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In the study the incidence of and risk factors for Central Venous Catheter (CVC)
related sepsis and lethal outcome are investigated based on the data from the patients
of the Department of Anaestheology and Intensive Care Medicine of Military Medical
Academy, Sofia. A multiple logistic regression is performed to obtained an adjusted
estimate of the odds ratios and to identify which factors were associated idependently
with these outcomes.

1. Introduction. Central Venous Catheters (CVCs) permit hemodynamic monitoring
and allow access for the administration of fluids, blood products, medications, and
total parental nutration. With possible exeptions of pulmonary artery catheters, central
venous catheters (CVCs) have the highest reported rates of infection and sepsis of all
intravascular catheters [1, 2]. Critically ill patients who develop bloodstream infections
and sepsis are at a greater risk of death than patients with comparable severity of illness
without this complication. A number of factors may contribute to the risk of catheter
related infections and sepsis in intensive care patients [2, 3, 4]. A survey of CVCs inserted
into patients in the Department of Anaestheology and Intensive Care Medicine of Military
Medical Academy, Sofia is presented. A multiple logistic regression is performed in order
to identify the risk factors of CVCs related infections/sepsis and lethal outcome. The
software package used for statistical modeling of real data was STATISTICA 6.0.

2. Measurments. During the study period 118 CVCs in female and male patients are
prospectivly studied. All 118 catheters are inserted in intensive care units by expirienced
anaesthetists under strict aseptic techniques. For the insertions two cases could ocure:
planed and urgent. Two types of catheters are used – “Selinger” and “Cavafix” with 1 or 2
lumens. Data obtained for each catheter included the patients’ APACE (Aqute Phistology
Chronic Health Evaluations) score and primary diagnoses on admission (categorized as
trauma, postsurgical and other) on the first catheter day. Data are also obtained on
patients age, genus, insertion site, clinical and laboratory data pertaining to infections,
antibiotic administration, duration of catheterization.

*2000 Mathematics Subject Classification: 62H15, 62P10.
Key words: logistic regression, application to medical sciences.

281



3. Statistical Model. The regression model is used to relate a categorical response
(dependent variable Y ) to the explanatory variables (predictors) xi (i = 1, . . . , c). We
are interested in the responces: Y1 – CVC related infections and sepsis or not and Y2 –
Lethal outcome or not.

About the Dichotomous Responce Models: Let us define the dummy random
variable to indicate the two cathegories by Y = 1 for cathegory A and Y = 0 for B. The
probability density for Y given the parameter p is therefore point binomial

f(Y/p) = pY (1− p)1−Y .

We assume that the probability p depends on a linear function

(1) d(x1, . . . , xc) = β0 +
c∑

i=1

βixi,

where xi (i = 1, . . . , c) are the explanatory variables (the independent variables), βi are
constants. So that, the joint conditional density is

f(y1, . . . , yn/p(d1), . . . , p(dn)) =
n∏

j=1

[p(dj)]yj [1− p(dj)](1−yj),

where n is the size of a random sample of data y for response variable Y .
To be able to relate value of y to the value of d, a most specific assumptions about

the form of p(d) is required. In the so called logit or logistic model [5], the distribution
function of logistic density is:

p(d) =
ed

1 + ed
.

The shape of p(d) (logistic distribution) is quite similar to the shape for normal
distribution. The odds or odds ratio of a dichotomous response is given by

(4) odds ratio =
[

p(d)
1− p(d)

]
.

The logit transformation of logistic distribution function

(5) ln
[

p(d)
1− p(d)

]
= d = β0 +

c∑

i=1

βixi

gives an important advantage of the model because (5) is a linear function of the
explanatory variables. The Newton-Raphson iterative procedure is usually used to make
maximal likelihood estimator β̂ of the coefficient vector β in the logistic model. The
procedure is based on a preliminary estimator of β given by

β̂ = (XT X)−1XT Y,

where Y is the vector of yi response values (i = 1, . . . , n) and X(n × c) is the matrix
of observations. The maximum likelihood is obtained by solving the system of c + 1
equations:
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(6)
n∑

i=1

pixi =
n∑

i=1

yixi,

where

(7) pi = exp
(
xT

i β
)
/(1 + exp

(
xT

i β
)
).

The solutions of these equations given by β̂ can be used to obtain the estimator p̂i for

each of n observations and, hence, the fitted sum
n∑

i=1

p̂ixi is equal to the observed sum

in the right-hand side of (6). In comparison to the multiple linear regression model, the
coefficient vector β̂ must be interpreted differently:

• The coefficients β̂ were interpreted as estimates of log odds ratios.
• A marginal one unit increase in xj brings an increase in d (i.e. in log odds ratios)

of the amount of β̂j .
• The confidence intervals were calculated for the odds ratio estimates by taking the

exponent of upper and lower endpoints of the asymptotic confidence interval for
the log odds ratio.

