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Background: Albeit growing technical advances in the design of hemodialysis catheters,
intravascular catheter-related bloodstream infection (CRBSI) still represents an utmost clin-
ical challenge to the health-care workers (HCWs). Data regarding the influence of the culprit
organism on the scenario of CRBSI in the literature are extremely lacking. Thereby, this
research was carried out.

Methods: We undertook a retrospective cohort study over an interval of 2 years, involving
patients who underwent regular hemodialysis via catheters in the Renal Dialysis Unit (RDU) of
Dr. Soliman Fakeeh Hospital (DSFH), Jeddah, Kingdom of Saudi Arabia (KSA). The study
enrolled 139 patients (56.8% females and 43.2% males), with mean age of 60.79 + 11.45 years.
Results: The aggregate rate of CRBSI was 5.1/1000 catheter days. Amongst the 139 study
candidates confirmed of having CRBSI, while 69.8% of CRBSIs were ascribed to Gram-
positive cocci, about one-third of the infectious episodes were secondary to Gram-negative
bacilli. Interestingly, fever was the most common presentation of S. aureus CRBSI compared
to CoNS and Gram-negative bacilli CRBSIs (20.9% versus 12.9% versus 6.5%, p= 0.0001),
whereas CRBSIs due to CoNS were presented mainly with rigors (19.4%). Of note, CRBSIs
caused by Gram-negative bacilli had a tendency to manifest with unusual symptoms such as
vomiting or hypotension. Besides, they were more prone to involve hospitalization or ICU
admission. In this study, no mortality was attributed to CRBSISs.

Conclusion: Our study disclosed that the illicit organism has a repercussion on the clinical
presentation as well as the fate of CRBSI among hemodialysis patients. This highlights the
worth of identifying the infected cases in a periodic manner, to avoid the occurrence of
devastating complications. A large body of work from various hemodialysis centers should
take place in the near future so as to provide more insight in this perspective.
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Introduction

The rising rate of end-stage renal disease (ESRD) around the world, and the
requirement for hemodialysis as a treatment thereof, is a crucial indication for the
use of central venous catheters (CVCs)."! According to the annals of the United
States Renal Data System, about 80% of the incident and 20% of the prevalent
hemodialysis patients require CVCs as their initial vascular route.” Nonetheless,
hemodialysis catheter insertion may be complicated by hemodialysis catheter-
related bloodstream infection (HD-CRBSI) which is a noteworthy confront for
the health-care sector owing to increased patient morbidity, mortality, and economic
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load.? Recently, it is estimated that CRBSIs occur at a rate
of 5.37 to 6.5/1000 catheter days.*

Patients undergoing hemodialysis are liable to infection
cited for several predisposing issues, including compro-
mised immune status, recurrent exposure to hospital
instruments, as well as microbial colonization of the
hemodialysis catheter during hemodialysis sessions.” It is
proposed that microbial bloodstream invasion and subse-
quent CRBSI can occur by one of 2 routes. An extralum-
inal pathway, in which the microorganisms are transferred
from the skin insertion site to the catheter tip and then
invade the blood stream.® Alternatively, the intraluminal
pathway involves adventitious contamination of the cathe-
ter hub and subsequent microbial colonization of the
lumen secondary to improper aseptic precautions during
catheter manipulation by the health-care personnel.”

Regardless of the pathway of infection, whenever the
pathogen is introduced into the bloodstream, it may adhere
to the catheter surface or become embedded within a fibrin
layer.® Being an inanimate medical device, microbial
attachment to the catheter surface stimulates biofilm for-
mation which is an orchestrated community of microor-
ganisms living within an exopolysaccharide matrix.”
CRBSIs are frequently caused by Gram-positive bacteria,
particularly coagulase-negative staphylococci (CoNS) and
Staphylococcus aureus."® Currently, Gram-negative bac-
teria are condemned to be etiologic agents for CRBSIs.'!

