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ABSTRACT
Aim: To identify expert patterns in cases of improper medical care in obstetric practice based on the analysis of the materials of judicial and investigative cases 
initiated against obstetrician-gynaecologists in cases of improper performance of their professional duties, using the decision tree method.
Materials and methods: A retrospective review of all alleged medical malpractice cases (a total 350) between 2007 and 2016 handled at Ternopil Regional Bu-
reau of Forensic Medical Examination, Chernivtsi Regional Bureau of Forensic Medical Examination and Zhytomir Regional Bureau of Forensic Medical Examination 
(Ukraine) was performed.
Results: Expert commissions confirmed various shortcomings and omissions in provision of medical care in 232 (72.0%) of the investigated cases. Obstetricians 
were involved in claims in 82 (23.4%) cases. Application of intelligent data processing technology “Data Mining” with the use of the decision tree method revealed 
that inadequacies with regard to the medical records (attribute usage 100%) were the most informative attribute in the expert assessment of inappropriate medical 
care in obstetrics. Defects in the provision of obstetric care with a probability (P = 0.71) occur simultaneously both at pre-hospital and hospital levels and with a 
high probability (P = 0.83) result in severe consequences.
Conclusions: The use of modern technologies for data analysis and processing contributes to the formulation of mathematically substantiated statements that 
significantly enhance the reliability of expert opinions in cases of forensic medical examination attached to dereliction of duties by the medical practitioners.

KEY WORDS: forensic medical examination, inappropriate medical care, medical malpractice case, decision tree

INTRODUCTION
Analysis of medical care deficiencies in most scien-

tific publications is usually based on well-known statis-
tical data processing methods that provide absolute or 
relative numerical values of certain medical care defects.

However, in cases of non-obviousness, complex-
ity and multifactorial nature of the system, when the 
strength of hidden information relationships among a 
large array of disaggregated data needs to be investigat-
ed, traditional methods of statistical processing of such 
data become insufficient [1]. Scientists have pointed 
out that applications where data mining tools are used 
in the fields of medicine are becoming more and more 
frequent [2-4]. Under such conditions, to solve the prob-
lems of expert assessment of the quality of medical care 
and predict defects in its provision, artificial intelligence 
technologies are applicable, in particular data process-
ing and analysis technology Data Mining and one of its 
most popular methods - the decision tree method [5].

Due to many factors, both objective and subjective, 
including the increase in the level of passionarity of soci-
ety, the growth of legal awareness and social activity of 
the public, the ability to access almost any information 
resource due to the widespread use of modern means 

of communication, etc., a persistent public demand for 
raising quality standards of medical and diagnostic care 
provided to citizens is being formed. So, patients’ rights 
are occupying a prominent place in health care [6-8].

As some researchers report, according to the special-
ties of medical practitioners, the most criminogenic in 
many countries are obstetrics and gynecology [9-11]. In 
Ukraine the number of medical malpractice litigations 
against obstetricians is huge too [12]. In such cases, rep-
resentatives of law enforcement agencies initiate crimi-
nal cases, the investigation of which requires forensic 
medical examination. The expert opinion in the investi-
gation of medical malpractice cases is of the utmost im-
portance for examination and is one of the main sources 
of evidence in the case [6, 12]. At the same time, in prac-
tice, in view of the objective complexity of the examina-
tion of diagnostic and treatment work, which is due to 
the specifics of professional medical activity, the expert 
assessment of medical malpractice cases is rarely defini-
tive, and in most cases is presumptive. This is due to the 
lack of objective criteria that could substantiate the sci-
entific validation and, accordingly, increase the reliability 
of expert opinions in cases where medical practitioners 
are held liable for professional offences in health care [13].
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AIM
In this regard, the aim of this study was to identify 

expert patterns in cases of improper medical care in ob-
stetric practice based on the analysis of the materials of 
judicial and investigative cases initiated against obstetri-
cian-gynaecologists in cases of improper performance of 
their professional duties, using the decision tree method.

