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1 Introduction

The central venous catheters (CVCs) are an integral part of the care of adult patients
in Intensive Care Units (ICU), providing vascular access for the administration of
fluids, drugs, nutrition, blood products as well as hemodynamic monitoring and
blood sampling (Kim et al. 2011). Approximately 48% of all ICU patients have
central venous catheters or about 15 million catheterization days per year (Center
for Disease Control and Prevention 2011). Although central venous catheters pro-
vide reliable vascular access, there are several risks linked with their use. The most
common risk associated with the existence of central venous catheters is the
CLABSI, caused by microorganisms that colonize the external surface of the device
or the lumen through which the fluid passes when the device is inserted or during its
use (Institute for Healthcare Improvement 2012).

CLABSIs are defined as laboratory-confirmed blood-borne infections associated
with the presence of central venous catheters, provided that the central venous cath-
eter has been placed at least 48 h prior to the onset of the infection with no apparent
source other than the CVC (O’Grady et al. 2011). The estimated CLABSI rate in
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ICU in the United States is 0.8 per 1000 center line days (Hallam et al. 2018).
According to the Institute for Health Care Improvement, in 2012, about 90% of all
CLABSISs occurred due to the use of central venous catheters, resulting in increased
hospitalization duration, increased costs, and increased mortality rates. CLABSIs
are among the most important hospital infections in the ICU, accounting for 10-20%
of all hospital-acquired infections (Bianco et al. 2013). These infections are the
leading cause of death with reported mortality rates in adult ICU patients from 12%
to 25% (Marra et al. 2010). CLABSIs are an important source of morbidity and
mortality that in the United States account for about 28,000 annual deaths (Lissauer
et al. 2012). In addition, CLABSIs contribute to a significant financial burden on
health care institutions by extending the duration of hospitalization for about seven
days at an additional cost of approximately $ 45,000 (Lissauer et al. 2012).

CLABSISs can usually be prevented by applying the indicated guidelines (Kusek
2012). Therefore, many Health Organizations have made efforts to reduce the inci-
dence of CLABSIs. Such changes include the use of cessation-based insertion links
(Lissauer et al. 2012) and in particular (1) hand hygiene before the use of chlorhexi-
dine for skin antisepsis, (2) avoidance of the femoral vein for insertion of the cath-
eter, and (3) direct removal of the catheters, when it is no longer advisable to use
them (Agency for Healthcare Research and Quality 2013).

The purpose of this study was to investigate the incidence of obesity in the devel-
opment of central venous catheter infections.

2 Materials and Methods

This is a prospective, observational study. The data were collected in the ICUs of
three major hospitals in Greece during a period of 18 months. Totally, 744 patients
were included in the study.

2.1 Exclusion Criteria

During the study, 224 patients were excluded. The exclusions criteria were:

e Catheterizations performed in patients who died within 48 h of their admission
to ICU (n=211)

e Patients whose BMI could not be calculated (n = 8)

e Patients who did not have a disease severity score (APACHE II, MODS) (n = 5)

Patient demographics, body mass index (BMI), APACHE II, and MODS score
were recorded. The patient’s height was measured from his/her bed with a specific
measuring scale, while his/her weight was measured by a special crane scale that
existed as equipment in the ICU. In order to ensure the validity and reliability of the
measurements, the cranes in all three hospitals were calibrated daily.
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An attempt to introduce the central venous catheter was considered when the
catheter’s needle punctured the patient’s skin. As soon as the doctor pierced the
patient’s skin, time recording began. In order to ensure the validity of the measure-
ments and to ensure the reliability of the time measurement, the same timer was
used in the three ICUs.

2.2 Statistical Analysis

The statistical analysis was carried out using IBM SPSS 21.0 statistical package.
Categorical data are presented in absolute and relative frequencies. Numerical data
are described by median and standard deviation (SD). Kolmogorov—Smirnov test
was used for the normality of the distribution of numerical variables. Differences in
categorical variables were determined by a chi square test and by Fisher’s exact test,
while Student’s t-test was used to test the differences in numerical variables. Also,
the differences in variables that deviate from normal distribution were tested by the
Mann—Whitney U test. All P values were two-sided, and the level of significance
was set at p = 0.05. Multivariate regression binary logistic analysis was used for the
predictors of CLABSISs.

3 Results

The study included 744 ICU patients aged 63.6 + 16.6 years. The Apache II score
and MODS score of patients were 23.3 = 6.9 and 7.5 + 3.8, respectively. Totally, 512
(68.8%) patients were admitted to ICU from a clinic, 188 (25.3%) patients from the
Emergency Department and 44 (5.9%) patients from another ICU. The demograph-
ics and clinical characteristics of the patients are presented in Table 1.

