Bacteremia Associated With Tunneled, CuffedHemodialysisCatheters
Theodore F. Saad, MD

® Bacteremia is a frequent complication associated with tunneled, cuffed, permanent catheters (PCs). The
incidence, spectrum of infecting organisms, and optimal treatment for catheter—associated bacteremia (CAB) have

not been clearly established. In this study, 101 chronic hemodialysis (HD) patients with PCs for blood access were
prospectively monitored for infection during a 24-month period. Data recorded for each patient included the number

of catheter-days, episodes of suspected bacteremia, blood culture results, method of treatment, complications, and
outcomes. All patients with CAB were treated with a 21-day course of intravenous antibiotics. The PC was removed

if the patient had uncontrolled sepsis or if other vascular access was ready for use. Once the infection was
controlled, catheter salvage was attempted, either by exchanging for a new catheter over a guidewire or treating

with antibiotics only, leaving the original PC in place. Catheter exchange was the recommended approach in our
program, but this was decided in each case by the treating nephrologist. During this study, there were 15,581
catheter-days, with 86 episodes of CAB, or 5.5 episodes/1,000 catheter-days (95% confidence interval, 4.5 to
6.8/1,000 d). Forty-five infections (52.3%) were caused by gram-positive cocci only, including S taphylococcus
aureus, coagulase-negative Staphylococcus , and Enterococcus species. Twenty-three infections (26.7%) were
caused by gram-negative rods only, including a wide variety of enteric organisms. Eighteen infections (20.9%) were
polymicrobial. Thirty-nine of 86 episodes (45.3%) included at least one gram-negative organism. Five PCs were
removed because of severe uncontrolled sepsis, and eight PCs were removed because they were no longer
required. Of the remaining 73 cases, attempted PC salvage was successful in 11 of 30 patients (36.7%) treated with
antibiotics alone versus 35 of 43 patients (81.4%) who underwent PC exchange in addition to antibiotic therapy ( P=
0.0005). The only important complication of CAB was endocarditis, occurring in 3 of 86 episodes (3.5%). We
conclude that in our HD units, CAB is relatively common and frequently involves gram-negative bacteria. PC
salvage is significantly improved when antibiotic treatment is combined with PC exchange over a guidewire.
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BCUTANEOUSLY tunneled, cuffed, sili- 0.2 episodes/1,000 catheter-days. Another study

cone, dual-lumen central venous catheters reported 0.7 episodes/1,000 catheter-days in pa-
were introduced in 1984 and quickly gained tients with long-term PC access (median, 18.5
acceptance for both temporary and permanentweeks): A recent study of CAB using rigorous
hemodialysis (HD) vascular acces®Vhether methods for the diagnosis of bacteremia and
used for long-term, temporary, or true perma- determination of an appropriate denominator
nent access, these devices are commonly re-showed a much greater incidence of 3.9 episodes/
ferred to as permanent catheters (PCs). US Renal1, 000 catheter-days. This study also showed that
Data System datashow that in 1996, cuffed  gram-negative organisms were common, occur-
catheters were being used for access 60 daysring in 31% of episodes, in contrast to most
patients. Catheter-associated bacteremia (CAB) gram-positive organisn¥s? particularly Staphy-
is a serious complication of PC use and a com- lococcusspecies.
mon cause of.catheter failure. Re_zported raFes of  The optimal method of treatment for CAB is
CAB range widely. Several studies of patients ,nknown. A long course of parenteral antibiotic
using PCs for short-term va_scular access have therapy is commonly used. Options for manage-
reported very low bacteremia rates: C.Nd et of the catheter itself include catheter re-
moval, treatment with antibiotics while leaving
the catheter in place (ABX), or combining antibi-
otics with catheter exchange over a guidewire
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program, frequent gram-negative or polymicro- a university hospital-based unit and an affiliated
bial infections, and poor catheter salvage when free-standing chronic outpatient unit. In both
CAB was treated with ABX. Based on these units, PCs were accessed only by experienced
observations, these data were collected to deter-dialysis nurses using masks, nonsterile latex
mine the incidence, bacteriology, and complica- gloves, and a thorough povidone-iodine disinfec-
tions of CAB, as well as the outcomes of at- tion of the catheter ports before removing caps or
tempted catheter salvage. This was not designeddisconnecting blood lines.

