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Abstract

Purpose Clinical algorithms contribute to the problem- and
priority-orientated management of patients and their disease
in healthcare. Algorithms are of particular importance in all
aspects of emergency medicine where the fast completion of a
complex problem according to a hierarchy is required. The
advantages and success of this priority- and problem-
orientated concept led to its expansion to other subspecialties
in medicine in recent years. However, in spite of algorithms
being created based on defined norms, they are frequently
violated in the literature, which renders the algorithm useless
in a particular case.

Methods The present debate addresses these issues and
provides the formal criteria and their necessary modification
for creating sufficient clinical algorithms. In this context, we
also clarify the misunderstandings between step-by-step
schemes, decision trees, and algorithms, which are often used
synonymously, and discuss their implications in clinical
medicine and quality management.

Results A clinical algorithm can easily be created with the
present derivation of the algorithm by its formal mathe-
matical function using the corresponding norms describing
specific symbols for a single criterion. Some symbol
modifications as well as the usage of checklists to focus
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on the major criteria led to a rigorous reduction of the
algorithm length and results in a clearer arrangement for
routine clinical use. In clinical medicine, algorithms cannot
only provide a fast access for solving complex problems
but must also assure a transparent protocol and democratic
treatment such that every patient receives the same quality
of treatment. Thus, a treatment by chance can be excluded
by standardization, which might impact the overall work
needed to guide patients though diagnostics and therapy
and may ultimately reduce cost. Algorithms are useful not
only for quality in healthcare but also for undergraduate and
continuous medical education. From a more philosophical
point of view, we can raise the question of whether medical
pathways and thereby the medical art should be disclosed to
the general public by algorithms. Hippocrates form Kos
held the view in the so-called Hippocratic Oath that medical
art should only be revealed to medical scholars.
Conclusions The present derivation and nomination of the
formal requirements may lead to a better understanding of
algorithms themselves as well as their development and
generation.

Keywords Flowchart - Algorithm - Step-by-step scheme -
Decision tree - Norms - Symbols - Clinical medicine - Quality
management

Background

An algorithm is a widespread instrument for increasing
efficacy and managing quality in medicine by the imple-
mentation of specified standards into a systematic, logical,
evidence-based, and rational concept. A formalized se-
quence of instructions for solving a complex problem in
finite processing steps is generally named an algorithm. The
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term algorithm goes back to the Arab mathematician and
astronomer Al Khwarismi and the book About Calculating
with Indian Numerals, written around 825 A.c. This book
was translated in the twelfth century to Latin, beginning
with the words dixit Algorisimi; at this time, algorithm
became also the linguistic modification of the name Al
Khwarismi, composed of the name Algus for the creator of
the art and the Greek word arithmos for number [1-3].
Thus, it becomes clear that the term “algorithm” cannot be
derived from rhythmos (an expression of a recurring
condition), which is a common phonetic mistake, although
both have the same phonetic roots.

When focusing on more complex problems in medicine,
algorithms may help process a fast priority-orientated
diagnostic or therapeutic process where single actions are
based on a fixed logical sequence [4]. In recent years, a
trend toward the formalization and standardization of
healthcare can be observed [5]. These changes are most
likely attributed to the need for quality assurance in
healthcare. However, quality does not only imply the
“what” but also the “why” and “how” of treatment. Thus,
the often nontransparent and unstable concept of clinical
opinion of leadership at single institutions based on
experience has yielded to a more evidence-based approach
to medicine. In recent years, algorithms formulated in direct
accordance with the evidence in the literature are found to
be used increasingly in both scientific papers and text-
books. However, a lack of understanding of the formal
requirements of algorithms can often be observed, which
sometimes makes the algorithms illogical and useless with
regard to what was intended by their authors. Moreover,

[ Terminator j

Fig. 1 List of symbols and their
meanings. Basic symbols from
the ISO 5807 norm (/eft) and
their modifications taken from
the ITU-T norm (middle). The
terminator symbol from the ISO
norm is replaced by directed
“message to network” and
“message from user” symbols
from the ITU-T norm for better
overview (right and middle).
The program modification sym-
bol (hexagon) was reinterpreted
and used as a decision symbol to
allow more writing inside com-
pared to the decision symbol
from the ISO norm. Checklists
can reduce the number of deci-
sion and process symbols by
referring to summarized single
decisions as one general opera-
tion where appropriate (/eff)

Process
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step-by-step schemes and decision trees have been equated
to, or mistaken for, algorithms that may be of some clinical
relevance. Hence, the present paper addresses these issues
and clears up some misunderstandings regarding algo-
rithms. We provide the technically correct basic symbols
that should be used, their meanings, and the ways to
generate an algorithm. In addition to that, clinical examples
from different medical areas are provided for better
clarification. Furthermore, we define the differences be-
tween step-by-step schemes, decision trees, and algorithms
with respect to their specific characteristics and provide
graphic examples. Finally, we discuss the current implica-
tions and limitations of algorithms in clinical medicine and
quality management.

