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4. Introduction

4.1 Multiple organ failure

Multiple organ failure (MOF) is an evolving clinical syndrome triggered by various
stimuli, arising following successful resuscitation from life-threatening conditions. The
ongoing support contributes to its subsequent course. It is the main cause of morbidity
and mortality in patients admitted to intensive care units (1). Organ failure, both in
terms of the number of organs failing and the degree of organ dysfunction, is the
strongest predictor of death in a critically ill patient. The mortality rate in these patients
is 20-80%, depending on the number of organs involved. Although the clinical
manifestations of MOF may vary, the organs involved typically include the lungs, heart,
kidneys, brain, liver and / or the gut (2). There is widespread agreement that an
increased inflammatory response, ischemia and septicaemia are important contributing
factors to the development of MOF (3-12).

4.2 The ischemic intestine

The gut is thought to be a “motor” in the development of MOF (13), and splanchnic
ischemia is associated with high mortality in critically ill patients (14,15). A number of
clinical studies on critically ill patients have documented inadequate intestinal blood
flow, oxygen utilization (16,17) and increased hepatosplanchnic inflammation (18).
Thus there is an increase in intestinal permeability in a variety of acute conditions, like
burns, sepsis, cardiogenic shock, trauma, and after major operations (13,19-22).

The pathogenesis behind the intestinal involvement is different in various conditions.
Studies have suggested that in sepsis tissue injury can occur despite adequate tissue
oxygenation, (so called dysoxia), where increased blood flow does not improve and
may rather worsen the situation (23). Further research has demonstrated that this
dysoxia, also affecting the splanchnic region, can be a result of an acquired intrinsic
derangement in cellular respiration called “cytopathic hypoxia” (24-26).

In other conditions, blood flow alterations play a more prominent role;

The splanchnic vascular bed normally holds 30% of total blood volume and receives 25
% of total cardiac output. Seventy percent of this is distributed to the small and large
intestine (27). The venous bed and capacitance vessels (postcapillary venules and veins)
serve as a blood reservoir, and alfa adrenergic sympathetic nervous stimulation is
capable of rapidly increasing cardiac preload. Hypovolaemic shock states also result in
a systemic vasoconstriction throughout the body, this response being particularly
prominent within the mesenteric circulation (28-30). Gut blood flow also varies in the
intestinal wall; the mean mucosal blood flow is four times higher than mean muscularis
blood flow (31). Cellular dysfunction and injury are thus explained by a reduced
cellular oxygen availability resulting from decreased blood flow, oxygen tension or
haemoglobin concentration.



4.3 The ischemic metabolism

The glycolytic pathway is employed for the breakdown of glucose to provide energy to
the cells in the form of ATP. Intermediates from this chain of reaction are of interest
when monitoring the metabolic state of various tissues.

The initial stages of glucose metabolism — glycolysis, or the Embden-Meyerhof
pathway, occur in the cytoplasm of cells, also functioning in a low oxygen environment
as in poorly perfused tissues. One molecule of glucose is converted into 2 molecules of
pyruvate, generating 2 molecules of ATP and 2 NADH (figure 1) (32). During normal
aerobic conditions, pyruvate is transported across the mitochondrial membranes into the
matrix of the mitochondrion, where the second series of reactions (citric acid cycle)
takes place. Immediately upon entry into the mitochondrion, pyruvate is metabolized to
the important intermediate acetyl CoA by the enzyme pyruvate dehydrogenase. This
process requires oxygen, and as a result, pyruvate is oxidized into CO; and H,O,
producing 36 ATP molecules.

If blood flow is impaired and oxygen delivery is diminished, pyruvate cannot enter the
citric acid cycle. The only source of energy then is the ATP produced from glucose in
the glycolysis. However, glycolysis is dependent upon available NAD+. Thus the pool
of NAD+ produced normally in the citric acid cycle will rapidly become consumed.
Under these circumstances, the source of NAD+ is from reduction of pyruvate to
lactate, resulting in an increase of lactate and anaerobic metabolism. This causes the
lactate to the pyruvate ratio (LP-ratio) to increase (normal ratio 10/1).

With intact mitochondrial function, the excess lactate is rapidly metabolized back to
pyruvate, once oxygen is available.

Figure 1
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Elevated blood lactate levels in hemodynamic unstable animals (33-37) or patients
(38,39) are often thought to reflect circulatory shock or hypoxaemia, when O,
consumption becomes dependent upon O, delivery. As lactate in the blood is
metabolized in a large part by the liver, liver function and liver blood flow influence
hepatic lactate clearance. However, other co-factors may co-exist, complicating the
interpretation of hyperlactataemia.

In septic shock the reason behind the often observed hyperlactataemia is under debate.
But at least two situations are usually accompanied by hypoxia-associated
hyperlactataemia; septic shock with catecholamine-resistant cardiocirculatory failure
(38), and also initially in septic hypovolaemic patients observed prior to volumetric
expansion. The latter is illustrated in the study of Rivers et al. (40), in which
hyperlactataemia is associated with signs of poor oxygen delivery. These two situations
are, nonetheless, close to low cardiac output states.

A number of papers have suggested that lactate formation during sepsis is not due to
hypoxia alone, but rather to metabolic processes with aerobic production of lactate (41).
This is seen in sepsis where endogenous epinephrine release stimulates sarcolemmal
Na" K" ATPase-coupled lactate production (42). Another factor is the accumulation of
pyruvate due to accelerated aerobic glycolysis resulting from an increased influx of
glucose (43). Muscle protein catabolism is also a contributing factor when released
amino acids are subsequently transformed into pyruvate and thereafter lactate. The
activity of the enzyme pyruvate dehydrogenase is impaired by tumor necrosis factor in
septic patients (44), further indicating that this increased lactate should not necessarily
be taken as proof of oxygen debt, but rather as a sign of lactate dyshomeostasis.
However, increased lactate is a warning sign and highly predicts outcome in critically ill
patients (45-47).

4.4 Intestinal barrier dysfunction

Epithelial dysfunction may be a common final pathway contributing to organ
dysfunction in sepsis and other forms of critical illness (48). The intestinal epithelium
acts as a barrier between intestinal content and a) extracellular space b) blood capillaries
and c¢) lymph ducts. The gut lumen is separated from the lamina propria by the intestinal
epithelium, the tight junctions between adjacent cells making the epithelial sheet. The
tight junction serves as a regulated, semi-permeable barrier that limits the passive
diffusion of solutes via the paracellular pathway between adjacent cells (49,50). In the
gut and lungs, this barrier function is also important to prevent systemic contamination
by microbes and toxins that are present in the external environment. The tight junctions
between adjacent epithelial cells, as opposed to endothelial cells, form markedly smaller
pores between the cells (51,52). Thus it is reasonable to assume that epithelial cells are
more important for barrier function than endothelial cells. Alterations in intestinal
permeability are thus a marker of the intestinal barrier function. Therefore, monitoring
of intestinal permeability is important for early recognition of an intestine at risk, and
for comparing permeability alterations to other markers of intestinal dysfunction.



4.5 Cellular dysfunction

Ischemia and reperfusion of the gut is a multifactorial process that leads to organ
damage and dysfunction. Interruption of blood supply decreases oxygen and nutrient
delivery, followed by cellular ionic imbalance, mitochondrial alterations and calcium
overload. This results in an ischemic injury which rapidly damages tissues with high
metabolic activity.

In all species, including humans, a reduction of blood flow to the small intestine, for
even a relatively short time results in the formation of characteristic mucosal lesions
(53-55).The enterocytes located at the tips of the villi are particularly susceptible to
ischemia. This increased sensitivity is thought to be due to the location which is at the
end of the central arteriole, and thus lower oxygen tension compared to the crypts
(56,57). Plasma skimming (58) and high metabolic activity of the intestinal epithelial
cells are also contributing factors. Recent studies have demonstrated that the
vulnerability of an enterocyte is also dependent on its state of differentiation (59).

Paradoxically, restoration of blood flow to a previously ischemic tissue induces
additional damage (“reperfusion injury”), mediated, in part, by the extra- and
intracellular formation of reactive oxygen and nitrogen species. It remains a matter of
debate whether the reperfusion of ischemic intestine induces mainly necrotic or mainly
apoptotic cell death (60-62). However, these two processes, although quite different in
their morphological and biochemical aspects, may often coexist in many pathological
conditions (63). A key difference between the two forms of cell death is that, during
necrosis, the membrane integrity breaks down, cytosolic and membrane constituents
being released into the extra cellular space; whereas during apoptosis, cells shrink and
their nuclei condense, resulting in their encapsulation into well-enclosed apoptotic
bodies and followed by consumption by macrophages (64).

4.6 Glycerol as a marker of cellular damage

Despite their variable composition, all biological membranes are thought to be
constructed in a common pattern. They all contain a phospholipid bilayer as the basic
structure, and membrane-bound proteins, such as receptors and transport proteins. There
are two major classes of phospholipids: phosphoglycerides that contain glycerol, and
sphingomyeline composed mainly of sphingosine. To maintain homeostasis, there is
both passive and active transport over the cellular membrane. In every cell a significant
fraction of available energy is used to maintain the concentration gradients of ions (such
as Na+, K+ and Ca+) across the plasma membrane.

ATP production is decreased under ischemic conditions, thus the active transport
systems for maintenance of the ion gradients are also depressed. This causes an influx
of Ca+ into the cells, which activates intracellular phospholipases that attack the cell
membrane, also causing disintegration of the phospholipid bilayer and efflux of fatty
acids and glycerol. The amounts of glycerol released are thought to be a marker of cell
membrane disintegration and cellular necrosis (65-75).
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4.7 Regional monitoring of the gut

The assessment of systemic hemodynamic parameters alone fails to reflect regional
oxygen demand and supply mismatch, the microcirculation and increased blood lactate
levels (76,77). The gastrointestinal tract has been called the “canary” of the body (78),
because the intestinal mucosa is one of the first organs affected by inadequate
splanchnic perfusion / oxygenation. Hence intestinal dysfunction markers provide
relatively early warning signs of impending systemic affection in e.g. shock, aortic
surgery, small bowel transplantation, cardiopulmonary bypass, strangulated hernias and
neonatal necrotizing enterocolitis (79,80).

Consequently, monitoring of perfusion, oxygenation and function of the liver and the
intestine are important for diagnosis and treatment.

Different clinically applicable monitoring techniques of the hepato-splancnic region
exist. Gastro-intestinal tonometry is the most used clinically applicable device for
monitoring the splanchnic region. Increases in intestinal tissue partial pressure of carbon
dioxide (PgCO;) can reflect abnormal oxygen supply to the cells (81,82). The value of
tonometry as a prognostic tool in critically ill patients is good; the CO, — gap (difference
between CO; in the intestinal tissue and in blood) is a marker of mortality in ventilated
ICU patients (83). But the results obtained from tonometry — guided therapy remain
controversial (84-88). Another approach for monitoring the microcirculation is to
measure the tissue partial pressure of CO, under the tongue by means of sublingual
capnometry. This method shows promising results; however, the experience is sparse
and the method still has several limitations (89-92).

Intestinal permeability is assessed non-invasively by measuring urinary excretion of
orally administered test substances (93,94). No currently available test of intestinal
permeability is however ideal. Confounding factors may interfere both pre- and post-
mucosal, apart from the intestinal permeability itself. Also, the methods only give an
non-dynamic on and off description whether permeability is increased or not.

Several other devices have also been developed for the measurement of splanchnic
blood flow and oxygen transport, e.g. Doppler ultrasound flowmetry (95,96),
endoscopic laser Doppler flowmetry (97), remission spectrophotometry (98,99), CO2
probes (100) and indocyanid green clearance (101). These methods are mostly used in
experimental settings and in clinical research, so clinical experience is infrequent.
Surgical implantation is almost always necessary, the interpretation of results being
difficult due to the complex blood flow distribution in the splanchnic region.

As most of these methods rely on blood flow changes, methods taking into account the

combination of flow-, permeability- and metabolic alterations are needed. Microdialysis
may be such a tool.

11



5. Aims;

- To evaluate the use of gut luminal microdialysis as a tool for monitoring ischemic
metabolites like lactate, glycerol and glucose as markers of intestinal dysfunction during
and after intestinal ischemia.

- To evaluate whether microdialysis of glycerol and lactate can be used as a method to
assess different degrees of intestinal damage and recovery during ischemia and
reperfusion.

- To assess differences in the information obtained from microdialysis catheters placed
in the peritoneum, the gut wall and the gut lumen.

- To evaluate the feasibility of intestinal luminal microdialysis as a method for clinical
monitoring of the intestine in patients.

12



6. Methodological considerations

The details of the procedures have been described in each paper and only general
comments concerning the different methods will be given.

