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Abstract

Background The anatomic site for central venous catheter insertion influences the risk of central venous catheter-
related intravascular complications. We developed and validated a predictive score of required catheter dwell time to
identify critically ill patients at higher risk of intravascular complications.

Methods We retrospectively conducted a cohort study from three multicenter randomized controlled trials enroll-
ing consecutive patients requiring central venous catheterization. The primary outcome was the required catheter
dwell time, defined as the period between the first catheter insertion and removal of the last catheter for absence

of utility. Predictors were identified in the training cohort (3SITES trial; 2336 patients) through multivariable analyses
based on the subdistribution hazard function accounting for death as a competing event. Internal validation was per-
formed in the training cohort by 500 bootstraps to derive the CVC-IN score from robust risk factors. External validation
of the CVC-IN score were performed in the testing cohort (CLEAN, and DRESSING?2; 2371 patients).

Results The analysis was restricted to patients requiring mechanical ventilation to comply with model assumptions.
Immunosuppression (2 points), high creatinine > 100 micromol/L (2 points), use of vasopressor (1 point), obesity (1
point) and older age (40-59, 1 point; > 60, 2 points) were independently associated with the required catheter dwell
time. At day 28, area under the ROC curve for the CVC-IN score was 0.69, 95% confidence interval (Cl) [0.66-0.72] in
the training cohort and 0.64, 95% CI [0.61-0.66] in the testing cohort. Patients with a CVC-IN score >4 in the overall
cohort had a median required catheter dwell time of 24 days (versus 11 days for CVC-IN score <4 points). The positive
predictive value of a CVC-IN score >4 was 76.9% for > 7 days required catheter dwell time in the testing cohort.

Conclusion The CVC-IN score, which can be used for the first catheter, had a modest ability to discriminate required
catheter dwell time. Nevertheless, preference of the subclavian site may contribute to limit the risk of intravascular
complications, in particular among ventilated patients with high CVC-IN score.
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Background

Short-term central venous catheters (CVC) are essential
in the management of patients admitted to an Intensive
Care Unit (ICU). Unfortunately, their use is responsible
for complications, with a peak incidence at the time of
insertion.

Ultrasound-guided internal jugular vein (IJV) insertion
is easy to learn and safe with a low incidence of mechani-
cal complications [1-3]. Therefore, it has become a
standard of care in many ICUs for temporary central
venous access (CVA) [4]. Compared to subclavian vein
(SCV), IJV insertion is associated with a higher risk
of intravascular complications [5], including catheter-
related infection (CRI) [6, 7] and deep vein thrombosis
(DVT). Noteworthy, the new SHEA/IDSA/APIC Com-
pendium considered the SCV site preferable for CVC
insertion in the intensive care setting to reduce infectious
complications [8].

Which patients could benefit the most from a SCV site
preference to reduce the risk of catheter-related blood-
stream infection and symptomatic deep-venous throm-
bosis? In this context, the expected catheter dwell time is
important because the risk of catheter-related intravascu-
lar complication associated with femoral or IJV is cumu-
lative as the CVC exposure increases [9, 10], whereas the
risk of mechanical complications associated with SCV, in
particular pneumothorax, is mostly considered interven-
tional. Moreover, the catheter dwell time is uncertain at
the time of CVC insertion. For example, the correlation
between estimated and actual CVC time by intensivists
was low (R?=0.07) in a prospective cohort of 200 criti-
cally ill patients [11].

In order to guide optimal site selection, we studied the
required catheter dwell time based on clinical character-
istics available at CVC insertion to develop the CVC-IN
score.

Methods

Study design

This report complies with the TRIPOD statement [12].
In this post hoc analysis, we used three completed multi-
center randomized controlled trials (RCT) with prospec-
tively collected databases. The 3SITES study [5], which
investigated the impact of the anatomical insertion site
on mechanical and intravascular catheter complications,
was readily available to the corresponding author and
therefore served as training cohort, for convenience. Sub-
sequently, we used the CLEAN and DRESSING?2 studies,

which investigated different prevention strategies on the
incidence of CR], as testing cohort for external validation
[13, 14].

Study patients and catheters

Inclusion criteria slightly differed between the studies
and are detailed in Additional file 1: Annex 1. All patients
were adults requiring catheterization from a new veni-
puncture in the ICU. Data for more than one catheter per
patient were allowed in the three studies. Regarding the
current study, only CVCs were considered with exclusion
of arterial catheters and dialysis catheters. Patients with
unknown catheter dwell time or for which the catheter
was not inserted after randomization were also excluded.

Outcome and definitions

Patients were followed until day 28, ICU discharge, or
death. The primary outcome was the required catheter
dwell time at day 28, defined as the time from insertion
of the first CVC to removal of the last CVC for absence
of further utility. The decision of removal for absence
of further utility was made independently by the physi-
cians caring for each patient. Patients for whom the cath-
eter was removed for other or unknown reasons without
subsequent reinsertion of a new catheter were censored.
Other possible reasons for catheter removal included:
suspected CRI, accidental or systematic removal and
catheter dysfunction. Patients with a required catheter
dwell time>28 days were censored at day 28. Patients
discharged with their catheter were censored at the time
of ICU discharge.

Some patients had several successive catheteriza-
tion episodes during the ICU stay. In this situation, the
respective dwell times of each catheter were summed up,
until removal due to absence of further utility to calculate
the required catheter dwell time. If reinsertion of a new
catheter occurred more than 72 h after previous catheter
removal, the patient was censored at the time of catheter
removal, and the subsequent catheterization episode was
not considered (Additional file 1: Figure S1).

