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ABSTRACT

Background: The use of central venous catheters (CVC) is associated with higher morbidity and mortality,

related to infectious complications, contributing to poorer clinical outcomes and increased healthcare costs.

According to the literature, the incidence of local infections related to CVC for hemodialysis is highly

variable. This variability is related to differences in definitions of catheter-related infections.

Objective: To identify signs and symptoms for determining local infections (exit site and tunnel tract in-

fections) used in the literature in tunnelled and nontunnelled CVC for hemodialysis.

Design: Systematic review

Methods: Structured electronic searches were conducted in five electronic databases, from 1 January

2000-31 August 2022, using key words and specific vocabulary, as well as manual searches in several

journals. Additionally, vascular access clinical guidelines and infection control clinical guidelines were re-

viewed.

Results: After validity analysis, we selected 40 studies and seven clinical guidelines. The definitions of exit

site infection and tunnel infection used in the different studies were heterogeneous. Among the studies,

seven (17,5 %) used the definitions of exit site and tunnel infection based on a clinical practice guideline.

Three of the studies (7.5 %) used the Twardowski scale definition of exit site infection or a modification. The

remaining 30 studies (75 %) used different combinations of signs and symptoms.

Conclusions: Definitions of local CVC infections are highly heterogeneous in the revised literature. It is

necessary to establish a consensus regarding the definitions of hemodialysis CVC exit site and tunnel in-

fections.

Registration: PROSPERO (CRD42022351097).
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Introduction catheter-related infections, either local (exit site, subcutaneous

Chronic kidney disease is a major public health problem world-
wide. Its prevalence ranges from 7 % to 12 % [1] and nearly 700
million people around the world are affected [2]. When the glo-
merular filtration rate is<15 mL/min/1.73 m2, renal replacement
therapy must be initiated. Approximately 9.7 million people, glob-
ally, are currently receiving this type of treatment [2]. Dialysis is the
most widely used treatment for chronic kidney disease, and 90 % of
these patients undergo hemodialysis [3].

All clinical practice guidelines on hemodialysis recommend the
internal arteriovenous fistula (autologous or prosthetic) as the ideal
vascular access, due to its lower rate of complications compared to
central venous catheters [4-8]. Nevertheless, central venous cathe-
ters are commonly accepted as an alternative to arteriovenous fis-
tulas, as they can be used immediately after implantation. The need
to allow time for the maturation of arteriovenous fistulas, and the
resulting uncertainty about when hemodialysis treatment can be
started, contribute to the high frequency and prolonged duration of
central venous catheters use [9]. Approximately 70-80 % of incident
hemodialysis patients initiate treatment via a central venous ca-
theter [10,11]. Among prevalent patients, however, the use of a
central venous catheter is less frequent, representing 30-40
% [10,11].

The use of central venous catheters is associated with higher
morbidity and mortality related to infectious complications, and
may contribute to poorer clinical outcomes and increased healthcare
costs [12-15].

According to the literature, the incidence of bacteremia related to
the hemodialysis catheter is highly variable (from 1.6 to 6.18/1000
catheter-days for tunneled catheters and from 1.4 to 8.3/1000 ca-
theter-days for non-tunneled catheters) [16,17]. Similarly, the in-
cidence of exit site infection ranges from 0.35 to 8.3/1000 catheter-
days for tunneled catheters, and from 8.2 to 16.75/1000 catheter-
days for non-tunneled catheters [16-19]. The variability in these
results is due to the lack of consensus on the definition and intrinsic
variability in terms of management adherence considering the best
available evidence.

Several clinical practice guidelines for vascular access and sci-
entific societies recommend central venous catheters exit site be
assessed by nurses in each hemodialysis session to identify early any
signs of local infection [4,5,20]. A correct early identification of signs
and symptoms of infection in the exit site and tunnel prevents
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tunnel) or bacteraemias.

The aim of this review was to identify signs and symptoms for
determining local infections (exit site and tunnel tract infection) in
tunneled and not tunneled central venous catheters for hemodialysis
used in the literature to establish a consensus definition through
future research.