6.1 Microdialysis

The principle behind microdialysis goes back to the 60°s. Methods like push-pull
cannulas, dialysis sac’s and dialytrodes were used to study tissue biochemistry directly
in animals (102-104). In 1974, Ungerstedt and Pycock used a set-up they called “hollow
fibers” in the brain to mimic the function of blood vessels(105). This method has been
extensively improved into the method of microdialysis, as we know it today (106). The
method is widely used both experimentally and in clinical practice for monitoring solid
organs like brain and skin flaps (107-116). A PubMed search in January 2007 on
“microdialysis” lists in total 11000 publications, of those 1750 on humans.

The aim of microdialysis is to sample the extracellular compartment / fluid around the
probe and monitor its chemical composition as a function of time. A microdialysis
catheter acts in a similar manner to a blood capillary, sampling the interstitial
environment by a process of diffusion along a concentration gradient towards and away
from the cannula (figure 2). The principle of dialysis is explained in terms of Fick’s first
law of diffusion, which describes the passive movement of molecules down a
concentration gradient.

Figure 2

<>
:
g p
3 5
3 3
=
£

extracellular fluid

13



Microdialysis probes consist of two plastic tubes, one inside the other, and an inlet and
outlet part, through which fluid is pumped in and flows passively out of the probe and
into the sampling line. The probe is encircled in the end by a tubular semi-permeable
membrane, which the fluid passes on its way through the catheter (figure 3). The
direction of the diffusion process is dependent upon the concentration gradient. Thus,
microdialysis can be used both for collecting a substance in the dialysate as well as
delivering it into the periprobe fluid.

Figure 3

The probes have a diameter often less than 1 mm and the membrane length vary
between 1-30 mm. The membrane properties and the pore size are the crucial factors
defining the size of the molecules able to diffuse over and equilibrate with the perfusion
fluid (called perfusate).

The probes are either implanted during surgery into organs like the brain, heart and
solid tumors; or easily placed in soft tissue and the skin at the patients bedside, using an
introducer cannula. During insertion, the surrounding tissue is temporarily affected
(bleeding, inflammation), so the probe has to be in situ and undergo a wash-out for
approx 60 min before measurements can start. The catheters can stay in situ for several
days, samples can being collected continuously, making dynamic monitoring possible.

Several factors influence the results obtained from microdialysis, like relative recovery:
the ratio between the true concentration in the tissue/fluid surrounding the dialysis
membrane, and the concentration measured in the dialysate. The relative recovery of
endogenous substances and delivery of drugs is dependent upon a number of variables,
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including temperature, pH, and the weight, shape and charge of the molecules. It is also
dependent upon the surface area of the dialysis membrane, the flow of the perfusion
fluid, the speed of diffusion of the substances through the extracellular fluid and the
properties of the membrane. If the membrane is long enough and the flow slow enough,
the concentration in the dialysate will be almost the same as in the interstitial fluid, i.e
relative recovery approaches 100%. Hydrostatic pressure may also affect the results
dependent upon the placement of the pump by reducing the sample volume if the pump
is placed lower than the sampling vial (117).

The microdialysis probes have to be calibrated before drawing conclusions about
concentrations in the periprobe fluid. There are many different methods for calibration
in vivo and thus for determination of relative recovery. The method of flow rate
variation, when plotting the flow rate against measured concentrations and extrapolating
to zero flow, will estimate the concentration at zero flow rate (and thus the relative
recovery) of the probe (118). The no-net-flux method (also called zero-net-flux method)
is a calibration method making use of different perfusate concentrations (119). The
calibration method we, and most others, use is in vitro calibration with different known
concentrations of the marker in the fluid surrounding the probe. However, it is not
possible to derive in vivo recovery from in vitro results. In general, the relative recovery
in vitro is higher than in vivo (120) because the relative recovery in vivo depends on the
additional factors described above. So when interpreting results from microdialysis
based on in vitro calibration it is important to remember that the only possibility to
directly use in vitro results is its use for semiquantitative experiments, as it is possible to
detect changes in analyte concentrations in the tissue surrounding the probe (121). Thus
we cannot directly compare absolute concentrations of lactate obtained from
microdialysis perfusate nor from blood samples measured on a blood gas analyzer.

In all experiments we used CMA 70 Microdialysis Catheters with an outer diameter of
0.6 mm, and membrane cut-off of 20 kD. To place the luminal catheter, we made a
small antimesenteric incision and introduced the catheter 10 cm into the lumen. In the
mucosal approach, a 27-gauge spinal needle punctured the intestinal wall from the
serosal side, and was guided under visual control and gentle compression against the gut
wall 5 cm into and out of the mucosa. This thin needle was used as a guidewire for an
18-gauge needle, in which the catheter was advanced. The needle was then withdrawn,
and the semipermeable part of the catheter left in situ in the mucosal wall.
Intraperitoneal catheters were attached to the serosa by a suture. In Paper IV, we
manufactured our own rectal catheter by combining two commercially available
devices: a microdialysis catheter (CMA 62) and a 16F tonometric catheter for
measurements of regional CO, production in the intestinal wall. To ascertain contact
between the catheter and the intestinal mucosa, the microdialysis catheter was attached
to the tonometry catheter with tape, so that the membrane was at the level of the
tonometric balloon (fig 4).

15



Figure 4. Rectal device
Schematic drawing of the combined rectal device with microdialysis- and tonometry-
catheter

Microdialysis membrane

e ——
===

R Tonometry catheter

6.2 Biochemical analysis

A CMA 600 microdialysis analyzer was used in all studies to analyze the microdialysis
samples for glucose, lactate, pyruvate and glycerol. The analyzer is placed at“bedside”,
the results being available 5 minutes after insertion of the samples. The analyzer is
based on enzymatic reagents and colorimetric measurements. Analyte specific reagents
mix with the microdialysis sample and cause formation of hydrogen peroxide if the
substrate is present. The hydrogen peroxide reacts with a chromogen, catalyzed by
peroxidase, forming a red-violet quinineomine. The rate of formation of quinineomine
is proportional to the substrate formation. This reaction is measured photometrically as
a change of absorbance at 546 nm wavelength during 30 seconds.

6.3 Measurement of intestinal epithelial permeability

There are two main approaches to measure intestinal epithelial permeability in vivo. A
hydrophilic permeability probe (like mannitol or sugars) is administered into the
intestinal lumen, and the subsequent recovery of the molecule in urine (122) or plasma
(123,124) is monitored. Alternatively, the experimental animal is infused intravenously
with an appropriate hydrophilic probe, while the lumen of an isolated segment of
intestine is perfused with a buffer solution. With this method, permeability is assessed
by monitoring the plasma-to-lumen clearance of the marker substance (125,126).

We used venous blood levels and urinary excretion of "*C polyethylene glycol with a
molecule weight of 4000 Dalton (PEG-4000) as an index for paracellular permeability
of this probe across the intestinal wall. Hydrophilic probes of this size are considered
largely to be transported via the paracellular pathway (127,128). They are also approx.
the size of endotoxins. Because radioactivity of the solution instilled into the intestinal
loop showed some variations between batches, the blood and urinary levels of PEG-
4000 were expressed as a percent of the amount PEG-4000 instilled into the intestinal
loop (129). The interpretation of the results from the permeability tests may in general
be confounded by intestinal transit time and distribution of the probe in various
compartments other than blood (130). The intestinal transit time was not a problem in
our model, as the PEG-4000 was introduced into a segment of the intestine ligated in
both ends. The probe should not be metabolized or degraded in vivo and should be
cleared only by urinary excretion. PEG 4000 meets both of these requirements. Changes

16



in the glomerular filtration rate might alter the rate of urinary excretion of the probe. To
diminish this factor, the diuresis was kept normal and the renal blood flow was
unaffected in both paper II and III. There was also a very similar pattern in blood and
urine levels supporting this assumption. In paper I, the renal blood flow was reduced
due to the experimental model. We therefore are cautious about interpretations of the
dynamics in the permeability alterations, and only conclude that the permeability was
increased during reperfusion in that study.

6.4 Tonometry

Gastrointestinal tonometry is based on the principle of luminal fluid pCO, coming into
equilibration with the pCO, of the mucosal layer (131) as CO2 diffuses freely in tissue.
CO; levels rise sharply in conditions associated with poor tissue perfusion, in part due
to intracellular buffering of excess hydrogen ions by bicarbonate. The interpretation of
tissue pCO; is determined by three variables: the arterial CO, content, regional blood
flow, and tissue CO, production. In stable respiratory conditions, when arterial CO, is
constant, tissue CO, essentially reflects the balance between tissue blood flow and local
CO; production. The increased tissue CO, which occurs in critically ill patients is likely
to be mainly due to flow stagnation with smaller components brought about by
anaerobic CO; production (due to decreased oxygen delivery and cytopathic hypoxia).

There are several pitfalls in interpretation of tonometry-derived results. By using air
tonometry and measuring the actual tissue CO, we avoided complex logarithmic
calculations and dependency of the patient’s acid-base status seen when saline
tonometry is applied. We measured in the intestine, thereby avoiding the potential errors
from gastric juice and pancreatic bicarbonate. The experience from tonometry in the
rectal lumen, as in paper IV, was a challenge, the experience being sparse (132-134). No
normal value for rectal CO, has yet been established. Faeces in the rectum surrounding
the tonometer may disturb the measurements, both due to mechanic obstruction, and by
CO2 production from faecal bacterias as seen in mice (135). During “dysthermia”
temperature correction of arterial CO; is important (136,137).

6.5 High energy phosphates

Because oxygen is necessary for mitochondrial generation of adenosine triphosphate
(ATP), hypoxia will lead to the degradation of ATP. The depletion and, eventually,
recovery of ATP reflects the ATP-synthesizing capacity of the mithochondria and has
been recognized as a useful indicator to assess tissue viability in ischemia-reperfusion
(138). Other data also support the idea that ATP content is a determinant of intestinal
epithelial barrier function in vivo (139). Tissue samples from the jejunal loops were
freeze-clamped and immediately frozen in liquid nitrogen, thereafter freeze-dried,
homogenized, and analyzed for ATP by a standard high performance liquid
chromatography method (140) (paper II). The technique was developed in the 1960’s
(141). HPLC separates compounds dissolved in solutions. A small amount of this liquid
sample is injected into a moving stream of liquid (the mobile phase) that passes through
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a column packed with particles of stationary phase. Separation of mixture into its
components depends on different degrees of retention of each component in the column.
The extent to which a component is retained in the column is determined by its
partitioning between the liquid mobile phase and the stationary phase.

6.6 Histology

Morphology of the intestinal mucosa was evaluated and classified according to Lacy
and Ito (142). This classification was further modified for the small intestine as reported
in a detailed study from our laboratory (143).

6.7 Blood flow determination

Regional tissue blood flow in the pigs in paper I-11I was determined by the colour
labelled microsphere distribution technique (144). This method is based upon the
assumption that the amount of embolized microspheres in a tissue mass is proportional
to the blood flow in that tissue during injection of the microspheres in the left cardiac
ventricle (145,146). The same principle was also used for determining cardiac output,
using a reference sample as the “tissue” of interest (147). Tissue blood flow rate and
cardiac output were calculated as previously described (146,148). The known pit-falls
of this method (149) were attempted to be avoided by preventing aggregation of spheres
and using sufficiently high numbers of spheres at each injection. These precautions
yielded equal distribution of spheres in the right and left kidney as a control of the
method. Ultrasound transit time flow probes for blood flow measurements were placed
around the superior mesenteric artery (II-1II) and portal vein (I-II) for continuous blood
flow measurements.

6.8 Study models

Young pigs have been used in experimental circulatory research models for many years.
They have much in common with man in terms of anatomy, physiology and
metabolism. The pig may be a good model for intestinal ischemia reperfusion in
humans, because both species have relatively low levels of intestinal xantine oxidase
(150,151). Therefore, reperfusion injury and the no-reflow phenomenon may be less
pronounced in pigs and humans compared to rodents and cats.

Surgery and anaesthesia often induce cardiopulmonary depression, alterations in fluid
balance and regional blood flow, Thus they interfere with the results of an investigation.
The surgical procedures were done as gently as possible, normovolaemia and normoxia
being aimed at to counteract these factors influence on the results. The anaesthetic
combination of fentanyl, midazolam and isoflurane was chosen due to its hemodynamic
stability, having unaltered splanchnic tissue blood flow over time (152). The same
maintenance of splanchnic blood flow has also been seen when only using isoflurane
(153). Isoflurane is a preconditioning agent in the heart (154) and, theoretically, also in
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the intestine. However, this effect on the intestine has not been shown. In order to
explore the experimental feasibility of luminal microdialysis, we started with the
clinically relevant model of aortic cross clamping. However, this model induces a lot of
“noise”, so in paper II and III we used cross clamping of the superior mesenteric artery.
The latter model is less influenced by systemic alterations and makes it possible to
study more isolated effects from controlled intestinal occlusive ischemia.