Testing of hypothesis concerning the regression parameters can include test of single
parameter, test involving several parameters from the same regression, and joint tests
involving parameters from different regressions. In polychotomous logistic regression,
tests for contribution of one or more parameters from the same regression are usually
constructed with a large sample Wald test, with test statistic

QW = β̂T [Var(β̂)]−1β̂,

where Var(β̂) is the estimated covariance sub-matrix for the relevant parameters. This
statistics is approximately distributed as a χ2(r) random variable with r degrees of
freedom under the null hypothesis that r-dimensional vector β̂ is equal to 0. When there
is a single parameter of interest, then the test statistic is

QW = [β̂j/ SE(β̂j)]2 ,

where SE(β̂j) is the standard error of β̂j and its distribution is χ2 (r = 1). Testing the
parameters from different regressions (inferences regarding the coefficients) can be made
by comparing a full model with c explanatory variables plus an intercept to a reduced
model with (c − r) explanatory variables plus an intercept using a likelihood ratio test.
The statistic

(10) Final loss = −2(lnLc − ln Lc−r)

has a chi-square distribution with (r) degree of freedom, where Lc is the likelihood
function for the full model, and Lc−r is the likelihood function for the reduced model.
The likelihood ratio χ2(c−r) for the significance of all c variables is given by (10), where
r = 0.

4. Results and conclusion. Catheter related infections and sepsis were suspected
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Table 2. Infections and Sepsis

Classification of Cases (dterz1∼1.sta)
Odds ratio: 3.0175

Pred. Pred. Percent

0 1 Correct

Observ. 0 32 24 57.1

Observ. 1 19 43 69.4

in 53% of the total number of 118 lines. The cases with letal outcome were 48, i.e. about
41% of the patients. The responces are: Y1 – CVC related infections and sepsis or not,
and Y2 – Lethal outcome or not.
The dummy coding is used to construct categorical variables.

• CVC related infections and sepsis – “1”, not – “0” (VAR1);
• Lethal outcome – “1”, not – “0” (VAR4).

The explanatory variables in the model for Y1 are 10:
• The age: min = 18, max = 80 (VAR2);
• The gender: male – “0”, female – “1” (VAR 3);
• APACHE score: min = 2, max = 29 (Var5);
• The diagnostic group: nonsurgical – “0”, trauma – “1”, st. surgical – “2”, neurosurgical

– “3” (VAR6);
• The used types of antibiotics are: more than two –“1”, less or two –“0” (VAR7);
• The type of CVC: Selinger – “0”, Cavafix – “1” (VAR8);
• The insertion site: v. Femoralis – “−1”, v. Subclavia – “0”, v. Jugularis – “1” (VAR9);
• The duaration of catherization (days): min = 4, max = 45 (VAR10);
• The number of CVC-lumens: one – “1”, more than one – “0” (VAR11);
• Type of catetherizion: planed – “0”, urgent – “1”.

The explanatory variables in the model for Y2 are 11 – the above 10 plus Y1.
We use the logit model to study the impact of the explanatory variables on the

response variable. The software package STATISTICA 6.0 was used for statistical modeling
of the data. The results for the response Y1 – CVC related infections and sepsis or not
are presented in the Table 1. The likelihood ratio χ2(c − r) statistics with c − r = 10
for the significance of all 10 variables is 72.817, which have p-value 0.06. The fitted
logistic regression model indicates that at the margin the probability that CVC will
relate infection or sepsis decrease with decreases in age, APACHE scores and duration
of catheterization. The values of Wald’s chi-square test using 0.05 level of significance
suggest that CVC related infections or sepsis is related to diagnostic group (p = 0.009)
and the insertion side (p = 0.007). The remaining variables are insignificant. The fitted
model was used to obtain value of p̂i (i = 1, . . . , n) from (7) for each observation. If
p̂i < 0.5, the observation is placed in the category Y1 = 0, and otherwise – in Y1 = 1.
The prediction success matrix based on the p̂i is given in the Table 2. From 56 cases 32
are correctly coded “0” and 43 of the 62 are corectly coded “1”.
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Table 4. Lethal outcome

Classification of Cases (dterz1∼1.sta)
Odds ratio: 18.462

Pred. Pred. Percent

0 1 Correct

Observ. 0 60 9 86.96

Observ. 1 13 36 73.47

The results for the response Y2 – Lethal outcome or not are presented in the Table
3. The likelihood ratio χ2(c − r) statistics with c − r = 11 for the significance of all 11
variables (r = 1 in (10)) is 45.00, which have p-value 0.000. The fitt is, therefore, perfect.
The fitted logistic regression model indicates again that at the margin the probability of
mortality decrease with decreases in age, APACHE scores and days of cathetarization. For
the dummy variables, a insertion site v. Jugularis is more likely to get lethal outcome,
whereas if the genus of a patient is mail, it is less likely. The values of Wald’s chi-
square test using 0.05 level of significance, suggest that lethal outcome is related to genus
(p = 0.003), APACHE score (p = 0.000), the duration of catheterization (p = 0.049) and
the number of CVC lumens (p = 0.042). The remaining variables are insignificant. The
prediction classification matrix based on the p̂i is given in the Table 4. On the basis of
the results of this study the rate of CVC related basing practices on knowledge of risk
factors could reduce infections or sepsis and lethal outcome.
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ОБЗОР НА РИСКОВИТЕ ФАКТОРИ ЗА ЦЕНТРАЛНИТЕ ВЕНОЗНИ
КАТЕТРИ, СВЪРЗАНИ СЪС СЕПСИС И СМЪРТ ПРИ КРИТИЧНО

БОЛНИ

Красимира Ст. Проданова

В работата са изследвани рисковите фактори за централни венозни катетри
(ЦВК), свързани със сепсис и летален изход въз основа на данни от пациен-
ти на Отделението по анестезиология и реанимация на Военно-Mедицинската
Aкадемия в София. Използвана е многомерна логистична регресия за намира-
нето на адекватни оценки за съотношенията на шансовете и идинтифициране на
факторите, които се свързват с тези изходи.
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