Material and methods

The protocol for the systematic review was registered and pro-
spectively made available in an international prospective register of
systematic reviews (PROSPERO 2022 CRD42022351097) [21]. Our
review was performed and reported based on the recommendations
made by the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [22].

Review question

What are the signs and symptoms for determining local infec-
tions (exit site and tunnel tract infection) in tunneled or non-tun-
neled central venous catheters for hemodialysis?

Inclusion criteria

An electronic search was conducted for any studies on adult
patients (age 218 years) with a central venous catheter (tunneled or
non-tunneled) as hemodialysis vascular access, in studies that pre-
sented data on signs and symptoms for determining local infections
(exit site and tunnel tract infection) in tunneled or non-tunneled
central venous catheters for hemodialysis.

This review included randomized-controlled trials, non-rando-
mized interventional studies (quasi-experimental), observational
studies with pre- and post-guideline/intervention implementation
and protocols of randomized-controlled trials and systematic re-
views. In addition, vascular access clinical guidelines from ne-
phrology and vascular access scientific societies and infection
control clinical guidelines were revised to include their central ve-
nous catheter-related definitions for local infections. In addition, we
revised titles from relevant journals on nephrology care: Enfermeria
Nefrolégica, Journal of Renal Care and Nephrology Nurses Journal.
Also, references cited by included studies and previous reviews were
screened to detect other potentially relevant studies. Searches were
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limited to English, Spanish and Portuguese, and to the last 22 years
(2000-2022).

Exclusion criteria

Non-human studies were excluded. Non-primary studies such as
review articles, commentaries, letters to the editor and interviews
were also excluded. Similarly, we excluded any case studies and
publications outside of peer-reviewed or independently validated
papers. Narrative review studies were not considered eligible, al-
though a revision of included studies was also performed. Studies
that did not include a definition of local infection (exit site and
tunnel tract infection) were excluded.

Searches

The search strategy was piloted in February 2020 in a single
database to ensure sensitivity and specificity. An expert librarian
from the University was consulted during this phase. The final
searches were developed by the first author in March 2020 and then
reproduced by a second researcher to ensure the validity of the re-
sults. A new search was developed by the first author on September
1, 2022, to review final articles.

Search strategy

Five electronic databases were searched from 1 January 2000-31
August 2022: MEDLINE (via PubMed), CINAHL (via OVID), CUIDEN
(Spanish care database), Cochrane Library (including CENTRAL
Trials) and Web of Science (via WOS). Structured searches were
conducted of published studies using specific subject headings or
vocabulary (medical subject headings -MeSH- and health sciences
descriptors -DeCS-), as well as free terms or key words. The search

"o«

terms for the PICO question were “hemodialysis”, “central venous
catheter”, “infection”, “exit site” and “subcutaneous tunnel”. These
terms will be combined with Boolean operators, “OR” to combine
intradomain terms and “AND” to combine inter-domain terms.
Marginal terms such as “peritoneal dialysis” were combined with
“NOT” to ensure accuracy of the results. Searches were limited to
adults and by language (English and Spanish). The full search stra-

tegies for these databases and their results are provided in Table 1.
Study selection

After the electronic searches, two independent and blinded re-
viewers assessed eligibility by study titles in every database and
included in a reference manager. Duplicates were removed, and
abstracts were then revised by two independent and blinded au-
thors, discarding any study that did not meet the inclusion criteria.
The remaining studies were included in a full-text review, in which
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any studies that failed include a definition of local infection (exit site
and tunnel tract infection) were excluded. The full-text articles were
assessed by two independent and blinded reviewers for eligibility.
Data extraction was revised by the first author to detect disagree-
ments. We used an ad hoc form in this phase. Disagreements were
resolved by consensus of the six reviewers who took part in this
process.

Data extraction and synthesis

Two independent reviewers conducted data extraction from all
included studies and registered in a review form. Every study was
then discussed within a group of six reviewers. First, a descriptive
analysis of published studies was conducted, which included date of
publication, country, aim, study design, sample size, catheter type,
setting, definition of local infections (exit site and tunnel tract in-
fection).

