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Abstract:
Surgical interven on is commonly associated with the use of hardware that facilitates invasive medical treatment. No‐
wadays surgeons apply a new set of tools that help them an cipate the outcome of the interven on and define poten‐
al risk factors. Increasing pa ent migra on inspired healthcare professionals to introduce universal standards of care,
supported by medical guidelines and checklists. Today, prior to skin incision, every modern cardiac surgeon is enabled in
the whole range of tools that are designed to increase pa ent safety and provide thorough informa on to the whole
medical team.
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INTRODUCTION
Modern surgery is now reaching beyond equipment
novel es and surgical skills. The treatment process involves
procedures, standards, risk assessment, quality control, and
guidelines. This has led into even higher complexity of any
medical therapy, but also produced standardized care that
can be and is reproducible across hospitals, countries and
con nents.
This paper brings an overview of tools that are already
at hand of healthcare professionals. While individual items
described below are of a diﬀerent characteris cs, when
properly used they all combine into mul disciplinary ap‐
proach that is aimed at the three basic components of
modern healthcare: maximum safety level for the pa ent,
high comfort level for the medical team, and op mum cost‐
eﬀec veness characteris cs for the management and pay‐
ers.
Nowadays medical treatment involves individual pa ent
approach, constant progress of u lized opera ve tech‐
niques and applicable tools, and the need for simultaneous
combina on of clinical exper se, scien fic knowledge, and
economical consequences. Only proper (i.e. op mal) deci‐
sion making process may result in uneven ul treatment,
fast recovery, excellent economic outcome, as well as mini‐
mized risk of medical, legal, and financial complica ons.
Healthcare is shi ing towards standardized care. This
involves implementa on of diﬀerent processes, from pre‐
dic on models that allow assessment of risk of treatment,
through checklists that have previously been used in airline
industry, up to con nuous introduc on of medical guide‐
lines that support decision‐making process [1].
This evolu on is in need to keep pace of technical pro‐
gress, aging popula on, increased migra on of socie es,
and limited economic resources. A er all, it is the pa ent
himself, who trusts the doctor’s skill, knowledge and intui‐
on that warrant op mal treatment of par cular illness.

RISK SCALES AND PREDICTION MODELS
Predic ng mortality in cardiac surgery is cri cal for deci‐
sion‐making purposes, par cularly when there are diﬀerent
treatment op ons available, as well as for monitoring inno‐
va ons and outcome evalua on both at ins tu onal and
surgeon levels.
While most surgical complica ons are directly related to
the interven on, some result from general pa ent condi‐
on or equipment failure. For the sake of their own peace
of mind, and to improve treatment outcome, surgeons
have sought for validated predic on models and risk as‐
sessment scales. These models are helpful in strategic plan‐
ning of the interven on, as well as in clinical use to mul ‐
disciplinary shared‐decision making. The la er is especially
true in an era of expanding mul modality therapy for coro‐
nary artery and aor c valve disease where risk predic on
plays an important role in determining which pa ents
would benefit most from surgery, interven onal or conven‐
onal therapy.
In cardiac surgery for example, where postopera ve
bleeding seems to be the most unwanted complica on, it is
actually neurological events (such as stroke) and kidney
failure that threaten pa ent’s life and its long‐term quality.
Surgeons need to make predic ons on the prognosis of a
treatment that helps them in the choice of therapy. Several
predic on models have been developed with the main goal
of es ma ng the risk of opera ve mortality for pa ents
undergoing cardiac surgery. The most popular clinical pre‐
dic on model is EuroSCORE that provides evidence‐based
input for shared decision‐making by providing an es mate
of the opera ve risk of pa ents undergoing cardiac surgery.
The original EuroSCORE was developed from a large mul ‐
na onal European popula on and was a model predic ng
mortality based on 17 variables, either from a logis c re‐
gression equa on or from an addi ve model. Numerous
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ins tu ons throughout the world have tested and validated
EuroSCORE [2].
