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Hemodialysis vascular access infections:
epidemiology and risk factors for treatment failure
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Background/Aims: Infection remains the second leading cause of mortality in patients with end-stage renal disease (ESRD).
Despite the direct relationship between hemodialysis vascular access-related infections (HD-VARI) and both prognosis and
mortality in ESRD patients, there is a paucity of research in this area.

Methods: This retrospective study was performed at a tertiary care hospital in Seoul, Korea, from 2009 to 2020. Medical
records of adult patients diagnosed with HD-VARI were assessed. We analyzed the distribution of microorganisms, clinical
characteristics according to vascular access type, and evaluated risk factors for treatment failure.
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Results: Data from a total of 367 patients were included over the 12-year study period. Based on vascular access type, 293
(79.8%) had arteriovenous graft infections, 29 (7.9%) had arteriovenous fistula infections, and 45 (12.3%) had tunneled
cuffed catheter infections. Thirty-one (8.4%) patients experienced treatment failure within 90 days. Multivariate analysis
identified male sex (odds ratio [OR], 2.343; 95% confidence interval [Cl], 1.041-5.274) and metastatic infection (OR, 4.297,
95% Cl, 1.516-12.178) as independent predictors of 90-day infection-related treatment failure. Subtotal or total excision (re-
moval) of the infected vascular access significantly decreased the risk of 90-day infection-related treatment failure (OR, 0.337,
95% Cl, 0.129-0.876).

Conclusions: Removal of infected vascular access played a crucial role in reducing infection-related deaths or relapses with-
in 90 days. Management of vascular access infection should be individualized based on patient-specific factors.
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INTRODUCTION

The number of patients receiving hemodialysis continues to
rise annually, with 110,443 hemodialysis patients registered
in Korea according to the 2024 Korean Renal Data System
(KORDS) [1]. Among these patients, 25.8% had been hos-
pitalized within one year, with infection being the most fre-
guent cause of hospitalization. Furthermore, infection was
the second most common cause of death among all dialysis
patients, accounting for 23% of deaths in this population.
Although KORDS does not specify the cause of infection, it
is recognized that hemodialysis vascular access-associated
infection represents a major clinical challenge [2].

Arterio-venous (AV) access is recommended over a dialysis
catheter due to its lower infection risk. Recent research in-
dicates that the incidence of tunneled cuffed catheter (TCC)
infections is five to ten times higher than that of arteriove-
nous fistula (AVF) or arteriovenous graft (AVG) infections
[3-6]. Hospitalization and mortality rates are elevated in pa-
tients undergoing dialysis with catheters, primarily due to
increased cases of bacteremia [7]. Despite the established
infection risks, a considerable number of patients continue
to receive dialysis using a graft or catheter. Although he-
modialysis vascular access-related infections (HD-VARI) are
closely associated with prognosis and mortality among pa-
tients with end-stage renal disease, there are limited studies
addressing this issue. Therefore, our objective was to inves-
tigate the clinical and microbiological features, as well as the
outcomes, of HD-VARI.
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METHODS

Study population
We retrospectively reviewed all adult patients hospitalized
due to HD-VARI at a 750-bed tertiary medical institution in
Seoul, Korea, from January 1, 2009 to December 31, 2020.
Medical records of patients diagnosed with HD-VARI accord-
ing to the 10th edition of the International Classification of
Diseases (ICD-10) code T82.7 were obtained at the time of
discharge. Exclusion criteria included patients less than 19
years of age or those with a history of prior HD-VARI.
Demographic and clinical characteristics collected includ-
ed age, sex, admission and discharge dates related to vascu-
lar access infection, the year hemodialysis commenced, un-
derlying cause of kidney failure, presence of comorbidities,
date of vascular access infection diagnosis, the presence of
metastatic complications, vital signs and laboratory data at
hospitalization, type of vascular access, access site, date of
catheter insertion or creation, date of blood culture, nasal
screening for methicillin-resistant Staphylococcus aureus,
organisms isolated from blood or wound cultures (including
material from removed vascular access, pus, aspirated peri-
graft fluid, or intraoperative tissue), antibiotic therapy type
and duration, surgical intervention date for vascular access
infection, surgical type, last follow-up date, and clinical out-
comes.

Definitions

AV access infection was defined by the presence of clinical
indicators such as erythema, tenderness, skin breakdown,
purulent drainage, or graft exposure. For patients who de-
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veloped fever or bacteremia without an identified infectious
source, the infection was attributed to the AV access. Du-
plex ultrasonography was utilized when confirmation or de-
termination of the extent of infection was necessary, and
the presence of a peri-access fluid collection or pseudoan-
eurysm was considered diagnostic in those exhibiting sus-
pected symptoms or signs of infection [8,9]. Hemodialysis
catheter-related infection was identified by the occurrence
of clinical evidence with a positive culture result from either
blood or a catheter-related wound, including the catheter
segment, in the absence of another evident source. Addi-
tionally, patients displaying hyperemia, induration, tender-
ness, or purulent discharge around the exit site or along the
subcutaneous tunnel were classified as having catheter-re-
lated infection, even if culture results were negative [10].

