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Pulmonary function in rats dying from long-
term parenteral nutrition

P. E. DAHL & J. C. KJEVE
Department of Surgery, Institute of Clinical Medicine, University Hospital of North Norway,

Tromse, Norway

Dahl PE, Kjave JC. Pulmonary function in rats dying from long-term parenteral
nutrition. Scand J Clin Lab Invest 2003; 63: 473-480.

Infusion of Vamin or Intralipid causes death in a rat model of continuous
parenteral nutrition. Morphological investigations have shown vascular injury
and thrombus formation in the lungs. In this study, lung function in rats was
examined before death due to parenteral nutrition. The rats were fed saline
intravenously (group I); 100 mL kg~ ! day ! (controls); a 7% amino acid-glucose
solution (Vamin-Glukos) (group II); 100 mL kg~ ! day ™', or 20% fat emulsion
(Intralipid) (group III); 40 mL kg~ ! day~!. The infusion was stopped when the
condition of the rats deteriorated. In a saline-perfused, isolated lung model,
pulmonary arterial pressure (Ppa), transpulmonary pressure (Ptp), endothelial
function, measured as inactivation of serotonin (bioassay), and the capillary
filtration coefficient (CFC) were determined. Haematological parameters were
also evaluated. Constant findings in group II and III were central thrombus
formation, anaemia and thrombocytopenia. Ppa increased from 0.7 (0.04) kPa in
group I to 1.4 (0.1) kPa and 1.7 (0,1) kPa in groups II and III, respectively
(p<0.001). Inactivation of serotonin was reduced to 36% (2) in group II and
37% (2) in group III compared with 74% (5) in group I (p<0.002). CFC
increased to 25 mg min~ ' (5) (group II) and 30 mg min~' (6) (group III)
compared with 13 mg min~' (2) in controls (p=0.01). The study shows that
major pulmonary hypertension and severe reduction of the endothelial function
are present when rats deteriorate after infusion of parenteral nutrition substrates.
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INTRODUCTION

Sepsis and thrombosis resulting from the central
vein catheter are well known complications of
long-term parenteral nutrition (TPN) [1-3].
Organ changes caused by the substrates of
parenteral nutrition themselves are less readily

DOI 10.1080/00365510310002914

recognized. However, TPN could cause liver
injury, in some instances leading to liver failure
[4]. Various organ changes in bone marrow [5]
and lungs [6—8] have been reported. Lung
emboli, even with fatal outcome, have been
thought to originate from catheter thrombosis
[9-11]. The mechanisms triggering organ
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changes induced by TPN are not well under-
stood. In vitro, both fat solutions and amino
acid solutions modify the function of leucocytes
and macrophages, which may alter immune
function [12, 13].

In contrast to the lack of specific histological
changes caused by TPN in humans, we have
found that the substrates of TPN induce a
granulomatous inflammatory response in rats.
The animals die within 40 days. The major
organ changes are confined to the liver, spleen
and lungs [14-16]. At death the lungs appear
stiff, with areas of infarction. The importance
of the simultaneous, regular finding of large
thrombus formations around the catheter tip is
uncertain [17]. In the present study our aim was
to evaluate the pathophysiological importance
of the lung changes when the animals deteriorate
owing to parenteral feeding. The pulmonary
arterial pressure and the function of the vascular
endothelium were estimated.

MATERIALS AND METHODS

The animal model

Male Wistar rats (Mollegaard, Skensved,
Denmark) weighing 200-250 g were used for
the experiments. The catheterization technique,
the procedure for adaptation to the cages and
the long-term infusion system have been
described in an earlier study [17]. Previously,
it has been demonstrated in the same model
that normal weight gain is achieved up until
some days before death, in animals receiving
TPN alone, TPN and pellets, or the separate
components of TPN and pellets. The histologi-
cal changes can already be seen at 20% of the
recommended amount of infusion [14, 15]. In a
similar model of TPN in rats, it is shown that
sufficient weight gain is reached with a caloric
daily infusion of 350 kcal kg™!. Giving the
animals oral food only in the same model, the
daily intake was estimated to 310 kcal kg™
[18]. In the present model, the TPN infusion
contained 330 kcal kg~!. The control animals
consumed 5 pellets daily. When given TPN, the
animals consumed one pellet daily. Hence, the
total caloric intake in these animals was 20%
higher than the estimated normocaloric intake.