The number of doctors’ attempts to place the central venous catheter was
3.4 + 2.8, while the catheterization duration was 11.8 + 11.3 min. The days of hos-
pitalization on catheterization were 9.6 + 9.6 days.

Totally, 5.426 catheter-days were included in the study. Among the 722 CVCs,
178 (24.7%) were CLABSIs. The incidence rate of CVC-associated CLABSI was
22.48 infections per 1000 catheter-days.

The main cause of CLABSI was pseudomonas (29.4%), followed by
Acinetobacter (22.2%), Klebsiella (10.3%), Candida (9.3%), enterococcus (7.2%),
E. Coli (6.7%), Staphilococcus (5.2%), Proteus (4.6%), MRSA (2.1%),
Pneumoniococcus (1.5%), and Hemophilus (1.5%).

The duration of hospitalization of patients in the ICU was 19.4 + 12.8 days and
the total hospitalization was 24.8 + 12.8 days. Of all the patients, 316 (43.8%) sur-
vived and 406 (56.2%) died. At 28 days, 204 (28.3%) patients were discharged, 256
(35.5%) patients have died, and 262 (36.3%) remained in the hospital.
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Table 1 Demographics and Variables N (%)
clinical ~characteristics  of Gender Male 376 (50.5)
the sample
Female 368 (49.5)
Respiratory 348 (46.8)
Surgical 216 (29)
Diagnosis Infection 68 (9.1)
Cardiology 56 (7.5)
Medical 56 (7.5)
Underweight 52 (Hallam et al. 2018)
Normal 348 (46.8)
BMI, kg/m*> | Overweight 256 (34.4)
Obese 72 (9.7)

Morbidity obese 16 (2.2)
Comorbidity | Diabetes mellitus | 124 (16.7)

Cancer 128 (17.2)

Jugular vein 450 (62.3)
CVC site Subclavian vein 184 (25.5)

Femoral vein 88 (12.2)
Type of CVC | Antimicrobial 636 (88.1)

Non-antimicrobial | 86 (11.9)

CVC central venous catheter

Among the CLABSI and no CLABSI groups, we found statistically significant
difference concerning the diagnosis, BMI, comorbidity, CVC site, CVC type, N
attempts for catheterization, doctors’ experience, catheterization duration, MODS
score, LOS ICU, total LOS, as well as the outcome and 28 days’ outcomes. The
results of the univariate analysis are shown in Table 2.

The variables that were related to the CLABSIs were entered into the multivari-
ate binary regression model. CLABSI was significantly predicted by the BMI
(p = 0.001), by the diabetes mellitus as comorbidity (p = 0.013), by the doctors’
experience (p =0.001), by the type of CVC (p =0.001) and the CVC site (p =0.001),
by the number of efforts for CVC insertion (p = 0.009), by the catheterizations’
duration (p = 0.001) and by the MODS score (p = 0.001). The findings of binary
regression are shown in Table 3.

4 Discussion

The findings of this study showed high incidence rate of CLABSI (22.48 infections
per 1000 catheter-days) among ICU patients in Greece, while the CLABSI rate in
intensive care units (ICUs) in the United States is estimated to be 0.96 per 1000
central line days (Furuya et al. 2016). The main reason for the higher rates in our
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Table 2 Univariate analysis between CLABSI and no CLABSI group
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Variables CLABSI No CLABSI P
Diagnosis Respiratory 74 (60.6%) 298 (49.7%) 0.018
Infection 16 (13.1%) 52 (8.7%)
BMI BMI 26.5+4.3 254 +45
Overweight and obese 92 (78.7%) 294 (49%)
Comorbidity Diabetes mellitus 28 (22.9%) 116 (19.3%) 0.034
CVC site Jugular vein 62 (50.8%) 388 (64.7%)
Subclavian vein 32 (26.2%) 152 (25.3%) 0.001
Femoral vein 28 (23%) 60 (10%)
CVC type Antimicrobial 92 (75.4%) 544 (90.7%) 0.001
N attempts for catheterization 5.6 +3.6 29+23 0.001
Doctor’s experience, years 9.7+5.1 123+53 0.001
Catheterization duration, min 18.2 + 16.1 10.5+9.5 0.001
MODS 9.1+338 7.1+3.7 0.001
LOS ICU, days 264 +17.9 18+11.1 0.001
Total LOS, days 31.8+16.7 234+11.3 0.001
Outcome Survival 32 (26.2%) 284 (47.3%) 0.001
Outcome, 28 Discharge 8 (6.6%) 196 (32.6%)
Days Died 54 (44.3%) 202 (33.7%) 0.001
Stay in hospital/ICU 60 (49.1%) 202 (33.7%)

