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Abstract

This study examines the risk of morbidity for celctal surgery undergoing patients. The main aim twas
identify important risk factors that influence pagterative complications - morbidity, and to creat@odel to
predict possible complications for a patient befsuegery. The source data file contains informatidout
1177 patients who underwent colorectal surgery ®etw2001 and 2009 at the University Hospital Osirav
Czech Republic. According to the surgeons’ judgmém@ following seven independent variables were
included in the analysis: Gender, BMI, American i8tycof Anaesthesiology (ASA) Classification, Stagfe
Disease, Number of Previous Operations, Surgicahiiigue and Operation Severity. Discriminant arialys
was used for the data evaluation; statistical Sst#wWSPSS 18 and NCSS 2004 were used for the dadasla

1. Introduction analysis is finding a linear combinatidh= b'x of p
. - L ... monitored variables that would separd&tegroups
Discriminant analysis is a multivariate statistical patter than any other such type with the intentiet
method, which can be used for the two maiNjs \ithin groups variance would be minimal and
purposes. It may serve as a descriptive 100l fOrfyeqyeen groups variance would be maximal.
describing differences among groups of units W'thUsing a notatiorH for the number of groups, for
regard to the vector ofp random variables o ange of thea-th group,n for the total number of
(descriptive discriminant analysis) or for predigtia  opgeryations,x, for a vector of the values of
group membership for a unit that has not beengpaplesx,,..., X, on thei-th unit of theh-th group,

classified yet (predictive discriminant analysiEhe < for a vector of sample means anl for a vector
model is built in the latter case, based on a $et o P g,

observations for which the group memberships ar®f sample means in theth group, the following
known, and used to predict the appropriate class of formulas are valid:

new observation with unknown group membership_- the total variance of the Originﬂlvariables can be
Both these approaches are involved in the preserf€presented by the matflx

study.
H n,
T= (X = X) (X3, -X)",

2. Discriminant analysis b L
=1 1=

The principles of discriminant analysisare
introduced in [2]-[4]. Suppose that a multivariate - the within groups variance by the matiix
random sample of the rangdalls intoH groups. If

the groups of units can be demonstrated to differ o H _ -
the level ofp monitored quantitative variableX;,..., E= ZZ(Xih = Xp)(Xin = X4) ",
X, which could be checked by an analysis of h=1 i=1

variance, the question can be put, to what degree _ _
these variables affect the unit membership. - the between groups variance by the maiix

H M

2.1. Descriptive discriminant analysis e -
P y B=> > (X, ~X)(X, ~%)" .

The basis of Fisher's concept of discriminant h=1 i=1
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ThusT = E + B and sum of squaré&gs(Y) andQg(Y), P .

which represent the rate of between and within € ==Y b, X =-b,'X, 4

groups variance of a new variablé, can be k=t

expressed adx(Y) =b'Bb  and Qg(Y) =b'Eb. _

Minimal within groups variance and maximal in the calculation ensures that the mean of the

between groups variance are managed if the ratio ~ discriminant scores equals zero. Consequently, for
thei-th unit,i = 1,...,ny, of theh-th group,h = 1,...,

Q. (Y) _ b"Bb H, the first discriminant score is computed as

Qc(Y) b'Eb’ @)

p
Yiin =C F zblk Xink +
known as Fisher's discriminant criterion, has k=1
maximal value. Looking for the maximum of (1) the

system of equations is received with the matrix "€ Ccomputation of the vectors of average
equation discriminant values in the groups is useful for

obtaining the view on how the individual groups

differ with regard to the canonical variable. These

values are called the group centroids.

) o ) ) The coefficient,, indicates the individual impact of

This system has a nontrivial solution provided that  he k-th original variableX, on the first canonical
variable Y; provided that the other variables are

‘BE‘1 —AI‘ =0. (2) constant. These coefficients are often standardized

due to the better interpretation of results. Damgpf

the diagonal matrix with the square roots of diajon

elements of matrixE the standardized coefficients

are:

(BE™ - Al)b =0.

Characteristic equation (2) hasolutions, which are
the eigenvalues,,..., 4, of the matrixBE™ (4, >...>
4). The eigenvectob; associated with the largest
eigenvaluel; maximizes discriminant criterion (1).