In the present study the separate components
of TPN were administered in addition to pellets.

The amount of the separate components given
corresponded to 100% of recommended TPN
infusion in rats and was given continuously
throughout the experimental period [14, 15, 18].
The consumption of pellets was not estimated.

Every 12 h the infusion system was discon-
nected, untwisted and flushed slowly with
0.2 mL saline, and every 6 h the condition of
the rats was controlled. The infusion substrates
were kept in flexible bags (Viaflex, Travenol
laboratories Inc., Deerfield, Ill., USA) and were
changed every 3 days during the infusion
period. The rats had access to standard pellets
(Brood Stock Feed for rats and Mice-R3. Ewos
Ltd., Sodertilje, Sweden) and fresh water
during the entire experimental period.

Substrates

—_

. NaCI® 0.9 % (Hydro Pharma, Norway).

2. Intralipid® 200 mg mL ™! (Kabi, Stockholm,
Sweden). 100 mL contains: Soybean oil 20 g;
Glycerol 2.3 g. Energy/100 mL: 200 kcal.
Osmolality: Isosmolar. pH 7.5.

3. Vamin-Glukos® (Kabi, Stockholm, Sweden).

7% solution of essential amino acids contain-

ing 10% glucose. Electrolytes (mM): Na+

50, K+ 20, Ca+ + 2.5, CI-55. Osmolality:

1350 mosmol. Energy/100 mL: 65 kcal.

pH 5.4.

Infusion groups

After the operation the rats were divided into
three separate groups and given one of the
substrates. The substrates were administrated
continuously until the rats were seriously ill, as
judged by slow motions and lack of reaction to
high-frequency noise. Once this condition had
been reached, the rats succumbed within a few
hours. The rats infused with saline were killed
at the same time as the longest surviving
animals in the other two groups.

Group I: Control group. Isotonic saline,
100 mL kg~ ! bodyweight per 24 h (n=7).

Group II: Vamin-Glukos®, 100 mL kg™!
bodyweight per 24 h (n=3).

Group III: Intralipid®, 40 mL kg~! body-
weight per 24 h (n=3).
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The isolated lung model and blood sampling

Rats showing signs of deterioration were
disconnected from the infusion system and
anaesthetized with pentobarbital (Thiopenton-
natrium, Nycomed, Norway) 100 mg kg '
bodyweight. A tracheotomy was performed
and they were connected to a ventilator
(Model 141, Valley Scientific Co. Inc.,
Medway, Mass., USA). A sternotomy was
performed and Heparin 200 U (Nycomed
Pharma, Norway) was injected into the left
ventricle. One millilitre blood was drawn from
the left ventricle, via the apex. Haemoglobin,
haematocrit, red blood cell counts, white blood
cell counts, and platelet counts were measured.
The heart/lung preparation was removed en bloc,
cannulated through the pulmonary artery and
the left ventricle and flushed with Krebs
solution via the inlet cannula. The lungs were
placed in a humidified perspex chamber at 37°C
and perfused in a recirculating system with
a Krebs/bicarbonate solution containing 4%
bovine albumin [19]. The lung perfusion was
performed using a roller pump (2115 Multi-
perpex, LKB, Bromma, Sweden) at a constant
volume inflow (6.5 mL 100 g~' bodyweight)
from a reservoir (37°C). The outlet pressure was
kept below zero, and the lungs ventilated with
5% CO, in air (tidal volume 1.5 mL 100 g~
bodyweight, frequency 70 min~', PEEP 1.5 cm
H,0). 100 pg Papaverine (NAF, Oslo, Norway)
was added to paralyse the vascular bed. The
lungs were perfused for 20 min before measure-
ments were taken.

