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Technical hazards of using nutritive mixtures in bags
for cyclical intravenous nutrition: comparison with
standard intravenous nutrition in 48 gastroenterological
patients
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SUMMARY Three methods for dispensing nutritional solutions are compared in 48 patients with
gastrointestinal diseases on intravenous nutrition during 3582 days. The protocol for intravenous
nutrition applied by the nursing team and the solutions used were the same in the three groups. In
group A standard bottles were used, while in group B, 3 1 PVC-disposable bags were used-with fat
emulsion included (group B 1) or with fat excluded (group B2). When fat was excluded from the bags
it was infused separately from a bottle. The mixtures were made under laminar flow by the nursing
team who applied a strict protocol which included bacteriological testing. The infection rate observed
in the bags was 0.046%. The rate ofseptic complications was not significantly reduced in group B2 or
B 1 compared with group A; the type ofcontainer used was therefore unimportant and the key was the
aseptic handling of the intravenous solutions. The rate of mechanical complications, mainly due to
catheter obstruction, was higher (P<0.001) when fat was included in the bags-that is, in group
B 1 -than in groups B2 and A. For 26 patients a cyclical regime of intermittent feeding was easier to
manage when bags were used. In group B, this system replaced the continuous method in 75% of all
therapeutic days without adverse effect; it improved compliance and allowed ambulatory treatment.
The use of cyclical feeding with separate fat infusions has further reduced the hazards ofintravenous
nutrition and allowed the development of a programme that can be implemented at home.

Whether or not mechanical and infective com-
plicationsl-3 occur in intravenous nutrition depends
on three essential features: (1) the method of
inserting a venous line by medical or surgical staff
with or without the use of a subcutaneous tunnel,
(2) the nature of the materials used: catheter(s),
nutritive line(s), nutritive containers (bottles or
bags), and (3) the expertise and motivation of the
nursing team involved in the 'treatment' of the
system.4-'0

Since 1978, we have worked to define an optimal
technique ofintravenous nutrition which minimises
its mechanical and septic complications." We
report our experience from September 1978 to
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April 1980. This study concerns 48 patients who
have been treated in Saint-Lazare Hospital for 3582
days of intravenous nutrition. Three methods of
dispensing nutritional solutions are compared:
either in standard containers (bottles) used for 1414
days of therapy (group A) or 3 1 PVC disposable
bags used for 2168 days (group B). In this group the
nutritive mixtures were made with fat emulsion
(B1) and without (B2). Nocturnal cyclical intra-
venous nutrition was also applied during 2032 days
of therapy in 26 patients of the present series.

Methods

PATIENTS
Forty-eight patients, 30 men and 18 women, with a
mean age of 41 years (range, 17-78 years) were
hospitalised in the artificial nutrition unit, and
received a total of 3582 days of intravenous
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Table 1 Diagnosis and outcome ofpatients after intravenous nutrition
Diagnosis No. Sepsis risk Corticosteroids Outcome

(no.) Rhbltto urtoInfection foci Surgery Death Rehabilitation nutrition
(no.) (no.) Artifcial Normal

X-ray enteropathy 7 Cellulolymphangitis, cutaneous l 3 l* Enteral 1 3/7
necrosis, pyelonephritis IVN-D 2

Crohn's disease 7 Cholecystitis 4 1 1 * 6/7
Ulcerative colitis 8 7 3 It 7/8
Coeliac disease 5 Tuberculosis 3 2 1t 4/5
Short gut syndrome 5 Periosteal abscess, pyelonephritis 1 3 2t+l§ IVN-D 1 1/5
Jejunoileitis 4 Necrotising enteritis 2 1 it IVN-D 2 1/4
Exudative enteropathy 2 Pneumonia 0 2 0 2/2
Jejunal fistulae 2 Abdominal abscess 0 1 lt+l* 0/2
Sub-occlusion: post surgery 3 0 0 0 3/3
Caustic stenoses 2 0 2 0 2/2
Pancreatitis, oseophageal giant
ulcer, a chain disease 3 Pneumonia, angiocholitis 0 2 0 3/3