Characteristic equation (2) does not determine the b, =——Fb,. (5)
vectorb; uniquely, it determines only the proportions n-H

of its components. It is advisable to choose their

concrete values so that the condition The alternative approach to results’ interpretation

uses correlation coefficients between canonical
variable and original variables (structuig). A large
absolute values of these coefficients indicate the
importance of the original variables for respeztiv

was satisfied. Then criterion (1) could be expresse discriminant. If the correlation coefficient is pioe,
larger values of the original variable lead to

1
Et—H—bijlzl (3)

as
increasing the canonical variable value and vice

1 versa. The vector of correlation coefficients fbe t

= —HblTBb1 first discriminant is given by the formula:
n_
: 1 4
and the eigenvaluel; represents the degree of al:ﬁlz Eb,. (6)
n_

between groups variance of the variafjle= b1 'X.

The linear combinatiory; = blTX is called the first
discriminant or also the first canonical variable.
the set of units, which is described ppyariables, is
divided into two groups, only one discriminant is
sufficient for representing the total variance bé t
original variables. ) S
If the measured values of the variabls..., X, on which has an F distribution in t_he e_vent thhE 2.

the i-th unit are substituted for, we obtain the so- Otherwise the Bartlett’'s approximation can be used,
called discriminant score of the unit. Using the Where the quantity

constant V =c(-InA), (7)

The significance of the canonical variables in
discrimination can be tested by the Wilks’statistic

A=|E|/|E+B]

with c=n-1-(p+H)/2, has ay® distribution
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with p(H-1) degrees of freedom. used in computations. However the total proportion
of misclassified units is not minimal then.
2.2. Predictive discriminant analysis

Suppose that a random samplenafits falls intoH 2.3. Classification efficiency evaluation

groups. Thep values of quantitative variables,..., The probability of the correct classification ofitsn
X, are at disposal for each unit as well as its groughit rate) is an important information about the
membership, which is represented by the value of amuality of used discriminant criterion. It could be
alternative or multivariate nominal variable called assessed in several different ways.

classifying criterion. A so-called resubstitution is one of the options, i
The goal of predictive discriminant analysis issed  which the discriminant criterion is used for
up a rule, based on X p data matrix that would classifying the same units as have served for its
predict group membership for an arbitrary populatio derivation. It is obvious that so gained assessnsent
unit for which the values of the variablgs..., X, are overestimated.

known. Another option is to divide disposable data seb int
Let us assume a two-group classification problemtwo parts. One part is used for discriminant cigter
where the distribution of the random vectois a derivation, the second one for its verification. So

multivariate normal with the mean vectops, p, gained assessment is unbiased but it requires a

and the equal covariance matri@sThe eigenvector sufficiently large data set. Moreover the discriamit

b that maximizes the Fisher's discriminant criterion CTIt€rion Is not as efﬂugnt as it could be_ In me
(1) may be expressed then as: of inclusion all the data in the process of itsatien.

A cross-validated method is also recommended (so
a called “jackknife” procedure), which subsequently
b=kZ (1, —n,), creates the discriminant criterion using all urdfs
the data set except tliwth, i = 1,...,n, which is then
where k is an arbitrary constant. Provided that classified and the accuracy of this classificatie
condition (3) is satisfied this constant has aform  checked. The assessment of the probability of the
correct classification in this method is almost

kK=[(n, _llz)T Z_l(lll -n,)] iz unbiased.

and we can easily derive the following classificati 3. Study design

rule: Assign a unit represented by the vector ofrpe goyrce data set consisted of information about
scoresx to group 1 if 1177 patients who underwent colorectal surgery
S S between 2001 and 2009 at the University Hospital
X Z7 (g~ ) > 12 —p,) 2 (0 —Ry), Ostrava, Czech Republic. The main aim of this study
was to identify important risk factors that inflwen
otherwise to group 2. This rule corresponds to thepost-operative complications - morbidity, and to
idea of assigning a unit into that group whichhe t create a model to predict possible complicationsfo
nearest in the sense of its distance from the groupatient before surgery.
centroids. This classification rule leads to theThe seven outcome variables were selected on the
confrontation of the values of the two functions: basis of professional judgment of the surgeons:
Gender, BMI, American Society of Anaesthesiology
S 1 ;o4 (ASA) Classification, Stage of Disease (SD),
LCR(X)=x"XE lll‘ElllE By, Number of Previous Operations (NPO), Surgical
Technique (ST) and Operation Severity (OS). The
1 variable Morbidity acts as a grouping variable.
LCF,(x) =x"Z 7, = Zp, X7,
2 3.1. Data conditioning

which are called linear classification functions. Numeric values were assigned to nominal variables

