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1. Introduction

Survival rates after childhood cancer have been
steadily increasing due to the use of multimodal, inten-
sive treatment strategies. Further intensification of
cytotoxic therapies is leading to profound, prolonged
neutropenic episodes lasting several weeks and frequent
use of peripheral stem cell rescue following myeloa-
blative chemotherapy. Supportive care has therefore
become an even more important factor in assuring
patient’s progress towards cure and this ‘Update’ con-
centrates on the issues surrounding central vascular
access and nutrition.

2. Central venous access

Central venous lines were introduced in the 1970s [1,2]
and are now widely used for the treatment with cyto-
toxic agents, antibiotics, total parenteral nutrition,
blood products and blood sampling. Like almost any
medical intervention, however, these devices are not
problem-free. Infection, either of the exit site or of the
catheter lumen itself, is a common, potentially lethal
complication. Thrombosis of the catheter lumen or of
the veins close to the catheter can occur and is probably
underreported [3]. In addition, central venous catheters
can fragment and dislodge, a diagnosis only made if
there is a high level of clinical suspicion [4,5]. Accidental
removal of tunnelled external central venous lines
occurs in up to 8% of cases [6,7]. Reducing complica-
tions by choosing the most appropriate central venous
catheter for each clinical situation and optimising its
maintenance care are crucial, if the benefit of the device
is to be maximised.

2.1. Choosing the appropriate central venous catheter

The minimum number of catheter lumens required to
deliver the treatment schedule whilst allowing for the
level of anticipated supportive intravenous care are
prime considerations. A flow-diagram describing a pos-
sible decision-making pathway is shown in Fig. 1.
Central venous catheters with multiple lumens are
associated with increased morbidity [8] and addition-
ally, the smaller anatomical structures of young children
limit the overall dimension of the catheter. As a ‘rule of
thumb’, the lowest number of lumens associated with
the smallest overall catheter diameter should be selected
[9].
The risk of infection is significantly reduced in fully

implantable subcutaneous ports (around 0.5 per 1000
catheter days versus around 2.0 per 1000 catheter days
in tunnelled, cuffed silastic catheters [10,11]). Further-
more, implantable subcutaneous ports are associated
with a smaller risk of intraluminal thrombosis (around
0.5 versus 2.3 episodes per 1000 catheter days) than
tunnelled, cuffed silastic catheters [12–15]. Although
cuffed silastic catheters have a number of potential pro-
blems which include increased infection risk and the
resulting treatment costs, imposed restrictions in physi-
cal activities, effects on the body image in older children
and increased risk of accidental removal of the catheter,
fully implantable ports are not always the preferred first
choice [11]. Possibly because clinicians often over-
estimate the potential need for more than a single lumen
which in many cases can be overcome in older children
by using an implantable double chambered port. Addi-
tionally, a single chamber port can be upgraded, for
example at the time of bone marrow transplantation, by
inserting a percutaneous tunnelled central venous line at
a separate site. This strategy avoids the increased risk of
thrombosis associated with the manipulation of the
existing central venous catheter [16]. Peripherally inser-
ted central venous catheters (PICC lines), especially
double lumen, are often not small enough in size to be
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suitable for young children. Adolescents and young
adults can benefit from PICC lines as a short-term
measure, e.g. during infective episodes in the absence of
peripheral venous access, but their role has not been
fully established [17].

2.2. Insertion techniques of central venous access devises

Originally, central venous lines were inserted surgi-
cally using an open, cut-down procedure. In recent
years, it has become more common to use a percuta-
neous, radiological approach and mobile image intensi-
fier or ultrasound guidance [18,19]. In some cases,
angiography with fluoroscopic guidance may prove
invaluable [19] and should be available in case of diffi-
culties in gaining venous access. The catheter tip should
reach the superior vena cava or the right atrium, a
position associated with the least thrombotic complica-
tions [20].
A large, comparative single institution analysis of a

radiological or surgical (open cut-down) placement of
253 tunnelled central venous (Hickman) lines in adult
patients showed that reliable placement was superior
using a radiological approach, and was associated with
significantly fewer infections (around 1.9 versus 4.0 per
1000 catheter days, respectively) [19]. It has also been
shown that complication rates, especially pneumothorax
is related to the inexperience of the operator and a
minimum of 30 tunnelled central venous line insertions
has been recommended before undertaking the proce-
dure unsupervised [21]. The incidence of pneumothorax
can be further reduced by a more lateral approach via
the axillary vein [22] or via the internal jugular vein, a
preferable route in children [18]. Worryingly, in one
study, half of adult surgical central venous line inser-
tions were performed ‘out of hours’ due to pressures on

operating theatre time [19], a suboptimal situation
associated with a higher level of complications. In view
of the need for a general anaesthetic to insert a central
venous catheter in children it is important to have
dedicated theatre time, e.g. ‘lines lists’ supported by
interventional radiologists, surgeons able to use radio-
logical techniques and nursing staff that share a com-
mon interest in improving the service and minimising
the need for out of hours, emergency operations.