as a prospective study to compare outcomes of

different methods of catheter salvage. Based on CAB Diagnosis and Treatment

the limited data available in 1995, our preferred Every patient with a PC who had fever, chills

approach to CAB was to treat with EXCH. o other symptoms suggesting systemic infection
However, in all cases of CAB, the method of (g nausea, vomiting, malaise, or back pain) was
treatment was determined exclusively by the cqnsidered to have possible bacteremia. Physical
nephrologist, based on clinical criteria. During  gyamination was performed, and other potential
the course ofthi_s prospective observational study, ¢ rces of infection were noted, including the
most patients with CAB underwent EXCH. Some  caiheter exit site or tunnel, peripheral venous
patients were treated with ABX. Although these  4heter site, arteriovenous graft, skin ulcer, or
groups were inherently different, and it was not ,qund. Further studies, including chest radio-
our original intent to compare methoo_ls of treat- graph and urinalysis, were performed as indi-
ment for CAB, we used the opportunity created caieq for specific signs or symptoms. Patients

by these different treatment decisions to compare presenting with severe symptoms, including hy-
catheter salvage rates between the two teCh'potension, high fever, rigors, mental status

niques of attempted catheter salvage. changes, or vomiting, did not have HD initiated.
METHODS Those who developed severe symptoms during
. . . HD had their treatment interrupted or discontin-
Patients, Setting, and Data Collection ued. If the patient was clinically stable with mild
Data were collected prospectively on all symptoms, HD was initiated or continued as
chronic HD patients in the University Health prescribed. All patients with suspected bacter-
System using a tunneled, cuffed venous catheteremia had blood cultures drawn, either directly
for dialysis access from November 1995 through through the catheter ports or from the “arterial”
October 1997. Hospitalized patients with end- dialysis tubing port. Usually, at least two sets of
stage renal disease (ESRD) with PC access whoaerobic and anaerobic cultures were obtained,
were not enrolled as University Health System although in a few cases, only one set was ob-
chronic HD patients were excluded. Demo- tained. Peripheral blood cultures through sepa-
graphic information, including age, sex, race, rate venipuncture sites were not routinely per-
cause and duration of ESRD, diagnosis of diabe- formed. All patients were treated with intravenous
tes mellitus, and indication for PC access, was antibiotics pending culture diagnosis. Initial cov-
collected at the time of PC placement. All study erage in most cases consisted of vancomycin
patients were prospectively monitored for the combined with either gentamicin or ceftazidime.
total number of days the PC was in place from Some patients with only mild signs and symp-
the date of insertion to the date of catheter toms of infection or a history of allergy to vanco-
removal or exchange, patient transfer, or death. mycin received only a cephalosporin initially.
Unassisted catheter survival was defined as the All episodes confirmed by positive blood cul-
number of days from initial catheter placement tures were diagnosed as CAB regardless of other
to the first catheter intervention (removal or possible sources and were included on this study.
exchange for any purpose). Assisted catheter Antibiotics were adjusted based on culture and
survival was defined as the total duration of sensitivity results and continued for 21 days
catheter use through the original venipuncture, unless other indications warranted a longer
including catheters replaced over a guidewire course. If initial culture results were negative,
because of malfunction, exit-site infection, or the patient was not diagnosed with CAB and
bacteremia. HD was performed in two facilities: antibiotics were discontinued. Management of
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the PC was determined by the treating nephrolo- Catheter Placement and Exchange Techniques

gist. In cases with severe or uncontrolled clinical  \10st PCs were placed and exchanged in the
sepsis, the PC was usually removed without an jnpatient dialysis unit by the author and nephrol-
attempt to salvage the catheter. The PC was alsoggy fellows under his direct supervision. A few
removed if other permanent dialysis access was procedures were performed by the nephrologists
ready for use. If the PC was not removed and the in the intensive care units, the surgeons in the
patient responded well to antibiotics over 24 to operating room, or the radiologists in their inter-
48 hours, catheter salvage was attempted, eitherventional suite. The right internal jugular vein
with ABX or EXCH. EXCH was preferred and  was preferred, but if this site was unsuitable, the
strongly encouraged but not required by unit left internal jugular, subclavian, or femoral vein
policy or study protocol. Treatment was not was used. Ultrasound was used for vein localiza-
determined by randomization, and there was no tion or venipuncture guidance for all new inser-
attempt to create equal treatment groups. In- tions after July 1996. Fluoroscopy was not used
formed consent was not required or obtained for for insertion or exchange. A chest radiograph
treatment. It was expected that the two treatment was performed after each procedure to confirm
groups would be different because of the clinical acceptable catheter course and tip position. One

factors leading to selection of ABX or EXCH.

