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ABSTRACT 
 

Background: Central venous catheters (CVCs) are essential for vascular access but are 

associated with catheter-related bloodstream infections (CRBSIs), which can cause 

significant morbidity and mortality, particularly among hemodialysis patients. 

 This study aimed to investigate risk factors for CVC infections, evaluate the role of 

echocardiography in diagnosis and prognosis, and assess outcomes of different catheter 

management strategies. 

 

Methods: A longitudinal study of 166 patients with confirmed CVC infections was conducted at 

Rasoul Akram Hospital, Tehran, Iran, from 2014 through 2022. Data included 

demographics, comorbidities, catheter site/duration, microbiological cultures, 

echocardiographic findings, and treatment outcomes. Statistical analyses included the χ
2 

test, the t test, ANOVA, and regression methods using SPSS, version 26. 

 

Results: Participants had a median age of 58 years (IQR, 45–67), and 54.8% were women. Fever 

was the most common presenting symptom (52.4%). Vegetations were detected in 52 

patients (46.4%), most commonly at the catheter site. No significant difference in 

mortality was found between percutaneous and surgical catheter removal methods (P = 

0.26). Vegetation size was not associated with mortality (P = 0.516). Patients with 

diabetes and transfusion history had longer hospital stays. Recurrence of infection was 

highest (37.9%) in those managed without catheter removal. 

 

Conclusions: Echocardiography plays a critical role in the diagnosis and prognosis of CVC 

infections. Catheter removal, whether percutaneous or surgical, did not influence in-

hospital mortality, even in cases with large vegetations. However, failure to remove 

infected catheters increased the recurrence risk. (Iranian Heart Journal 2026; 27(2): 54-64) 
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entral venous catheters (CVCs) are 

widely used in modern medicine to 

provide stable and reliable vascular 

access for various medical procedures. 

Nonetheless, CVC use also carries the risk of 

life-threatening complications, particularly 

infection at the insertion site. These 

infections can result in prolonged 

hospitalization and increased mortality rates, 

making them a significant concern in 

healthcare settings.
1-4

 An exit-site infection is 

characterized by purulent discharge, which 

may occur with or without erythema of the 

skin. In contrast, a tunnel infection is defined 

by clinical inflammation or ultrasonographic 

evidence of fluid collection along the catheter 

tunnel with at least 2 cm from the exit site. 

These 2 conditions may present either 

independently or concurrently.
5-8

 In this 

context, clinical judgment is of paramount 

importance. For instance, a positive blood 

culture, in the absence of clinical or 

ultrasonographic findings, is not classified as 

a CVC infection.
9, 10

 

Although the term “catheter-related infection” 

is frequently employed, it does not provide a 

clear distinction between infection and 

colonization. Catheter-related bloodstream 

infections (CRBSIs) are a primary cause of 

hospital septicemia in many countries, 

including the United States.
11-13

 The diagnosis 

of CRBSIs involves identifying at least 2 pairs 

of simultaneous positive cultures, 1 from the 

blood and 1 from the catheter surface.
13-16

 

Hemodialysis patients, in particular, are highly 

susceptible to these infections due to their 

reliance on CVCs for vascular access. The 

mortality rate associated with CRBSIs in 

hemodialysis patients is alarmingly high and 

can range from 2.5 to 5.5 per 1000 catheter-

days and they are more likely to be 

readmitted.
17-20

 In addition to the burden on 

patient health and well-being, CRBSIs impose 

substantial economic costs on healthcare 

systems. Estimates suggest that there are 

between 250,000 and 500,000 catheter-related 

infections annually in the United States alone, 

resulting in significant healthcare expenses 

averaging $25,000 per infection.
12, 21, 22

 CVC 

infections can result from bacterial 

colonization within the catheter, insertion site, 

or septicemia. The prevalence of CVC 

infections is approximately 43%, potentially 

leading to thrombosis formation.
23

 The 

occurrence of CVC infections is influenced by 

various factors such as the operator’s 

expertise, duration of catheter use, sterilization 

levels, catheter location (eg, internal jugular 

vein or femoral vein), sex differences (higher 

prevalence in women), antibiotic selection, 

postoperative care, utilization of antimicrobial 

coated catheters, and ultrasound-guided 

insertion.
12, 24-27

 Echocardiography is an 

important tool in catheter-related-infection 

management. Transthoracic echocardiography 

(TTE) is advised for individuals with 

Staphylococcus aureus bacteremia, while 

transesophageal echocardiography (TEE) is 

necessary to exclude endocarditis in patients 

with CRBSIs and certain cardiac conditions 

like prostatic heart valves, pacemakers, or 

ICDs, or persistent bacteremia.
28-31

  

The objective of this study was to investigate 

the risk factors contributing to CVC infections 

and evaluate the influence of 

echocardiography and laboratory findings in 

incidence, prevention, and treatment 

outcomes. Additionally, by exploring infection 

process, we aimed to advance understanding 

and decrease infection rates, complications, 

mortality, and healthcare expenses. 
 

