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a single-center retrospective study
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Central line-related bloodstream infection (CRBSI) is a common complication during hospital
admissions; however, there is insufficient data regarding CRBSI in the emergency department.
Therefore, we evaluated the incidence and clinical impact of CRBSI using a single-center retrospective
study to analyze medical data of 2189 adult patients (median age: 65 years, 58.8% males) who
underwent central line insertion in ED from 2013 to 2015. CRBSI was defined if the same pathogens
were identified at peripheral and catheter tips or the differential time to positivity was >2 h. CRBSI-
related in-hospital mortality and risk factors were evaluated. CRBSI occurred in 80 patients (3.7%), of
which 51 survived and 29 died; those with CRBSI had higher incidence of subclavian vein insertion and
retry rates. Staphylococcus epidermidis was the most common pathogen, followed by Staphylococcus
aureus, Enterococcus faecium, and Escherichia coli. Using multivariate analysis, we found that CRBSI
development was an independent risk factor for in-hospital mortality (adjusted odds ratio: 1.93, 95%
confidence intervals: 1.19-3.14, p<0.01). Our findings suggest that CRBSI after central line insertion in
the emergency department is common and associated with poor outcomes. Infection prevention and
management measures to reduce CRBSI incidence are essential to improve clinical outcomes.

Central venous catheterization is a frequently employed technique for monitoring and managing critically ill
patients'. Owing to the recent surge in the frequency of hospital visits and admissions through the emergency
room for critically ill patients, central line insertion is commonly used for continuous infusion of ionotropic
agents, repeated blood samplings, and real-time monitoring®. Consequently, there is also an increased inci-
dence of central line insertion-related side effects, including mechanical problems (such as pneumothorax,
remnant guidewire, and external puncture) and infectious problems, which negatively affect the patient’s clinical
outcomes®*. One such complication, central line-related bloodstream infection (CRBSI), is an important cause
of nosocomial infection®.

Previous epidemiologic studies have reported that CRBSIs are still fairly common and associated with poor
prognosis for critically ill patients admitted to the intensive care unit (ICU)°. A study based on the patients
admitted general ward reported that infection with Staphylococcus aureus or Candida and a Charlson Comorbid-
ity score >4 were independent risk factors for 30-day mortality®. Furthermore, critically ill patients, who have
to frequently visit and stay in the emergency department (ED), may be more susceptible to CRBSI because of
their unique scenarios and associated difficulty in maintaining a sterile atmosphere during frequent ED visits.
Although there are several reports about the incidence of CRBSI in ED, these studies lack statistical power
because of the small sample sizes’.
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Figure 1. Flowchart of the study sample recruitment process.

Characteristics Total (n=2189) | No CRBSI (n=2109) | CRBSI (n=80) | Pvalue
Age 65.0 (54.0-74.0) | 66.0 (56.0-74.0) 68.0 (56.0-75.0) | <0.01
Male 1288 (58.8) 1239 (58.7) 49 (61.3) 0.66
TPN 567 (25.9) 527 (25.0) 40 (50.0) <0.01
Hematologic malignancy* 96 (4.4) 90 (4.3) 6(7.5) 0.17
Transplantation** 86 (3.9) 80 (3.8) 6(7.5) 0.09
Hemodialysis 234 (10.7) 211 (10.0) 23 (28.8) <0.01
Catheter-related information

Right-side insertion 1759 (80.4) 1697 (80.5) 62 (77.5) 0.51
Internal jugular vein 1762 (80.5) 1699 (80.6) 63 (78.8) 0.69
Subclavian vein 273 (12.5) 265 (12.6) 8(10.0) 0.50
Femoral vein 142 (6.5) 133 (6.3) 9(11.3) 0.08
Retry*** 62(2.8) 56 (2.7) 6(7.5) 0.01
In-hospital death 467 (21.3) 438 (20.8) 29 (36.3) <0.01

Table 1. Baseline characteristics of the study population. Data are presented as the median (interquartile
range) or the frequency (percentage). *Hematologic malignancy included leukemia, lymphoma,
myelodysplastic syndrome, and multiple myeloma. **Transplantation included heart, lung, liver, pancreas, and
kidney. ***Retry was defined as any insertion trial beyond the first two trials. CRBSI central line-related blood
stream infection, TPN total parenteral nutrition.