Ten ofthe 48 patients died: two during intravenous nutrition (t and four in the postoperative course (t) due to a complication ofprimary disease.
Three deaths after the hospital stay were due to neoplasia (*); the last one was due to suicide (§). No death could be attributed to intravenousnutrition. Thirty-one of the 48 patients were at increased risk of sepsis during intravenous nutrition either because of corticosteroid treatment
(n = 18) or a focus of infection (n= 13). IVN-D: intravenous nutrition at home.

nutrition from September 1978 to April 1980. The
criteria used in selecting patients for intravenous
nutrition were (1) a severe nutritional disease with
malnutrition with or without medical or surgical
malabsorption unresponsive to full medical treat-
ment, (2) the need for a perioperative nutritional
aid, particularly when the upper gastrointestinal
tract or small bowel was occluded. The average
duration of intravenous nutrition was 75 days
(range, 16-343 days). The diagnosis and outcome of
these patients are presented in Table 1. There were
10 deaths: two during the intravenous treatment
and four during the post-surgery period, four while
completing their intravenous nutrition. No death
was due to this method of treatment. In the
remaining 38 patients rehabilitation was normal in
32 cases but was followed by continuing nutritional
support in six cases: five received intravenous
nutrition (four of them while living at home) and
one received enteral nutrition. Thirty-one of these
48 patients were considered to be at increased risk
of sepsis during this method of feeding either
because they were being treated with corticoids (18
cases) or because there was a focus of infection (13
cases); 29 of 48 patients developed one or several
attacks of fever during their course of intravenous
nutrition.

TECHNIQUE
The silicone catheters were inserted surgically in
theatre. The catheters were introduced by the
internal or external jugular veins, the endovenous
extremity of the catheter being located under
radiographic control at the inferior part of the
superior vena cava. A prethoracic subcutaneous
channel, 15-25 cm long, was made. The external
end ofthe catheter was fastened to the skin at 1.5 to

2.5 cm from its cutaneous aperture, the whole being
covered, after aseptic cleansing, with an occlusive
dressing (Steripad, Johnson and Johnson). The
external luerlock of the catheter was connected
during the perfusion to a 2 m joint (Lectocath,
Vygon). Between perfusions the extremity of the
catheter was shut off by a female luerlock with a
Latex plus heparin cap (Vygon). This allowed the
injection of isotonic NaCI (2 ml) plus heparin
(0.5 ml) immedately ifthe intravenous line blocked.
The flow(s) of infusion(s) were controlled by
different types of pump, some of which were
portable for use with mobile patients. According to
the number of patients under care in the ward (on
average six, range, three to nine), the nursing team
included from one to three members per squad. All
the aseptic manipulations involved in making the
nutritive mixtures in bags or handling the nutritive
line(s) were safeguarded by sterile iodised com-
presses and were undertaken by a qualified and
motivated nursing team, wearing surgical blouse,
mask, cap, and sterile gloves.
The introduction on the market of 3 to 3.5 1

disposable bags for intravenous nutrition made
possible the use of nutritive mixtures without
dramatically increasing the cost. During this study
we therefore replaced the system of bottles (six to
nine per day) connected to two or three nutritive
lines by the system of bags (one PVC bag
Dubernard per day) connected to a single nutritive
line. Mixing the solutions under laminar flow was
undertaken five times a week by two members of
the nursing team. From 15 to 20 nutritive mixtures
in bags were made during four to five hours by two
trained nurses. The filling of one bag invloved 42
(40-45) manipulations including the introduction
ofprotein, energy, and additive solutions. After the
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bags had been filled, the maximum time of storage
at 4°C under wrapping was 96 hours for the
complete glucose-lipid-protein-mixture and 15
days for the glucose-protein mixture. The nutritive
mixtures were made by the introduction of the
solutions in the following order: glucose, amino
acids, electrolytes, trace elements, with or without
the final addition of the fat emulsion. According to
variable fluid and protein energy needs for the
patients and the availability of pharmaceutical
products, the following solutions were used:
glucose to 10 to 50%, Intralipid 10 or 20%, Vamin
and Vamin fructose (9.4 g nitrogen/l, fructose 100
g/l), or Aminosol (12.8 g nitrogen/l), or Totamine
(12.4 g nitrogen/l). These amino acids solutions
represented 42.9%, 24.24%, 28.7%, 4.2% respec-
tively ofthe used amino acid solutions. Electrolytes,
trace elements (Addamel), and vitamins (Poly-
vitamins) were almost routinely added to the
intravenous mixtures. Because pretesting showed
that precipitation occurred when phosphorus plus
Addamel was introduced into Vamin N, the
nutritive mixtures including the amino acid
solution were made with one ofthe two additives on
alternate days.
A bacteriological analysis (aerobic and anaerobic

