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ABSTRACT

Introduction: Catheter management strategies
for suspected catheter-related bloodstream
infection (CRBSI) remain a major challenge in
intensive care units (ICUs). The objective of this
study was to determine the incidence, risk fac-
tors, and mortality attributable to CRBSIs in
those patients.

Methods: A population-based surveillance on
suspected CRBSI was conducted from 2009 to
2018 in a tertiary care hospital in China. We
used the results of catheter tip culture to
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identify patients with suspected CRBSIs.
Demographics, systemic inflammatory response
syndrome (SIRS) criteria, interventions, and
microorganism culture results were analysed
and compared between patients with and
without confirmed CRBSIs. Univariate and
multivariate analyses identified the risk factors
for CRBSIs, and attributable mortality was
evaluated with a time-varying Cox proportional
hazard model.

Results: In total, 686 patients with 795 epi-
sodes of suspected CRBSIs were included; 19.2%
(153/795) episodes were confirmed as CRBSIs,
and 17.4% (119/686) patients died within
30 days. The multifactor model shows that
CRBSIs were associated with fever, hypotension,
acute respiratory distress syndrome, hypergly-
caemia and the wuse of continuous renal
replacement therapy. The AUC was 77.0% (95%
ClI 73.3%-80.7%). The population
attributable mortality fraction of CRBSI in
patients was 18.2%, and mortality rate did not
differ significantly between patients with and
without CRBSIs (95% CI 0.464-1.279,
P =0.312).

Conclusions: This initial model based on the
SIRS criteria is relatively better at identifying
patients with CRBSI but only in domains of the
sensitivity. There were no significant differences
in attributable mortality due to CRBSI and other
causes in patients with suspected CRBSI, which
prompt catheter removal and re-insertion of
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new catheter may not benefit patients with
suspected CRBSIs.

Trial Registration: China Clinical Trials Regis-
tration number; ChiCTR1900022175.

Keywords: Catheter-related bloodstream
infections; Central venous catheter; Intensive
care units; Mortality; Risk factor; Systemic
inflammatory response syndrome

Why carry out this study?

Catheter management strategies for
suspected catheter-related bloodstream
infection (CRBSI) remain a major
challenge.

There is an urgent need to develop strong
practical evidence to identify CRBSI for
prevent unnecessary catheter removal and
subsequent harm to patients.

To knowledge the attributable mortality of
CRBSI is important that a key factor to the
decisions made regarding the suspected
CRBSIs management strategy in patients,
but it is remains uncertain.

Why carry out this study?

This initial model based on the SIRS
criteria is relatively better at identifying
patients with CRBSI but only in domains
of the sensitivity.

There were no significant differences in
attributable mortality due to CRBSI and
other causes in patients with suspected
CRBSI, which prompt catheter removal
and re-insertion of new catheter may not
benefit patients with suspected CRBSIs.

DIGITAL FEAUTRES

This article is published with digital features,
including a summary slide, to facilitate

understanding of the article. To view digital
features for this article go to https://doi.org/10.
6084/m9.figshare.14125796.

INTRODUCTION

Catheter-related bloodstream infections (CRBSIs)
are common intensive care unit (ICU)-acquired
infections [1,2], which have a significant effect on
morbidity, mortality and associated health care
costs [3-5]. CRBSIs are an important type of
infection in ICU patients with sepsis [2], which is
defined as life-threatening organ dysfunction
caused by a dysregulated host response to infec-
tion [6], which compromises host homeostasis by
the induction of the iron-sequestering ferritin H
chain in response to polymicrobial infections and
causes systemic inflammatory response syndrome
(SIRS) [7,8]. However, to date, there is a lack of
specific and reliable data to show that the indi-
cators that are sensitive for the diagnosis of sus-
pected sepsis can be used to identity CRBSI due to
suspected but unconfirmed CRBSI. In addition,
the attributable mortality to CRBSI remains
uncertain and ranges from — 12.24% to 25.96%
[9]; the mortality is an important factor affecting
the decisions made regarding the central venous
catheters (CVCs) management strategy in
patients with suspected CRBSIs [2,9-11]. A recent
systematic review reported that there was no
robust evidence to guide the selection of the
management strategy for patients with suspected
CRBSIs [1], and knowledge of the
attributable mortality of CRBSI is important.

The primary objective of this study was to
determine the incidence of, risk factors for, and
mortality attributable to CRBSIs in ICU patients
with suspected but unconfirmed CRBSIs. Addi-
tionally, we also assessed the incidence of and
mortality attributable to other infections during
the same episodes.