CAB Outcomes
Patients were monitored by regular nursing

gram of cefazolin or cefotaxime was adminis-
tered intravenously at the time of catheter place-
ment or exchange as prophylaxis, unless the
patient was allergic to cephalosporins or was
already receiving antibiotics. Povidone-iodine

assessments at each dialysis session and weeklPintmentwas applied to the exit site immediately

physician visits. In most cases, follow-up blood
cultures were drawn 7 to 14 days after the
completion of antibiotic therapy. CAB was con-
sidered cured by clinical criteria if the patient
remained afebrile and free of infectious symp-
toms for 30 days after completion of antibiotic
therapy. Clinical cure confirmed by negative fol-
low-up blood culture was classified as a culture-
proven cure. A patient with a positive blood
culture for the same bacterial species within 30
days after completion of therapy was considered

a treatment failure. Treatment outcome was con-
sidered indeterminate if the patient died of causes

unrelated to infection, was transferred or lost to
follow-up, or responded well to therapy but,
before completion of treatment or follow-up, the

after placement and with each dressing change
for the first several weeks of use.

Insertions were performed using a conven-
tional percutaneous techniglieThe PC ex-
change technique varied depending on the
anatomy and presence of local infection. If the
catheter cuff was less than 2 cm from the exit
site, the exit site was anesthetized and incised,
and the cuff dissected free. In cases in which the
cuff was too far to reach from the exit site, an
incision was made directly over the cuff, and it
was dissected free at this point. If exit-site infec-
tion was evident, a small incision was made over
the proximal part of the tunnel so the catheter
could be retrieved remote from the infected area.
In all cases, once the cuff was free, the PC was
retracted several centimeters, clamped, and then

PC was removed for other reasons (eg, matured seyered proximal to the cuff. Frequently a stitch

graft or fistula). Patients were monitored for
complications, including death, endocarditis, ab-
scess, and antibiotic allergy or toxicity.

Exit-site infection was diagnosed clinically

was placed through the catheter to ensure that the
distal segment could not be lost up the tunnel.
The external portion was discarded, the field was
resterilized, and all operators changed to new

based on pain, erythema, or purulent drainage atsterile gloves. A guidewire was then placed

the exit site. Cultures of suspected infected exit
sites were not uniformly obtained, and patients
received either oral or parenteral antibiotics. Ev-
idence of infection in the soft tissues or tunnel
proximal to the cuff was diagnosed as tunnel
infection and obligated PC removal.

through the venous port of the severed catheter
into the right atrium. In most cases, if the old exit
site was clean, the new PC was placed over the
guidewire directly through the same exit site.
When required, a new exit site was incised and
the new catheter was tunneled from this point to
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an incision over the proximal portion of the
tunnel. The new PC was then inserted over the
guidewire. All incisions were closed with nylon
suture.

Data Analysis

An approximate confidence interval for CAB
rate was estimated assuming an exponential
model for the time from catheter placement to
the development of bacteremia. Differences be-
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Table 1. Number of Episodes of CAB per Patient

No. of Episodes Patients

None 49
1 32
2 12
3 3
4 4
5 1
Total 101

tween treatment groups were analyzed using the Pacteremia was 74 days (range, 6 to 353 days).

chi-squared ot-test. Outcomes were compared
using multiple logistic regression analysis (Stat-
View; SAS Institute, Cary, NC, 1998).

RESULTS
Patients and Incidence

During the 24-month study period, 101 eli-
gible patients were dialyzed using 310 double-
lumen, tunneled, cuffed catheters. Average pa-
tient age was 50.6 years. Causes of ESRD
included diabetes mellitus (56.7%), hypertension
(6.2%), glomerulonephritis (13%), systemic lu-
pus erythematosus (5.2%), human immunodefi-
ciency virus (1.0%), unknown (9.3%), autoso-
mal dominant polycystic kidney disease (2.0%),
obstruction (3.1%), and other (3.0%). There were

Twenty exit-site infections (1.25/1,000 catheter-
days) and two tunnel infections were diagnosed.

Microbiology

A single species of gram-positive coccus was
responsible for 45 of 86 episodes (52.3%) of
CAB. A single species of gram-negative rod was
isolated in 23 of 86 episodes (26.7%). The re-
maining infections were associated with more
than one organism (Table 2). Gram-positive or-
ganisms were present in 67.4%, and gram-
negative organisms in 45.3% of all episodes. The
organisms isolated from all episodes of CAB are
shown in Table 3.

Treatment and Outcome
Immediate PC removal because of severe sep-

15,581 catheter-days. The mean unassisted andsis was required in five cases (5.8%) of CAB. In

assisted catheter survival was 50 and 104 days, €ight cases (9.3%), the PC was removed without
respectively. Most PCs were used as a bridge to attempted salvage because other dialysis access
arteriovenous vascular or peritoneal access in Was mature. The remaining 73 patients had PC
patients with new ESRD or in established pa- salvage attempted. Thirty patients were treated
tients with access failure. Catheters used in- With ABX, and 43 patients with EXCH. Patient
cluded Soft-Cell (Vas-cath, Ontario, Canada), Ccharacteristics in these two groups were similar
Circle-C (Neostar, Atlanta, GA), and PermCath (Table 4). The EXCH group had a higher fraction
(Quinton, Seattle, WA). The author and nephrol- Of patients requiring hospitalization than the ABX
ogy fellows placed 294 of these catheters, 4 were group, but this difference did not achieve signifi-
placed by the surgeons, and 12 by the radiolo- cance. Outcomes in these groups are shown in
gists.