in Freiter chamber) was systematically carried out
on the first and last prepared bottles when they were
filled with the nutritive mixtures. Bacteriological
testing ofthe bags was done during the infusion ifa
fever occurred and systematically on one out of 10
bags at the end of the infusion. When infection was
suspected the following bacteriological tests were
made: (1) on the bottle(s) (or the nutritive mixture)
during the infusion, (2) several peripheral blood
cultures plus one trans-catheter blood culture, and
(3) one swab from where the catheter entered the
skin. If the catheter had to be removed the internal
part was used for bacteriological testing according
to a technique previously described,'3 while the
other part ofthe catheter was opened longitudinally
for assessing any obstruction.

STATISTICAL METHODS
In each group of patients treated by the different
methods of dispensing nutritional solutions, the
rates of mechanical complications and those due to
sepsis were estimated by the method ofKaplan and
Meier'4 and compared by log Rank tests.'5 When
appropriate, Fisher and unpaired t test were also
used.

Results

For 3582 days of intravenous nutrition in 48
patients, 31 of whom were at an increased risk of
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sepsis (Table 1), 64 siliconed catheters were inserted
(Table 2). Sixteen mechanical complications related
to catheters, leading to 15 removals (Table 3). All
but four of the catheters were of the Vygon silicone
type, the majority having the code no 180.20. There
were eight incidents of sepsis related to catheters,
and this led to their being removed (Table 4). The
average life of the catheters was 56 (one to 343
days). This corresponds to an uncomplicated life
(days ofintravenous nutrition: number of incidents
of complications that led to the removal of
catheters) of 156 days. The frequency of septic

Table 2 Intravenous nutrition: surgical venous catheterisation
(n=64)

Catheter material Intravenous entry
Subclavian Cephalic External Internal

jugular jugular
Vygon stericath PVC
Code 130.20 1*

Vygon silicone
Code 180.20 it 2 22 33
Code 180.30 2 1

Extracorporeal
Silastic 1 2

Surgical venous catheterisation (except t): insertion of soft silicone
catheters (except *: insertion before and immediate removal after
admission to the ward) and realisation of prethoracic subcutaneous
route from 15 to 25 cm long.

Table 3 Mechanical complications of intravenous nutrition
(n=16)
Type of Catheter Delay Nutrition
complication (days)

Withdrawal Reinsertion Type Rhythm*

External
jugular vein
phlebitis 1 - - 1 A C
Kinked
catheter 1 + + 1 A C
Migration I + + 24 A C
Occlusionl + - 42 A D
Occlusion 1 + + 42 B, D

2 + + 40 B, C
3 + + 24 B, D
4 + + 26 B, C
5 + - 90 B, D
6 + - 30 B, C
7 + - 22 B, C
8 + + 28 B, C
9 + - 32 B, D

Migration I + + 60 B2 D
2 + + 225 B2 D

Occlusion 1 + - 343 B2 D

*C: continuous. D: discontinuous.
Fifteen of sixteen complications necessitated withdrawal of the
catheter. The insertion of a second catheter to prolong intravenous
nutrition was done in nine cases. The frequency of catheter occlusion
was not significantly different between continuous nutrition (one for
310 days) and cyclic nutrition (one for 339 days). In groupA standard
containers (bottles) were used during 1414 days (21 patients-27
catheters). In group B, 3 1 PVC bags were used for dispensing the
nutritive mixtures: in group B,, complete nutritive mixtures were used
for 869 days (22 patients, 27 catheters); in group B2, nutritive mixtures
were used for 1299 days (five patients, 10 catheters) and fat emulsion
was infused separately in a bottle.
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Table 4 Septic complications during intravenous nutrition (n=8)

