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Infection rates in single- and double-lumen central venous
catheters in critically ill patients
S. GUPTA, Y. K. BATRA, G. D. PURl, D. PANIGRAHI, S. ROY

ABSTRACT
Background. Catheter-related sepsis is a well known

complication in critically ill patients receiving total parenteral
nutrition. Micro-organisms may travel from the skin
puncture wound along the external surface of the catheter
or from the hub through the lumen of the catheter, to be
shed into the circulation causing bacteraemia and sepsis.
The incidence of sepsis is said to be about three times
greater with multiple-lumen catheters than with single-
lumen catheters.

Methods. Fifty patients admitted to our intensive care
unit were randomly assigned to have either a single-lumen
(Group I, 25 patients) or double-lumen (Group II, 25 patients)
hydromer-coated, polyurethane central venous catheters
of the same gauge and length, placed through the infra-
clavicular subclavian approach using the Seldinger
technique. A sterile dry gauze dressing at the skin puncture
site was changed every day. Skin swabs were taken for
semi-quantitative culture studies before catheter insertion
and removal, from the proximal 3 cm (lying subcutaneously)
and distal 5 cm of the catheter segments on removal of
the catheter, and venous blood was drawn from a peripheral
vein before removal of the catheter.

Results. The most common isolate was coagulase nega-
tive Staphylococcus. No significant difference was found
between the two groups in the incidence of catheter-related
infection and catheter-related sepsis.

Conclusion. Double-lumen central venous catheters
placed in critically ill patients do not cause more sepsis
than single-lumen catheters.
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INTRODUCTION
Central venous catheters are being increasingly used in the
care of critically ill patients. The infraclavicular approach
to the subclavian vein is preferred to other techniques for
prolonged access to central veins. 1,2 Multiple-lumen catheters
being well tolerated and cost-effective are widely used in
patients requiring complex and prolonged venous access for
administering total parenteral nutrition, medication, fluids
and blood products and monitoring the central venous
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pressure.v' However, infection is one of the leading com-
plications related to the use of the catheters with a great
variation in the incidence. Many studies suggest that multiple-
lumen catheters are associated with a higher infection rate
than single-lumen catheters (SLCS)5-7 either because they
have multiple hubs which may be the portal of entry for
micro-organisms into the catheter or because their skin
puncture site is larger. None of these studies compared
catheter-related infection and catheter-related sepsis in
SLCs and double-lumen catheters (0 LCs) of the same gauge
and length. We, therefore, performed such an investigation.

When catheter-related sepsis is suspected the catheter is
removed, cultured semi-quantitatively and replaced with a
new catheter, thus increasing costs. We also aimed to find
a method of predicting sepsis without removing the catheters
and therefore investigated whether the presence of infection
at the skin puncture site before removal of the catheter had
any correlation with catheter tip infection and sepsis.

PATIENTS AND METHODS
Fifty critically ill patients (20-50 years of age), admitted to
the intensive care unit (ICU) of our institute, over a period
of 12 months, were studied prospectively for infection and
sepsis due to SLCs and DLCs which had been placed in a
randomized manner. The study was approved by the ethics
committee of our institute.

Single-lumen, 16G, 200 mm long, hydromer-coated, poly-
urethane catheters (Secalon Hydrocath SL, Viggo) with an
external diameter of 1.7 mm were used in 25 patients and
double-lumen (18G and 20G) catheters with similar speci-
fications in the other 25 patients.

Catheter insertion procedure
The doctor inserting the catheter wore a cap, mask, sterile
gloves and gown. The skin puncture site was cleaned and
prepared with an iodine based solution (betadine) and spirit.
Aseptic techniques were maintained throughout the pro-
cedure. Subclavian vein cannulation was performed through
an infraclavicular subclavian approach using the Seldinger
technique.f A sterile, dry gauze dressing was applied at the
skin puncture site and was changed every day. A chest X-ray
was taken immediately to locate the catheter tip and to rule
out complications such as pneumothorax. One three-way
stop-cock was used with every SLC inserted but not with
the OLe.