Results and discussion
Norms and symbols

Algorithms are correctly formulated in accordance with
technical regulations by the International Organization for
Standardization (ISO) norm where different symbols graph-
ically characterize the program sequence for the solution of a
problem [4]. In particular, the ISO 5807 norm defines
different symbols for the single operation to create an
operation plan having only one input and output [6]. On
the basis of these norms, International Telecommunication
Union (ITU-T) norm symbols have been incorporated almost
15 years ago to adapt the algorithm for clinical practicability
[4, 7-14]. The basic symbols an algorithm should contain

>

Message
to network

Message
from network

Programm
modification

Checklist:

o First condition
o Second condition
o Third condition
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Sydesmosis no A
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or calcaneofibular region, swelling, local haematoma
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Radiographs or MRI Pathology? Appropriate treatment

no

Conduction of treatment,
reevaluation after 3 weeks

Fig. 2 Clinical algorithm for acute ankle injury
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Suspected diagnosis:
IDU abscess

Check list:
History

History, examination,

o Type of injected substance
o Kind of injection

o Technique of injection
o Broken needle

o Additional abscesses

0 Ischemia, claudicatio

o Immunocompromized

o HIV

0 Hepatitis

o Cardiac valve disease

o S/p endokarditis

o S/p thrombosis

o Missing compliance

o No competent caregiver
o Homeless

Check list:
Hospital admission

o Fever (> 38.0 °C)

o Systemic inflammation
o Affection of neck

o Affection of groin

o Affection of large joints
o Involvment of great vessels
o Intravenous therapy

o Second look required

o Missing compliance

o No competent caregiver
o Homeless

no palpation

Fever (> 38.0 °C),
shivering?

fi

no

Confirmation of

Blood sample
and culture

Localisation
groin / leg?

A

no

Localisation
neck / groin?

A

no

X-ray
(region of interest)

Foreign body?

i)

no

Sonography
(region of interest)

Abscess?

A

no

Neurovascular
affection?

no

Diameter > 5 cm?

no

yes

yes

-
N tetanus vaccination
yes Chest X-ray
(pneumonia exclusion)
yes Duplex sonography of
deep veins
A
yes
y
yes

Computed tomography

Antibiotic therapy p.o.
60 min prior to surgery

Antibiotic therapy i.v.
30 min prior to surgery

Hospital admission
required ?

no

Cellulitis
Antibiotic therapy P
for 5 days o
Immobilisation of
affected extremities
yes

Patient instruction
about further therapy

Revision in
regional anaesthsia

Revision in general
anaesthesia

Therapy plan

Hospital admission

Appointment for

next day follow-up

Discharge

Fig. 3 Clinical algorithm for suspected abscess in injecting drug users (/DU). Modified from [8]
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wesscasaynoent | \Jass Casualty Incident Management

Declaration of death No
by physician (EGC)? Treatement

Respiratory Breathing after Immediate
arrest? airway manoeuvre? Treatment

Respirations Checklist: Assessment by
> 30 or <10/min? Life saving procedures scene physician

o Airway opening manoeuvres
o Life saving intubation
Severe Bleeding control (or cricothyroidotomy) Life saving procedures

bleeding? (compression,tourniquet) o0 Decompression of as indicated
tension pneumothorax

o Bag-valve-mask ventilation
o Control of severe bleeding
o Emergency intubation
Abgensce of if GCS < 10,

radial pulse? oral bleeding, aspiration,
severe respiratory distress,
prolonged mask ventilation

Unable to follow
simple commands?

