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Abstract

Background: Central venous catheter (CVC) insertion complications are a prevalent and important problem in the
intensive care unit (ICU), and source control by immediate catheter removal is considered urgent in patients with
septic shock suspected to be caused by catheter-related bloodstream infection (CRBSI). We sought to determine the
impact of immediate reinsertion of a new catheter (IRINC) on mortality among patients after CVC removal for sus-
pected CRBSI.

Methods: A propensity score-matched cohort of patients with suspected CRBSI who underwent IRINC or no IRINC in
a 32-bed ICU in a university hospital in China from January 2009 through April 2021. Catheter tip culture and clini-

cal symptoms were used to identify patients with suspected CRBSI. The Kaplan-Meier method was used to analyse
30-day mortality before and after propensity score matching, and adjusted hazard ratios (HRs) and 95% confidence
intervals (Cls) for mortality in the matched cohort were estimated with Cox proportional hazards models.

Results: In total, 1,238 patients who had a CVC removed due to suspected CRBSI were identified. Among these
patients, 877 (70.8%) underwent IRINC, and 361 (29.2%) did not. Among 682 propensity score-matched patients,
IRINC was associated with an increased risk of 30-day mortality (HR, 1.481; 95% Cl, 1.028 to 2.134) after multivariable,
multilevel adjustment. Kaplan—Meier analysis found that IRINC was associated with the risk of mortality both before
matching (P=0.00096) and after matching (P=0.018). A competing risk analysis confirmed the results of the propen-
sity score-matched analysis. The attributable risk associated with bloodstream infection was not significantly different
(HR, 1.081; 95% Cl 0.964 to 1.213) among patients with suspected CRBSI in terms of 30-day mortality compared with
that associated with other infections.
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complications.

Mortality, Propensity score matching

Conclusions: In this cohort study, IRINC was associated with higher 30-day mortality compared to delayed CVC or
no CVC among patients with suspected CRBSI. A large-sample randomized controlled trial is needed to define the
best management for CVC in cases of suspected CRBSI because IRINC may also be associated with noninfectious

Trial registration This study was registered with the China Clinical Trials Registry (URL: http://www.chictr.org.cn/index.
aspx) under the following registration number: ChiCTR1900022175.
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Background

Central venous catheter (CVC)-associated complications
are a prevalent and significant problem in the intensive
care unit (ICU) [1]. Catheter-related bloodstream infec-
tion (CRBSI) is considered the leading cause of mor-
bidity and mortality in patients with CVCs [2, 3], but
CRBSI contributes only modestly and has a better prog-
nosis than other ICU-acquired infections in terms of
overall mortality [4—7]. Prompt catheter removal with
delayed placement of a new catheter is recommended
by the Infectious Diseases Society of America (IDSA) in
patients with CRBSI [8], and an expert statement sug-
gests that immediate removal of suspected intravascular
catheters is always urgent as a means of source control in
patients with septic shock [9]. However, among options
that include CVC replacement using a guidewire, inser-
tion of a new CVC, and watchful waiting, the optimal
strategy for the management of patients with suspected
but unconfirmed CRBSI remains unclear [10]. In clini-
cal practice, the diagnosis of CRBSI is challenging until
microbiological culture results are available [10]. A com-
mon management strategy for CRBSI is prompt catheter
removal followed by immediate reinsertion of a new cath-
eter (IRINC), which prevents interruption of treatments
because CVCs provide important access for medical and
fluid therapy in critically ill patients [11], especially those
who need vasoconstrictive agents [12]. However, catheter
insertion increases the risk of complications, including
mechanical complications [13], deep vein thrombosis
[13, 14], and secondary infections, which are associated
with subsequent mortality [4]. Therefore, the decision
of whether to remove and reinsert CVCs in critically
ill patients with suspected CRBSI has been a debated
issue in the management of ICU patients [5, 8, 10, 15],
in whom suspected and confirmed CRBSI are one entity
and initial management is usually identical. To date, only
a few studies have directly or indirectly compared the
benefit and harm between reinsertion and no reinser-
tion in patients whose CVCs have been removed [16—18].
For example, an observational study of 60 cancer patients
reported that catheter removal and reinsertion were
associated with a moderate to severe symptom burden

