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ABSTRACT

Background: Catheter-related bloodstream infection (CRBSI) is frequent causes of mortality and morbidity in dialysis
patients, and the sensitivity pattern of antimicrobials varies across different dialysis centers. Objectives: The present study
aimed to investigate the pattern of microbes grown from catheter sites, blood and the sensitivity pattern. The data could
help in initiating an empiric antimicrobial therapy. Materials and Methods: This was an observational retrospective
study at Regional Kidney Center at King Abdul Aziz Specialist Hospital, Taif, in the western region of Saudi Arabia.
The data collected were related to patients’ demographics, etiology of renal failure, presence of comorbidities, site of
catheter insertion, and duration. Furthermore, microbiological data including cultures from catheter sites, blood, and
catheters’ tips and antibiotic sensitivity. Results: Data on 130 patients (66 females, 50.8%) undergoing hemodialysis from
June 2017 to March 2018 were analyzed. The infection rate was 23.6% in this study. In all patients with CRBSI, the
catheters were removed, and antibiotics given. The highest infection rates (38.4%) were noted with femoral vein inserted
catheters. However, the clinical sepsis was more with jugular catheters. Staphylococcus aureus was prevalent organism,
and cephalosporins had the highest sensitivity. Ten catheters found to be mal functional were replaced. Conclusion:
Chronic kidney disease patients with diabetes and ischemic heart disease were more prone to CRBSI. Femoral catheters
had significantly higher infection rates. S. aureus was the most common type of isolated bacterial strain and cephalosporins

showed the highest sensitivity for the isolated bacteria.
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INTRODUCTION

Hemodialysis is an important life-saving procedure in patients
with acute kidney injury (AKI) and chronic kidney disease
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(CKD). About 25% of patients receive dialysis utilizing
catheters to begin with which are invariably removed in
patients with AKLI" While in the setting of AKI initiation
of hemodialysis via a catheter is logical continuing in
CKD patients catheter use should be minimized to avoid
its complication. Unfortunately, there is always reluctance
among CKD patients for undergoing arteriovenous (AV)
fistula, so the catheter remains in situ for a longer time in
some patients. This highlights the need for public awareness
among CKD patients. In addition, the poor vascular tree
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precludes the creation of AV fistula in some CKD patients.
The major complication of catheter is -catheter-related
bloodstream infection (CRBSI). The current literature states
that rates of CRBSI range between two and five patients per
1000 catheter days.™ Infection is considered to be the second
most common risk for mortality in hemodialysis patients
and a leading cause of hospitalization. Thus, utilization of
central venous catheters to obtain vascular access for dialysis
can have a significant impact on morbidity and mortality in
hemodialysis patients.”’] Central venous catheters are linked
to a 15-fold increased risk for septicemia in comparison to
the AV fistula,” Moreover, it is highly linked to morbidity,
in addition to the elevated risk of infective endocarditis.?!
Furthermore, there is a 10% increased risk of mortality with
CRBSI. The data from France suggest that there is an overall
incidence of colonization of 38.9 and bloodstream infection
of 1.9/1000 catheter-days.!) The process of CRBSI can be
prevented by adopting stringent infection control measures
and hand hygiene protocols.l”! Bacteria can cause CRBSI by
entering the extra or intraluminal side of the inserted catheter,
where it can reside and get involved in biofilm formation
permitting continued colonization.®! The vast majority of
blood stream infections are due to intraluminal contamination.
Pl While stringent precautions, especially hand hygiene,
cannot be underestimated to prevent CRBSI, it is crucial to
initiate rapid empiric antibiotic therapy in a given patient
till cultures become available. For this reason, knowledge of
epidemiological data of common pathogens and their antibiotic
sensitivity pattern in a given center becomes indispensable.
Furthermore, periodic surveillance to investigate the resistant
microbes becomes imperative; hence, we were promoted to
undertake this study at our center. Although standard CDC
guidelines!"” and stringent precautions are followed at our
center, CRBSI is still unavoidable. The present study aimed to
investigate CRBSI and the sensitivity pattern so that the data
could help in initiating an empiric antimicrobial therapy at the
carliest sign of catheter infection.

MATERIALS AND METHODS

Study Design

This was an observational retrospective study from June 2017
to March 2018. The data on 130 dialysis patients at Regional
Dialysis Center at King Abdul Aziz Specialist Hospital
(KAASH), Taif, Saudi Arabia, were analyzed.