METHODS

Study Design and Participants

This was a retrospective cohort study conducted
at the Affiliated Hospital of Guangdong Medical
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University, Zhanjiang, Guangdong, China. The
ethics committee of institution approved this
study and waived the need for informed con-
sent on March 13, 2019 (PJ2018-066). This
study was registered with the China Clinical
Trials Registry on March 28, 2019
(ChiCTR1900022175). From January 2009 to
December 2018. Antimicrobial catheters were
not used in this ICU. According to the clinical
practice guidelines of the Infectious Diseases
Society of America (IDSA), catheter cultures
were performed when a catheter was removed
due to a suspected CRBSI. [12] We analyzed all
data from patients aged > 18 years who had
suspected CRBSIs who had cultures performed
of their catheter tips. The following exclusion
criteria were used: malignant blood disease,
chemotherapy or radiotherapy in the same
period, length of stay less than 48 h, serious
sepsis diagnosed on admission, CRBSI diag-
nosed of the old catheter after the reinsertion of
new catheter, implantation of intravascular
foreign bodies within the past month, and
human immunodeficiency virus (Fig. 1).

Variables and Data Sources

We used the medical charts and laboratory
electronic database to collect demographic data;
diagnoses; comorbidities; disease status on ICU
admission; CVC information, treatment inter-
ventions; clinical symptoms; and laboratory
values at the onset of the suspected CRBSI; the
results of microbial cultures within 24 h before
catheter removal; and 30-day mortality. Two
classification systems were used to assess
patients with times between ICU admission and
the development of a suspected CRBSI: The
Acute Physiology and Chronic Health Evalua-
tion (APACHE) II score and Sequential Organ
Failure Assessment (SOFA) score [2,6].

To assess the possible risk factors, we used
the transformed data that were stratified
according to the SIRS criteria of International
Sepsis Definitions Conference (ISDC), including
five aspects variable: general variable, inflam-
matory variables, hemodynamic variables,
organ dysfunction variables, tissue perfusion

variables. [13] However, for plasma glucose
levels, we used the highest mean level three
days before CVC removal, and the transformed
data were stratified according to the values rec-
ommended in the international guidelines,
with a plasma glucose target < 10 mmol/L [14].

The outcome of this study was 30-day mor-
tality in patients with suspected CRBSIs, and the
mortality after 30 days was considered to be less
likely to be related to CRBSIs [11,12].

Definitions

Catheter tip colonization was defined as a
catheter tip with 15 or more colony-forming
units [11]. The CRBSI definition adhered to the
IDSA guidelines [12], which required the
catheter tip to be colonized by a microorganism
that was phenotypically the same as a
microorganism isolated from a peripheral blood
culture. A suspected CRBSI was identified when
a patient developed a new episode of fever or
sepsis [11], with at least 1 additional parameter
described in the 2001 ISDC guidelines noted in
the progress notes in the medical charts [13].
Fever =~ was defined as a  tempera-
ture > 38.3 °C[13]. Sepsis was defined as life-
threatening organ dysfunction caused by a
dysregulated host response to infection, as in
the Third International Consensus Definitions

[6].
Study Sample Size

The study sample included patients
aged > 18 year who were suspected CRBSI from
January 2009 to December 2018. All available
patients were included: 642 in the non-CRBSI
group and 153 in the CRBSI group. Assuming a
mortality rate of 25.96% with CRBSI [15] and
10.9% with ICU-acquired infections [2], we
calculated that group sample sizes of 209 in
non-CRBSI group and 105 in CRBSI group
achieve 80% power to detect a ratio in the group
proportions of 0.5 by the PASS 11 software
(NCSS, LLC. Kaysville, Utah, USA. www.ncss.
com.).
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Total Cohort

1011 cases
885 patients

(January 2009 - December 2018)

164 cases excluded because of exclusion criteria:

+ 14 malignant blood disease

+ 16 undergoing chemotherapy or radiotherapy

+ 21 less than 48 h of length of stay

+ 12 serious sepsis was defined on admission

—»* 27 CRBSI was defined in the old catheter after
indwelling new catheter

+ 66 implanted intravascular foreign bodies with
in recently a month

+ 7 because of the sealed medical records

+ 1 Human Immunodeficiency Virus.

v

847 cases
727 patients

Analysis Cohort

| | 52 cases excluded for bacteremia but catheter-tip
culture negative

A4

Final cohort
795 cases

686 patients

CRBSI
153 cases
151 patients

\ 4
No CRBSI
642 cases

535 patients

v A4 v A 4
Survive Death Survive Death
126 patients 25 patients 441 patients 94 patients

