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ABSTRACT

Infertility is thecombinationof factors thatpreventpregnancy. It involvesa lotof
careandexpertisewhileselectingthebestembryotoleadtoasuccessfulpregnancy.
Assistivereproductivetechnology(ART)helpstosolvethisissue.Invitrofertilization
(IVF)isoneofthemethodsofARTwhichisverypopular.Artificialintelligencewill
havedigitalrevolutionandmanifoldadvancesinthefieldofreproductivemedicine
andwilleventuallyprovideimmensebenefitstoinfertilepatients.Themainaimof
this article is to focus on the methods that can predict the accuracy of pregnancy
withouthumanintervention.Itprovidessuccessfulstudiesconductedbyusingmachine
learning techniques. This easily enables doctors to understand the behavior of the
attributeswhich are suitable for the treatment.Blastocyst images canbedeployed
forthedetectionandpredictionofthebestembryowhichhasthemaximumchance
ofasuccessfulpregnancy.Thispioneeringworkgivesoneaviewintohowthisfield
couldbenefitthefuturegeneration.
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INTRoDUCTIoN

Itinvolvesalotofcareandexpertisewhileselectingthebestembryoorthefactors
which lead to a successful pregnancy. The embryologist plays a vital role by
establishingreproductiveassistanceandclinicalhelpfromthefertilityconsultant,in
theinitialstagesofdiagnosisofacouplewhocomeforIVFtreatment.Thecultureof
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eggs,spermandembryosareexaminedundermedicalconditions.Themainaimisto
understand,planandregulatethedefectsthatarecontemplatedbeforefertilization.
Embryologists study the embryo morphology including embryo grading, embryo
freezing, selecting the best embryo for implantation (Uyar, 2009). Processing an
embryoforthefertilizationiscalledacycle.Theembryologistsfreezetheembryos
untiltheygetthebestresults.ImplantationfailureoccurswhentheIVFprocesscannot
be successful even after repetitive embryo transfers (Koot, 2016).Manual embryo
gradingisatediousandtime-consumingjob.Itwillbeeasyifamachinecandothis
processwithouthuman intervention.With this thoughtusingartificial intelligence
(AI)anddeeplearningtechniques,itisveryhelpfulindeterminingthebestembryo
thatcanbeinduced(Malinowski,2014).

ThethreemethodsthroughwhichIVFcanbeobtainedusingAIandMLtechniques:

• Building a model to know what the success rate of IVF treatment will be and
whethertocontinuewithitornot;

• PredictingtheaccuracyastoinhowmanycyclesIVFcanbesuccessful;
• Selectingthebestqualityembryo,whichincreasesthechanceofpregnancyeven

beforeIVFtreatment.

In this review, the following sections will help in knowing different Machine
LearningandAItechniquesandtheircontributionstowardstheinfertilitytreatment.
Inviewofthissurvey,thedatahasbeencollectedfromdifferentsearchenginesand
fromthepreviouspublications.

THeoReTICAL BACKGRoUND

According to statistical survey, Infertility is facedbymore than10%of theworld
population(Haimovici,2018).Infertilityistheinabilitytoachievepregnancyafterone
yearofunprotectedintercourseduetomanycombinationsoffactors.Ondetermining
the infertilityaspectofacouple,anappropriateassisted reproduction treatment is
applied inorder toconceiveapregnancysuccessfully.Thequalityofembryosand
oocytesispredictedbyusingartificialintelligencemethods.IVFisoneofthetypesof
ART,whereman’sspermandwoman’seggisnourishedundermedicalconditionsand
thenitisinsertedintothewomen’suterus(Gerris,2004;Raef,2019).Thereasonsfor
infertilityareblockedfallopiantubes,diabetes,age,smoking,alcoholconsumption,
irregularmensuralcycles,hormonaldeficiencies, lowspermcount,certaingenetic
diseases,etc.(Haimovici,2018;Crawford,2015).