Eighty-six new episodes of CAB occurred in
52 patients during the study period. Thirty-two Type of Organism
patients had one episode of CAB, and 20 patients

Table 2. Types of Infecting Organisms

No. of Infections %

had two or more episodes (Table 1). The inci- SZE 22'&', gg gé:?
dence of CAB was 5.5 episodes/1,000 catheter- pojymicrobial:

days (4.5 to 6.8/1,000 d). Data were also ana- GPC + GNR 1 12.8
lyzed by censoring patients after their first episode  GNR 5 5.8
of CAB. The 52 first episodes of CAB occurred Tognpc 82 1033

over 10,938 catheter-days, resulting in an inci-
dence of 4.75 episodes/1,000 catheter-days. The apbreviations: GPC, gram-positive cocci; GNR, gram-
median number of days from PC insertion to negative rods.
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Table 3. Organisms Isolated From 86 Episodes Table 5. Outcomes of Attempted PC Salvage
of CAB
Outcome ABX EXCH
No. of Frequency
Organism Episodes (%)* Indeterminate 5(16.7) 24.7)
Total cured* 11 (36.7) 35 (81.4)

Coagulase-negative staphylococci 34 39.5 Cured by culture criteria 4 22
Methicillin-sensitive Staphylococcus Cured by clinical criteria 7 13

aureus 15 17.4 Failed 14 (46.7) 6 (13.9)
Methicilin-resistant S aureus 4 4.7 Total 30 43
Enterococcus sp 17 19.8
Vancomycin-resistant Enterococcus 0 0.0 NOTE. Values expressed as number (percent).
Streptococcus sp 2 2.3 *P = 0.0005 EXCH versus ABX.
Other GPC 4 4.7
Escherichia sp 11 12.8 .
Acinetobacter sp 9 10.5 were removed and 6 patients underwent a second
Pseudomonas sp 1 12.8 course of treatment combined with catheter ex-
Enterobacter sp 14 16.3 change. Five of these patients experienced suc-
’gf;‘r‘;?ae’c’f‘;gp 1(3’ 1;-2 cessful catheter salvage, and one outcome was
Stenostrophomonas sp 3 35 mdetermnjate because of elective rem_oval of PC.
Serratia sp 1 1.2 If these six exchanges after ABX failure were
Diptheroids and GPR 4 4.7 included for analysis with the EXCH group, the
Fungal 0 0.0 successful salvage for EXCH would be 40 of 49
Total 142 (81.6%).

Abbreviation: GPC, gram-positive cocci; GPR, gram- Mljlltlple |OgI$tIC regression anaIySIS showed
positive rods. no differences in outcome of all cases based on

*Number of isolates per number of CAB. age as a continuous variable € 0.089) or age
older than 55 yearsP(= 0.74). There was no

Table 5. Five patients in the ABX group and two difference based on diagnosis of diabetes melli-
patients in the EXCH group had indeterminate tus (P = 0.76), duration of PC use®(= 0.16),
outcomes because of transfer, death, or removalgram-negative infectiorR(= 0.58), or treatment
of PC for reasons unrelated to infection. The as an inpatient = 0.71). Polymicrobial infec-
remaining 66 patients with CAB with attempted tion was associated with more treatment failures
catheter salvage were followed up to a definitive (P = 0.03; Table 6). There were no differences in
outcome. Thirty-five of 43 patients (81.4%) outcome based on the species of infecting organ-
treated with EXCH had successful catheter sal- ism. Outcome data were also analyzed for epi-
vage versus only 11 of the 30 patients (36.7%) sodes of first CAB only. Forty-one patients were
treated with ABX P = 0.0005). Of the 14

patients in whom ABX failed, eight catheters Table 6. Outcome by Infection Type
Table 4. Treatment Group Characteristics Treatment Outcome GpPe GNR Poly
ABX Cure 8 3 0
ABX EXCH P Fail 4 4 6
Age (y) 522 +9.8 52.0 =109 >0.5 Poly vGPC, P = 0.01; others NS
(25.3-71.6)  (20.6-83.3)
Diabetes 19/30 (63.3) 25/43 (58.1) 0.5 EXCH (F::irle ég’ 33 ;
Hospitalization 11/30 (36.7)  24/43 (55.8) 0.17
PC use, perma- 14/30 (46.7) 15/43 (34.9) >0.5 All comparisons NS
nent
Days PCinuse*  68(9-200)  75(6-353)  >0.5 Total E;‘irle 34 f“ ;
Duration of 163043 1.15*+0.35 0.13
ESRD (y) (0.06-9.51) (0.02-8.69) Poly vGPC and GNR, P < 0.05
NOTE. Values expressed as mean * SD (range) or NOTE. Indeterminate outcomes were censored.
number (percent) unless otherwise noted. Abbreviations: GPC, gram-positive cocci; GNR, gram-

