
Supplementary Table S1. Post hoc sensitivity analyses of adjusted catheter-type and insertion-site associations.
	Model specification
	N
(episodes)
	Events
	Slope
parameters
	Events per
parameter
	Standard CVC vs
dialysis catheter
	Femoral vs
jugular
	Subclavian vs
jugular

	A. CRBSI incidence density: Poisson regression [IRR (95% CI)]

	Original model
	473
	94
	14
	6.7
	2.20 (1.24–3.91)
	1.33 (0.90–1.96)
	1.78 (0.93–3.39)

	Without separate age
	473
	94
	13
	7.2
	2.14 (1.20–3.80)
	1.32 (0.89–1.95)
	1.85 (0.98–3.48)

	Without intubation/TPN
	473
	94
	12
	7.8
	2.05 (1.17–3.59)
	1.37 (0.93–2.01)
	1.83 (0.99–3.37)

	Demographic/comorbidity set
	473
	94
	11
	8.5
	2.05 (1.17–3.59)
	1.38 (0.93–2.03)
	1.84 (1.00–3.37)

	Nonlinear age/APACHE II
	473
	94
	18
	5.2
	2.28 (1.29–4.03)
	1.33 (0.90–1.96)
	1.83 (0.95–3.53)

	Without intubation/TPNᵃ
	516
	104
	12
	8.7
	2.19 (1.26–3.81)
	1.25 (0.87–1.81)
	1.31 (0.77–2.21)

	Demographic/comorbidity setᵃ
	601
	121
	11
	11.0
	2.06 (1.24–3.44)
	1.18 (0.84–1.66)
	1.25 (0.78–2.01)

	B. Time to first CRBSI: cause-specific Cox regression [HR (95% CI)]

	Original model
	473
	94
	14
	6.7
	1.47 (0.76–2.84)
	1.43 (0.86–2.37)
	1.67 (0.69–4.04)

	Without separate age
	473
	94
	13
	7.2
	1.40 (0.73–2.71)
	1.44 (0.86–2.38)
	1.80 (0.76–4.28)

	Without intubation/TPN
	473
	94
	12
	7.8
	1.36 (0.71–2.62)
	1.48 (0.89–2.45)
	1.70 (0.71–4.08)

	Demographic/comorbidity set
	473
	94
	11
	8.5
	1.36 (0.71–2.61)
	1.47 (0.88–2.45)
	1.69 (0.70–4.10)

	Nonlinear age/APACHE II
	473
	94
	18
	5.2
	1.52 (0.79–2.94)
	1.43 (0.86–2.37)
	1.63 (0.65–4.11)

	Without intubation/TPNᵃ
	516
	104
	12
	8.7
	1.41 (0.74–2.69)
	1.28 (0.79–2.07)
	0.91 (0.44–1.89)

	Demographic/comorbidity setᵃ
	601
	121
	11
	11.0
	1.44 (0.80–2.60)
	1.14 (0.74–1.75)
	0.82 (0.43–1.58)

	C. Death as the first catheter-episode outcome: cause-specific Cox regression [HR (95% CI)]

	Original model
	473
	204
	14
	14.6
	0.74 (0.52–1.04)
	0.76 (0.58–0.99)
	0.25 (0.09–0.70)

	Without separate age
	473
	204
	13
	15.7
	0.75 (0.53–1.06)
	0.76 (0.58–0.99)
	0.24 (0.08–0.68)

	Without intubation/TPN
	473
	204
	12
	17.0
	0.91 (0.66–1.27)
	0.73 (0.55–0.96)
	0.28 (0.10–0.81)

	Demographic/comorbidity set
	473
	204
	11
	18.5
	0.91 (0.65–1.29)
	0.71 (0.54–0.95)
	0.25 (0.09–0.69)

	Nonlinear age/APACHE II
	473
	204
	18
	11.3
	0.74 (0.52–1.05)
	0.76 (0.58–0.99)
	0.23 (0.08–0.68)

	Without intubation/TPNᵃ
	516
	233
	12
	19.4
	0.86 (0.63–1.16)
	0.72 (0.55–0.93)
	0.24 (0.09–0.68)

	Demographic/comorbidity setᵃ
	601
	266
	11
	24.2
	0.90 (0.66–1.22)
	0.68 (0.53–0.88)
	0.20 (0.08–0.46)