2.3. Infection and central venous catheters

Infection is the commonest complication of central
venous access especially in the external tunnelled central
venous line (around 2.2 per 1000 catheter days [10,11]),
a situation exacerbated by treatment-related episodes of
neutropenia. The following actions are known to reduce
early infection, presenting either as bacteraemia within
the first few postoperative days or an infection of the
exit site: (a) meticulous skin care during the catheter
insertion using alcohol based chlorhexidine or betadine
[23], (b) absence of fever at the time of insertion and (c)
avoidance of a potential source of bacteraemia via any
second surgical procedure performed at the time of
insertion and (d) radiological insertion by an experi-
enced team [19]. Exit site infections can inhibit the
fibrotic process around the Dacron cuff of an external
central venous line which normally takes up to 4 weeks
to develop and can therefore increase the risk of acci-
dental removal.
Techniques for coating the central venous catheter

with antibiotics, e.g. silver–teicoplanin complexes, may
have been recently introduced to try to reduce the
adherence of bacteria to the catheter [24], but it is diffi-
cult to envisage how colonisation following insertion
could be prevented once the catheter becomes coated by
a layer of fibrin, albumin and platelets. Intravenous
antibiotic prophylaxis aimed at preventing Gram-posi-
tive infections is presently not recommended [9] because
of the worrying increase in vancomycin-resistant entero-
cocci [25].
Fig. 2 illustrates a pathway to aid the clinical diag-

nosis and treatment of a febrile episode in an oncologi-
cal patient with a central venous access. Clinical signs of
infection can be more subtle during neutropenic epi-
sodes. A high level of clinical suspicion, frequent
reviews of the clinical development and the knowledge
of locally prevailing pathogens — including their sensi-
tivity/resistance spectrum — are vital in any institution
to minimise morbidity and mortality. Table 1 shows
central venous line-related pathogens isolated from
paediatric haematological and oncological patients at
the Birmingham Children’s Hospital, United Kingdom,
over a 12 month period. Most catheter-related infec-
tions can be cured with appropriate antibiotics [10], but
tunnel infections are particularly difficult to clear possi-

Fig. 1. Choosing the appropriate central venous catheter. CVL, cen-

tral venous line.
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bly due to poor antibiotic penetration [26,27]. Interrup-
tions and delays in the planned treatment schedule sec-
ondary to serious infections may have negative effects
on the outcome of the child’s cancer treatment.

2.4. Thrombotic events associated with central venous
access

Thrombotic events are a frequent complication of
central venous lines causing intraluminal occlusion and
affect 0.23–2.21 per 1000 catheter days in external tun-
nelled central venous lines and 0.3–0.53 per 1000 cathe-
ter days in implanted ports [12–15]. Extraluminal

thrombosis of the veins close to the catheter is a less
frequent problem, although underreported unless veno-
grams or ultrasonography are used for surveillance
[3,20,28].
Asymptomatic thrombosis of the catheter lumen

should be treated with the instillation of a fibrinolytic
agent (urokinase or streptokinase). A ‘push–pull’ action
should be used to maximise mixing of the solution
without ballooning the line and it should be withdrawn
within 24 h [9]. Alternatively, low dose urokinase
(40 000 U urokinase per hour at a rate of 8 ml per hour)
can be given as continuous infusion until the thrombus
is resolved and can be successful following failed uroki-
nase boluses [29,30]. Additionally, any unexplained
increase in pressure causing a ‘stiffening’ of the central
venous catheter should be treated with a fibrinolytic
agent [30]. A predisposition to catheter-related throm-
bosis is sometimes present (Table 2). Weekly flushing of
the external central venous line with heparin is a useful
preventative measure [31], although some studies sug-
gest similar benefits from isotonic saline [32]. Although
the use of low-dose warfarin has been shown to prevent
repeated events of catheter thrombosis [33], it is not
advisable in patients who may be or may become
thrombocytopenic. The occurrence of a line occlusion
during a catheter-related bacteraemic episode often
requires removal of the line, since the underlying
pathological processes may exacerbate each other.
An apparent occlusion of a central venous catheter,

either an external tunnelled central venous line [5] or a
subcutaneous port [4], not responding to fibrinolytic
treatment or associated with cardiovascular and
respiratory distress requires immediate investigation to
exclude fragmentation or disconnection of the device
with or without associated embolisation. Catheter
embolisation can be easily missed because it is rarer
(0.1–1% of cases) than catheter malfunction and may be
symptomless [4,5]. Retrieval of fragmented and embolised
central venous catheters requires a multidisciplinary
approach using an interventional radiologist or cardiol-
ogist and imaging facilities in the operating theatre.