Type of Fever Blood Blood Catheter Organism Delay of Nutrition Rhythmt
complication abatement* cultures culture through culture complication

i catheter (days)

Local 1 + 0/3 + + Staphylococcus 30 A C
epidermidis

2 + 0/3 + - Staphylococcus 17 A C
epidermidis

Bacteriaemia I + 1/6 - + Staphylococcus 28 A C
epidermidis

2 + 1/3 - + Staphylococcus 1 A C
epidermidis

3 + 1/3 + + Pseudomonas 13 A C
cepacia

Bacteriaemia 1* + 1/2 - + Enterobacter 26 B, C
cloacae
Escherischia
coli

2 + 1/2 - + Staphylococcus 20 B, D
epidermidis

Septicaemia 1* - 4/5 + + Staphylococcus 183 B2 D
aureus

tC: continuous. D: discontinuous.
Two foci ofinfection were present at the moment ofcatheter sepsis; Brangiocholitis, S, Staphylococcus aureus angina. The frequency ofcatheter-related
sepsis during cyclic nutrition was one for 1016 days ofnutrition; during continuous nutrition it was one for 258 days ofnutrition. X: fever abated in less
than 24 hours (±). In groupA standard containers (bottles) were used during 1414 days (21 patients, 27 catheters). In group B, 3 I PVC bags were used for
dispensing the nutritive mixtures: in group B, complete nutritive mixtures were used for 869 days (22 patients, 27 catheters); in group B2, nutritive
mixtures were used for 1299 days (five patients, 10 catheters) and fat emulsion was infused separately in a bottle.

complications was therefore only one for 448 days
and of mechanical complications one for 239 days
of intravenous nutrition.
The rates of septic and mechanical complications

were estimated and compared for the three methods
of dispensing nutritional solutions. In group A (21
patients, 27 catheters) bottles were used for 1414
days and five septic and three mechanical (one
occlusion) complications were found, septic rate
was 0.20 and mechancial 0.13 for 144 days of
intravenous nutrition. In group B, 3 1 PVC bags
were used for dispensing the nutritive mixtures for
2168 days; in group B 1 (22 patients, 27 catheters)
complete nutritive mixtures including Intralipid
were used for 869 days. Two septic and nine
mechanical (nine occlusions) complications were
found. The septic rate was 0.08 and the mechanical
0.35 for 90 days of intravenous nutrient. In group
B2 (five patients, 10 catheters) the nutritive
mixtures used for 1299 days were made without
Intralipid, the fat emulsion being infused separately
from a bottle. One septic and three mechanical (one
occlusion) complications were found. The septic
rate was 0.10 and the mechanical 0.30 for 343 days
of intravenous nutrition. Thus rates of sepsis were
not significantly different in the three groups A, BI,
B2 (Figure), but mechanical rates were higher in
group B1 than in groups A and B2 (p<0.001).
The results of the bacteriological testing of the

nutritive mixtures showed that at the time of filling,
five of 375 prepared bottles (glucose and Intralipid,
0%, electrolytes 1.7% amino acid solutions 2.7%)
proved positive (Staphylococcus epidermidis, n=3,

Acinetobacter, n=2). This means that [5: (2168
bagsX42 manipulations)] 0-054% bacteriological
contaminations were found; however, only one
bacteriological contamination with Staphylococcus
epidermidis was noted in a bag in 157 tests; this
corresponds to (1: 2168 bags) 0*046% of infective
complications due to the mixing process. In that
case, stopping the perfusion sufficed to bring the
temperature down. In the 3582 days of intravenous
nutrition, 2032 were performed in 26 patients by
nocturnal cyclical intravenous nutrition in order to
allow ambulatory treatment during the day. In our
study cyclical nutrition was started before the
introduction of the nutritive mixtures. When the
simpler bag systems were used cyclical intravenous
nutrition could be fully developed once disposable
bags were routinely available. Cyclical intravenous
nutrition represented 22% of the intravenous
nutrition days in group A but 75% of those in
groups B 1 and B2. Infusion-free time during
cyclical nutrition was from eight to 12 hours per day
and the permeability of the catheters between the
infusions was maintained by the injection of
heparin-saline solution through the Latex luerlock
cap. No adverse effects-notably, cardiac or
pulmonary failure due to fluid load-were
observed during cyclical nutrition conducted with
mixed glucose-fat emulsion energy sources. Insulin
was not added to this intravenous nutrition, nor did
hyperglycaemia, as judged by the absence of
glucosuria, occur during infusion; hypoglycaemia
was not found after stopping cyclical intravenous
nutrition.
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Figure The rates of complications are represented with the method ofKaplan and Meeir. 14 Each curve in the upper and lower
panel is devoted to the different intravenous techniques applied to the three groups ofpatients: A: intravenous nutrition with
separated bottles, B,=intravenous nutrition with complete nutritive mixture in PVC bags, B2=intravenous nutrition with
nutritive mixture (without Intralipid), fat emulsion being infused in bottles. Comparisons between the rates ofcomplication
were estimated by log Rank tests'5 (NS: non significant, P> 05).