Fig. 1 Flow diagram and control patients for analysis

Statistical Analysis

Categorical variables are shown as numbers (%),
and continuous parameters are shown as the
means (SDs) or medians (IQRs). Comparisons
were made with Fisher’s exact test for categori-
cal data and the Wilcoxon test for continuous
data. In the final cohort, 52 cases of bacteraemia
were excluded based on the absence of catheter
colonization; these cases were considered pos-
sible deviations from the diagnosis of bacter-
aemia based on the analysis of the clinical

symptoms. For the survival analysis, all patients
were analyzed in aggregate and stratified by
survival status at 30 days, and the last data were
used as covariates when one patient had two or
more episodes of suspected CRBSIs.

The hypothesis of this study was that the
attributable mortality of CRBSI might be higher
than other infections. The statistical analysis
was performed in three steps. First, we used
univariate and multivariate analyses to deter-
mine the risk factors for CRBSI. The quartiles of
APACHE 1I scores and of SOFA scores per
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specific patient population were used as
covariables [2,6]. A multivariable generalized
linear model was used to evaluate the risk fac-
tors for CRBSI. A nonparametric receiver oper-
ating characteristic curve was constructed, and
the area under the curve (AUC) was calculated.
In the second step, we evaluated the mortality
associated with CRBSI in the entire cohort using
a time-varying Cox proportional hazard model
[16], and the fraction of attributable mortality
was used after the final model estimation com-
mand, the parameters of which were interpreted
as log rate ratios [17]. Third, we assessed the
incidence of and mortality attributable to other
infections in patients with suspected CRBSIs
during the same period. All statistical tests were
two-tailed, and significance was set at o = 0.05.

The statistical analyses were performed with
Stata/SE 15.1 (Stata Corp LLC 4905 Lakeway
Drive College Station, TX 77,845 USA).

RESULTS

Baseline Characteristics

A total of 7653 critically ill patient with 12,245
CVCs were admitted to the ICU, among which
CVC removal was undergone in 5623 (45.9%)
cases for various reasons. Among 1011 (18.0%)
cases whose CVCs were removed due to sus-
pected CRBSI, 164 cases were excluded because
they met the exclusion criteria. We studied 686
patients with 795 ICU episodes in the final
analysis (Fig. 1); 93 patients had at least 2 or
more episodes of suspected CRBSIs. Of all epi-
sodes of suspected CRBSIs, 153 (19.2%) were
defined as CRBSIs based on microorganism
culture results from among 627 (78.9%) docu-
mented infections. Figure 2 shows that the
range of suspected CRBSIs has expanded, but
the rate of confirmed CRBSIs has trended
downward, especially in 2018, in which only
8.3% of suspected CRBSIs were confirmed. In
addition, regarding the pathogenic microor-
ganisms causing CRBSIs, we found 40 (25.5%)
gram-positive cocci, 79 (50.3%) gram-negative
bacilli and 38 (24.2%) fungi; 4 of the 153 cases
of CRBSIs had multiple microbes colonizing the
same catheter tip (Supplemental e-Table 1).

Risk Factors Analysis

A total of 795 ICU episodes were included in the
analysis of the risk factors for CRBSI in patients
with suspected CRBSIs. We did not find signifi-
cant differences between the CRBSI and non-
CRBSI groups in the baseline cohort with regard
to age, sex, or admission diagnosis (Supple-
mental e-Table 2). We used a multifactor gen-
eralized linear model to assess the risk factors
for CRBSI based on the results of univariate
analysis (Table 1). The model showed an ele-
vated risk of CRBSI in patients with fever
(> 38.3 °C), arterial hypotension (mean arterial
pressure [MAP] < 70 mmHg), hyperglycemia
(plasma glucose > 10 mmol/L), acute respira-
tory distress syndrome (ARDS), and the use of
continuous renal replacement therapy (CRRT).
However, a lower risk of CRBSI was observed in
patients with diabetes mellitus (95% CI
0.194-0.644, P =0.001) and crea-
tinine > 133 mmol/L. (95% CI 0.173-0.538,
P < 0.001). The AUC of the model was 77.0%
(95% CI 73.3%-80.7%). In the expanded base-
line cohort, patients in whom CVCs were rein-
serted (within 24 h) had a higher relative risk of
CRBSIs than those in whom CVCs were not
reinserted (30.0% vs 19.2%, 95% CI
1.145-2.121, P =0.007) (Supplemental
e-Table 2). Hence, it may be necessary to per-
form a more comprehensive assessment of the
clinical significance of the relative risk in
patients in whom CVCs are reinserted.