Assesment by
chief physician

Delayed m Urgent 1 Immediate surgery
Treatment Treatment or ICU admission?
Checklist:
Critical findings
o RR > 30/ min Delayed treatment Urgent treatment Transport
oRR < 10/min clearing point station available?
o Pulyoxymetry < 90 %
(over 75 years < 85% ) ¢
o Systolic BP < 90 mmHg
o Severe blood loss GCS, RR, BP, SO2 Asessment by Immediate
0 GCS<15 trunk inspection station physician transport

o Apathy, disorientation

0 Memory deficits

0 Hearing impairment,
tinnitus after blast

o Ear-lobe amputation

o Penetrating injury
(skull, trunk)

0 Major amputation
(arm, hand, leg, foot)

o Burns > 20% BSA Patient information

o Inhalation injury about further treatment

o Other severe injury
requiring urgent treatment
or urgent transport

v

yes Urgent procedures Transport depending
as indicated on urgency

Critical finding?

no

Transport depending
on availability or need

Limitied Ressources
only in catastropic events

Immediate or
urgent treatment

Reevaluation by

. L. Chance of survival?
chief physician

Palliative Procedures according
treatment to ressources

Fig. 4 Clinical algorithm for managing a mass casualty incident. Modified from [13]
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are: (1) a directed symbol for the message to network that
indicates the initial criteria of the algorithm, while the
endpoints (2) are characterized by the directed symbol
message from user, which stands for output criteria. Both
(1) and (2) signal the direction of the algorithms by the use
of the arrow-shaped form, as opposed to the terminator
symbol from the ISO norm, and are therefore more suitable
for clinical use [4, 15]. The core symbols in between are the
single processes (3) and decision (4) symbols. While the
process symbol indicates an action or treatment with a
monodirectional nature, the decision symbol indicates a
binary decision between two options: yes and no. However,
this typically diamond-shaped symbol for decision is not
graphically optimal for clinical use because it needs too
much vertical space and does not allow enough writing of
text inside. Therefore, it should be replaced by the hexagon-
shaped symbol indicating program modification. These
symbols are generally enough to generate a clinical
algorithm, although many other symbols are available. An
illustration of the different symbols is given in Fig. 1.
Although additional symbols can be used, they are not
accessible to the general user and should be used with care.

Organization of an algorithm and clinical examples

For practical considerations, an algorithm should gener-
ally fit on a single page. Moreover, it has to be organized
logically and be priority-orientated. The direction of the
decisions and treatments should be organized from the
top to the bottom of the page. Problem solving loops will
branch off to the right while checklists are located to the
left side, where appropriate. These checklists are not
integral components of the algorithm themselves but may
reduce the total number of decisions and lead to a better
overview. When a treatment loop branches off to the
right, it should return to the main trunk of the algorithm.
The single symbols are connected by horizontal and
vertical flow lines with arrows. When a bidirectional
decision is made, a “yes” or “no” should be written near
the symbol. Examples of clinical algorithms from
different medical areas including trauma and orthopedics,
general surgery, and emergency medicine are provided in
Figs. 2, 3, and 4.

Attributes of different schemes, trees, and algorithms

Step-by-step schemes, decision trees, and algorithms are
often used synonymously, although they represent different
types of formal instructions for handling a particular subject
[4, 15]. They differ with respect to problem and priority
orientation as well as in their basic linear structure, with
regards to the presence of branching, loops, and endpoints
[4]. Table 1 summarizes the attributes and differences of the
step-by-step scheme, decision tree, and algorithm. Step-by-
step schemes can be used in clinical medicine when the
decision-making process has already been completed, for
example, to process a further staged therapy. However,
step-by-step schemes do not allow loops, branching, and
more than one endpoint. Their nature follows a priority
orientation, but not a problem orientation. In contrast,
decision trees are characterized by a problem-orientated
approach without a priority orientation. However, although
branching of the decision is a characteristic feature of
decision trees, their loops often do not lead to more than
one possible endpoint. Finally, algorithms are characterized
by both a problem-orientated as well as a priority-orientated
approach. Furthermore, algorithms allow branching and
loops and may lead to more than one endpoint (Figs. 5a—c).

Implications in clinical medicine and quality assurance

There are only a few different symbols necessary for creating
an algorithm. However, the challenge of a technical and
qualitative algorithm is the development of a logical, priority-
orientated, and practical flow [4, 15]. In algorithms, the time
and process of an action is defined and should be carefully
considered during its initial formal creation. The problem-
and priority-orientated standardized structure for fast access
of a complex problem led emergency medicine to the cutting
edge of the development of clinical algorithms back in the
1970s [16—18]. However, algorithms were also used in other
diverse medical subspecialties at the time. This circumstance
might be attributed to the trend of formalization and the shift
toward standardization in healthcare driven by the need for
quality management [5]. Standards are needed to assure
quality in healthcare, which in general is based on three
components: (1) structure, (2) process, and (3) outcome. An

