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Paul Arnor Owren (1905–1990)
In 1943, during the German occupation of Norway,
a 29-year-old woman was admitted to Medical
Department A at The National Hospital
(Rikshospitalet) in Oslo. She would become crucial
to a tradition of coagulation research in Norway
after World War II. The patient had had prolonged
nosebleeds, severe menorrhagia (menstrual bleeding)
and other signs of a bleeding disorder. As the patient
was a woman, classical haemophilia was out of the
question, so a search for the reason for her symptoms
began.1

The patient’s physician was Paul Arnor Owren, a
young doctor who had graduated from Medical
School at The University of Oslo in 1931. After
some years working as a general practitioner in
Lillehammer, he left his practice and became a fox
farmer to provide fox pelts for the clothing industry (!).
Owren even published a few papers on insemination in
foxes. However, in 1939, he returned to medicine and
The National Hospital2 (Figure 1).

Owren found the woman with bleeding of partic-
ular interest. With only scarce resources, he began to
investigate her coagulation system. The University of
Oslo had been closed by the German occupiers,
so the prerequisites for research were limited.
Furthermore, Owren had no previous academic
training. Despite these obstacles, based on investigat-
ing his patient, Owren succeeded in identifying a new
clotting factor. He named it Factor V because, since
1905, Paul Morawitz (1879–1936) had already iden-
tified four clotting factors.3

In 1944, Owren presented his findings at a meeting
of The Norwegian Academy of Science and Letters,
and in 1946, at the XVII International Congress of
Physiology in Oxford. An account of his research was
published in The Lancet in 1947,4 and he defended a
doctoral thesis based on his research later that year.5

Paul Owren became head of Medical Department
A at The National Hospital and full professor at the
University of Oslo in 1949 – a position he held for the

next 20 years. He continued his research and deliv-
ered important contributions to understanding the
mechanisms of coagulation. He was the first to pub-
lish a case series of long-term dicoumarol therapy in
Norway.6 He also developed a method for monitoring
anticoagulation therapy (‘Thrombotest’) that made
him both famous and wealthy. He became a world-
renowned researcher on coagulation and established
his own research group and later an Institute for
Thrombosis Research. This attracted scores of talent-
ed researchers: a generation of Norwegian internists
and haematologists obtained their scientific training at
‘Stall Owren’.

Christopher Juel Bjerkelund (1916–2002)
One of the many young doctors whose medical
careers began under Owren’s leadership was

Figure 1. Professor Helge Stormorken (1922–2019)
published a biography of Paul Owren in 2000.2
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Christopher Juel Bjerkelund (Figure 2). Bjerkelund
graduated from the Medical School at the University
of Oslo in 1945 and he held short hospital posts in
Trondheim and Kristiansand before beginning his
training as an internist at Medical Department A at
The National Hospital in 1947. In the preface of his
thesis 10 years later he wrote: ‘The basic knowledge of
blood coagulation and anticoagulant therapy which I
was taught as an assistant and research fellow in
[Owren’s] department and laboratory was a necessary
prerequisite for this investigation.’7

In 1950, Bjerkelund moved to Department VIII at
Ullevål Hospital, a municipal hospital in Oslo, and
trained there as a cardiologist under Professor Carl
Müller (1886–1983), well known because of his
research on familial hypercholesterolaemia (Müller-
Harbitz’ disease) collaborating with the Norwegian
pathologist Francis Harbitz (1867–1950).8 Bjerkelund
remained at this department for 13 years and complet-
ed his doctoral thesis there in 1957.7 In 1963, he
returned to The National Hospital as an assistant pro-
fessor and consultant until 1969, when he became full
professor and head of internal medicine at Aker
Hospital, another municipal hospital in Oslo. He
retired in 1986 and practised privately in Oslo for
many years.

Bjerkelund became a prominent figure in
Norwegian cardiology in the 1950s. He was chair of

the Norwegian Society of Cardiology and the

Norwegian Society for Internal Medicine, and a

Fellow of the American College of Cardiology. He

was a member of the editorial board of The Journal

of the Norwegian Medical Association from 1976 to

1988. As a former editor, I remember him as a kind

man, who could use a firm tone of voice when

needed. His only child, Carl Eivind Bjerkelund

(b. 1949), an anaesthesiologist, describes his father

as a decisive man who did not hesitate to participate

in academic debates (CE Bjerkelund, personal com-

munication, 15 May 2023). When, in the 1960s,

Owren advocated the use of linolenic acid for the pre-

vention of myocardial infarction,9 Bjerkelund was

among the many who opposed his former boss, a posi-

tion that was later confirmed in clinical studies.10 Next

to medicine, music, literature and the visual arts were

Christopher Bjerkelund’s most important interests. He

died in 2002 at the age of 86. At the time of writing

this article (2023), Christopher Bjerkelund’s widow,

Agnes Bjerkelund (b. 1920), is living alone in her
own house at the age of 102.