A catheter was kept in place for 7-10 days but removed
whenever infective complications were suspected. The
catheters were used for administering total parenteral
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nutrition, crystalloids, colloids, blood products and drugs,
and to measure central venous pressure using a transducer
system as well as to draw samples for routine investigations.
All patients received appropriate doses of crystalline penicillin,
gentamycin and metronidazole on admission to the ICU.
The antibiotics were changed after culture and sensitivity
reports of specimens were obtained. All the patients
required a change of antibiotics after 4-6 days' stay in the
ICU. A separate peripheral line was used in all patients to
inject antibiotics.

Culture technique
The following samples were taken using an aseptic technique
and transported immediately in sterile containers to the
laboratory--skin swabs from the catheter puncture site before
application of antiseptics to the cannulation site (sample A)
and just before removal ofthe catheter (sample B). Catheter
segments sent for culture after removal were the proximal
3 ern (sample C) and distal 5 em (sample D). A venous
blood sample from a peripheral vein was obtained for blood
culture just before removal of the catheter (sample E).

A semi-quantitative culture method? was used to identify
positive catheter segment colonization by bacteria, catheter-
related infection and sepsis. The catheter segments were
rolled back and forth in a blood agar plate 3-4 times using
a sterile pair of forceps. The catheters were then removed
and inoculated into nutrient broth. The plate and broth were
incubated aerobically at 37°C and examined the following
day. Each isolate was counted and identified using standard
bacteriological techniques. 10 If the broth was found to be
turbid it was inoculated onto a blood agar plate, incubated
at 37°C overnight and the isolates were identified.

Definitions
The criteria used to define clinical conditions following
catherization were:

Positive catheter segment culture: More than 15 colonies
of an organism recovered on semi-quantitative culture of a
portion of the catheter indicated a positive culture. II

Catheter-related infection: The recovery of more than 15
colonies of an organism from a catheter segment associated
with local infection at the puncture site. Local infection refers
to presence of tenderness, erythema and pus discharge.t!'

Catheter seeding: Secondary seeding of the catheter due
to bacteraemia from a distant focus.'

Catheter-related sepsis: Isolation of the same organism in
more than 15 colonies from a skin swab, catheter segments
or peripheral blood culture, presence of erythema and .pus
at the puncture site and signs and symptoms of septicaemia
such as fever, chills, tachypnoea, tachycardia, hypotension
and altered sensorium which subsided on removal of the
catheter. 3.11

Statistical analysis
This was done using the Chi-square test with or without
Yates' correction or Fischer's exact test to compare the data
obtained for the two groups. Differences in observed infection
rates in samples Band C in both groups were analysed using
the McNemar test for significance of change.

RESULTS
Patients were comparable in both the groups with respect
to age, sex, side of catheter placement, catheter tip position,

duration of catheter placement and number needing
mechanical ventilation and its duration (Fig. 1).

Figure 2 shows the number of skin swabs, catheter segments
and venous blood cultures which showed significant bacterial
growth in both the groups. The difference between the SLC
and DLC with respect to positive culture samples was not
significant (p>O.05, Chi-square test).

The micro-organisms grown from skin swabs (samples A
and B), catheter segments (samples C and D) and venous
blood (sample E) are shown in Table I. Coagulase-negative
Staphylococcus was the most common isolate grown from
both SLCs and DLCs. Catheter segments without any
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FIG 1. Patients were comparable in both the groups.
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FiG 2. Number of samples showing bacterial growth (~15
colonies) on semi-quantitative culture studies of the
specimens obtained. No significant difference was found
between the two groups (Chi-square test, p>O.05)
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TABLEI. Micro-organisms grown from the samples and number
of positive cultures

Culture specimen Single-lumen
catheters

Double-lumen
catheters

Organism CasesOrganism Cases

Skin swab from CONS 10 CONS
cannulation sites S. aureus 1 S. aureus
before applying P. aeruginosa
antiseptic A. anitratus

Skin swab from CONS 9 CONS
cannulation site S. aureus 1 S. aureus
before removal of CONS and 1 CONS and
catheter S.faecalis S. aureus

