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Research at the Edge of Nowhere

Stephan Jakob

Prolog

Why don’t you go to Kuopio? asked my colleague.
He just arrived from Sweden, where he had defen-
ded his doctoral thesis. Kuopio? I answered, do you
mean the capital of Macedonia?

I was already 37 years old at that time. I had a
senior position in the surgical intensive care unit at
the University Hospital of Bern, Switzerland. The
ICU was part of the Department of Anaesthesia and
Intensive Care, and with 28 beds one of the largest
ICUs in Switzerland. Before I became a specialist in
Anaesthesia, I had been trained in surgery, internal
medicine, nephrology and pulmonology. Despite my
interest in research, I had limited experience. My
largest project (prospective, randomized trial com-
paring intermittent and continuous hemodialysis
and hemofiltration in critically ill patients) had just
started. At that time, one of the major unsolved
problems in the ICU was (and is still) the multiple
organ failure syndrome with a high associated mor-
tality and need for prolonged ICU treamtent. Un-
fortunately, or rather fortunately, attempts to start
research projects in that field failed in Bern. That’s
why I was looking for another place where this would
be possible.

One of the reviewers of my colleagues thesis was
Jukka Takala. My colleague had visited Kuopio once
during his stay in Scandinavia. He was impressed
about the quality of research and the available faci-
lities both for clinical and research purposes. How
is Kuopio? I asked him (I had never visited the Nor-
dic Countries before). But the only thing he remem-
bered was a tower on a hill. It is probably not com-
parable to London or Paris, he said....

After having read some of the papers published

by the Kuopio ICU research group (I found many
of them!), I sent a fax to Jukka Takala. I had written
several applications before to other places abroad
(something like: despite my age and the fact that I
have not published much....very interested in
research.....unfortunately in Bern not
possible.....unfortunately no money......willing to
work hard....). Usually, the answer came after seve-
ral weeks and was always similar: in principle
possible.....very willing to teach you.... excellent idea

Photo 1. Taking samples in  the animal ICU. We still have to work on the
mortality rate…
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to come over here.....unfortunately no funds
available....But the answer from Kuopio arrived af-
ter one day. It was very brief: when do you want to
start?

Kuopio

My girlfriends fingernails entrenched into the flesh
of my forearm when the airplane suddenly headed
downwards. Emergency landing, she whispered, we
are going to die in the middle of the woods... Or in
the lakes, I said to myself. We had left Helsinki wit-
hout problems roughly 40 minutes ago. Everything
seemed to be all-right. But I had to admit that this
was really strange now: only trees and water below
us and the airplane was already very low.... At the
very last moment, a runway appeared in front of us.
Welcome to Kuopio, said the voice from the
loudspeaker...and I remembered what Jukka had told
me several weeks ago: we are not in the middle of
nowhere, we are at the edge of nowhere...

Research

The critical care research program at the Division
of Intensive Care at the University of Kuopio was
created ten years ago by Jukka Takala. The project
“Pathophysiology and treatment of organ failure as
cause in prolonged intensive care“ had been started
in 1994 and was based on a research contract with
the Kuopio University Hospital. Data from this
project demonstrated that such common therapeutic
interventions in intensive care, as vasoactive drugs
and mechanical ventilation, can interfere with the
perfusion of the gut and the liver and thereby inc-
rease the risk of mismatch between oxygen supply
and demand in this region. Since even brief reduc-
tions of blood flow and increases in metabolic de-
mands (e.g. in conjunction with therapeutic inter-
ventions such as chest physiotherapy) can lead to
tissue hypoxia in the splanchnic region, these re-
peated ischemia and reperfusion events may be of
major importance in the pathogenesis of organ fai-
lures. The project I was mainly involved in during
my stay in Finland was called “Pathophysiology of
multiple organ failure: insufficient perfusion of the
liver and the gut as the cause of organ failures leading
to prolongation of intensive care“. The aim of this
study was to explore:
1. the incidence of inadequate perfusion of the gut

and the liver during the first five days on intensi-
ve care in patients requiring intensive care on a
emergency basis due to acute respiratory or cir-
culatory failure