Measurements

Pulmonary arterial pressure (Ppa) and the
transpulmonary pressure (Ptp) were continu-
ously recorded (Transducer: AE 840, AME,
Horten, Norway). The lungs were suspended in
a weight transducer (FT 30C, Grass Instru-
ments, Quincy, Mass., USA). The microcircu-
latory permeability was estimated by measuring
the capillary filtration coefficient (CFC). The
CFC was determined by raising the outlet
pressure from the lungs by 0.4 kPa for 5 min.
CFC was taken as weight increase per minute
during the last three minutes.

It is known that serotonin is extensively
cleared by the pulmonary endothelium of rat
lungs during the first passage through the lungs
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[20]. Clearance of serotonin in the lungs was
determined using the superfusion Dbioassay
technique [21]. The venous effluent was
pumped to superfuse a strip of rat stomach,
known to be sensitive to serotonin, and then
returned to the reservoir by gravity. Contrac-
tions of the stomach strip were measured on an
isometric force transducer (FT 30C, Grass
Instruments); 150 ng serotonin dissolved in
0.3 mL saline was injected on the arterial side
of the lungs. The serotonin not cleared by the
lungs then superfused and caused contraction
of the bioassay tissue. This contraction was
measured and calibrated with various amounts
of serotonin applied directly to the venous
effluent.

The transducers were connected to a Beck-
mann polygraph (R500A) with a preamplifier
(9853A) and an amplifier (411) (Beckmann
Instruments, Schiller Park, I1l., USA).

Statistics

The results are presented as the mean (SEM).
The Kruskal-Wallis test supplied with the
Wilcoxon test was used to evaluate statistical
differences between groups. The correlation
between CFC, Ppa and serotonin clearance
regardless of substrate infusion was evaluated
by means of simple regression analysis; p<0.05
was considered significant.

RESULTS

One rat that was given saline was excluded
because of catheter obstruction and one rat
receiving Vamin-Glukos was excluded because
of catheter leakage. The rats in the saline group
were healthy throughout the infusion period.
The animals in groups II and III were fit until
the last 4 or 5 days before death. The time to
deterioration of the animals in the other two
groups and the incidence of thrombosis extend-
ing into the right side of the heart are reported
in Table I. The lungs in groups II and III rats
were stiff and heavy and revealed a varying
number of dark spots on the surface.

Blood measurements

Infusion with Vamin-Glukos or Intralipid
caused a 50% reduction of haemoglobin, and an
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TABLE I. Days of infusion and number of animals with central thrombus formation in rats dying after infu-
sion of Vamin-Glukos® or Intralipid® compared with infusion of saline.

Group Days Incidence of thrombus formation
Saline (n=6) 38 (5) 0
Vamin-Glukos™ (n=7) 36 (4) 6

Intralipid® (n=8) 24 (3) 7

P-value NS

The results are means (SEM).

even more impressive reduction in the number
of platelets compared with saline infusion.

There were no significant differences in the
number of leucocytes (Table II).

Lung measurements

Ptp was significantly increased in groups
IT and III compared with group I. Ppa was

doubled in lungs exposed to Vamin-Glukos or
Intralipid compared to lungs exposed to saline,
regardless of the vascular bed being paralysed
by Papaverine. This was paralleled with a 50%
reduction in serotonin clearance in groups II
and III compared to group I. The increase in
CFC measured in groups II and III was
significant compared with that in group I
(Table III).

TaBLE II. Haemoglobin, haematocrit, red, blood cell counts, white plood cell counts and platelet counts in
rats dying after infusion of Vamin-Glukos™ (group II) or Intralipid® (group III) compared with infusion of

saline (group I).

