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Abstract - In intensive care units, there are many invasive procedures such as injection, probe, suture and catheter during the 
treatment of the illness. Every initiative increases the rate of infecting for each patient. It is known that these ratios are 
different for each procedure, but the greatest proportion is associated with catheters. The immune system of newborns in 
intensive care units (NICU) is weaker than adults and invasive interventions further increase the risk of infections. There are 
many types of catheters used in the NICU, and their using times, infection rates and costs are different. These differences 
make it difficult to determine effective catheter plans to be applied to the newborn depending on the length of hospital stay 
in the NICU. In this study, for each newborn in the NICU the effective catheter plan is determined under the objectives of 
minimization of infections. Depending on the length of hospital stay and the characteristics of the catheters, a genetic 
algorithm approach has been developed for effective catheter planning for each patient. In addition, an application study was 
conducted at the newborn unit of a large hospital. 
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I. INTRODUCTION  
 
In neonatal intensive care units, many invasive 
procedures such as seeker and catheter are applied 
during hospitalization.Invasive procedures lead to the 
acquisition of infection in the hospital and therefore 
cause to rise mortality rates, length of stay and 
treatment costs of the patients. It has been determined 
that 40% of the developing bacteria in intensive care 
units are associated with catheters with invasive 
procedures [1]. 
There are many types of catheters used in patients. 
The length of use, cost and raw materials of a catheter 
are different from each other. These differences cause 
the infection rates of the catheters to be different from 
each other. Catheter associated infections rates range 
from about 3% to 20%. This rate varies according to 
catheter type as seen in Table 1 [2,3,4]. 
 

Table 1. Infectıon Incıdents by Catheter Type [2,3,4]. 
Catheter Type Infection 

Incidents (%) 
Peripheral IV catheter 0.2-0.5 
Short-term SVC 3.8-12.0 
Total Parenteral nutrition 7.0-10.0 
Multilumn catheters 12.8 

 
Infection rate varies according to the type of catheter, 
but it can vary according to the number of catheters 
used in the same patient as well during the 
hospitalization period. The catheter plan to be applied 
to the patient during the hospitalization period can be 
formed with one or more catheters of the same or 
different type according to the catheter usage periods. 
Because the patient's length of stay is uncertain, a 
catheter plan with a shorter lifespan may be needed 
for patients or new extra catheter may be needed to be 

inserted if the length of stay is prolonged. Creation of 
the catheter plan with multiple catheters or the need 
for extra catheter depending on the uncertainty / 
extension of the length of hospitalization lead to extra 
invasive procedure. A second catheter procedure for 
the same patient increases the risk of infection by 7 
times [5].This rate and different infections rates of 
catheter type-dependent make it a major problem to 
determine catheter plans with the minimum rate of 
infection during each hospitalization. The use of a 
catheter plan with minimal infection to the patient will 
benefit the healthcare institution as much as the 
patient and hospital resources will be used more 
effectively. Accurate determination of catheter plans 
has great importance for newborn health as well as for 
hospital costs. Ryan et al. [6] summarized hospital 
costs in three groups as direct treatment costs, patient 
treatment costs and general service costs. Each daily 
increase in the length of hospitalization also affects 
these costs. For this reason, accurate determination of 
catheter plans will minimize the rate of infection 
caused by catheter, which in turn will reduce the 
length of treatment and hospitalization. 
 
There are many studies in the literature on infection 
and catheter. Studies have shown that the use of 
catheters in patients increases the rate of infection [7-
10]. Many studies have been included that along with 
the increase in infectious incidence, mortality rates 
and costs are also increasing. In the literature, the 
interaction between catheter and infection has been 
examined with statistical analysis methods, and no 
study has been found about the establishment of 
effective catheter plans. In this study, a genetic 
algorithm approach was used to determine catheter 
plans with a minimum rate of infection due to 
hospitalization.  
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II. GENETİC ALGORITHM 
 
The genetic algorithm is a natural selection and 
genetic-based numerical optimization algorithm [11]. 
Genetic algorithm (GA) models include selection, 
crossover and mutation operators [11,12]. A new 
generation is achieved by using these operators on the 
existing generation in GA, and it is aimed to bring the 
randomly generated solution candidates at the 
beginning to the best. 
 