Appraisal

Two authors independently assessed the quality of the studies.
We used the Newcastle-Ottawa validated tool for the evaluation of
internal validity of longitudinal observational studies [23], the
CONSORT check list for randomized-controlled trials [24], the CASP
check list for experimental studies [25]| and the Strobe statement
check list for cross-sectional studies [26]. The AGREE reporting
checklist was used to evaluate clinical practice guidelines [27].

Results

The electronic searches produced a total of 256 titles. Three ad-
ditional reports were identified by direct searches in specialized
journals in the field of renal care and another two articles were
identified from the reference lists of previous studies. Additionally,
three vascular access clinical guidelines and two infection control
clinical guidelines were included. After the selection process, 47 ti-
tles were selected and included in our review: 40 studies and seven
clinical guidelines. The study selection process and causes for re-
jection are described in Fig. 1.

General study characteristics

All selected studies were published after 2008 and conducted in
different European countries [28-44], Asian countries [14,45-50],
Australia [51,52], Brazil [53,54], South Africa [55], Canada [56-59]
and the United States [60-66]. Twenty-three studies were observa-
tional, twelve were clinical trials, four were quasi-experimental and
there was one systematic review. Twenty-nine studied tunneled
catheters, four examined non tunneled catheters and seven analyzed
both (tunneled and non-tunneled catheters). Thirty studies took

Table 1
Search strategies used for all databases and results.
Database Search strategy Results
CINAHL (exit site OR insertion site OR tunnel) AND (hemodialysis AND central venous catheter AND infection) 44
Limiters — Published Date: 2000/01/01-2022/08/31
Medline (“haemodialysis”[All Fields] OR “renal dialysis"[MeSH Terms] OR (“renal”[All Fields] AND “dialysis”[All 169

Fields]) OR “renal dialysis”[All Fields] OR “hemodialysis”[All Fields]) AND (“catheters”[MeSH Terms] OR
“catheters”[All Fields] OR “catheter”[All Fields]) AND (exit[All Fields] AND site[All Fields]) NOT
(“peritoneum”[MeSH Terms] OR “peritoneum”[All Fields] OR “peritoneal”[All Fields]) AND (“2000/01/

01"[PDAT]: “2022/08/31"[PDAT])
Cochrane Library

“hemodialysis” in Title Abstract Keyword AND “central venous catheter” in Title Abstract Keyword AND
“infection” in Title Abstract Keyword AND “exit site” in Title Abstract Keyword NOT “peritoneal” in Title

37 (3 systematic reviews and 34
clinical trials)

Abstract Keyword - (Word variations have been searched) with Cochrane Library publication date from Jan

2000 to Aug 2022
Cuiden
2000 to Jan 2020

hemodidlisis AND catéter AND infeccién AND (orificio de salida OR tunel) with publication date from Jan 6
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[ Identification of studies via d and registers ] [ Identification of new studies via other methods ]
5 Records identified from: Records identified from:
= MEDLINE (n = 169) Records removed before screening: Direct searches in specialized journals (n = 3)
:& CINAHL (n = 44) —| Duplicate records removed (n =47) Review of bibliography of previous studies (n = 2)
t CUIDEN (n =6) Records removed for other reasons (n =7) Vascular access clinical guidelines (n = 5)
3 Cochrane Library (n = 37) Infection control clinical guidelines (n = 2)
_J l
—
Records screened Records excluded:
—>
(n=202) No abstract available (n = 3)
After read title and abstract (n = 93)
| }
Reports sought for retrieval Records excluded for:
© (n f 106) 9 | Reports not retrieved (n =8 ) Not including definition of exit site and/or tunnel
£ infection (n = 5)
: !
e
=3
]
Reports assessed for eligibility Records excluded for:
(n =98) > | Not including definition of exit site and/or
tunnel infection (n = 49)
Low quality (n=9)
)
P y
§ Studies included in review
3 (n =47): 40 studies and 7 clinical [«
g guidelines

[

Fig.1. A flowchart of the inclusion process of studies used in the systematic review (adjusted from the PRISMA 2020 flowchart). PRISMA: Preferred Reporting Items for Systematic

Reviews and Meta-Analyses.

place at hospitals, three at dialysis centers and seven took place at
both (hospitals and dialysis centers), with a final sample of 12,419
patients. Table 2 summarizes the main characteristics of these stu-
dies and definitions of exit site infection and/ or tunnel infection.