Discussion

This study showed that the rates of septic and
mechanical complications during intravenous
nutrition could be modified by methods of
dispensing the nutritional solutions. Of the eight
instances of septic complications, two could be
explained by an endogeneous focus of infection
with secondary contamination of the central
catheter, but six were directly related to the
intravenous techniques. In these cases Staphylo-
coccus epidermidis was responsible on five occas-
ions. This suggests that catheter-related sepsis was
commonly due to bacterial contamination at the
cutaneous entry side of the catheter and suggests
that, with the aseptic handling of the intravenous
nutrition devices by the trained nursing team, no
significant difference in rates of sepsis appeared
between nutrition delivered by bags or by bottles. It
has been previously demonstrated,2 16 however,
that to achieve lower catheter sepsis rates requires
not only the construction of a subcutaneous tunnel
for central catheters5 9 16 18 but also a daily and
careful cleansing of its entry point, which should
then be covered by occlusive dressing.'9 In our

study the sepsis rate complication was 2-6 fold
higher in group A than group B patients and 3-9
fold higher during continuous than during cyclical
intravenous nutrition. In fact, these slight and
insignificant differences seem to be related to the
less frequent cleansing and dressing changes during
standard19 systems (every three days) than during
cyclical nutrition when cleansing took place every
day, and not to the different containers (bottles or
bags) used. All of the septic complications directly
related to the catheter occurred during the first
month of intravenous nutrition. As the sepsis rate
was increased during the initial course of this
nutrition, we suggest that this was related to the
catheter insertion procedure itself in patients who
were depleted by protein calories. Daily catheter
dressing changes would therefore be useful in
patients who are at high risk for septic complica-
tions during the first month of intravenous
nutrition. The results emphasise that the maximal
reduction in sepsis rate does not require simply that
the nutritive mixtures should be in bags but a well-
defined protocol which is strictly applied by an
efficient nursing team.2 6-8
The mechanical complications could be divided
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into two types, one related to the catheter insertion
procedure (n=5) and the second to the intravenous
nutrition (n=1 1). Surgical insertion of silicone
catheters in theatre was systematically done be-
cause complications due to percutaneous catheter
insertion are almost unavoidable' and surgical
insertion of a soft silicone catheter is easier than
insertion in a medical ward with or without metallic
guide. One patient had a kink of the soft catheter
after external jugular insertion and this complica-
tion was subsequently avoided by constructing a
surgical steadying device before the intravenous
entry of the catheter.
We have inserted only silicone catheters because

of the high frequency ofvenous thrombosis in PVC
catheters.'01' 2021 After surgical insertion one
patient immediately developed an external jugular
phlebitis but this was successfully treated with
heparin; otherwise venous thrombosis was not
clinically evident. In our series the frequency of
asymptomatic venous thrombosis could not be
evaluated because phlebography was not system-
atically performed but it was recently demonstrated
that this frequency was nil when soft catheters were
used.22 Three external migrations of internal
jugular catheters were observed after 103 (24-233)
days of intravenous nutrition. In these three cases
the internal tip ofthe catheter had been pushed only
into the middle part of the inferior vena cava
because insertion was difficult because of other
PVC catheters having been inserted before the
patient's admission to our hospital. For long-term
use we favour the intravenous insertion ofa silicone
catheter into the right atrium with better
assessment of the cutaneous fixation of the
catheter. Because it was reported that a silicone
catheter (Extracorporeal) has an uncomplicated life
span of more than 474 (60-1200) days6 we tried
three of these catheters in patients on long-term
intravenous nutrition on B2 therapy and found its
mean life-span to be 202 (90-290) days: two had not
been removed one year after the end of the study.
However, it seems that silicone Vygon catheters are
also very suitable for such long-term nutrition922
because four of these had a mean duration of 222
(170-353) days, one being still in situ one year after
the end of the study.
The most frequent complication observed in this