MATERIALS AND METHODS
Materials of forensic medical examination for medi-

cal malpractice cases between 2007 and 2016 handled 
at Ternopil Regional Bureau of Forensic Medical Exami-
nation, Chernivtsi Regional Bureau of Forensic Medical 
Examination and Zhytomir Regional Bureau of Forensic 
Medical Examination (Ukraine) were reviewed. In total, 
350 such cases were studied, as well as 5056 related ones, 
both medical documents (case histories, outpatient cards, 
expert opinions, post-mortem examination reports, etc.) 
and proceedings (originals of criminal cases, on-site in-
spection reports, medical staff interrogation files, materi-
als of internal audits of the quality of medical care, etc.). 
For each medical malpractice case, 70 different indicators 
were studied: the type of defect (diagnostic, medical-tac-
tical, organisational, deontological, in medical records); 
the nature of improper medical care (its insufficiency, 
untimeliness, incorrect provision of or failure to provide 
medical care); the stage of medical care at which the de-
fect occurred; the speciality of the medical practitioner 
who committed improper professional actions; reasons 
for the defect (objective and subjective); its consequenc-
es; cause and effect relationship. Thus, the collected data 
bank amounted to 24,500 indicators, the statistical pro-
cessing and visualization of which was performed using 
the MS Excel 2016 spreadsheet.

The decision tree method is a decision-making tool 
for statistical processing and analysis of a certain data-
base using artificial intelligence technologies. The es-
sence of the method is to compile a mathematical model 
that establishes the dependence of the so-called target 
variable (the attribute (factor), the influence of which is 
being studied) on many other independent variables (at-
tributes), and predicts the probability of a certain value 
of such variable [2-5].

If the target variable takes discrete values (e.g., “yes” 
or “no”), then using the decision tree method, its de-
pendence on many other independent variables is es-
tablished and the forecasting problem is solved.

In its simplest form, a decision tree is a way of rep-
resenting rules in a hierarchical, sequential structure. 
The basis of such a structure is the answers “yes” or “no” 
(programming language) to certain questions. In other 
words, the presence or absence of each of the 70 indi-
cators mentioned above was noted in each case of the 
medical malpractice case studied. Their discrete values 
in the form of “yes” or “no” answers (mathematically de-
noted “1” or “0”, respectively) were entered into a general 
map and formatted in the MS Excel 2016 spreadsheet. 
The data obtained in such way were further processed 

mathematically by the C 4.5 algorithm specifically devel-
oped for the decision tree induction method, available 
in the licensed environment of the RStudio platform on 
the corresponding portal (https://www.rstudio.com/).

We have already covered in detail the theoretical 
foundations of the decision tree method, the techni-
cal details of creating an algorithm for the method, the 
mathematical problem of induction of the decision tree 
and its graphical model [13].

RESULTS AND DISCUSSION
The process of creating a decision tree in cases of fo-

rensic examination of medical care defects in obstetric 
practice starts with the establishment of a dependent 
(target) variable, i.e., the main parameter; the relation-
ship of that variable with others should be established, 
the strength of such relationship should be mathemati-
cally proven and the probability of the value of the vari-
able itself should be calculated.

As we established before [14] out of 350 materials of 
investigative cases analysed, various shortcomings and 
omissions during the provision of medical care were as-
certained by expert commissions in 232 (72.0%) cases. 
Among them, law enforcement agencies initiated 82 cas-
es directly against obstetrician-gynaecologists (23.4% of 
all studied). The vast majority of criminal cases was due 
to complaints of citizens about the improper provision 
of obstetric care (80 cases or 97.6%), and only 2 criminal 
cases were initiated against gynaecologists. Thus, using 
the phrase “obstetrician-gynaecologists” further in the 
article, we meant doctors who are mainly engaged in 
obstetric practice.

To ensure the correct operation of the algorithm, 
the target variable (obstetrician-gynaecologists) should 
receive the appropriate abbreviation in English. For our 
example, we shall call it “obstr” (short for English “obste-
tricians”).  Similarly, it is necessary to provide English 
names for other attributes with which the informative 
relationship of defects caused by obstetrician-gynaecol-
ogists in professional activity, is being investigated.

The tree to be modelled answers the question of what 
the predicted value of the target variable will be, given 
the known values of other attributes. The implementation 
of this task consists in finding such attributes that are the 
most informative in relation to the target variable select-
ed for the study (i.e., for obstetrician-gynaecologists). The 
following attributes were selected by the C4.5 algorithm 
as most significant parameters (from the 70 indicators 
studied for each medical malpractice case) (Table 1). 