Hitherto, limited data are existing concerning the influ-
ence of the infectious agent on the clinical presentation
and prognosis of CRBSIs. In view of that, this retrospec-
tive cohort study was conducted to (i) determine the inci-
dence of CRBSIs during a 2-year study period among
hemodialysis patients who underwent hemodialysis in the
Renal Dialysis Unit (RDU) of Dr. Soliman Fakeeh
Hospital (DSFH), (ii) figure out the microbiological spec-
trum of CRBSIs and the antimicrobial susceptibility pat-
tern of the recovered isolates, and (iii) investigate the
impact of the infecting organism on the patients’ clinical
characteristics as well as the outcome of CRBSI.

Patients and Methods
Study Design, Population, and Setting

This retrospective cohort study enrolled 139 consecutive
adult (>18 years) ESRD patients diagnosed with HD-
CRBSI (single episode/patient) throughout a duration of
2 years (January 2019 to December 2020). The study

cohort was selected from patients who underwent

hemodialysis through CVCs at the RDU under the care
of the Nephrology Department of DSFH (a private, ter-
tiary-care hospital), Jeddah, Saudi Arabia. The RDU of
DSFH is a 17-bedded facility that provides inpatient and
outpatient services for the dwellers of Saudi Arabia
(natives and citizens).

Study Participants’ Data Collection
Patients’ medical record numbers (MRN) were used to
electronically extract the data related to the study group
including (a) demographic characteristics, (b) primary
cause of ESRD, (c) any associated comorbidity, (d) clin-
ical presentation of CRBSI such as fever, rigors, hypoten-
sion, or vomiting, and (e) site of hemodialysis catheter
insertion.

Data indicating a complicated-CRBSI were also
retrieved including (a) need to hospitalization and its dura-
tion, (b) admission to the ICU, (c) metastatic infection
diagnosed by clinical presentation as well as imaging
techniques, and (d) death.

Criteria for Diagnosis of CRBSI

The engaged patients were confirmed to have CRBSI
according to the 2009 Infectious Diseases Society of
America (IDSA) diagnostic criteria.'> Data on blood cul-
ture results as well as catheter segment or tip culture
results from the recruited patients during the study period,
including the causative microorganisms as well as the
antimicrobial susceptibility profiles were captured from
the electronic database of the Microbiology Laboratory
of DSFH.

The specimens were processed in keeping with the
standard policies of the hospital laboratory with VITEK
TWO (bioM¢érieux, Brazil) automated system used for the
identification and susceptibility testing of the recovered
isolates. Antibiotic sensitivity results were interpreted as
per the published criteria of the Clinical and Laboratory
Standards Institute (CLSI),'*'* whereas tigecycline sus-
ceptibility results were interpreted on the basis of the
European Committee on Antimicrobial Susceptibility
Testing (EUCAST) breakpoints. '

Exclusion Criteria

Hemodialysis patients who presented with other source of
infection, and patients <18 years old were excluded from
our study.
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Statistical Analysis
All data were collected, processed, and analyzed using
IBM®SPSS®  Statistics program version 26.0 for
Windows (SPSS Inc., Chicago, IL, USA). The number of
catheter days was calculated as the number of days from
catheter insertion to removal, and the CRBSI rate was
calculated as the number of CRBSI episodes/1000 catheter
days (episodes of CRBSI/total sum of catheter days x
1000).'¢

Categorical variables were described as numbers and
percentages with Pearsons Chi-Square (y°) test used for
comparison; meanwhile, Fischer’s Exact test was used as
a correction for y* test when >25% of cells have count <5
in 2x2 tables. Continuous variables were described as
means =+ standard deviation (SD) for parametric data
after testing normality using Kolmogorov-Smirnov test.
The difference was considered statistically significant at
p values <0.05.

Results
Demographics and Baseline Features of
the Study Population

A total of 139 hemodialysis patients with a mean age of
60.79 + 11.45 years were proven to have a CRBSI
(a single isolate/patient) based on the 2009 IDSA diag-
nostic criteria. The study cohort included 56.8% females
and 43.2% males (p= 0.1). About two-thirds of our
cohort were Saudi nationals. Diabetic nephropathy was
the most predominant cause for ESRD accounting for
45.3%, whereas the most relevant comorbid condition
was cardiovascular disease (17.3%).