	D. Ridge and episode-deletion sensitivity analyses: minimum–maximum point estimates (not confidence intervals)

	Fixed ridge penalties: CRBSI Poisson (IRR)
	2.20–2.22
	1.33–1.33
	1.78–1.82

	Fixed ridge penalties: CRBSI Cox (HR)
	1.47–1.48
	1.43–1.44
	1.66–1.67

	Fixed ridge penalties: Death Cox (HR)
	0.74–0.74
	0.76–0.76
	0.25–0.25

	Episode deletion: CRBSI Poisson (IRR)
	2.12–2.43
	1.26–1.40
	1.56–1.96

	Episode deletion: CRBSI Cox (HR)
	1.32–1.62
	1.33–1.53
	1.42–2.16

	Episode deletion: Death Cox (HR)
	0.69–0.76
	0.72–0.77
	0.17–0.28


Models and samples. Original model: catheter type, insertion site, age, sex, ICU, APACHE II, intubation, TPN, diabetes mellitus, and CKD/ESRD (simultaneous entry). Demographic/comorbidity models omit APACHE II, intubation, and TPN; other reduced models omit only the named terms. Nonlinear models use natural cubic splines for age and APACHE II (3 df each). In panels A–C, superscript a denotes available cases; all other rows use the same 473 complete episodes. The 473-, 516-, and 601-episode samples comprised 367, 387, and 455 patients, respectively. No imputation was performed. Parameter counts include slope coefficients only, counting categorical contrasts and spline coefficients separately.
Estimation. Panels A–C report adjusted estimates with nominal 95% CIs. Poisson models used a log link, log catheter-days as the offset, and patient-clustered HC0 covariance with a G/(G−1) correction (patient-clustered HC3: Supplementary Table S2), where G denotes the number of patients. Cox models used Efron ties and patient-clustered sandwich covariance; other first outcomes were censored at their event time. Panel C does not assess death after CRBSI. No multiplicity adjustment was applied.
Panel D. Ranges summarize point estimates, not CIs; equal displayed bounds reflect rounding. Ridge fits used the original models (N = 473) with Σβ²/(2τ²), τ = 2.5, 1.0, 0.5, applied to standardized adjustment coefficients only; catheter type/site and the Poisson intercept were unpenalized. Penalties were not tuned. Episode-deletion fits retained the original model (N = 472); all 473 refits per endpoint converged. These point-estimate checks do not constitute patient-level resampling.
Available-case comparisons with the original model change both the adjustment set and sample composition.
Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation II; CI, confidence interval; CKD, chronic kidney disease; CRBSI, catheter-related bloodstream infection; CVC, central venous catheter; df, degrees of freedom; ESRD, end-stage renal disease; HR, hazard ratio; HC0, heteroscedasticity-consistent type 0; HC3, heteroscedasticity-consistent type 3; ICU, intensive care unit; IRR, incidence rate ratio; TPN, total parenteral nutrition.


Supplementary Table S2. Sensitivity analysis of patient-clustered covariance estimators in the adjusted Poisson regression model for CRBSI incidence.
	Comparison
	Covariance
	Adjusted IRR
	Lower 95% CI
	Upper 95% CI
	P value

	Standard CVC vs dialysis
	Patient-clustered HC0
	2.20
	1.24
	3.91
	0.007

	Standard CVC vs dialysis
	Patient-clustered HC3
	2.20
	1.21
	4.02
	0.010

	Femoral vs jugular
	Patient-clustered HC0
	1.33
	0.90
	1.96
	0.155

	Femoral vs jugular
	Patient-clustered HC3
	1.33
	0.88
	2.00
	0.177

	Subclavian vs jugular
	Patient-clustered HC0
	1.78
	0.93
	3.39
	0.081

	Subclavian vs jugular
	Patient-clustered HC3
	1.78
	0.86
	3.67
	0.119


Adjusted models included 473 catheter episodes from 367 patients; 128 episodes were excluded because of missing covariates. No imputation was performed. Models adjusted simultaneously for catheter type, insertion site, age, sex, ICU, APACHE II score, intubation, TPN, diabetes mellitus, and CKD/ESRD.
Both covariance estimators cluster catheter episodes by patient. HC0 uses a G/(G−1) correction, where G is the number of patients; HC3 is a cluster-leverage sensitivity analysis. Poisson models used a log link and log catheter-days as the offset.
APACHE II, Acute Physiology and Chronic Health Evaluation II; CI, confidence interval; CKD, chronic kidney disease; CRBSI, catheter-related bloodstream infection; CVC, central venous catheter; ESRD, end-stage renal disease; HC0, heteroscedasticity-consistent type 0; HC3, heteroscedasticity-consistent type 3; ICU, intensive care unit; IRR, incidence rate ratio; TPN, total parenteral nutrition.
Supplementary Table S3. Time-to-first CRBSI analysis accounting for competing first events.
	A. Full-cohort outcomes and cumulative incidence of first CRBSI