[16]. A randomized trial showed that mortality did not
differ between the catheter removal group and the watch-
ful waiting group in 64 patients with suspected CRBSI
[17]. Another randomized controlled trial showed that
among 52 patients with suspected CRBSI, the mortality
rate in patients who underwent immediate reinsertion
and delayed reinsertion of new catheters was not differ-
ent [18]. Studies with small sample sizes cannot provide
strong evidence regarding the association between CVC
reinsertion and mortality. Considering the need to maxi-
mize benefits in the complex situation of clinical practice,
the consequences of a missed catheter-related infection
for patients with suspected CRBSI were thought to be
more important than the risk of unnecessary catheter
removal [17]. Our previous retrospective cohort study
showed that catheter removal and IRINC may be asso-
ciated with 30-day mortality in suspected CRBSI [7];
however, a more comprehensive assessment is needed
because it did not meet clinical significance. Therefore,
by consensus, we hypothesized that IRINC reduces
mortality in patients with suspected CRBSI. In this bet-
ter-executed cohort study with a larger sample size, we
sought to determine the impact of IRINC on 30-day mor-
tality after CVC removal for suspected CRBSIL.

Methods

Study design and study population

We conducted an investigator-initiated, single-centre,
propensity score-matched cohort study of suspected
CRBSI patients who underwent IRINC or no IRINC in
a 32-bed ICU in China during the period from January
2009 through April 2021. The study was approved by the
institutional review board (IRB No. PJ2018-066), con-
formed to the Official Regulation of Medical Records
Management in Medical Institutions with regard to
patient data integrity and the principles of the Declara-
tion of Helsinki and was registered in the China Clini-
cal Trials Registry (ChiCTR1900022175). With an index
system for institutional electronic laboratory databases,
we screened all patients with catheter tip culture results
to identify patients with suspected CRBSI, and we con-
firmed the eligible cases of suspected CRBSI by reviewing
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the information recorded in the progress notes in the
medical charts [5, 8, 10]. The inclusion criteria were
age > 18 years, CVC and suspected CRBSI with removal
of the catheter. The exclusion criteria were dialysis cath-
eters, peripheral catheterization, length of stay less than
48 h, and lack of accessible medical records.

Data for eligible patients were extracted from paper
medical documents, electronic medical records, and
electronic laboratory databases of medical charts in the
ICU. Demographic data, comorbidities, and physical/dis-
ease status (Acute Physiology and Chronic Health Evalu-
ation [APACHE] II score) were extracted at the time of
ICU admission. Clinical symptoms, laboratory values,
and sequential organ failure assessment (SOFA) scores
were obtained within 24 h before catheter removal due to
suspected CRBSI.

Definitions

A suspected CRBSI was defined as the development of
a new episode of fever or sepsis [5] with at least 1 addi-
tional parameter described in the 2001 International
Sepsis Definitions Conference guidelines (see Additional
file 5: Table S1) on a review of the information recorded
in the progress notes in the medical charts [19, 20].
Fever was defined as a temperature >38.3°C [19]. Sepsis
was defined according to the Third International Con-
sensus Definitions for Sepsis and Septic Shock [20]. The
standard protocols for antifungal and antibacterial ther-
apy during and after catheter removal were determined
empirically by the physician responsible for each patient
based on available microbial culture results.

IRINC was defined as the reinsertion of a new catheter
at a new site for continuous treatment within 24 h after
prompt CVC removal [10, 11]. In this study, IRINC was
defined as reinsertion within 24 h as opposed to delayed
or no reinsertion and was also considered a key manage-
ment strategy for CVC with suspected CRBSI [10]. The
CVC was promptly removed, and after 24 h of watchful
waiting, microbiological culture results were available.
Patients were defined as not undergoing IRINC if the
CVC was reinserted more than 24 h after removal or was
not reinserted at all.

CRBSI was defined according to the IDSA guidelines
as catheter tip colonization with the same phenotype of
microorganisms isolated from peripheral blood culture
[8, 10]. Colonization of the catheter tip was defined as
the presence of 15 or more colony-forming units on the
tip of the CVC [5]. An earlier systematic review showed
evidence supporting the use of catheter tip colonization
as a surrogate end point for CRBSI [21], but catheter tip
colonization does not reliably reflect treatment effects on
CRBSI and is consequently more suitable for surveillance
than for clinical effectiveness research [22]. Therefore,
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patients with CRBSI (n=158 [73.8%]) and patients with
catheter colonization (56 [26.2%]) confirmed by the
microbiological test results were included in the CRBSI
cohort in this study.

Primary and secondary outcome measures
The primary outcome of this study was 30-day mortality
after CVC removal in patients with suspected CRBSIL. We
used 30-day mortality as the primary outcome measure
because previous studies showed that CRBSIs were asso-
ciated with mortality, while mortality after 30 days was
considered less likely to be related to CRBSI [5, 10, 23].
The secondary outcome of this study was secondary
CRBSI after IRINC in patients with suspected CRBSIL
CRBSI is considered the leading cause of morbidity and
mortality among patients with CVCs [2, 3].