Serologic testing disclosed that 19 (13.7%) patients had
hepatitis B, 12 (8.6%) were infected with human immu-
nodeficiency virus (HIV), and 7 (5%) had hepatitis
C. Approximately 6% of our cohort were suffering from
malignant conditions along with ESRD (3.6% hepatocel-
lular carcinoma, 1.4% chronic myeloid leukemia, and 1%
multiple myeloma). Likewise, patients with underlying
lupus nephritis (13.7%) and immune thrombocytopenic
purpura (6.5%) were receiving immunosuppressive ther-
apy (Table 1).

Criteria of the Used CVCs

In our cluster of patients, hemodialysis was accomplished
via tunneled hemodialysis catheters (THCs). The mean
duration of CVC insertion was 49.54 + 10.84 days. The
most common site for catheter insertion was the right

Table | Demographic Characteristics of the Study Participants

Parameters Patients with Percentage
CRBSI (n= 139) (%)
Age in years (mean * SD) 60.79 £ 11.45
Gender
Females 79 56.8%
Males 60 43.2%
Primary cause of ESRD
Diabetic nephropathy 63 45.3%
Chronic glomerulonephritis 24 17.3%
Lupus nephritis 19 13.7%
Obstructive uropathy 17 12.2%
Hypertension 16 11.5%
Associated comorbidities
CvD 24 17.3%
Hepatitis B 19 13.7%
HIV positivity 12 8.6%
ITP 9 6.5%
Cancer 5.8%
Hepatitis C 7 5.0%
Concomitant 28 20.1%
immunosuppressive therapy

Abbreviations: CRBSI, catheter-related bloodstream infection; n, number; SD,
standard deviation; ESRD, end-stage renal disease; CVD, cardiovascular disease;
HIV, human immunodeficiency virus; ITP, immune thrombocytopenic purpura.

jugular vein (43.9%) followed by the left jugular vein
(19.4%). On the other hand, the left femoral vein was the
least frequently used vascular access for catheter insertion
amongst our cohort (1.4%). Overall, the incidence rate of
CRBSI was 5.1 episodes/1000 catheter days.

Microbiology of CRBSIs

In the present work, Gram-positive cocci were the most
commonly retrieved isolates with CoNS and S. aureus con-
stituting 39.6% and 30.2%, respectively, of the total strains.
On the other hand, Gram-negative bacilli represented approxi-
mately one-third of the isolates (30.2%). No fungal isolates
were recovered during the study period. Also, no polymicro-
bial episodes of CRBSIs had been recorded (Table 2).

Antibiotic Sensitivity Patterns of
Gram-Positive Cocci Causing CRBSIs

None of the retrieved Gram-positive cocci (CoNS and
S. aureus isolates) showed resistance to vancomycin, tei-
coplanin, or tigecycline. Only one S. aureus isolate was
resistant to linezolid (LRSA). Based on cefoxitin sensitiv-
ity testing,'” methicillin-resistant S. epidermidis (MRSE)
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Table 2 Spectrum of the Pathogens Associated with CRBSI
Among the Study Subjects

Organisms Number of Isolates | Percentage
(n=139) (%)
Gram-positive organisms (Total) 97 69.8%
I. Coagulase-negative 55 39.6%
staphylococci (CoNS)
Staphylococcus epidermidis 38 27.2%
Staphylococcus haemolyticus 4 2.9%
Staphylococcus hominis 4 2.9%
Staphylococcus capitis 3 2.2%
Staphylococcus saprophyticus 3 2.2%
Staphylococcus lugdunensis 3 2.2%
2. Staphylococcus aureus (Total) 42 30.2%
Gram-negative bacilli (Total) 42 30.2%
Klebsiella pneumoniae 15 10.8%
Pseudomonas aeruginosa 12 8.6%
Enterobacter cloacae 8 5.8%
Acinetobacter baumannii 7 5.0%

and methicillin-resistant S. aureus (MRSA) comprised
47.4% and 33.3% of the total S. epidermidis and
S. aureus isolates, respectively. None of the isolated strains
demonstrated sensitivity to penicillin.