Metastatic infections were characterized by the presence
of a simultaneous infection at a location distant from the
primary site that resulted from hematogenous dissemina-
tion [11]. Determination of whether an infection present
alongside a vascular access infection represented hema-
togenous spread or was independent relied on clinical as-
sessment, frequently following consultation with infectious
disease specialists.

Recurrent infection was defined as the reappearance of
symptoms or signs of infection at the same site, necessitat-
ing re-hospitalization for antibiotic therapy or further surgi-
cal intervention.

Infection-related death was determined as death directly
attributable to infection or resulting from infectious com-
plications, such as organ failure or septic shock. Treatment
failure within 90 days was defined as either infection-related
death or recurrence of infection at the same vascular access
site.

Management and patient follow-up

Surgical intervention for HD-VARI was categorized into
three groups: total excision (removal), partial excision, and
incision and drainage (I&D). For AVG infections, both total
and subtotal excision procedures were evaluated together
as a single classification. Total graft excision, including anas-
tomosis and likely arterial repair, is indicated in patients with
severe sepsis or when the entire graft is bathed in pus. Sub-
total graft excision involves leaving a remnant of the overse-
wn small cuff of prosthetic material on an underlying patent
artery. Partial graft excision refers to when only a limited
portion of the infected graft is removed, and a new graft
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is rerouted through adjacent sterile tissue to maintain the
patency of the original graft [12].

Catheter removal was regarded as equivalent to total ex-
cision. The attending physicians exercised their clinical judg-
ment when deciding upon catheter removal.

For this analysis, the term subtotal/total excision (removal)
encompassed both subtotal or total excision of AVG/AVF
and removal of catheters.

Statistical analysis

Statistical analyses were conducted using IBM SPSS Statis-
tics for Windows (version 20.0; IBM Corp., Armonk, NY,
USA). Categorical variables are reported as numbers (%)
and continuous variables as median (interquartile range
[IQR]). Chi-square or Fisher's exact tests were applied for
comparing categorical variables between two groups, as
appropriate. For continuous variables, the Student’s t-test
and Mann-Whitney U test were applied to compare groups
with normal and non-normal distributions, respectively. For
continuous variables across three or more groups with nor-
mal distributions, one-way analysis of variance was used,
whereas the Kruskal-Wallis test was applied when distribu-
tions were non-normal. Distribution normality was evaluat-
ed using the Shapiro-Wilk test. Risk factors for treatment
failure within 90 days were assessed by multivariate anal-
ysis using binary logistic regression models with the step-
wise backward selection method. All variables with p values
< 0.10 in univariate analysis, as well as antibiotic duration
(< 2 weeks), were included in the multivariate logistic re-
gression model. To avoid overfitting in multiple logistic re-
gression, independent variables with fewer than 5 cases for
each variable (septic shock, intensive care unit [ICU] care)
were excluded [13]. All significance tests were two-tailed,
with p values < 0.05 considered statistically significant.

Ethics statement

This study was approved by the Institutional Review Board
of Soonchunhyang Seoul University Hospital (IRB No. 2020-
11-03), which waived the need for informed consent owing
to the retrospective study design.

RESULTS

Patient characteristics
Over the 12-year study period, 675 adult patients were eval-

www.kjim.org 319


www.kjim.org

KJIM™

uated for HD-VARI, resulting in 367 being included in the
analysis. Of these, 308 were excluded: 265 due to prior or
recurrent dialysis vascular access infections, 34 due to in-
fections related to non-dialysis catheters, such as chemo-
therapy ports, and 9 due to non-infectious vascular access
complications.

The study population had a median age of 64 years (IQR,
55-73 yr), with males comprising 41.4%. The median hos-
pital stay was 13 days (IQR, 7-24 d). The leading cause of di-
alysis initiation was unknown (56.7 %), followed by diabetes
mellitus (18.3%) and hypertension (12.5%). The mean time
from hemodialysis initiation to admission for vascular access
infection was 6.6 years (standard deviation [SD], + 6.8 yr).
Hypertension was the most prevalent comorbidity (83.6%),
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with diabetes mellitus present in 52.3%. Five patients had
received kidney transplantation, but three of these were on
dialysis due to graft failure (Table 1).

Infection characteristics according to vascular
access type
Among the 367 patients with HD-VARI, 45 (12.3%) had
TCCs, 293 (79.8%) had AVGs, and 29 (7.9%) had AVFs. All
TCCs were inserted via the internal jugular vein. AVFs were
exclusively located in the upper extremities, whereas AVGs
were primarily placed in the upper arm (53.2%) and fore-
arm (42.3%), with remaining instances in the neck (1.0%)
or thigh (3.4%).

