel't AV-valvc inllow. 'l'hc conductcd I;isher's linear
discriminant analysis with adaptation o1' the crcated lbr the
retrospcctive group formula (through adding thc parametcr left AV-
valvc inflow, wlrich is an indicator ol'thc rcdistribution ol'blood flow),
allows thc creation of a score-systcm which accuratcly diflbrcntiates
the baf anced liom thc unbalanccd lbrm oIcAV sD in 97yo of thc cases.

Aftcr inscrting the values of lbur cchocardiographic
mcasurcments (right vcntriclc/lcft vcntriclc inllow anglc, ratio bctwecn
thc long axes ol'the right and thc lelt vcntricrc, atriovcntricular valvc
indcx, lclt AV-valvc inllow), the systcnr givcs thc most probablc
diagnosis. Aftcr rcvicwing sevcral cases with borderlinc fbrms ol'
CAVSD the author establishcs that thc prcdictivc nrodcl is not absolurc
and should bc considcrcd in cornbination with thc associated anornalies
and thc anatomical details by each paticnt.

The obtaincd results enable Dr.vassilcva to makc loeical
conc lus io n s.



I agrec and acccpt the formulatcd conclusions and contributions
ol'the disserlation.

Ithink that the work would bcnefit o1-making an analysis ol'the
inntra- and interobscrvcr variability ol' thc cchocardiographic
mcasurements. I Iuman interpretation o1'transthoracic cchocardiograms
is opcrator dcpcndcnt cven rvhen thc measurcntcnts arc pcrl'ormcd b;'
thc sarnc pcfsolr.

n ftificial intelligcncc has bccn proposcd as a mcthod lbr accuracy
improvcmcnt. ll-crcatcd and integrated propcrly', certain algorithrns ol-
artillcial intclligence could be vcry cffcctivc and coLrld contributc not
only to thc quality ol'thc lrnalechocardiographic conclusion., but would
irrcrcasc thc c{'licacy ol'thc study, saving timc and e flbrts lbr the timc-
consuming, dillicult and important cchocardiographic analyscs.
'l'hcrclbrc, thc nork ol'Dr.Vassilcva could scrvc as a pan/basis of
lutLrrc artillcial intclligcncc fbr thc diagnosis ol'congcnital heart dcl'ccts
and to ensurc the optintal choicc ol'surgical stratcgy.

CONCLUSION:
'l'he rcvicwcd doctoral thcsis o1- I)r.Vassilcva has pcrsuasivc

morits. 'l'hc in-dcpth knowlcdgc ol'thc problcn., thc cxccllcnt cxpcrtisc
in cchocardiography, thc very good application of the statistical
mcthods allow Dr.Vassileva prccisc proccssing of'thc obtaincd
inlbrnration and rcaching scientil'ic and practical rcsults thc proposcd
algorithm for diffcrcntiation bctwccn the balanccd and thc unbalanccd
lilrnrs ol'CAVSD.

With its rcsults and qualitics as wcll as with the logical
conclusions thc dotoral thcsis mects cntircly thc criteria lbr obtaining
thc scicntillc and educational dcgrcc'Doctol'. Ilascd on this, lvotc
positivcly and I strongly suggcst that thc othcr mcmbcrs ol' thc
scicntific.jury also votc positivcly lbrthe conf'crment ol'thc educational
and scientillc dcgrec "[)octor'"to Dr. Zornitsa Nikolova Vassilcva-
I:nikova. r
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