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ABSTRACT

This review focuses on how surgical methods should be assessed from a health technol-
ogy perspective. The use of randomized controlled trials, population based registries,
systematic literature research and the recently published IDEAL method are briefly dis-

cussed.
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INTRODUCTION

The European organization EuNetHTA defines Health
Technology as “the application of scientific knowl-
edge in health care and prevention” (1). The Swedish
Council on Health Technology Assessment (SBU,
Statens Beredning for Medicinsk utvérdering) has
adopted the term health technology as the use of sys-
tematic knowledge in techniques and methods to
prevent, diagnose, treat and monitor diseases as well
as rehabilitation. Health technology assessment
(HTA) is truly multidisciplinary and summarises
medical (including safety, efficacy and effectiveness),
social, economic, organizational and ethical evalua-
tion of properties, effects and/or impacts of health
care technology, and this must be made in a system-
atic, transparent and reproducible manner, an impor-
tant aim being to support decision makers. When the
process has gone thus far political priorities come
into work. Since 1985 there is a journal for scientific
articles within this field (International Journal of
Technology Assessment in Health Care). There are
several categories of actions taken such as medical
(where pharmacological substances are included),
surgical with various types of interventions some-
times with the use of implantation products or de-
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vices, screening programmes, psychological/be-
havioural interventions, diagnostic modalities etc.

Full SBU reports assess or evaluate one disease or
a complex of symptoms. It is an extensive process
and usually takes 2—4 years to complete, and it ends
up with a scientific text of several hundred pages.
SBU Alert is a system with rapid evaluation of the
evidence for new methods and technologies, a similar
function as horizon scanning or early warning sys-
tem. The strengths with this system are the evalua-
tion of one method at a time and the temporal effec-
tiveness, usually finished in about 6-9 months.

Table 1 shows all SBU projects with a surgical inter-
est from the start in 1987. This paper focuses on diag-
nostic and treatment procedures for surgical inter-
ventions.

PROBLEMS WITH NON-PHARMACOLOGICAL
METHODS

When it comes to evaluation of pharmacological sub-
stances the regulatory pattern and requirements of
authorities are well defined and there are strict rules
how to perform a randomized study. How to evaluate
other technologies is less well defined, and there have
been less strict rules and often up to individual inter-
ventionists to test new surgical procedures and im-
plant prostheses, grafts etc. A CE mark on a product
does not guarantee testing in properly designed trials.
The role of innovative, enthusiastic and brave col-
leagues has been important, perhaps in spite of initial
poor clinical outcome. This can be exemplified by
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TABLE 1
Published SBU reports concerning surgical interventions.

Interventions Publication year
Preoperative routines (nr 101) 1989
Bone marrow transplantation (nr 109) 1991
Surgery for epilepsy (nr 110) 1991
Coronary artery bypass graft and percutaneous transluminal coronary angioplasty (nr 120) 1994
Hysterectomy — ratings of appropriateness (nr 125) 1995
Surgical treatment of rheumatic diseases (nr 136) 1998
Chest pain: surgery, balloon dilation, drugs (nr 140) 1998
Laparoscopic surgery for treatment of colon cancer (Alert) 1998
Endovascular surgery for abdominal aortic aneurysm (Alert) 1999
Pallidotomy in Parkinson’s disease (Alert) 1999
Autologous chondrocyte transplantation in treating cartilage damage in the knee (Alert) 1999
Xenotransplantation — renal transplantation example (Alert) 1999
Back and neck pain (nr 145) 2000
Transplantation of stem cells from umbilical cord blood (Alert) 2001
Stem cell transplantation for metastasized kidney cancer (Alert) 2001
Cell transplantation in Parkinson’s disease (Alert) 2001
Stereotactic radiosurgery in treating arteriovenous malformations of the brain (Alert) 2001
Venous thromboembolism (nr 158) 2002
Obesity — problems and interventions (nr 160) 2002
Surgery for adult acquired flatfoot deformity (Alert) 2002
Drug eluting stents in coronary arteries (Alert) 2004
Gastric pacing for the treatment of obesity (Alert) 2004
Implantable defibrillator (Alert) 2006
Bilateral cochlear implantation (CI) in children (Alert) 2006
Cardiac Resynchronization therapy (CRT) in chronic heart failure (Alert) 2007
Obstructive sleep apnoea syndrome (nr 184) 2007
Dyspepsia and gastro-oesophageal reflux (nr 185) 2007
Peripheral arterial disease — diagnosis and treatment (nr 187) 2007
Laser eye surgery for the correction of refractive errors (Alert) 2007
Screening for abdominal aortic aneurysm (Alert) 2008
Open angle glaucoma — diagnosis, follow-up and treatment (nr 190) 2008
Antibiotic prophylaxis for surgical procedures (nr 200) 2010
Methods of diagnosis and treatment in endodontics (nr 204) 2010
Percutaneous vertebroplasty and balloon kyphoplasty in treating painful osteoporotic vertebral compression 2011
fractures (Alert)