2. the interrelation between prolongation of inten-
sive care and pathogenesis of multiple organ fai-
lure with inadequate perfusion of the liver and
the gut

3. the relationship between liver dysfunction and
inadequate perfusion
In addition to routine monitoring (pulmonary

arterial and arterial catheters) hepatic venous cat-
heters and gastric tonometers were inserted in thir-
ty-seven patients admitted to the intensive care unit
due to acute respiratory and/or circulatory failure.
Both the pulmonary arterial and hepatic venous
catheter measured continuously the blood oxygen
saturation. Gastric tonometry was performed by a
gas tonometer, which automatically measured the
pCO

2
 of the gastric mucosa at 15 minutes inter-

vals. The measurements were continued as long a
invasive hemodynamic monitoring was considered
clinically indicated, up to maximum of five days. A
special event sheet including clinically relevant
events such as x-ray, airway suctioning and other
daily nursing procedures was created an incorpora-
ted to the patient data management system. The
events under investigation were marked with the
exact start and end points by the nurse in charge of
the patient.

The findings of this study can be summarized as
follows: Routine nursing procedures may cause a
mismatch between oxygen delivery and metabolic
needs in the splanchnic region as demonstrated by
drops in liver vein O

2
 saturation and peaks in gas-

tric mucosal-arterial pCO
2
-gradients. These chan-

ges may be sustained, lasting for several hours in
individual patients. However, the study raised also
several questions: why does the same nursing pro-
cedure cause a dramatic drop in liver vein oxygen
saturation in one but not in another patient? Why
are changes in liver vein O

2
 saturation and mucosal

pCO
2
 sometimes coupled and sometimes unrela-

ted? What is the clinical significance of these drops?
There was no obvious relationship between the
number or intensity of drops and common outcome
parameters.

These questions could not be answered with the
current study. To step ahead, we should be able to
answer the following questions:
 1.What is the consequence of a mismatch between
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oxygen delivery and metabolic demands in the
splanchnic region? Beside the measurement of
liver function, a sensitive marker of cell damage
should be available

2. What is the relationship between total splanchnic
and local mucosal perfusion?

3. What are the circulatory and metabolic capaci-
ties of the liver to buffer changes which occur in
other splanchnic organs?

4. What changes in mucosal pCO
2
 values can be

observed in patients in the ICU when gastric
tonometry is recorded on a semi-continuous ba-
sis? What is the normal variability? Is this varia-
bility dependent on gastric acid production and/
or duodenal bicarbonate reflux?

5. What happens to the relationship between mu-
cosal-arterial CO

2
 content difference and its sur-

rogate, the gastric.-mucosal pCO
2
 gradient, when

major changes in tissue oxygen extraction occur?
Based on these questions we designed and exe-

cuted the following studies:
1. Relationship between splanchnic blood flow and

liver function in septic patients and patients af-
ter cardiac surgery before and during treatment
with vasoactive drugs

2. Changes in mucosal pCO
2
 and pCO

2
 gradients

during the five first days after emergency admis-
sion to the ICU due to acute respiratory and/or
circulatory failure

3. Effect of ranitidine on the variability of mucosal
pCO

2
 values in ICU patients

4. Effect of mesenteric hypo- and reperfusion on
total splanchnic blood flow and its clinical signs

5. Effects of systemic hypoperfusion on the hepatic
arterial buffer response (the hydrodynamic inte-
raction between portal venous and hepatic arte-
rial blood flow) and lactate, pyruvate and ketone
body handling of the liver

6. Lactate clearance in different vascular beds and
the effect of the site of lactate infusion (portal
versus systemic).

7. The hepatic arterial buffer response in humans
as assessed by magnetic resonance

8. The effect of volume loading on gastrointestinal
permeability
In addition, we analyzed data from previous stu-

dies in cardiac surgery patients with respect to the
relationship between 1) splanchnic blood flow, me-
tabolism, liver function and cellular integrity, and
2) mucosal (venous) arterial CO

2
 content and mu-

cosal (venous) arterial pCO
2
 gradients under con-

ditions of changing splanchnic blood flow and oxy-
gen extraction.