ARThasmanytechniquestodealwithdifferenttypesofissues:

1. InvitroFertilization(IVF):ItisthemostsuccessfultechniqueofART
2. IntrauterineInsemination(IUI):Fertilizationofeggsisdoneinsidethewoman’s

uterus.ThesuccessrateislowwhencomparedtoIVF.Butitisaffordable



International Journal of Big Data and Analytics in Healthcare
Volume 4 • Issue 2 • July-December 2019

23

3. IntracytoplasmicSpermInjection(ICSI):Bytakingtheeggsfromawoman’sbody
and injecting sperm tooneof theeggs,when it fertilizes it is transferred to the
woman’suterus.Thisisthebesttechniqueforspermrelatedissues(Alizadeh,2014)

4. IntrafallopianTransfer:Unliketheothertechniquestheeggsarefertilizedinside
thefallopiantubesofawoman.Thisisthebestchoiceforwomenwhosufferfrom
fallopiantubeissueswhichcanbeperformedintwodifferenttypes:
a. GameteIntrafallopianTransfer(GIT);
b. ZygoteIntrafallopianTransfer(ZIT);

5. Surrogacy;
6. Testtubebaby.

Aneuploidyistheassessmentofchromosomeswhichleadstofertility.Infertility
occurswhenthecountofchromosomesdifferwhichcausesmiscarriagesin60%of
thepeople(Miyagi,2019).So,thereisamethodcalledComprehensiveChromosome
Screening(CSS)whichmainlydealswithchromosomeabnormalities.Itenumerates
thechancesofgettingpregnant.Theparameters that areneeded for theblastocyst
evaluation mainly depends on the chromosomes that are mapped with blastocyst
morphology(Capalbo,2014).Thisenablesthechancesofimplantationwhichleads
toahealthypregnancy.

Thecouplesufferingfrominfertility,mustinitiallyundergocertainpreliminary
medicalproceduresandlaterfollowtheassistivetechniques.Thisincludesclearing
the fallopian tubeswithmedications, accompaniedbyhormonal treatments.When
these treatments fail,ARTproceduresareprescribed.But themost successfuland
adaptabletechniqueisIVF.DataminingisappliedinARTproceduresforbetterresults.
Intheyear2005atechnique,informationfuzzynetworkalongwiththeassociation
ruleminingisinitiatedwhichtargetstherealsignificantattributewhichcontributes
more to the targetattributewasstudied (Davis, J.,2005).Testsperformed invitro
means‘intheglass,’itisdoneoutsideofalivingorganisminvolvingisolatedtissues,
organsorcells.Butthis isquiteexpensiveandthenumberofcyclestopredict the
pregnancyisunknown.IVFinvolvesstimulatingandretrievingmultiplematureeggs,
fertilizingthemunderclinicalconditionsandimplantingintotheuterusaftersome
daysoffertilization.Buttransferringthebestembryoisthemainandimportanttask
ofIVF.Thiscanbedonewithasingleortwoembryotransfersintheinitialcyclesof
themethod(Gerris,2004).BeforegoingintodetailaboutIVF,herearesomebasic
terminologiesthatneedtobeunderstood.

Theembryobeginswithasinglecellanddividesfurtherwithtime.(Rienzi,2017)
Oocyteisacellinanovarywhichmayundergomeioticdivisiontoformanovum.
Anovumisthematurefemalegameteinmammals,whichgivesrisetotheembryo
afterfertilization.Thedevelopmentofembryosisdoneindifferentphasesjustlike
anormalfertileembryo,beforeplacingafertilizedembryointothewoman’swomb.
Thefertilizationday-1to2iscalledZygote.Theembryoinday-3iscalledMulticell
Embryoandbyday-5itistermedasBlastocyst.Besidesdevelopinganembryousing
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IVFtherearesomeadditionaltechniquesinvolvedtoincreasethesuccessrateofIVF.
Thisincludes:

• OvarianHyperstimulation:Inducingmultiplefolliclesduringovulation
• NaturalIVF:WithoutusinganydrugsforOvarianStimulation.
• Oocytematuration(Rienzi,2017;Manna,2013)
• Eggsretrieval
• Embryoculture
• Embryograding
• Embryoselectionandfinally
• Embryotransfer

ReLATeD woRK

Machine Learning in IVF
MLcanbeimplementedindifferenttypes.

Supervised Learning
Herearesomealgorithmswhichhavetheircontributionformystudy.

Decision Trees

It is a classification model that incrementally builds the tree by aggregating the
attributesas theyhavebeenconsideredas leafnodes. Itworkseffectivelyforboth
classification and regression. It represents the data in the tree-like structure and
depicts the alternative paths to reach the leaf node, from the root node. Iterative
Dichotomiser (ID3), C4.5 (successor to ID3), Classification and Regression Trees
(CART),Chi-SquareAutomatic IterationDetector (CHAID)are themosteffective
modelstoimplementthedecisiontrees.