 

METHODS 
 

Study Design and Setting 

This was a descriptive longitudinal study 

conducted at Rasoul Akram Hospital, 

Tehran, Iran, between January 2014 and 

December 2022. 

 

Participants 

A total of 500 patients admitted with 

suspected catheter-related infections were 

C 
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screened. Exclusion criteria included 

patients with Gore-Tex peritoneal 

catheter/AV fistula infections (n = 208), 

alternate final diagnoses (n = 78), and 

incomplete records (n = 48). The final study 

cohort comprised 166 patients with 

confirmed CVC infections. Inclusion criteria 

included clinical suspicion of systemic 

infection (fever or chills during 

hemodialysis) with the exclusion of other 

causes (negative urine culture or normal 

chest radiograph) and positive 

blood/catheter culture or new vegetation on 

echocardiography. 

 

Data Collection 

Data were extracted from medical records 

using a standardized checklist, including 

demographics (age and sex), clinical data 

(comorbidities, prior transfusions, and end-

stage renal disease), catheter details (site, 

duration, and management), microbiology 

(blood/catheter cultures), echocardiography 

(TTE/TEE results and vegetation 

characteristics), and outcomes (mortality, 

recurrence, and hospitalization duration). 

 

Variables considered were exposure 

(catheter sites, comorbidities, and vegetation 

size), outcome (in-hospital mortality, 

recurrence, and length of stay), and potential 

confounders (age, diabetes, and transfusion 

history). 

 

Statistical Analysis 

SPSS, version 26, was used. Normality was 

assessed with the Kolmogorov-Smirnov test. 

Continuous variables were expressed as 

mean ± standard deviation (SD) or median 

(interquartile range [IQR]). Categorical 

variables were presented as frequencies (%). 

Associations were tested using the χ
2
, t, 

Mann-Whitney U, and Pearson/Spearman 

correlation tests and ANOVA. Significance 

was set at a P value of less than 0.05. 

Missing data were excluded pairwise. 

Ethics 

This study was approved by the Ethics 

Committee of Iran University of Medical 

Sciences (IR.IUMS.FMD.REC.1400.352). 

Informed consent was waived due to the 

retrospective design of this study. 
 

 

RESULTS 
 

Descriptive findings 

Women accounted for 54.8% (95% CI, 

47.2–62.2%) of the subjects, with fever 

being the most common initial presentation 

at 52.4% (95% CI, 44.8–59.9%). The 

median age of the cohort was 58 years, with 

an IQR of 45 to 67. A majority of catheters 

were implanted in the jugular vein (77.7%; 

95% CI, 70.8–83.4%). The most frequently 

observed underlying condition was end-

stage renal disease, followed by 

hypertension and ischemic heart disease. 

In 11.4% (95% CI, 7.5–17.2%) of 

individuals, both blood and catheter cultures 

yielded negative results. Among them, 6.0% 

(95% CI, 3.3–10.7%) had unrecorded blood 

or catheter culture results, while 4.8% (95% 

CI, 2.5–9.2%) had missing data for both 

cultures; the final diagnosis for some of 

these patients was determined by the 

presence of new vegetation observed in 

TEE. Subsequently, the infectious catheter 

was removed in 17/19 (89.5%; 95% CI, 

68.6–97.1%) of these culture-negative cases, 

leading to improvement in fever and 

symptoms. 

Within the study population, 17.5% (95% 

CI, 12.4–24.0%) of patients were managed 

with intravenous antibiotics without catheter 

removal, while 74.1% (95% CI, 66.9–

80.2%) underwent percutaneous catheter 

removal without the requirement for open 

surgery. Furthermore, 8.4% (95% CI, 5.1–

13.7%) underwent catheter removal via open 

surgery. Within the 2 patient groups where 

catheters were removed, the meantime 

interval from admission to catheter removal 

was 7.1 days (SD, 6.9; range: 0–29 d). A 
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new CVC was placed for 126/166 patients 

(75.9%; 95% CI, 68.9–81.8%), with an 

average time interval of 1.3 days (SD = 1.5 

d) between the removal of the primary 

infectious catheter and the implantation of 

the new catheter. 