*Median (range). negative rods; Poly, polymicrobial; NS, not significant.
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followed up to a definitive outcome. Twenty of mia/1,000 catheter-days. They attributed this low
22 patients (91%) treated by EXCH experienced rate in part to the strict aseptic technique prac-
cure versus 9 of 19 patients (47%) treated with ticed by nursing staff. However, they reported a
ABX alone (P = 0.0004). Multiple logistic re-  relatively high rate of exit-site infections (4.5/
gression analysis of outcomes from first episodes 1,000 catheter-days). Their catheter access
of CAB produced similar results, with no signifi- method was similar to ours, except they used
cant differences between groups based on a vari-sterile gloves and a second povidone-iodine dis-
able other than treatment. Catheter salvage wasinfection of the catheter ports after removal of
attempted in 12 episodes of CAB caused by the caps.
Staphylococcus aureu®utcome was indetermi- It is not clear what factors are responsible for
nate in one case. Successful catheter salvage wasur relatively high rate of CAB. Inadequate skin
achieved in four of six patients witB aureus  disinfection or poor placement technique could
bacteremia treated with ABX and four of six account for bacteremia or exit-site infections
patients treated with EXCH. soon after the procedure but would be unlikely to
Three episodes of CAB were complicated by cause infections long after catheter placement.
subacute bacterial endocarditis (3.5%). One pa- There was only a single episode of bacteremia
tient had a characteristic mitral valve vegetation that occurred within 1 week of catheter insertion.
seen by transesophageal echocardiogram severafrhat we see relatively few tunnel or exit-site
months after successful treatment for coagulase- infections also suggests that placement factors
negative Staphylococcusacteremia. Two had  are not the principal causes of bacteremia.
prolongedS aureugone methicillin resistant, the The source of bacteria and route for bacterial
other sensitive) bacteremia with mitral valve entry to the bloodstream in CAB are not clear. In
vegetation on echocardiogram and required im- our program, bacteremia is rarely associated with
mediate PC removal. One of these patients had exit-site infection, and most episodes occur many
severe preexisting mitral regurgitation and ulti- eeks after PC insertion, when fibroblast growth
mately required elective mitral valve replace- into the catheter cuff should be well established,
ment. Two patients died while receiving treat- providing an effective barrier to bacterial migra-
ment for CAB. One died of complications of tijon up the catheter tunnel. In a few cases, we
severe pulmonary hypertension, and the other jgentified another likely source of infection, in-
ure to thrive. Neither patient had clinical sepsis surgical wounds. Other sources may include
or positive blood cu_Itures at t_he time of death, powel, urine, skin, or gingiva. Alternatively, pa-
and death was not directly attributed to CAB. No  tjents with indwelling venous catheters may be
cases of epidural abscess, septic arthritis, osteo-gsceptible to episodes of transient bacteremia
myelitis, or other metastatic infections were de- ccyrring with such normal activities as brushing
tected during this study. teeth. We did not diagnose bacteremia in associa-
tion with dental or surgical procedures, for which
prophylactic antibiotics were uniformly adminis-
This study confirms that bacteremia is a fre- tered. It is most likely that bacteria gain entry to
quent occurrence in our chronic HD patients the bloodstream through the PC ports during
with long-term, tunneled, cuffed, venous catheter catheter access despite rigorous nursing adher-
access. Our rate of 5.5 episodes/1,000 catheter-ence to access protocol. There are few impedi-
days (or 4.75 first episodes/1,000 catheter-days) ments to optimal nursing practice in the HD units
is similar to the rate of 3.9 episodes/1,000 cath- participating in this study. These are nonprofit
eter-days reported by Marr et @hut all these  facilities with staff (nurse or patient care techni-
rates are considerably greater than those reportedcian) to patient ratios of 1:3 or 1:4 and no
in most previous studies of long-term, tunneled, significant care limitations based on time, cost,
cuffed catheters. Moss et®aleported 0.70 epi-  or supplies. There is continuous scrutiny of all
sodes/1,000 catheter-days in patients with me- PC infections by both nursing and medical direc-
dian catheter duration of use of 18.5 weeks. tors, and regular nursing training sessions are
Dryden et al* reported 0.5 episodes of septice- held. Although continued improvement is essen-

DISCUSSION
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tial, we believe our relatively high rate of CAB is
not associated with excellent nursing practice.