Mortality Risk Analysis

We included all 686 patients in the analysis of
survival. The mean age was 62.9 years (SD 17.1),
503 (73.3%) were male, and 183 (26.7%) were
female. A total of 119 (17.4%) patients with
suspected CRBSIs died within 30 days. Table 2
showed univariate relative risk factors that there
were significant differences between death and
Survivors.

A multivariate Cox proportional hazards
model was used to identify the association of
CRBSI with mortality. The models were adjusted
for the variables with significant results in uni-
variate analysis. A crude univariate model
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Fig. 2 The incidence of CRBSI in patients with suspected
CRBSI from 2009 to 2018. The percentage expression of
the documented CRBSI cases. The horizontal dashed line

showed that CRBSI did not increase the hazard
ratio for 30-day mortality (95% CI 0.599-1.433,
P =0.731). Four Cox models were constructed,
all of which indicated that CRBSI was not
associated with an increase in 30-day mortality
(Supplemental e-Table 3). The final model
(Table 3) showed that the following four factors
were associated with an increased risk of mor-
tality: age (> 77 years) (95% CI 1.087-3.437,
P =0.025), APACHE 1II score (> 25) (95% CI
1.165-3.938, P =0.014), SOFA score (> 13)
(95% CI 1.232-3.988, P = 0.008), and the rein-
sertion of new CVC (95% CI 1.334-4.066,
P =0.003). In contrast, the surgical admission
of critically ill patients was associated with
lower hazard ratios for 30-day mortality than
was the medical admission of critically ill
patients (95% CI 0.227-0.698, P = 0.001).

With regard to the final model, which con-
tains variables that did and did not satisfy the
assumption, in the Kaplan-Meier survival anal-
ysis (Fig. 3), we used a stratified Cox model
(CRBSI and no CRBSI) [17]. We did not find
significant differences between the CRBSI group

Years

shows the average documented rate of CRBSI in ten years.
CRBSI: Catheter-Related Bloodstream Infection

and the no CRBSI group. The test of the pro-
portional hazards assumption for the Cox
model [18] showed that it was met (chi-
square = 28.20, P = 0.1346) but did not meet
proportional hazards assumptions in the sub-
group of patients with CRBSI who survived
(Spearman = 0.142, chi-square = 4.33,
P =0.0375).

Population Attributable Mortality
Fraction Analysis

The population attributable fraction analysis
was based on the Cox proportional hazards
model, and it demonstrated that the fraction of
30-day mortality attributable to CRBSIs was
18.2% (95% CI — 21.3% to 44.8%, P = 0.318),
that attributable to pneumonia was 1.8% (95%
Cl —14.5% to 15.8%, P=0.816), and that
attributable to multiple infections was 13.8%
(95% CI — 27.4% to 41.7%, P =0.457) (Sup-
plemental e-Table 4).
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Table 1 Generalized linear models for risk factors for CRBSI in patients due to suspected CRBSI

Robust Std. Err  z-Value RR (95% Conf. Interval) P-value

Admission

APACHEIst quartile (2-14) (reference) 1 1 1 1

APACHE2nd quartile (15-18) 0.301 —0.07 0.977(0.534-1.788) 0.940

APACHE3rd quartile (19-24) 0.402 0.8 1.285(0.696-2.371) 0.423

APACHE4th quartile (25-46) 0.541 1.71 1.714(0.924-3.182) 0.088
Comorbidities

Acute Respiratory Distress Syndrome 0.684 2.52 2.194(1.191-4.042) 0.012

Diabetes mellitus 0.108 — 34 0.354(0.194-0.644 0.001

Kidney injury 0.209 — 174 0.421(0.159-1.114) 0.082
Severity of disease during suspected CRBSI

SOFAlst quartile (1-7) (reference) 1 1 1 1

SOFA2nd quartile (8-9) 0.196 — 1,56 0.600(0.316-1.139) 0.118

SOFA3rd quartile (10-12) 0.189 — 1.66  0.584(0.310-1.100 0.096

SOFA4th quartile (13-24) 0.226 — 129 0.628(0.310-1.273) 0.197
Central venous catheter

Jugular (reference) 1 1 1 1

Subclavian 0.053 -5.65  0.167(0.090-0.311) 0.000

Femoral 0.189 — 123 0.725(0.434-1.209) 0.218

Catheter days (> 7) 0.322 1.85 1.491(0.977-2.275) 0.064
General variables

Temperature (> 38.3 °C) 0.375 2.19 1.646(1.053-2.573) 0.029
Hemodynamic variables