III. APPLICATION STUDY IN NICU 

 
This study was held in a hospital which has the 
capability of highest level treatment and medical care 
and has 55 newborn bed capacities Three types of 
catheters have been taken into consideration for the 
application study, including peripheral venous 
catheter (PVC), PICC and central venous catheter 
(SVC). As a result of the literature survey, minimum-
maximum change intervals of infection indices values 
for PVC and SVC type catheters were obtained. 
Although the infection rate of the PVC type catheter 
is low, it has been observed that an average of 3 
attempts have been made in order to have one PVC in 
practice. This number of trials causes new invasive 
interventions and therefore an increased risk of 
infection. Given that each attempt for vascular access 
increases the infection rate seven-times, the 
importance of infection on each attempt is even 
greater. As given in Table 1, it is specified as (0,002-
0,005) for PVC type catheter and (0,038-0,12) for 
SVC. Nercelles et al. [13] reported that the ratio of 
bacteria for peripheral catheter was 0.9 / 1000 
catheter day and 3.0 / 1000 catheter day for PICC 
catheter in their studies. These values are compared 
and the infection rate of the PICC catheter is 
estimated to be 3.3 times higher than that of PVC, 
and the PICC is defined as the infection limit values 
(0,00666-0,01665) for the catheter [14]. When the 
catheter plans with the minimum infection rate are 
determined, infection rates are obtained from uniform 
distribution according to minimum-maximum range 
values of PVC, PICC and SVC.   
Each type of catheters has different usage durations 
such as infection rate. The maximum period of use for 
PVC, PICC and SVC type catheters considered in the 
study wis 4, 30 and 42 days, respectively. The 
maximum duration of use of the catheters and the 
length of hospital stay are taken into account in the 
study, and a model is developed assuming that each 
patient would need a catheter throughout the hospital 
stay. 
In the genetic algorithm model, when the infection 
rate is minimized, the obtained catheter plan is taken 
as a constraint that the total duration of use is longer 
than the length of hospital stay, depending on the use 
time of the catheters. At the same time, an upper limit 
value is defined for the total time of use of catheter 
plans. While the catheter plans related to the duration 

of hospitalization are determined in the NICU with 
genetic algorithm, the stochastic uniform selection 
method used which is used in integer models. The 
crossover and mutation functions are 'constraint 
depent'; crossover rate was set at 0.8. 
In the study, effective catheter plans were determined 
with genetic algorithm model for 3 different patients 
length of stay taken from the hospital and they are 
given in Table 2. Taking into consideration that there 
may be a 0.2 deviation in the duration of admission 
according to the expert opinion, the 37-day 
hospitalization period is evaluated as 44.4 days and 
the plan in Table 2 is obtained. 
 

TAble II. Model Results 
Length 
of Stay 
(Day) 

PVC PICC SVC 
Minimum 
Infection 
Rate 

11 0 1 0 0.0116 
23 0 1 0 0.0135 
37 0 1 1 0.057 
 
According to Table 2, when the length of stay is 11 
and 23 days, quantity of 1 PICC catheter should be 
used as effective catheter plan according to the GA 
model result. Although the same catheter plan is 
obtained from two different hospitalization stages, the 
infection values are different from each other. The 
reason for this is that the value of infection for each 
catheter type is not deterministic but is defined as a 
uniform distribution. 
 
If the length of stay is 37 days, 1 quantity of PICC 
and 1 quantity of SVC catheter should be used as 
effective catheter plan in accordance with the 
constraints considered in the model. Although the 
length of stay was 37 days, the catheter plans are 
modeled according to the expert doctor opinion, as 
there are deviations in the hospitalization. With the 
genetic algorithm model, catheter plans are obtained 
for 3 different length of stay which are taken from the 
hospital. Effective catheter planning can be 
determined by obtaining genetic algorithm model 
results for different length of stay. 
 
CONCLUSION 
 
In the intensive care unit, many invasive procedures 
are performed during the patient's hospitalization. 
Among the invasive procedures in intensive care unit 
practices, catheters which are among the most 
important reasons of infection were taken into 
consideration in the study. In the study, three types of 
catheters, PVC, PICC and SVC, used in newborn 
intensive care units are taken into consideration. This 
study, conducted in a newborn intensive care unit of a 
large hospital, possible deviations during 
hospitalization were taken as constraints and catheter 
plans with minimum infection to be applied in the 
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expected hospital stay were determined by genetic 
algorithm model. Thus, catheter-based infection rates, 
increased length of hospital stay and mortality rates 
are reduced and effective planning of catheter 
resources have been achieved in newborn intensive 
care units. 
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