Antibiotic Sensitivity Patterns of
Gram-Negative Bacilli Associated with
CRBSIs

Out of 30 tested Gram-negative isolates against tigecy-
cline, only one Acinetobacter baumannii strain was resis-
tant. Unanticipatedly, almost half of the investigated

Gram-negative isolates were proven to be extended spec-
trum B-lactamase (ESBL)-producers. On top of that, 19%
of the isolates were carbapenem-resistant, whereas 16.7%

were multidrug-resistant (Table 3).

Correlation Between the Clinical
Presentation of CRBSI and the Causative
Organism

In the current study, out of 139 infected cases, the primary
clinical presentation of CRBSI was fever (40.3%) fol-
lowed by rigors (30.2%). Only 15.1% and 14.4% of the
study cohort experienced vomiting and hypotension as the
chief presenting symptom, respectively.

Table 4 illustrates the distribution of different clinical
manifestations of CRBSI according to the causative organ-
ism. Notably, fever was the most frequent presentation of
S. aureus CRBSI in relation to that of CoNS and Gram-
negative bacilli (p= 0.0001). Nevertheless, rigors were
more recurrent in infections caused by CoNS (p=
0.0001). For Gram-negative CRBSI, vomiting and hypo-
tension were more commonly recorded compared to
S.  aureus- and CoNS-attributed CRBSI  with
a statistically significant difference (p= 0.014, and 0.033,
respectively).

Correlation Between the Complications
of CRBSI and the Causative Organism

Of 139 patients, 60 (43.2%) cases experienced complica-
tions secondary to CRBSI. Hospital admission to the Adult
Nephrology Department (DSFH) was the most common

Table 3 Antibiotic Susceptibility Profiles of Gram-Negative Bacilli Causing CRBSIs

Antibiotics K. pneumoniae n= 15 (%) | P. aeruginosa n= 12 (%) | E. cloacae n= 8 (%) | A. baumannii n=7 (%) Total n= 42 (%)
TGC 15 (100%) NA 8 (100%) 6 (85.7%) 96.7%*
MEM 14 (93.3%) 10 (83.3%) 8 (100%) 6 (85.7%) 90.5%
TZP 15 (100%) 8 (66.7%) 8 (100%) 5 (71.4%) 85.7%
IPM 14 (93.3%) 8 (66.7%) 8 (100%) 5 (71.4%) 83.3%
AK 14 (93.3%) 8 (66.7%) 8 (100%) 5 (71.4%) 83.3%
Clp 12 (80%) 6 (50%) 6 (75%) 5 (71.4%) 69%
FEP 9 (60%) 4 (33.3%) 4 (50%) 4 (57.1%) 50%
SXT 9 (60%) NA 3 (37.5%) 3 (43%) 50%*
CRO 7 (46.7%) NA 2 (25%) 3 (43%) 40%*
ESBL-producers 7 (46.7%) 6 (50%) 3 (37.5%) 4 (57.1%) 47.6%
CR isolates 2 (13.3%) 4 (33.3%) 0 2 (28.6%) 8 (19%)
MDR isolates 2 (13.3%) 2 (16.7%) 1 (12.5%) 2 (28.6%) 16.7%

Note: *Percentages were calculated in relation to 30 isolates only.

Abbreviations: K. pneumoniae, Klebsiella pneumoniae; P. aeruginosa, Pseudomonas aeruginosa; E. cloacae, Enterobacter cloacae; A. baumannii, Acinetobacter baumannii; n, number;
NA, not applicable; TGC, tigecycline; MEM, meropenem; TPZ, piperacillin/tazobactam; IPM, imipenem; AK, amikacin; CIP, ciprofloxacin; FEP, cefepime; SXT, trimethoprim/
sulfamethoxazole; CRO, ceftriaxone; ESBL, extended spectrum PB-lactamase; CR, carbapenem-resistant; MDR, multidrug-resistant.
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Table 4 Primary Clinical Presentations and Complications of CRBSIs in Relation to the Causative Organism