CVC Central Venous Catheter, /CU Intensive Care Unit, LOS Length of Stay

Table 3 Predictor of CLABSI among all patients

Variable B P OR 95% ClI interval for B
BMI 0.201 0.001 1.223 1.107-1.351
Comorbidity, diabetes mellitus —1.339 0.013 0.262 0.091-0.751
Doctors’ experience 0.196 0.001 1.216 1.115-1.326
Type of catheter, antimicrobial 4.117 0.001 61.387 7.837-480.848
CVC site —0.998 0.001 0.368 0.219-0.621
N attempts for CVC insertion —0.185 0.009 0.831 0.724-0.954
Catheterization’s duration —0.042 0.001 0.959 0.936-0.983
MODS -0.218 0.001 0.804 0.712-0.909

study may be due to doctors’ low experience inducting the CVC and the nonuse of

Ultrasound during the procedure.

Furthermore, this study showed that among the CLABSI and no CLABSI
groups there is statistically significant difference concerning the diagnosis,
BMI, comorbidity, CVC site, CVC type, N attempts for catheterization, doctors’
experience, catheterization duration, MODS score, LOS ICU, total LOS as well
as the outcome and 28 days’ outcomes. According to the multivariate binary
regression model, CLABSI was significantly predicted by the BMI (p = 0.001),
by the diabetes mellitus as comorbidity (p = 0.013), by the doctors’ experience
(p = 0.001), by the type of CVC (p = 0.001), CVC site (p = 0.001), by the
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number of efforts for CVC insertion (p = 0.009), by the catheterization’s dura-
tion (p = 0.001) and by the MODS score (p = 0.001). In literature, there is a lack
of studies relating obesity and the development of central venous catheter
infections.

Pepin et al. (2015) conducted a retrospective longitudinal study of ICU patients,
aged 18 years and older, who had central venous catheters. They found that the
number of central line days was a predictor of CLABSI, consistent with the findings
of our study. Lissauer et al. (2012), over a period of 2 years, studied critically ill
surgical patients admitted to the intensive care unit (ICU) for >4 days. According to
their findings, patients who developed CLABSI were (i) more likely to be male, (ii)
more critically ill on ICU admission, (iii) more likely admitted to the emergency
surgery service, and (iv) they had an association with reopening of recent laparot-
omy. The sample of said study consisted of surgical patients only, while the sample
of our study consists of general patients in the ICU.

Tao et al. (2015) evaluated the efficacy of the topical administration, among oth-
ers, of mupirocin in CVC care to prevent CLABSI in patients with major burns.
They found that administering mupirocin, increasing the frequency of insertion-site
care and avoiding cannulation at the burn site, reduced skin colonization at the CVC
insertion site. Topical administration of mupirocin significantly reduced both the
bacterial colonization rate at CVC tips and the incidence of CLABSI. In our study,
we did not examine the correlation of similar factors affecting the prevention
of CLABSIL

Dahan et al. (2016) conducted a retrospective matched case—control study of
infants admitted to the neonatal ICUs of two hospitals in Canada. They found that
active intraabdominal pathology, abdominal surgery in the prior 7 days, male sex,
and >3 heel punctures were related to CLABSI. According to a multivariate
matched analysis, intraabdominal pathology, and >3 heel punctures remained
independent risk factors for CLABSI. Their findings cannot be compared with the
findings of our study because of the different population characteristics (infants
vs. adults).

Kaye et al. (2014) tried to quantify the impact of nosocomial bloodstream infec-
tions (BSI) on older patients, including mortality, length of stay (LOS), and costs
attributed to BSI. They found that Nosocomial BSI in older adults was significantly
associated with increases in 90-day mortality, increased LOS, and increased costs of
care. Although the general conclusions of their study were similar with ours, we
must point out that their sample did not consist of ICU patients.

4.1 Limitations

The limitations of the present study are the small number of the patients’
sample and the fact that the study was conducted in the ICUs of only two
hospitals.
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S Conclusions

CLABSI rates seem to be higher in Greece in comparison to other countries. Better
staff training focused on care bundles preventing infections, better medical training
focused on less efforts for CVC insertion, and use of Ultrasounds during the CVC
insertion may be the main factors that can lead to lower CLABSI rates in obese
patients. Finally, further research relating CLABSI rates in ICU patients and obesity
is needed.
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