ID3:This is themosteffective technique tobuildadecision tree.Entropyand
informationgainarethetwoneededcriteriaforcalculatingID3:

Entropy=−
=
∑
i

n

i i
p p
1

2
log 

WhileconstructingthedecisiontreetheattributethathasthehighestInformation
gaincanbeconsidered.Giniindexisusedforadecisiontreewhichmustbeconstructed
forbinaryattributeclasslabels.CARTusesthistechniquefortheconstructionofthe
tree.Afterconstructionofthetree,themainobservationshouldbetreesize,sothe
pre-pruningorpostpruningisdonetoavoidtheoverfittingconcept.

Thepreviousstudyincludes,Passmore’sresearchonC5.0DecisionTreeInducer
used for feature selection, which has the improvised performance as compared to
thestatisticalmodels(Passmore,2003).SrinivasKilambiusedLogisticRegression
andPrincipalComponentAnalysis (PCA) forbetter feature selection to improvise
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the model performance (Kilambi, 2016). Cai implemented Multivariable Logistic
RegressionandBootstrappingtopredictthevariableswhichaffectspregnancywhile
performing IVF (Cai,2011).Balogunevaluated theclassificationmodelusing the
WaikatoEnvironmentforKnowledgeAnalysis(WEKA-J48model),fortheestimation
ofinfertilityinwomenandisevaluatedbyconsidering14differentattributesthatare
used inprediction(Balogun,2018).MilewskaandGuhtestedagroupofvariables
topredict thepregnancy, inwhich they implementedgeneticalgorithmalongwith
DecisionTree(Milewska,2016;Guh,2011).

SVM Classifier

Itisoneofthetypesofclassificationofalgorithmswhichpredicttheclasslabelsby
usinghyperplanestothegoodaswellasbadclasslabels.Theequationforhyperplane
isW.X+b=0,where‘W’istheweightvector,‘b’isascalarvalueand‘X’isthe
associatedattributevalue.AHybridapproachclassificationalgorithmwhichisused
withthecomparisontoNaïveBayesandSVMhasacquiredbetterresults(Malathi,
2018;Uyar,2009).Classificationofembryos,Frequency-basedencodingtechnique
has been proposed for the conversion of categorical variables and to improve the
performanceofSVM(Uyar,2009),(Miyagi,2019).Factorsidentificationandclass
labelpredictionisacomplextaskintermsofIVFattributes.Amethodisproposed
byusingSVMtoresolvetheissueofidentification(Milewski,2012;Uyar,2009).

Naïve Bayes Classification

Thismainlyworksontheprobabilisticmodel.Itexaminestheprobabilitiesindividually
forallthetrueandfalsecasesandwillalsocheckfortheconditionalprobabilitiesof
beingtrueorfalse.Malathiappliedhybridmodel,theresultsweresoconvincingwith
thehighestaccuracythanthatofSVMandNaïveBayes(Malathi,2018).Differentiating
theembryosintermsofimplantationintotheuterusisanimportanttask.Theimbalance
outcomeoftrueandfalsecasescanbehandledbyNaïveBayesClassifier(Uyar,2010;
Miyagi,2019).GüvenirtestedwithSuccessiveestimationusingarankingalgorithm
(SERA), which helped in finding out the attributes which mainly affect the IVF
treatment(Güvenir,2015).Embryoselectionistheleadingsteptowardsthesuccess
ofIVFtreatment.ThisisevaluatedbyusingaNaïveBayesapproach(Uyar,2009).
MdRafiulHassan,SadiqAl-Insaif,M.ImtiazHossain,andJoarderKamruzzaman,
haveanalyzeddifferentclassificationalgorithmsthatcontributeinpredictionofIVF
treatmentandproposedanewfeatureselectiontechniquecalledHillclimbing,which
evaluatestheimportantattributesthatcanimprovetheefficiencyoftheclassifierand
therebypredictinginfertility.

Ensemble Methods

Theresultsproducedbythesemethodsthatcanbebasedonthecombinationofmultiple
modelsandbringingthemtogetherintooneframe.ThemainmethodsincludeBagging,
Ada- Boosting, Random forest (LeBlanc, 2010). Some authors have contributed
theirworkonthesemethodswhichisveryhelpfulforthissurvey(Milewski,2012;
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Arora,2017;Miyagi,2019).Thebootstrapaggregationmethodisusedtoincreasethe
accuracy.CaihascomparedthebootstrapwithNaïveBayesClassifier,andtheresult
wasthattheNaïveBayesClassifierhasachievedthehighestaccuracy(Cai,2011).
Case-basedreasoningisoneofthemethodswhichcanevaluatedifferentdataresults,
wheretherelatedattributescanbeidentifiedforthefertilityoutcome(Jurisica,1998).