	Group
	N
	CRBSI, n (%)
	Non-CRBSI first events, n (%)
	Follow-up, days median [IQR]
	Day-14 CRBSI CIF, % (95% CI)
	Day-28 CRBSI CIF, % (95% CI)

	Overall
	601
	121 (20.1)
	480 (79.9)
	9 [5–18]
	6.3 (4.6–8.4)
	12.5 (10.0–15.3)

	Dialysis catheter
	216
	16 (7.4)
	200 (92.6)
	7 [4–11]
	4.2 (2.1–7.4)
	6.0 (3.3–9.9)

	Standard CVC
	385
	105 (27.3)
	280 (72.7)
	11 [6–24]
	7.5 (5.2–10.4)
	16.1 (12.7–19.8)

	Jugular
	188
	29 (15.4)
	159 (84.6)
	8 [4–16]
	4.3 (2.0–7.8)
	11.2 (7.3–16.0)

	Femoral
	383
	80 (20.9)
	303 (79.1)
	9 [5–19]
	7.3 (5.0–10.1)
	13.1 (10.0–16.6)

	Subclavian
	30
	12 (40.0)
	18 (60.0)
	16.0 [5.5–33.2]
	6.7 (1.2–19.2)
	13.3 (4.2–27.8)

	B. Adjusted cause-specific Cox and conventional Fine–Gray models

	Comparison
	Cause-specific HR (95% CI)
	P
	Fine–Gray sHR (95% CI)
	P

	Standard CVC vs dialysis
	1.47 (0.76–2.84)
	0.256
	3.76 (1.89–7.49)
	<0.001

	Femoral vs jugular
	1.43 (0.86–2.37)
	0.173
	1.75 (1.07–2.86)
	0.027

	Subclavian vs jugular
	1.67 (0.69–4.04)
	0.256
	2.46 (0.91–6.66)
	0.077

	C. Adjusted time-varying Fine–Gray model

	Comparison
	Day-14 sHR (95% CI)
	P
	Day-28 sHR (95% CI)
	P

	Standard CVC vs dialysis
	2.48 (1.22–5.04)
	0.012
	8.47 (3.46–20.71)
	<0.001

	Femoral vs jugular
	1.93 (1.04–3.57)
	0.036
	1.67 (0.99–2.83)
	0.055

	Subclavian vs jugular
	1.85 (0.47–7.33)
	0.379
	2.77 (0.93–8.25)
	0.068

	D. Fine–Gray proportionality diagnostics: interactions with log time

	Interaction tested
	Wald χ²
	df
	P

	Joint: catheter type and insertion site
	17.56
	3
	<0.001

	Catheter type
	14.61
	1
	<0.001

	Femoral vs jugular
	0.30
	1
	0.583

	Subclavian vs jugular
	0.68
	1
	0.409


Population and endpoint. Full cohort: 601 catheter episodes from 455 patients. Time is measured from catheter insertion to the first recorded episode outcome. Death and all other non-CRBSI terminal first outcomes, including discharge and catheter removal, are competing events; N denotes episodes.
Panel A. Aalen–Johansen CIFs use patient-clustered infinitesimal-jackknife standard errors and log-log 95% CIs. With no administratively censored records, point estimates equal the observed cumulative first-CRBSI proportions. Non-CRBSI first-event counts include deaths.
Panels B–D. The same 473 complete episodes from 367 patients included 94 CRBSI events, 204 deaths and 175 other first outcomes; 128 episodes were excluded for missing covariates, with no imputation. All models simultaneously adjusted for catheter type, insertion site, age, sex, ICU, APACHE II score, intubation, TPN, diabetes mellitus and CKD/ESRD.
Estimation. Both regression approaches used patient-clustered sandwich covariance. Cause-specific Cox models used Efron ties and censored non-CRBSI outcomes at their event time. Fine–Gray models used Breslow ties and retained competing events in the subdistribution risk sets.
Panels C–D. All three catheter-type/site interactions with log(t/14), with t in days, were fitted jointly while retaining all adjustment covariates. Panel D reports robust Wald tests of these interactions. Catheter-type proportionality was not supported; the conventional sHR in panel B should be interpreted alongside the time-specific estimates in panel C. An sHR is not a cumulative risk ratio.
Fine–Gray analyses were post hoc and exploratory; no multiplicity adjustment was applied. CIs are nominal. Cause-specific HRs and sHRs address different estimands.
APACHE II, Acute Physiology and Chronic Health Evaluation II; CI, confidence interval; CIF, cumulative incidence function; CKD, chronic kidney disease; CRBSI, catheter-related bloodstream infection; CVC, central venous catheter; df, degrees of freedom; ESRD, end-stage renal disease; HR, hazard ratio; ICU, intensive care unit; IQR, interquartile range; sHR, subdistribution hazard ratio; TPN, total parenteral nutrition.
Supplementary Table S4. Paired catheter-drawn and blood-culture results among CRBSI-positive catheter episodes.
	Pathogen group
	Blood-culture isolate
	Blood culture n (% CRBSI)
	Catheter-drawn same n (% row)
	Catheter-drawn discordant n (% row)
	Discordant catheter-drawn result(s)