Parameters S. aureus (n= 42) CoNS (n=55) GNB (n= 42) Va p value
Primary clinical presentations

Fever 29 (20.9%) 18 (12.9%) 9 (6.5%) 21.95 0.0001*
Rigors 5 (3.6%) 27 (19.4%) 10 (7.2%) 16.78 0.0001*
Vomiting 4 (2.9%) 5 (3.6%) 12 (8.6%) 8.5l 0.014%*
Hypotension 4 (2.9%) 5 (3.6%) I (7.9%) 6.8l 0.033*
Complications of CRBSI

Hospitalization 5 (11.9%) 5(9.1%) 12 (28.6%) 91.19 0.0001*
Endocarditis 7 (16.7%) 8 (14.5%) 1 (2.4%) 57.23 0.0001*
ICU Admission | (2.4%) 2 (3.6%) Il (26.2%) 66.35 0.0001*
Septic embolism 6 (14.3%) 2 (3.6%) 0 (0.0%) 92.69 0.0001*

Notes: *p < 0.05. Frequencies of the clinical presentations were calculated in relation to the total number of the isolates (n= 139).
Abbreviations: S. aureus, Staphylococcus aureus; CoNS, Coagulase-negative staphylococci; GNB, Gram-negative bacilli; n, number; ICU, intensive care unit; }{2. Pearsons Chi-

Square test.

complication (15.8%) followed by endocarditis (11.5%).
In addition, 10.1% of our series required an admission to
the ICU, while 5.8% developed septic embolism.

Table 4 summarizes different complications of CRBSI
structured along with the etiologic agents. Approximately
29% of the patients that acquired Gram-negative CRBSIs
(12 out of 42) required hospitalization, in contrast to 12%
and 9% of those caused by S. aureus and CoNS, respec-
tively (p= 0.0001). The mean hospital stay for Gram-
negative CRBSIs was 7.75 £ 2.42 versus 4.6 = 1.52 and
4.4 + 1.14 days for that caused by CoNS and S. aureus,
0.005).
CRBSIs were more commonly associated with admission
to the ICU of DSFH (26.2%). On the other hand, endo-
carditis and septic embolism were more generally
observed in S. aureus CRBSIs (16.7% and 14.3%,
respectively).

respectively  (p= Moreover, Gram-negative

Discussion
No doubt that the use of CVCs to initiate hemodialysis
saved the lives of patients requiring renal replacement
therapy. However, CRBSI is a conspicuous barrier for
the use of these catheters. CRBSI ranks the second leading
cause of mortality in patients undergoing hemodialysis.'®
In patients with ESRD, increased infection rate is assigned
to uremia which contributes to defective cell-mediated
immunity (CMI), neutrophil dysfunction, as well as com-
plement activation disorders."”

In this retrospective cohort study that enrolled 139
participants over a period of 2 years, CRBSI had occurred
at a cumulative rate of 5.1 episodes/1000 days of use of

hemodialysis catheters, which comes close to rates
reported by other investigators.>® A recent Indian paper
published by Viswanath and his associates declared an
even higher infection rate up to 12.5 episodes/1000 cathe-
ter days.?' On the flip side, considerably lower rates were
declared by Thompson et al from one Canadian study
(0.19/1000 catheter days)** and Smyth et al from another
study held in Australia and New Zealand (0.39-1.2/1000
catheter days).”® It seems that the incidence of CRBSI
varies from country to country and from one medical
center to another. The dissimilar rates could be explained
by different geographic locations with unalike adherence
to infection control measures among the hemodialysis
centers as well as incongruent demographic profiles of
patients undergoing hemodialysis.