Hb Hct RBC WBC Platelets
Group g/L % 10° L7! 10°L7! 10°L7!
I (n=6) 15.4 (0.2) 45 (2) 6.3 (0.2) 4.4 (0.5) 690 (22)
I (n=7) 6.3 (0.7)" 28 (3)° 4.2 (0.4) 6.0 (0.5) 189 (29)
I (n=8) 6.9 (0.6)" 28 (2)° 43 (0.3)" 8.3 (1.9) 127 17)"
P-value 0.002 0.002 0.002 0.07 0.001

Hb =Haemoglobin; hct=haematocrit; RBC=red blood count; WBC =white blood count.

;l"he results are means (SEM).
Denotes different from group I.

TaBLE III.  Pulmonary arterial pressure, capillary filtration coefficient, serotonin inactivation and trans-
pulmonary pressure in rats dying after infusion of Vamin-Glukos® (group II) and Intralipid® (group III)

compared with infusion of saline (group I).

Ppa CFC S-HT Ptp
Group (KPa) (mg/min) (%) (KPa)
I (n=6) 0.7 (0.04) 13 (2) 74 (5) 0.6 (0.04)
Range 0.6-0.8 8-17 60—85 0.5-0.8
I (n=7) 14 (0.1 25 (5)" 36 (2)° 1.0 (0.06)°
Range 1.1-18 843 30-50 0.8-1.3
I (n=8) 1.7 (0.1)" 30 (6) 37 (3)" 1.0 (0.04)"
Range 13-2.1 17-56 30-50 0.9-1.3
P-value 0.001 0.01 0.002 0.001

Ppa=Pulmonary arterial pressure; CFC=capillary filtration coefficient; 5-HT =serotonin activation;
Ptp=transpulmonary pressure.

The results are means (SEM).

“Denotes different from group 1.
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A correlation was found between increased
Ppa and reduction of serotonin clearance
(Spearman’s rg=—0,768, p<0.01) and increased
Ppa also was correlated to increased CFC
(Spearman’s ry=0.446, p=0.043). Increased
CFC was correlated to reduction in serotonin
clearance (Spearman’s ry=—0.530, p=0.013).

DISCUSSION

Functional and morphological changes in lungs
after parenteral nutrition, mainly after lipid
infusion in children, have been reported. The
morphological alterations particularly described
are fat accumulations in the smaller lung vessels
and capillaries [6—8]. Even hypertonic, lipid-
free solutions have been shown to create lung
oedema, interstitial inflammation and thrombo-
sis of small pulmonary arterioles in rabbits [22].

Reports on alterations in gas exchange and
pulmonary haemodynamics after TPN are
limited to consequences of increased ventilation
owing to increased CO, production. Addition
of glucose to the TPN solutions creates
increased CO, production and O, consump-
tion, thus increasing ventilatory requirements.
Adding a fat emulsion as energy source seems
to produce a more positive trend, at least in
patients with respiratory failure [23].

It has been demonstrated that fast Intralipid
infusion gives a transient rise in pulmonary
arterial pressure [24]. No acute haemodynamic
effects were found in critically ill patients during
infusion of 500 mL Intralipid [25]. After long-
term infusion of TPN in pigs, haemodynamic
effects have been reported [26].

The present model of TPN infusion in rats
has shown a granulomatous inflammation in
liver, spleen and lungs. The organ changes were
observed irrespective of the age of the rats, or
whether the infusion was given via the jugular
vein, the hepatic portal vein or via the thoracic
duct [14-16, 27, 28]. The organ changes in rats
were observed with 25% of the recommended
normocaloric TPN regimen [18]. The changes
were still present, but to some lesser extent 36
days after discontinuing the infusion [14, 15].
The total substrate infusions in this study are in
accordance with previous recommendations of
TPN infusions in rats [15, 18].