Study sample size
Given that this study was a hypothesis-driven exploratory
study, no attempt was made to estimate the necessary
sample size for the study. Instead, all eligible patients in
the research unit were enrolled to achieve the maximum
statistical power.

Statistical analysis

Propensity score matching was used to balance the dif-
ferences in baseline characteristics between patients who
underwent IRINC and those who did not. A propensity
score, the probability of undergoing IRINC, was esti-
mated using logistic regression based on ICU admission
demographics, comorbidity, physical/disease status, sus-
pected infection period CVC information, clinical symp-
toms, concurrent medication use, intervention, disease
status, and laboratory results. Propensity score match-
ing was implemented using a nearest-neighbour strategy
with a minimum caliper of 0.1 [24]. The caliper for the
matching was specified in the nearest-neighbour strat-
egy if the unspecified approach did not result in satis-
factory balance [25], or inverse probability weighting
was adopted to account for potential imbalanced factors
[26]. The ratio was one patient receiving no IRINC to
one matched patient receiving IRINC. The standardized
mean difference (SMD) was used to assess the balance of
baseline covariates between the non-IRINC and IRINC
groups in the matched cohort. An SMD of less than 0.10
indicated a good balance [24].

The 30-day mortality was evaluated using Kaplan—
Meier curve analysis and compared with a log-rank test.
To further validate the impacts of IRINC on 30-day mor-
tality, Cox proportional hazards regression was used to
compare the mortality of patients undergoing IRINC
and those not undergoing IRINC in a propensity score-
matched cohort, with robust sandwich estimates to
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account for the clustering within matched sets [27]. The
proportional hazards assumption was tested on the basis
of Schoenfeld residuals [28]. Finally, as a component of
the primary outcome, we assessed the association of
IRINC with subsequent mortality among patients in sub-
groups with and without CRBSI by building new propen-
sity scores and Cox models. In addition, to validate the
results of the propensity score matched cohort, we used a
competing risk survival model to identify risk factors for
the development of a secondary CRBSI (primary event)
in the propensity score-matched cohort, and for patients
without secondary CRBSI, death and discharge were
treated as competing events in the competing risk sur-
vival model [4].

Results

Study patients

A total of 1238 patients with CVC removal due to sus-
pected CRBSI were identified, including 877 (70.8%)
patients who underwent IRINC and 361 (29.2%) patients
who did not undergo IRINC from January 2009 through
April 2021 (Fig. 1). The mean age of the patients was
61.3 years (SD, 17.4), and 885 patients (71.5%) were men.
Table 1 shows the demographic and clinical characteris-
tics of the study patients before and after propensity score
matching. Patients who underwent IRINC had higher
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disease severity on admission, more severe clinical symp-
toms (fever, shock), more confirmed CRBSI, and more
severe organ failure (SOFA score, laboratory results) than
those who did not undergo IRINC. The covariates were
well balanced in the propensity score-matched cohort,
with all SMDs less than 10% (for the propensity score, see
Additional file 1: Figure S1).

Primary outcome

In the 682-patient propensity score-matched cohort,
76 deaths (22.3%) occurred in the IRINC group, and
51 (15.0%) occurred in the non-IRINC group. In
Kaplan—Meier analysis, IRINC was also associated with
an increased risk of 30-day mortality before match-
ing (P=0.00096 by the log-rank test, HR 1.662, 95%
CI 1.225 to 2.254) and after matching (P=0.018 by the
log-rank test, HR 1.532, 95% CI 1.075 to 2.185) (Fig. 2).
Figure 3 shows that after multivariable, multilevel adjust-
ment, IRINC was associated with an increased risk of
30-day mortality (76/341 [22.3%] vs. 51/341 [15.0%],
HR, 1.481; 95% CI, 1.028 to 2.134), which corresponded
to a 48.1% higher risk of death from IRINC than not.
Other risk factors for the development of 30-day mor-
tality included an APACHE II score> 16, renal insuffi-
ciency, a platelet count < 100,000 uL™!, and plasma total
bilirubin > 70 mmol/L.