Dates of vascular access placement were available for 213

Table 1. Baseline characteristics of HD patients categorized by vascular access type from 2009 to 2020

Characteristic TCC (n = 45) AVF (n = 29) AVG (n = 293) Total (h = 367) p value
Male 21(46.7) 19 (65.5) 112 (38.2) 152 (41.4) 0.013
Age (yr) 60.7 + 14.8 58.8+10.9 64.5 + 13.0 63.6 +13.2 0.068
Vascular access duration (d)? 65 (25-116) 1,520 (511-2,557) 320 (117-1,289) 231 (85-1,037) 0.077
Location of VA
Neck 45 (100) 3(1.0) 48 (13.1) < 0.001
Upper arm 0 12 (41.4) 156 (53.2) 168 (45.8) < 0.001
Forearm 0 17 (58.6) 124 (42.3) 141 (38.4) <0.001
Thigh 0 10 (3.4) 10 (2.7) 0.474
Causes of HDY
Diabetes mellitus 13 (28.9) 5(17.2) 49 (16.7) 67 (18.3) 0.143
Hypertension 6(13.3) 4(13.8 36 (12.3) 46 (12.5) >0.999
Glomerulonephritis 1(2.2) 0 0 1(0.3) 0.202
Polycystic kidney disease 3(6.7) 0 13 (4.4) 16 (4.4) 0.430
Other 2 (4.4 3(10.3) 31(10.6) 36 (9.8) 0.485
Unknown 21 (46.7) 17 (58.6) 170 (58.0) 208 (56.7) 0.351
Comorbidities
Hypertension 32 (71.0) 26 7) 249 (85) 307 (83.7) 0.042
Diabetes mellitus 30 (66.7) 14 3) 148 (50.5) 192 (52.3) 0.117
Coronary artery disease 6(13.3) 3(10.3) 39(13.3) 48 (13.1) 0.902
Stroke 3(6.7) 1(3.4) 22 (7.5) 26 (7.1) 0.928
Immunocompromised 1(2.2) 2 (6.8) 8(2.4) 11 (3.0 0.333
Congestive heart failure 2 4.4 1(3.4) 3(1.0) 6 (1.6) 0.099
Liver cirrhosis 1(2.2) 1(3.4) 3(1.0) 5(1.4) 0.226
Polycystic kidney disease 1(2.2) 0 1(0.3) 2 (0.5) 0.363

Values are presented as number (%), mean + standard deviation, or median (interquartile range).
HD, hemodialysis; TCC, tunneled cuffed catheter; AVF, arteriovenous fistula; AVG, arteriovenous graft; VA, vascular access.
AThe assessment of vascular access duration was limited to cases where the date of catheter insertion or AV creation was documented;

TCC =35 (77.8%), AVF = 7 (24.1%), AVG = 171 (58.4%).

BIAt the start of dialysis, eight patients had both diabetes mellitus and hypertension.
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of the 367 cases. Analysis of these cases showed that the
median interval from vascular access placement to infection
diagnosis was shortest for TCCs (65 d; IQR, 25-116 d), fol-
lowed by AVGs (320 d; IQR, 117-1,289 d), and longest for
AVFs (1,520 d; IQR, 511-2,557 d). Across all vascular access
types, the median duration from placement to infection was
231 days (IQR, 85-1,037 d). No significant differences in
underlying disease prevalence were observed across the dif-
ferent vascular access types.

Microbiological characteristics according to
vascular access type
Blood cultures were obtained from 321 (87.4%) patients,
with bacteremia identified in 158 (49.2%). Bacteremia was
most frequently observed in patients with TCC infections
(69.0%, 29/42), while the prevalence was 64.0% (16/25)
in AVF infections and 44.5% (113/254) in AVGs. Of the
patients with bacteremia, 151 had monomicrobial infec-
tions and seven had polymicrobial infections. Among those
with monomicrobial bacteremia, 90% involved gram-pos-
itive bacteria. S. aureus was the most prevalent organism
(63.3% [100/158]), with 51.0% (51/100) of these isolates
demonstrating methicillin resistance. Aerobic gram-negative
bacteria accounted for 15 (9.9%) cases of monomicrobial
bacteremia. No cases of candidemia were identified.
Wound cultures were performed for 272 (74.1%) pa-

KJIM™

tients, with microorganisms detected in 165 (60.4%). The
leading organism isolated was S. aureus (70.3% [116/165]),
and 43.1% (50/116) of these were methicillin resistant. Co-
agulase-negative staphylococci (CoNS) were also frequent-
ly identified. Gram-negative bacteria were found in 25
(15.6%) patients. The most commonly isolated gram-neg-
ative species included Pseudomonas aeruginosa, Escherichia
coli, and Klebsiella pneumoniae. Causative microorganisms
could not be detected in 42% of the cases. Neither blood
nor wound cultures were acquired for 29 patients (7.9%)
(Table 2, 3).

Management
All patients received antibiotic treatment. Of these, 260
(70.8%) were administered intravenous vancomycin as
empiric antibiotics. Seventy-six patients (20.7%) received
first-generation cephalosporin. Fluoroquinolones were ad-
ministered to 12 (3.3%) patients. The median total duration
of antibiotic therapy was 18 days (IQR, 12-28 d). For pa-
tients with S. aureus bacteremia (SAB) and those with met-
astatic infections, the median duration of antibiotic therapy
was 27 days (IQR, 17-35 d) and 31 days (IQR, 20-47 d),
respectively.