CONS and
K. pneumoniae A. anitratus

Proximal 3 ern CONS 5 CONS
(subcutaneous) S. aureus 1 S. aureus
catheter culture S·faecalis 1 A. anitratus

K. pneumoniae 1

Distal 5 cm catheter CONS 4 CONS
tip culture S. aureus 1 S. aureus

K. pneumoniae 1 A. anitratus

Blood culture before K. pneumoniae 1 A. anitratus
catheter removal

CONS coagulase-negative Staphylococcus

11

growth of organisms on a blood agar plate did not show
growth of organisms on subsequent culture in nutrient broth.

Of the 12 patients with SLCs with evidence of skin
puncture site infection (sample B positive), 8 had proximal
catheter segment culture positive (samples Band C positive)
and 6 patients had a catheter tip culture positive (samples
B, C and 0 positive), but only one progressed to sepsis
(samples B, C, 0 and E positive; Table II). This patient had
a significant growth of Klebsiella pneumoniae (K. pneumoniae)
in all specimens and had signs and symptoms of septicaemia
and pus at the catheter puncture site which subsided after
removal of the catheter. In the OLC group, 10 patients had
skin puncture site infection; of them 5 patients had proximal
catheter segment culture positive (samples Band C positive)
and 4 had catheter tip culture positive (samples B, C and 0
positive) but none progressed to sepsis (Table II).

Even though 13 patients with SLCs and 15 with OLCs had
respiratory tract infection, only 1 patient (with a OLC)
showed evidence of catheter seeding with Acinetobacter
anitratus (A. anitratus) due to bacteraemia.

DISCUSSION
Catheter-related sepsis is one of the major complications of
central venous catheter placement; the skin puncture site
or the catheter hub allowing the entry of micro-organisms
into the circulation.P??

The skin puncture site infection rate with SLCs has been
reported to vary from 3% to 33% and that with multiple-
lumen catheters from 5% to 78% (Table III). 4.14.1S-20We
found that it was 48% for SLCs and 40% for OLCs-a
difference which was not statistically significant. The high
incidence of skin puncture site infection in both the groups
might be due to:
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TABLEII. Number of patients with bacterial growth in various
samples

Catheter Sample

B+ BC+ BCD+ BCDE+

Single-lumen 12 8 6 1
Double-lumen 10 5 4 0

Total 22 13 10 1

6
2
1

+ bacterial growth
Sample B Skin swab from cannulation site
Sample C Proximal 3 cm (subcutaneous) catheter
Sample D Distal 5 cm catheter tip
Sample E Blood culture before catheter removal

2
1
2

TABLEIII. Comparison of skin puncture site infection using
different catheters

2
1
1

1

Study Single-lumen Double-lumen Triple-lumen

Present study 48% 40%
McCarthyetal.14 33% 78%
Giletal.18 10% 10%
Pemberton et al. 19 3% 5%
Kaufman er ei.t 6%
Bozzetti et al. 20 20%

1. Use of the iodine based solution for cleaning the puncture
site before catheter insertion. Chlorhexidine solution
might have reduced the infection rate.

2. A long period of catheter placement [mean (SO) for SLCs
8.5 (1.2) days; OLCs 8.6 (1.2) days].

3. The large number of patients needing mechanical venti-
lation (SLCs 16; OLCs 18) indicating severity of illness
and compromised immunity.

As reported in other studies coagulase-negative
Staphylococcus was isolated from most cases. There was
evidence of puncture site contamination by Streptococcus
faecalis and K. pneumoniae in the SLC group and by
A. anitratus in the DLC group, as these were isolated from
the skin puncture site only after removal of the catheter and
not prior to insertion of the catheter.

The number of positive catheter tip cultures in our study
was comparable to that in previous studies (Table IV). IS.20
It was 24% in SLCs and 16% in OLCs.