Fig. 2. Treatment algorithm for central venous catheter-related

infections.

Table 1

Central venous catheter related bacteraemia and fungaemia in paediatric haematology and oncology patients at Birmingham Children’s Hospital,

United Kingdom from October 1999 to September 2000

Species Episodes (%) Species Episodes (%)

Gram-positive 63 Gram-negative 28

Coagulase-negative staphylococcus 45 Acinetobacter spp. 4
Staphylococcus aureus 12 Escherichia coli 4
Micrococcus spp. 4 Pseudomonas spp. 4

Others 2 Stenotrophomonas maltophilia 3
Sphingomonas spp. 3

Yeasts 3 others 10

Candida spp. 2
Rhodotorula spp. 1 Multiple Organism 6

spp, species.
Data from Dr Gray, Department of Microbiology, Birmingham Children’s Hospital.
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2.5. Patient information

Although the insertion of a central venous catheter is
eagerly awaited by the patient and their family, it is
commonly associated with significant anxiety because of
the family’s responsibility to help care for the line and
because of its effect on daily activities. Repeated,
informed discussions with trained staff, other patients
and the use of written information are both important.
The booklet ‘Wiggly’s World’, a user-friendly cartoon
designed for children, explains external central venous
lines and also introduces some concepts about cancer
and treatment-related side-effects [34]. Independence
and a significant improvement in the quality of life
benefiting the whole family can be achieved by teaching
the parents how to flush the external central venous line
safely at home.

2.6. Controversies and future avenues

The most appropriate way of using intravenous anti-
biotics to treat a central venous catheter infection is still
controversial. What is the most beneficial length of
contact time and concentration of antibiotic within the
catheter? A bolus injection of the antibiotic will lead to
a short contact time with bacteria adhering to the fibrin
sheath lining of the catheter lumen and whilst an infu-
sion has been shown to be more beneficial, a continuous
24-h infusion results in a lower antibiotic concentration
in the catheter lumen [35,36]. ‘Locking’ the antibiotic
into the catheter is useful in a stable patient free of
symptoms or signs suggestive of sepsis.
Twenty to thirty percent of central venous catheters

are not salvageable following infections [37]. It is pre-
sumed that the bacteria colonise the fibrin sheath sur-
rounding the catheter and its lumen. If this speculation
is true, dissolving the fibrin sheath with urokinase as
well as antibiotics should improve catheter salvage.
Initial studies suggested a benefit to the use of urokinase
[38], but these findings could not be confirmed in small
randomised studies [39].
Catheter occlusion can be caused by precipitation of

drugs, calcium phosphate crystals or lipids and may
therefore not respond to thrombolytics. Administration

of 0.1 N hydrochloric acid, in addition to heparin or
streptokinase, has been used successfully in such cir-
cumstances [40,41]. Temporary febrile reactions were
common, but no serious complications were observed.
Sodium bicarbonate (1 ml of 1 mEq/ml) or ethyl alcohol
(1 ml of 70% ethyl alcohol) have also been described as
useful agents to clear chemical precipitations [42,43].
The treatment of infected central venous devices with
antibiotics and hydrochloric acid and management of
thrombosed lines with hydrochloric acid and strepto-
kinase has been reported to extend their life span [6].