Seven clinical practice guidelines were included: two from The
National Kidney Foundation’s Kidney Disease Outcomes Quality
Initiative (KDOQI) (2006 [5] and the 2019 update [67]), one from the
Spanish Multidisciplinary Group on Vascular Access (GEMAV) [20],
one from the Canadian Society of Nephrology (CSN) [68], one from
the European Society for Vascular Surgery (ESVS) [69] and two from
control infection societies: Centers for Disease Control and Preven-
tion (CDC) [70] and Infectious Diseases Society of America (IDSA)
[71] guidelines. Table 3 presents the definitions of exit site infection
and tunnel infection based on the clinical guidelines included in this
review.

Definitions of exit site infection and tunnel infection

The definitions of exit site infection and tunnel infection used in
the different studies were heterogeneous. Twenty-three studies only
defined the exit site infection, whereas 17 studies included defini-
tions of exit site infection and tunnel infection. All clinical guidelines
included definitions of both exit site infection and tunnel infection.

Among the studies, seven (17,5 %) used the definitions of exit site
and tunnel infection from some clinical practice guideline: three
from the CDC guideline [36,37,45], one from the IDSA guideline [28]
and three from the KDOQI guidelines (two from 2006 and one from
the 2019 update) [42,54,61]. Three of the studies (7.5 %) used the
Twardowski scale definition of exit site infection [29,52] or a mod-
ification of the same [51]. The remaining 30 studies (75 %) used
different combinations of signs and symptoms to determine the
presence of exit site and/or tunnel infection.
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Table 4 shows the frequency of the different signs and symptoms
used, both in the studies and in the clinical practice guidelines, to
determine the presence of exit site and/or tunnel infection. In most
of the documents, a diameter >2 cm was used for erythema, in-
duration and tenderness. Positive culture was used in 26 of the
studies (57.77 %) to determine local infectious complications.

Discussion

To our knowledge, this is the first systematic review to identify
signs and symptoms for determining local infections (exit site and
tunnel tract infection) in tunneled and non-tunnelled central venous
catheters for hemodialysis.

Our review shows that many studies used the exit site and/or
tunnel infection as the dependent variable, although without in-
cluding a definition of the same in the methods section (49 out of 98
studies, i.e., approximately 50 % of the studies selected for review
were excluded on these grounds). Ignoring the definition of a de-
pendent variable in a research study could introduce bias, specifi-
cally if the missing results did not occur at random. Missing
definitions could create invalid and misleading comparisons be-
tween centres and types of intervention.

The studies reviewed from the electronic searches showed a low
adherence, with definitions of exit site and tunnel infection pro-
posed by nephrology, vascular access and/or scientific societies for
infection control. All clinical practice guidelines indicate a positive
culture as the gold standard; however, only 57.77 % of the revised
studies used positive culture to determine exit site infection and
31.91 % to determine tunnel infection. Clinical guidelines are im-
portant tools to ensure that health practices are evidence-based.
Nevertheless, the literature refers that only 14 % of clinically useful
research findings are adopted in everyday practice after an average
delay of approximately 17 years [72]. A study analyzing the quality of
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Table 3

Journal of Infection and Public Health 16 (2023) 1023-1032

Clinical practice guidelines definitions of exit site infection (ESI) and tunnel infection (TI) for hemodialysis catheters.