Many inves gators have observed loss of calibra on
with the addi ve and logis c EuroSCORE, therefore an up‐
date of the EuroSCORE was warranted. One possible reason
for the poor calibra on of the original EuroSCORE score is
that the score was developed from pa ents undergoing
surgery almost 20 years ago. As surgical and periopera ve
care evolves and the impact of clinical variables change,
predic on models therefore require revision. These factors
may also vary between ins tu ons and it is well known that
the quality of care and comorbidi es of pa ents diﬀers
between countries. The original EuroSCORE already iden ‐
fied major diﬀerences in the risk profile of na onal sam‐
ples.
The reasons for subop mal model performance are
mul factorial. While conven onal cardiovascular risk fac‐
tors, such as renal failure and diabetes, are considered for
inclusion in a model, less obvious factors may be valuable
as well. A mismatch is frequently present between the
model development pa ent cohort and the pa ent cohort
that it is used for in prac ce; some pa ent subgroups are
con nuously under‐represented.
Another reason for the poor calibra on in the original
EuroSCORE might be that a large number of risk factors in
the model are highly correlated. It is important to recognize
correla on between predic ng variables, as the addi onal
risk contribu on of certain variables can in some part be
explained by the eﬀect of other variables. Some predic ng
variables may also be more important for some types of
opera ons than for others. The large number of risk factors
with poten al interac on may overes mate risk in certain
categories of pa ents (e.g. intermediate risk or extreme
risk). Risk models are inconsistent in including variables and
are missing several diﬀerent yet important risk factors, alt‐
hough un l now it has been unclear which factors need to
be considered. Furthermore, diﬀerent defini ons are used
for some of the risk factors, resul ng in a diﬀerent
weigh ng of that factor between models [3].
INSTITUTIONS
World Health Organiza on (WHO) is the direc ng and
coordina ng authority for health. It is responsible for
providing leadership on global health ma ers, shaping the
health research agenda, se ng norms and standards, and
ar cula ng evidence‐based policy op ons.
WHO responds to current challenges in global
healthcare addressing health objec ves and strategic
needs. During the past decade, health has achieved unprec‐
edented prominence as a key driver of socioeconomic pro‐
gress, and more resources than ever are being invested in
health.
One of the greatest threats to interna onal health secu‐
rity arises from outbreaks of emerging and epidemic‐prone
diseases. Such outbreaks are occurring in increasing num‐
bers, fuelled by such factors as rapid urbaniza on, environ‐
mental mismanagement, the way food is produced and
traded, and the way an bio cs are used and misused. To
strengthen health systems areas being addressed include
the provision of adequate numbers of appropriately trained
staﬀ, suﬃcient financing, and suitable systems for col‐
lec ng vital sta s cs, and access to appropriate technology
including essen al drugs.
Evidence provides the founda on for se ng priori es,
defining strategies, and measuring results. WHO generates

authorita ve health informa on, in consulta on with lead‐
ing experts, to set norms and standards, ar culate evidence
‐based policy op ons and monitor the evolving global
heath situa on.
WHO uses the strategic power of evidence to encourage
partners implemen ng programs within countries to align
their ac vi es with best technical guidelines and prac ces,
as well as with the priori es established by individual coun‐
tries.
WHO par cipates in ongoing reforms aimed at improv‐
ing its eﬃciency and eﬀec veness, both at the interna onal
level and within countries.
WHY SAFE SURGERY IS IMPORTANT
SAVE LIVES: Clean Your Hands annual global campaign
was launched in 2009 as part of a major global eﬀort to
improve hand hygiene in health care.
This ini a ve is part of the WHO Pa ent Safety First
Global Pa ent Safety Challenge, ‘Clean Care is Safer Care’
program that was launched in October 2005.
The background for the above men oned campaigns
were terrifying medical sta s cs. There are more than 250
million surgical opera ons performed every year world‐
wide, which translates into every 25th human living on
Earth being operated on. Mortality rates reach 4 to 8
deaths per 1 thousand opera ons in developed countries
and are compared to 5‐10 deaths per 100 opera ons in
underdeveloped regions of the world. On average, an
American ci zen undergoes 7 surgical interven ons during
his life me. Surgical mortality rates are much higher as
compared to fatal car accidents. According to panel experts
at WHO, at least half of medical adverse incidents could
have been avoided. As a result of their studies on the Safe
Surgery Saves Lives campaign a medical checklist has been
developed [4].