Statistical analysis

The unit of analysis was the patient. No computation
of sample size was performed a priori. Baseline char-
acteristics of the patients were described using num-
bers (percentages) for categorical variables, and median
[inter-quartile range (IQR)] for quantitative variables.
The statistical analysis plan had four steps, detailed in the
Additional file 1: Annex 2. The number of observations
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with missing data was low and the imputation strategy is
described in the Additional file 1: Annex 2.

We identified independent factors associated with
required catheter dwell time at day 28 from univariable
and multivariable Fine and Gray subdistribution-hazard
models to account for death as a competing event in the
training cohort [15] as recommended [16]. All variables
included in the model were available at catheter inser-
tion. The proportional hazard (PH) assumption was
assessed graphically by plotting the Schoenfeld residu-
als (Additional file 1: Figure S2) [17]. Invasive mechani-
cal ventilation (MV) did not verify the PH assumption,
thus only patients requiring MV were analyzed. Then,
we assessed internal validity by resampling methods to
retain only robust risk factors and to estimate their coef-
ficients to correct for over optimism [18]. Based on the
strength of their association with the required catheter
dwell time at day 28, we derived a points-based score
(called “CVC-IN”), with a higher value signifying longer
time to catheter removal for absence of further utility
(Additional file 1: Annex 3) [19]. The external validity of
the CVC-IN score was assessed in the testing cohort. In
both cohorts, the discrimination was assessed using the
area under 28-day time-dependent receiving operator
characteristics (ROC) curves. Calibration was assessed in
the testing cohort by the Brier score, with a value of 0.25

Training cohort

3-SITES
3,028 patients

49 patients with unknown
catheter indwell time

——

v

2,979 patients

—> 643 unventilated patients

2,336 patients enrolled

1,309 (56.0 %) catheter free at day 28
446 (19.1 %) censored
581 (24.9 %) deceased
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indicating poor calibration [20, 21]. The CVC-IN score
was dichotomized as “low” and “high” categories using
the median value in the training cohort as threshold, and
sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) were calculated [22].
Cumulative incidence functions curves were stratified by
the dichotomized CVC-in score in the training and test-
ing cohorts, and in the overall cohort.

We performed several sensitivity analyses in the train-
ing cohort. The first replicated the main analysis for the
first catheter of each patient. The second replicated the
main analysis for all the catheters inserted until day 28,
regardless of the time between catheter removal and
reinsertion of a new catheter. Finally, we conducted uni-
variable and multivariable Cox models for death and
catheter removal for absence of further utility, to obtain
cause-specific hazard ratios for each event.

All analyses were performed with SAS software V9.4
(SAS Institute, NC, Cary), and R software (R Foundation
for Statistical Computing, Vienna, Austria).

Results

Patients characteristic

We included 2336 patients in the training cohort, after
exclusion of 49 patients with unknown catheter dwell
time and 643 non-ventilated patients (Fig. 1). Baseline

Testing cohort

CLEAN
2,349 patients

DRESSING2
1,879 patients

> 348 non-CVC patients [T 659 non-CVC patients

1,531 patients

I |

— 850 unventilated patients

1,690 patients

2,371 patients enrolled

1,257 (53.0 %) catheter free at day 28
404 (17.0 %) censored
710 (30.0 %) deceased

I

4,707 patients enrolled

2,566 (54.5 %) catheter free at day 28
850 (18.1 %) censored
1,291 (27.4 %) deceased

Fig. 1 Flowchart
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characteristics are presented in Table 1. Most patients
were male (65.5%) with a median age of 63 years. 498
(21.3%) patients had a body mass index (BMI) > 30 kg/
m? and 460 (19.7%) had diabetes. Data concerning BMI
were missing for 173 (7.4%) patients, and data concern-
ing a past medical history of diabetes were missing for
253 (10.8%) patients. 244 (10.5%) patients had a past
medical history of either solid or hematological malig-
nancy or Human Immunodeficiency Virus (HIV) infec-
tion and were considered as immunocompromised. The
median Simplified Acute Physiology Score (SAPS) II
was 57, and 1455 (69.8%) patients required vasopres-
sors at admission. Data concerning vasopressors were
missing for 250 (10.7%) patients. 1093 (46.8%) patients
had baseline creatinine levels > 100 pmol/L.

We included 2371 patients in the testing cohort
after exclusion of 850 non-ventilated patients (Fig. 1).
Patients were mostly male (67.0%) with a median age
of 64 years. 622 (26.3%) patients had a BMI > 30 kg/m?
and 146 (6.2%) had diabetes. BMI was missing for 213
(9.0%) patients. 238 (10.0%) patients were immunocom-
promised. The median SAPS II was 57 and 1292 (54.5%)
patients required vasopressors. After imputation, 1131
(47.7%) patients were considered as having creatinine
levels > 100 pmol/L at baseline.