Arterial hypotension (MAP < 70 mmHg) 0.549 2.57 2.016(1.182-3.437) 0.010

Vasoconstrictor Agents 0.176 — 1.87  0.553(0.297-1.030) 0.062
Inflammatory variables

Leukocytes (WBC count > 12.000 uL™) 0.204 — 033 0.930(0.605-1.429) 0.740

Leukopenia (WBC count < 4000 pL™) 3.681 0.88 2.977(0.264-33.596) 0.378

Plasma Procalcitonin (> 1 ng/ml) 0.235 0.22 1.050(0.676-1.629) 0.829
Organ dysfunction variables

Creatinine increase (> 133 pmol/L) 0.088 — 411  0.305(0.173-0.538) 0.000

Continuous renal replacement therapy 1.098 4.54 3.761(2.122-6.666) 0.000

Hyperglycemia (plasma glucose > 10 mmol/L) 0.390 2.46 1.737(1.119-2.697) 0.014
Glasgow Coma Scale (< 12) 0.480 1.76 1.664(0.945-2.929) 0.078
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Table 1 continued

Robust Std. Err 2z-Value

RR (95% Conf. Interval) P-value

Activated Partial Thromboplastin Time (> 60 secs) 0.384

International Normalized Ratio (> 1.5) 0.237
Thrombocytopenia (platelet count < 100,000 pL~")  0.238
Tissue perfusion variables

Hyperlactatemia (Lactic acid > 1 mmol/L) 0.175

0.17 1.064(0.525-2.158) 0.863
— 078  0.792(0.440-1.425) 0.436
— 049 0.875(0.513-1.492) 0.623
— 137 0.713(0.440-1.155) 0.169

Nonparametric ROC estimation to models: AUC 77.0% (95% CI 73.3%-80.7%)
APACHE Acute Physiology and Chronic Health Evaluation, CI confidence interval, CRBSI Catheter-related bloodstream
infections, M AP mean arterial pressure, RR relative risk, SOFA Sequential Organ Failure Assessment, WBC white blood cell

DISCUSSION

This large cohort study supports the use of the
adjusted SIRS criteria to identify CRBSIs in
patients with suspected CRBSIs. There were no
significant differences in mortality between
patients confirmed with and without CRBSIs
who underwent CVC removal due to suspected
CRBSISs, regardless of the variables used to adjust
the Cox model. However, we determined that
the reinsertion of new CVCs was associated with
an increased hazard ratio of mortality.

There are five aspects of the SIRS criteria.
First, the general variable fever was confirmed to
be a specific and sensitive indicator of CRBSIs in
this study. The guidelines report that fever is the
most sensitive clinical finding that is indicative
of CRBSI but that it has poor specificity [12]. In
addition, our data did show a relatively higher
risk of CRBSIs in patients using the cutoff value
for the glucose level of > 10mmol/L rather
than 7.7 mmol/L [13], but the rate of CRBSIs
was relatively lower in patients with diabetes
mellitus. A recent cohort study reported that
relative hypoglycemia is common in ICU
patients with diabetes [19].

Second, with regard to inflammatory vari-
ables, we found no statistically significant dif-
ference in the value of the index regardless of
whether they were included in the variables
used for adjustment. These inflammatory vari-
ables reflect the host response to “danger” in the
form of infection or other insults [6], but they

have poor discriminant validity due to their
presence in many hospitalized patients [20].

Third, with regard to the hemodynamic
variables in patients with suspected CRBSIs, the
relative risk of CRBSI was significantly higher in
patients with arterial hypotension
(MAP < 70mmHg) than in those without
hypotension, which is consistent with the SIRS
criterion in patients with sepsis and can be
explained by the presence of shock due to
bloodstream infection, which causes circulatory
abnormalities that are sufficiently profound to
increase mortality [6].

Fourth, with regard to the organ dysfunction
variables, the interesting finding in our study
was that the rate of CRBSI was relatively lower
in patients with a high creatinine level
(> 133 umol/L), which is in contrast to the
common perception and current guidelines for
the care of ICU patients [12]. However, at the
same time, our data show that the relative risk
of CRBSI was elevated in patients receiving
CRRT; CRRT is widely used in ICU patients, and
although it reduces creatinine levels in patients,
it does not reduce mortality [21].

Fifth, tissue perfusion variables were not
helpful with regard to identifying CRBSI. Septic
shock involves both hypotension and hyper-
lactatemia because there is not only cellular
dysfunction but also cardiovascular compro-
mise [6].