Some of the results of these studies were ama-
zing, exciting and unexpected. Briefly, the relation-
ship between pCO

2
 gradients and CO

2
 content dif-

ferences is not linear once major changes in oxygen
extraction occur. Second, major variability occurs
in mucosal pCO

2
 values. The consequences are ob-

vious: reporting single pCO
2
 gradients is not cor-

rect and the interpretation of changing mucosal -
arterial pCO

2
 gradients without taking changes in

oxygen extraction into account is not possible. The
analysis of the animal data demonstrated that seve-
re mesenteric ischemia is not reflected by systemic
changes. This is due to the hepatic arterial buffer
response and an increased lactate uptake in the li-
ver.

These studies may explain some of the conflic-
ting previous findings. Future animal projects will
focus on other models, such as prolonged endoto-
xemia, and on the effects of interventions such as
vasoactive treatment. In the clinical field, our rese-
arch will continue to focus on the splanchnic regi-
on in various patient groups. The effect of various
interventions will be studied by using techniques
such as oesophageal doppler ultrasound, microdia-
lysis, laser doppler flow measurement and tissue
oximetry.

Friends and colleagues

Jukka Takala turned out to be much more than my
boss. I spent many evenings at his home and enjo-
yed excellent meals, wine and good discussions with
him and his wife. He made me read Hemmingway
in order to improve the style of writing. I under-
stand now what he means when he writes “Ernes-
to“ on some of the pages of my manuscripts. We
spend also many days and nights on his boat toget-
her with colleagues from the ICU while bringing
the boat down to Hanko (and it was never cold...).

Esko Ruokonen was another friend to me.
Though I could never compete with the number of
drinks when we went to the Pub (I tried it only
once), we had a good time. He could feel every single
lux that disappeared during autumn and reappeared
in spring. He was one of the few persons who un-
derstood my pleasure of working hard.

Matti Suistomaa had spent several years in Swit-
zerland and was fluent in Swiss-German. We dis-
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cussed a lot about Finland, Switzerland, God, the
world and our research. Ilkka Parviainen and Ari
Uusaro helped me a lot with the administrative work
and, since I never became fluent in Finnish, they
talked to the relatives for me.

I met also many other researchers from Portugal,
the Czech Republic, Italy, Sweden, Israel and Hol-
land – all came to the edge of nowhere and appa-
rently enjoyed it. And then there was this crazy guy
they called Tenkanen. He had two main research
projects: the major one was dealing with ladies and

nobody new the exact study protocol. The other one
was dealing with luminal microdialysis, an exciting
tool in assessing gut wall metabolism. We had many
good discussions and some drinks, too. My studies
would no have been possible with the help of the
nurses in the ICU and especially the research nur-
ses: Jouni, Seppo, Olli, Laura, Sari and Heikki. I
was impressed about their skills and enjoyed the
good mood we had in the team. On the other hand,
I have to admit that I had some difficulties, when I
read the comments Heikki inserted into the transo-
nic flow files during the experiments (or is it obvio-
us that “Jack the rabbit“ means rapid portal vein
occlusion?).

Epilog

Soon, I will return back to Switzerland. Not with a
crying but two laughing eyes. This is because I will
be able to continue what I have started here - and
this with half of the Kuopio team! And I will return
to Finland soon again- for the defense of my thesis.
Though I have to admit I’m a little bit worried about
surprises, knowing these guys over here...

It was amazing to realize how similar Finnish
people are as compared to Swiss. We have similar
things we enjoy, similar complaints and, probably
most important, a similar humor. People were very
kind to me here, and I have been offered excellent
research conditions. I would like to express my gra-
titude to everybody! It was a pleasure to stay three.

Stephan Jakob, tutkijalääkäri
Anestesiologian ja tehohoidon klinikka, KYS
sähköposti: stephan.jakob@kuh.fi

Photo 2 Trying to get familiar with cross country skis (at the edge of nowhere
you better make sure that you don’t have to rely on open roads).