Using these functions a unit is classified into theln this way: Gender (1 — female, 0 — male), Stage o

group with a highet. CF score. Such classification Disease (values 1 — 4 were assigned in accordance
minimizes the total proportion of misclassification With histological tumour node metastasis (TNM)
errors. classification for colorectal cancer, value 0
The parameter valuesi,,p, and £ are seldom represents benign disease), Sl_JrglcaI Te_chnlque (O

) . 12 i open, 1 — laparoscopy), Operation Severity (valjes
known in practice so their likelihood estimates are
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4, 8 were assigned in accordance with methods able 2 Box test

published by Copeland et &l]).

The two grouping-variable values were defined as 0
— patients without complications and 1 — patients
with complications.

The total number of 90 missing values was found in
the 1177 x 7 data matrix. All the 90 incomplete
observations were excluded from the analysis.

Box's M 35,177
F Approx. 1,246
dfl 28
df2 1795624,033
Sig. 173

Finally the 1087x 7 data matrix was involved in our Because there is support for the equality of the tw

analysis withn; = 735 units in group 0 ang = 352

units in group 1.

4. Analysis results

covariance matrices, we proceed with a multivariate
analysis of variance (MANOVA). The hypothesis of
equality of group means vectors was rejected at the
significance level 1% (seelable 3, thus the
influence of the seven monitored quantities upon

The data were analyzed using statistical softwarenorbidity was proved. The additional one-way tests
SPSS Version 18.0 and NCSS 2004.

Descriptive information for our seven outcome among group means especially for the variables ASA
variables is given ifable 1

Table 1 Descriptive statistics

We assumed that the joint distribution of eachhef t

for individual variables show significant differesxc

Classification, Operation Severity and BMI. These
three variables seem to have the greatest impact on
possible morbidity. Discriminant analysis was used
to confirm this fact.

Morbidity Mean| Min | Max | Variance
0 ST 53 0 1 ,250
Gender| ,43 0 1 ,245 Table 3 MANOVA
BMI 26,34| 13,8 41,6 20,544 Term(DF)
ASA 222 1 4 971 Test Statistic Test | F- | Prob.
NPO 72 0 6 ,850 A(1): Morbidity Value |Ratio| Level | (0,05)
SD 221 0O 4 2,016 Wilks' Lambda 0,958 6,73[0,000 | Reject
0S 435| 2 8 2,730 Hotelling-Lawley Tr.| 0,044| 6,73]| 0,000 | Reject
1 ST S0 [0 |1 251 Pillai's Trace 0,042 6,730,000 | Reject
Gender| 37 | 0 | 1 234 Roy's Largest Root | 0,044| 6,730,000 | Reject
BMI 26,93| 16,2| 45,7 22,469 ST 0,185 0,74|0,390 | Accept
ASA 12401 1 | 4 042 Gender 0,794| 3,28|0,070 | Accept
NPO .74 1 0 | 5 | .786 BMI 83,084 3,93|0,048 | Reject
SD 2051 0 f 41 2089 ASA 7.832|13,86 0,000 | Reject
Total g_? 4%)825 (2) ? 3’2?5%5 NPO 0,126( 0,150,697 | Accept
' ' SD 6,283( 3,080,079 | Accept
Genderf .41 | 0 | 1 | 242 0s 57,81418,78 0,000 | Reject
BMI 26,53| 13,8 45,7 21,224 - - -
ﬁig 2’7228 é g ’222 As the classification variable (morbidity) has only
SD 2’16 0 4 2’043 two values, th(aT de_lta_ set i_s divi_ded into two groups
oS 4’51 ) 8 3’129 and only one d|_s_cr|m|nant is satls_fe_l(_:tory to repnes
’ ’ the total variability of the seven initial variablelts

coefficients are shown ifable 4 the constant
given by the formula (4) is in the last row of the

seven outcome variables is approximately normal ingp)e.
each of the two groups. The Box test for covariance

homogeneity provided

no evidence

that

population covariance matrices differ. The SPSE tes
results are presentedTiable 2
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Table 4 Canonical Discriminant Function
Coefficients

Functionl
ST -,265
Gender -,579
BMI ,034
ASA ,873
NPO ,072
SD -,237
oS 379
(Constant) -3,753

An interpretation of the resulting group differeads
based on correlation coefficients between eachef t

seven outcome variables and canonical discriminang

function, which are given by the formula (6). These
coefficients are reported infable 5 (Structure
Matrix).