Bjerkelund’s research on myocardial
infarction
Before World War II, the incidence of myocardial

infarction was increasing slightly in Norway but fell

during the war.11 Probably due to altered nutrition

and readier access to tobacco, there was a dramatic

increase in incidence after the war, especially among

middle-aged men. Among men in Oslo aged 40–59

years, there was a fourfold increase in the incidence

of myocardial infarction between 1945 and 1950,

from 4/10,000 per year to 16/10,000.12

Anticoagulant therapy for thromboembolic dis-

eases had been introduced in the 1940s, and

vitamin K antagonists were used for long-term treat-

ment.13 Dicoumarol, a drug with bioactive proper-

ties, was initially discovered during investigation of

a mysterious disease of cattle. The drug was devel-

oped as a pharmaceutical product and replaced by

warfarin in the 1950s.14 Due to the war, dicoumarol

was not available in Norway until 1947 and warfarin

was not approved by the Norwegian drug authorities

until 1962.
Of Christopher Bjerkelund’s 53 entries in

PubMed, one-third are on myocardial infarction

and/or anticoagulation. As a sign of the times in

medical publishing, 32 of his papers were in

Norwegian and only 21 in English. Bjerkelund had

a special interest in the administration of dicoumarol

and published a six-page article on this in The Lancet

in 1953.15 His study on long-term treatment with

Figure 2. Christopher Bjerkelund married Agnes
(n�ee Riiber), a nurse, in 1944. They had one child, Carl
Eivind (b. 1949). Photo: Private, reproduced with
permission from Agnes and Carl Eivind Bjerkelund.

78 Journal of the Royal Society of Medicine 117(2)



dicoumarol to prevent recurrences after myocardial

infarction7 established a path for later Norwegian

studies on this topic.
The title of Bjerkelund’s publication suggests that

it was the first Norwegian thesis at the University of

Oslo to be labelled a ‘controlled clinical trial’.16 It

was published as a 212-page monograph and as a

supplement to Acta Medica Scandinavica (from

1989, Journal of Internal Medicine).7

Bjerkelund defended his thesis on 19 October

1957. His opponents were Paul Owren (Bjerkelund’s

former boss) and Hans Jacob Ustvedt (1903–1982),

who five years later left medicine to become head of

the Norwegian Broadcasting Corporation.

Bjerkelund’s assessment of anticoagulant
prophylaxis after myocardial infarction
The increasing incidence of myocardial infarction

after World War II led to an intensive search for

treatment and preventive measures. Reports were

published in 1948 on the benefit of anticoagulation

with dicoumarol in the acute phase of myocardial

infarction.17 Whether such treatment also had a pro-

phylactic effect on recurrent heart attacks was

unclear.
In a literature review in his thesis, Bjerkelund7

concluded that there were ‘no convincing statistical

results available from carefully planned and con-

trolled therapeutic trials’.

[A]rranging the best possible controlled clinical trial

in which the course of the disease can be compared

statistically in treated and untreated patients from

the same period and the same source . . . has been

the object and is the justification of this study. (p. 42)

Bjerkelund’s7 research question was: ‘Will contin-

uous anticoagulant administration after acute myo-

cardial infarction improve the prognosis in a given

patient in relation to a similar patient without this

form of treatment?’ (p. 15).
Reduction in mortality, incidence of recurrent

infarction and ‘perhaps a decrease in the number of

thromboembolic complications’ were his chosen

endpoints.

Study design

As far as I am aware, Bjerkelund’s study was the first

controlled clinical intervention study in Norway.

Despite its possible biases and methodological

flaws, it was an important precursor to later rando-

mised controlled trials (RCTs).

Bjerkelund7 stated that the ‘factors affecting the
prognosis should be as evenly distributed as possible
between the two groups to be compared’ (p. 43), and
he discussed different ways of achieving this:

• Stratification, where all the patients in the same
prognostic stratum would ‘for example by drawing
lots, be distributed between the treated and con-
trol groups’.