3. Nutrition

Up to one-third of paediatric cancer patients may be
malnourished at diagnosis [44,45]. At presentation,
malnutrition is more frequently associated with meta-
static disease and solid tumours, particularly Ewing’s
sarcoma, Wilms’ tumour, neuroblastoma, advanced
lymphoma and head and neck tumours than with leu-
kaemia [46,47]. Malnutrition develops in a further 40–
80% of children during therapy [48] and cachexia is
most commonly iatrogenic and secondary to intensive
chemotherapy [49] leading to a reduced oral energy
intake relative to the energy expenditure. The multi-
factorial causes of malnutrition are depicted in Fig. 3.
Progressive weight loss, due to a reduction in adipose
tissue, is also associated with an increased protein turn-
over, breakdown in muscle tissue and a decrease in
protein concentrations [50–52].
These complex metabolic changes can lead to a

reduced tolerance to multi-agent therapy, inadequate
metabolism of chemotherapeutic agents, an impaired
immune response, reduced levels of well-being and phys-
ical activity [44,53,54]. The effect of cachexia on overall
outcome are less clear [44,55,56]. Although the impor-
tance and benefits of maintaining an adequate nutri-
tional status throughout treatment is universally
accepted, there is no simple, easy definition of a child at
risk of malnutrition and constant monitoring and sur-
veillance are mandatory [57,58]. Few institutions, even
now, have ‘nutritional care teams’ that monitor the
daily and weekly nutritional status of their patients.

Table 2

Predisposition to central venous catheter thrombosis and possible preventative measures

Cause Action

Acute lymphoblastic leukaemia (induction) Insertion following induction

Catheter-related bacteraemia Early and appropriate treatment of infection

Severe dehydration Fluid balance

Small vessel size More central access, thinner catheter

Radiotherapy field Use contralateral side

Multiple insertions of central lines Imaging of vasculature before insertion

Extravascular pressure by tumour mass Use contralateral side
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3.1. Definition of malnutrition

There is no agreed, clinically useful and reliable defi-
nition of malnutrition. The commonly used ‘weight for
height ratio’ is an index of body shape. Using the per-
centage of weight for height (measured weight expressed
as percentage of ideal weight for height) correlates with
lean and fat tissue mass, but can still lead to an under-
estimation of cachexia [57]. A study of 62 newly diag-
nosed children with malignant disease found 27% with
severe malnutrition, according to mid-arm cir-
cumference and skinfold thickness, even though height
and weight indices were within normal limits [45]. Body
mass index (weight/height2) is problematic in a child-
hood population in which the exponent changes with
age. In addition, growth, body composition and puberty
can be significantly different from the normal population
[59]. To determine body composition, measurements of
mid-upper arm circumference, triceps and biceps skin-
fold thickness are useful [60]. Measurements below the
5th or 10th centile on reference population charts have
been considered to indicate malnutrition [58,61].
Clincally useful biochemical investigations associated

with the catabolic state of malnutrition include
measurement of various serum proteins, e.g. transferrin,
albumin and retinol binding protein [62,63]. However,
some serum proteins are ‘acute phase reactants’ and
their levels are influenced by fever and infections as well
as hepatic function. Therefore, levels have to be inter-
preted in the clinical context [62,63]. Reduced levels,
however, are usually indicative of a catabolic state.

3.2. Enteral nutrition

Nutritional support via enteral feeding is the most
physiological route and maintains a trophic effect on the

gut mucosa. Enteral feeding allows a more normal life-
style, is cost-effective and is associated with less toxicity
than total parenteral nutrition. It should be the first
choice for nutritional support [44]. An algorithm for a
possible nutritional support pathway is shown in Fig. 4.
Inadequate caloric intake, chemotherapy or infection-

related damage to the gut mucosa and poor acceptance
of a fine bore Silk nasogastric tube are common causes
for a failure of enteral nutritional support. The daily
placement of a nasogastric tube was an acceptable
alternative for older teenagers [61]. Endoscopically-
placed gastrostomy tubes are more useful if feeding is
expected to be prolonged [64] or if severe oro-pharyn-
geal mucositis is anticipated. Treatment-associated
nausea and gastrointestinal mucositis limit the infused
volume of enteral feeds. In a study by den Broeder and
colleagues [61], and despite efforts to maximise the tol-
erability of the feed, only 80% of the required volume
was achieved. As a consequence, the nutritional status
improved over the 10 week observation period in chil-
dren receiving standard formula feeds (1 cal/ml), but did
not normalise. In comparison, children being supple-
mented with energy-enriched feed (e.g. 1.5-fold higher
energy content) tolerated the same volume of feed and
achieved their calculated energy requirements. Diar-
rhoea, an early phenomenon after initiation of enteral
feed supplementation commonly seen in younger patients
[64], was not a significant problem with the energy-
enriched feed [61].
Recent studies have investigated the feasibility of

‘anticipatory’ enteral feeding in children likely to
develop gastrointestinal toxicity secondary to intensive
chemotherapy or bone marrow transplantation. In a

Fig. 3. Multifactorial causes of malnutrition in paediatric cancer

patients.