The lung changes are further characterized by
a severe vascular inflammation with occluding
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thrombosis and damage to the endothelial
lining. Both Intralipid and Vamin induced
severe vascular changes, making it sometimes
difficult to identify the original structure of the
vascular bed [15]. In rats given Intralipid, fat
droplets were a constant finding in the lung
vessels. Changing the route of infusion to the
portal vein or the thoracic duct caused fewer
organ changes of the liver and spleen [27, 28].
However, the inflammatory responses in the
lung vessels were almost unaltered compared to
infusion in the jugular vein. The possibility that
the death of the rats was caused by deteriora-
tion of lung function has therefore been
investigated.

Cell studies have revealed a huge accumula-
tion of activated lung macrophages after a short
period of TPN infusion of the animals [17].
A concomitant activation of blood phagocytes
did not take place. After 12 days of infusion
with Intralipid or Vamin-Glukos, a moderate
increase of Ppa and reduction of serotonin
clearance occurred [29]. Extending the investi-
gation until death of the animals caused severe
pulmonary hypertension and reduction of
serotonin clearance. The changes were similar
with Intralipid and Vamin-Glukos infusion.
Despite paralysing the vascular bed with
Papaverine, the pulmonary perfusion pressure
increased. This indicates that the pulmonary
hypertension was due to structural changes of
the vascular bed rather than vasoconstriction.

The rise in Ptp reflects the combined effect of
airway resistance and dynamic lung compliance.
Macroscopically, the lungs were wet and heavy,
indicating a gross oedema. In addition, previous
histological examinations have revealed a thick-
ening of the alveolar septa. These findings are
probably the main causes of the increased Ptp.

Serotonin is removed from the circulation by
the pulmonary endothelial cells in an energy-
dependent process. The hormone is then inac-
tivated intracellularly [20]. From previous
studies in this model we know that the
amount of serotonin injected is well below
the capacity of rat lungs to remove serotonin
in the first passage through the lungs [30]. In
another animal model it has been shown that
exclusion of one lung reduced serotonin clear-
ance by only 13% [31]. The capacity of the lung
to handle serotonin depends on the function of
the endothelial cells and available surface area
of the vascular bed. CFC depends on capillary
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hydrostatic pressure, the permeability of the
endothelial surface, and the perfused surface
area. In the present study the major reduction
of serotonin clearance suggests that a larger
part of the lungs was not perfused. If the
reduction was caused by damage to the vascular
endothelium only, a much more impressive
increase in the CFC would have been expected.
This is in keeping with lung function after 3
and 12 days’ infusion of the substrates, showing
a consistent reduction of serotonin clearance
only [29].

To what extent the substrates injured the
endothelial lining is difficult to assess as long as
larger parts of the vascular bed were probably
occluded owing to an inflammatory reaction
and thrombosis. The lung response to sepsis or
embolization is characteristically a permeability
oedema caused by endothelial injury. Neither
histological examinations nor prior studies of
lung function after short-term TPN infusion are
in keeping with sepsis or embolization as the
initial cause of lung injury. On the contrary, the
present study is in concert with previous studies
suggesting that the main lung injury is caused
by a granulomatous inflammation associated
with severe vasculitis. Bearing in mind the
regular findings of central thrombus formation
and occluding thrombosis in the vascular bed,
it is likely that embolization or thrombosis in
lungs already injured by vasculitis exaggerates
the lung injury and causes deterioration of lung
function.

Catheter sepsis is the most frequent, severe
complication in humans receiving long-term
TPN. Adults have a septic episode every two
to three years, which occurs even more
frequently among children receiving TPN [32].

Lethal thromboembolic complications in
lungs have been reported in children receiving
TPN [11]. Liver injury induced by TPN is
frequent and may cause liver failure and death.
Microscopic examination of the liver has
revealed an unspecific inflammation around
the bile ducts [32].