THEODORE F. SAAD

staff. It is possible that our reliance on catheter-
derived cultures resulted in more diagnoses of

A number of measures have been studied for CAB and contributed to the greater infection rate

the prevention of catheter-associated infections.

Povidone-iodine ointment applied to the inser-
tion site®® and catheters impregnated with antibi-
otics'® or antisepticY have been shown to re-

than that reported by Marr et @Nevertheless, in

the setting of suspected clinical sepsis, positive
cultures drawn through the catheter should be
interpreted as pathological and treated, irrespec-

duce bacteremia associated with the use of tive of peripheral culture results.
temporary venous catheters but have not been A method for establishing the catheter as the

studied for tunneled, cuffed catheters. A prelimi-
nary report using a gentamicin and sodium ci-
trate solution for packing long-term, tunneled,
cuffed catheters resulted in a very low rate of
bacteremid® and this approach warrants further
clinical study.

We diagnosed CAB based on blood cultures
drawn directly from the PC port or from the
dialysis blood tubing coming from the PC. Most
other studies have not described their criteria for
diagnosis of CAB in detail. Marr et @tequired
peripheral blood culture confirmation for the
diagnosis of CAB. They did not report how
many patients with suspected infection and posi-
tive catheter-derived cultures were excluded
based on negative peripheral culture results.
Blood specimens drawn from indwelling arterial
or venous catheters in the intensive care unit
have been shown to have a high rate of positive
culture results, with organisms deemed contami-
nants compared with blood drawn by direct veni-
puncture'® This has not been shown for tun-
neled, cuffed dialysis catheters. It is possible that
contamination of the catheter port or poor culture
technique could result in false-positive culture
results from the catheter, resulting in overdiagno-
sis of CAB. This would be of greater concern if
we were performing surveillance cultures in
asymptomatic patients with no clinical suspicion
of infection. However, for patients with a PC
presenting with distinct signs and symptoms of
systemic infection, the clinical suspicion for CAB
must be high, and false-positive catheter-derived
culture results are less likely. Furthermore, cul-
tures were commonly drawn from the extracorpo-
real circuit during dialysis, blurring the distinc-
tion between catheter-drawn and peripheral
cultures. Ours is also a practical and commonly
used approach in a busy dialysis unit, obviating
the requirement for a separate venipuncture,
which may be technically difficult or poorly
accepted by many dialysis patients and nursing

source of infection has been proposed, using
differential quantitative cultures from the cath-
eter and peripheral blodd.This method has not
been studied for PCs and may not be routinely
available in many clinical microbiology laborato-
ries. Although positive catheter-tip cultures are
commonly used as evidence for infection of
temporary venous catheters, the same evidence
does not exist for PCs, and we did not routinely
culture catheter tips when PCs were exchanged
or removed. In most cases, the patient had al-
ready received several days of antibiotic therapy,
and the blood culture results were diagnostic.
Furthermore, the catheter tip was usually with-
drawn through a nonsterile exit site, raising the
possibility of false-positive tip culture results.
For these reasons, in the setting of suspected
CAB, we elected to make the diagnosis based
primarily on catheter-derived cultures.

Interestingly, many patients with CAB pre-
sented to dialysis with few or no symptoms but
then developed fever, rigors, nausea, or severe
manifestations of systemic sepsis during the HD
session. This suggests that bacteria or pyrogens
were sequestered in or around the PC and then
released into the bloodstream after blood flow
was established. Many of our patients with CAB
were using high-flux reprocessed kidneys, and
CAB presenting in this way may be indistinguish-
able from a sterile pyrogen reaction related to
inadequate disinfection or poor water quality.
However, most of the CAB presenting after the
initiation of dialysis occurred well into the treat-
ment (30 to 90 minutes) in contrast to sterile
pyrogen reactions that would typically occur
earlier. During this study, there were no sterile
pyrogenic reactions diagnosed in a patient with-
out a PC and no positive test results for pyrogens
in the water treatment or reuse systems.

The wide variety of both gram-positive and
gram-negative infections seen in this study con-
trasts with other series that have reported a



HEMODIALYSIS CATHETER-ASSOCIATED BACTEREMIA 1121

predominance of gram-positive organisms but is tion was considered an indicator of infection
similar to the spectrum of organisms reported by severity, recognizing that the decision to admit
Marr et al® It is not clear if this represents a true was based on a variety of clinical factors related
change in microbiology of CAB, and if so, why to severity. Other more objective signs of infec-
this change should have occurred. The implica- tion, such as fever, leukocytosis, or blood pres-
tions for choice of initial treatment for suspected sure, were not believed to be consistent enough
CAB are significant. Guidelines published by the to use as reliable markers for infection severity.
National Kidney Foundation Dialysis Outcomes For example, a severe infection might present
Quality Initiative recommend initial coverage with either a very high or very low white blood