• A chance distribution without stratification ‘for
example, the patients can be allotted to the two
groups alternately in the order they are admitted
to hospital. Or, they could be allotted according to
whether they were admitted on even or odd dates,
or on the basis of the date of birth being even
or odd’.

In the event, he rejected both these methods
because ‘it was obvious that one of the greatest dif-
ficulties (. . .) would be to keep the control group
intact’ (Bjerkelund,7 p. 44). The problem of drug
sharing and patient preferences in randomised trials
remains recognised as an issue today.18,19

Bjerkelund7 had realised by 1957 that

Any new treatment is, in the eyes of the public,

always the best, and there was reason to fear that,

as the patients in the control group gradually came

to know that some patients were treated in this way

[with anticoagulation], they would want the same for

themselves. (p. 44)

Patients at that time were housed in wards with up
to 22 beds and it was unavoidable that they would –
during a month’s stay (which was common) – discuss
their treatment and follow-up. Bjerkelund feared that
patients allocated to the control group would
demand anticoagulation when they heard of the pos-
sibility. Therefore, he decided ‘on careful consider-
ation’ that it would be ‘best to let the question of
to which group a patient was to be included would
depend on to which department he had been admit-
ted’ (Bjerkelund,7 p. 45).

Ullevål Hospital had three departments of internal
medicine (VII, VIII, IX). Admissions were handled
by a hospital bed service outside the hospital, the
choice of department being based on the number of
empty beds. The treatment procedure for myocardial
infarction was identical in the three departments,
with anticoagulation prophylaxis during the first
month after an acute infarction. In Department
VII, anticoagulation would be terminated after one
month and patients assigned to the control group. In
Department VIII, long-term anticoagulation therapy
would continue with patients assigned to the
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intervention group. In Department IX (the smallest

of the three), patients would be assigned alternately

either to the control group or to the intervention

group for periods of about half a year.
Bjerkelund worked alone and was in personal

charge of the follow-up of all patients included in

the trial.
Patients in the intervention group had to attend

follow-up assessments at intervals of a few weeks for

their coagulation status to be monitored. Bjerkelund

decided that follow-up and blood tests of those

receiving placebo were impracticable and unethical,

so they were assessed every 3–4 months.
In the Preface to his thesis, Bjerkelund7 acknowl-

edges Erling Sverdrup (1917–1994), a pioneer in

Norwegian mathematical statistics, for ‘invaluable

help and advice in the statistical investigation of my

observations’ (p. 5). No statistical power calculation

was done to estimate the number of participants

needed, but that would have been rare in the

1950s.20,21

The study population

Patients under 76 years who had survived an acute

myocardial infarction for at least one month were

included. Six exclusion criteria were defined, before

inclusion, for example, mental illness and contraindi-

cations to the use of anticoagulants.
The study population consisted of 277 patients

with myocardial infarction. They were included

from July 1950 to July 1953 and followed up to

February 1956. A total of 138 patients were assigned

to the intervention group and 139 to the control

group. The two groups were found to be similar

regarding age, gender, social standing and clinical

status. Bjerkelund concluded that ‘the statistical

comparison of the patients in the treated and control

groups provides a good basis for stating that the

patients were allotted by chance to the two groups’

(Bjerkelund’s7 emphasis, p. 87).
According to predetermined criteria, 12 patients

were excluded from the intervention group and 14

from the control group before observation. I have

constructed a flow chart of the study using

Bjerkelund’s data (Figure 3).

Findings

During the observation period, a further 14 patients

were excluded, seven from each group. The reasons

for dropout in the intervention group were two

patients with serious bleeds, one with progressive

dementia and four who refused further participation.

In the control group, six patients received long-term

anticoagulation from other doctors, or for other

reasons, and one refused to participate. Patients

with short-term anticoagulation during the observa-

tion period in the control group, or intermittent

irregularities or interruptions (for example, for sur-

gery) in anticoagulation in the intervention group,

were included in the final analyses. Recurrences of

myocardial infarction and mortality were analysed

according to timing of incidents and age of

participants.
By February 1956, both the incidence of recur-

rences and the mortality were lower in the interven-

tion group than in the control group. Bjerkelund

reported that statistically significant effects of anti-

coagulation were found among patients under

60 years of age during the first 12 months of treat-

ment. Twenty-two patients in the intervention group

had recurrent infarctions and nine of them died, com-

pared to 38 patients in the control group, of whom 21

died. A total of 24 deaths were registered in the inter-

vention group (23 from cardiovascular disease) com-

pared to 42 deaths in the control group (38 from

vascular disease). Bjerkelund7 emphasises that this

does not mean ‘that mortality in the treated

group is only 4/7 as large in the control group’

(p. 140) but it is hard to understand the details of

his statistical analyses and his use of expressions

such as ‘force of recurrences’ and ‘force of mortality’.