Fig. 4. Algorithm for nutritional support. TPN, total parenteral

nutrition.
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pilot study [65], the need for total parenteral nutrition
was avoided in 65% of children undergoing intensive
chemotherapy or bone marrow transplantation and the
enteral feeding (glutamine-containing feed) via naso-
gastric tube was acceptable to the families and children.
Children that did not maintain adequate oral caloric
intake continued to fail to gain weight once total par-
enteral nutrition was added. Weight gain was observed
in 41% of children, all fully enterally fed. No complica-
tions of nasogastric tube feeding were attributed to
neutropenia or thrombocytopenia. The suitability of
enteral feeding post bone marrow transplantation is
also supported by a non-randomised trial [66]. Although
further prospective, large scale studies are required, it
does appear that the tolerability of enteral feeding is
underestimated and, as a consequence, is underused.

3.3. Total parenteral nutrition

Although total parenteral nutrition, available for over
20 years, remains an extremely useful treatment strategy
that allows nutrition, bypassing a non-functioning gas-
trointestinal tract, it is fraught with frequent, serious
and potentially irreversible side-effects, e.g. fluid
overload, increased rate of catheter-related infection,
hyperglycaemia and hepatic dysfunction [67–69]. A
complicated and expensive support system is required to
deliver ‘safe’ total parenteral nutrition.
Total parenteral nutrition can maintain but rarely

improves nutritional status [44,70]. Overall, total
parenteral nutrition should be used, in addition to
enteral feeding, during the acute phase of gastro-
intestinal disturbance in patients that are severely
malnourished or expected to absorb only small amounts
of their caloric requirements via their gastrointestinal
tract [44,71].

3.4. Controversies and future avenues

Diarrhoea associated with enteral feeding is thought
to be secondary to secretion of water and electrolytes in
the colon [72] and can be a problem in up to 30% of
patients [64]. The secretory effect can be abolished
experimentally by an increase of short-chain fatty acid
concentration in the caecum [72], with an additional
trophic effect on the colonic epithelium and a possible
reduction in bacterial translocation in the colon [73].
The effective enteral delivery of short-chain fatty acids is
still a problem because of degradation in the small
intestine. New technology is urgently needed.
Radiotherapy- and methotrexate-induced damage of

the gut mucosa can be reduced in rat models by oral
glutamine supplements [74,75]. A recent study has
investigated the beneficial effects on oral mucositis dur-
ing and after chemotherapy of low dose oral glutamine
in patients that had experienced mucositis during earlier

courses of chemotherapy [76]. The duration of mouth
pain was reduced by 4.5 days and there was an overall
reduction in pain severity.
Total parenteral nutrition, used alone, causes gut

mucosal atrophy because it is deficient in specific enteral
nutrients [77]. Experiments in rats show that mucosal
atrophy can develop within 7 days of starting total par-
enteral nutrition. The enteral use of glutamine — the
preferred energy source for the gut — and short chain
fatty acids helped to reverse mucosal atrophy. It also
reduces bacterial translocation via the gut mucosa,
resulting in a lower incidence of central venous catheter
infections [78]. Although glutamine-supplemented total
parenteral nutrition is reported to prevent further
deterioration of gut permeability, leading to a lower rate
of infections and a shorter hospital stay after bone
marrow transplantation, no effect on mucositis was
detectable [79,80]. Oral supplementation of glutamine
after bone marrow transplantation in adults does not
always ‘translate’ into a shortened hospital stay or
improved clinical indices [81–83]. Current clinical stud-
ies are investigating the possible benefits of oral gluta-
mine supplementation in bone marrow transplant
patients receiving total parenteral nutrition.

4. Conclusion

Intensification of paediatric oncological and haemato-
logical treatment protocols requires the prolonged use
of central venous access devices in an immunocompro-
mised patient. Attention to detail, use of locally estab-
lished guidelines, education of the patient and their
family, awareness of principles of hygiene and a team of
well trained staff are factors that will help to minimise
the side-effects of central venous access devices. Fully
implanted central venous ports are associated with the
lowest rate of complications (infection and thrombosis)
and should be the central venous access device of choice
in most children.
Although malnutrition is a well recognised problem in

child cancer patients, its effect on overall outcome is still
uncertain. The risk of malnutrition developing second-
ary to intensive multimodality treatment schedules can
be predicted using dietetic algorithms focusing on mid-
upper arm circumferences, biochemical markers, caloric
intake and the proposed treatment regimen. Enteral
routes of nutritional support are associated with less
complications and recent studies suggest that they may
be particularly useful in bone marrow transplant patients.
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