Inclusion Criteria

The catheters were placed under all aseptic precautions. All
patients were followed for dressing soakage in addition to
features of sepsis. Blood cultures including swabs from catheter
sites were taken in all patients where catheter site infection was
clinically noted. Each catheter was observed from the time of
placement until a CRBSI, removal for other reasons (clotting,
malfunction, or no longer medically necessary).

Exclusion Criteria

The patients were excluded if they were as follows:

e <18 years of age.

*  Or were currently being treated for a CRBSI at time of
enrollment (a lapse interval of 2 weeks was required
between last administration of antibiotic and recruitment).

This study was conducted in adherence to the Declaration of
Helsinki good clinical practice and the research guidelines of
the center.

Catheter Maintenance Protocols at KAASH

Catheter care at KAASH follows established policies and
procedures related to hemodialysis initiation, discontinuation,
dressing changes, and exit site care. Standard precautions
using aseptic technique are followed, including masking
of the patient and staff in addition to the staff gowns, and
clean gloves in accordance with CDC guidelines.['"! Catheter
dressing is changed at each hemodialysis session and a
through visual inspection for indurations, discharge is done.
Then, cleansing of the exit site with alcoholic povidone
iodine is carried out at each hemodialysis session.

Data Collection and Definitions

The data were extracted from patients’ records. Data
included patients’ demographics, diagnosis, the presence
of comorbidities, site, and duration of catheter insertion.
Microbiological data were collected including cultures results
from catheter sites, blood, and catheters’ tips in addition to
antibiotic sensitivity.

Criteria established by the CDC were used to classify
an infection as a CRBSI. In summary, the patient whose
HD was initiated with a catheter and was documented to
have a recognized pathogen (e.g., Staphylococcus aureus,
Enterococcus spp., or Escherichia coli) cultured from one or
more blood cultures, and no other source of infection was
taken up for the study.

A patient with the catheter in situ who had features of sepsis
in the form of fever >38 C , chills or hypotension. Blood
culture were drawn in addition to swab from exit site.

Statistical Analysis

All data were recorded in a predesigned and validated excel
sheet. Data were represented in terms of frequencies (number
of patients/cases) and valid percentages for categorical
variables. Data were further analyzed using IBM SPSS
(Statistical Package for the Social Sciences; IBM Corp,
Armonk, NY, USA) to perform all statistical calculations,
version 21 for Microsoft Windows.

2019 | Vol 8 | Issue 4

International Journal of Medical Science and Public Health 320



Masoodi et al.

Hemodialysis catheter infections

RESULTS

There were 151 catheters in 130 patients with renal failure
(AKI and CKD) in whom hemodialysis was initiated using
a catheter. The catheter infection rate was 23.6% in this
study. CRBSI was as such not a cause of mortality in this
study. However, a 55-year-old male with CKD developed
endocarditis on catheter during the study period.

Patients Demographics

Of 130 patients, there were 66 (50.8%) females. The mean
age of the study population was 57.0 + 14.4 years and range
was 27-76 years.

Type of Renal Impairment

One hundred and eleven (71.6%) had CKD and 19 (12.3%)
patients had AKI. CKD due to diabetes mellitus
outnumbered other etiologies. In this study cohort there
were Diabetes 37 (33 34%) Hypertension-attributed
35(31.8%) CGN 10 (9%) Autosomal dominant polycystic
kidney disease 5 (4.5%) Unknown etiology 10 (9%) others
Systemic lupus erythematosus, reflux and obstructive
uropathy 12 (10.8%). There were 2 patients (1.5%) who
had failed renal grafts.

Site of Catheter Insertion

Catheters were inserted through femoral, jugular, and
subclavian (left side or the right side). CKD patients on
hemodialysis showed higher rates of CRBSI compared to
AKI patients in this study.

Among AKI patients, the highest rate of infection (63.2%)
was in catheters inserted into jugular vein and lowest when
inserted in the femoral vein.

Among CKD patients, the right femoral catheter insertion
site had higher infection rates (39.6%) followed by the
right jugular site (35.1%). The left subclavian site had the
least percentage of infection (0.9%). Figure 1 and Figure 2
describe in details the varying infection rates in AKI and
CKD patients, respectively.

Duration of Catheter Insertion

The catheter duration was recorded and evaluated in the study
cohort as shown in Table 1. Majority of catheters in this study
cohort had remained for 1 week. During the study period, 10
catheters were found to be malfunctional and were changed.

Bacterial Cultures
Culture for the swab from the site of insertion

The swab from exit site was repeated every time patient
presented for HD and results were recorded.