Benign prostatic hyperplasia (nr 209) 2011

early development of neurosurgery, open thoracic/
cardiac surgery and organ transplantation. Obviously
there has been a methodological development with-
out randomized studies and modern evaluation tech-
nology, and it is important that we define what can-
not be questioned in today’s treatment armamentar-
ium. This is the basis against which new technologies

must be evaluated. Every speciality should define
this level of basic knowledge. In this process common
sense must not be forgotten but it is difficult to quan-
tify. The lack of RCTs on the benefit of parachutes in
air accidents is a drastic example (2). To exemplify,
surgical treatment of femoral neck fractures is hardly
to be questioned but when new methods, i.e. new
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osteosynthetic devices, are developed, they must be
properly tested. Regarding drainage of abscesses and
suture of perforations the experience over time has
given the answer. The same can be said about surgi-
cal treatment of ruptured abdominal aortic aneu-
rysms, where no treatment goes with 100% mortality
and with open surgery it is less than 50%, in the re-
cent Swedvasc report 35% (3). Intuitively endovascu-
lar treatment should be even better because of the
less surgical trauma, but the correct way to test this
hypothesis is through a randomized trial comparing
open and endovascular surgery.

This paper will deal with the use of health technol-
ogy assessment methodology primarily exemplified
by vascular surgery. An important issue, which will
not be further discussed, is how ethical perspectives
should be integrated (4-5).

RANDOMIZED CONTROLLED TRIAL
IN SURGERY

The randomized controlled trial (RCT) has its strength
in being truly experimental, ideally studying one fac-

TABLE 2
Problems with RCT in surgery

¢ Reluctance to participate (from the patient and from the
surgeon)

e Ethical problems (i.e. sham operations, the placebo effect
of surgery)

* Methodological problems (observation bias)

e Impossibility to perform blind studies making blinded
assessment, blinded adjudication and participation of data
and safety monitoring boards necessary

® Problems with standardization (learning curve, improvement
and modifications in technology over time, different
surgeons)

e Problems with external validity
¢ Logistic problems
¢ Lack of official control bodies

e Difficulties to get economic support (cf. sponsored pharmaco-
logical studies)

TABLE 3

Development of endovascular abdominal aortic aneurysm repair
(EVAR)

¢ Only proximal fixation of the graft leading to distal leakage

e Proximal and distal fixation with smooth stents with the risk
of graft migration

e Use of stent hooks anchoring the graft in the aorta but
requirement of a rather long aneurysmal neck

e Stent support of the entire graft to avoid kinking

e Stent coverage of the renal artery orifices making it possible
to treat aneurysm without or with a short neck

* Branched stent graft with grafts extending into the renal
arteries making the fixation even more stable

tor, having all other factors constant and being evenly
distributed between groups by the random alloca-
tion. Through the randomization process the risk of
systematic bias or errors is minimized. The more
strict the inclusion and exclusion criteria, however,
the poorer will be the external validity and generaliz-
ability. One problem supporting this point is the often
slow inclusion rate, much slower than the number of
potential patients at risk, especially in large multi-
center trials (6). This indicates the risk of selection
bias. Often surrogate endpoints are used to keep the
sample size small, the problem then being how rele-
vant the surrogate is for the clinical outcome. One
concern, true also for evaluation of pharmacological
substances, is that there must be a genuine uncer-
tainty which alternative is best for the patient. When
the surgeon is not convinced which method is supe-
rior, it should be possible and also ethical to random-
ize — the principle of the “grey area of uncertainty”
(7-8). The difficulty to perform blind studies in sur-
gery makes fully independent monitoring boards vi-
tal — both concerning outcome and safety.