The feasibility study on humans (paper IV) was performed on heart surgery patients
because of the “SIRS-like” behaviour induced by the CPB-circuit, homogeneity as
patient population, as well as the relatively high risk of gastrointestinal complications.

6.9 Statistics

In paper I and II, we used parametric tests with two-way ANOVA for repeated
measurements for testing of differences between the groups. The advantage of this
approach is the power to identify differences when comparing both within and between
groups, when the assumptions of residual normality and constant variance is fulfilled.
When inspecting the data, it is however somewhat debatable whether constant variance
requirement is fulfilled. Thus, during the revision of paper II, we discussed
improvements with both the reviewers and statisticians. In the two last papers, we
recognised and allowed for the non-constant variance along the time line, and turned to
non parametric tests which include both one-and two-way ANOVA for ranks. Also in
paper II, we tested all calculations by non parametric tests before publication of the
paper. The major results in all papers are very clear and hardly influence the
interpretation of the data regardless of statistical method.
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7. Summary of results

7.1 paper 1
Gut barrier dysfunction as detected by intestinal luminal microdialysis

In this clinically relevant model of thoracic aortic cross clamping the aim was to
evaluate the use of gut luminal microdialysis as a tool for monitoring ischaemic
metabolites as markers of intestinal dysfunction during and after intestinal ischaemia.
The thoracic aorta was cross clamped for sixty minutes, followed by two hours of
reperfusion. Glycerol, lactate and glucose in the intestinal lumen and mucosa were
measured by microdialysis. The recovery of PEG-4000 in blood was used as an index
for permeability of this probe across the intestinal wall.

During reperfusion, venous PEG-4000 was increased, remaining unchanged to the end
of the experiment. During ischemia and reperfusion, there was a marked increase in
lactate and glycerol in both the intestinal mucosa and lumen. The concentration of
intestinal luminal and mucosal glycerol concentrations were closely correlated. There
also seemed to be a correlation between luminal lactate and permeability.

7.2 paper 11

Gut luminal microdialysis of glycerol as a marker of intestinal ischemic injury and
recovery

The objective of this study on the one hand, was to evaluate microdialysis as a method
to assess different degrees of intestinal damage and recovery during ischemia and
reperfusion, and on the other hand to evaluate information obtained from microdialysis
catheters placed in the peritoneum, the gut wall and the gut lumen.

The superior mesenteric artery was cross-clamped for 60 or 120 min, followed by 4 hrs
of reperfusion. Intestinal mucosal integrity was assessed by morphometry, ATP in the
gut wall, and permeability of '*C-Polyethylene glycol. Lactate, glycerol, pyruvate and
glucose were measured by microdialysis in the gut lumen, gut mucosa, the peritoneum
and in blood.

The histological changes were more pronounced, and the restitution slower after 120
min compared to 60 min of ischemia; but the permeability alterations were not
significantly different. Glycerol in the gut lumen closely mirrored the histological
findings, with a significantly positive correlation between the average amounts of
denuded basement membrane and gut luminal concentration of glycerol. There was also
a close correlation between the duration of ischemia and glycerol detected both in the
gut wall, lumen and peritoneum. Microdialysis catheters placed in the peritoneum did
not reflect differences between the groups during reperfusion, so when possible the gut
lumen is to be preferred as a site for placement of microdialysis catheters.
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7.3 paper 111

Gut luminal lactate levels measured by microdialysis reflects intestinal
permeability alterations in repeated intestinal ischemia.

The aim of this study was to investigate the influence of a prolonged initial intestinal
ischemic insult on transmucosal permeability after a subsequent ischemic event. Based
on study I and II, we also wanted to further investigate whether microdialysis of
biomarkers released to the gut lumen is able to reflect changes in intestinal permeability.
The superior mesenteric artery was cross-clamped for 60 min followed by 4 hrs of
reperfusion. Intestinal mucosal integrity was assessed by: (1) permeability of "*C-
Polyethylene glycol over the gut mucosa, (2) luminal microdialysis of lactate, glucose
and glycerol, and (3) tonometry. We demonstrate that a prolonged ischemic insult of the
intestine confers protection, since mucosal permeability was less increased in response
to the second ischemic insult as compared to the first. Gut luminal intestinal
microdialysis of biomarkers, but not tonometry, closely reflects such permeability
changes. Lactate reflects permeability across the intestinal mucosa more precisely than
glycerol.

7.4 paper IV

Endoluminal microdialysis shows increased rectal lactate in routine coronary
surgery

The aim of the prospective clinical study was to go from the bench to bedside and
evaluate the feasibility of intestinal luminal microdialysis as a method for clinical
monitoring the intestine in patients.

A microdialysis catheter for continuous lactate, glycerol, glucose and pyruvate
measurements attached to a tonometric catheter was introduced into the lumen of the
recto-sigmoid junction, and intramuscularly, before surgery in 13 patients undergoing
elective coronary artery bypass surgery with cardio pulmonary bypass (CPB). The
patients were followed for 16 hrs postoperatively, and then the rectal catheter was
removed.

All patients made an uneventful perioperative course without complications. Insertion
of the rectal catheters was uncomplicated, and all but one functioned properly during the
investigation. After 30 min of CPB, luminal lactate had increased five fold, and
increased further until the end of CPB. After CPB, gut luminal lactate gradually
decreased, but still remained elevated above baseline levels at 16 hrs after surgery.
Intramuscular lactate nearly doubled during CPB, but the lactate pyruvate ratio
remained unchanged. The intestinal — arterial pCO; gap was unchanged. Neither
glycerol nor glucose was detected in the gut lumen.
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8. General discussion

8.1 Intestinal lactate

In the splanchnic region, the net production of lactate increases when blood flow falls to
60-70 % below normal levels (155,156). Even severe intestinal hypoperfusion may be
present without systemic signs of inadequate blood flow, such as hyperlactatemia. This
is due to the great lactate clearance capacity of the liver, provided that liver blood flow
is maintained (157). In sepsis the splanchnic blood flow is often maintained, but still
lactate is produced in excess in the splanchnic bed (158). The pathophysiology of
hyperlactataemia is more complex and can involve not only hypoxia (38), but also
enhanced glycolysis (159), inhibition of pyruvate dehydrogenase (160,161), and
inhibition of mitochondrial respiration (24).

Mesenteric venous lactate measurement might be valuable in detecting anaerobic
metabolism of the gut, but for obvious reasons it is not clinically possible.
Redistribution of perfusion within the wall (162-164) may yield various lactate
production in the different layers of the intestinal wall. Therefore, the lactate gradient
over the mesenteric vascular bed may not represent the metabolic state of the epithelial
cells, but rather a mixture from all the layers. Thus monitoring of the intestinal mucosa
is possibly best done from the inside of the intestinal lumen, as first done by Tenhunen
JJ et al in 1999 (165).

Occlusion of the aorta and superior mesenteric artery as described in Papers I-1II caused
increased lactate within 30 minutes in the gut lumen, mucosa and peritoneum. Lactate at
these sites was roughly the same at the end of cross clamping of the aorta and the SMA
for 60 min, as reported by others (166), but did not increase further after 120 minutes of
occlusion of the SMA. The latter is in accordance to a similar study where Qgm, Was
reduced stepwise down to approx. 10% of baseline levels. This induced an increase in
the mesenteric venous-arterial lactate gradient. This gradient remained high during

60 min of sustained low Qsma, but did not increase further (157). The response in lactate
levels, e.g. no further increase in lactate after 60 minutes of ischemia, despite further
ongoing ischemia as seen when comparing 60 and 120 min of SMA occlusion (Paper
ID), has also been observed by others (166,168). Neither was ATP further depleted nor
lactate pyruvate ratio (LP-ratio) further increased in the gut wall from 60 to 120 min of
ischemia. ATP is produced mainly from oxidative phosphorylation under aerobic
conditions, and during low flow ischemia from glycolysis (168). There is probably a
steady state in the lactate production as reflected in our findings. Thus, it is reasonable
to believe that in these experimental studies the gut luminal lactate represents anaerobic
metabolism.

When the blood flow returns to ischemic tissue, the metabolism turns aerobic, and
lactate levels decline. During reperfusion, gut luminal lactate further increased for the
first 30 min of reperfusion in our animal experiments. In the gut lumen of patients, and
mucosa and peritoneum of the pigs, lactate started to decrease immediately after the end
of the ischemic period, continuing towards baseline. In pigs, baseline was reached in the
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peritoneum after 1 hr, in the gut wall after 4 hrs (Paper II) and in the gut lumen after
about 6 hrs (Paper III). In humans (Paper I'V), gut luminal lactate had not reached
baseline levels 16 hrs after the end of operation, however, a substantial decline was seen
within 6 hours. The response is different in those three compartments. In the
peritoneum, lactate is probably derived from the underlying muscularis layer via
diffusion. Lactate during reperfusion with normal blood flow may probably reflect
systemic levels due to washout. Also, in the gut wall, the lactate levels most likely are
flow dependent and influenced by the systemic levels and washout. This may explain
why lactate measurement in the intestinal wall and peritoneum was not able to
differentiate between the various degrees of damage of the intestinal epithelium in
response to different duration of cross clamping of the SMA.

Hyperpermeability is a hallmark of intestinal dysfunction; therefore, monitoring such
alterations is of great importance. The intestinal surface epithelium is particularly
susceptible to ischemic damage, being an important barrier between the gut lumen and
the interstitium and blood. All bio-markers assessed in the present studies have to cross
this barrier. Under normal conditions without ischemia, it has been shown that blood
lactate levels must be very high to cause spill over to the gut lumen (165).

In all of the experimental studies there was a correlation between permeability changes
across the intestinal mucosa, as assessed by plasma levels of PEG 4000 and release of
lactate into the gut lumen as measured by microdialysis. In Paper I, figure 3 this
correlation was pronounced in the early reperfusion period.

Figure 3 from Paper I

Luminal lactate mM/L
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Fig. 3 Relationship between intestinal permeability and lactate detected in the intestinal lumen in seven
pigs subjected to 60 min of aortic cross-clamping. Abscissa is the relative change in '*C polyethylene
glycol expressed in percentage during the first 30 min of reperfusion. Ordinate is the corresponding
concentrations of luminal lactate. p=0.001, y=0.02x +1.53

In Paper II (fig 1A and 2C) the peak response and the separation of the curves for
animals with 60 and 120 min intestinal ischemia were essentially the same for changes
in venous PEG 4000 and gut luminal lactate in response to time. Such a correlation was
not evident between permeability and changes of lactate in the gut wall and peritoneum.
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Fig 1A and 2C from paper 11
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Figure 1A Concentration of PEG-4000 in venous blood as an index of permeability across the intestinal
mucosa in pigs exposed to 60 (closed squares, n=14) or 120 min (open circles, n=10) of cross-clamping
of the superior mesenteric artery. On the abscissa 0 denotes baseline, whereas Isch and 30-240 denotes
time points at the end of the ischemic period and minutes of reperfusion, respectively.
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Figure 2C. Gut luminal levels of lactate detected by microdialysis in pigs subjected to cross-clamping of
the superior mesenteric artery for 60 min (closed squares) or 120 min (open circles), followed by
reperfusion for 240 min. On the abscissa, -30 and 0 denotes baseline, whereas Isch and 30-240 denotes
time points at the end of the ischemic period and minutes of reperfusion, respectively. Values are
presented as mean (SEM).

These observations were confirmed and extended in Paper III. The gut luminal lactate
and venous PEG 4000 qualitatively showed the same response to two subsequent
ischemic challenges of the intestine (Fig 1A and fig 2A, Paper III). Also, the kinetics
during the reperfusion was very similar.
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Figure 1A and 2A from paper 111
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Figure 1A. Permeability across the intestinal mucosa . Mean concentrations of PEG-4000 in venous
blood as an index of permeability across the intestinal mucosa in pigs subjected to cross-clamping of the
superior mesenteric artery (SMA) for 60 min twice (double clamp group, closed squares) or once (single

clamp group, open circles), followed by reperfusion. The shaded areas represent cross-clamping of the
SMA.
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Figure 2A. Gut luminal concentrations of lactate and glycerol

Mean intestinal luminal concentrations of lactate detected by microdialysis in pigs subjected to cross-
clamping of the superior mesenteric artery (SMA) for 60 min twice (double clamp group, closed squares)
or once (single clamp group, open circles), followed by reperfusion. On the abscissa, 0 denotes baseline,
whereas the shaded areas represents cross-clamping of the SMA.

The small figure depicts the same graph as in the main figures, but with logarithmic scales on the ordinate
in order to illustrate the degree of log-linear elimination.