Table 1 Baseline characteristics of patients in the training and
testing cohorts

Patients characteristics Training cohort Testing cohort

n=2336 n=2371
Male, n (%) 1530 (65.5) 1589 (67.0)
Age, median [IQR] 63 [52-75] 64 [53-74]
<40 years, n (%) 203 (8.7) 218(9.2)
40-59 years, n (%) 774 (33.1) 700 (29.5)
60-69 years, n (%) 538(23.0) 586 (24.7)
70-74 years, n (%) 253 (10.8) 277 (11.7)
75-80 years, n (%) 248 (10.6) 284 (12.0)
>80 years, n (%) 320(13.7) 306 (12.9)
Diabetes, n (%) 460 (19.7) 146 (6.2)
BMI%, median [IQR] 257 [22.5-29.3] 26.91[23.1-30.2]
Obesity3/ n (%) 498 (21.3) 622 (26.3)
Immunosuppression, n (%) 244 (10.5) 238 (10.0)
Body temperature > 39 °C 125 (54)
SAPS2', median [IQR] 57 [45-72] 57 [43-72]
Vasopressors use, n (%) 1455 (69.8) 1292 (54.5)
Creatinine> 100 uM, n (%) 1093 (46.8) 1131 (47.7)

1 SAPS2 Simplified Acute Physiology Score
2 BMI body mass index
3 BMI > 30 kg/m?
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Outcomes

In the training cohort, 277 (11.9%) patients had sev-
eral CVCs inserted during their stay (Additional file 1:
Table S1). The median catheter dwell time was 6 days
(IQR [3-10]). At day 28, 1309 (56.0%) patients were
catheter-free, 581 (24.9%) died and 446 (19.1%) were cen-
sored. 82 (3.5%) patients were discharged with their cath-
eter and censored at ICU discharge.

In the testing cohort, 382 (16.1%) patients had sev-
eral CVCs inserted during their stay (Additional file 1:
Table S1). The median catheter dwell time was 7 days
(IQR [3-13]). At day 28, 1257 (53.0%) patients were
catheter-free, 710 (30.0%) died and 404 (17.0%) were cen-
sored. 56 (2.4%) patients were discharged with their cath-
eter and censored at ICU discharge.

Development of the CVC-IN score
On univariable analysis, gender (male), age, obesity, dia-
betes, immunosuppression, creatinine>100 umol/L
and vasopressors were associated with required cath-
eter dwell time at day 28, as shown in Table 2. No evi-
dence of multi-colinearity was observed (Additional
file 1: Table S2) and all risk factors were introduced in
the multivariable model. After backward and forward
selection, age, obesity, immunosuppression, creati-
nine>100 pumol/L and vasopressors were independently
associated with required catheter dwell time at day 28
(Table 2). The same analysis in a five-time imputed data-
set gave similar results (Additional file 1: Table S3).
Based on 500-time repetitions of the multivari-
able model in bootstrap samples and subsamples, the
five risk factors were considered robust (Additional
file 1: Table S4). To derive the CVC-IN score as a sim-
ple points-based score, points were attached to the risk
factors according to their bootstrapped coefficients. Age
accounted for 0 point if <40 years, 1 point if 40-59 years,
and 2 points if>60 years. Obesity and vasopressors
accounted for 1 point, while immunosuppression and
creatinine >100 pumol/L accounted for 2 points. The
CVC-IN score ranged from 0 to 8 points. Using its
median value as threshold, the CVC-IN score was con-
sidered “high” if >4 points and “low” if <4 points. In the
training cohort, the area under the 28-day ROC curve
(AUC) was 0.69, 95% CI [0.66-0.72] (Fig. 2). The sensi-
tivity, specificity, PPV and NPV for a CVC-IN score >4
are displayed in Table 3, for different time horizons. The
cumulative incidence of catheter removal for absence
of further utility and death is displayed in Additional
file 1: Figure S3. While the cumulative incidence of cath-
eter removal for absence of further utility was higher
for patients with a “low” CVC-IN score, the cumulative
incidence of death was higher for patients with a “high”
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Table 2 Univariable and multivariable subdistribution hazard models for time to catheter removal for absence of further utility in the
training cohort (n=2336)

Risk factors Univariable analysis Multivariable analysis

95% CI?

HR' 95% CI? p-value Adjusted HR' p-value
Male 0.87 [0.79-0.97] 0.014
Age <0.001* <0.007*
<40 years 1 - - 1 - -
40-59 years 0.65 [0.54-0.78] <0.001 0.70 [0.58-0.85] <0.001
60-69 years 0.54 [0.44-0.66] <0.001 0.63 [0.51-0.77] <0.001
70-74 years 049 [0.39-0.62] <0.001 0.58 [0.46-0.74] <0.001
75-80 years 045 [O 36-0.57] <0.001 0.56 [0.44-0.71] <0.001
>80 years 0.51 [0.41-0.63] <0.001 0.62 [0.50-0.78] <0.001
Body temperature > 39 °C 0.94 [O 76-1.17] 0.60
Diabetes 0.78 [0.68-0. 90] <0.001 - - -
Obesity? 0.84 [0.74-0.95] 0.006 0.85 [0.75-0.96] 0.012
Vasopressors use 0.70 [O 63-0.78] <0.001 0.78 [0.70-0.87] <0.001
Immunosuppression 0.62 [0.51-0.75] <0.001 0.64 [0.52-0.77] <0.001
Creatinine> 100 pmol/L 0.59 [0.53— 066} <0.001 0.66 [0.59-0.74] <0.001
! HR hazard ratio: values < 1 reflect longer catheter dwell time
2 Cl confidence interval
3 Body mass index > 30 kg/m?
*p-value is for type Ill effect
Bold values denote statistical significance
A 2 B = C 100 % -
S © /]
75% - I
2 27 g 27 : el
3 s =
m%%g
S , AUC = 0.69 ; 95% CI [0.66-0.72] ey AUC = 0.64 ; 95% CI [0.61-0.66] Brier Score = 0.20 ; 95% CI [0.19-0.21]
R g7 0% =
O|D 0'2 0]4 016 0‘8 1‘0 DIO 0!2 0!4 0!6 O!B 1!0 OL& 25‘% 50'% 75'% 10(')%

1-Specificity 1-Specificity Predicted risk

Fig. 2 Receiver operating characteristics curves for the CVC-IN score in the a training and b testing cohorts and ¢ calibration plot in the testing
cohort. C/ confidence interval

CVC-IN score. The predicted probability of being cath-
eter-free reached 50% (median time) at day 9 for patients
with a “low” CVC-IN score and 50% at day 20 for patients
with a “high” CVC-IN score.