Surgical care has been an essen al component of health
care worldwide for over a century. As the incidences of
trauma c injuries, cancers and cardiovascular disease con‐
nue to rise; the impact of surgical interven on on public
health systems will grow.
Surgery is o en the only therapy that can alleviate disa‐
bili es and reduce the risk for death from common condi‐
ons. Each year many millions of people undergo surgical
treatment due to trauma c injuries, pregnancy‐related
complica ons, and to treat malignancies.
While surgical procedures are intended to save lives,
unsafe surgical care can cause substan al harm.
The goal is to improve the safety of surgical care around
the world by defining a core set of safety standards that
can be applied worldwide. Four areas in which drama c
improvements could be made in the safety of surgical care
have been iden fied: surgical site infec on preven on, safe
anesthesia, safe surgical teams and measurement of surgi‐
cal services.
CHECKLIST MANIFESTO
Checklist has been successfully introduced into air
transporta on, business industry as well as households.
The simplest checklist example that is used by every house‐
wife is any baking recipe.
Checklist phenomenon is contained in its simplicity. It
combines current standards of care, facilitates communica‐
on, promotes teamwork and, most importantly, limits the
loss of vital informa on. Every checklist reminds of things
that can be otherwise overseen, and can be used as a strat‐
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egy to overcome failures by introducing discipline into eve‐
ry ac on [5].
Checklist maintains control over common causes of
complica ons and deaths in the OR. The four most fre‐
quent incidents include: infec ons, bleeding, anesthesia,
and unplanned course of events. Prophylaxis in the three
first instances is achieved through exchange of brief infor‐
ma on on infec on status, blood prepara on, and readi‐
ness of the anesthe c equipment to monitor and conduct
anesthesia. The biggest hurdle comes with unpredicted
complica ons, and there has been no procedure developed
to prevent such situa on. Chances are that if a complica‐
on occurs or unforeseen circumstances take place infor‐
ma on exchanged during checklist review will result in
eﬀec ve teamwork that will allow for successful comple‐
on of the procedure. Short presenta on of the opera ng
team uncovers the anonymous new members and makes
them become a part of the group. People who know each
other’s names are be er collaborators, as every team con‐
sists of group of people, but not every group of people
makes a team. Checklist turns the group of people sur‐
rounding the opera ng table into a uniform team [6].
Although formal and detailed, a properly designed
checklist maintains equilibrium between individual free‐
dom and discipline, personal skills and algorithms, and
teamwork.
Checklist should be verified at three stages of surgery:
before anesthesia, prior to skin cut, and during final wound
closure. In airline industry these points refer to boarding,
takeoﬀ and landing. Several simple ques ons allow pu ng
basic things in order in advance instead of unnecessary
panic and nervous situa ons focused rather on witch
hun ng than real problem solving [7].
MEDICAL GUIDELINES
Medical socie es now urge healthcare professionals to
evolve from individual decisions to team consensus, where
instead of the par cular illness a pa ent as a complex hu‐
man nature is diagnosed. When independent specialists
review the case, standardized steps to follow have been
designed as guidelines to ease the decision‐making process.
Guidelines aim to present all the relevant evidence on a
par cular clinical issue in order to help physicians to weigh
the benefits and risks of a par cular diagnos c or therapeu‐
c procedure. They are helpful in everyday clinical medical
decision‐making.
A great number of guidelines have been issued in recent
years by the European Society of Cardiology (ESC) as well as
by other na onal and interna onal socie es and organiza‐
ons. Because of their impact on clinical prac ce, quality
criteria for the development of guidelines have been estab‐
lished, in order to make all decisions transparent to the
user. The authority and validity of guidelines can be guaran‐
teed if they are developed in an unques onable decision‐
making process.