The severe, specific, inflammatory changes
in the lungs and liver of rats have not been
reported in humans. However, TPN induces
similar changes in pigs [33]. Although specific
granulomatous inflammation has not been
documented in humans, it is still possible that
TPN induces an inflammatory reaction in both
liver and lungs of humans, rendering the organs

more susceptible to thromboembolic disease
and other specific complications.

In conclusion, long-term infusion of Vamin-
Glukos or Intralipid in rats causes severe lung
injury. The lung injury is probably initiated
by vasculitis associated with a granulomatous
inflammation. Secondary thromboembolic dis-
ease may exaggerate the initial insult to the
lungs.

REFERENCES

—

Mughal MM. Complications of intravenous feed-

ing catheters. Br J Surg 1989; 76: 15-21.

2 Meadows N. Monitoring and complications of
parenteral nutrition. Nutrition 1998; 14: 806-8.

3 Herfindal ET, Bernstein LR, Wong AF, Hogue
VW, Darbinian JA. Complications of home
parenteral nutrition. Clin Pharmacy 1992; 11:
543-8.

4 Angelico M, Della Guardia P. Review article:
hepatobiliary complications associated with total
parenteral nutrition. Aliment Pharmacol Ther
2000; 14: 54-7.

5 Bigorgne C, Le Tourneau A, Vahedi K, Rio B,
Messing B, Molina T, Audouin J, Diebold J. Sea-
blue histiocyte syndrome in bone marrow second-
ary to total parenteral nutrition. Leuk Lymphoma
1998; 28: 523-9.

6 Barson AJ, Chiswick ML, Doig CM. Fat embo-
lism in infancy after intravenous fat infusions.
Arch Dis Child 1978; 53: 218-23.

7 Levene MI, Batisti O, Wigglesworth JS, Desai R,
Meek JH, Bulusu S, Hughes E. A prospective
study of intrapulmonary fat accumulation in the
newborn lung following intralipid infusion. Acta
Padiatr Scand 1984; 73: 454 -60.

8 Puntis JWL, Rushton DI. Pulmonary intravascu-
lar lipid in neonatal necropsy specimens. Arch Dis
Child 1991; 66: 26-8.

9 Andrew M, Marzinotto V, Pencharz P, Zlotkin S,
Burrows P, Ingram J, Adams M, Filler R. A cross-
sectional study of catheter-related thrombosis in
children receiving total parenteral nutrition at
home. J Pediatr 1995; 126: 358 -63.

10 Dollery CM. Pulmonary embolism in parenteral
nutrition. Arch Dis Child 1996; 74: 95-100.

11 Dollery CM, Sullivan ID, Bauraind O, Bull C,
Milla PJ. Thrombosis and embolism in long-term
central venous access for parenteral nutrition.
Lancet 1994; 344: 1043 -45.

12 Nussbaum MS, Li S, Ogle CK, Zhang FS, Zamir
O, Bower RH, Fischer JE. Lipid-free total
parenteral nutrition and macrophage function in
rats. Arch Surg 1991; 126: 84 -8.

13 Wakefield A, Cohen Z, Craig M, Connolley P,

Jeejeebhoy KN, Silverman R, Levy GA. Thrombo-

genicity of total parenteral nutrition solutions:

I. Effect on induction of monocyte/macrophage



12:25 23 Cctober 2008

[Universiteit van Amrsterdan At:

Downl oaded By:

20

21

22

23

procoagulant activity. Gastroenterology 1989; 97:
1210-9.

Nordstrand K, Eide TJ, Kristoffersen G, Reikeras
0O, Giercksky K.-E., Organ changes in rats on
complete parenteral nutrition. Clin Nutr 1987; 6:
75-82.

Nordstrand K, Giercksky KE, Reikeras O, Eide J.
Mortality and organ changes in rats receiving
different parenteral nutritional substrates. Clin
Nutr 1987; 6: 205-12.