External validation of the CVC-IN score

In the testing cohort, the 28-day AUC was 0.64, 95% CI
[0.61-0.66]. The Brier score was 0.20, 95% CI [0.19-0.21]
(Fig. 2). The sensitivity, specificity, PPV and NPV for
a CVC-IN score>4 are displayed in Table 3, for differ-
ent time horizons. The CVC-IN score was<4 for 1,170
(49.4%) patients, with a predicted probability of being

catheter-free reaching 50% at day 13 while 1201 (50.6%)
patients had a CVC-IN>4 score, with a probability of
being catheter-free reaching 50% at day 28. The cumu-
lative incidence of catheter removal for absence of fur-
ther utility and death in the testing cohort is displayed in
Additional file 1: Figure S4.

CVC-IN score in the overall cohort

In the overall cohort, constituted by pooling the train-
ing and testing cohorts, 2366/4707 (50.3%) patients had
a “low” CVC-IN score while 2341 (49.7%) had a “high”
CVC-IN score. The median observed catheter dwell time
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Table 3 Sensitivity, specificity, positive and negative predictive
values at different time horizons for CVC-IN score >4 points in
the training and testing cohorts

Time horizon Training cohort

(n=2,336)

Testing cohort
(n=2,371)

Value (%) 95%CI'  Value (%) 95% CI'

7 days
Sensitivity 63.9 [604-674] 576 [53.7-61.5]
Specificity 553 [52.8-57.8] 54.1 [51.8-56.4]
Positive predictive 74.2° [71.5-769] 769 [74.4-79.4]
value
Negative predictive  43.1 [40.3-459] 325 [29.7-35.3]
value

14 days
Sensitivity 61.8 [58.9-64.7] 554 [52.4-584]
Specificity 613 [58.1-64.5] 573 [54.5-60.1]
Positive predictive 573 [54.2-604] 587 [55.8-61.6]
value
Negative predictive  65.6 [62.6-68.6] 54.0 [51.0-57.0]
value

28days
Sensitivity 599 [57.2-62.6] 556 [52.8-584]
Specificity 69.5 [66.3-72.7]1 644 [61.7-67.1]
Positive predictive 422 [39.0-45.4] 446 [41.5-47.7]
value
Negative predictive 824 [80.0-84.8] 73.7 [70.9-76.5]

value

' Cl confidence interval

? For example, the probability of needing a central-venous access for at least
7 days when the CVC-IN score is > 4 points is 0.742 in the training cohort

was 6 days (IQR [3-12] in the low CVC-IN score group
and 6 days (IQR [3-11]) in the high CVC-IN score group.
The probability of being catheter-free was 50% at day 11
in the “low” CVC-IN score group and 50% at day 24 in
the “high” CVC-IN score group (Fig. 3). The cumulative
incidence of catheter removal for absence of further util-
ity by total points is displayed in Additional file 1: Figure
S5. The cumulative incidence of death according to the
CVC-IN score risk group in the overall cohort is dis-
played in Additional file 1: Figure S6.

Sensitivity analyses in the training cohort
Considering only the first catheter inserted in each
patient, the median dwell time was 5 days (IQR [3-9]).
On multivariable analysis, age, obesity, immunosup-
pression, creatinine >100 umol/L and vasopressors were
independently associated with catheter dwell time. These
results are consistent with the principal analysis (Addi-
tional file 1: Table S5).

In the training cohort, 77 (3.3%) patients had a cath-
eter inserted more than 72 h after removal of the previ-
ous catheter and were censored in the principal analysis.
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Considering these catheters, the median catheter dwell
time was 6 days (IQR [3-10]). 425 (18.2%) patients were
censored, 1327 (56.8%) were catheter-free at day 28 and
584 (25.0%) died. On multivariable analysis, age, immu-
nosuppression, creatinine > 100 pmol/L and vasopressors
were independently associated with catheter dwell time.
Results are displayed in Additional file 1: Table Sé6.

Using univariable and multivariable Cox models, we
assessed the cause-specific hazard ratios for death and
catheter removal for absence of further utility. On multi-
variable analysis, age, vasopressors, immunosuppression
and creatinine>100 umol/L were associated with death
(Additional file 1: Table S7). Of note, those factors were
associated with longer catheter dwell time in the princi-
pal analysis.

On multivariable cause-specific hazard analysis,
gender, age, obesity, immunosuppression and creati-
nine>100 pmol/L were independently associated with
longer catheter dwell time (Additional file 1: Table S7).
In contrast with the principal analysis, vasopressors use
was not significantly associated with catheter removal for
absence of further utility on multivariable analysis.