study has been the progressive obstruction of the
catheter's bore by organic and mineral deposit
(n=1 1). This complication has been rarely
described when silicone (Rhone-Poulenc)23 or PVC
bags (Fenwall-Baxter)6 are used as containers for
nutritive mixtures made with23 of without6
Intralipid fat emulsion. In one report6 the
obstruction was complete after four, 10, and 18

months of intravenous nutrition in three of 22
Silastic catheters. In our study, nine of the 11
catheter obstructions were observed in B 1 patients
after 37 (22-90) days of nutrition. In this group
complete nutritive mixtures included fat emulsion.
The rate of mechanical complications was
significantly higher (P<0.001) in B 1 patients than in
A and B2 patients, similar rates being observed in
these last two groups. The B 1 obstruction rate did
not seem to be influenced by the cyclical or
continuous intravenous procedure because this
complication was equally observed and after the
same time lag during cyclical nocturnal intravenous
nutrition (n=4, 49 (24-90 days) or during
continuous standard intravenous nutrition (n=5,
45 (22-40) days). So infusing the fat emulsion
separately prevented catheter occlusion when PVC
bags were used for periods longer than one month.
We also replaced the PVC bags by ethyl vinyl
acetate (EVA) bags but continued to exclude
nutritive mixtures with fat emulsion in prolonged
intravenous nutrition because we also observed
catheter occlusions when EVA bags were used.

Cyclical nocturnal intravenous nutrition from 12
to 16 hours was carried out in 26 patients for 2032
days. This method was clearly facilitated by the use
of nutritive mixtures connected to one nutritive
line. Heparin saline injected through the Latex cap
of the catheter at the end of cyclic intravenous
nutrition6 maintained the catheter's patency
between infusion periods lasting up to 72 hours.
This heparin lock has allowed the patients to
acquire the necessary mobility.24 No adverse side-
effect has been observed during or just after
stopping cyclic nutrition.24 During the infusion-free
time the patients could then undergo investigations
without risk to their intravenous line; they also had
the possibility of physical training and they could
walk freely inside or outside the hospital. Cyclical
nutrition in hospital has definitely increased the
patients' compliance with intravenous nutrition,
especially during long-term treatment. Cyclical or
standard intravenous nutrition with nutritive
mixtures was easier to manage and has required less
nursing time than that with bottles. However,
because the nursing team made the nutritive
mixtures under laminar flow, the same number of
nurses was involved in the patient's care. It was
calculated that the making of one nutritive mixture
in bag required 42 (40-45) manipulations and that
four to five hours were needed to fill 15 to 20 bags.
The bacteriological testing during the mixing of
solutions was systematically maintained, as any
failure in the system could lead to dramatic septic
complications; the time lag before the use of the
mixture allowed the growth of bacteria. In this
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study only one bacteriological contamination with
Staphylococcus epidermidis was noted in the bags
and stopping the perfusion in that case sufficed to
bring the patient's temperature down. In our data
an extremely low percentage (0.054%) of positive
bacterial testing was achieved during the produc-
tion of the nutritive mixtures under laminar flow.
This emphasises the importance ofa motivated and
qualified nursing team in intravenous nutrition.
Finally, the use of nutritive mixtures without fat,
and cyclical nutrition has led to the development of
a programme of intravenous nutrition with a low
rate of complications. This has allowed us to treat
five patients of the present series at home.

We acknowledge with thanks the help of the
nursing team of the department of artificial
nutrition: M Beliah, S Benromdane, C Caboche, A
Drouin, MJ Itie, G Louis Dit Sully, S Robert, L
Roussel.
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