for CAB with antibiotics effective again§taphy-
lococcusand Streptococcumrganisma! but do
not include a recommendation for treatment to
include gram-negative rods &nterococcu®r-

ganisms. Because of our high incidence of gram-

negative infections, includingseudomonaspe-
cies, initial antibiotic coverage for our patients

includes an agent effective against these organ-

isms. Also, because of our relatively high inci-
dence ofEnterococcuswe have frequently used
vancomycin (usually with gentamicin) for initial
empiric coverage of severe infections. With the
increasing incidence of vancomycin-resistant

cell count. Hospitalization rates for CAB ap-
peared greater in the EXCH group, suggesting
that patients in this group may have been sicker;
however, this difference did not reach statistical
significance. It is possible that clinically less
severe infections were treated with ABX and
more severe or complicated infections were
treated with EXCH. If so, this selection bias
would further support the advantage of EXCH
over ABX for treatment of CAB. A randomized
trial comparing these two treatment modalities
would be required to answer this question with
certainty. However, with mounting evidence

terococcug??3there is considerable pressure to showing poor results of ABX treatment, such a
minimize its use, and this approach may no study may not be justifiable. EXCH should be
longer be appropriate. It is possible that initial considered the treatment of choice for catheter
coverage using a single agent with a narrower salvage in CAB.
spectrum, such as cefazolin, may be acceptable We did not require negative blood culture
pending culture identificatioff, especially for results to confirm clinical resolution of infection
patients presenting with less severe sepsis. Be-in all cases. Patients who remained afebrile and
cause the bacteriology of CAB in different HD asymptomatic for 30 days after completion of
programs may vary, it is important for each unit antibiotic therapy were unlikely to have silent
to closely monitor its bacterial isolates to deter- bacteremia. In those patients who had follow-up
mine the optimal initial coverage for CAB. blood cultures, there were no positive results that
This study was not designed to compare differ- failed to correlate with clinical signs of infection.
ent methods of attempted catheter salvage. Thelf a follow-up period as long as 60 days was used
selection of treatment with ABX versus EXCH to define cure, the results were not significantly
was neither random nor systematic. The nephrolo- different from those at 30 days, except that more
gist responsible for the patient made this treat- outcomes were indeterminate because of cath-
ment decision based on the circumstances of eter removal for reasons other than infection
each case. Some patients were reluctant or frankly (data not shown).
refused catheter exchange. In some cases, ex- It is possible that early detection and aggres-
change was delayed because of scheduling orsive early antibiotic treatment are partly respon-
compliance problems, with the subsequent deci- sible for our high catheter salvage and low com-
sion to attempt treatment with ABX. It is not plication rates. Every episode of suspected
known how the culture results may have affected bacteremia for which blood cultures were drawn
decisions regarding catheter management, butwas treated immediately with antibiotics, leaving
there was no difference in the microbiology no patient untreated pending culture results. This
between the ABX and EXCH groups. Age, diag- is especially important when CAB is treated on
nosis of diabetes, duration of ESRD, and percent- an outpatient basis and blood cultures turn posi-
age of PCs intended for permanent access weretive on the day after HD. If appropriately treated
the same in both treatment groups. Hospitaliza- with long-acting antibiotics after dialysis, outpa-
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tients can usually wait until after their next We diagnosed no other metastatic infections
dialysis session to be redosed and only be broughtattributable to CAB. Epidural abscesses have
back early if they have persistent symptoms of been reported in this populati®rbut were not
infection or if culture results are positive for diagnosed in patients during this study. Severe
organisms unlikely to be covered by the initial low-back pain was a common presenting symp-
antibiotics. tom of sepsis but usually resolved quickly with
Relatively few catheters were removed early effective treatment. One patient with recent CAB
because of overwhelming sepsis. We attempted developed low-back pain and underwent a com-
catheter salvage in many patients who presentedputed tomographic scan, showing no evidence of
with quite severe clinical sepsis as long as they epidural abscess or vertebral osteomyelitis. Her
responded well to initial therapy. Most patients pain resolved spontaneously without medical
were afebrile and asymptomatic within 24 to 48 treatment. The patient with coagulase-negative
hours. If the response to antibiotics was not Staphylococcusndocarditis developed severe
prompt and complete, the catheter was removed. thigh muscle pain during the course of treatment.
Catheter exchange was not performed in the Magnetic resonance imaging was characteristic
setting of persistent clinical sepsis, fever, or of sterile diabetic myonecrosis with hemorrhage,
suspected ongoing bacteremia. Unless urgent di- confirmed by surgical biopsy, drainage, and nega-
alysis was indicated, patients presenting with tive culture. Marr et &lreported that 22% of the
signs or symptoms of severe sepsis (hypoten- patients with CAB developed complications, in-
sion, temperature>103°F, rigors, or vomiting)  cluding 10% with endocarditis. The reasons for
did not have HD initiated until they were cul- our comparatively low rates are unclear. It is
tured, treated, and stabilized. There are no known unlikely that osteomyelitis, septic arthritis, or
data showing the risk of dialysis under these other important infections were overlooked in
circumstances. However, it has been our observa-our study. More liberal use of echocardiography
tion that some patients with CAB develop much could explain their greater rate of endocarditis,
worse manifestations of sepsis during the dialy- either because of the detection of more true cases
sis session. It is possible that avoiding dialysis or possibly because of false-positive diagnoses
through an infected PC while there are signs of in a group of patients likely to have preexisting
uncontrolled sepsis may reduce the severity or valvular lesions. Because we reserved echocardi-
duration of bacteremia and minimize the risk for ography for those patients who failed to clear
metastatic infections. CAB promptly, it is unknown how many valvu-
The most common important complication lar lesions we may have missed.
attributed to CAB was endocarditis. Endocarditis ~~ Aminoglycoside ototoxicity was clinically sus-
was suspected in the setting of CAB when there pected in two patients who developed vertigo
was failure to respond rapidly to initial antibiotic ~ while receiving gentamicin for treatment of CAB.
therapy or when there was persistent bacteremiaNeurodiagnostic study was confirmatory in one
and fever after removal of the PC. All patients case and equivocal in the other. Both patients
with suspected endocarditis had an echocardio- received doses adjusted for ESRD and had appro-
gram performed. The presence of valvular vegeta- priate drug levels. In both cases, symptoms slowly
tion was not required for diagnosis, but the three improved over several weeks after discontinua-
patients diagnosed with endocarditis had charac- tion of gentamicin. Although mild and self-
teristic lesions. The sensitivity and specificity of limited in these patients, ototoxicity may be
echocardiography for diagnosis of endocarditis devastating and permanefitVhen aminoglyco-
are not established for chronic HD patients with sides are used to treat CAB, patients should be
CAB. With the increased use of transesophageal informed of the risk for ototoxicity and moni-
echocardiography, it is likely that the sensitivity tored closely for signs of vestibular dysfunction
will be improved, but at the price of lower or hearing loss.
specificity, leading to the overdiagnosis of endo-  There were no deaths directly attributable to
carditis. The diagnosis of endocarditis complicat- CAB. The two patients who died while receiving
ing CAB should be made primarily on clinical antibiotic therapy had responded well to antibi-
grounds. otic treatment and had no evidence for ongoing
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infection at the time of death. One was chroni-
cally debilitated and died after withdrawal of
dialysis. The other had severe pulmonary hyper-
tension, and death was attributed to intractable
right-sided heart failure, hypoxia, and hypoten-
sion without bacteremia (although sepsis could
not be absolutely excluded as a contributing
cause).