Therefore, in this study, we performed single center, retrospective, cohort study to evaluate the incidence
of CRBSI among patients who receive a central line insertion in ED to identify clinical factors associated with
CRBSI and assess its impact on in-hospital mortality.

Results

From March 2013 to February 2015, 2532 patients were found eligible for the study. After excluding 343 patients,
who were either transferred from/to other hospitals with central line insertion or died in ER, we analyzed data for
2189 patients (median age: 65 years; 58.8% males) (Fig. 1). Table 1 summarizes the demographic data, medical
history, and central line insertion-related information for these patients. Out of these 2189 patients, 80 (3.7%)
experienced CRBSI during their hospital stay.

In comparing patient groups with and without CRSBI, we found that the former had a higher proportion of
patients receiving total parenteral nutrition (TPN) during hospital admission than those without CRBSI (50%
versus 25%). Also, the CRBSI group had a greater incidence of transplantations (7.5% versus 3.8%) and hemo-
dialysis (12.5% versus 4.9%). Most of the patients underwent right-sided insertion (80.4%) within the internal
jugular vein (80.5%). Femoral vein approach and retry rates were more common in patients with CRBSI than
without CRBSI (11.3% versus 6.3%, and 7.5% versus 2.7%, respectively). A total of 165 pathogens were identified
from the 80 patients diagnosed with CRBSI (Table 2). The most common microorganism was Staphylococcus
epidermidis (n=22, 13.3%), followed by Staphylococcus aureus (n=17, 10.3%), Enterococcus faecium (n=14,
8.5%), and Escherichia coli (n=13, 7.9%).
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Infections species Frequency (%)
Staphylococcus epidermiditis | 22 (13.3)
Staphylococcus aureus 17 (10.3)
Enterococcus faecium 14 (8.5)
Escherichia coli 13(7.9)
Candida albicans 13 (7.9)
Pseudomonas aeruginosa 11 (6.7)
Klebsiella pneumoniae 8(4.8)
Acinetobacter baumanni 8(4.8)
Candida glabrata 8(4.8)
Enterococcus faecalis 5(3.0)
Others 17 (10.3)

Table 2. Frequency distribution of different bacteria in culture-positive results as the cause of infection. Data
are presented as n (%).
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Figure 2. Receiver operand characteristic (ROC) curve for the occurrence of central-line-related bloodstream
infection (CRBSI).

In the multivariate logistic regression model, TPN and retry rates were found to be independent risk factors
for developing CRBSI during hospital admission (Table S1). Figure 2 shows a receiver operand characteristic
(ROC) curve for TPN and retry rates regarding the development of CRBSI. The area under the curve (AUC) for
TPN and retry rates were 0.625 and 0.524, respectively.

There was a 21.3% (n=467) in-hospital mortality rate in our study sample. The baseline characteristics of the
study population stratified according to in-hospital deaths are presented in Table S2. Table 3 presents the results
of univariate and multivariate analyses of in-hospital mortality of patients with CRBSI. As per the univariate
analysis, we found that the following factors were statistically different between survivors and non-survivors—
age, male sex, hematologic malignancy, hemodialysis, incidence of retrials, right-sided insertion, internal jugular
vein insertion, subclavian vein insertion, and CRBSI. According to the multivariate analysis, the development
of CRBSI was an independent risk factor for in-hospital death (adjusted odds ratio, OR 1.93, 95% confidence
intervals, CI 1.19-3.14, p<0.01).

Discussion

In this retrospective cohort study, we found that only 3.7% of patients who received a central line catheter
insertion in ED developed CRBSI, and the occurrence of CRBSI was an independent risk factor for in-hospital
mortality. These findings suggest that CRBSI is a relatively common and serious complication in patients who
have to undergo central line insertion in ED.