A major conclusion is, therefore, that lactate as measured by microdialysis in the gut
lumen reflects permeability changes across the gut mucosa. This is of importance
because it is known that, for example, septic states and CPB may be associated with
increased intestinal permeability.
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8.2 Glycerol

Glycerol as measured with MD has been reported to be a marker of cellular degradation
in the brain (65-68), liver (72,73), peritoneum (74-75), heart (169) and muscle /
subcutaneous tissue (69-71).

Cross clamping of both the aorta and the SMA caused increased levels of glycerol in the
mucosa (Paper I and II), the gut lumen (Paper I-1II) and peritoneum (Paper II) within 30
minutes of ischemia. The concentration further increased depending on the duration of
the cross clamping. The reproducibility seems fairly good, with almost the same values
in all three papers (same catheters, almost same recovery). The concentration of
glycerol differed between the localisations at which it was measured, highest in the
lumen and substantially lower in the peritoneum. This is most likely explained by the
intestinal epithelium being more susceptible to ischemic damage (56-58) than other cell
types in the intestinal wall and abdominal cavity.

These observations are in agreement with a few other experimental studies which have
documented a good correlation between intestinal ischemia and increased glycerol in
the gut wall (170,171), the gut lumen (171) and in mesenterial veins (172). Results from
sepsis and hemorrhagic shock studies point in the same direction, however, not so
clearly, there being both unaltered intravasal levels (172) and increased peritoneal (173)
and gut wall (174) levels. These studies have mainly focused on the ischemic phase
alone. The present thesis extends these observations by showing that the glycerol levels
in the gut wall and lumen also reflect the initial ischemic trauma throughout the
reperfusion and repair phase.

In Paper II, we showed that release of glycerol to the gut wall, lumen and the peritoneal
cavity depends on the duration of ischemia. This is in consistence with findings after
occlusive ischemia in the gut wall and peritoneal cavity (170, 175), and in response to
endotoxaemia (174). In paper I, gut wall glycerol decreased during 2 hrs of reperfusion,
whereas luminal glycerol remained elevated. However, extending the reperfusion time
to 4 hrs as described in Paper 11, revealed that there was less injury of the epithelium
caused by 60 min than after 120 min of ischemia. This was reflected in improved repair
of the surface epithelium and a decline in gut luminal release of glycerol. Regression
analysis established a close correlation between release of glycerol and injury of the
surface epithelial lining in the reperfusion period. Qualitatively, a similar relation was
noted between gut luminal glycerol and changes in permeability and content of ATP in
the intestinal wall during the reperfusion period.

Therefore, another major conclusion in the present thesis is that gut luminal glycerol
when measured by microdialysis is a marker of both cellular damage and repair after
ischemia of the small bowel.

Despite the correlation between cellular damage and glycerol levels, we can not
completely rule out other additive contributing sources of glycerol under endo- and
paracrine control; Sympathicus mediated lipolysis may increase glycerol levels in fat
tissues and in systemic circulation (176). Leakage of glycerol to the gut lumen is
possible, as the permeability was substantially increased in all three experimental
studies. However, arterial glycerol was not significantly elevated for longer periods in

26



any of the experimental studies. Neither was there any correlation between arterial and
luminal glycerol levels in paper III.

Why didn’t we find glycerol in the rectal lumen in patients undergoing CPB? The
intestinal affection in CPB is due to SIRS-like reaction (177), somewhat different from
the occlusion models in paper I-I1I. Thus, the difference between the gut glycerol
response to occlusive ischemia and sepsis may be caused by the different mechanisms
behind the eventual cellular damage. In occlusive ischemia there is probably an
overweight of necrosis causing cellular disintegration (64) and release of glycerol. In
sepsis and other SIRS models, such as CPB, the mechanism is probably a overweight of
apoptosis of the cells in the intestine (178,179) without any washout of cellular content
to the interstitium and therefore no release of glycerol.

8.3 Glucose.

In muscle, extra cellular glucose decreases to approximately 50% of pre-ischemic levels
during 30 min ischemia, further decreasing to 20% of pre-ischemic levels after 60 min
ischemia. Both of these decreases are due to cessation of delivery and consumption
(180).

After both aortic and SMA cross clamping, glucose in the gut wall became virtually
undetectable, but returned to baseline levels 30 minutes after unclamping (Paper I-1I).
This is in concordance to findings in pigs subjected to stepwise mesenteric blood flow
reduction. In each step there was a 15% reduction. Here, 30% flow reduction from
baseline was associated with a decrease in microdialysis glucose concentration of 80 %,
and is an early sign of anaerobic metabolism (181).

In the gut lumen, under baseline conditions and during occlusive ischemia, glucose is
undetectable by microdialysis (171, I-II). Intestinal ischemia has also been demonstrated
in vitro to abolish the absorption of eventual glucose from the gut lumen (182,183).
The information about what happens during reperfusion is sparse. We have found that
after unclamping, glucose becomes detectable in the gut lumen (Paper I-III), and even
tends to reflect the degree of permeability alterations (Paper III). It is tempting to
speculate that when the blood flow is restored, glucose passes over the damaged
intestinal barrier proportionate to the alterations in permeability. After 1 to 2 hrs of
reperfusion, there is no longer any glucose in the gut lumen; the correlation to the
cellular restitution is striking, so maybe the glucose absorptive properties is recovered
(182,183). At least, the appearance of glucose can be used as a sign of recovered
intestinal blood flow.

8.4 Clinical aspects and future research

Microdialysis has properties which enable it to be used more extensively in monitoring
intestinal function, both experimentally and in clinical practice. Microdialysis probes
placed inside the intestine (gut luminal microdialysis), detect deteriorated metabolism,
the extent of cellular damage and increased permeability. In contrast to catheters placed
in the peritoneal cavity, catheters placed in the gut lumen also make it possible to follow
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the course during reperfusion. In patients, the placement of microdialysis probes, as
they are manufactured today, is best in the abdominal cavity, due to the relative fragility
of the microdialysis catheters. However, this is an invasive procedure having possible
concurrent complications, the patient population being limited to those undergoing
abdominal surgery.

Due to the ability of gut luminal microdialysis to monitor functional recovery of the
intestine, we believe that this is the best approach in patients. The regional blood flow
heterogeneity in sepsis (184), mesenterial hypoperfusion (181) and during acute
normovolemic hemodilution (185), cause challenges concerned with what is the best
part in the intestine in which to place the catheters. The alterations in permeability and
lactate production in SIRS conditions make the rectal lumen a possible approach.
Insertion of the catheter is a less invasive method and can be done pre and
postoperatively. This is also true in critically ill patients in the ICU. The search for other
possible biomarkers of intestinal dysfunction must be continued.

The probes have to be reinforced for safer and easier insertion. The optimal way to do it
is not yet known; only further research may define the place of dialysis bags, large
rectal dialysis tubes, reinforced combined MD and tonometry catheters or
biosensors.............
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9. Conclusions

Lactate, glycerol and glucose are released into the gut lumen in ischemia
and reperfusion (IR).

Glycerol is a marker of cellular damage, and is independent of systemic
levels

Lactate mirrors permeability alterations in the intestine

Intestinal ischemia can be detected with the microdialysis technique in the
gut wall, lumen and in the peritoneum.

The gut lumen is to be preferred as a site for placement of microdialysis
catheters when monitoring recovery / reperfusion

Gut luminal microdialysis can differentiate between various degrees of
intestinal damage.

Gut luminal microdialysis is a clinically feasible method for monitoring
intestinal integrity
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Running head: Gut luminal lactate mirrors intestinal permeability

Summary statement: A prolonged initial ischemic insult of the intestine confers
protection, in terms of reduced hyperpermeability, against further ischemia.
Microdialysis of biomarkers mirrors permeability changes associated with this type of
protection. Lactate reflects permeability across the intestinal mucosa more precisely

than glycerol.



ABSTRACT:

Background: The aim of the present study was to investigate the influence of a
prolonged initial intestinal ischemic insult on transmucosal permeability after a
subsequent ischemic event, and whether microdialysis of biomarkers released to the
gut lumen is able to reflect changes in intestinal permeability.

Methods: The superior mesenteric artery was cross-clamped for 60 min followed by 4
hrs of reperfusion in 16 pigs. Nine pigs had a second cross-clamp of 60 min, and 3 hrs
of reperfusion, while 7 were observed for further 4 hrs of reperfusion. Intestinal
mucosal integrity was assessed by permeability of "*C-polyethylene glycol (PEG-
4000) over the gut mucosa, luminal microdialysis of lactate, glucose and glycerol, and
tonometry.

Results: During reperfusion, the PEG-4000 amount in venous blood was two times
higher after the first than after the second ischemia (AUC: 44780 (13441-82723) vs.
22298 (12213-49698) counts'min/mL, p=0.026 (mean (range)). There was less lactate
detected in the gut lumen after the second ischemia compared to the first (AUC: 797
(412-1700) vs. 1151 (880-1969) mmol-min/L, p=0.02) and a lower maximum
concentration (4.8 (2.7-9.4) vs. 8.5 (5.0-14.9) mmol/L, p=0.01). The same pattern was
also seen for luminal glycerol and glucose. During the second ischemia, the intestinal
mucosal/arterial CO,-gap was identical to the level during the first ischemic episode.
Conclusions: A prolonged ischemic insult of the intestine confers protection, in terms
of reduced hyperpermeability, against further ischemia. Microdialysis of biomarkers
mirrors permeability changes associated with this type of protection. Lactate reflects

permeability across the intestinal mucosa more precisely than glycerol.



INTRODUCTION

Increased intestinal permeability is a key manifestation of intestinal dysfunction
caused by ischemia/reperfusion of the gut (1-3), and is associated with an increased
risk of multiple organ failure. (4-9). Ischemic preconditioning (IPC) in various tissues
including the intestine (10-14) refers to the observation that short periods of ischemia
(5-15 min) induce protection against tissue injury. However, it is not clear whether a
more prolonged period of intestinal ischemia, as seen initially in hypovolemic and
septic shock, may influence changes in intestinal permeability caused by later
ischemic events. Development of reliable methods for monitoring intestinal barrier
dysfunction is essential in order to improve the care of patients with conditions
associated with ischemia reperfusion challenge of the gut. Microdialysis allows
monitoring of extracellular substances in gut submucosa and lumen, also in the
clinical setting (15). We have recently shown that microdialysis of the biomarker
glycerol released to the gut lumen provide information about tissue injury after
intestinal ischemia (16), whereas release of lactate to lumen may be a measure of
permeability (17).

The aim of the present study was 1) to investigate the influence of a clinically relevant
initial intestinal ischemic insult on transmucosal permeability after a subsequent
ischemic event, and 2) to investigate whether tonometry and microdialysis of
biomarkers released to the gut lumen is able to reflect changes in intestinal

permeability in this experimental model.



MATERIALS AND METHODS

The Norwegian State Commission for Animal Experimentation approved this study.
All procedures were consistent with the National Institutes of Health Guide for the
Care and Use of Laboratory Animals (NIH publication 85-23, revised 1996).
Anesthesia and surgical preparation

The superior mesenteric artery (SMA) was cross-clamped for 60 min followed by 4
hrs of reperfusion in 16 pigs (bodyweight 19-27 kg). They were then randomized in
two groups; Nine pigs had a second cross-clamp of 60 min and 3 hrs of reperfusion
(double clamp group), while 7 were only observed for further 4 hrs of reperfusion
(single clamp group). After i.m. premedication with diazepam 10 mg (Stesolid,
Dumex-Alpharma, Copenhangen, Denmark), azaperon 400 mg (Stresnil, Janssen-
Cilag, Wien, Austria) and atropine 1 mg (Atropin, Nycomed Pharma, Oslo, Norway),
anesthesia was induced with thiopental sodium 5-10 mg/kg (Pentothal-Natrium,
Abbott Scandinawia AB, Solna, Sweden) and ketamine 10 mg/kg (Ketalar, Parke-
Davis, Solna, Sweden). A tracheotomy was performed and the animals were
mechanically ventilated with a Servo ventilator 900 B (Siemens —Elema, Sweden).
FiO, was kept at 0.3, tidal volume at 10 ml/kg and minute ventilation was adjusted to
maintain PaCO; of 34-41 mmHg (4.5 - 5.5 kPa) and kept unchanged during the
experimental period. Anaesthesia was maintained with isoflurane 0.5% (Forene,
Abbot Scandinavia AB, Solna, Sweden), and a continuous infusion of fentanyl 7.5
pg/kg/hour (Fentanyl, Alpharma AS, Oslo, Norway) and midazolam 0.5 mg/kg/hour
(Dormicum, Roche, Basel, Switzerland). The femoral artery was cannulated for heart
rate, mean arterial blood pressure, and blood gas measurements (ABL 330 radiometer,
Copenhagen, Denmark). Another catheter was inserted into the inferior cava vein for

blood samples. A 4 FG catheter was introduced via the right common carotid artery



into the left cardiac ventricle for infusion of coloured microspheres. The animals
received Ringer acetate at an infusion rate of 10-15 ml/kg/h. A heating blanket and
warmed fluids were used to maintain a constant core temperature of 38.5 °C. A
midline laparotomy was performed, and a catheter inserted into the urinary bladder.
An ultrasonic transit-time flow probe (6 mm) was placed around the SMA for
continuous blood flow measurements. A vessel loop for cross-clamping was placed
proximal to the flow probe on the superior mesenteric artery. After surgical
preparation, the animals were allowed to stabilize for 60 min, thereafter baseline
measurements were collected for 45 min.