Gram-positive cocci were the predominant bacterial strain in
positive cultures with a 21.4% for S. aureus in the first swab,
27.5% for Staphylococcus epidermidis in the second swab,
29.6% for S. aureus and equal proportion for S. epidermidis in
the third swab, and finally, 25.7% for S. aureus and similarly
S. epidermidis in the fourth swab. Table 2 describes in details
the percentage of each bacterial strain in the catheter swab.
However, majority of swabs were sterile [Table 1].
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Figure 1: Sites of catheter infection in Acute Kidney Injury
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Figure 2: Sites of catheter infection in CKD

Table 1: Distribution of bacterial strains in percentages over the four swabs from sites of catheter insertion

Bacterial strain Swab 1 (n=112) Swab 2 (n =80) Swab 3 (n=54) Swab 4 (n=35)
No growth 54.4 46.3 37 28.6
Enterococci 0.9 0 0 2.9
S. epidermidis 15.2 27.5 29.6 25.7
S. aureus 21.4 20 29.6 25.7
Klebsiella 1.8 1.3 0 29
Acinetobacter 0.9 0 0 29
E. coli 3.6 2.5 1.9

Enterobacter 0.9 0 1.9

Candida 0.9 1.3 29
Pseudomonas aeruginosa 0 1.3 5.7
Proteus mirabilis 0 0 2.9

S. aureus: Staphylococcus aureus, E. coli: Escherichia coli, S. epidermidis: Staphylococcus epidermidis

Table 2: Distribution of bacterial strains in percentages of blood cultures

Bacterial strain Culture 1 (n=108) Culture 2 (n=69) Culture 3 (n=48) Culture 4 (n=31)
No growth 75.9 84.1 77.1 71
Enterococci 0 0 0 32
S. epidermidis 6.5 5.8 14.6 9.6
S. aureus 8.5 5.8 8.3 12.9
Klebsiella 0 1.4 0 0
Acinetobacter 0.9 1.4 0 0
E. coli 1.9 0 0 32
Pseudomonas aeruginosa 1.9 0 0 0
Proteus mirabilis 0.9 0 0 0
Xanthomonas malvacearum 0.9 0 0 0
Pneumococcus 0.9 0 0 0
Salmonella 0 1.4 0 0

S. aureus: Staphylococcus aureus, E. coli: Escherichia coli, S. epidermidis: Staphylococcus epidermidis
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Figure 3: Sensitivity pattern of various cultures

Blood cultures

Blood cultures were drawn during HD. The blood culture
followed the same figures as for swab cultures. Most of
the cultures’ results were sterile. Moreover, Gram-positive
cocci were common infecting organisms. Table 2 shows the
percentages of different bacterial strains in blood cultures.

Cultures from tips of the catheter

Tips of catheters were cultured, once the catheter was removed.
Following the same pattern of blood and swab cultures, the
most common result was the absence of bacteria, on culture.
Of the positive cultures, the most frequent organism was
S. epidermidis (25.3%).

Antimicrobial Sensitivity

Positive bacterial cultures were further tested for
antimicrobial sensitivity. It was shown that cephalosporins
were the most sensitive antibiotics followed by gentamicin.
It is worth to mention that the incidence of multidrug
resistance was 3.7% blood cultures, on 1.5% in the swab
culture and 2.2% in the catheter tip cultures. Figure 3
describes the antimicrobial sensitivity in percentages for all
isolated bacterial strains.

DISCUSSION

The CRBSIs were more frequent among CKD patients on
HD compared to AKI in this study. Possibly, the number
of CKD patients requiring catheters was more in number
and the duration of catheter was longer among them. In
addition, catheters at the right femoral site had the highest
rates of infection, with Gram-positive cocci including S.
aureus and S. epidermidis as predominating bacterial
strains grown on cultures. The present study found that