	Gram-negative bacteria
	Total
	69 (57.0)
	69 (100.0)
	0 (0.0)
	

	
	  Klebsiella pneumoniae
	30 (24.8)
	30 (100.0)
	0 (0.0)
	

	
	  Acinetobacter baumannii
	22 (18.2)
	22 (100.0)
	0 (0.0)
	

	
	  Escherichia coli
	4 (3.3)
	4 (100.0)
	0 (0.0)
	

	
	  Pseudomonas aeruginosa
	4 (3.3)
	4 (100.0)
	0 (0.0)
	

	
	  Proteus mirabilis
	3 (2.5)
	3 (100.0)
	0 (0.0)
	

	
	  Providencia stuartii
	2 (1.7)
	2 (100.0)
	0 (0.0)
	

	
	  Serratia marcescens
	2 (1.7)
	2 (100.0)
	0 (0.0)
	

	
	  Enterobacter aerogenes
	1 (0.8)
	1 (100.0)
	0 (0.0)
	

	
	  Stenotrophomonas maltophilia
	1 (0.8)
	1 (100.0)
	0 (0.0)
	

	Gram-positive bacteria
	Total
	29 (24.0)
	27 (93.1)
	2 (6.9)
	See organism rows

	
	  Staphylococcus epidermidis
	9 (7.4)
	8 (88.9)
	1 (11.1)
	Pseudomonas aeruginosa (n=1)

	
	  Staphylococcus aureus
	7 (5.8)
	7 (100.0)
	0 (0.0)
	

	
	  Enterococcus faecalis
	4 (3.3)
	4 (100.0)
	0 (0.0)
	

	
	  Coagulase-negative staphylococci
	2 (1.7)
	1 (50.0)
	1 (50.0)
	Acinetobacter baumannii (n=1)

	
	  Enterococcus faecium
	2 (1.7)
	2 (100.0)
	0 (0.0)
	

	
	  Staphylococcus haemolyticus
	2 (1.7)
	2 (100.0)
	0 (0.0)
	

	
	  Diphtheroid bacillus
	1 (0.8)
	1 (100.0)
	0 (0.0)
	

	
	  Staphylococcus capitis
	1 (0.8)
	1 (100.0)
	0 (0.0)
	

	
	  Staphylococcus hominis
	1 (0.8)
	1 (100.0)
	0 (0.0)
	

	Fungi
	Total
	21 (17.4)
	20 (95.2)
	1 (4.8)
	See organism rows

	
	  Candida tropicalis
	8 (6.6)
	8 (100.0)
	0 (0.0)
	

	
	  Candida albicans
	6 (5.0)
	6 (100.0)
	0 (0.0)
	

	
	  Candida parapsilosis
	4 (3.3)
	4 (100.0)
	0 (0.0)
	

	
	  Candida guilliermondii
	2 (1.7)
	2 (100.0)
	0 (0.0)
	

	
	  Candida auris
	1 (0.8)
	0 (0.0)
	1 (100.0)
	Klebsiella pneumoniae (n=1)

	No growth/discordant code
	Total
	2 (1.7)
	1 (50.0)
	1 (50.0)
	See organism rows

	
	  No growth / discordant or different growth code
	2 (1.7)
	1 (50.0)
	1 (50.0)
	Staphylococcus aureus (n=1)


Blood-culture percentages use all 121 CRBSI-positive catheter episodes as the denominator; concordant and discordant percentages use the corresponding row total. Exact concordance denotes identical organism coding in the paired culture fields.
This table is a descriptive comparison of recorded culture codes, not a diagnostic-accuracy analysis. The no-growth/discordant-code category is retained as recorded. CRBSI, catheter-related bloodstream infection.