Despite the increasing awareness about CRBSI-associated mortality, morbidity, and excess medical bur-
den, the incidence of this nosocomial infection is increasing, ranging from 3 to 20% depending on the study
population®'%. A recent population-based study reported that CRBSI occurred in 19.2% of patients with sus-
pected systemic inflammatory response syndrome!!. However, there is only limited data exploring the incidence
of CRBSI in patients who undergo catheter insertion in the ED. Although we could not collect detailed clinical
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Univariable Multivariable

Variables OR | 95%CI P Adjusted OR | 95% CI P
Age 1.02 | 1.01-1.02 | <0.01 | 1.02 1.01-1.02 | <0.01
Male 1.17 | 0.74-1.45 0.16

Hematologic malignancy 1.68 | 1.35-2.30 | <0.01 | 1.85 1.17-2.93 | <0.01
Hemodialysis 1.28 | 1.18-145 | <0.01 |1.28 1.17-1.44 | <0.01
Retry 1.87 |0.98-3.56 0.06 |1.84 0.97-3.47 0.06
Right-side insertion 0.55 |0.37-0.82 0.04 |0.56 0.38-0.83 | <0.01
Internal jugular vein 0.69 |0.18-2.59 0.58 |0.55 0.34-0.89 0.02
Subclavian vein 0.64 |0.17-2.33 0.50 | 0.52 0.29-0.95 0.03
Femoral vein 1.26 | 0.32-4.91 0.74

CRBSI 1.95 | 1.20-3.18 | <0.01 | 1.93 1.19-3.14 | <0.01

Table 3. Univariate and multivariate logistic regression model for predicting in-hospital mortality. OR odds
ratio, CI confidence interval, CRBSI central line-related blood-stream infection.

data, such as the severity of the acute illness, specific diagnosis, and indications of central line catheterization, the
incidence of CRBSI was quite similar to that reported by previous research'>!?. This result might imply that the
occurrence of CRBSI did not markedly increase in the ED environments and could be controlled if sterilization
and management techniques were strictly applied. Additionally, the risk factors for occurring CRBS]I, including
age, TPN, hemodialysis, and repeated trials, have also been cited in the literature!*'>. Notably, repeated trials
for insertion were the most potent predictor for mortality (adjusted OR 3.11, 95% CI 1.28-7.53). This finding
underscores the importance of efforts to place the catheter in a single trial, such as ultrasound-guided access,
for reducing the incidence of CRBSI*S.

Saliba et al. found that Staphylococcus species were the most common causative microorganism for CRBSI,
which was also observed in our study—notably Staphylococcus epidermidis was more common than Staphylococ-
cus aureus. Furthermore, in cases where longer maintenance of catheterization (usually > 10 days) is required,
endoluminal spread from the catheter hub is a known pathway for infection'”. Colonization by cutaneous patho-
gens along the external skin of the catheter was found to be the main cause of bacteremia in our study. Therefore,
sterilization efforts for strengthening the infection bundle, including hand hygiene, aseptic skin preparation, and
avoidance of inappropriate insertion sites, must be enforced to reduce CRBSI after catheterization in ED'S1°,

Owing to the extensive research and implementation of aggressive monitoring and management strategies
in patients with suspected CRBSI, CRBSI-associated mortality has decreased considerably over recent years®*?!.
Nevertheless, the correlation between the occurrence of CRBSI and greater mortality is inconsistent. Similar to
previous studies, we also found that the development of CRBSI was an independent risk factor for in-hospital
mortality?»*. On the other hand, other retrospective cohort studies revealed that CRBSI was not an attributable
factor in increasing ICU mortality'**. There are multiple plausible explanations for this. First, the characteristics
of the study populations are quite different from each other since age, underlying illnesses, and severity of active
disease could have affected the mortality. Second, the management of patients with suspected CRBSI, includ-
ing the timing of catheter removal and selection of empirical antibiotics, was not identical. Accordingly, future
research must utilize a randomized controlled study design to provide high-level evidence about the association
between mortality and CRBSL

There were some limitations to our study. This was a single-centered retrospective study design which limits
the generalizability of our results. The severity of disease, the patient’s clinical profile in the ED, and the expertise
of professionals dispensing these interventions would differ in each hospital. Moreover, we could not exclude
several hidden confounding factors, such as sterile technique during insertion and manage, and include informa-
tion about additional treatment outside ED, including central line changes. Despite the limitations, the strength
of our study is its relatively large sample size of patients and the inclusion of various factors in the multivariate
analysis of CRBSI and in-hospital mortality.