Nordstrand K, Melhus O, Eide TJ, Myhr K,
Melbye K, Reikeras O, Serlie D, Giercksky KE.
Mortality in Rats on Long-Term Parenteral
Nutrition. European Surgical Research 1987; 19:
40-52.

Dahl PE, Osterud B, Kjeve JC. Haematological
disorders and lung alveolar macrophage function
following total parenteral nutrition in rats. Clin
Nutr 1992; 11: 269 -76.

Martins FM, Wennberg A, Kihlberg R, Meurling
S, Lindmark S. Total parenteral nutrition with
different ratios of fat/carbohydrate at two energy
levels: an animal study. J Parenteral Enteral Nutr
1985; 9: 47-52.

Bjertnas LJ. Hypoxia induced vasoconstriction in
isolated perfused lungs exposed to injectable or
inhalation anesthetics. Acta Anaesthesiol Scand
1976; 21: 133-47.

Junod AF. Uptake, metabolism and efflux of 'C-
5 hydroxy-tryptamine in isolated perfused rat
lungs. J Pharmacol Exp Ther 1972; 183: 341-55.
Vane JR. The release and fate of vaso-active
hormones in the circulation. Br J Pharmacol 1969;
35: 209-42.

Mulvihill SJ, Takamatsu H, Albert A, Fonkalsrud
EW. Pulmonary pathology associated with hyper-
tonic central venous fluid administration. Surg
Gynecol Obstet 1985; 161: 535-40.

Askanazi J, Nordenstrom J, Rosenbaum SH,
Elwyn DH, Hyman Al, Carpentier YA, Kinney JM.
Nutrition for the patient with respiratory failure:
glucose vs. fat. Anaesthesiology 1981; 54: 373-7.

24

25

26

27

28

29

30

31

32

33

Parenteral nutrition-induced lung injury 479

Mathru M, Dries DJ, Zecca A, Fareed J, Rooney
MW, Rao TLK. Effect of fast vs slow intra-
lipid infusion on gas exchange, pulmonary
hemodynamics, and prostaglandin metabolism.
Chest 1991; 99: 426 -9.

Jarnberg P-O, Lindholm M, Eklund J. Lipid
infusion in critically ill patients. Acute effects on
hemodynamics and pulmonary gas exchange. Crit
Care Med 1981; 9: 27-31.

Aksnes J, Schmidt H, Hall C, Nordstrand K.
Long-term lipid-based parenteral nutrition causes
pulmonary hypertension in pigs. Eur J Surg 1996;
162: 649 -56.

Nordstrand K, Eide TJ, Giercksky KE. Long-term
continuous Intralipid infusion in the thoracic duct
in rats. Acta Chir Scand 1986; 152: 727-32.
Nordstrand K, Eide TJ, Giercksky KE. Parenteral
nutrition via the portal vein in rats. Acta Chir
Scand 1987; 153: 93-8.

Kjeve JC, Dahl PE. Pulmonary hypertension and
microvascular injury in rats given parenteral
nutrition. Acta Chir Scand 1989; 155: 43943,
Kjeve JC, Vaage J, Bjertnes LJ. Reactive oxygen
intermediates reduce inactivation of serotonin in
isolated, perfused rat lungs. Circulatory Shock
1989; 28: 79-87.

Flick JR, Pitt BR, Hammond, Gillis NC. Selec-
tive effect of microembolization on pulmonary
removal of biogenic amines. J Appl Physiol 1982;
52: 421-7.

Howard L, Ashley C. Management of complica-
tions in patients receiving home parenteral nutri-
tion. Gastroenerology 2003; 124: 1651-61.
Aksnes J, Boarsum K, Hagve TA, Kierulf P, Muller
F, Rollag H. Long-term lipid-based total parent-
eral nutrition activates mononuclear cells and
modulates membrane lipid composition in pigs.
Scand J Clin Lab Invest 1995; 55: 201-10.

Received: 13 December 2002
Accepted: 5 September 2003