Year Publisher

Definition of catheter exit site infection and tunnel infection

2019 The National Kidney Foundation’s Kidney Disease Outcomes

Quality Initiative (KDOQI) [67]

2018 Spanish Multidisciplinary Group on Vascular Access

(GEMAV) [20]

2018 European Society for Vascular Surgery (ESVS) [69]

2009 Infectious Diseases Society of America (IDSA)

[71]

2006 The National Kidney Foundation’s Kidney Disease Outcomes

Quality Initiative (KDOQI) [5]

2006 Canadian Society of Nephrology (CSN) [68]

2002 Centers for Disease Control and Prevention (CDC)

[70]

ESI: Hyperemia, induration, and/ or tenderness <2 cm from catheter exit site. May be associated
with drainage from the exit site. It may or may not be associated with bacteremia. If there is exit
site drainage, it should be collected and sent for Gram staining, culture and sensitivities.

TI: Tenderness, hyperemia, and/ or induration that extends along the subcutaneous tunnel. It may
or may not be associated with bacteremia. If there is drainage, it should be collected and sent for
Gram staining, culture, and sensitivities.

Uncomplicated local infection: Existence of inflammatory signs limited to 2 cm around the
cutaneous exit site, not extending superiorly towards the catheter cuff (if tunnelled). May or may
not be associated with fever and bacteremia and may be accompanied by purulent drainage
through the cutaneous exit site.

Complicated local infection: with inflammatory signs extending > 2 cm from the cutaneous exit
site and into the subcutaneous catheter tract (tunnelitis). May or may not be associated with fever
and bacteremia and may be accompanied by purulent drainage through the cutaneous exit site.
ESI: The presence of a purulent discharge or erythema, induration/and or tenderness at the
catheter exit site with a positive bacteriological culture of the serous discharge.

TI: The presence of purulent discharge from the tunnel or erythema, induration and/or
tenderness over the catheter tunnel with a positive culture.

ESI: Hyperemia, induration, and/or tenderness <2 cm from catheter exit site. May be associated
with fever and purulent drainage from the exit site. It may or may not be associated with
bacteremia. If there is purulent drainage, it should be collected and sent for Gram staining and
culture.

TI: Tenderness, hyperemia, and/ or induration that extends > 2 cm from the exit site and along
the subcutaneous tunnel. It may or may not be associated with bacteremia. If there is purulent
drainage, it should be collected and sent for Gram staining and culture.

ESI: Inflammation confined to the area surrounding the catheter exit site, not extending
superiorly beyond the cuff if the catheter is tunneled, with exudate culture result confirmed to be
positive.

TI: The catheter tunnel superior to the cuff is inflamed, painful, and may have drainage through
the exit site that is culture positive.

ESI: Catheter exit site infections are characterized by redness, crusting, and exudate at the exit
site in the absence of systemic symptoms and negative blood cultures.

TI: No available.

ESI: Erythema or induration within 2 cm of the catheter exit site, in the absence of concomitant
BSI and without concomitant purulence.

TI: Tenderness, erythema, or site induration > 2 cm from the catheter site along the
subcutaneous tract of a tunneled catheter, in the absence of concomitant bloodstream infection.

Table 4
Signs and symptoms used in the documents included in the review (n=47), for
identification of exit site infection and tunnel infection.

Sign | symptom Exit site infection Tunnel infection

n % n %

Erythema 30 63.83 % 13 27.66 %
Purulent exudate 20 42.55 % 8 17.02 %
Positive culture 26 57.77 % 15 3191 %
Exudate | discharge (not 16 34.04 % 9 1915 %

specific type)
Induration 13 27.66 % 4 8.51 %
Tenderness 13 27.66 % 12 2553 %
Crust / Crusting 8 17.02 % - -
Pain / Painful 6 12.77 % 7 14.89 %
Fever 5 10.64 % 1 213 %
Inflammation 5 10.64 % 5 10.64 %
Hyperemia 4 8.51 % 3 6.38 %
Swelling 3 6.38 % 2 426 %
Bloody exudate 2 426 % 1 213 %
Purulent exudate expressed with 2 426 % - -

manipulation of catheter
Scab / dry scab 2 426 % - -
Edema 2 4.26 % - -
Serous exudate 1 213 % 1 213 %
Dressing fell off at home 1 213 % - -
Pruritis 1 213 % - -
Obvious abscess 1 213 % 1 213 %
Excoriation of peri-exit site skin 1 213 % - -
Exuberance/granulation or 1 213 % - -