This study found that ARDS is also an inde-
pendent risk factor for CRBSI. To the best of our
knowledge, to date, no study has reported a
direct correlation between ARDS and CRBSI.
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Table 2 Baseline cohort of patients who survived at 30 days after CVC remval due to suspected CRBSI
Baseline characteristics All patients Survive Death RR (95% CI) p-
(n = 686) (n = 567) (n =119) value

Male 503(73.3) 414(73.0) 89(74.8) 1.079(0.740-1.574)  0.6908
Age lst quartile (18-51) 173(25.2) 154(27.2) 19(16.0) 0.563(0.356-0.892)  0.0106
Age 2nd quartile (52-66) 174(25.4) 153(27.0) 21(17.6) 0.631(0.407-0.978)  0.0333
Age 3rd quartile (67-77) 186(26.9) 154(27.2) 32(26.9) 0.989(0.684-1.429)  0.9520
Age 4th quartile (78-97) 153(22.3) 106(18.7) 47(39.5) 2.274(1.650-3.133)  0.0000
Medical 400(58.3) 307(54.1) 93(78.2) 2.558(1.702-3.844)  0.0000
Surgical 187(27.3) 172(30.3) 15(12.6) 0.385(0.230-0.644)  0.0001
Traumatology 99(14.4) 88(15.5) 11(9.2) 0.604(0.337-1.081)  0.0765
APACHE Ist quartile (2-15) 195(28.4) 177(31.2) 18(15.1) 0.449(0.280-0.720)  0.0004
APACHE 2nd quartile (16-19)  149(21.7) 126(22.2) 23(19.3) 0.863(0.569-1.311)  0.4863
APACHE 3rd quartile (20-25)  208(30.3) 174(30.7) 34(28.6) 0.919(0.640-1.321)  0.6479
APACHE 4th quartile (26-46)  134(19.5) 90(15.9) 44(37.0) 2.417(1.754-3.331)  0.0000
Chronic Obstructive Pulmonary ~ 95(13.8) 74(13.1) 21(17.6) 1.333(0.877-2.026)  0.1870

Disease
Acute Respiratory Distress 76(11.1) 67(11.8) 9(7.6) 0.657(0.348-1.241)  0.1789

Syndrome
Diabetes mellitus 121(17.6) 92(16.2) 29(24.4) 1.505(1.040-2.177)  0.0341
Malignancy 73(10.6) 62(10.9) 11(9.2) 0.855(0.483-1.514)  0.5865
Chronic renal failure 23(3.4) 14(2.5) 9(7.6) 2.358(1.378-4.037)  0.0050
Corticosteroids 141(20.6) 107(18.9) 34(28.6) 1.546(1.087-2.198)  0.0173
Anticoagulant 203(29.6) 159(28.0) 44(37.0) 1.396(0.999-1.950)  0.0523
Antibiotics (Combined use [>2  479(69.8) 382(67.4) 97(81.5) 1.905(1.235-2.938)  0.0022

types])
Tracheostomy 292(42.6) 246(43.4) 46(38.7) 0.850(0.607-1.190)  0.3427
Artificial respiration 437(63.7) 346(61.0) 91(76.5) 1.852(1.249-2.746)  0.0014
Positive end expiratory pressure  373(54.4) 288(50.8) 85(71.4) 2.098(1.452-3.032)  0.0000
CVC removal with new catheter  484(70.8) 381(67.2) 103(86.6) 2.687(1.629-4.432)  0.0000
SOFA score 1st quartile (1-8)  192(28.0) 174(30.7) 18(15.1) 0.459(0.286-0.736)  0.0006
SOFA score 2nd quartile (9-10)  186(27.1) 161(28.4) 25(21.0) 0.715(0.476-1.075)  0.0994
SOFA score 3 rd quartile (11-13)  177(25.8) 142(25.0) 35(29.4) 1.198(0.840-1.709)  0.3222
SOFA score 4 th quartile (14-24) 131(19.1) 90(15.9) 41(34.5) 2.227(1.606-3.087)  0.0000
CRBSI 151(22.0) 126(22.2) 25(21.0) 0.942(0.063-1.409)  0.7714
Pneumonia 412(60.1) 337(59.4) 75(63.0) 1.134(0.807-1.592)  0.4673

I\ Adis



994

Infect Dis Ther (2021) 10:985-999

Table 2 continued

Baseline characteristics All patients Survive Death RR (95% CI) P-
(n = 686) (n = 567) (n = 119) value