Surgical intervention was performed in 332 (90.5%) pa-
tients. Among these individuals, 13.0% underwent I&D,
45.8% received partial excision, and 41.3% underwent to-

Table 2. Microbiologic characteristics according to vascular access type

Characteristic TCC (n = 45) AVF (n = 29) AVG (n = 293) Total (n = 367) p value
Bacteremia? 29/42 (69) 16/25 (64.0) 113/254 (44.5) 158/321 (49.2) 0.004
SAB? 17/42 (40.5) 11/25 (44.0) 72/254 (28.3) 100/321 (31.2) 0.102
MSSAP) 717 (41.2) 8/11(72.7) 34/72 (47.2) 49/100 (49.0) 0.225
MRSAP 10/17 (58.8) 3/11 (27.3) 38/72 (52.8) 51/100 (51.0) 0.225
Monomicrobial bacteremia® 27/42 (64.3) 16/25 (64. 0) 108/254 (42.5) 151/321 (47.0) 0.675
Gram-positive® 21/27 (77.8) 13/16 (81.2) 102/108 (94.4) 136/151 (90.0) 0.016
Gram-negative® 6/27 (22.2) 3/16 (18. 8) 6/108 (5.6) 15/151 (9.9) 0.016
Polymicrobial bacteremia? 2/42 (4.8) 0/25 (0) 5/254 (2.0) 7/321 (2.2) 0.675
Positive wound culture? 28/39 (71.8) 14/22 (63.6) 123/212 (58.0) 165/272 (60.4) 0.257
Unknown organism 11 (24.4) 4.5) 134 (45.7) 155 (42.2) 0.018

Values are presented as number (%).

TCC, tunneled cuffed catheter; AVF, arteriovenous fistula; AVG, arteriovenous graft; SAB, Staphylococcus aureus bacteremia; MSSA,
methicillin-sensitive Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus aureus.
The denominator refers to the number of patients who underwent microbiologic culture for blood specimens.

BIThe denominator represents the total number of patients with SAB.

9The denominator represents the total number of patients with monomicrobial bacteremia.
9The denominator refers to the number of patients who underwent microbiologic culture for non-blood specimens.

https://doi.org/10.3904/kjim.2025.182

www.kjim.org 321


www.kjim.org

KJIM™

The Korean Journal of Internal Medicine Vol. 41, No. 2, March 2026

Table 3. Causative microorganisms according to vascular access type from 2009 to 2020

Organism TCC AVF AVG Total
Gram-positive organisms 31 (73.8) 16 (72.7) 151 (81.6) 198 (79.5)
Staphylococcus aureus 20 (47.6) 14 (63.6) 102 (55.1) 136 (54.6)
MSSA 8(19) 11 (50) 58(31.3) 77 (30.9)
MRSA 12 (28.5) 3(13.6) 44 (23.8) 59 (23.7)
Coagulase-negative staphylococci 8 (19) 0 34 (18.4) 42 (16.8)
Enterococci 24.7) 2 (9.0) 7 (3.8) 11 (4.4)
Streptococci 1(2.3) 0 8(4.3) 9(3.6)
Gram-negative organisms 11 (26.1) 6(27.2) 34 (18.4) 51 (20.4)
Escherichia coli 4(9.5) 1(4.5) 7 (3.8) 12 (4.8)
Pseudomonas aeruginosa 2@4.7) 2 (9.0) 4(2.2) 8(3.2)
Klebsiella pneumoniae 0 0 6(3.2) 6 (2.4)
Serratia marcescens 247 0 2 (1.0) 4(1.6)
Stenotrophomonas maltophilia 24.7) 0 0 2(0.8)
Acinetobacter baumanniilhaemolyticus 0 0 3(1.6) 3(1.2)
Morganella morganii 0 0 2 (1.0) 2(0.8)
Achromobacter xylosoxidans 0 0 1(0.5) 1(0.4)
Alcaligenes 0 14.5) 0 1(0.4)
Proteus mirabilis 0 0 1(0.5) 1(0.4)
Citrobacter freundii 0 0 3(1.6) 3(1.2)
Enterobacter cloacae 0 0 2 (1.0) 2(0.8)
Enterobacter aerogenes 1(2.3) 0 0 1(0.4)
Pseudomonas fluorescens/putida 0 2 (9.0) 1(0.5) 3(1.2)
Klebsiella variicola 0 0 1(0.5) 1(0.4)
Pantoea agglomerans 0 0 1(0.5) 1(0.4)
Total 42 22 185 249

Values are presented as number (%).

TCC, tunneled cuffed catheter; AVF, arteriovenous fistula; AVG, arteriovenous graft; MSSA, methicillin-sensitive Staphylococcus aureus;,

MRSA, methicillin-resistant Staphylococcus aureus.