150
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[ Death ] IRINC ] All patient —e— Rate of IRINC at Year - Rate of Death at IRINC

Probability
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2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Year

Fig. 1 Patient Distribution of the Study by Year, According to Number of Immediate Reinsertions of New Catheters (IRINCs) and Death. The red
curve shows the percentage of IRINCs prompted by suspected infections. The yellow curve shows the percentage of IRINC recipients who died
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Table 1 Baseline Characteristics of Patients Who Underwent Central Venous Catheter removal for Suspected Infection, According to
IRINC or not, before and after Propensity-Score-Matched

Characteristic Before Propensity Score Matching After Propensity Score Matching

NoIRINC(n=361) IRINC(n=877) SMD (%) NoIRINC(n=341) IRINC(n=341) SMD (%)

Admission
Female 112 (31.0) 241 (27.5) 7.8 102 (29.9) 96 (28.2) 39
Age, mean (SD) 59.34(17.70) 62.11(17.18) 159 59.91 (17.68) 59.57 (17.52) 20
Diagnostic 12.1 6.5
Medical 211 (58.4) 546 (62.3) 202 (59.2) 191 (56.0)
Surgical 106 (29.4) 211 (24.1) 96 (28.2) 104 (30.5)
Traumatology 44(12.2) 120 (13.7) 43 (12.6) 46 (13.5)
APACHE Il score, mean (SD) 18.58 (6.79) 20.88 (7.18) 329 1891 (6.71) 19.28 (6.46) 57
Chronic comorbidity
Chronic Obstructive Pulmonary Disease 8(7.8) 102 (11.6) 13.1 28(8.2) 26 (7.6) 22
Diabetes Mellitus 67 (18.6) 161 (184) 0.5 62(18.2) 56 (16.4) 4.7
Malignancy 6(10.0) 89 (10.1) 0.6 34(10.0) 38(11.1) 38
Renal insufficiency 69 (19.1) 143 (16.3) 74 63 (18.5) 66 (19.4) 22
CVC removed day with suspected CRBSI
Treatment Interventions
Vasoconstrictor Agents 167 (46.3) 481 (54.8) 17.2 159 (46.6) 168 (49.3) 53
Corticosteroids 66 (18.3) 149 (17.0) 34 63(18.5) 56 (16.4) 54
Anticoagulant 106 (29.4) 291(33.2) 8.2 99 (29.0) 97 (28.4) 13
Antibiotics 252 (69.8) 658 (75.0) 1.7 237 (69.5) 232 (68.0) 32
Renal replacement therapy 122 (33.8) 280 (31.9) 40 115(33.7) 108 (31.7) 44
Mechanical ventilation 217 (60.1) 559 (63.7) 7.5 205 (60.1) 201 (58.9) 24
Catheter information
Site 16.8 43
Jugular 203 (56.2) 510 (58.2) 193 (56.6) 188 (55.1)
Subclavian 79 (219 229 (26.1) 78 (22.9) 77 (22.6)
Femoral 79 (219 138 (15.7) 70 (20.5) 76 (22.3)
Catheter-days, days 9.06 (4.92) 945 (4.93) 8.0 9.13(4.95) 9.60 (5.13) 94
Clinical symptoms and status
Temperature, mean (SD) 38.22 (0.84) 38.38(0.81) 19.2 38.24(0.84) 38.19(0.82) 6.0
Mean Arterial Pressure, mean (SD) 81.70(17.99) 77.63 (16.20) 238 81.10(17.51) 80.52 (16.83) 34
SOFA, mean (SD) 10.17 (3.38) 10.99 (3.80) 230 10.23 (3.40) 10.16 (3.62) 2.1
Acute Respiratory Distress Syndrome 64 (17.7) 122 (13.9) 10.5 56 (16.4) 60 (17.6) 3.1
Catheter-related bloodstream infections 46 (12.7) 168 (19.2) 176 45(13.2) 40 (11.7) 44
Laboratory results, mean (SD)
Blood glucose level, mmol/L 993 (3.74) 1042 (3.79) 13.1 10.00 (3.79) 9.76 (3.49) 6.7
Leukocyte Count, x 10%/L 13.92 (7.25) 14.86 (8.31) 120 14.07 (7.32) 13.96 (7.18) 15
Neutrophils, x 10%/L 11.68 (7.51) 1249 (7.87) 10.5 11.83 (7.63) 11.52 (6.06) 45
Plasma procalcitonin, ug/L 6.24 (44.49) 6.03 (14.40) 0.6 4.08 (11.30) 5.08 (13.00) 8.2
Creatinine, umol/L 145.73 (147.18) 146.57 (135.23) 0.6 147.58 (148.19) 139.71(13922) 55
Activated Partial Thromboplastin Time, seconds 41.60 (15.66) 40.15 (20.73) 79 41.77 (16.05) 41.25(22.07) 2.7
International Normalized Ratio 1.26 (1.00) 1.34(0.76) 8.6 1.27 (1.03) 1.34 (0.80) 6.9
Platelet, x 10%/L 203.83 (144.12) 18436 (120.54) 147 199.67 (143.41) 19558 (118.79) 3.1
Plasma total bilirubin, pmol/L 34.82 (66.65) 38.39(63.39) 55 3359 (64.13) 32.09 (50.53) 2.6
PaO,, mmHg 113.40 (36.44) 109.05 (38.17) 11.6 12.87 (36.82) 113.55(42.18) 1.7
Lactic acid, mmol/L 2.05(2.25) 2.19(291) 54 2.06(2.31) 2.04 (2.98) 1.0