Discussion
High CVC-IN score, which combines immunosuppres-
sion, creatinine>100 pmol/L, older age, obesity and use
of vasopressors had a significant but moderate ability to
discriminate which ventilated patients required the use of
a CVC for a long period of time in the ICU, starting with
the first CVC inserted in ICU. A CVC-IN score > 4 could
identify a subgroup of patients with a median predicted
CVC requirement of 24 days, compared to 11 days for the
remaining patients. We suggest this former group is more
likely to benefit from a preference for SCV when appro-
priate to limit the risk of intravascular complications
associated with prolonged central venous catheterization.
Despite its potential important consequences, only
one previous study investigated the possibility of pre-
dicting catheter dwell time [11]. The authors found that
clinicians had poor ability to predict the catheter dwell
time and raised awareness towards the need to identify
factors associated with an expected long catheter dwell
time. Using a multivariable logistic regression model in
which early deceased patients had short catheter dura-
tion, the authors found that MV was associated with
longer catheter dwell time and that cancer was asso-
ciated with shorter catheter dwell time. In our study,
the use of Fine and Gray models allowed to account
for death as a competing event, as recommended [16,
23]. Immunosuppression, defined as a composite of
either solid or hematological malignancy or HIV infec-
tion, was associated with longer catheter dwell time. In
those patients, the severity of the underlying disease
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Time (days)
Score < 4 (n=2,366)
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Score 2 4 (n=2,341)
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Deaths 570 716 798 837 862 866
Censored 102 199 261 290 310 401

Fig. 3 Cumulative incidence of catheter removal for absence of further utility according to the CVC-IN score risk-categories in the overall cohort

(n=4707). BMI body mass index

may explain longer length of stay and therefore longer
catheter dwell times [24]. Of note, strategies to pre-
vent catheter-related infectious complications are
particularly important in these patients since they are
particularly exposed to intravascular catheters [9, 25].
Moreover, in addition to being more prone to develop
infectious complications, such complications are more
severe in immunocompromised patients [26].

Since MV did not verify the PH assumption [15, 17],
it could not be entered as an explainable covariate in
the analyses. Nevertheless, as suggested by Holmberg
et al. [11], catheter dwell time is likely to be longer in
ventilated patients who tend to be more severe, to have
more organs dysfunctions, and who need continuous
drugs infusions.
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In contrast with Holmberg et al., we found an associa-
tion between vasopressors use and longer catheter dwell
time. Once again, this might be explained by the method-
ology and the severity of the underlying disease, reflect-
ing organ dysfunction and expected longer ICU stay. Of
note, vasopressors infusion through a catheter may facili-
tate biofilm formation, and then facilitate colonization
[27, 28]. Moreover, a possible catecholamine-induced
innate-immunity suppression has previously been
described [29, 30].

We also found an association between obesity and
longer catheter dwell time. Interestingly, this factor has
been described in the literature as a risk factor for cath-
eter colonization and CRI [31, 32], as well as for DVT
[33, 34]. Strategies to prevent catheter-related intravascu-
lar complications could thus be particularly beneficial in
these patients.

Of note, several factors identified in our study as risk
factors for longer dwell time have also been described
as risk factors for catheter-related intravascular compli-
cations, which somewhat increases the external validity
of the CVC-IN score. Identifying patients with longer
expected catheter dwell time could then allow to adopt
strategies to prevent catheter-related intravascular com-
plications upon catheter insertion, such as avoiding
femoral insertion, favoring subclavian insertion in the
absence of contra-indication.

In addition, the use of CVC-IN may also be useful in
the choice of the CVA. The Michigan Appropriateness
Guide for Intravenous Catheters guideline recommends
PICC lines for ICU patients requiring at least 14 days
of CVA [35]. Noteworthy, a review of current practices
revealed that the main reason for non-adherence with
these guidelines was the use of PICC lines for less than
14 days [35, 36].

This study has some limitations. First, the primary
endpoint, namely required catheter dwell time was not
directly measured in the trials. Instead, we used the pro-
spectively collected reason for catheter removal to ret-
rospectively proxy this endpoint. Therefore, our results
rely on the accuracy of the declared reason and the way
we summarized this endpoint for each patient. However,
even though guidelines recommend removing nonessen-
tial catheters as quickly as possible [8], the definition of
the lack of further utility is not standardized, and remains
at the discretion of the healthcare workers in charge of
each patient. Reassuringly, the several sensitivity analyses
conducted were consistent. Second, we studied ventilated
adult patients in the ICU. Therefore, our results may not
be generalizable to unventilated patients, children or
outside the ICU setting. Third, although data collection
was prospective in all three RCTs, unmeasured covari-
ates or missing data may cause residual confounding.
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The analysis was restricted to variables available in the
original databases, then some potential risk factors may
have been missed and not included in the CVC-IN score.
Fourth, we did not include patients with PICC lines.
However, the need for central venous access is associ-
ated with patients’ condition and independent of the type
central venous access. Therefore, we think our results
are generalizable to centers using PICC lines. Fifth, the
ability of CVC-IN score to separate patients at the time
of CVC insertion between expected shorter and longer
CVC dwell time although significant, was modest. Nev-
ertheless, the consequence of being wrong with CVC-
IN is also modest: not supporting a subclavian site for
a patient needing longer CVC dwell time. Of note, the
current strategy in most ICUs worldwide is to prefer
ultrasound-guided internal jugular catheterization for all.
In addition, we restricted the CVC-IN score to variables
available at the time of ICU admission, therefore disqual-
ifying SAPS-2 score, which increased the discrimination
of this score (data not shown). Finally, the three multi-
center RCTs were conducted in France, which potentially
limits the results generalizability.

Our results might have implications for -clinical
research. Future randomized, controlled trials investigat-
ing the prevention of CVC-related intravascular compli-
cations may gain additional internal validity by stratifying
randomization based on the CVC-IN score, to increase
arm comparability regarding the catheter-days. Moreo-
ver, the duality between the immediate risk of mechani-
cal complications during CVC insertion and the delayed
risk of intravascular complications such as CRI or DVT
calls for more research assessing the real morbidity asso-
ciated with these events. For clinical practice, use of the
CVC-IN score, based on clinical or biological variables
available on ICU admission, may help intensivists select
the best anatomic site for catheter insertion, with an opti-
mal balance between mechanical complications and the
infectious or thrombotic risks according to the predicted
need for CVA. The CVC-IN score might be improved in
the future, by including dynamic variables for instance.