Regional blood flow

Intestinal tissue blood flow and cardiac output were determined by the distribution of
coloured microspheres during baseline, 10 min after the first cross-clamping and 10
min after the first and second declamping (18).

Permeability

Intestinal permeability was determined as described previously (19). Briefly, a 30 cm
length of jejunum was ligated at both ends and 100 ml (10.0 uCi) "*C polyethylene
glycol (PEG-4000) (Amersham Bioscience, Buckinghamshire, England) was injected
into the lumen. Venous blood samples for determination of the concentration of PEG-
4000 in plasma were taken at 30 min intervals, and urine samples were taken hourly.
Microdialysis

A microdialysis catheter (CMA 70, membrane length 20 mm, 20 kD, CMA
Microdialysis AB, Stockholm, Sweden) was introduced into the jejunal lumen 40 cm
distal to the ligament of Treitz, as recently reported from our laboratory (17). A
microdialysis catheter (CMA 70) was also introduced into the subclavian artery. The

microdialysis catheters were perfused at a flow rate of 1 pL/min with an isotonic



perfusion fluid (CMA Perfusion Fluid T1 (Na* 147 mmol, K* 4 mmol, Ca® 2.3
mmol, CI" 156 mmol per L) and a microdialysis pump (CMA 107, CMA
Microdialysis AB, Stockholm, Sweden). The catheters were perfused in situ for at
least 75 minutes before baseline measurements. Samples were collected over 30
minutes, and were analyzed immediately on site for glycerol, lactate, pyruvate and
glucose concentrations by enzymatic fluorometric assays (CMA 600 Microdialysis
analyzer) using peroxidase methodology. /n vitro recovery with a flow rate of
1uL/min was 65 (41-70) % (mean (range)) for lactate, 22 (17-33) % for pyruvate, 36
(30-44) % for glycerol and 33 (25-43) % for glucose.

Tonometry

A tonometry catheter (16F, Tonometrics, Datex-Ohmeda, Finland) was introduced
into the jejunal lumen 60 cm distal to the ligament of Treitz through an
antimesenterial incision, and calibrated in situ. Gut mucosal PCO, (P;CO;) was
measured using an automated air tonometry system (Tonocap, TC-200; Datex-
Ohmeda, Helsinki, Finland). Gut mucosal P;CO, and arterial blood gas measurements
(ABL 330 radiometer, Copenhagen, Denmark) were simultaneously measured every
30 minutes and the difference between P;CO; and arterial PCO, (PaCO,),the CO,-gap,
was calculated at each time point (regional CO»-gap) .

Statistics and calculations

All values are expressed as medians and ranges where not otherwise mentioned.

For comparisons between the double and single clamp groups at various time points
we used the Mann-Whitney U test. To assess changes within the groups over time, the
Friedman test was used. The Wilcoxon signed-rank test was applied for paired
samples to evaluate differences between specific time points or area under the curves

(AUC) within the groups. Linear regression was performed to investigate and plot the



association between arterial and luminal values within each pig for specific time
intervals. SPSS for windows version 13, (SPSS Inc, Chicago Illinois, USA) was used
for the statistical analyses.

Formation and elimination kinetics of lactate, glycerol and PEG-4000 were calculated
as follows: Maximum concentrations (Cpax) and the times to achieve maximum serum
concentrations (tmax), were obtained directly form the measured values. Other
parameters were calculated by means of the Kinetica program package, version 4.3
(InnaPhase Corporation, Philadelphia, PA, USA), using a non-compartment model.
Areas under the curve from the start of the first and of second clamping, respectively,
to 240 minutes later (AUCy.240) were calculated using the trapeziodal rule. The
parameter estimates describing the elimination phase of the log-concentrations (A,)
were calculated using the best-fit regression lines, taking the degree of log-linearity
into account. The elimination half-lives (t,;) were calculated as In2/A,.

Before start of the second cross-clamping, baseline levels of lactate and glycerol were
significantly higher than before the first cross-clamping. To improve the
comparability between the first and the second clamps we subtracted mean values at
the corresponding time points from the single clamp group during the last episode of

ischemia and reperfusion.



RESULTS

There were no significant differences in the measured parameters at baseline between
the groups, except for heart rate (Table 1). All animals survived throughout the

experiment.

Hemodynamic variables

The hemodynamic variables during the experiment are presented in Table 1. Mean
arterial pressure was elevated from baseline only during cross-clamping in both
groups. Heart rate increased during the first clamp in both groups, and remained
elevated for the rest of the experiment. Cardiac output did not change during the
experiment. The blood flow of the SMA was zero during cross-clamping and returned
to baseline during reperfusion.

Blood flow measured both in the whole jejunal wall and in the serosa fell to zero
during cross-clamping of the SMA, and returned to baseline levels during reperfusion
after both ischemic episodes. Jejunal mucosal blood flow also fell to zero after
clamping of the SMA. After the first ischemic episode, blood flow returned to
baseline, whereas after the second ischemic episode, blood flow was higher than

baseline, p=0.027.

Intestinal permeability

PEG-4000 at baseline and during the first clamping was not detectable in venous
blood or urine. During reperfusion, the mean AUCy.»49 of PEG-4000 in venous blood
was two times higher after the first than after the second ischemia, (44780 (13441-
82723) vs. 22298 (12213-49698) counts'min/mL, p=0.026) (Figure 1A). The same

pattern was seen for Cp,x (mean 394 (117-632) vs. 140(105-330) counts/ml, p=0.035).



The PEG-4000 levels declined log-linearly during both the first and second
reperfusion with mean elimination half-lives of 133 (67-224) and 117 (76-149) min,
respectively (p=0.434). The excretion of PEG-4000 in urine largely mirrored the
venous concentration of this marker molecule, although the peak excretion after
declamping of the SMA occurred about 1 hour later than the peak concentration of

venous PEG-4000 (Fig 1B).

Intestinal lumen

Lactate. The response to the first cross-clamping of the SMA was similar in both
groups with increased lactate levels within 30 min (p<0.05) (Figure 2A). The mean
Crnax Was 8.5 (5.0-14.9) and 7.8 (5.8-11.5) mmol/L in the first clamp in the double
clamp group and single clamp groups, respectively, (p=0.408), and was reached after
a median of 30 (0-180) min of reperfusion. The lactate levels declined log-linearly
during reperfusion with a mean elimination half-life of 90 (26-165) min (small figure
in figure 2A), and baseline levels were reached in the single clamp group after 390
min of reperfusion. The response to the second cross-clamping was less pronounced
compared to the first occlusion, with a mean AUCq.p49 of 797 (412-1700) vs. 1151
(880-1969) mmol-min/L, p=0.02 and a mean Cp,ax of 4.8 (2.7-9.4) vs. 8.5 (5.0-14.9)
mmol/L, p=0.01.

Glycerol. The first cross-clamp of the SMA caused an increase in gut luminal glycerol
in both groups after 30 min (p=0.04) (Figure 2B). Mean Cy,x for glycerol was similar
in the double clamp and the single clamp groups (971 (735-1538) vs. 826 (619-1351)
pmol/L, p=0.142), and was reached after mean of 90 (30-180) min of reperfusion.

The glycerol levels declined in a non-log-linear way during reperfusion (small figure
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in Figure 2B), and baseline levels were reached in the early clamp group after 360
min of reperfusion.

The response to the second clamp differed from the first. Mean Cyax of luminal
glycerol was higher in the first clamp than in the second (971 (735-1538) vs. 404 (49-
1195) pmol/L, p= 0.02). There was also a trend toward the same regarding AUC
(131214 (71253-215517) vs. 45281 (1581-213489) umol-min/L, p=0.07). The tmax
values were the same in first and second clamp (median 150 (90-210) vs. 120 (30-
210) min, p=0.174).

Glucose in the gut lumen was only detected during reperfusion, and the mean AUC
was higher during the first than during the second clamp (43 (0-197) vs. 3 (0-28)
mmol-min/L, respectively, p=0.008).

Regional CO,-gap.

The regional CO,-gap increased 4-fold during the first occlusion in both groups
(p=0.008) (Figure 3), but returned to baseline levels after 240 min of reperfusion.
During the second ischemia, the values both for the increase in and the maximal level
of the CO,-gap were identical to the corresponding values during the first ischemic
episode.

Arterial blood

Arterial blood concentrations of glucose, lactate, pyruvate and glycerol are presented
in Table 2. The arterial lactate concentration was only significantly higher than
baseline at 60 min of every cross-clamp(p=0.012). In Figure 4 A, individual arterial
lactate concentrations in the double clamp group are plotted against corresponding
luminal lactate concentrations during baseline and both reperfusion periods. In linear

regression analyses accounting for the intra- and interindividual variance of the pigs,
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we found an association between arterial and luminal lactate levels, which was most
pronounced in the first reperfusion (p<0.01).

The arterial pyruvate concentration was only significantly increased after 60 minutes
of the first ischemia (p=0.039), and decreased below baseline levels after 240 min of
reperfusion in the single clamp group (p=0.016). Arterial lactate-pyruvate ratio was
not elevated from baseline levels. The arterial glycerol concentration was only
increased above baseline at one single time during the first clamping period
(p=0.027). The arterial glycerol concentrations are also plotted against luminal
glycerol concentrations at the same three time intervals (Figure 4B) as with lactate,

but we found no significant associations between arterial and luminal glycerol levels.
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DISCUSSION

In this study with two ischemic episodes, we demonstrate that mucosal permeability
was less increased in response to the second ischemic insult. Gut luminal intestinal
microdialysis of biomarkers, but not tonometry, closely reflect such permeability
changes.

The improved mucosal barrier function after the second ischemic insult is consistent
with the only published study that clearly has demonstrated an effect of
preconditioning (3 cycles of 2 min ischemia/5 min reperfusion) on transmucosal
permeability in response to a subsequent challenge by ischemia (14). The current
study extends these observations by showing that even a 60 min ischemic event in the
gut, comparable to what may be encountered before effective resuscitation after
hypovolemic and septic shock, may elicit defence mechanisms like those responsible
for the preconditioning phenomenon. It was beyond the scope of the present study to
further characterize these mechanisms, but certain features of the experimental model
deserve comments. We have found in a recent study that that there is no worsened
injury of the mucosa, as judged by microscopy, throughout the reperfusion period
after ischemia (16).Both in that study and in the present, hyperpermeability across the
mucosa after ischemia was not sustained or increased, but instead decreased
throughout the reperfusion period. Mucosal blood flow was rapidly restored to normal
levels after the ischemic period, indicating absence of the no-reflow phenomenon (i.e.
full return of nutritive perfusion after ischemia) in this layer of the intestinal wall (20).
These features are in contrast to findings during reperfusion, particularly in rodent
models of ischemia/reperfusion injury of the gut, in which progressive structural and
functional derangements of the mucosa and the no-reflow phenomenon are hallmarks

of events caused by activation of reactive oxygen species (21). We therefore suggest
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that the reperfusion injury in the porcine intestine is blunted as compared to many
other commonly used ischemia/reperfusion models. It is possible that adaptive
protective mechanisms are particularly up regulated in response to reperfusion in the
porcine intestine, which may be one underlying reason for the improved barrier
function after the second ischemic insult in the current study.

Qualitatively, concentrations of lactate, glucose and glycerol in the intestinal lumen,
mirrored the attenuated hyperpermeability after the second ischemic insult (Figures
land 2). However, the time course with regard to increase and elimination from the
gut lumen indicates certain differences between lactate and glycerol. As shown in
Figures 1 and 2, the maximum level of lactate and PEG-4000 occurred at exactly the
same time and, importantly, the slope of the elimination curve was almost identical. In
contrast, the luminal decrease of glycerol was much slower (Figure 2). This suggests
that lactate is a more precise measure of permeability than glycerol. A likely
explanation for these observations may be sought by the origin of lactate and glycerol
released to the gut lumen in response to ischemia. It is known that the surface
epithelium of the gut is much more susceptible to ischemia than cells in the deeper
part of the gut wall (22-24), and disintegration of the cell membranes induce release
of glycerol into the gut lumen (16). There is a close correlation between intestinal
cellular damage and glycerol levels (16), thus the smaller total amount of glycerol in
the gut lumen in the second ischemic period probably reflects less destruction of the
intestinal epithelium and not altered permeability. Lactate released into the lumen is at
least to a large part produced due to anaerobic metabolism in all cell types of the
mucosa and muscular layer, not only the epithelium.