IRNIC, Immediate Reinsertion of New Catheters; SD: Standard Deviation; SMD, Standardized Mean Difference; APACHE, Acute Physiology and Chronic Health
Evaluation; SOFA, Sepsis-related Organ Failure Assessment; PaO,, Partial Pressure of Oxygen
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Fig. 2 Cumulative Risks of 30-day Mortality Before and After Propensity Score-Matching. All reported P values were obtained from the log-rank
test. Kaplan—-Meier curve analysis, according to IRINC or no IRINC, with subgroups defined by CRBSI or no CRBSI before and after propensity score
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According to the results of this study (HR=1.481), we
retrospectively calculated the power value and found that
it could reach 80% when the sample size of each group
was 150 and 90% when the sample size of each group
was 200. At present, the power has reached 99% in each
group of 342, indicating that the sample size of this study
is sufficient.

Secondary outcome

For the secondary outcome, of 877 patients 30 days
after IRINC, 40 patients (4.6%) experienced second-
ary CRBSI, 253 patients (28.8%) died without secondary
CRBSI, 447 patients (51.0%) were discharged without
secondary CRBSI, and 137 patients (15.6%) without sec-
ondary CRBSI did not have a known discharge location
(see Additional file 5: Table S2). The competing risks
analysis was similar to the results of the propensity
score-matched analysis. The 30-day death risk remained
higher in the IRINC group than in the non-IRINC group
among patients without secondary CRBSI after adjust-
ment for adjuvant intervention (HR, 1.52; 95% CI 1.13 to
2.04; P=0.0056) (see Additional file 2: Figure S2). Finally,
the attributable mortality risk of bloodstream infection
in patients with suspected CRBSI was not significantly

increased (HR, 1.081; 95% CI 0.964 to 1.213) over 30 days
in the entire cohort based on Cox proportional hazards
models (Table 2).

Sensitivity and subgroup analyses

After propensity score matching, we found that patients
with CRBSI who did not undergo IRINC were similar
to those who underwent IRINC in terms of causative
pathogens and disease severity (see Additional file 5:
Tables S3, S4 and S5). In the IRINC group and the non-
IRINC group for causative pathogens, the rates of infec-
tion with gram-negative microorganisms were 51.1%
(23/45) and 37.5% (15/40) (odds ratios 1.363, 95% CI
0.834-2.228), the prevalence rates of infection with
gram-positive microorganisms were 26.7% (12/45) and
35.0% (14/40) (odds ratios 0.762, 95% CI 0.401-1.449),
and the prevalence rates of infection with fungal micro-
organisms were 24.4% (11/45) and 24.4% (11/40) (odds
ratios 0.889, 95% CI 0.433-1.824), respectively. Patients
in the two groups (with and without CRBSI) were clas-
sified into two subgroups according to whether IRINC
was performed (IRINC and non-IRINC). In Kaplan—
Meier analysis (Fig. 2), for patients with CRBSI, we did
not find significant differences between the IRINC group



Zhong et al. Annals of Intensive Care (2022) 12:38 Page 7 of 11
Risk factors Hazard ratio (95% CI) P-Value
IRINC No (N=341) 1 [Reference] | |

Yes (N=341) 1481 (1.028 — 2.134) — - 00348
Sex Male (N=484) 1 [Reference] [ |

Female (N=198) 0.809 (0.521 — 1.256) — . b
Age, year, mean (standard deviation) (N=682) 1.023 (1.009 — 1.036) | | <0.0001
Diagnostic Medical (N=393) 1 [Reference] [ ]

Surgical (N=200) 0.486 (0.297 - 0.795) —_— . 0.0041

Traumatology (N=89) 0.911 (0455 ~ 1.823) - 0.7925
APACHE Il score, quarile 1(<15) (N=171) 1 [Reference] n

2(15-20) (N=243) 2418 (1316 — 4.440) i ] 0.0044

3(21-25) (N=158) 1.989 (1.023 — 3.866) L 0.0427

4(26-51) (N=110) 2.136 (1.047 — 4.359) L 0.0370
Chronic Obstructive Pulmonary Disease No (N=628) 1 [Reference] n

Yes (N=54) 0.508 (0242 ~ 1.066) ] - 0.0733
Diabetes Mellitus No (N=564) 1 [Reference]

Yes (N=118) 0.968 (0.594 ~ 1.578) 0.8967
Malignancy No (N=610) 1 [Reference]