Both blood and wound cultures were evaluated, excluding duplicate isolates from the same patient. The positivity rate for cultures is

reported in Table 2.

tal or subtotal excision (removal). Additional surgical proce-
dures were necessary for 85 (25.6%) patients. Specifically,
60.5% of those initially treated with 1&D, 23.7% of those
with partial excision, and 16.8% of those with subtotal or
total excision (removal) required re-operation. The rate of
re-operation was significantly greater among patients with
AVG infections compared to those with AVF or TCC infec-
tions (p = 0.027). The median interval between the initial
and subsequent procedures was 8 days (IQR, 5-12.5 d)
(Table 4). Patients managed without surgery experienced
shorter hospitalizations (p = 0.006) and received antibiotics
for a shorter duration (p = 0.001) compared to those who
underwent surgery. However, surgical intervention was not
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associated with all-cause in-hospital mortality (p > 0.999),
90-day recurrence (p > 0.999), or infection-related failure
within 90 days (p = 0.752).

Bacteremia and metastatic complications

The presence of bacteremia was linked to a higher risk of
septic shock (p = 0.028), ICU admission (p = 0.001), and
development of metastatic infection (p < 0.001). Patients
with SAB experienced metastatic infections more frequent-
ly than those without SAB (21.0% vs. 8.6%; p = 0.043).
Detailed comparative analyses of SAB and non-SAB groups
can be found in the Supplementary Tables. Incidence of
gram-negative bacteremia was notably increased in patients
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Table 4. Management strategies and clinical outcomes of vascular access infection
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Characteristic TCC (n =45) AVF (n = 29) AVG (n = 293) Total (n = 367) p value
Hospital duration (d) 19 (5-21) 14 (7-25) 13 (8-24) 13 (7-24) 0.823
Antibiotic duration (d) 15 (7-18) 17 (11-31) 20 (13-29) 8 (12-28) 0.230
Septic shock 2(4.4) 1(3.4) 2(0.7) 5(1.4) 0.058
ICU care 4(8.9) 2(6.9) 7(2.4) 3(3.5) 0.042
Surgical intervention 39 (86.7) 23(79.3) 270(92.2) 332 (90.5) 0.052
I&D 1/39 (2.6) 2/23 (8.7) 40/270 (14.8) 43/332 (13.0) 0.072
Partial excision 0/39 (0) 13/23 (56.5) 139/270 (51.4) 152/332 (45.8) <0.001
Subtotal/total excision (removal) 38/39 (97.4) 8/23 (34.8) 91/270 (33.7) 137/332 (41.3) < 0.001
Re-operation 4/39(10.3) 5/23 (21.7) 76/270 (28.1) 85/332 (25.6) 0.052
All-cause mortality 2(4.4) 1(3.4) 5(1.7) 8(2.2) 0.250
90-day recurrence 0 0 25(8.5) 25 (6.8) 0.031
90-day infection-related treatment failure 1/33 (3.0) 1/23 (4.3) 29/244 (11.9) 31/300 (10.3) 0.284

Values are presented as median (interquartile range) or number (%).

TCC, tunneled cuffed catheter; AVF, arteriovenous fistula; AVG, arteriovenous graft; ICU, intensive care unit; I&D, incision and drainage.

with TCCs (p = 0.025) and decreased in those presenting
with AVG infections (p < 0.006). No significant relationship
was identified between gram-negative bacteremia and 90-
day treatment failure (p = 0.356) (Supplementary Table 1).
Metastatic infection was identified in 31 (8.4%) patients.
Septic lung involvement occurred in 23 patients, represent-
ing the most frequent manifestation. Vertebral osteomyelitis
and infective endocarditis were each recorded in 5 patients.
The prevalence of metastatic infection did not significantly
vary by type of vascular access (p < 0.889). Regarding micro-
biological findings, 21 cases were due to SAB. Including 3
additional patients with S. aureus detected in other cultures
despite negative blood cultures, 77% of metastatic infec-
tions were attributable to S. aureus. Metastatic infection
was documented in 21% of SAB patients, 33% of those

with Enterococcus spp. bacteremia, and 12.5% of individu- (Supplementary Table 2).
als with gram-negative bacteremia.
Clinical outcomes and risk factors of DISCUSSION

treatment failure

The hospital mortality rate was 2.2%, while infection-re-
lated mortality was 1.6%. Recurrent infections occurred in
25 patients within 90 days following the initiation of anti-
biotic therapy or surgical intervention. Patients with met-
astatic infections had a significantly higher 90-day treat-
ment failure rate (p = 0.002). Failure was also associated
with not receiving subtotal/total excision (removal) as the
initial surgical approach (p = 0.022) and with the necessity

https://doi.org/10.3904/kjim.2025.182

for re-operation (p = 0.014) (Table 5). In the multivariate
analysis, male sex (odds ratio [OR], 2.343; 95% confidence
interval [Cl], 1.041-5.274; p = 0.040) and the presence of
metastatic infection (OR, 4.297; 95% Cl, 1.516-12.178; p
= 0.006) independently predicted 90-day infection-related
treatment failure. The total or subtotal excision (removal)
of infected vascular access significantly decreased the risk
of infection-related treatment failure within 90 days (OR,
0.337; 95% Cl, 0.129-0.876; p = 0.026) (Table 6). Anti-
biotic treatment for less than 2 weeks was not statistically
associated with an increased risk of 90-day infection-related
treatment failure. Nevertheless, subgroup analysis among
bacteremic patients showed that antibiotic therapy of less
than 2 weeks significantly increased the risk of 90-day infec-
tion-related treatment failure (10.7% vs 33.3%, p = 0.016)