Luckily this is not crucial to the importance of the

study design.
A reanalysis of the raw data yields a statistically

significant effect of anticoagulation on recurrences

and mortality (Table 1).

Figure 3. Flow chart of the two groups recruited
between July 1950 and July 1953 and observed until
February 1956, produced by Magne Nylenna based on
Bjerkelund.7

80 Journal of the Royal Society of Medicine 117(2)



Comments

Research method

Christopher Bjerkelund’s paper is first and foremost
important because of the date (1957) it was pub-
lished. Even with its shortcomings, it is sophisticated
for its time.

Bjerkelund was aware of the need for randomisa-
tion in controlled clinical trials and of different ways
of achieving this. His reason for leaving the respon-
sibility for allotting patients to the two comparison
groups based on hospital department admission to an
external bed bureau instead of drawing lots was pri-
marily to reduce the risk of losing ‘untreated’
patients. After ‘careful consideration’, he decided
that the risk of many control patients demanding
anticoagulation was more important than the disad-
vantages of suboptimal allocation. Despite these pre-
cautions, six patients in the control group were given
long-term anticoagulation and excluded from the
final analyses.

This exclusion, as well as the exclusion of seven
dropouts from the intervention group, is a breach of
the intention-to-treat principle as defined today. The
true effect of an intervention, like anticoagulation in
Bjerkelund’s study, is influenced by more than the
biological effect of dicoumarol, for example, by var-
iations in compliance, adherence to a treatment plan
and by other factors. Accordingly, all patients
intended for treatment or control should be included
in the final analysis.23–25 The seven dropouts in the
intervention group should have been included in an
intention-to-treat analysis. It is less clear how data
relating to the six patients in the control group,
who were prescribed long-term anticoagulation,
should be handled. Bjerkelund specified that patients
in the intervention group who had had periods with-
out anticoagulation and patients in the control group
who had periods with anticoagulation were to be
included in the analysis. For this reason, his study
design should be characterised as a ‘modified
intention-to-treat analysis’.23,24

Bjerkelund’s ‘careful consideration’ does not meet

today’s requirements for an RCT, even though he

discussed the limitations of his research openly. By

the mid-20th century, there was more room for per-

sonal appraisal in all fields of medicine. ‘Clinical free-

dom’ had not yet been replaced by procedures,

guidelines and evidence-based medicine. Clinical

research was not regulated by international conven-

tions, ethics committees and requirements for

informed consent.
By then, the quality of research methods had

already become a topic of heated discussions. One

of my first informants for this paper was Christian

Borchgrevink (b. 1924) who worked with Owren in

the late 1950s and early 1960s and knew Bjerkelund

and his work well. When I erroneously referred to

Bjerkelund’s thesis as a randomised trial,

Borchgrevink corrected me immediately, urging me

to ‘remember, it was not a randomized trial. He

[Bjerkelund] allocated patients by department, not

by chance’ (CF Borchgrevink, personal communica-

tion, 16 May 2023). In 1966, Peter Armitage and

Christian Borchgrevink26 strongly criticised a study

reported two years earlier on the prevention of recur-

rences of myocardial infarction. Loyal L. Conrad

et al. had written that past trials ‘have been designed

so poorly that they do not qualify as controlled med-

ical trials’.27 Armitage and Borchgrevink in return

accused Conrad et al. for ‘inappropriate statistical

methods’ and ‘inadequate number of patients’.26

The first textbook on controlled trials in Norway

was published in 1966 by Erik Enger (1927–2016). He

stated that ‘Previous studies of anticoagulant therapy

in this country have avoided placebo and the double-

blind technique because of practical, ethical and

medico-legal difficulties’ (Enger,28 p. 99) (translated

by MN). Forty years later, Bjerkelund’s trial and

studies from the 1960s were commented as follows:

‘Based on today’s standards, many will probably

claim that these studies were too small and with

too short a follow-up to be able to demonstrate

Table 1. Reanalyses of raw data from Bjerkelund’s thesis.7

Anticoagulation,

N¼ 119

Control,

N¼ 118 Risk difference

Estimate (95% CI) p value

Recurrent infarcts 22/119 38/118 �0.14 (�0.24 to �0.03) 0.015

Deaths following recurrent infarcts 9/22 21/38 �0.14 (�0.37 to 0.11) 0.28

Deaths overall 24/119 42/118 �0.15 (�0.26 to �0.04) 0.008

95% confidence interval (CI) calculated using the Newcombe Hybrid score method.22 p value calculated using the Pearson chi-square test.