Yes (N=72) 1058 (0.576 — 1.943) 0.8561
Renal Insufficiency No (N=553) 1 [Reference]

Yes (N=129) 1.801 (1.137 - 2.853) 0.0121
Vasoconstrictor Agents No (N=355) 1 [Reference]

Yes (N=327) 0.804 (0518 -~ 1.246) 03283
Corticosteroids No (N=563) 1 [Reference]

Yes (N=119) 1.491(0.922 - 2.409) 0.1031
Anticoagulant No (N=486) 1 [Reference]

Yes (N=196) 1113 (0.744 — 1.667) 0.6017
Antibiotics No (N=213) 1 [Reference]

Yes (N-469) 1320 (0.847 - 2.055) 02196
Renal Replacement Therapy No (N=459) 1 [Reference]

Yes (N=223) 0.785 (0.505 — 1.221) 02825
Mechanical Ventilation No (N=276) 1 [Reference]

Yes (N=406) 1422 (0.941 - 2.150) 0.0947
Insertion Site of Catheter Jugular (N=381) 1 [Reference]

Subelavian (N=155) 1348 (0.852 — 2.133) 0.2026

Femoral (N=146) 1.101 (0.685 — 1.769) 0.6923
Temperature, °C <383 (N=357) 1 [Reference]

>38.3 (N=325) 0.995 (0.677 — 1.462) 0.9793
Mean Arterial Pressure, mmHg > 70 (N=519) 1 [Reference]

<70 (N=163) 1269 (0.837 - 1.923) 02623
SOFA score, quartile 1(<8) (N=156) 1 [Reference]

2 (8-10) (N=224) 1255 (0.682 - 2.311) : 0.4655

3 (11-13) (N=137) 1.318 (0.685 — 2.535) 3 0.4083

4(14-24) (N=165) 1,630 (0.854 — 3.189) 0.1360
Acute Respiratory Distress Syndrome No (N=566) 1 [Reference] [ |

Yes (N=116) 0.804 (0.479 — 1.350) L : 0.4091
Catheter-related bloodstream infections No (N=597) 1 [Reference] | ]

Yes (N=85) 0.964(0.520 - 1.784) = 0.9059
Blood glucose level, mmol/L <7.7(N=212) 1 [Reference] u

> 7.7 (N=470) 0.700 (0.454 ~ 1.079) —_— . 0.1064
Leukocyte Count, x10%L <12 (N=302) 1 [Reference] [ ]

> 12 (N=380) 1391 (0.894 - 2.163) D 0.1438
Neutrophils, x10%L <13.7 (N=486) 1 [Reference] ]

>13.7 (N=196) 0.958(0.611 — 1.502) —_—.— 0.8516
Plasma procalcitonin, ug/L <0.5 (N=241) 1 [Reference] [ |

>0.5 (N=441) 1.212 (0.765 — 1.922) —_— . 04129
Creatinine, umol/L <133 (N=450) 1 [Reference] u

> 133 (N=232) 1236 (0.810 - 1.888) —_— . 0.3259
Activated Partial Thromboplastin Time, (s) <60 (N=622) 1 [Reference] [ ]

> 60 (N=60) 1.312(0.752 - 2.287) : L 0.3390
International Normalized Ratio < 1.5 (N=583) 1 [Reference] n

> 1.5 (N=99) 1.049(0.653 — 1.683) —_—— 0.8444
Platelet, x10°/L > 100 (N=509) 1 [Reference] [ |

<100 (N=173) 1.696 (1.109 - 2.593) —_—.-— 0.0147
Plasma total bilirubin, umol/L <70 (N=628) 1 [Reference] ]

> 70 (N=54) 2.414 (1390 - 4.190) 3 0.0017
Pa02, mmHg <100 (N=286) 1 [Reference] [}

> 100 (N=396) 0.869 (0.596 — 1.266) — 0.4640
Lactic acid, mmol/L < LO(N=119) 1 [Reference] u

> 1.0 (N=563) 0.923 (0.556 — 1.533) L 0.7571

0.2 0.5 1 2 5

Fig. 3 Multivariate Cox Proportional Hazards Regression Was Used to Estimate the 30-day Mortality Risk in a Propensity Score-Matched Cohort.
APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure Assessment

and the non-IRINC group before matching (P=0.63 by ~ with Kaplan—Meier curve analysis based on new pro-
the log-rank test, HR 1.210, 95% CI 0.560 to 2.613) or  pensity scores constructed for subgroups with or with-
after matching (P=0.97 by the log-rank test, HR 0.939, out CRBSI (see Additional file 5: Tables S6 and S7, and
95% CI 0.368 to 2.392), and the results were consistent Additional file 3: Figures S3 and Additional file 4: Figure
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Table 2 Sensitivity and subgroup analyses of incidence and population-attributable mortality fraction of immediate reinsertion of