In this study, S. aureus was found to be the predominant
pathogen in HD-VARI, with a greater frequency of bacte-
remia observed in TCC compared to AVF or AVG. SAB was
linked to a higher risk of metastatic infection, which contrib-
uted to increased mortality and recurrence. Subtotal/total
excision (removal) was independently associated with a low-
er risk of recurrence and infection-related death.

A prior investigation at our institution of 224 patients
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Table 5. Risk factors associated with 90-day infection-related treatment failure

L Treatment success
Characteristic

90-day infection related

Total (n = 300) p value

(n=269) treatment failure (n = 31)

Age (yr) 629+ 13.2 67.1+12.2 63.6+13.2 0.093
Male 101 (37.5) 18 (58.1) 119 (39.7) 0.027
Hospital duration (d) 15 (7-24) 11 (8-25) 13 (7-24) 0.890
Type of VA

TCC 32 (11.9) 1(3.2) 33(11.0) 0.224

AVF 22 (8.2) 1.3 23(7.7) 0.488

AVG 215(79.9) 29 (93.5) 244 (81.3) 0.086
Location of VA

Neck 33(12.3) 3(9.7) 36 (12.0) >0.999

Upper arm 128 (47.6) 4 (45.2) 142 (47.3) 0.798

Forearm 99 (36.8) 4 (45.2) 113 (37.7) 0.363

Thigh 9(33) 0 9(3.0 0.605
Bacteremia? 112/231 (48.5) 15/29 (51.7) 127/260 (48.8) 0.742
SAB? 69/112 (61.6) 12/15 (80) 81/127 (63.8) 0.287
Positive wound culture® 121/196 (61.7) 14/22 (63 6) 135/218 (61.9) 0.862
Pathogen unknown 113 (42.0) 1(35.5) 124 (41.3) 0.485
Metastatic infections 7(6.3) 7(22.6) 24 (8.0) 0.002
Septic shock 2(0.7) 3(9.7) 5(1.7) 0.009
ICU care 4(1.5) 5(16.1) 9(3.0) 0.001
Antibiotic duration (d) 8 (12-29) 20 (12-29) 8 (12-28) 0.966
< 2 weeks of antibiotic therapy 80(29.7) 9(29.0) 89 (29.7) >0.999
Surgical intervention 241 (89.6) 29 (93.5) 270 (90.0) 0.752
Types of surgery

1&D° 31/241 (12.9) 6/29 (20.7) 37/270 (13.7) 0.247

Partial excision® 107/241 (44.4) 17/29 (58.6) 124/270 (45.9) 0.146

Subtotal/total excision (removal)® 103/241 (42.7) 6/29 (20.7) 109/270 (40.4) 0.022

Re-operationc) 59/241 (24.5) 13/29 (44.8) 72/270(26.7) 0.014

Values are presented as mean = standard deviation, number (%), or median (interquartile range).
VA, vascular access; TCC, tunneled cuffed catheter; AVF, arteriovenous fistula; AVG, arteriovenous graft; SAB, Staphylococcus aureus

bacteremia; ICU, intensive care unit; I1&D, incision and drainage.

AThe denominator refers to the number of patients who underwent microbiologic culture for blood specimens.
®The denominator refers to the number of patients who underwent microbiologic culture for non-blood specimens.
9The denominator is defined as the number of patients who received surgical management.

with vascular access infections (May 2003 to March 2010)
reported 62.5% developed SAB, which was closely linked to
septic pulmonary embolism. Complications related to vas-
cular access infection occurred in 16% of that cohort, with
an infection-related mortality rate of 5.4% [14]. While both
studies were conducted at the same center, the present
study encompasses a longer follow-up period and a larger
cohort. Furthermore, the analysis extends beyond metastat-
ic complications to evaluate risk factors for treatment fail-
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ure, defined as infection-related death or recurrence at the
same vascular access site.