Unsupervised Learning
Itistheprocessofgroupingofobjectsbasedonthesimilaritynotbytheclasslabels.
Here class labels are unknown. K- Means Clustering is one of the unsupervised
learningalgorithmsthatmainlyworksoncentroid,assigningtherandomdatapoints
toitsnearestcentroid.Theintensityfactorscausedbytheusageofdrugsininfertility
isanalyzedusingthisalgorithm(Alizadeh,2004).

Association Rule Mining
It is oneof the rule-basedmethods inmachine learning techniques toobserve the
correlations,frequentpatternsandrelevantmeasuresofinterest.Itmainlyworkson
two parameters viz., support and confidence. Support is the frequency of the rule
appearingindatabaseandconfidenceisthenumberoftimestherulesprovedtobe
true.ThisalgorithmproveditsefficiencyinMarketBasketanalysis,medicaldiagnosis,
censusdata,DNAandproteinsequence(Davis,2005).

Performance evaluation of Models
Oncethemodelisbuiltthentheresultscanbeestablishedwithmethodswhichwillbe
usedtovisualizetheassessment,suchasaccuracy,sensitivity,specificity,precision,
recallthatcanevaluatetheperformanceofthemodel.

FormakingthisanalysiseffectivethemaintermsthatmustbeknownarePositive
and Negative tuples. In case of binary class labels, positive tuples are the YES
conditionsandnegativetuplesaretheNOconditions.

Thefollowingarethebasicterms:

Recall=TP/P
Positive(P)=ActualisTrue
Negative(N)=ActualisNegative
TruePositive(TP)=ActualandPredictedarepositive
FalseNegative(FN)=Actualispositiveandpredictedisnegative
TrueNegative(TN)=Actualandpredictedarenegative
FalseNegative(FN)=Actualisnegativeandpredictedpositive

1. Confusion Matrix:Thisisthepowerfulevaluationtoolwhichcananalyzethe
performanceofaclassifier(Table1);

2. Accuracy:Theaccuracyofamodelcanbedeterminedbasedonthenumberof
tuplesthatarecorrectlyclassifiedbytheclassifier:
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Accuracy=TP+TN/P+N

3. Sensitivity:Thepositivetuplesthatiscorrectlyidentifiedbytheclassifier:

Sensitivity=TP/P

4. Specificity:Thenegativetuplesthatarecorrectlyidentifiedbytheclassifier:

Specificity=TN/N

5. Precision:Thepercentageoftotalnumberofcorrectlyclassifiedpositivetuples
dividedbythetotalnumberofpredictivepositivetuples:

Precision=TP/TP+FP

6. Recall: The percentage of total number of correctly classified positive tuples
dividedbythetotalnumberofpositivetuples:

Recall=TP/TP+FN

If two classification models are used for the analysis and to compare which
classificationmodelisthebest,thenreceiveroperatingcharacteristiccurves(ROC)
is widely used. This is the visualization tool, which draws a curve between True
PositiveRate(TPR)andFalsePositiveRate(FPR).HeretheTPRisSensitivityand
FPRisSpecificity.

IMPACT oF AI AND DeeP LeARNING TeCHNIQUeS IN IVF

AsmanyofthetechniqueswhichhadtheircontributiontowardsIVFsuccessismainly
assessedbytheattributeswhichhaveamajorimpactoninfertility.Basedonthese
attributesmuchresearchhasbeendoneforthepredictionofthesuccessrateofIVF
usingvariousDataminingandMachineLearningtechniques.Asthereisscientific
andcomputationalgrowthoverthedecadesArtificialIntelligencehasbecomepopular
in all areas of technology. So, it has an impact on medical sciences and clinical
advancements.Nowallthemedicalapplicationsaredependingonthepredictionand
assessment.Siristatidisimplementedlogisticregressionandstatisticalmodelingfor
evaluationanditsinfluenceintermsofthemedicalperspective(Siristatidis,2010).

Table 1. Confusion Matrix

Predicted Class 1 Predicted Class 2

ActualClass1 TP FN

ActualClass2 FP TN
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ArtificialNeuralNetwork(ANN)hasacompletesolutionwherehumaninterference
isalmostzero.Itcananalyzeandpredictthefuture.ANNisalsoimplementedinthe
fieldofgynecologyasdetailedbelow.