CKD patients with diabetes, hypertension, and ischemic
heart diseases were more prone to get CRBSI. This was
shown by Soleymanian and his colleagues as well.l''l More
than half of their study cohort had diabetes, and about
80% of the patients had hypertension. While end-stage
renal disease per se is an immune compromised condition
diabetes mellitus augments this immune suppressed
state. Powe et al. demonstrated that old age and diabetes
mellitus were independent risk factors for septicemia
among HD patients. The authors further demonstrated
that temporary vascular access, especially among patients
with low serum albumin, was additional risk factors of
sepsis among HD population.['” Rich and Lee in an animal
model demonstrated that diabetic animals were unable
to clear the infection over a 10-day period. They further
observed reduced tissue inflammation proportional to
glycemic control and decreased in vitro phagocyte activity
against Staphylococcus (respiratory burst in response to S.
aureus bacteremia) among animals with diabetes mellitus
compared to controls.!¥! Their results highlight that to
circumvent CRBSI among diabetics stringent precautions
are mandatory. Apart from diabetes, patients with ischemic
heart disease had higher infection rates in this study. There
is a synergetic relationship between coronary heart disease
and CKD. Studies have shown a paucity of regulatory T
cells and their dysfunction in a variety of cardiovascular
diseases (hypertension and heart failure) making these
patients susceptible to CRBSL['* These may be some of
the reasons explaining our results but warrant more studies
to confirm the association. Aspirin has been shown to have
specific anti-Staphylococcal effects among HD population
(the most common cause of CRBSI). The data on 872
HD cohort by Sedlacek et al. showed that HD population
treated with Tab. aspirin 325 mg had lower rates of
catheter-associated Staphylococcus bacteremia than those
who were not treated with aspirin.l'>! Thus, cardiovascular
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comorbidity among CKD patients must be meticulously
managed in HD patients.

Various catheter-related factors responsible for CRBSI
include time of use and the absence of tunnel, the expertise
of nurses, dressing types, and frequency of changes
in dressings and above all the catheter material as the
additional factors contributing to CRBSL['®!"1 The highest
rate of infection (36.8%) in this study was observed in
catheter inserted for 1 week. This could be explained
because the majority of the catheters remained for 1 week
in this study. Better hand hygiene and frequent changing
of dressing have been found to reduce the rate of infection
by Wang et al."¥! In another study by Harwood et al.,
the authors concluded that negative cultures were more
frequent with catheters having frequent dressings and the
authors emphasized stringent precautions to be observed
in HD center to reduce CRBSL!"! We found that the
most common bacterial strains were Gram-positive cocci
with S. aureus coming at the top of the list followed by
S. epidermidis. This is in compliance with the finding of
Ramanathan et al.*® who observed that a thick biofilm
around the dialysis catheter had a higher microbial yield
and S. aureus was the most common causative bacteria
in CRBSI. These Gram-positive cocci are known to
form biofilms on indwelling catheters, and due to this
ability, these are the most frequent causes of CRBSI. The
antimicrobial sensitivity of the isolated bacterial strains in
this study showed the highest sensitivity to cephalosporin,
and very low incidence of multidrug resistance (3.4%).

The limitations of our study, we believe, are that the sample
size was small; nevertheless, the current study highlighted
the sensitivity pattern of microbes associated with CRBSI at
our center. Further, we demonstrated the growth of organisms
in serial cultures emphasizing that blood cultures and swabs
must be regularly taken from patients with catheter in situ
to tailor the antibiotic therapy as per the sensitivity pattern.
Having deduced the sensitivity pattern of CRBSI at our
center, it is prudent to mention that to prevent antibiotic
resistance; the foremost strategy will be the prevention of
infection by stringent hygiene and early diagnosis of CRBSI.
The antibiotics must be wisely used, and all efforts must be
utilized to prevent transmission of infection. It may not be
out of place to mention that meticulous care of HD catheters
must be observed; only then, morbidity and mortality due to
CRBSI can be improved.?!

CONCLUSION

The conclusions drawn from this study are that CKD patient
with diabetes and ischemic heart disease are more prone to
CRBSI. The femoral site was significantly associated with
CRBSI among CKD patients. While the majority of cultures
were sterile, S. aureus was the most common type of isolated

bacterial strain and cephalosporins showed the highest
sensitivity for the isolated bacteria.

REFERENCES

1. Machowska A, Alscher MD, Vanga SR, Koch M, Aarup M,
Qureshi AR, et al. Dialysis access, infections, and
hospitalisations in unplanned dialysis start patients: Results
from the OPTiONS study. Int J Artif Organs 2017;40:48-59.

2. Zhou Z, Guo D, Zhang F, Wang T, Zhang G, Zhou B, et al.
Predictors of failure of catheter salvage in incident hemodialysis
patients. Int J Artif Organs 2013;36:320-6.

3. Schoonover KL, Hickson LJ, Norby SM, Hogan MC,
Chaudhary S, Albright RC Jr, et al. Risk factors for
hospitalization among older, incident haemodialysis patients.
Nephrology (Carlton) 2013;18:712-7.

4. Lukowsky LR, Kheifets L, Arah OA, Nissenson AR, Kalantar-
Zadeh K. Patterns and predictors of early mortality in
incident hemodialysis patients: New insights. Am J Nephrol
2012;35:548-58.