Conclusions

In conclusion, the CVC-IN score showed a modest ability
to discriminate which ventilated patients were expected
to have longer required catheter dwell time. Whether the
use of CVC-IN is clinically effective to optimize the strat-
egy for catheter-related intravascular complications pre-
vention requires further prospective evaluation.

Abbreviations

AUC Area under curve
BMI Body mass index

@ Confidence interval



lachkine et al. Annals of Intensive Care (2023) 13:5

CRI Catheter related infection

CVA Central venous access

cvC Central venous catheter

DVT Deep vein thrombosis

HIV Human immunodeficiency virus
HR Hazard ratio

ICU Intensive care unit

Y Internal jugular vein

IQR Interquartile range

MV Mechanical ventilation

NPV/PPV  Negative predictive value/positive predictive value
PH Proportional hazard

RCT Randomized controlled trial

ROC Receiving operator characteristics
SAPS Simplified Acute Physiology Score
NaY Subclavian vein

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513613-023-01099-9.

Additional file 1: Annex 1. Detailed presentation of the randomized con-
trolled trials included in the study. Annex 2. Detailed statistical method.
Annex 3. Method for the determination of the attached points in the
points-based system (1). Figure S1. Calculation of the required catheter
dwell time Figure S2. Schoenfeld residuals for covariates included in the
analyses Figure S3. Cumulative Incidence of catheter removal for absence
of further utility and death in the training cohort (n=2336). Figure S4.
Cumulative Incidence of catheter removal for absence of further util-

ity and death in the testing cohort (n=2371). Figure S5. Cumulative
Incidence of catheter removal for absence of by points total of the CVC-IN
score in the overall cohort (h=4707). Figure S6. Cumulative Incidence

of catheter removal for absence of further utility and death in the overall
cohort (n=4707). Table S1. Outcomes in the training and testing cohorts.
Table S2. Variance Inflation Factors for the covariates included in the
multivariable analysis. Table S3. Univariable and multivariable subdistribu-
tion hazard models for catheter removal in the five time imputed dataset.
Table S4. Robust risk factors associated with absence of further utility
after 500 bootstrap. Table S5. Univariable and multivariable subdistribu-
tion hazard models for catheter removal in the training cohort considering
only the first catheter in ventilated patients (n=2336). Table S6. Univari-
able and multivariable subdistribution hazard models for catheter removal
in the training cohort considering the catheters inserted > 72 hours after
removal of the previous catheter ((=2336).

Acknowledgements
We thank all contributing investigators of the 3SITES, CLEAN and DRESSING-2
trials.

Author contributions

JJP.NB and JFT designed the study. OM, JJR, XV, DDC, CD and JFT acquired the
data. JI, AB, JJP, NB and HJdG did the statistical analysis. JI, JJB, NB, JFT, HdJG
and LM analyzed and interpreted the data. JI, JJP and AB drafted the manu-
script. NB, HJdG, OM, BM, JPM, CD, XV, DAC, LM and JFT substantively revised
the manuscript. All authors read and approved the final manuscript.

Funding

3SITES was supported by a grant from the Hospital Program for Clinical
Research, French Ministry of Health (PHRC-N 2010, 06-03). CLEAN was sup-
ported by the University Hospital of Poitiers and CareFusion. DRESSING-2 was
supported by University of Grenoble and 3 M Company.

Availability of data and materials
The datasets used during the current study are available from the correspond-
ing author on reasonable request.

Page 9 of 10

Declarations

Ethics approval and consent to participate

The 3SITES study (NCT01479153) was approved by the Ethics Committee of
the Caen University Hospital, the CLEAN study (NCT01629550) by the Ethics
Committee of the Poitiers University Hospital and the DRESSING2 study
(NCT01189682) by the Rhones-Alpes-4 Ethics Committee. All procedures in
the original studies were performed in accordance with the ethical standards
of the research committees and with the 1964 Helsinki. Written informed con-
sent was obtained from all participants or their surrogates for all three RCTs.

Consent for publication
Not applicable.

Competing interests

JI'no conflict; N.B. no conflict; HIdG. no conflict; AB no conflict; OM. received
research grants, lecture and consultancy fees from CareFusion; BM no conflict;
JPM has no conflict directly related to the article but served on the scientific
board of MSD, LFB and ASAIl and Astellas; CD no conflict; XV no conflict; DAC.
no conflict; LM served as an advisor/consultant for Citius Pharmaceuticals,
Leonard-Meron Biosciences, and Destiny Pharma; JFT. has no conflict directly
related to the article but serves on the advisory boards of MSD, Pfizer, Bayer
pharma and Nabriva, has given lectures at MSD, Pfizer, Biomerieux, and his
university or research team had received research grants from Pfizer and MSD;
JJP. no conflict.