Table 5 Structure Matrix

Function 1
oS ,632
ASA ,540
BMI ,289
Gender -,264
SD -,256
ST -,125
NPO ,057

From the structure’s we conclude that the variable
with the greatest impact on morbidity is the valeab
Operation Severity with the coefficient 0.632,
followed by the variables ASA Classification (0.340

and BMI (0.289). Larger values of these variables
mean a larger value of the canonical variable and

therefore, the greater risk of morbidity. (The grou
centroids are reported ifiable §. The variable that
contributes the least to separation of patienth it
without morbidity is the variable Number of
Previous Operations (0.057).

Table 6 Group Centroids

Morbidity | Functionl
0 -,144
1 ,301

The significance of the first canonical variable in
discrimination was tested by the statistic giverthsy
formula (7). The statistical test results reported
Table 7confirmed the importance of this variable (P
= 0.000).
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Table 7 Wilks' Lambda

Test of Function(s| Wilks' Chi-
dimension Lambda | square| df P
(1 ,958 45927 7 |,000

The second aim of this study was to establish a
prediction rule for predicting possible complicatso
for a patient before surgery.

Because the Box test did not reject the hypothafsis
the equality of the two covariance matrices, there
support for the use of a linear classification rule

The possibility of deleting one or more predictors
was sought at the beginning and the best results we
btained after deleting a variable Number of
revious operations. Thus only six predictors were
involved in the further computations: Gender, BMI,
ASA Classification, Stage of Disease, Surgical
Technique and Operation Severity.

The coefficients of the two linear classification
functions were computed (sdable §, which can
serve for predicting morbidity for a patient before
surgery. Given a set of six predictor scores foew
patient, a linear composite score for each group is
found by multiplying each predictor score by the
respective weight, summing these six products, and
adding the constant. Each patient is then assitmed
that group (with or without morbidity) for whicheh
determined score is larger.

Table 8 Classification Function Coefficients

Morbidity

0 1
ST 2,724 | 2,597
Gender 2,725 | 2,482
BMI 1,159 | 1,174
ASA 2,454 | 2,844
SD 1,140 | 1,031
os 1,761 | 1,929
(Constant) | -25,084| -26,759

The classification efficiency evaluation is givem i
Table 9 often referred to as a confusion matrix.

The results of resubstitution are shown in the uppe
half of Table 9 (“Original”). We can see that the
total number of the correctly classified patierds i
643 (440 without and 203 with morbidity), which is
59.2%. This number determines the probability of
the correct classification. However this value is
overestimated, which was mentioned in Chapter 2.3.
So the cross-validated method was used to obtain an
unbiased estimation of the probability of the cotre
classification. Its results are found in the bottioatf

of Table 9 (“Cross-validated”). This method
provides almost unbiased estimation of our
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classification model accuracy, which is 58.3% Acknowledgments
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[4]
The risk of morbidity for patients undergoing
colorectal surgery could be then predicted on the
basis of the coefficients of the two linear
classification functions reported iFable 8with the
58.3% probability. Regrettably, this number is so
small that such a model cannot be used in practice.
Different predictors have to be taken into accauont
future research.

5. Conclusion

Morbidity after colorectal operations depends on
many factors. This study focused on the risk rdite o
the following seven factors: Gender, BMI, ASA
Classification, Stage of Disease, Number of Presviou
Operations, Surgical Technique and Operation
Severity. Discriminant analysis did not find the
chosen input variables satisfactory enough to naake
sufficient model for the prediction of morbidity,
which means that a new choice of independent
predictors is necessary. This task will be solved i
the future.

The variable Operation Severity was marked as the
variable with the greatest impact on possible
morbidity, followed by the variables ASA
Classification and BMI. Larger values of these
variables mean greater risk of morbidity.

The other variables do not have such significant
impact on morbidity, which is an important finding
especially in the case of the variable Surgical
Technique. This fact implies that there is no
difference in morbidity for the two operation
methods - laparoscopic and open.
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