In conclusion, we found that CRBSI after central line insertion in the ED is a fairly common complication
and is associated with poor outcomes such as in-hospital mortality. Management and prevention measures to
reduce the occurrence of CRBSI are warranted to improve both clinical and patient outcomes.

Methods

Study design and population. This retrospective cohort study was conducted at the ED of a tertiary care
university-affiliated hospital in Seoul, Korea, which has an annual turnover of about 110,000 visits. The Asan
Medical Center Institutional Review Board approved this study before its commencement (Approval No.: 2016-
0081) and waived the requirement for informed consent due to the retrospective nature of the study. All methods
were performed in accordance with the relevant guidelines and regulations. All adult patients (aged > 18 years),
who had a central venous catheter insertion in the ED from March 2013 to February 2015, were included in this
study. Patients transferred to/from other hospitals with central venous catheters, and those who died in the ED
or were discharged were excluded.
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Data collection. In the study facility, insertion of the central line catheterization was decided by ED physi-
cians on duty. The technique of central venous catheterization was followed by the standard practice (i.e., Seld-
inger Technique). In brief, physicians were positioned a patient’s head for internal jugular vein and subclavian
vein, and leg for femoral vein. After turning the head or leg away from the intended site of access, decontamina-
tion of the skin with an chlorhexidine-alcohol was performed. Ultrasound was used to evaluate the vein posi-
tion, patency, and adjacent anatomy prior to access. Needle was punctured and guidewire was inserted followed
by the dilator advancement. The actual catheter insertion was done over the guidewire and routine x-ray was
conducted to find complications such as pneumothorax, malposition, and remnant guidewire.

Demographic and clinical data including age, sex, comorbidities, laboratory investigation results on ED
admission, and clinical outcomes including in-hospital mortality were extracted from the hospital’s electronic
medical records and the Asan BiomedicaL research Environment database, which is a system to anonymizes
medical data used for research in the study facility. Moreover, information regarding central venous catheter
insertion, such as site of insertion, and retry, were also extracted. Retry was defined as any insertion trial beyond
the first two trials which was recorded routinely by nurses on duty.

For defining CRBSI, the following two conditions were to be satisfied: (1) same microbes discovered from
peripheral venous culture and from quantitative (> 15 colony-forming units, CFU) culture of the central cath-
eter tip; or (2) a shorter time to a positive result (>2 h earlier) in the central venous catheter sample than the
peripheral sample based on data of differential time to positivity?®%". In the event of co-infections, we counted
each pathogen individually. We counted recurrent or repeated cases individually if patients were discharged and
readmitted, as we hypothesized that CRBSI was completely resolved between the discharges and next admissions.
In the case of repeated cultures during a single admission, we counted them as a single event and included in
analyses. The primary outcome was the association between CRBSI and in-hospital mortality after admission to
the ED; secondarily, we evaluated the risk factors for CRBSI.

Statistical analysis. Since the data were non-normally distributed, continuous variables are presented as
medians with inter-quartile ranges (IQRs); categorical variables are presented as frequency and percentages.
The Mann-Whitney U test was used to compare continuous variables, and the chi-square or Fisher’s exact tests
were used to compare categorical variables. ROC curves with AUC were calculated as conventional methods for
predicting the incidence of CRBSI. For calculation of OR, we used backward stepwise multiple logistic regres-
sion analysis with statistically different variables (p<0.1) in univariate analysis. A two-sided p value <0.05 was
considered statistically significant. All statistical analyses were performed using R (version 4.1.3; R Foundation
for Statistical Computing, Vienna, Austria).

Data availability

The datasets of this study can be obtained from the corresponding author on reasonable request.
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