Nylenna 81



with certainty an effect on so-called “hard
endpoints”’29 (translated by MN).

In an early example of a systematic review on anti-
coagulation in myocardial infarction, Thomas
Chalmers (1917–1995) and his colleagues pointed
out ‘the poor quality of the papers from the non-
random trials, which revealed the largest anticoagu-
lant effect on case fatality rates, and the minimal
differences between treatments in most of the
random control trials’.30

Christopher Bjerkelund7 and Christian
Borchgrevink31 paved the way for a series of later
Norwegian RCTs in preventive cardiology conducted
according to today’s strict requirements. Terje
Pedersen (b. 1945) was principal investigator for the
studies of timolol32 and simvastatin.33 Harald
Arnesen (b. 1938) led the two Norwegian Warfarin
Re-Infarction Studies (WARIS) published in 1990
and 2002.34,35 Kaare H. Bønaa (b. 1952) was princi-
pal investigator in the NORVIT trial assessing the
effect of lowering homocysteine.36

Anticoagulation

Bjerkelund’s findings in 1957 were in line with other
contemporary studies. In an analysis of nine con-
trolled trials of long-term anticoagulation after myo-
cardial infarction, of which Bjerkelund’s was the first,
mortality was 20% lower in men in the intervention
group than in controls.37 The review group could
not, however, reach agreement on clinical recommen-
dations, which, in a review in 1981 (also including
Bjerkelund’s study),38 was seen as the main reason
for abandoning routine oral anticoagulation. The
use of oral anticoagulants remained controversial
during the last two decades of the 20th century
despite studies that showed a beneficial effect.34,35,39

The risk of bleeding complications was one of the
main objections.

Direct oral anticoagulants (DOACs), replacing tra-
ditional vitamin K antagonists, have improved the
safety of anticoagulation significantly,40 but other
long-term treatments have limited the indication for
anticoagulant drugs in coronary heart disease.

By the turn of the century, antiplatelet therapy
had become a game changer.41 Beneficial effects of
acetylsalicylic acid (aspirin) in myocardial infarction
had already been documented in 198842 and sug-
gested a survival advantage of up to 10 years.43

Adding oral anticoagulation to aspirin seemed to
have little additional effect.44 The introduction of
new antiplatelet agents such as clopidogrel45 estab-
lished an undisputed requirement of dual antiplatelet
therapy (aspirinþ a P2Y12 inhibitor). A combina-
tion of one particular DOAC (rivaroxaban) and

aspirin46 was termed a ‘dual-pathway’ alternative47

and showed clinical efficacy.
According to the pertinent European Society of

Cardiology Guidelines,48,49 antiplatelet therapy is

now the first choice for preventing recurrences after

myocardial infarction. The extensive use of percuta-

neous coronary intervention and intracoronary stent

implantation in acute coronary syndromes demands

effective antiplatelet therapy to prevent stent throm-

bosis. This explains to a great extent the shift from

anticoagulation to antiplatelet therapy after myocar-

dial infarction. The patients included in Bjerkelund’s

study differ from post-infarction patients today with

coronary artery stents and reduced infarct size. A

remaining indication for anticoagulation is left ven-

tricular thrombus after a large infarction. However,

contemporary treatment includes effective reperfu-

sion therapy in the acute phase to reduce infarct

size and thus the risk of thrombus formation in the

ventricle.
Today the main indications for oral anticoagula-

tion are atrial fibrillation/prevention of stroke,

venous thromboembolism, pulmonary embolism

and status after heart valve replacement.50,51

Conclusion
Christopher Bjerkelund was undoubtedly ahead of

his time, both in clinical research and in the use of

anticoagulation. According to his obituary,52 just

before he died, Bjerkelund saw the beneficial effects

of long-term anticoagulation after myocardial infarc-

tion confirmed in the Norwegian WARIS II study as

a feather in his cap.34
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