Abdominal Infection 19(2.8) 14(2.5) 5(4.2) 1.540(0.712-3.328)  0.2951
Gastrointestinal infection 10(1.5) 8(1.4) 2(1.7) 1.156(0.331-4.035)  0.8234
Soft tissue infections 13(1.9) 11(1.9) 2(1.7) 0.885(0.245-3.200)  0.8504
Urinary tract infections 41(6.0) 29(5.1) 12(10.1) 1.764(1.063-2.927)  0.0376
Central nervous system infections 11(1.6) 11(1.9) 0 - 0.1256
Chest infection 1(0.1) 1(0.2) 0 - 0.6466
Biliary tract infection 2(0.3) 1(0.2) 1(0.8) 2.900(0.718-11.701)  0.2220
Multiple infections 126(18.4) 102(18.0) 24(20.2) 1.123(0.750-1.682)  0.5768
Unknown 146(21.3) 124(21.9) 22(18.5) 0.839(0.548-1.283)  0.4125

Survive group and death group according to 30 days follow up

APACHE acute physiology and chronic health evaluation, CI confidence interval, CRBSI catheter-related bloodstream
infection, CV'C central venous catheter, IQR interquartile ranges, RR relative risk, SD standard deviation, SOFA sequential

organ failure assessment, P20, oxygen partial pressure

Microbial pathogen-associated molecular pat-
terns activate innate immunocytes through
pattern recognition receptors, and the conse-
quent cellular injury provides a key link
between inflammation and SIRS [8]. Acute lung
injury is caused by the systemic inflammatory
response; dipeptidase-1 is the target and has
been shown to be a physical adhesion receptor
for neutrophil sequestration independent of a
major adhesion receptor on the lung [22].
Patients with CRBSI normally have severe dis-
ease, which manifests as SIRS, leading to fever
and pneumonia. Hence, ARDS may be a good
predictor of CRBSIs in patients with suspected
CRBSIs, but the clear exclusion of other causes
of lung injury is needed.

In the recent decade, these clinical data also
confirmed a lower rate of CRBSI in patients with
a subclavian insertion site than in those with
other insertion sites [23]. Therefore, our multi-
factor model for the identification of CRBSI may
be beneficial with regard to selecting the correct
management strategy for suspected CRBSIs, and
it merits further validation in a cohort study.
Our results provided rational explanations for
the common perceptions and current

guidelines, but we do not support the use of a
single risk factor as a strategy for identifying
CRBSI. The complexity of real-world clinical
practice is greater than that reflected in a
selected cohort of patients.

When analyzing the mortality of CRBSI,
which was consistent in all Cox models and
subgroup analyses, CRBSIs were not associated
with increased ICU mortality. The results are
consistent with those of a recent cohort study
that did not find differences in mortality
between patients with CRBSIs and those with
other ICU-acquired infections [2], another
cohort study that patients with CRBSIs had
lower mortality rates than those with other
infections [11]. Hence, in this study, these
findings regarding the relatively low mortality
and attributable mortality are informative for
future studies. First, most patients with sus-
pected CRBSIs should be treated conservatively,
such as with watchful waiting rather than
prompt CVC removal, as is commonly per-
formed in patients with suspected CRBSIs while
waiting for blood culture results [11,12]. A
recent observational study reported a treatment
success rate of 85% and no deaths within six
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Table 3 The final model for time-varying analysis for the effect of CRBSI on mortality
Sensitivity Variables Robust Std. z- Hazard ratio (95% Confidence p-
Err Value Interval) Value
Catheter-Related Bloodstream Infection 0.199 — 1.01  0.770 (0.464-1.279) 0312
Urinary Tract Infection 0.395 0.47 1.170 (0.604-2.268) 0.642
Age st quartile (18-51) (reference) 1 1 1 1
Age 2nd quartile (52-66) 0.318 — 005 0.982(0.521-1.851) 0.956
Age 3rd quartile (67-77) 0.355 0.41 1.136(0.616-2.096) 0.683
Age 4th quartile (78-97) 0.568 2.24 1.933(1.087-3.437) 0.025
Medical (reference) 1 1 1 1
Surgical 0.114 — 321 0.398 (0.227-0.698) 0.001
Traumatology 0.189 — 1.68 0.579 (0.306-1.097) 0.094
APACHE Ist quartile (2-15) 1 1 1 1
(reference)
APACHE 2nd quartile (16-19) 0.431 101 1.372(0.741-2.539) 0.314
APACHE 3rd quartile (20-25) 0.375 067  1227(0.674-2.232) 0.504
APACHE 4th quartile (26-46) 0.666 2.45 2.142(1.165-3.938) 0.014
Diabetes mellitus 0.257 1.08 1.248(0.833-1.869) 0.282
Chronic renal failure 0.646 134 1676 (0.788-3.566) 0.180
Corticosteroids 0.271 1.34 1.317 (0.880-1.972) 0.181
Anticoagulant 0.169 — 1.04 0.803(0.532-1.214) 0.299
Antibiotics 0.352 1.33 1.399(0.854-2.291) 0.182
Artificial respiration 0.509 0.21 1.100(0.444-2.722) 0.837
Positive end expiratory pressure 0.761 119 1.702(0.708-4.088) 0.234
Immediately new central venous catheter 0.662 2.97 2.329(1.334-4.066) 0.003
SOFA score 1st quartile (1-8) 1 1 1 1
(reference)
SOFA score 2nd quartile (9-10) 0.361 051  1.169 (0.638-2.143) 0.613
SOFA score 3rd quartile (11-13) 0.441 13 1.474(0.820-2.651) 0.195
SOFA score 4th quartile (14-24) 0.664 265 2216 (1.232-3.988) 0.008