Arterial concentrations of the biomarkers, and particularly lactate, may also influence

their release into the intestinal lumen. With an intact surface epithelial barrier it has
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been shown that even high systemic levels of lactate do not influence the gut luminal
concentration of lactate (25). As shown in Figure 4A there was a correlation between
systemic and luminal lactate in the reperfusion period coinciding with increased
permeability. This suggests that systemic lactate may contribute to luminal release of
lactate. However, considering the gradient between lumen and blood, the local
production in the intestinal wall is probably the most important source of luminal
lactate. There was no correlation between systemic and luminal release of glycerol.
These findings further support the conclusion put forward above that luminal lactate
better reflect permeability than glycerol.

The transport of lactate during ischemia is rather complex. Lactate crosses cell
membranes by interaction with specific proteins; the monocarboxylate transporters,
which are trans-membrane proteins facilitating cotransport of a monocarboxylate ion
with a proton (26). Acidosis increases both paracellular and transcellular permeability
to hydrophilic (macro)molecules such as fluorescein disulfonic acid (FS; molecular
weight 478 Da, and fluorescein isothiocyanate-labeled dextran (FD4; average
molecular weight 4 kDa) in human intestinal epithelial Caco-2BBe cells grown as
monolayers (27). Metabolic acidosis due to ischemia may thus influence on the lactate
transport from the cells into the intestinal lumen as with larger molecules like PEG-

4000.

On the contrary, CO; freely diffuses out of cells and into the interstitial fluid.
Increases in tissue CO, are primarily a function of changes in regional blood flow,
independent of the degree of tissue dysoxia (28). This is in accordance with our

findings with the same blood flow and CO; alterations in both ischemic episodes. It is
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therefore not surprising that tonometry failed to reflect permeability changes across

the mucosa.

In summary, the present study provides evidence for the conclusion that even a
prolonged ischemic insult of the intestine confers protection, in terms of reduced
hyperpermeability, against further ischemia. Microdialysis of biomarkers mirrors the
permeability changes associated with this type of protection. Lactate reflects

permeability across the intestinal mucosa more precisely than glycerol.
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Table 1 Hemodynamic variables

Measurements

Mean arterial pressure

(mmHg)

Cardiac output (L/min)

Heart rate (beats/min)

Qsma (ML/kg/min)

Qjejunal wan (ML/min/g tissue)

Qmucosa (ML/min/g tissue)

Qqerosa (ML/min/g tissue)

Arterial PCO; (torr)

Group

Double clamp
Single clamp
p-value

Double clamp
Single clamp
p-value

Double clamp
Single clamp
p-value

Double clamp
Single clamp
p-value

Double clamp
Single clamp
p-value

Double clamp
Single clamp
p-value

Double clamp
Single clamp
p-value

Double clamp
Single clamp
p-value

Baseline

69 (61-89)
61 (47-83)
0.284

7.0 (3.4-9.6)
6.9 (4.1-8.5)
0.536

80 (65-104)*
63 (51-81)
0.029

28 (15-40)
21 (19-25)
0.536

0.47 (0.21-0.79)
0.44 (0.33-0.68)
0.918

0.48 (0.14-0.84)
0.41 (0.22-0.48)
0.606

1.18 (0.05-2.93)
0.71 (0.29-2.49)
0.791

34 (29-53)
35 (26-48)
0.817

1st clamp

94 (79-113)
83 (62-111)
0.134

6.0 (3.1-11.6)
5.2 (3.0-6.9)
0.918

101 (66-180)
92 (55-144)
0.133

0(0)
0(0)
0.475

0.01 (0.00-0.03)*
0.03 (0.02-0.18)
0.010

0.01 (0.00-0.06)
0.02 (0.01-0.10)
0.365

0.01 (0.00-0.04)
0.03 (0.00-0.23)
0.096

36 (24-45)
38 (26-55)
0.778

1st reperfusion

69 (67-75)
74 (51-86)
0.778

6.3 (3.3-9.0)
7.2 (3.9-14.5)
0.470

97 (65-171)
84 (54-124)
0.606

32 (7-52)
23 (17-28)
0.408

0.46944
0.495
0.606

0.49 (0.24-1.40)
0.45 (0.12-0.83)
0.837

0.35 (0.06-0.89)
0.31(0.09-2.11)
0.958

38 (27-46)
43 (27-51)
0.142

2nd clamp

84 (81-116)
N/A

N/A
N/A

95 (63-178)
N/A

0(0)
N/A

N/A
N/A

N/A
N/A

N/A
N/A

40 (25-47)
N/A

2nd reperfusion

72 (55-83)
76 (61-86)
0.936

5.3 (2.6-14.9)
6.9 (6.3-13.2)
0.174

124 (93-189)*
84 (56-188)
0.015

22 (6-41)
21 (15-26)
0.837

0.49 (0.16-0.94)
0.63 (0.37-1.17)
0.351

0.75 (0.36-1.20)
0.48 (0.15-0.91)
0.210

0.52 (0.12-1.25)*
1.16 (0.43-3.60)
0.030

42 (28-50)
41 (27-79)
0.816

All values are expressed as medians (ranges). Qswma, QJcjunal wall QmMucosa aNd Qserosa are blood flow in the

superior mesenteric artery and intestinal wall (entire wall, mucosa and serosa), respectively. The

superior mesenteric artery (SMA) was cross-clamped for 60 min twice (double clamp group) or once

(single clamp group), followed by reperfusion. Cardiac output and intestinal tissue blood flow were

determined 15 min before the end of the first cross clamping of the SMA and at given time points.

Other values are medians in each pig during baseline, ischaemia and reperfusion periods, respectively.

P-values in the right column represent comparisons within groups over time. * P<0.05 compared to the

single clamp group.

20

p-value

0.020
0.001

0.153
0.297

0.005
0.001

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.145
0.086



Table 2 Arterial concentrations of glucose, lactate, pyruvate and glycerol

Measurements

Arterial glucose
concentration, mmol/L

Arterial lactate concentration,
mmol/L

Arterial pyruvate
concentration, pmol/L

Arterial lactate/pyruvate
concentration-ratio

Arterial glycerol
concentration, pmol/L

All values are expressed as medians (ranges). The superior mesenteric artery (SMA) was cross-

Group

Double clamp
Single clamp
p-value

Double clamp
Single clamp
p-value

Double clamp
Single clamp
p-value

Double clamp
Single clamp
p-value

Double clamp
Single clamp
p-value

Baseline

4.6(1.6-5.5)
5.1(4.6-6.2)
0.071

1.5(0.7-2.2)
1.3(0.9-1.9)
0.918

123(70-208)
162(102-240)
0.299

11(7-15)
8(5-18)
0.299

13(0-28)
13(0-31)
0.536

1st clamp

5.6(2.3-6.6)
6.5(4.8-8.2)
0.174

1.4(1.0-4.6)
1.4(1.2-2.2)
0.918

142(90-299)
202(111-423)
0.299

1 (7-17)
8(3-12)
0.016

15(11-126)
29(13-128)
0.408

1st reperfusion

4.5(2.3-4.9)
4.9(4.0-7.3)
0.114

0.8(0.6-6.2)
0.8(0.5-2.5)
0.681

98(57-343)
135(62-300)
0.758

11(6-18)
8(6-12)
0.071

10(0-133)
14(6-76)
0.836

2nd clamp

4.2(1.8-6.1)
N/A

1.1(0.5-2.8)
N/A

102(75-386)
N/A

9(7-19)
N/A

15(0-112)
N/A

2nd reperfusion

3.9(2.3-4.9)
4.50(3.5-6.2)
0.115

0.8(0.5-3.5)
0.5(0.3-1.4)
0.71

81(50-223)
68(52-111)
0.336

11(7-16)*
8(5-11)
0.021

16(0-76)
13(0-64)
0.837

clamped for 60 min twice (double clamp group) or once (single clamp group), followed by reperfusion.

Values are medians (range) in each pig during baseline, ischaemia and reperfusion periods,

respectively. P-values in the right column represent comparisons over time in each group. * P<0.05

compared to the single clamp group.

21

p-value

0.001
0.139

0.000
0.000

0.001
0.001

0.436
0.086

0.001
0.021
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Figure 2

Luminal Lactate (mmol/L)

s

900 -
800 -
700 -
600 -
500 -
400 -
300
200 -
100 -

Luminal Glycerol (umol/L)

Ischemia Reperfusion Ischemia Reperfusion
60 120 180 240 300 360 420 480 540
Time (min)
Ischemia Reperfusion Ischemia Reperfusion
60 120 180 240 300 360 420 480 540
Time (min)

23



Figure 3
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Figure 4
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Paper 1V



Paper IV is not included due to copyright.



12. Erratum

1. In Paper I, page 1189 the dosage of fentanyl must be corrected to 7.5ug/kg, and
not as written: 75pug/kg.

2. Paper II, see erratum in Crit Care Med 2007;35:333

ERRATUM

In the arlick by Salligard et al, published in the Dctober 2005 Issue af Orificel
e Medictne, the numibers on the Y-axls of Figure 18 on page 2280 should appear
a5 follows:

12
a0
LI
L1
04
a2
5]
The authars regret the errar,

REFERENCE

1. Zalligird E, Juel 13, Bakkdund K, et al: Cob luminal microdialysts of glyosml as a marker of
inteztiral 1schemic ingury and recovery, O Care od 2005 232270-2265,









Dissertations at the Faculty of Medicine, NTNU

1977

1. Knut Joachim Berg: EFFECT OF ACETYLSALICYLIC ACID ON RENAL FUNCTION

2. Karl Erik Viken and Arne @degaard: STUDIES ON HUMAN MONOCYTES CULTURED IN
VITRO

1978

3. Karel Bjgrn Cyvin: CONGENITAL DISLOCATION OF THE HIP JOINT.

4. Alf O. Brubakk: METHODS FOR STUDYING FLOW DYNAMICS IN THE LEFT
VENTRICLE AND THE AORTA IN MAN.

1979

5. Geirmund Unsgaard: CYTOSTATIC AND IMMUNOREGULATORY ABILITIES OF HUMAN
BLOOD MONOCYTES CULTURED IN VITRO

1980

6. Stgrker Jgrstad: URAEMIC TOXINS

7. Arne Olav Jenssen: SOME RHEOLOGICAL, CHEMICAL AND STRUCTURAL PROPERTIES
OF MUCOID SPUTUM FROM PATIENTS WITH CHRONIC OBSTRUCTIVE BRONCHITIS

1981

8. Jens Hammerstrgm: CYTOSTATIC AND CYTOLYTIC ACTIVITY OF HUMAN
MONOCYTES AND EFFUSION MACROPHAGES AGAINST TUMOR CELLS IN VITRO

1983

9. Tore Syversen: EFFECTS OF METHYLMERCURY ON RAT BRAIN PROTEIN.

10. Torbjgrn Iversen: SQUAMOUS CELL CARCINOMA OF THE VULVA.

1984

11. Tor-Erik Widerge: ASPECTS OF CONTINUOUS AMBULATORY PERITONEAL DIALYSIS.

12. Anton Hole: ALTERATIONS OF MONOCYTE AND LYMPHOCYTE FUNCTIONS IN
REALTION TO SURGERY UNDER EPIDURAL OR GENERAL ANAESTHESIA.

13. Terje Terjesen: FRACTURE HEALING AN STRESS-PROTECTION AFTER METAL PLATE
FIXATION AND EXTERNAL FIXATION.

14. Carsten Saunte: CLUSTER HEADACHE SYNDROME.

15. Inggard Lereim: TRAFFIC ACCIDENTS AND THEIR CONSEQUENCES.

16. Bjgrn Magne Eggen: STUDIES IN CYTOTOXICITY IN HUMAN ADHERENT
MONONUCLEAR BLOOD CELLS.

17. Trond Haug: FACTORS REGULATING BEHAVIORAL EFFECTS OG DRUGS.

1985

18. Sven Erik Gisvold: RESUSCITATION AFTER COMPLETE GLOBAL BRAIN ISCHEMIA.

19. Terje Espevik: THE CYTOSKELETON OF HUMAN MONOCYTES.

20. Lars Bevanger: STUDIES OF THE Ibc (c) PROTEIN ANTIGENS OF GROUP B
STREPTOCOCCI.

21. Ole-Jan Iversen: RETROVIRUS-LIKE PARTICLES IN THE PATHOGENESIS OF PSORIASIS.

22. Lasse Eriksen: EVALUATION AND TREATMENT OF ALCOHOL DEPENDENT
BEHAVIOUR.

23. Per 1. Lundmo: ANDROGEN METABOLISM IN THE PROSTATE.

1986

24. Dagfinn Berntzen: ANALYSIS AND MANAGEMENT OF EXPERIMENTAL AND CLINICAL
PAIN.

25. 0Odd Arnold Kildahl-Andersen: PRODUCTION AND CHARACTERIZATION OF
MONOCYTE-DERIVED CYTOTOXIN AND ITS ROLE IN MONOCYTE-MEDIATED
CYTOTOXICITY.