In the present work, the microbiological outline of
CRBSIs showed that Gram-positive bacteria were incrimi-
nated into two-thirds of these infections, with 39.6% and
30.2% of the episodes, not amazingly, caused by CoNS
and S. aureus, respectively. Rather, Klebsiella pneumoniae
was the most predominant organism among Gram-
negative isolates contributing to 10.8% of CRBSIs. Our
findings have been echoed in analogous series where
S. epidermidis, a normal skin flora, together with other
CoNS, have been repeatedly recorded in many studies to
be the most common cause of CRBSLI. It is postulated that
the movement of the bacterial flora lengthwise to the
insertion site of the catheter into the skin, paves the way
for bacterial contamination of the catheter hub, and con-
sequent intraluminal infection by Gram-positive organ-
isms, especially CoNS.**
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In keeping with our findings, Hadian et al concluded
that CoNS were the most preponderant cause of CRBSI
(44%) followed by S. aureus (28.6%) and Gram-negative
bacilli.>> In addition, Mohamed et al found that the most
dominant culprits among their cohort of Irish hemodialysis
patients were CoNS (61%) and S. aureus (23%), though
Gram-negative isolates were identified in less than 5% of
the specimens.

Unexpectedly, a similar study conducted in Saudi
Arabia at the Regional Kidney Center at King Abdul
Aziz Specialist Hospital, Taif, concluded that S. aureus
was the most prevalent organism among the isolated
Gram-positive cocci.?” Definitely,

S. aureus is a major promoting factor for developing
a HD-CRBSI, because contaminated hands facilitate the
transmission of these bacteria to the catheter insertion site.

nasal carriage of

Accordingly, decolonization procedures in the hemodialy-
sis settings involving intranasal mupirocin prophylaxis
should be considered to lessen the incidence of infectious
episodes, and subsequently the health-care expenses pro-
portionate to treating CRBSIs once they ensue.®

Quite the reverse of our ascertained microbial pattern,
a comparable study conducted in Brazil,*> another one in
Jeddah, KSA,*° and a third one in Hofuf, KSA*! had proven
a paramountcy of Gram-negative bacteria, accounting for
50%, 54.6%, and 61.5% of CRBSIs, respectively. A high
infection rate with Gram-negative bacilli in health-care
settings raises concern about the possibility of inadequate
hand hygiene and poor compliance to catheter maintenance
precautions by the health-care staff of the affiliated hemo-
dialysis center, which should be taken into account while
implementing infection control and prevention policies.

Awareness of the pertinent antibiotic sensitivity pro-
files of the bacterial isolates in hemodialysis units is highly
indicated in order to select the ideal antibiotics together
with tailoring empiric therapy. Unfortunately, the frequent
prescription of antibiotic regimens owing to repeated hos-
pital admissions of hemodialysis patients culminated into
infections with antimicrobial-resistant bugs.*® In the con-
half of our
S. epidermidis isolates were methicillin-resistant, around

temporary analysis, whereas about
one-third of S. aureus strains demonstrated methicillin
resistance. Fram and his associates reported that while
38.5%

resistant, all the recovered CoNS were resistant to this

of their S. aureus isolates were methicillin-

antimicrobial.*® Interestingly, none of the recovered iso-
lates from our sequence of patients displayed resistance to
vancomycin, or teicoplanin. Similar conclusions were also

drawn by other investigators.** Outstandingly, none of the
test isolates showed sensitivity to penicillin, signifying the
injudicious outpatient use of this antibiotic.

Of the Gram-negative organisms, 14% and 19% were
resistant to piperacillin/tazobactam and carbapenems,
respectively. One impressive finding was the production
of ESBLs in almost half of our Gram-negative isolates.
Other than that, 16.7% of the recovered isolates were
multidrug-resistant (MDR). These unpredictably high
rates of antimicrobial resistance highlight the need for
stringent infection-control measures and intervention stra-
tegies, including antibiotic recycling to diminish additional
emergence and propagation of these serious bugs.