The pathophysiological background and physio-
logical rationale motivating a specific treatment must
be clear, a phenomenon illustrated by the external to
internal carotid artery bypass study to prevent stroke
(9). In that study the bypass, aimed at increasing
blood flow to the brain, opened a free channel for
embolization as the thrombotic ulceration in the ca-
rotid bifurcation was not removed. As could be ex-
pected the surgical group came out with significantly
higher rate of stroke and death. We also have to be
open for totally new etiologic explanations for dis-
eases, exemplified in the change from large surgical
resections to antibiotic eradication of Helicobacter
pylori in patients with gastric ulcer.

Table 2 illustrates some problems which are met in
surgical RCTs.

One great concern when a new technology is to be
evaluated is the learning curve, which involves the
surgical handicraft but also development of devices
and instruments as well as continuous refinement of
patient selection and team performance and commu-
nication regarding peri- and postoperative care. Dur-
ing the learning process randomization can start too
early, when the methodology is still under develop-
ment, the results rapidly becoming obsolete, and it is
not clear how to deal with acquisition of skill and
experience during the development phase of a surgi-
cal procedure. An example can be illustrated in Table
3 concerning endovascular aneurysm repair (EVAR).
The question is when during the technical develop-
ment a potential RCT against open repair is optimal
to start. One study design, which has aimed at taking
such problems into account, is the so called tracker
trial (10). The tracker trial combines advantages with
RCTs and registries and is designed to track the study
progress over time by having a flexible protocol and
sophisticated interim analysis. The sample size is
open for modification and is not absolutely fixed from
the study start.

Another type of RCT is where the patients are ran-
domized to the surgeon or to the surgical team, with
the best knowledge of the technologies, which are to
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be compared. This means that the patients have to be
geographically transported, perhaps between hospi-
tals at different locations, and this has logistic as well
as economic problems which must be solved (11).
This study type was suggested more than 30 years
ago but is underused.

It is easier to obtain economic support for pharma-
cological than non-pharmacological studies through
industry sponsorship. However, there seems to be a
systematic bias overestimating effects and favouring
products which are made by companies funding the
research (12). On the other hand, it is more difficult
to obtain funding for evaluation of non-pharmacolog-
ical methods. Having observed the association be-
tween industry sponsorship and proindustry conclu-
sions, it is, however, also fair to remember that the
quality of industry-supported studies is often high
(13). One problem with industry-sponsored trials is
that there could be a company induced delay in pub-
lication, especially if results are negative, and selec-
tion of data. Especially if negative trials are not pub-
lished, this could distort conclusions in meta-analyses
(14). Small and underpowered RCTs, which is often
the case in surgery, may contribute to unreliable re-
sults of meta-analyses (15). A further problem is the
phenomenon of multiple publications of the same
study, which is not always easily detected (16).

POPULATION BASED REGISTRIES

There are, however, problems with RCTs in surgery.
One is the generalizabilty of results from the RCTs to
the population at risk. As already stated the inclusion
rate sometimes casts doubt on this issue. Another
problem is what happens with the results obtained in
an RCT, when the technique or innovation is dissem-
inated outside the well defined study situation. A
third problem is to detect rare complications and side
effects which are not usually seen in an RCT, simply
because the sample size is too small, and the majority
of RCTs are not primarily designed and dimensioned
to study side effects.

A recent systematic review showed no difference
on average in the risk estimate of adverse effects of
an intervention derived from meta-analyses of RCTs
and observational studies (17). This suggests that sys-
tematic reviews of adverse effects should not be re-
stricted to specific study type.