During the hospitalization period, 112/166 

patients (67.5%; 95% CI, 60.0–74.1%) 

underwent TTE, while 64/166 patients 

(38.6%; 95% CI, 31.5–46.1%) had TEE. 

TTE was conducted before TEE for all 

patients who underwent both procedures 

(Table 1). 

The median follow-up duration for the 

cohort was 24 months (IQR, 12–36; range: 

1–96 mon). During this period, 19 patients 

(11.4%) experienced recurrence of catheter 

infection, with a mean interval of 3.8 months 

(SD = 3) from the initial hospitalization. 

 
Table 1. Quantitative transesophageal and transthoracic echocardiographic findings 

Variable Frequency (%) Mean (SD) 

Tricuspid regurgitation gradient (mm Hg) - 33.4 (9.9) 

Systolic pulmonary artery pressure (mm Hg) - 39.5 (12.2) 

Left ventricular ejection fraction (%) - 51.4 (8.6) 

Left ventricular diastolic diameter (cm) - 4.7 (0.8) 

Left atrial diameter (cm) - 3.5 (0.8) 

Presence of 
Vegetation 

Yes 52 (42.6%)  

No 70 (57.4%)  

Number of Vegetations - 0.5 (0.7) 

Vegetation diameter (mm) - 17.6 (13.7) 

Vegetation thickness (mm) - 7.6 (6.3) 

Vegetation surface 9 (mm²) - 192.5 (277.8) 

Vegetation 
Location 
 
 
 

Central vein or leads 31 (59.6%) - 

Right atrium 12 (23.1%) - 

Mitral valve 4 (7.7%) - 

Tricuspid valve 1 (1.9%) - 

Superior vena cava 4 (7.7%) - 

 

Subgroup analysis 

Echocardiographic findings revealed 62 

infectious vegetations in 52 patients (95% 

CI, 24.8–38.7%) (ie, 46.4% of those with 

available echocardiography data). Among 

these 52 patients, 28/52 (53.8%; 95% CI, 

40.5–66.7%) tested positive for blood 

cultures. Catheter sampling was performed 

in 27/52 of them (51.9%; 95% CI, 38.7–

64.9%), revealing positive catheter cultures 

in 12/52 (23.1%; 95% CI, 13.7–36.1%). 

Among the study population, 9/166 patients 

(5.4%; 95% CI, 2.9–10.0%) died during their 

hospitalization, while the remaining 

individuals were discharged in satisfactory 

general condition. The study found no 

correlation between hospital mortality and 

CRP level and vegetation size. Nevertheless, 

age was identified as a factor related to 

mortality. Sex was not related to mortality (P 

= 0.84). The relationship between mortality 

and blood culture was investigated by dividing 

results into positive and negative groups; no 

relationship was found between mortality and 

positive or negative blood culture results. The 

statistical analysis revealed no statistically 

significant difference between mortality and 

vegetation size (≤ 10 mm, 11–20 mm, and > 

20 mm) (P = 0.516). There was no statistically 

significant difference in mortality based on the 

action on the catheter in the 3 groups: no 

removal, percutaneous removal and surgical 

removal (P = 0.26). 

The average duration of hospitalization was 

14.8 days (SD = 13.3). Additionally, 19/166 

patients (11.4%; 95% CI, 7.5–17.2%) 

experienced a recurrence of catheter 

infection, with an average time interval of 
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3.8 months (SD = 3) between the recurrence 

and the initial hospitalization. 

 

Analysis of the actions taken on the 

infected catheter 

Patients with vegetations were stratified into 

3 categories based on the size of the largest 

vegetations in the echocardiography images 

(≤ 10 mm, 11-20 mm, and > 20 mm). Figure 

1 presents the treatment protocols applied to 

patients with vegetations, categorized 

according to the size of vegetations. The 

action taken on the infected catheter (no 

removal and antibiotic treatment only, 

percutaneous removal, or surgical removal) 

did not show a significant relationship with 

the use of a new access during initial 

hospitalization or with the occurrence of 

death during hospitalization (P = 0.624 and 

P = 0.627, respectively). No significant 

difference was observed in the time intervals 

from admission to catheter removal and 

from catheter removal to access replacement 

between patients discharged in good general 

condition and those who died during 

hospitalization. 