It is from them that the algorithm selects certain at-
tributes as internal nodes of the tree, along which its fur-
ther gradual branching is carried out. When building a 
tree, it is necessary that the target variable “obstr” takes 
on a value of exactly one type (“yes” or “no”); those are 
the leaf nodes. Each leaf node is characterized by the 
probability of obtaining a specific value for the target 
variable, i.e., the probability of belonging to class “obstr: 
yes” or “obstr: no”. 
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Table 1. Attributes for constructing a decision tree regarding to the target variable “obstr” (obstetrician-gynaecologists)

Attribute designation Attribute name Attribute designation Attribute name

А1 (obstr) obstetrician-gynaecologists А17 (emrgn) provision of inadequate medical 
care by ambulance personnel

А2 (ansth) anaesthesists А18 (plclcs) provision of inadequate medical 
care at outpatient stage

А3 (surg) surgeons А19 (hospit) provision of inadequate medical 
care at hospital stage

А4 (pdtr) paediatrician А20 (direct) direct cause and effect relationship

А5 (family) family doctors А21 (dif_dig) medical care defect caused by 
diagnostic difficulties

А6 (traum) traumatologists А22 (atipic) medical care defect due to atypical 
pathogenic mechanism

А7 (admsn) admitting physicians А23 (griev_) improper provision of medical care 
led to serious consequences for the 

patient

А8 (diagn) diagnostic pitfalls А24 (comorb) defect in medical care due to the 
presence of concomitant pathology

А9 (tactic) medical-tactical defects А25 (vidm) adverse outcome due to the pa-
tient’s refusal from hospitalization

А10 (istit) organisational defects А26 (latehsp) adverse outcome due to late 
presentation of the patient

А11 (record) defects in preparation of medical records А27 (rapid) adverse outcome due to the 
rapid progression of pathogenic 

mechanism

А12 (deont) deontological errors А28 (regum) adverse outcome due to violation of 
the hospital regimen by the patient

А13 (unsuf_) insufficient medical care А29 (ridk) defect in medical care due to the 
rarity of the pathology

А14 (untime_) untimely medical care А30 (unskill) adverse outcome due to unskilled 
actions of medical personnel

А15 (improp_) improper medical care А31 (standr) adverse outcome due to violation of 
the standards of medical care

А16 (care_abs_) failure to provide medical care А32 (Exitus) medical care ended in a fatal 
outcome for the patient
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Fig 1. Induced decision tree for the target variable “obstr” (obstetrician-gynaecologists).

Further, the construction of the decision tree consists 
of two stages: construction of the classification model 
(the decision tree itself ) and its interpretation.

In fact, at the model building stage, a classification 
tree is built, where the path from its root to one of the 
nodes is a set of rules for a specific case and is used to an-
swer the question “What is the probability of the target 
variable “obstr”? (Fig. 1). 

Namely: “What is the probability of the relationship 
of medical-tactical, diagnostic, organisational shortcom-
ings during the provision of obstetric and gynaecological 
care, defects in the preparation of medical records, tak-
ing into account the characteristics of such inadequate 
medical care, the stages of its provision, negative conse-
quences, objective and subjective factors that contribut-
ed to them.” The rule in our case is a logical construction, 

represented as “if ..., then obstr: yes with the appropriate 
probability” or “if ..., then obstr: no with the appropriate 
probability”. This allows to conclude: “if a criminal case 
is initiated against an obstetrician-gynaecologist in con-
nection with the improper performance by them of their 
professional duties, then ...” or “if a criminal case is initiat-
ed against an obstetrician-gynaecologist in connection 
with the improper performance by them of their profes-
sional duties, then ...”

In the constructed decision tree, the following main 
elements are distinguished:
•	 root of tree: the algorithm-defined attribute that 

has the strongest informative association (attrib-
ute usage 100%) with the target variable studied. In 
our case, it is “record” (defects in the preparation of 
medical records);

P=0.9

P=1.0

P=0.83

P=0.71

P=0.74
P=0.83

ye
s

ye
s

ye
s

ye
s ye

s
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s

no no no no no no
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•	 internal tree nodes: other attributes selected from the 
database under study, in accordance with their infor-
mation content in relation to the main factor (target 
variable). These attributes are called splitting attributes. 
For the constructed decision tree (see Fig. 1), such at-
tributes are: “latehsp” (adverse outcome due to late 
presentation of the patient), “hospit” (provision of in-
adequate medical care at hospital stage), “plclcs” (pro-
vision of inadequate medical care at outpatient stage), 
“griev_” (improper provision of medical care led to seri-
ous consequences for the patient);