new catheters (IRINC) in patients @

Characteristic Suspected (n=1238) IRINC (n=877) Death (n=202) Day 30-Attributable Mortality P-value
Hazard Ratios (95% Cl)
Cause ®
Bloodstream Infection, n (%) 298 (24.1) 232 (26.4) 52 (25.7) 1.081 (0.964-1.213) 0.184
Pneumonia, n (%) 603 (48.7) 433 (49.4) 109 (54.0) 1.128 (1.031-1.233) 0.008
Other Infection, n (%) 337(27.2) 212 (24.2) 41 (20.3) 1.690 (0.928-3.076) 0.086
Year ©
2009-2016, n (%) 695 (56.1) 582 (66.4) 131 (64.9) 1.100 (1.040-1.163) 0.001
2017-2021, n (%) 543 (43.9) 295 (33.6) 71(35.1) 1.213 (1.049-1.402) 0.009

2 A population-attributable mortality fraction base on Cox proportional hazards models, which using the same covariable, we attempt to evaluate the proportion of

cases of deaths that could be prevented if the influence of IRINC was removed

b Bloodstream infection as a stratification variable including catheter-related bloodstream infection and bacteremia without catheter colonization, regardless of
complications with or without other infections; Pneumonia as a stratification variable only was confirmed pneumonia in patients without combined other infections;
Other infection as a stratification variable including fewer cases of infection and an unknown source of infection

€ 2009-2016 as a stratification variable because it is the rate of IRINC more than 70%, or 2017-2021 as a stratification variable because it is the rate of IRINC less than

70%, to identify the risk of attributable mortality

S4). However, for patients without CRBSI (Fig. 2), IRINC
was associated with an increased risk of 30-day mortal-
ity before matching (P=0.00065 by the log-rank test,
HR 1.768, 95% CI 1.269 to 2.464) and after matching
(P=0.013 by the log-rank test, HR 1.611, 95% CI 1.105
to 2.349).

Discussion

Interestingly, we found that IRINC was associated with
increased 30-day mortality in patients after prompt cath-
eter removal due to suspected CRBSI, which was con-
sistent across several analytic approaches and robust to
multiple sensitivity analyses. This association was appar-
ent regardless of physical/disease status, ICU admis-
sion, comorbidities, treatment interventions, clinical
symptoms, disease severity with suspected infection, or
causative pathogens in CRBSI. However, in subgroups of
patients with CRBSI, there was no significant difference
in the 30-day mortality rate between patients with and
without IRINC.

The association between IRINC and an increased risk
of 30-day mortality that was observed in the patient-
level analysis could be due to the selection of patients
or to unmeasured confounding factors, as patients who
are evenly matched for the causative pathogens can still
have significant adverse outcomes depending on what the
offending agent is. For example, antibiotic use guided by
inflammatory variables did not result in a reduced use
of antibiotics compared with usual care among patients
with suspected infection [29]. Some specific antibiotic
agents have been found not to reduce mortality at 28 days
without microbial sensitivity tests [30]. In addition, pro-
pensity score matching to balance antibiotics by use

(types >2) or not (types <2) may reduce antibiotic selec-
tion pressure without a negative impact on mortality, and
an expert statement recommends de-escalation from a
broad-spectrum to a narrow-spectrum antimicrobial
[9]. Similar, perhaps, to unmeasured confounding factors
is the use of vasoconstrictor agents [31], corticosteroids
[32], anticoagulants [33], renal replacement therapy [34],
and mechanical ventilation [35]. Finally, the competing
risk analysis confirmed that the results of the propensity
score-matched analysis were not subject to patient selec-
tion bias.

The decision about whether to recommend immediate
or later CVC removal in this population is controversial
because source control by immediate removal of sus-
pected intravascular catheters is always urgent in patients
with septic shock [5, 9, 11, 15]. Moreover, a prospec-
tive observational study conducted in 18 ICUs in Spain
showed that patients with immediate CVC removal had a
higher rate of 30-day mortality than those with later CVC
removal in suspected CRBSI [5]. However, they did not
evaluate the association of reinsertion of new catheters
and mortality, which may underlie the risk of iatrogenic
injuries, because rigorous quality-controlled randomized
controlled trials in France showed that the rate of blood-
stream infection was 0.5% to 1.2% (averaging 1.0%), the
rate of mechanical complications was 0.7% to 2.1% (aver-
aging 1.4%), and the rate of deep-vein thrombosis was
0.5% to 1.4% (averaging 0.9%), varying according to the
insertion site [13]. A control study demonstrated that
CVC was a more significant exposure for a composite
of mortality than midline catheters [36]. We attempted
to maximize the benefit to patients by considering the
serious consequences of CRBSI. In reality, the evidence
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from our data and other previous reports has supported
the idea that watchful waiting may be more reasonable
than CVC removal and IRINC in patients with suspected
CRBSI [5], which is a clinical practice recommended by
the IDSA [10].

