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Parenteral nutrition line sepsis: the difficulty in diagnosis
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Parenteral nutrition (PN) line sepsis is a common and yet poorly managed complication in
hospitalised patients receiving PN. Making a clinical diagnosis is difficult as the clinical picture
can be very non-specific and definitions of what constitutes line infection can vary. Once there
is clinical suspicion, proving it with microbiological techniques is not an exact science. Tra-
ditional techniques have required the removal of the PN line to allow microbiologists to per-
form analysis of it for infection. This has obvious drawbacks as it is often not easy to replace
the line in these patients and the line is often later proven not to be the source of the sepsis.
Although the gold-standard technique still requires removal of the line, there has been devel-
opment in the field of diagnosis line infection while conserving the line. These include intra-
luminal brushings of the line, differential blood cultures and simple swabs of the line hub.
These techniques are not as sensitive but reduce the problems caused by removing and re-
inserting the line in these patients. The definition of PN line sepsis varies between institutions.
Rates can be expressed as a true number of cases, or can be expressed correctly as a number of
cases per 1000 line days to standardise rates between units of differing sizes. Rates can also be
altered if the diagnostic criteria are too strict or too lax. Accurate diagnosis of PN line sepsis
remains difficult in modern medical practice.

Parenteral nutrition: Sepsis: Microbiology: Infection: Venous catheter

Parenteral nutrition (PN) line sepsis is a common compli-
cation in hospitalised patients receiving PN. Studies in
Europe have shown that rates of bloodstream infections
related to indwelling venous lines can vary from 22.5% to
a staggering 66% of cases(1,2). Hospitalised patients
receiving PN are often critically ill and making a confident,
expedient diagnosis of PN line sepsis can be difficult.
Early clinical suspicion, investigation, diagnosis and treat-
ment are necessary to ensure that these unwell patients do
not deteriorate quickly. Appropriate management of the PN
line is necessary, along with appropriate microbiological
input to help confirm the diagnosis.

Aetiology

A PN line can become infected in a number of ways: (1)
poor aseptic technique when inserting the line; (2) migra-
tion of organisms along the line; (3) poor aseptic technique

and line care when using the line; (4) contaminated in-
fusions; (5) haematogenous spread from distant foci of
infection(3).

Clinical diagnosis

Clinical suspicion must be raised when a patient on PN
becomes unwell and/or pyrexial. Sepsis related to the PN
line does not always cause a rise in serum inflammatory
markers of infection such as white cell count or C-reactive
protein, meaning that more emphasis is placed on micro-
biological techniques to confirm the diagnosis. Often the
PN line suspected of causing sepsis is removed and sent to
microbiology. Unfortunately only about 20% of lines
removed are found to have been infected, meaning that
there was no need to remove the line and the patient is
likely to require insertion of another(4–6). This has led to
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the development of line-conserving techniques to diagnose
infection.

Non-line-conserving techniques

The most common techniques used to confirm line infec-
tion following removal of the line are a qualitative pro-
cedure, Maki’s semi-quantitative procedure, quantitative
endoluminal cultures after flushing, and sonication.
The qualitative procedure involves culturing the tip of

the PN line for organisms. This is the simplest technique
but is not used often due to a relative lack of specificity at
around 75%(7). The accuracy of this technique is affected
by the fact that a line may be colonised by organisms
without causing sepsis in the patient. Clinical correlation
must be used when interpreting results using this tech-
nique.
Maki’s semi-quantitative procedure was first described

in 1977. It is still used as the international reference. It
involves rolling the line tip on an agar plate and culturing
it. An arbitrary number of colony forming units set at >15
is used to indicate a positive culture(8). A high specificity
of >75% has been reported with this technique.
Quantitative cultures of fluid repeatedly flushed through

the PN line lumen have also been used to help with diag-
nosing infection. This has the advantage of including
organisms within the line lumen rather than just those on
the outside of the tip(9). Again an arbitrary number of
colony forming units of organisms is set as a positive
result. This technique is not used in everyday practice
because of the large workload it would generate.
Sonication is a newer method that was developed in

the 1990s. This technique involves bathing the line in the
culture broth and subjecting it to high-frequency ultra-
sound. The broth is then diluted and cultured using the
normal technique for qualitative procedure. Using ultra-
sound it is able to improve the diagnostic specificity, but
requires extra equipment and time and as such is not
practical for everyday use(10).