APACHE Acute Physiology and Chronic Health Evaluation, CRBSI: Catheter Related Bloodstream Infection, SOFA

Sequential Organ Failure Assessment
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1.00
0.954
0.904
0.85

— No Catheter-related bloodstream infections (CRBSI)
— Catheter-related bloodstream infections (CRBSI)

0.05 Hazard ratio 0.770 (95% CI 0.464-1.279; p=0.312)

0.00

0 5 10

Number at risk

No CRBSI 535 503 477
CRBSI 151 145 139

Fig. 3 Multivariate Cox survival analysis function by
means of covariates. Multivariate variables including age,
admission diagnosis, APACHE II score, diabetes mellitus,
corticosteroids, anticoagulants, antibiotics, positive end-

weeks in hemodialysis patients with CRBSIs
who did not undergo catheter removal [24].
Second, we determined that the reinsertion of a
new CVC was a risk factor for mortality in our
final model. Thus, a more comprehensive
assessment is needed in future studies. Third,
there is a lack of high-level evidence [10], and it
should be possible to design a randomized
controlled trial to compare mortality between
patients with suspected CRBSIs managed with
prompt CVC removal and those managed with
watchful waiting.

The following four independent risk indica-
tors for mortality in patients with CRBSIs were
identified: age, APACHE II score, SOFA score,
and reinsertion of new CVC. Other than the re-
insertion of new CVCs, these risk factors for
mortality have been established in previous
studies [2,6]. As mentioned above, previous
studies did not provide the evidence needed to
assess the harm or benefit associated with this
clinical practice [10], while a systematic review

T T T T
15 20 25 30

Time (days)

457 449 445 442
135 130 127 126

expiratory pressure, artificial respiration, reinsertion of new
catheters, plasma procalcitonin, platelets, bilirubin, crea-
tinine, and stratification according to mortality of CRBSI
and no CRBSI

suggested that CVC removal and reinsertion
may be associated with marked discomfort,
severe risks and possible disruptions of or delays
in treatment in critically ill patients [10].
Therefore, the potential reason underlying the
increased risk of mortality in patients in whom
CVCs are reinserted needs to be confirmed in
future research.

The strengths of this study were that it cov-
ered the longest time span and included a list
with an extensive number of known, calculable
risk factors for in the analysis of
attributable mortality in patients with CRBSI.
However, our study has several limitations.
First, this was a single-center, retrospective
study that was subject to potential unmeasured
confounding factors. Nevertheless, to date, it
includes the largest cohort of patients with
CVCs and suspected CRBSIs, and it includes
more established prognostic factors than previ-
ous studies [11,25], as well as known sensitive
indicators for the development of CRBSI [13].

A\ Adis



Infect Dis Ther (2021) 10:985-999

997

Second, in this cohort, it was difficult to dis-
tinguish between delayed and prompt removal
[11]. However, based on the general consensus
and common practice of the medical team in
the participating institution, prompt CVC
removal was considered a coordinate strategy in
patients with suspected CRBSIs. Third, it is
possible that the CVCs were not the origin of
the CRBSIs in patients with suspected CRBSIs
[11]. Finally, data bias could have occurred as
we excluded patients without catheter tip
cultures.

CONCLUSION

This initial model based on the SIRS criteria is
relatively better at identifying patients with
CRBSI but only in terms of the sensitivity. There
were no significant differences in
attributable mortality due to CRBSI and other
causes in patients with suspected CRBSI, which
prompt catheter removal and re-insertion of
new catheter may not benefit patients with
suspected CRBSIs.
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