‘proud flesh’
Chills 1 213 % - -
Hypotonia 1 213 % - -
Unusual patient confusion 1 213 % - -
Cuff visible - - 1 213 %
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health care in the US showed that only 50 % of people are receiving
recommended preventive care, with 70 % of patients receiving ap-
propriate acute care, however only 60 % are receiving recommended
reasonable chronic care [73].

Among the studies with a definition and clinical practice guide-
lines, these were highly heterogeneous regarding the definition of
exit site and tunnel infection. Most studies and guides used er-
ythema, purulent exudate, any other type of exudate, induration, and
tenderness at the exit site to identify exit site infection which are
present in around 30 % of cases. Moreover, tunnel infection was
mostly identified by erythema and tenderness (around 25 % of re-
vised documents). It is worth highlighting the article by Harwood
et al. [29] on infection predictors of the central venous catheter exit
site for hemodialysis. Among other variables, this study determined
the presence of exit site signs/symptoms with exit site infection
determined by culture of peri catheter skin smears and/or exudate.
They found that the signs/symptoms that correlated in a statistically
significant way were an erythema of less than 5 mm around the exit
site (p=0.008), with most of the infected exit sites showing er-
ythema between 1 and 1.5cm in diameter from the exit site [29].
According to this study, most of the documents included in our re-
view used a diameter > 2 cm for erythema, induration, and tender-
ness to identify exit site infection. Secondly, they found that negative
cultures were significantly correlated with the presence of dry scab
at the exit site (p=0.03) [29]. Patients with pain and/or exudate and/
or sensitivity presented an almost significant relationship (p = 0.06)
with microbiological confirmation of exit site infection in this
study [29].

The 2019 update to the National Kidney Foundation’s Kidney
Disease Outcomes Quality Initiative (KDOQI) Clinical Practice
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Guideline for Vascular Access indicates the heterogeneity in the
definitions of exit site infection in the different clinical practice
guidelines on hemodialysis vascular access, and the need to agree on
a definition [67]. Future research should be aimed at achieving a
consensus among international experts on the combination of signs
and symptoms for early identify of local infections in hemodialysis
catheters.

Three of the revised studies used the Twardowski scale definition
of exit site infection [29,52] or a modification of the same [51]. We
consider that the use of this scale is inappropriate because, ac-
cording to recent studies, it has a high sensitivity (close to 100 %) and
a low specificity (around 60 %) [74,75]. Also, Rigo et al. found that the
Twardowski scale showed differences according to the patient’s race,
reporting 53.2 % agreement with the score for African Americans
descendants and 65.4 % agreement for others [75]. Future research
must validate specific definitions and instruments to identify local
infections in central venous catheters for hemodialysis.

Limitations

This review focuses on fully published research, and excludes
grey literature and therefore this review may have been subject to
publication bias. Also, consider the heterogeneity in the definitions
of the studied phenomenon musts in the interpretation of the ana-
lysis displayed.

Conclusions

In conclusion, literature refers high heterogeneity in the signs
and symptoms used for determining exit site and tunnel tract in-
fection in tunneled or non-tunneled central venous catheters for
hemodialysis. Erythema, purulent exudate or exudate | discharge
(not specific type), induration and tenderness were the signs and
symptoms with low consensus in the literature for determining local
infections in central venous catheters for hemodialysis. This review
shows the need to reach a consensus on an international definition
of the signs/symptoms to determine the presence of local infections
(exit site and tunnel infections) in central venous catheters for he-
modialysis. Furthermore, validation studies of diagnostic criteria
instruments for exit site and tunnel infections in hemodialysis ca-
theters are necessaries.
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