26. Ola Dale: VOLATILE ANAESTHETICS.

1987

27. Per Martin Kleveland: STUDIES ON GASTRIN.

28. Audun N. @ksendal: THE CALCIUM PARADOX AND THE HEART.

29. Vilhjalmur R. Finsen: HIP FRACTURES

1988

30. Rigmor Austgulen: TUMOR NECROSIS FACTOR: A MONOCYTE-DERIVED REGULATOR
OF CELLULAR GROWTH.

31. Tom-Harald Edna: HEAD INJURIES ADMITTED TO HOSPITAL.

32. Joseph D. Borsi: NEW ASPECTS OF THE CLINICAL PHARMACOKINETICS OF
METHOTREXATE.



33.

34.

35.

36.

37.

38.

39.
40.

41.
42.

Olav F. M. Sellevold: GLUCOCORTICOIDS IN MYOCARDIAL PROTECTION.

Terje Skjarpe: NONINVASIVE QUANTITATION OF GLOBAL PARAMETERS ON LEFT
VENTRICULAR FUNCTION: THE SYSTOLIC PULMONARY ARTERY PRESSURE AND
CARDIAC OUTPUT.

Eyvind Rgdahl: STUDIES OF IMMUNE COMPLEXES AND RETROVIRUS-LIKE ANTIGENS
IN PATIENTS WITH ANKYLOSING SPONDYLITIS.

Ketil Thorstensen: STUDIES ON THE MECHANISMS OF CELLULAR UPTAKE OF IRON
FROM TRANSFERRIN.

Anna Midelfart: STUDIES OF THE MECHANISMS OF ION AND FLUID TRANSPORT IN
THE BOVINE CORNEA.

Eirik Helseth: GROWTH AND PLASMINOGEN ACTIVATOR ACTIVITY OF HUMAN
GLIOMAS AND BRAIN METASTASES - WITH SPECIAL REFERENCE TO
TRANSFORMING GROWTH FACTOR BETA AND THE EPIDERMAL GROWTH FACTOR
RECEPTOR.

Petter C. Borchgrevink: MAGNESIUM AND THE ISCHEMIC HEART.

Kjell-Arne Rein: THE EFFECT OF EXTRACORPOREAL CIRCULATION ON
SUBCUTANEOUS TRANSCAPILLARY FLUID BALANCE.

Arne Kristian Sandvik: RAT GASTRIC HISTAMINE.

Carl Bredo Dahl: ANIMAL MODELS IN PSYCHIATRY.

1989

43.
44.
45.
46.
47.

48.

49.
50.

51

Torbjgrn A. Fredriksen: CERVICOGENIC HEADACHE.

Rolf A. Walstad: CEFTAZIDIME.

Rolf Salvesen: THE PUPIL IN CLUSTER HEADACHE.

Nils Petter Jgrgensen: DRUG EXPOSURE IN EARLY PREGNANCY.

Johan C. R&der: PREMEDICATION AND GENERAL ANAESTHESIA IN OUTPATIENT
GYNECOLOGICAL SURGERY.

M. R. Shalaby: IMMUNOREGULATORY PROPERTIES OF TNF-o. AND THE RELATED
CYTOKINES.

Anders Waage: THE COMPLEX PATTERN OF CYTOKINES IN SEPTIC SHOCK.

Bjarne Christian Eriksen: ELECTROSTIMULATION OF THE PELVIC FLOOR IN FEMALE
URINARY INCONTINENCE.

Tore B. Halvorsen: PROGNOSTIC FACTORS IN COLORECTAL CANCER.

1990

52.
53.
54.

55.
56.

57.
58.
59.
60.

61.
62.

63.
64.

Asbjgrn Nordby: CELLULAR TOXICITY OF ROENTGEN CONTRAST MEDIA.

Kére E. Tvedt: X-RAY MICROANALYSIS OF BIOLOGICAL MATERIAL.

Tore C. Stiles: COGNITIVE VULNERABILITY FACTORS IN THE DEVELOPMENT AND
MAINTENANCE OF DEPRESSION.

Eva Hofsli: TUMOR NECROSIS FACTOR AND MULTIDRUG RESISTANCE.

Helge S. Haarstad: TROPHIC EFFECTS OF CHOLECYSTOKININ AND SECRETIN ON THE
RAT PANCREAS.

Lars Engebretsen: TREATMENT OF ACUTE ANTERIOR CRUCIATE LIGAMENT INJURIES.
Tarjei Rygnestad: DELIBERATE SELF-POISONING IN TRONDHEIM.

Arne Z. Henriksen: STUDIES ON CONSERVED ANTIGENIC DOMAINS ON MAJOR OUTER
MEMBRANE PROTEINS FROM ENTEROBACTERIA.

Steinar Westin: UNEMPLOYMENT AND HEALTH: Medical and social consequences of a
factory closure in a ten-year controlled follow-up study.

Ylva Sahlin: INJURY REGISTRATION, a tool for accident preventive work.

Helge Bjgrnstad Pettersen: BIOSYNTHESIS OF COMPLEMENT BY HUMAN ALVEOLAR
MACROPHAGES WITH SPECIAL REFERENCE TO SARCOIDOSIS.

Berit Schei: TRAPPED IN PAINFUL LOVE.

Lars J. Vatten: PROSPECTIVE STUDIES OF THE RISK OF BREAST CANCER IN A
COHORT OF NORWEGIAN WOMAN.

1991

65.

66.

67.

Kére Bergh: APPLICATIONS OF ANTI-C5a SPECIFIC MONOCLONAL ANTIBODIES FOR
THE ASSESSMENT OF COMPLEMENT ACTIVATION.

Svein Svenningsen: THE CLINICAL SIGNIFICANCE OF INCREASED FEMORAL
ANTEVERSION.

Olbjgrn Klepp: NONSEMINOMATOUS GERM CELL TESTIS CANCER: THERAPEUTIC
OUTCOME AND PROGNOSTIC FACTORS.



68. Trond Sand: THE EFFECTS OF CLICK POLARITY ON BRAINSTEM AUDITORY EVOKED
POTENTIALS AMPLITUDE, DISPERSION, AND LATENCY VARIABLES.

69. Kjetil B. Asbakk: STUDIES OF A PROTEIN FROM PSORIATIC SCALE, PSO P27, WITH
RESPECT TO ITS POTENTIAL ROLE IN IMMUNE REACTIONS IN PSORIASIS.

70. Arnulf Hestnes: STUDIES ON DOWN’S SYNDROME.

71. Randi Nygaard: LONG-TERM SURVIVAL IN CHILDHOOD LEUKEMIA.

72. Bjgrn Hagen: THIO-TEPA.

73. Svein Anda: EVALUATION OF THE HIP JOINT BY COMPUTED TOMOGRAMPHY AND
ULTRASONOGRAPHY.

1992

74. Martin Svartberg: AN INVESTIGATION OF PROCESS AND OUTCOME OF SHORT-TERM
PSYCHODYNAMIC PSYCHOTHERAPY.

75. Stig Arild Slgrdahl: AORTIC REGURGITATION.

76. Harold C Sexton: STUDIES RELATING TO THE TREATMENT OF SYMPTOMATIC NON-
PSYCHOTIC PATIENTS.

77. Maurice B. Vincent: VASOACTIVE PEPTIDES IN THE OCULAR/FOREHEAD AREA.

78. Terje Johannessen: CONTROLLED TRIALS IN SINGLE SUBJECTS.

79. Turid Nilsen: PYROPHOSPHATE IN HEPATOCYTE IRON METABOLISM.

80. Olav Haraldseth: NMR SPECTROSCOPY OF CEREBRAL ISCHEMIA AND REPERFUSION
IN RAT.

81. Eiliv Brenna: REGULATION OF FUNCTION AND GROWTH OF THE OXYNTIC MUCOSA.

1993

82. Gunnar Bovim: CERVICOGENIC HEADACHE.

83. Jarl Arne Kahn: ASSISTED PROCREATION.

84. Bjgrn Naume: IMMUNOREGULATORY EFFECTS OF CYTOKINES ON NK CELLS.

85. Rune Wiseth: AORTIC VALVE REPLACEMENT.

86. Jie Ming Shen: BLOOD FLOW VELOCITY AND RESPIRATORY STUDIES.

87. Piotr Kruszewski: SUNCT SYNDROME WITH SPECIAL REFERENCE TO THE
AUTONOMIC NERVOUS SYSTEM.

88. Mette Haase Moen: ENDOMETRIOSIS.

89. Anne Vik: VASCULAR GAS EMBOLISM DURING AIR INFUSION AND AFTER
DECOMPRESSION IN PIGS.

90. Lars Jacob Stovner: THE CHIARI TYPE I MALFORMATION.

91. Kjell A. Salvesen: ROUTINE ULTRASONOGRAPHY IN UTERO AND DEVELOPMENT IN
CHILDHOOD.

1994

92. Nina-Beate Liabakk: DEVELOPMENT OF IMMUNOASSAYS FOR TNF AND ITS SOLUBLE
RECEPTORS.

93. Sverre Helge Torp: erbB ONCOGENES IN HUMAN GLIOMAS AND MENINGIOMAS.

94. Olav M. Linaker: MENTAL RETARDATION AND PSYCHIATRY. Past and present.

95. Per Oscar Feet: INCREASED ANTIDEPRESSANT AND ANTIPANIC EFFECT IN
COMBINED TREATMENT WITH DIXYRAZINE AND TRICYCLIC ANTIDEPRESSANTS.

96. Stein Olav Samstad: CROSS SECTIONAL FLOW VELOCITY PROFILES FROM TWO-
DIMENSIONAL DOPPLER ULTRASOUND: Studies on early mitral blood flow.

97. Bjgrn Backe: STUDIES IN ANTENATAL CARE.

98. Gerd Inger Ringdal: QUALITY OF LIFE IN CANCER PATIENTS.

99. Torvid Kiserud: THE DUCTUS VENOSUS IN THE HUMAN FETUS.

100.Hans E. Fjgsne: HORMONAL REGULATION OF PROSTATIC METABOLISM.

101.Eylert Brodtkorb: CLINICAL ASPECTS OF EPILEPSY IN THE MENTALLY RETARDED.

102.Roar Juul: PEPTIDERGIC MECHANISMS IN HUMAN SUBARACHNOID HEMORRHAGE.

103.Unni Syversen: CHROMOGRANIN A. Phsysiological and Clinical Role.

1995

104.0dd Gunnar Brakstad: THERMOSTABLE NUCLEASE AND THE nuc GENE IN THE
DIAGNOSIS OF Staphylococcus aureus INFECTIONS.

105.Terje Engan: NUCLEAR MAGNETIC RESONANCE (NMR) SPECTROSCOPY OF PLASMA
IN MALIGNANT DISEASE.

106.Kirsten Rasmussen: VIOLENCE IN THE MENTALLY DISORDERED.

107.Finn Egil Skjeldestad: INDUCED ABORTION: Timetrends and Determinants.

108.Roar Stenseth: THORACIC EPIDURAL ANALGESIA IN AORTOCORONARY BYPASS
SURGERY.



109.Arild Faxvaag: STUDIES OF IMMUNE CELL FUNCTION in mice infected with MURINE
RETROVIRUS.

1996

110.Svend Aakhus: NONINVASIVE COMPUTERIZED ASSESSMENT OF LEFT VENTRICULAR
FUNCTION AND SYSTEMIC ARTERIAL PROPERTIES. Methodology and some clinical
applications.

111.Klaus-Dieter Bolz: INTRAVASCULAR ULTRASONOGRAPHY.

112.Petter Aadahl: CARDIOVASCULAR EFFECTS OF THORACIC AORTIC CROSS-
CLAMPING.

113.Sigurd Steinshamn: CYTOKINE MEDIATORS DURING GRANULOCYTOPENIC
INFECTIONS.

114.Hans Stifoss-Hanssen: SEEKING MEANING OR HAPPINESS?

115.Anne Kvikstad: LIFE CHANGE EVENTS AND MARITAL STATUS IN RELATION TO RISK
AND PROGNOSIS OF CANSER.