5. Sun Y, Kassam H, Adeniyi M, Martinez M, Agaba EI,
Onime A, et al. Hospital admissions in elderly patients on
chronic hemodialysis. Int Urol Nephrol 2011;43:1229-36.

6. Parienti JJ, Dugué¢ AE, Daurel C, Mira JP, Mégarbane B,
Mermel LA, et al. Continuous renal replacement therapy may
increase the risk of catheter infection. Clin J Am Soc Nephrol
2010;5:1489-96.

7. Sharma A, Zilleruelo G, Abitbol C, Montane B, Strauss J.
Survival and complications of cuffed catheters in children on
chronic hemodialysis. Pediatr Nephrol 1999;13:245-8.

8. Little MA, O’Riordan A, Lucey B, Farrell M, Lee M, Conlon PJ,
et al. A prospective study of complications associated with
cuffed, tunnelled haemodialysis catheters. Nephrol Dial
Transplant 2001;16:2194-200.

9. Onder AM, Chandar J, Coakley S, Abitbol C, Montane B,
Zilleruelo G, et al. Predictors and outcome of catheter-related
bacteremia in children on chronic hemodialysis. Pediatr
Nephrol 2006;21:1452-8.

10. O’Grady NP, Alexander M, Burns LA, Dellinger EP, Garland J,
Heard SO, et al. Guidelines for the prevention of intravascular
catheter-related infections. Clin Infect Dis 2011;52:¢162-93.

11. Soleymanian T, Niyazi H, Noorbakhsh Jafari Dehkordi S,
Savaj S, Argani H, Najafil, et al. Predictors of clinical outcomes
in hemodialysis patients: A Multicenter observational study.
Iran J Kidney Dis 2017;11:229-36.

12. Powe NR, Jaar B, Furth SL, Hermann J, Briggs W. Septicemia
in dialysis patients: Incidence, risk factors, and prognosis.
Kidney Int 1999;55:1081-90.

13. Rich J, Lee JC. The pathogenesis of Staphylococcus aureus
infection in the diabetic NOD mouse. Diabetes
2005;54:2904-10.

14. Meng X, Yang J, Dong M, Zhang K, Tu E, Gao Q, et al
Regulatory T cells in cardiovascular diseases. Nat Rev Cardiol
2016;13:167-79.

15. Sedlacek M, Gemery JM, Cheung AL, Bayer AS, Remillard BD.
Aspirin treatment is associated with a significantly decreased
risk of Staphylococcus aureus bacteremia in hemodialysis
patients with tunneled catheters. Am J Kidney Dis
2007;49:401-8.

16. Shi M, Cui T, Ma L, Zhou L, Fu P. Catheter failure and

2019 | Vol 8 | Issue 4

International Journal of Medical Science and Public Health 324



Masoodi et al.

Hemodialysis catheter infections

17.

18.

19.

20.

mortality in hemodialysis patients with tunneled cuffed venous
catheters in a single center. Blood Purif 2017;43:321-6.

Jean G. Incidence and risk factors for infections from
hemodialysis catheters. Nephrologie 2001;22:443-8.

Wang L, Wei F, Jiang A, Chen H, Sun G, Bi X, ef al. Longer
duration of catheter patency, but similar infection rates
with internal jugular vein versus iliac vein tunneled cuffed
hemodialysis catheters: A single-center retrospective analysis.
Int Urol Nephrol 2015;47:1727-34.

Harwood L, Wilson B, Thompson B, Brown E, Young D.
Predictors of hemodialysis central venous catheter exit-site
infections. CANNT J 2008;18:26-35.

Ramanathan V, Riosa S, Al-Sharif AH, Mansouri MD,
Tranchina A, Kayyal T, et al. Characteristics of biofilm

21.

on tunneled cuffed hemodialysis catheters in the presence
and absence of clinical infection. Am J Kidney Dis
2012;60:976-82.
Arduino MJ, Tokars JI. Why is an infection control program
needed in the hemodialysis setting? Nephrol News Issues
2005;19:44, 46-9.

How to cite this article: Masoodi I, Alharth FR, Irshad S,
Mastan AR, Alzaidi A, Sirwal I. Hemodialysis catheter-related

infections: Results of a tertiary care center study in Saudi Arabia.
Int J Med Sci Public Health 2019;8(4):319-325.

Source of Support: Nil, Conflict of Interest: None declared.

325

International Journal of Medical Science and Public Health

2019 | Vol 8 | Issue 4