There is also a substantial risk of conducting meta-
analyses of small RCTs where the purpose of study-
ing the specified outcome is not defined in advance
or if the follow-up method or time are not adequately
described. This is evident from the case of aprotinin
to reduce blood loss during coronary artery bypass
surgery, where a meta-analysis of 52 RCTs in a Co-
chrane review could not display any excess mortality
in spite of the fact that several observational studies
showed this (18-19). Later, a large RCT (20) also
showed excess mortality and aprotinin was therefore
withdrawn from the market. The aprotinin saga il-
lustrates overconfidence in small RCTs of inferior
quality compared to well-conducted observational
studies.

Therefore it is important to follow what happens
outside the RCT situation using a prospective popu-
lation based registry with a protocol with well de-
fined variables. Then it is possible to compare regions
within one country (as in the Swedish Vascular Reg-
istry, Swedvasc) and also to make comparisons be-
tween countries (as in the Vascunet cooperation,
where a recent publication has focused on abdominal
aortic aneurysm (21)).

Differences in such registries can of course be due
to differences in prevalence and incidence of diseases
but are more often due to differences in practice and
indications for treatment (NB that the background
concerning risk factors etc is comparable). This can
lead to further in depth analysis to find explanations
and can be used to generate new hypotheses and new
studies.

When a method has been introduced on the basis
of good evidence after RCTs or systematic literature
research, it is important to analyze what happens out-
side the well controlled trials, that is in clinical reality,
and here population based quality registries have an
important task, they are increasingly used and also
demanded by health care authorities (22). When es-
tablishing such registries it is of utmost importance
that the profession is involved so that registries are
developed with the highest scientific scrutiny.

Although registries have been around for more
than 25 years there are several general problems,
which have to be solved. Registries should be auto-
matically linked to patient records, which, however,
have logistic as well economic implications. The co-
ordination on a national level is at the moment sub-
optimal concerning IT support, medicolegal prob-
lems, data linkage between various registries etc.
There is an urgent need to develop quality indicators
and common definitions to make comparisons be-
tween hospitals, regions etc possible and meaningful.
Existing registries are a rich source for research ac-
tivities, but are underused. There should be an auto-
matic linkage between RCTs and population based
registries. RCTs and population based registries both
have their advantages and disadvantages and should
be looked upon as complementary research strategies
(23).

SYSTEMATIC LITERATURE EVALUATION

With the increasing number of publications and the
almost impossible task for individual doctors to syn-
thesize the information and to summarize the evi-
dence of new health technologies, the systematic lit-
erature search as originally described by Archie Co-
chrane has been of great help, since 1992 established
in the International Cochrane Collaboration. When
doing such a critical evaluation it is important to have
very well defined and explicit methods for the strat-
egy of searching the literature and for grading the
scientific quality of the individual papers, where well
performed RCTs are of highest value and case reports
of lowest. The process of evaluating published evi-
dence is quite rigorous. In the next step there must be
a system where the results in the collected literature
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TABLE 4

Projects on venous thromboembolism (VTE) where well performed
studies are needed

The effect of extended prophylaxis on clinically manifest
thromboembolic morbidity and mortality after surgery
for cancer

The prophylactic effect of low molecular weight heparins, oral
inhibition of factors II and X on pulmonary embolism detected
with spiral CT

The effect of thrombolysis in patients with right ventricular
dysfunction and stable haemodynamics

¢ Comparison between low molecular weight heparin and
vitamin K antagonist to treat patients with VTE and
malignancy

¢ The optimal duration of treatment for VTE with regard
to various risk factors

Prospective follow up of patients with negative thoracic CT
with regard to pulmonary embolism

* Do all females with previous VTE need thromboprophylaxis
during pregnancy

What is the risk for caval thrombosis during pregnancy and
can MR be used to define the proximal extension.