Of clinical note, fever was the most common manifes-
tation of sepsis among our cohort (40.3%), followed by
rigors (30.2%). Furthermore, vomiting and hypotension
were the main pointing alarms to CRBSI in 15.1% and
14.4% of the study population, respectively. It is worth
mentioning that, in our study, fever was the most frequent
presenting symptom of CRBSIs attributed to S. aureus
(20.9%), in comparison to those caused by CoNS
(12.9%) and Gram-negative bacilli (6.5%) with
a statistically significant difference (p= 0.0001). On the
other side, CoNS-triggered CRBSIs were predominantly
presented with rigors (19.4%). A substantial proportion of
Gram-negative CRBSIs were presented with non-specific
symptoms such as vomiting and hypotension as well. The
endotoxins present in the outer membrane of Gram-
negative bacteria may in part subscribe to hypotension.*
Our data are in accord with those of an earlier work issued
by Al-Solaiman et al.*®

Undesirably, CRBSIs are associated with sequelae
farther the initial incident in some hemodialysis patients.
In the current work, 43.2% of the infected patients got
ancillary complications such as hospitalization to the
Adult Nephrology Department (15.8%), endocarditis
(11.5%), admission to the ICU (10.1%), and septic embo-
lism (5.8%). It should be noted that hospitalizations with
lengthy hospital stays recurred more often in patients suf-
fering from Gram-negative CRBSIs as compared to those
with S. aureus or CoNS (almost 29% versus 12% versus
9%, respectively), with a remarkably significant difference
(p= 0.0001). On top of that, admission to the ICU was
mandatory in 26.2% of Gram-negative CRBSIs as opposed
to 3.6% of CoNS- and 2.4% of S. aureus- associated
CRBSIs (p= 0.0001). Conversely, Al-Solaiman et al*® and
Farrington and Allon®” noticed that the likelihood of hospi-
talization and ICU admission was highest with S. aureus,
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moderate with S. epidermidis, and least with Gram-negative
CRBSIs.

In the present study, metastatic infections such as
endocarditis (33.6%) and septic embolism (17.9%) had
developed in our set of patients. Strikingly, the incidence
of these 2 complications inclined to be more common with
S. aureus rather than CoNS or Gram-negative CRBSIs,
with a statistically significant difference (p= 0.0001). Our
observations are in conformity with the results of former
studies.’”~"

It is important to address the fact that all of our
infected patients received empiric systemic antibiotic ther-
apy in the outpatient settings while waiting culture and
sensitivity results (intravenous vancomycin and ceftazi-
dime). When culture results returned back, their treatment
tailored to the
Interestingly, 79 patients (56.8%) responded to a 4-week

was reported sensitivity patterns.
antibiotic regimen (uncomplicated CRBSIs). On the other
hand, the remaining patients that developed complicated
CRBSIs did not respond to the prescribed antibiotics,
which necessitated catheter replacement as well as longer
course of antibiotics (6—8 weeks).

While it has been lately reported by Quinn et al, in one
Canadian study, that CRBSIs culminated into death of
2.3% of their cohort,”® Farrington and Allon affirmed
that only 1% of the recorded mortality between their
catheter-reliant hemodialysis patients was ascribed to
CRBSI.>” Recently, a substantively higher mortality rate
up to 5% was specified by Martin et al.** In contrast,
although 2.16% of our hemodialysis patients died during
the 2 years-study period, mortality could not be allocated
directly to CRBSI, denoting that the use of hemodialysis
catheters was not a leading cause of death per se amongst
our cohort.

Indeed, our study has some limitations that are worth
mentioning. First, the retrospective design of the study
makes it amenable to selection bias of the study cohort.
Second, the study mirrors a single-center experience, so
globalization of our results may not be compatible with
other hemodialysis centers. Finally, our cohort included
only adult patients, making relevance of these findings to
children undergoing hemodialysis unrealistic.

Conclusion

Our study showed that the causative organism has
a fingerprint on the clinical presentation as well as the
consequence of CRBSI among hemodialysis patients.
Therefore, it is crucial for each hemodialysis center to

early recognize and treat infected patients, so as to achieve
optimal treatment outcomes. What is more, data regarding
the antibiotic susceptibility patterns of the causative organ-
isms as well as their periodic monitoring in the hemodialysis
settings is of utmost importance to allow for the best choice
of antimicrobials along with re-evaluating empiric therapy.

Data Sharing Statement
The data used to support the findings of this study are
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