This study confirms that in our patients, bacter-
emia is a frequent complication of PC access,
and a wide variety of organisms, including gram-
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6. Marr KA, Sexton DJ, Conlon PJ, Corey GR, Schwab
SJ, Kirkland KB: Catheter-related bacteremia and outcome
of attempted catheter salvage in patients undergoing hemodi-
alysis. Ann Intern Med 127:275-280, 1997

7. Shaffer D: Catheter-related sepsis complicating long-
term, tunnelled central venous dialysis catheters: Manage-
ment by guidewire exchange. Am J Kidney Dis 25:593-596,
1995

8. Shusterman NH, Kloss K, Mullen JL: Successful use
of double-lumen, silicone rubber catheters for permanent
hemodialysis access. Kidney Int 35:887-890, 1989

9. Shaffer D, Madras PN, Wiliams ME, D’Elia JA,
Kaldany A, Monaco AP: Use of Dacron cuffed silicone

negative rods, may be responsible for these infec- catheters as long-term hemodialysis access. ASAIO J 38:55-

tions. Despite the high frequency of bacteremia,
few serious complications occur, with the no-
table exception of endocarditis. This study also
confirms previous reports showing poor catheter
salvage rates when CAB is treated with ABX
alone. EXCH is safe, easily performed by a
nephrologist without fluoroscopy, and may sig-
nificantly improve the chance for successful cath-
eter salvage.

In the 12 months after the reported study
period, we have had 27 episodes of CAB over
7,174 catheter-days, for a rate of 3.8 episodes

1,000 catheter-days. There has been no inten-

tional change in our catheter access protocol or
other medical or nursing policies. It is possible

that continuous attention to this issue has re-
sulted in improved practices. Most patients who
had recurrent infections during the study period
are no longer receiving HD through venous cath-
eters. There were only two patients with multiple

infections during the 12 months after the study
period.
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