Author details

'Department of Clinical Research and Biostatistics, Caen University Hospital
and Caen Normandy University, Caen, France. 2INSERM U1311 DYNAMI-
CURE, Caen Normandy University, Caen, France. *Infection Control Program
and World Health Organization Collaborating Center on Patient Safety,
Hospitals and Faculty of Medicine, University of Geneva, Geneva, Switzerland.
“Department of Intensive Care, Amsterdam UMC Location Vrije Universiteit
Amsterdam, De Boelelaan 1117, Amsterdam, The Netherlands. *Inserm U1070,
Poitiers University, Poitiers, France. %Medical and Toxicological Intensive Care
Unit, Lariboisiere Hospital, AP-HP, INSERM, UMRS-1144, Paris University, Paris,
France. ’Medical ICU, Cochin Hospital, AP-HP, 75014 Paris, France. 8Departf
ment of Medical Intensive Care, Caen University Hospital, 14000 Caen, France.
°Department of Epidemiology and Infection Prevention, Lifespan Hospital
System, Providence, RI, USA. '°Department of Medicine, Warren Alpert Medical
School of Brown University, Providence, RI, USA. "Medical and Infectious
Diseases ICU (MI2), Bichat Hospital, AP-HP, University of Paris, IAME, INSERM
U1137, Paris, France. '*Poitiers University Hospital, 86021 Poitiers, France.

Received: 19 October 2022 Accepted: 3 January 2023
Published online: 16 January 2023

References

1. Karakitsos D, Labropoulos N, De Groot E, Patrianakos AP, Kouraklis G, Pou-
laras J, et al. Real-time ultrasound-guided catheterisation of the internal
jugular vein: a prospective comparison with the landmark technique in
critical care patients. Crit Care. 2006;10(6):R162.

2. Brass P, Hellmich M, Kolodziej L, Schick G, Smith AF. Ultrasound guidance
versus anatomical landmarks for internal jugular vein catheterization
cochrane emergency and critical care group, éditeur. Cochrane Database
Syst Rev. 2022. https://doi.org/10.1002/14651858.CD006962.pub?2.

3. Shin HJ, Na HS, Koh WU, Ro YJ, Lee JM, Choi YJ, et al. Complications
in internal jugular vs subclavian ultrasound-guided central venous
catheterization: a comparative randomized trial. Intensive Care Med.
2019,45(7):968-76.

4. Maizel J, Bastide MA, Richecoeur J, Frenoy E, Lemaire C, Sauneuf B, et al.
Practice of ultrasound-guided central venous catheter technique by the
French intensivists: a survey from the boreal study group. Ann Intensive
Care déc. 2016;6(1):76.

5. Parienti JJ, Mongardon N, Mégarbane B, Mira JP, Kalfon P, Gros A, et al.
Intravascular complications of central venous catheterization by insertion
site. N Engl J Med. 2015;373(13):1220-9.


https://doi.org/10.1186/s13613-023-01099-9
https://doi.org/10.1186/s13613-023-01099-9
https://doi.org/10.1002/14651858.CD006962.pub2

lachkine et al. Annals of Intensive Care

20.

21.

22.

23.

24.

25.

26.

(2023) 13:5

Parienti JJ, du Cheyron D, Timsit JF, Traoré O, Kalfon P, Mimoz O, et al.
Meta-analysis of subclavian insertion and nontunneled central venous
catheter-associated infection risk reduction in critically ill adults. Crit Care
Med. 2012;40(5):1627-34.

Parienti JJ. Catheter-related bloodstream infection in jugular versus
subclavian central catheterization. Crit Care Med. 2017;45(7):e734-5.
Buetti N, Marschall J, Drees M, Fakih MG, Hadaway L, Maragakis LL, et al.
Strategies to prevent central line-associated bloodstream infections

in acute-care hospitals: 2022 Update. Infect Control Hosp Epidemiol.
2022;43(5):553-69.

Timsit JF, Hériteau LF, Lepape A, Francais A, Ruckly S, Venier AG, et al. A
multicentre analysis of catheter-related infection based on a hierarchical
model. Intensive Care Med. 2012;38(10):1662-72.

lachkine J, Buetti N, de Grooth HJ, Briant AR, Mimoz O, Mégarbane B,

et al. Development and validation of a multivariable prediction model of
central venous catheter-tip colonization in a cohort of five randomized
trials. Crit Care déc. 2022;26(1):205.

. Holmberg MJ, Andersen LW, Graver A, Wright SB, Yassa D, Howell

MD, et al. Estimating duration of central venous catheter at time of
insertion: clinician judgment and clinical predictors. J Crit Care déc.
2015;30(6):1299-302.

Collins GS, Reitsma JB, Altman DG, Moons KGM. Transparent reporting
of a multivariable prediction model for individual prognosis or diagnosis
(TRIPOD) the TRIPOD statement. Ann Intern Med. 2015;162(1):55-63.
Mimoz O, Lucet JC, Kerforne T, Pascal J, Souweine B, Goudet V, et al. Skin
antisepsis with chlorhexidine—alcohol versus povidone iodine—-alcohol,
with and without skin scrubbing, for prevention of intravascular-catheter-
related infection (CLEAN): an open-label, multicentre, randomised,
controlled, two-by-two factorial trial. Lancet. 2015;386(10008):2069-77.
Timsit JF, Mimoz O, Mourvillier B, Souweine B, Garrouste-Orgeas M,
Alfandari S, et al. Randomized controlled trial of chlorhexidine dressing
and highly adhesive dressing for preventing catheter-related infections in
critically Il adults. Am J Respir Crit Care Med. 2012;186(12):1272-8.

Fine JP, Gray RJ. A proportional hazards model for the subdistribution of a
competing risk. J Am Stat Assoc. 1999,94(446):496-509.

. Brock GN, Barnes C, Ramirez JA, Myers J. How to handle mortality when

investigating length of hospital stay and time to clinical stability. BMC
Med Res Methodol déc. 2011;11(1):144.