According to surveillance data from the 2017-2020
Emerging Infections Program (EIP) in the United States,
the incidence of SAB was 4.3 times higher in patients with
central venous catheters compared with those with AVFs
or AVGs [15]. Consistent with these previous findings, S.
aureus remained the predominant pathogen in the current
study.
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Table 6. Univariate and multivariate analyses of risk factors for 90-day infection-related treatment failure

Variable Univariate analysis Multivariate analysis p value
Age 2.492 (-9.110 to 0.698)

Male 2.303 (1.083 to 4.899) 2.343 (1.041 t0 5.274) 0.040

AVG 3.642 (0.843 to 15.739)

Metastatic infections 4.324 (1.631 to 11.459) 4.297 (1.516 to 12.178) 0.006

< 2 weeks of antibiotics therapy 1.764 (0.676 to 4.604)

Subtotal/total excision (removal) 0.350(0.137 t0 0.899) 0.337 (0.129 to 0.876) 0.026

Re-operation

2.571 (1191 to 5.550)

Values are presented as odds ratio (95% confidence interval).
AVG, arteriovenous graft.

The optimal duration of antibiotic therapy for AV access
infections remains unclear. The Kidney Disease Outcomes
Quiality Initiative (KDOQI) recommends basing the duration
on the extent of the vascular access infection and any sur-
gical intervention performed. In cases of extensive AV ac-
cess infections involving the artery and vein, a duration of
6 weeks or extended antibiotic therapy is recommended,
similar to the approach for endocarditis [10].

AVF infections generally respond more favorably to an-
tibiotics than AVG infections. The European Best Practice
Guidelines (EBPG) recommend at least 2 weeks of appropri-
ate antibiotic therapy for AVF infection if there is no fever or
bacteremia. For cases presenting with fever and/or bactere-
mia, appropriate intravenous antibiotics should be given for
2 weeks [16]. Updated guidelines from the European Soci-
ety for Vascular Surgery now recommend a 6-week antibi-
otic regimen for primary AVF infection, although supporting
data are limited [17].

For the management of AVG infections, the EBPG recom-
mends administering 2 weeks of appropriate intravenous
antibiotics followed by an additional 4 weeks of oral antibi-
otics [16]. A recent review on prosthetic vascular graft infec-
tions recommends applying standardized medical treatment
protocols and highlights the need for optimal surgical inter-
vention, followed by a 6-week postoperative antibiotic reg-
imen [18]. The use of oral antibiotics may be appropriate if
agents with good bioavailability are accessible. However, no
clear guidance exists on adjusting antibiotic course duration
according to the extent of surgical intervention.

In our study, while the duration of antibiotic therapy was
generally longer for graft infections compared to other types
of vascular access, the difference did not reach statistical sig-
nificance. Although a shorter course of antibiotics was used

https://doi.org/10.3904/kjim.2025.182

compared to those recommended in current guidelines, we
observed no significant correlation between antibiotic ther-
apy duration and infection-related 90-day treatment failure
(p =0.890).

Nonetheless, it should be noted that, owing to the retro-
spective study design, we could not ascertain whether pa-
tients transferred to alternative dialysis centers after hospital
discharge subsequently received additional antibiotic ther-
apy, potentially resulting in longer antibiotic courses than
documented. Despite these limitations, our findings indicate
it may be feasible to shorten the antibiotic duration relative
to other prosthetic graft infections.

We observed a decreased risk of 90-day treatment fail-
ure following subtotal/total excision (removal). A prior me-
ta-analysis involving eight studies demonstrated a signifi-
cant increase in both the recurrent graft infection rate (OR,
0.23; 95% Cl, 0.13-0.41; p < 0.00001) and re-operation
rate for infection control (OR, 0.14; 95% Cl, 0.03-0.58; p <
0.007) in cases where partial graft excision was performed
[19]. Consistently, a separate study found that total excision
in AVG infections led to fewer recurrences of infection com-
pared to partial excision (5.9% vs. 31.2%). Nonetheless, a
median of 90 days of tunneled or non-tunneled catheter
use was needed after total graft excision [20].

In summary, total graft excision demonstrated effective
infection control, but partial graft excision may prevent the
need for temporary dialysis access and maintain existing
vascular access. Consequently, it is important to tailor the
surgical approach to the patient’s vascular access strategy
and optimize antibiotic therapy concurrently.

Clinicians must thoroughly evaluate for metastatic infec-
tions during the management of vascular access infection,
as these are linked to elevated mortality rates [11]. In this
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study, up to four deaths (12.9%) were documented during
hospitalization among 31 patients who developed met-
astatic infections. Given the tendency of metastatic infec-
tions to recur, rigorous efforts are essential to detect early
recurrence. Because S. aureus infection is closely associated
with the development of metastatic infection [11], vigilant
monitoring for new symptoms, including those in sites re-
mote from the vascular access, is especially warranted when
patients have SAB.

The retrospective nature of this study and its single-cen-
ter design represent limitations, potentially restricting gen-
eralizability to other populations. Nevertheless, our consid-
erable experience with vascular access-related infections is
supported by the performance of over 3,000 vascular access
procedures and surgeries annually at our institution.