For patients with CRBSI in the subgroup, we did not
find that mortality was higher in patients with IRINC
than in those with delayed replacement or no replace-
ment of the catheter. One can argue that the sample size
of the patients with CRBSI who did not undergo IRINC
was relatively small, as there were only 42 deaths, which
may mean that the mortality analysis had limited power
to detect a between-group difference. However, the
hazard ratio that we observed was similar to that of all
patients. Theoretically, CVC removal and reinsertion can
remove the source of infection. In fact, CVC removal and
reinsertion increase the risks of catheter recolonization
and introduce other risks of complications [13, 16]. It
has been reported that prompt CVC removal may not be
necessary for all patients [5]. In addition, this study could
not identify a certain proportion of catheter colonization
after bacteraemia in all patients with CRBSI. We used
bloodstream infections in general as an independent risk
factor for attributed mortality risk in the subgroup and
sensitivity analyses. These bloodstream infections may
be associated with a good prognosis compared to other
infections, and we may have overestimated the mortal-
ity risk of CRBSI among all patients with sepsis [4, 6, 7].
However, given that this study was an exploratory study
based on hypotheses and that this association was appar-
ent, we need to be cautious because of the risk of a lack
of a causal relationship due to the inherent limitations of
the observational study. Therefore, this association can
inform future clinical trials seeking to prevent insertion
complications with mortality as an end point, as they
can be avoided in the great majority of cases [9] by pre-
venting unnecessary catheter removals [5, 17] and fre-
quent changes and reinsertion of catheters in critically ill
patients.

A major limitation of the present study is our inabil-
ity to explain why IRINC was associated with increased
30-day mortality based on clinical data regarding related
complications. Previous studies have shown that unnec-
essary catheter removal is common [1, 5, 7], although
routine replacement of CVCs has not been recom-
mended in international clinical guidelines to prevent
CRBSI [8, 9, 37]. A recent systematic review reported
that catheter removal and reinsertion may be associated
with discomfort, complication risks, and possible disrup-
tion or delay in the administration of other treatments
to critically ill patients [11]. Additionally, there was an
increase in the number of complications related to the
insertion and use of intravascular catheters [13, 38].
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Therefore, CVC insertion was a significant risk factor for
a series of catheter-related complications, including high
symptom burden [16, 36], secondary infection [4], severe
injurious complications [13, 39], and other associated
harms (e.g., air embolisms, dislodgement of thrombi,
haemorrhage/bruising and arterial complications) [40—
42]. Although ultrasound-guided CVC placement can
easily be performed with training and it is recommended
that subclavian venous catheters be inserted with ultra-
sound guidance to decrease the mechanical complication
rate, the superiority of this strategy over another cannot
be clearly demonstrated [37]. Unfortunately, our study
did not provide data on the use of ultrasound guidance
and related complications in each patient with IRINC.
Therefore, this issue may need to be approached with
caution, as unmeasured variables may have an impact on
the outcome.

Another limitation of this study, as a single-centre
cohort study, was that it used data covering a period of
more than 12 years, and many clinical practices can pos-
sibly change in terms of care for CVC over such a long
period. In addition, the exclusion of patients without
catheter tip culture may mean that this cohort might not
be sufficiently representative of real-world clinical prac-
tice. However, since 2009, our medical team has adhered
to the guidelines that catheter cultures are not routinely
obtained for all patients with CVC replacements [10];
therefore, this study population is deemed homogene-
ous and uniform over the study period. A homogeneous
sample may be more important than representativeness,
and it is possible to generalize trial results to target popu-
lations even in the absence of representative data on the
target population using a single-centre study [43]. Finally,
we acknowledge that the positivity assumption required
for using counterfactual methods such as propensity
score might not be verified in some cases. Although most
of ICU patients require a CVC during their stay in the
ICU, the indication for IRINC or not is complex and very
dependent of the physician in charge of the patient.

Conclusions

In this cohort study, IRINC was associated with higher
30-day mortality compared to delayed CVC or no CVC
among patients with suspected CRBSI. A large-sam-
ple randomized controlled trial is needed to define the
best management for CVC in cases of suspected CRBSI
because IRINC may also be associated with noninfec-
tious complications.
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