AI has its mark in the field of infertility too (Siristatidis, 2011). The normal
procedure in IVF is to perform the morphology of embryos with the help of an
embryologist,assessingthebestembryofortheimplantation.Embryogradingisan
importanttaskthatiscarriedoutbytheembryologistsinsearchofthebestembryo.
Butiftheimplantationfails,thenthepatientmustgothroughwithanothercycleof
assessmentforthesuccessfultransfer.Butahumancannotpredicthowmanycycles
thatapatientmustgothrough.ByapplyingAI,ifthemicroscopicimages(Blastocyst)
ofthepatienthavebeensuppliedtothemachinethenitwillpredictthebestembryo
whichhasanaccurateoutcome for the fertility treatment.So, from thegradingof
embryostothepredictionofthebestembryofortheIVFcycleisdonebyAI.Thisis
anautomatedprocesswithouthumanintervention.Thisassiststhedoctorsaswellas
theembryologiststohastentheirworkandtominimizetheirtime(Figure1).

Image Source: Medical express
TheConvolutionNeuralNetworkmodelisproposedusingimageprocessingtodetect
automatically thegradeof theblastocyst (Gunawan,2019).WeillCornellMedical
UniversityhasdevelopedadeepneuralnetworkcalledSTORK,whichenables the
automationoftheinfertilityprocessintermsofchoosingandtransferringembryos
(Khosravi,2019).Thetime-lapseimagingtechniqueisusedfortheassessmentofthe
bestembryodevelopment.Oocyteandembryoclassificationplayanimportantrole
whileanalyzingtheembryoquality.Whenthisclassificationisautomizedbyusing
AItechnologyitgivesthebestresultsascomparedtoMLtechniquesusedpreviously
(Manna, 2013). The aneuploidy (abnormalities) present in the chromosomes leads
to infertility. If thiscanberecognizedprior to theprocessof IVFthen itcansave
moneyaswellastimeforthepatientandfertilityexperts.Aneuploidycanbetreated
byAI.WhentheblastocystimageisdevelopedandgiventotheAInetworkthiscan
bepredictedpriortothetreatment(Miyagi,2019).

AI in embryo Grading
Embryogradingisimportantandtimetakingtaskoftheinfertilityprocess.Where
embryo featureswillbe studiedandprocessed for the finalbestembryoselection.

Figure 1. Classification of Blastocyst images using AI
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Deeplearningwillreducethetimeofembryogradingbyusingitstechniques(Chen,
2019).Theembryosusedherearearoundonelakhandtheembryo’sageare5days
areconsidered.Theimageshavebeendividedintotraining,validation,andtesting.A
50-layernetworkisusedtocarryoutthisstudy.Thenetworkhasautomaticallygraded
theembryosandsuggestedthebestembryothatcanbetransferredforthetreatment.
This mainly reduces the time and clinical tasks that need to be performed. Semi
automizedgradingcanbeappliedtoverifytherelevantfeaturesbetweentheembryos
thatcanbeusedforthetreatment.Thisinvolvesimagesegmentationandanalysis.

AI in embryo Classification
Embryoselectionisthemostimportantphaseafterthegradingisdone.Theselection
ofembryomainlydependsonwhichdaytheembryoisbeingconsideredsothatithas
thehighestchancesoffertility.CohortEmbryoSelectionmethodisbeingusedforthe
assessmentanditusesthetimepointsandthedayofembryosthathavethehighest
chanceof implantation (Dimitriadis, 2017). In analyzing thehigh-quality embryo,
thisisasimpleandnovelmethod.

CoNCLUSIoN AND FUTURe SCoPe

ArtificialIntelligencewillfetchdigitalrevolutionandmanifoldadvancesinthefield
of reproductivemedicineandwilleventuallyprovide immensebenefits to infertile
patientsandto thesociety.TheapplicationofAI inIVFissignificantandusedto
a great advantage for embryo grading and selection, optimizing the assessment of
ovarianreserveparametersandspermselection.

The main aim is to explore the possibility of using this new system in larger
andmorestructuredstudiessuchas thosewithsingle-embryo transfer, includinga
prospective randomized trial for reaching full clinical relevance. Deep learning is
appliedwithaconvolutionalneuralnetworkintherealmofAItodevelopclassifiers
forpredictingtheprobabilityofalivebirthfromablastocystimagecategorizedby
maternalage.

TheexistingmodelsfromthesurveyhaveidentifiedtheimportanceofMachine
learning and Artificial Intelligence which are determined as the best predictable
approachesfortheARTtreatments.Mostoftheworkisdoneontheattributesorthe
constraintswhichaffectsinfertility.Asaproposedwork,thesemodelscanbeupgraded
withthelatestavailabledatausingtheblastocystimagedatasets.Thispioneeringwork
givesusaviewintohowthisfieldcouldbenefitthefuturegeneration.
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