In conclusion, it is crucial that clinicians rigorously assess
patients for metastatic infections, with particular attention
to those with SAB, to reduce treatment failure. Antibiotic
duration should be tailored to the patient’s clinical status.
Subtotal/total excision (removal) should be regarded as a pri-
mary intervention in patients considered at heightened risk
of treatment failure. Furthermore, individuals not undergo-
ing complete excision should be observed closely for recur-
rence following discharge. The management of infections
in dialysis vascular access is uniquely challenging due to the
inability to offer dialysis-free intervals and the occurrence of
complications from repeated cannulation and interventions.
For this reason, early detection and intervention in dialysis
patient infections are critical. A patient-specific therapeutic
strategy is necessary to limit further procedures.

KEY MESSAGE

1. S. aureus was identified as the predominant patho-
gen responsible for dialysis vascular access infections,
demonstrating a significant correlation with metastat-
ic complications, increased mortality, and recurrence.

2. Infection-related treatment failure within 90 days,
defined as death or recurrence, occurred in 8.4% of
patients.

3. Infection-related treatment failure showed an inde-
pendent association with metastatic infection; how-
ever, subtotal or total excision (removal) of the infect-
ed access was associated with a significant reduction
in failure rates.
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Supplementary Table 1. Comparison of Patients with SAB and non-SAB
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Characteristic SAB (n = 100) Non-SAB (n = 58) Total (n = 158) p value
Age (yr) 62 +14.7 66.7 £ 11.5 63.7 +13.8 0.038
Male 50 (50.0) 31(53.4) 81(51.3) 0.676
Hospital duration (d) 22 (14-36) 19 (12-28) 21 (13-33) 0.232
Comorbidities
Hypertension 83 (83.0) 49 (84.5) 132 (83.5) 0.809
Diabetes mellitus 56 (56.0) 35(60.3) 91 (57.6) 0.594
Coronary artery disease 15 (15.0) 6(10.3) 21(13.3) 0.406
Stroke 7(7.0) 4(6.9) 11 (7.0) >0.999
Congestive heart disease 4(4.0) 1(1.7) 5(3.2) 0.653
Liver cirrhosis 2 (2.0) 1(1.7) 3(1.9) >0.999
Immunocompromised 0 3(5.2) 3(1.9) 0.048
Polycystic kidney disease 0 1(1.7) 1(0.6) 0.367
Type of VA
TCC 17 (17.0) 12 (20.7) 29 (18.4) 0.564
AVF 11 (11.0) 5(8.6) 16 (10.1) 0.633
AVG 72 (72.0) 41 (70.7) 113 (71.5) 0.860
Location of VA
Neck 8(18.0) 2(20.7) 30(19) 0.678
Upper arm 47 (47.0) 27 (46.6) 74 (46.8) 0.957
Forearm 34 (34.0) 16 (27.6) 50 (31.6) 0.403
Thigh 1(1.0) 3(.2) 4(2.5) 0.140
MRSA colonization? 11/60 (18.3) 4/34 (11.8) 15/94 (16.0) 0.560
Positive wound culture® 82/96 (85.4) 27/52 (51.9) 109/148 (73.6) <0.001
Metastatic infections 21 (21.0) 5(8.6) 26 (16.5) 0.043
Septic shock 4 (4.0) 1(1.7) 5(3.2) 0.653
ICU care 9 (9.0) 3(5.2) 2 (7.6) 0.537
Antibiotic duration (d) 27 (17-35) 22 (16-33) 23 (17-34) 0.317
Surgical intervention 96 (96.0) 53 (91.4) 149 (94.3) 0.290
Re-operation 43 (43.0) 14 (24.1) 57 (36.1) 0.017
Clinical outcome
All-cause mortality 6 (6.0) 1(1.7) 7 (4.4) 0.424
90-day recurrence 6/76 (7.9) 3/46 (6.5) 9/122(7.4) > 0.999
90-day infection related treatment failure 12/80 (15.0) 3/46 (6.5) 15/126 (11.9) 0.253

Values are presented as mean + standard deviation, number (%), or median (interquartile range).

SAB, Staphylococcus aureus bacteremia; VA, vascular access; TCC, tunneled cuffed catheter; AVF, arteriovenous fistula; AVG, arteriovenous
graft; MRSA, methicillin-resistant Staphylococcus aureus; ICU, intensive care unit.
aThe denominator is the number of patients who collected nasal swab specimens to detect MRSA colonization.

bThe denominator refers to the number of patients who underwent microbiologic culture for non-blood specimens.
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Supplementary Table 2. 90-day infection-related treatment failure in bacteremia patients according to the antibiotic duration

Characteristic Treat(r:ezn’; 15;; cess t?g;?;ﬁgfgﬂﬁg(ffzes) Total (n = 127) p value
< 1 week of antibiotics therapy 4 (3.6) 2(13.3) 6(4.7) 0.148
< 2 weeks of antibiotics therapy 12 (10.7) 5(33.3) 17 (13.4) 0.016
< 3 weeks of antibiotics therapy 44 (39.3) 6 (40) 50 (39.4) 0.958
< 4 weeks of antibiotics therapy 62 (55.4) 10 (66.7) 72 (56.7) 0.406

Values are presented as number (%).
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