Most earlier studies have compared sepsis rates between
SLCs and triple-lumen catheters and found equaJl5.17 or
3-6 times higher infection rates in triple-lumen catheters
than in SLCs (Table V).4.12.14-16.1S.19.21In all these the diameter
of the triple-lumen catheter (2.34 mm) was greater than that
of an SLC (1.7 mm). Farkas et al.22 reported comparable
sepsis rates (9% for SLCs and 12% for triple-lumen catheters)
using catheters of the same external diameter (14G). In their
study the catheter was inserted either into the internal jugular
vein or subclavian vein and kept in place for a mean duration
of 11.6 (6) days for the SLC group and 9.1 (5) days for the
triple-lumen catheter group. However, the number of patients
with internal jugular or subclavian cannulation was not
mentioned making the interpretation of the results difficult
because patients on mechanical ventilation with internal
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TABLEIV. Comparison of positive catheter tip cultures

Study Single-lumen Double-lumen Triple-lumen

Present study
Giletal.18

Bozzetti et al. 20

24% 16%
13% 13%
17%

TABLEV. Catheter-related sepsis and catheter type

Study Single-lumen Double-lumen Triple-lumen

Present study 0% 4%
Giletal.18 2% 2%
Hilton et al. 15 8% 32%
Kaufman et al. 4 4%
Kelly et al. 21 3%
McCarthy et al. 14 0% 13%
Miller et al. 12 10% 7%
Pemberton et al." 3% 19%
Yeung et al. 16 3 x single

lumen incidence
Farkas et al. 22 9% 12%

jugular cannulation are more likely to have catheter infection. 5

In our study all cannulations were done through the infra-
clavicular subclavian approach minimizing the chances of
contamination. We observed catheter-related sepsis in only
one patient (4%) with SLC and none with DLe. Thirteen
(52%) patients with SLC had respiratory and/or urinary
infection but none showed seeding on the SLCs.

Previous studies have not compared the relationship
between skin puncture site infection and proximal catheter
segment infection. We found that skin puncture site and
proximal catheter segment infections were present in 48%
and 32% respectively in the SLC group and 40% and 20%
respectively in the DLC group. Lower rates of catheter
infection in spite of the surrounding skin being infected was
mainly due to a decrease in the number of catheter samples
showing growth of coagulase-negative Staphylococcus, a
non-pathogenic skin commensal.

Even though DLCs have two hubs for infusion we found
a lower rate of infection in them than in SLCs. This might
be because DLCs need less handling and there is thus less
movement at the puncture site and a lower infection rate.

Catheter segment samples (C and D) which did not grow
organisms on blood agar plates also had no bacterial growth
when cultured in nutrient broth, indicating that it was mainly
the external surface of the catheter which was infected rather
than the lumen of the catheter. Thus, our results do not
favour the hub theory for catheter-related sepsis.!?

We found that the actual incidence of sepsis was lower
than the suspected sepsis incidence suggesting that many
catheters were removed unnecessarily. When we compared
the incidence of skin puncture site infection before catheter
removal (sample B), catheter tip infection (samples B, C
and D) and catheter-related sepsis (samples B, C, D and
E) in both the groups (Table II), we found that the ratio of
skin puncture site infection before catheter removal: proximal
catheter segment infection: catheter tip infection: catheter-
related sepsis was 22:13:10:1. Thus for every 22 catheters
removed on suspicion of catheter-related sepsis only one

patient was found to be positive, indicating that this approach
is not accurate.

Our findings indicate that DLCs and SLCs of the same
gauge and length can be used safely in critically ill patients
and there is no difference in the incidence of catheter-related
infection and sepsis after 7-10 days. The availability of two
infusion ports in DLCs helps the concurrent administration
of medication, fluids and drugs which may otherwise pre-
cipitate on mixing in vitro or if they are infused through a
SLC using a three-way stop-cock. Alterations in flow rates
are less likely to occur in DLCs compared to SLCs which
have a three-way stop-cock in place. Presence of skin
puncture site infection alone does not indicate the presence
of sepsis and does not require removal of the catheter or
culture of the removed catheter tip and blood samples. Other
methods for diagnosing catheter-related sepsis which do not
necessitate catheter removal need further investigation.
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