The average hospitalization duration 

differed significantly based on the treatment 

method of the infectious catheter, with 

patients undergoing surgical removal 

experiencing the longest hospital stay. The 

recurrence rate was notably highest at 37.9% 

for patients who did not have their infectious 

catheter removed, while patients who 

underwent percutaneous or surgical removal 

had recurrence rates of 5.7% and 7.1%, 

respectively. Patients who received a new 

access during initial hospitalization 

displayed a recurrence rate of 7.9%, whereas 

those without a new CVC placement had a 

notably higher rate of 22.5%. 

 

Analysis of underlying diseases and past 

medical histories  

Within this study, patients’ underlying 

diseases did not exhibit a significant 

association with in-hospital mortality. There 

were no significant associations observed 

between the site of infected catheter, final 

diagnosis based on the type of infected 

catheter, need for IV nutrition, history of 

blood transfusion, previous CVC infection, 

and in-hospital mortality, with retrospective 

P values of 0.416, 0.898, 0.454, and 0.939.  

Patients with diabetes or blood transfusion 

exhibited significantly prolonged 

hospitalization compared with those without 

(diabetes: 18.7 d [SD = 15.1] vs 14.1 d [SD 

= 12.6], P = 0.016 and blood transfusion: 

19.5 d [SD = 15.3] vs 12.1 d [SD = 11.2]; P 

< 0.001). 

Patients who died during hospitalization 

exhibited significantly lower mean platelet 

counts (107 × 1000 / mm
3
 [SD = 72 × 1000 / 

mm
3
]) and albumin levels (2.6 mg/dL [SD = 

0.8 mg/dL]) compared with those who were 

discharged (platelets: 194 × 1000 / mm
3
 [SD 

= 91 × 1000 / mm
3
]; albumin: 3.2 mg/dL 

[SD = 0.7 mg/dL]) (P = 0.001 and P = 0.02, 

respectively). 

 

Analysis of echocardiographic findings 

There was no statistically significant 

difference observed in tricuspid regurgitation 

gradient, systolic pulmonary arterial pressure 

(SPAP), left ventricular ejection fraction 

(LVEF), left ventricular inner diameter in 

diastole (LVIDd), left atrial diameter, number 

of vegetations, diameter of the largest 

vegetation, and surface of the largest 

vegetation between patients discharged in 

good general condition and those who died 

during hospitalization. 

The study did not identify a significant 

relationship between moderate or severe 

valvular and ventricular dysfunctions and in-

hospital mortality. The corresponding P 

values can be found in Table 2. 

Within the echocardiographic findings, only 

increased SPAP, number of vegetations, and 

diameter of the largest vegetation 

demonstrated a significant association with 
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extended hospitalization. The average 

hospitalization duration was notably higher 

for patients with moderate-to-severe 

tricuspid regurgitation (26.9 [SD = 12.1] vs 

17.4 [SD = 13.7]; P = 0.002) or vegetation 

in echocardiography (26.8 [SD = 15.6] vs 

12.5 [SD = 8.1]; P < 0.001) compared with 

those without these findings. The presence 

of vegetation with diameters of 20 mm or 

greater in TEE was found to be significantly 

correlated with a longer mean hospital stay 

(34.3 [SD = 20.1] vs 22.8 [SD = 11.1]; P = 

0.023). Among the qualitative 

echocardiographic findings, only the 

presence of moderate or severe tricuspid 

regurgitation was linked to the recurrence of 

catheter infection, with an odds ratio of 3.4 

(95% CI, 1.03–11.76, P = 0.035). Further, 

among quantitative findings, only the mean 

diameter and surface of vegetations 

displayed significant differences between 

patients with recurrence and those without. 
 
Table 2. Relationship between echocardiographic qualitative variables and in-hospital mortality  

Variable P Variable P 

Mitral regurgitation 0.883 Left ventricular enlargement 0.466 

Aortic insufficiency 0.803 Left ventricular hypertrophy 0.532 

Aortic stenosis 0.802 Left ventricular systolic dysfunction 0.379 

Tricuspid regurgitation 0.26 Left ventricular diastolic dysfunction 0.257 

Pulmonary arterial hypertension 0.992 Left atrial enlargement 0.466 

Right ventricular enlargement 0.17 Right atrial enlargement 0.169 

Right ventricular dysfunction 0.174 Presence of vegetation 0.112 

 
 

 

Figure 1. Treatment protocols applied to patients with vegetations 

 

DISCUSSION 
 

In this study, the diagnosis of catheter 

infection was established according to the 

2009 IDSA (Infectious Disease Society of 

America) and 2020 update of central venous 

catheter-related infections in hematology 

and oncology guideline.
32-34

 In instances 

where definitive diagnosis based on the 

guideline was challenging, the relief of 

symptoms following infected catheter 
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removal or the detection of new vegetation 

in TEE indicated catheter infection as the 

most likely final diagnosis. 