Risk and prevention of VTE during spinal surgery

The relation between venous and arterial thrombosis
postoperatively

TABLE 5

Projects on lower limb ischaemia where well performed studies are
needed

The relation between vascular surgical activity and amputa-
tions on a population basis

e RCT: treatment of intermittent claudication, intervention or
training in addition to best medical treatment

e RCT: treatment of critical limb ischaemia, open/endovascular
intervention or best medical treatment

* A management study on the value of duplex ultrasonography
as the sole diagnostic tool before intervention

The effect of anticoagulation on the healing of diabetic foot
ulcers

The effect of aspirin alone or combined with clopidogrel to
prevent postreconstructive thrombosis (in below knee
reconstruction)

Thrombolysis or open surgery in acute ischaemia

Optimal pharmacological prophylaxis for longterm
postreconstructive patency

Quality of life after revascularization

* RCT: subintimal angioplasty or surgical bypass in patients
with critical limb ischaemia

are used to give an evidence mark, where the highest
degree normally can be transferred into a clinical re-
commendation and low degrees should be a stimula-
tion for further research. Today there are several sys-
tems for marking the evidence. The Swedish Council
on Health Technology Assessment (SBU) has recently
adopted the GRADE system (24).

When performing systematic literature overviews
a depressing fact is that the majority of what is pub-
lished is of low quality, often less than 10% for a given
problem is of acceptable quality.

When a systematic review is performed, by neces-
sity a number of questions and unresolved problems
will be identified. As an example two SBU projects
with the same chairman were chosen. The questions
identified as well as low evidence statements were
listed and all project members prioritized listed items.
In Tables 4 and 5 the ten items judged to be of highest
priority are illustrated. SBU is at present working on
already finished projects to identify clinically relevant
problems, where the evidence is low or insufficient.
By identifying knowledge gaps research could hope-
fully be focused on questions where we lack answers
and stimulate well designed studies, bringing the
evidence to a higher level. When a systematic review
has identified gaps in knowledge and uncertainties
about effects, controlled trials should be the logical
step forward. SBU has started to develop a database
for interventions where we lack knowledge or where
uncertainties exist (25). The database is primarily
based on a similar database “DUET” in UK (26).

IDEAL

The IDEAL method has recently been suggested
when evaluating surgery and other invasive thera-
pies (27-29). IDEAL is the acronym for Idea, Develop-
ment, Exploration, Assessment and Long-term study
and resulted from conferences by the Balliol Collabo-
ration, supported by the Nuffield Department of Sur-
gery in Oxford, England, and the Department of Sur-
gery, McGill University in Montreal, Canada, the
initiative taken by Jonathan Meakins, professor of
surgery in Oxford. During the idea phase there is a
proof of concept studies and reports of small series,
often as structured case reports. It is important to
report new methods, whether successful or not. If
there seems to be a benefit, studies are focused on
technical development and there may be modifica-
tions and the safety aspects are also brought into fo-
cus. This is the phase where there still may be a learn-
ing curve with alterations over time, also because of
increasing experience with the method. During the
exploration phase the number of included patients
has increased and ideally an RCT should be per-
formed. One controversial issue is when there is ap-
propriate timing to start an RCT. During the assess-
ment phase the intervention has become stable in
clinical outcome on an intermediate basis which is
important to report. The effectiveness of new technol-
ogy should be tested against current standards. Dur-
ing the long-term study phase the method is diffused
into the population of interest and during this sur-
veillance phase all consecutive patients should be
prospectively included into a registry, which has been
discussed above. During this phase rare side effects
may be identified. It is important that standardized
protocols are used, and that there is adherence to
reporting standards, such as has been advocated in
CONSORT and STROBE (30-32).
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CONCLUDING REMARKS

The motivation for proper health technology assess-
ment is to make it possible for decision makers to
choose the best options for diagnosis and treatment.
In this way HTA is a bridge between evidence based
research and the process of decision-making. The
methodology has developed considerably during the
3040 years HTA has been around. Its importance
does not only lie in evaluating technology for use in
the health sector but also to stimulate research, where
there is no evidence that a method works or to stop
methods where there is evidence that they do not
work. One problem still is the lack of awareness how
HTA functions and to overcome this problem is a
major challenge.
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