•	 leaf node (or end node of the tree) is the value of the 
target variable “obstr”, which suggests only two re-
sponses: “yes” or “no” – the so-called binary decision 
tree model (dichotomous classification). A leaf node 
is characterized by the probability of obtaining the 
target variable of a particular P value. The larger the 
P value, the higher the probability of a particular 
value (yes or no) of the main attribute under study.

•	 tree branch: sequence of response options (yes or no).
Each branch of the tree that comes from an internal 

node is marked with a splitting predicate. The latter may 
refer to only one splitting attribute of a given node. A char-
acteristic feature of splitting predicates: each entry uses a 
unique path from the root of the tree to only one decision 
node. The combined information of splitting attributes and 
the splitting predicates at a node is called the splitting crite-
rion. Selection of a specific attribute for splitting is the most 
important task of the decision tree derivation algorithm. 
The splitting criterion is formalised with certain mathemati-
cal expressions, with the help of which the informational en-
tropy is analysed at each stage of the tree derivation, start-
ing from the selection of a node and continuing to all final 
nodes. The best known of the existing splitting criteria are 
entropy and Gini index.

The decision tree construction process usually works 
in a top-down manner. During this process, the algo-
rithm must find such a splitting criterion that can be 
used to split a set of data under study into subsets that 
would be associated with a certain internal node of the 
tree. Each such node must be marked with a certain at-
tribute. There is a rule for attribute selection: it must split 
the input data set in such a way that the objects of the 
subsets resulting from such splitting are representatives 
of the same class. In order to identify the relationship 
between medical-tactical and diagnostic errors, defects 
in the preparation of medical records and organisational 
shortcomings during the provision of obstetric and gy-
naecological care with the features of such inadequate 
medical care, the stages of its provision, negative conse-
quences, objective and subjective factors that contribut-
ed to them, etc., the algorithm processed 7424 separate 
data from 232 medical cases, in which defects in medical 
care were established by forensic expert commissions.

Along with the construction of a graphical model 
(the decision tree itself ), the C4.5 algorithm also creates 
a so-called listing, which is a text output of a computer 
program written in the R programming language. The 

listing provides a list of attributes selected by the attrib-
ute splitting criterion, indicating their numerical values 
(presented as a table in the upper right corner of Fig. 1).

Therefore, according to the splitting criterion, which 
calculates the informational entropy at each stage, all 
independent attributes are reviewed. Algorithm C4.5 se-
lected the “record” attribute as the root of the tree: defects 
in filling out medical records as an attribute with the high-
est value of the splitting criterion among all the others.

It means that the closest informative relationship (at-
tribute usage is 100%) between adverse medical activi-
ties in the field of obstetrics and the 32 attributes studied, 
the algorithm chose the “record” attribute (defects in the 
preparation of medical records) and defined it as the root 
node of the induced tree (Fig. 1).  In addition to that node, 
the program highlighted 4 internal nodes (splitting attrib-
utes): “latehsp” (adverse outcome of treatment associated 
with objective reason – late presentation), “hospit” (provi-
sion of inadequate medical care at hospital stage), “plclcs” 
(provision of inadequate medical care at follow-up medi-
cal care stage) , “griev_” (adverse outcome of improper 
medical care in the form of death of obstetric patient, foe-
tus or newborn, severe birth trauma, loss of reproductive 
function, etc.). Thus, among the data processed by the de-
cision tree derivation method, characterizing the features 
of inappropriate medical activity in obstetric practice, 
informative relationship was found only with those four 
attributes, while in relation to other studied attributes, the 
database intellectual processing program established no 
informative relationships.