Guidelines summarize and evaluate all evidence availa‐
ble on a par cular issue with the aim of assis ng physicians
in selec ng the best management strategies for an individ‐
ual pa ent with a given condi on, taking into account the
impact on outcome, as well as the risk‐benefit‐ra o of par‐
cular diagnos c or therapeu c means. Guidelines are not
subs tutes for‐, but complements to, textbooks. Guidelines
and recommenda ons should help physicians to make deci‐
sions in their daily prac ce. The responsible physician must

make final decisions concerning an individual pa ent,
though.
It has become evident that applica on of guidelines
improves the quality of clinical prac ce. Some surveys have
shown that the intended end‐users are some mes unaware
of the existence of guidelines, or simply do not translate
them into prac ce, so this is why implementa on programs
for new guidelines form an important component of the
dissemina on of knowledge. Implementa on programs are
needed because it has been shown that the outcome of
disease may be favorably influenced by the thorough appli‐
ca on of clinical recommenda ons. Thus the task of wri ng
guidelines covers not only the integra on of the most re‐
cent research, but also the crea on of educa onal tools
and implementa on programs for the recommenda ons.
The loop between clinical research, wri ng of guidelines
and implemen ng them into clinical prac ce can only then
be completed if surveys and registries are performed to
verify that real‐life daily prac ce is in keeping with what is
recommended in the guidelines [8].
CONCLUSIONS
The European Associa on for Cardio‐Thoracic Surgery is
establishing a quality improvement program with interna‐
onal database as an important component – the score can
be used to evaluate cardiac surgery prac ce in Europe.
The prac cal outcome of the introduc on of the above‐
described tools is that they play an important role in medi‐
cal decision‐making. In cardiac surgery, where medical in‐
terven on is one of the most invasive, proper assessment
of preopera ve risk factors combined with intraopera ve
standardized checklist verifica on if all guidelines and rec‐
ommenda ons have been put in place may save pa ents’
lives and surgeons’ nightmares.
Although each of the above‐described tools can also be
characterized with its limita ons, healthcare professionals
should not distance themselves from these modern tools of
pa ent care.
The guidelines do not, however, override the individual
responsibility of health professionals to make appropriate
decisions in the circumstances of the individual pa ent, in
consulta on with that pa ent. It is also the health profes‐
sional’s responsibility to verify the rules and regula ons
applicable to drugs and devices at the me of prescrip on.
It becomes even more important that units and sur‐
geons calculate their own risk‐adjusted mortality ra o. The
model is probably more reliable in the predic on of death
over a wide range of risk groups rather than the predic on
of the vital status of an individual pa ent.
Models with only a few parameters are quite stable and
es ma ng a few calibra on parameters might be enough.
The inclusion of a greater number of variables increases the
risk of errors that can be caused by diﬀerences in the inter‐
preta on of defini ons, typing errors or conflic ng chart
informa on, and will likely result in missing data. The bal‐
ance between the number of variables and model perfor‐
mance should be carefully considered; too many variables
will decrease the user‐friendliness of a model. On the other
hand, ignoring some these variables may produce a model
with a modest predic ve performance.
Despite the usefulness of currently applied risk scales, it
remains challenging to develop a risk model that performs
accurately across the spectrum of low‐, intermediate‐ and
high risk pa ents evaluated for cardiac surgery. Par cularly
in high‐risk pa ents, risk models have been shown to be
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poorly calibrated and to over‐predict mortality. There is
currently more need for risk models that not only focus on
mortality but also on postopera ve complica ons and the
development of procedure‐specific models. As clinicians are
confronted with more elderly pa ents, it might also be use‐
ful to focus on specific subsets of pa ents. A prognos c
model is only useful if its predic ons are at least as accu‐
rate as those of the doctors who would use it.
Individuals who are proficient in their job oppose every
checklist. Although it is very unlikely that they will cause a
fatal error, any medical treatment has now become such a
complex process that it involves a whole team of workers.
It is this constantly changing environment that endangers
the successful outcome of the procedure and the pa ent’s
long‐term quality of life.
The above described tools are the most commonly ap‐
plied to facilitate safe medical treatment – the only treat‐
ment that can actually save lives. That said, it needs to be
reinstated that non‐surgical tools have saved many pa ents
from unnecessary or fault treatment.
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