. Schoenfeld D. Partial residuals for the proportional hazards regression

model. Biometrika. 1982;69(1):239-41.

. Mannan H. A practical application of a simple bootstrapping method

for assessing predictors selected for epidemiologic risk models using
automated variable selection. Int J Stat Appl. 2017,;5(239):49.

. Austin PC, Lee DS, D'Agostino RB, Fine JP. Developing points-based risk-

scoring systems in the presence of competing risks competing risks and
risk scores. Statist Med. 2016;35(22):4056-72.

Brier GW. Verification of forecasts expressed in terms of probability. Mon
Wea Rev janv. 1950;78(1):1-3.

Cortese G, Gerds TA, Andersen PK. Comparing predictions among
competing risks models with time-dependent covariates. Statist Med.
2013;32(18):3089-101.

Leisman DE, Harhay MO, Lederer DJ, Abramson M, Adjei AA, Bakker J,

et al. Development and reporting of prediction models: guidance for
authors from editors of respiratory, sleep, and critical care journals. Crit
Care Med. 2020;48(5):623-33.

Wolkewitz M, Vonberg R, Grundmann H, Beyersmann J, Gastmeier P, Bar-
wolff S, et al. Risk factors for the development of nosocomial pneumonia
and mortality on intensive care units: application of competing risks
models. Crit Care. 2008;12(2):R44.

Taccone F, Artigas AA, Sprung CL, Moreno R, Sakr Y, Vincent JL. Charac-
teristics and outcomes of cancer patients in European ICUs. Crit Care.
2009;13(1)R15.

3SITES Study Group, Pages J, Hazera P, Mégarbane B, du Cheyron D,
Thuong M, et al. 2016 Comparison of alcoholic chlorhexidine and povi-
done iodine cutaneous antiseptics for the prevention of central venous
catheter related infection a cohort and quasi experimental multicenter
study. Intensive Care Med. 42(9):1418 26.

Tabah A, Koulenti D, Laupland K, Misset B, Valles J, Bruzzi de Carvalho F,
et al. Characteristics and determinants of outcome of hospital-acquired
bloodstream infections in intensive care units: the EUROBACT interna-
tional cohort study. Intensive Care Med. 2012;38(12):1930-45.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

Page 10 of 10

Sandrini S, Alghofaili F, Freestone P, Yesilkaya H. Host stress hormone
norepinephrine stimulates pneumococcal growth, biofilm formation and
virulence gene expression. BMC Microbiol déc. 2014;14(1):180.

Liu X, Ye H, Zheng X, Zheng Z, Chen W, Yu X. Increased risk of catheter-
related infection in critically ill patients given catecholamine ino-

tropes during continuous renal replacement therapy. Hemodial Int.
2022,26(1):13-22.

Scanzano A, Cosentino M. Adrenergic regulation of innate immunity: a
review. Front Pharmacol. 2015. https://doi.org/10.3389/fphar.2015.00171/
abstract.

Nicholls AJ, Wen SW, Hall P, Hickey MJ, Wong CHY. Activation of the sym-
pathetic nervous system modulates neutrophil function. J Leukoc Biol
févr. 2018;103(2):295-309.

Buetti N, Souweine B, Mermel L, Mimoz O, Ruckly S, Loiodice A, et al.
Obesity and risk of catheter-related infections in the ICU a post hoc
analysis of four large randomized controlled trials. Intensive Care Med.
2021,47(4):435-43.

Tsolakoglou |, Intas G, Stergiannis P, Sakkou A, Chalari E, Tsoumakas K,

et al. Central-line-associated bloodstream infections (CLABSIs) incidence
and the role of obesity. In: Vlamos P, editor, et al,, A Prospective, Observa-
tional Study in Greece. Cham: Springer International Publishing; 2020.
Druar NM, Vosburg RW, Cahan M. Obesity increases the risk for upper
extremity deep vein thrombosis and pulmonary embolism in patients
with upper extremity central venous catheters. Clin Obes. 2022. https://
doi.org/10.1111/cob.12526.

Goudswaard LJ, Corbin LJ, Burley KL, Mumford A, Akbari P, Soranzo N,

et al. Higher body mass index raises immature platelet count: potential
contribution to obesity-related thrombosis. Platelets. 2022. https://doi.
0rg/10.1080/09537104.2021.2003317.

ChopraV, Flanders SA, Saint S, Woller SC, O'Grady NP, Safdar N, et al. The
michigan appropriateness guide for intravenous catheters (MAGIC):
results from a multispecialty panel using the RAND/UCLA appropriate-
ness method. Ann Intern Med. 2015;163(6):51-40.

Govindan S, Snyder A, Flanders SA, Chopra V. peripherally inserted central
catheters in the ICU: a retrospective study of adult medical patients in 52
hospitals. Crit Care Med. 2018;46(12):e1136-44.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.3389/fphar.2015.00171/abstract
https://doi.org/10.3389/fphar.2015.00171/abstract
https://doi.org/10.1111/cob.12526
https://doi.org/10.1111/cob.12526
https://doi.org/10.1080/09537104.2021.2003317
https://doi.org/10.1080/09537104.2021.2003317

	Development and validation of a multivariable model predicting the required catheter dwell time among mechanically ventilated critically ill patients in three randomized trials
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study design
	Study patients and catheters
	Outcome and definitions
	Statistical analysis

	Results
	Patients characteristic
	Outcomes
	Development of the CVC-IN score
	External validation of the CVC-IN score
	CVC-IN score in the overall cohort
	Sensitivity analyses in the training cohort

	Discussion
	Conclusions
	Acknowledgements
	References