The “record” attribute (defects in the preparation of 
medical records) divides the entire set of studied “medi-
cal cases” into two subsets. In one of them, the “record” 
attribute has the value “no” (108 such cases), in the other 
one it has the value “yes” (15+29+21+53+6=124 such 
cases). Thus, the analysis of the “no” branch of the “re-
cord” root node demonstrates that out of 108 cases of 
medical cases where no shortcomings in the prepara-
tion of medical records were found during the forensic 
medical examination, in 97 such cases with a probability 
of 97/108 (P = 0.90) those criminal cases were not relat-
ed to obstetrician-gynaecologists and were initiated by 
the judicial and investigative authorities against medi-
cal practitioners of other specialities. This mathematical 
statement should be understood as follows: there is a 
high probability (P = 0.90) that there are no obstetri-
cian-gynaecologists among those medical practitioners 
who do not make errors in compiling medical records. 
It means that the absence of shortcomings in medical 
records is typical not for them, but for representatives of 
other medical specialities.

Next, the subset formed by the “record=yes” branch 
is split by the splitting attribute “latehsp” (adverse out-
come due to late presentation of the patient). That at-
tribute, among all but “record”, provided the maximum 
value of the splitting criterion among 124 cases for which 
“record=yes”. In other words, among medical cases in 
which errors in the preparation of medical records were 
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stated (the value of the “record” attribute was “yes”), the 
attribute “latehsp” (late hospitalization) is most closely 
associated with the “record” attribute; the informative 
connection of “latehsp” with the studied target variable 
was 53.45%.

At the same time, according to the decision tree built 
by the algorithm and its listing (mathematical interpre-
tation), the cases for which “record= yes” and “latehsp= 
yes” belong to class “obstr=no” with a probability of 
15/15 (P = 1) (Fig. 1). In other words, among the 15 cases 
of late presentation, not a single case was associated 
with obstetric or gynaecological pathology (“record = 
yes: latehsp = yes: no (15)”). It means that this statement 
should be interpreted as follows: among 232 “medical 
cases” in which various shortcomings in the provision of 
medical care were established by expert commissions 
and where there were omissions in the preparation of 
medical records, such an objective reason for a defect 
committed by doctors as late hospitalization, is not typi-
cal for obstetric practice with probability (P = 1.0)

Further analysis of the induced decision tree indi-
cates the presence of a close informative relationship 
between the nodes “hospit” and “plclcs”. This indicates 
that among the “medical cases” with defects in medical 
records and where there was no untimely hospitaliza-
tion of the patient, close informative relationship with 
the studied target variable (attribute usage 46.98%) 
demonstrates the shortcomings of medical care at the 
hospital stage.  Under such conditions, allegations of 
improper performance of professional duties are made 
against obstetrician-gynaecologists with a probability of 
15 cases out of 21 (P = 0.71).

Special attention needs to be paid to the last node of 
the constructed tree “griev_”, the semantic understand-
ing of which should be stated taking into account predi-
cate “hospit-yes-plclcs-no-griev_-yes”.  So, in cases where 
there were shortcomings in medical records, where 

there was no late hospitalization, where improper medi-
cal care took place at the hospital stage and was not as-
sociated with omissions at polyclinic, in 5 cases out of 
6 (P = 0.83) obstetrician-gynaecologists cause serious 
bodily harm by their erroneous actions.

Thus, based on the exceptional importance for the 
investigation of not the presupposition (probability), 
but the reliability (authenticity) of expert conclusions [8], 
the arguments presented in the article may be useful for 
forensic evaluation of defects in medical and diagnostic 
activities. In addition, the splitting attributes established 
as a result of the application of the decision tree meth-
od can be considered risk criteria for the occurrence of 
various defects during the provision of obstetric and 
gynaecological care. The obtained data may beneficial 
for health authorities in development of the necessary 
preventive measures aimed at preventing medical errors 
in obstetric practice, which, ultimately, will improve the 
quality of medical care for citizens.

CONCLUSIONS
The use of the “Data Mining” intelligent data process-

ing technology using the decision tree method showed 
that the most informative attribute in the expert evalu-
ation of obstetric care provided with various defects is 
the shortcomings in the preparation of medical records 
(attribute usage 100%).

Defects in the provision of obstetric care with a prob-
ability (P = 0.71) occur interrelatedly both at the outpa-
tient and inpatient stages, and with a high probability (P 
= 0.83) lead to serious consequences.

The use of technologies for data analysis and process-
ing contributes to the formulation of mathematically 
substantiated statements that significantly enhance the 
reliability of expert opinions in cases of forensic medi-
cal examination attached to dereliction of duties by the 
medical practitioners.
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