Previous studies have demonstrated the 

significant prognostic role of 

echocardiography. For instance, the presence 

of vegetations measuring 20 mm or more in 

infective endocarditis affecting the right heart 

structures is correlated with higher mortality 

rates.
35, 36

 Furthermore, valvular disorders, 

reduced LVEF, and pulmonary hypertension 

are factors that may indicate a poorer 

prognosis.
37, 38

 Echocardiography also plays a 

decisive role in determining treatment 

strategies, with timing being of paramount 

importance. A delay in conducting the initial 

TTE can increase the risk of septic embolism, 

valvular destruction, and the subsequent need 

for valvular surgery. On the other hand, early 

echocardiography may increase the chances 

of encountering false negative results.
39-44

 

Considering hemodialysis as a significant risk 

factor for infective endocarditis,
45-47

 cases 

involving catheter use and infections hold 

particular importance, especially in this 

population. Our study identified negative 

prognostic (eg, prolonged hospital stays and 

higher recurrence) indicators through 

echocardiographic findings. Key parameters 

included tricuspid valve insufficiency, 

vegetation presence (particularly on catheters), 

largest vegetation diameter, vegetation size of 

20 mm or greater, and SPAP. 

While it is common practice to refer patients 

with large right-sided vegetations, including 

CVC vegetations, for surgical lead extraction, 

the absence of data on percutaneous catheter 

removal, its techniques, and outcomes 

highlights a significant gap in our 

understanding. Despite the positive outcomes 

reported in studies on percutaneous vegetation 

removal for tricuspid valve endocarditis or 

pacemaker leads in high surgical risk 

patients,
48, 49

 a significant gap exists in the 

guidelines for method of catheter removal in 

patients with vegetation on the CVC, 

highlighting the need for further research. 

Therefore, determination of the strategy and 

treatment required for catheter infection, as 

well as the decision-making process regarding 

the placement of a new catheter and 

appropriate timing for intervention, is 

crucial.
50, 51

 It is noteworthy that IDSA 

guideline does not specify the method for 

catheter removal. Conversely, the process of 

removing the catheter is critical, as techniques 

like guidewire exchange, while reducing 

mechanical risks, can increase the risk of 

catheter site infection and bacteremia.
52-54

 

In this study, the group where the infected 

catheter remained had the shortest hospital 

stay but the highest recurrence rate 

compared to percutaneous or surgical 

removal groups. The disparity in 

hospitalization duration within the catheter 

removal group stemmed from prolonged 

waiting periods for catheter removal. 

In the study conducted by Zhong et al
55

 on 

patients with suspected CRBSI who 

underwent catheter removal, it was observed 

that catheter reinsertion within the first 24 

hours was associated with an increased 30-

day mortality rate. It is important to note that 

patients with dialysis catheters were 

excluded from this study. Conversely, we 

found that replacing access during the same 

admission did not lead to increased 

recurrence rates and also demonstrated a 

decrease compared to individuals who did 

not undergo access replacement during the 

same hospitalization. 

It is important to note that neither the 

approach taken for the infected catheter nor 

the replacement of new catheter during the 

same admission was linked to increased 

mortality during the hospitalization. This 

finding holds particular importance for 

vegetations larger than 2 centimeters, as 

percutaneous catheter removal demonstrated 

comparable mortality rates to the surgical 

method. 
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Limitations 

Our main limitations include the 

retrospective nature of the study, its single-

center design, and potential selection bias. 

Considering limitations of longitudinal 

studies and lack of sufficient researches in 

this field, it is necessary to conduct more 

powerful prospective multicentric studies 

with larger sample size to investigate the 

appropriate treatment strategy and position 

of echocardiography in the management of 

patients with catheter infection. 
 

 

CONCLUSIONS 
 

Echocardiography can play a crucial role in 

investigating and confirming infective 

endocarditis in patients with CRBSIs. It can 

aid in determining treatment strategies, 

assessing prognosis, and confirming 

diagnosis in complex cases, especially in 

patients with prior antibiotic use. Moreover, 

the method of catheter removal, whether 

surgical or percutaneous, does not appear to 

differ, even in individuals with vegetations 

larger than 2 centimeters.  
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