116.Torbjgrn Grgntvedt: TREATMENT OF ACUTE AND CHRONIC ANTERIOR CRUCIATE
LIGAMENT INJURIES. A clinical and biomechanical study.

117.Sigrid Hgrven Wigers: CLINICAL STUDIES OF FIBROMY ALGIA WITH FOCUS ON
ETIOLOGY, TREATMENT AND OUTCOME.

118.Jan Schjgtt: MYOCARDIAL PROTECTION: Functional and Metabolic Characteristics of Two
Endogenous Protective Principles.

119.Marit Martinussen: STUDIES OF INTESTINAL BLOOD FLOW AND ITS RELATION TO
TRANSITIONAL CIRCULATORY ADAPATION IN NEWBORN INFANTS.

120.Tomm B. Miiller: MAGNETIC RESONANCE IMAGING IN FOCAL CEREBRAL ISCHEMIA.

121.Rune Haaverstad: OEDEMA FORMATION OF THE LOWER EXTREMITIES.

122.Magne Bgrset: THE ROLE OF CYTOKINES IN MULTIPLE MYELOMA, WITH SPECIAL
REFERENCE TO HEPATOCYTE GROWTH FACTOR.

123.Geir Smedslund: A THEORETICAL AND EMPIRICAL INVESTIGATION OF SMOKING,
STRESS AND DISEASE: RESULTS FROM A POPULATION SURVEY.

1997

124.Torstein Vik: GROWTH, MORBIDITY, AND PSYCHOMOTOR DEVELOPMENT IN
INFANTS WHO WERE GROWTH RETARDED IN UTERO.

125.8Siri Forsmo: ASPECTS AND CONSEQUENCES OF OPPORTUNISTIC SCREENING FOR
CERVICAL CANCER. Results based on data from three Norwegian counties.

126.Jon S. Skranes: CEREBRAL MRI AND NEURODEVELOPMENTAL OUTCOME IN VERY
LOW BIRTH WEIGHT (VLBW) CHILDREN. A follow-up study of a geographically based year
cohort of VLBW children at ages one and six years.

127.Knut Bjgrnstad: COMPUTERIZED ECHOCARDIOGRAPHY FOR EVALUTION OF
CORONARY ARTERY DISEASE.

128.Grethe Elisabeth Borchgrevink: DIAGNOSIS AND TREATMENT OF WHIPLASH/NECK
SPRAIN INJURIES CAUSED BY CAR ACCIDENTS.

129.Tor Elsds: NEUROPEPTIDES AND NITRIC OXIDE SYNTHASE IN OCULAR AUTONOMIC
AND SENSORY NERVES.

130.Rolf W. Grawe: EPIDEMIOLOGICAL AND NEUROPSYCHOLOGICAL PERSPECTIVES ON
SCHIZOPHRENIA.

131.Tonje Strgmholm: CEREBRAL HAEMODYNAMICS DURING THORACIC AORTIC
CROSSCLAMPING. An experimental study in pigs.

1998

132.Martinus Braten: STUDIES ON SOME PROBLEMS REALTED TO INTRAMEDULLARY
NAILING OF FEMORAL FRACTURES.

133.Stile Nordgard: PROLIFERATIVE ACTIVITY AND DNA CONTENT AS PROGNOSTIC
INDICATORS IN ADENOID CYSTIC CARCINOMA OF THE HEAD AND NECK.

134.Egil Lien: SOLUBLE RECEPTORS FOR TNF AND LPS: RELEASE PATTERN AND
POSSIBLE SIGNIFICANCE IN DISEASE.

135.Marit Bjgrgaas: HYPOGLYCAEMIA IN CHILDREN WITH DIABETES MELLITUS

136.Frank Skorpen: GENETIC AND FUNCTIONAL ANALYSES OF DNA REPAIR IN HUMAN
CELLS.

137.Juan A. Pareja: SUNCT SYNDROME. ON THE CLINICAL PICTURE. ITS DISTINCTION
FROM OTHER, SIMILAR HEADACHES.

138.Anders Angelsen: NEUROENDOCRINE CELLS IN HUMAN PROSTATIC CARCINOMAS
AND THE PROSTATIC COMPLEX OF RAT, GUINEA PIG, CAT AND DOG.



139.Fabio Antonaci: CHRONIC PAROXYSMAL HEMICRANIA AND HEMICRANIA
CONTINUA: TWO DIFFERENT ENTITIES?

140.Sven M. Carlsen: ENDOCRINE AND METABOLIC EFFECTS OF METFORMIN WITH
SPECIAL EMPHASIS ON CARDIOVASCULAR RISK FACTORES.

1999

141.Terje A. Murberg: DEPRESSIVE SYMPTOMS AND COPING AMONG PATIENTS WITH
CONGESTIVE HEART FAILURE.

142.Harm-Gerd Karl Blaas: THE EMBRYONIC EXAMINATION. Ultrasound studies on the
development of the human embryo.

143.Noemi Becser Andersen:THE CEPHALIC SENSORY NERVES IN UNILATERAL
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145.Bard Kulseng: A STUDY OF ALGINATE CAPSULE PROPERTIES AND CYTOKINES IN
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146.Terje Haug: STRUCTURE AND REGULATION OF THE HUMAN UNG GENE ENCODING
URACIL-DNA GLYCOSYLASE.
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Therapeutic Possibilites.
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Regulatory Proteins and HLA DQBI Genes.

149.Ronald Marvik: PHARMACOLOGICAL, PHYSIOLOGICAL AND PATHOPHYSIOLOGICAL
STUDIES ON ISOLATED STOMACS.

150.Ketil Jarl Holen: THE ROLE OF ULTRASONOGRAPHY IN THE DIAGNOSIS AND
TREATMENT OF HIP DYSPLASIA IN NEWBORNS.

151.Irene Hetlevik: THE ROLE OF CLINICAL GUIDELINES IN CARDIOVASCULAR RISK
INTERVENTION IN GENERAL PRACTICE.
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154.Arild Aamodt: DEVELOPMENT AND PRE-CLINICAL EVALUATION OF A CUSTOM-
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162.Stein Hallan: IMPLEMENTATION OF MODERN MEDICAL DECISION ANALYSIS INTO
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164.0le-Lars Brekke: EFFECTS OF ANTIOXIDANTS AND FATTY ACIDS ON TUMOR
NECROSIS FACTOR-INDUCED CYTOTOXICITY.
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CONSIDERATIONS AND WORKING ABILITY.
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NEUROPHYSIOLOGICAL ASPECTS.

167.Geir Falck: HYPEROSMOLALITY AND THE HEART.



168.Eirik Skogvoll: CARDIAC ARREST Incidence, Intervention and Outcome.
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CHRONIC PAIN SYNDROMES.

170.Bettina Kinge: REFRACTIVE ERRORS AND BIOMETRIC CHANGES AMONG
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171.Gunnar Qvigstad: CONSEQUENCES OF HYPERGASTRINEMIA IN MAN

172.Hanne Ellekjer: EPIDEMIOLOGICAL STUDIES OF STROKE IN A NORWEGIAN
POPULATION. INCIDENCE, RISK FACTORS AND PROGNOSIS
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174. Astrid Hjelde: SURFACE TENSION AND COMPLEMENT ACTIVATION: Factors influencing
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185.Geir Brathen: THE CLASSIFICATION AND CLINICAL DIAGNOSIS OF ALCOHOL-
RELATED SEIZURES
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ACID POLYMERS AND BACTERIAL COMPONENTS
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214.Turid Suzanne Berg-Nielsen: PARENTING PRACTICES AND MENTALLY DISORDERED
ADOLESCENTS

215.Astrid Rydning: BLOOD FLOW AS A PROTECTIVE FACTOR FOR THE STOMACH
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216.Jan Pal Loennechen: HEART FAILURE AFTER MYOCARDIAL INFARCTION. Regional
Differences, Myocyte Function, Gene Expression, and Response to Cariporide, Losartan, and
Exercise Training.

217.Elisabeth Qvigstad: EFFECTS OF FATTY ACIDS AND OVER-STIMULATION ON INSULIN
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218.Arne Asberg: EPIDEMIOLOGICAL STUDIES IN HEREDITARY HEMOCHROMATOSIS:
PREVALENCE, MORBIDITY AND BENEFIT OF SCREENING.

219.Johan Fredrik Skomsvoll: REPRODUCTIVE OUTCOME IN WOMEN WITH RHEUMATIC
DISEASE. A population registry based study of the effects of inflammatory rheumatic disease and
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220.Siv Mgrkved: URINARY INCONTINENCE DURING PREGNANCY AND AFTER
DELIVERY: EFFECT OF PELVIC FLOOR MUSCLE TRAINING IN PREVENTION AND
TREATMENT

221.Marit S. Jordhgy: THE IMPACT OF COMPREHENSIVE PALLIATIVE CARE
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FEASIBILITY AND IMPACT ON SURVIVAL



224 Haytham Elogayli: METABOLIC CHANGES IN THE BRAIN CAUSED BY EPILEPTIC
SEIZURES
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VENTRICULAR FUNCTION IN PATIENTS WITH ACUTE MYOCARDIAL INFARCTION

227.Vibeke Nossum: THE EFFECT OF VASCULAR BUBBLES ON ENDOTHELIAL FUNCTION

228.Sigurd Fasting: ROUTINE BASED RECORDING OF ADVERSE EVENTS DURING
ANAESTHESIA — APPLICATION IN QUALITY IMPROVEMENT AND SAFETY

229.Solfrid Romundstad: EPIDEMIOLOGICAL STUDIES OF MICROALBUMINURIA. THE
NORD-TR@NDELAG HEALTH STUDY 1995-97 (HUNT 2)
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NORTH SEA AND THE IMPACT OF THE ENVIRONMENT
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SURGERY AND QUALITY ASSURANCE
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ADOLESCENCE

237.Hallvard Lerum: EVALUATION OF ELECTRONIC MEDICAL RECORDS — A CLINICAL
TASK PERSPECTIVE
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241.Ingunn Dybedal: NEGATIVE REGULATORS OF HEMATOPOIETEC STEM AND
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257.Erik Skaaheim Haug: INFRARENAL ABDOMINAL AORTIC ANEURYSMS —
COMORBIDITY AND RESULTS FOLLOWING OPEN SURGERY

258.Daniel Kondziella: GLIAL-NEURONAL INTERACTIONS IN EXPERIMENTAL BRAIN
DISORDERS

259.Vegard Heimly Brun: ROUTES TO SPATIAL MEMORY IN HIPPOCAMPAL PLACE CELLS

260.Kenneth McMillan: PHYSIOLOGICAL ASSESSMENT AND TRAINING OF ENDURANCE
AND STRENGTH IN PROFESSIONAL YOUTH SOCCER PLAYERS

261.Marit Sebg Indredavik: MENTAL HEALTH AND CEREBRAL MAGNETIC RESONANCE
IMAGING IN ADOLESCENTS WITH LOW BIRTH WEIGHT

262.0le Johan Kemi: ON THE CELLULAR BASIS OF AEROBIC FITNESS, INTENSITY-
DEPENDENCE AND TIME-COURSE OF CARDIOMYOCYTE AND ENDOTHELIAL
ADAPTATIONS TO EXERCISE TRAINING

263.Eszter Vanky: POLYCYSTIC OVARY SYNDROME — METFORMIN TREATMENT IN
PREGNANCY

264.Hild Fjartoft: EXTENDED STROKE UNIT SERVICE AND EARLY SUPPORTED
DISCHARGE. SHORT AND LONG-TERM EFFECTS

265.Grete Dyb: POSTTRAUMATIC STRESS REACTIONS IN CHILDREN AND ADOLESCENTS

266.Vidar Fykse: SOMATOSTATIN AND THE STOMACH

267.Kirsti Berg: OXIDATIVE STRESS AND THE ISCHEMIC HEART: A STUDY IN PATIENTS
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268.Bjorn Inge Gustafsson: THE SEROTONIN PRODUCING ENTEROCHROMAFFIN CELL,
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269.Torstein Baade Rg: EFFECTS OF BONE MORPHOGENETIC PROTEINS, HEPATOCYTE
GROWTH FACTOR AND INTERLEUKIN-21 IN MULTIPLE MYELOMA
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WITH HEARING IMPAIRMENT

272.Therese Standal: MULTIPLE MYELOMA: THE INTERPLAY BETWEEN MALIGNANT
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274 Birger Henning Endreseth: STRATEGIES IN RECTAL CANCER TREATMENT - FOCUS ON
EARLY RECTAL CANCER AND THE INFLUENCE OF AGE ON PROGNOSIS
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287.Agneta Johansson: GENERAL RISK FACTORS FOR GAMBLING PROBLEMS AND THE
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STUDY (HUNT)
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EXPERIMENTAL IN VITRO STUDY
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