Line-conserving techniques

It would be preferable to confirm line infection before
removing the line, and therefore a number of techniques
have been developed which leave the line in place until
infection is confirmed. Usually if there is serious suspicion
of line infection, these techniques are used and PN is

stopped until the result is obtained. The most common
techniques are intraluminal brushing, semi-quantitative
swabs from the external line and differential quantitative
blood cultures.

Intraluminal brushing was first tried in 1989. This tech-
nique involves using a specially designed wire brush
and passing it down the line suspected of being infected.
The theory is that the organisms on the fibrin sheath on the
inside of the line become caught up on the bristles of
the brush which is then removed and sent for culture(11).
The results were initially good, but concerns about the
risks of the technique led to it being discarded as a popular
method of diagnosing infection(12). Side effects included
cardiac arrhythmias from inserting the wire brush too far or
the risk of endocarditis caused by dislodging infection
from the line and sending emboli to the valves.

Taking simple microbiology swabs from the external
portion of the line has proved to be effective, although this
is not able to diagnose all infections(13). This involves
using simple culture swabs to swab the area where the line
hub enters the skin. It is not exact as not all line infections
are found at this part of the line and all infections under the
skin or on the line tip are missed by this technique.

Differential blood cultures involve drawing blood for
culture both from the PN line suspected of sepsis and from
a distal, peripheral site and comparing the two. If the
concentration of organisms in the two cultures is the same,
then the line is unlikely to be the source of the infection. If
the concentration is higher in the line cultures, then it
is likely to be infected. A ratio of between 5:1 and 10:1 is
accepted as positive. It is not always possible to perform
this technique as the PN lines are often made of a very soft
material that collapses when suction is applied, meaning
that drawing back blood from the line is not always
possible(14,15). The line tip may also become covered by a
fibrin sheath that prevents aspiration of blood.

Defining parenteral nutrition line sepsis

It is clear from the literature that no clear definition of PN
line-related sepsis exists.

Depending on which definition is used, a patient may or
may not be formally diagnosed as having PN line-related
sepsis. The definitions used in clinical practice and in
the published literature exist as a spectrum. At one end the
simplest definition is a clinical suspicion of PN line-related
sepsis where pyrexia is associated with the use of PN and

Table 1. Rates of parenteral nutrition (PN) line-related sepsis varying by definition from Glasgow Royal Infirmary

Year

Line

days

Clinical PN line

sepsis (number/1000d)

Clinical PN line

sepsis + positive blood

cultures (number/1000 d)

Clinical PN line

sepsis + positive blood

cultures + positive tip

(number/1000 d)

2002 1474 7 (4.75) 5 (3.39) 1 (0.68)

2003 1757 7 (3.98) 7 (3.98) 3 (1.71)

2004 1060 7 (6.60) 7 (6.60) 3 (2.83)

2005 1490 5 (3.36) 5 (3.36) 1 (0.67)

2006 1931 8 (4.14) 7 (3.63) 3 (1.55)

2007 1990 13 (6.53) 10 (5.03) 8 (4.02)
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this subsides on stopping the PN and no other source is
found. This can obviously include many false-positive
cases and lead to an over-diagnosis of PN line sepsis. At
the other end of the spectrum, a diagnosis may only be
made once positive blood cultures and a positive line tip
are found in the presence of clinical suspicion. This is not
always possible to achieve, leading to many cases being
unfairly discounted leading to an under-representation of
the true incidence. Different units may apply these differ-
ent diagnostic criteria to diagnose line sepsis. It is therefore
very difficult to accurately estimate what the actual inci-
dence of sepsis is and how each unit is performing com-
pared to the national average. It is accepted in the literature
that rates should be corrected as number of events per 1000
line days to standardise each unit’s rate of sepsis. If
national audit is to be carried out in this area, a nationally
accepted standardised definition must be agreed on.
Table 1 shows how the incidence of PN line sepsis can be
altered, depending on what definition is used in a large unit
in Glasgow(16). The numbers are shown as the actual
numbers of cases with the number of cases per 1000 line
days shown in brackets.

Conclusion

Improvement in the education of those involved in the
management of these patients combined with good quality
input from microbiologists is vital to improving the care of
these patients. This could include increased teaching of
doctors at the medical school or foundation training stage
into the issues surrounding line infection and line care.
Improved awareness among nursing staff about the im-
portance of good line care is also essential.
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