Table 1 Characteristics of step-

by-step schemes, decision trees, Step-by-step scheme Decision tree Algorithm
and algorithms
Problem-orientated + +
Priority-orientated - +
Branching + +
Loops - +
Linear structure - +
(+) indicates yes/possible; (—) Several endpoints + +

indicates no/not possible

@ Springer



Langenbecks Arch Surg (2011) 396:31-40

37

a b
[ Terminator J [ Terminator J
Process Process — Process
Process Process Process
Process Process — Process Terminator
Process [ Terminator Process
N\ 4 N\
Terminator Terminator
J - J
C
[ Terminator ]
Process Process

‘—p Process
i‘
|

Process

‘—) Process

Process

A

'

4{ Terminator ]

-
Terminator

G

~N

J

Fig. 5 Graphical structures of a step-by-step scheme, decision tree,
and algorithm. A step-by-step scheme has a linear structure and allows
a priority-orientated process without branching and loops (a). In
contrast, a decision tree is not arranged linearly and allows a problem-

Process

Figs. 2, 3, and 4 for clinical usage

orientated flow with multiple possible endpoints (b). Algorithms allow

both priority-orientated and a problem-orientated processing of a
complex problem using branching and loops, where necessary (¢). The
terminator and decision symbols should be changed according to
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Science Structure
4
Evidence Standard Algorithm Process Internal compliance
(set value) (set/ actual value)
3 A
. External compliance
Quality Management Outcome (comparison with others)
A

Fig. 6 The algorithm as a central interface in quality management and
science. Evidence by external compliance and quality management
influences the standard which determines the algorithm that influences
the outcome by the structure and process, respectively. The process

algorithm can build a central link between a set value
(standard) and an actual value (process). The standard itself
is influenced by both the science provided by evidence and
the quality management influenced by the outcome (Fig. 6).
In this context, structure means the necessary infrastructure
such as diagnostic equipment, while process describes how it
should be done and outcome provides the final results. The
internal compliance describes the proportion between the set
value and actual value at one institution, which influences
quality management and can also be compared to other
institutions (external compliance). The importance of algo-
rithms in this canon has been shown previously [4]. Thus,
evidence has been provided that clinical algorithms can
contribute to better results, e.g., in major trauma patients
[19-24]. In addition, there is a worse outcome within this
particular collective that is predominately related to errors in
management rather than the treatment itself [24]. Therefore,
it is imperative that management errors are minimized to

Science

Fig. 7 Operation and science sides in quality management according
to the plan—do—check—act principle

@ Springer

itself depends on the structure. Internal and external compliance, as
well as the outcome, influences the quality management that
determines the standard

increase outcome and, thereby, quality; this can be figura-
tively equated to the Gaussian distribution where a variable
part under the curve at the left side with a negative prefix can
be deleted to support an overall higher percentage with a
more favorable qualitative outcome. A widespread approach
in medicine and quality management is to focus on the
operative side (do) rather than to analyze (check) what might
further improve the plan (plan) by action (act) on the science
side (Fig. 7). In our hands, algorithms can become the
central interface that promotes both the operational and
science sides which might stimulate research where actual
and test values are frequently compared by random samples
and may lead to the improvement or retention of the
algorithm or parts of it. Evidence is largely lacking in some
medical areas, including emergency medicine. The imple-
mentation of study protocols may be promoted by algorithms
and their further analysis. For clinical use, it is recommended
that the total number of operations be reduced to fit the
whole algorithm on one page whenever possible. Otherwise,
the algorithm’s strength, such as the fast problem-orientated
access and ease of survey, might be lost. Thus, checklists
located at the left or right side of the algorithm referring to
single decisions summarized as one general operation are
appropriate for reducing the total number of operations
listed, and should be used. It is obvious that algorithms have
features of step-by-step schemes and decision trees but allow
both problem-orientated and priority-orientated approaches
for solving a complex problem in medicine. However, it is
imperative that the algorithm, as a formalized process canon,
is based on standards and evidence rather than on individual
opinion. Step-by-step schemes can be used in clinical
medicine, for example, when a diagnosis has already been
made to run a fixed priority-orientated protocol step-by-step
without any further alternatives in the decision or treatment.
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Decision trees and algorithms differ most with respect to the
priority orientation and loops, which are possible in
algorithms. In algorithms, a complex situation or circum-
stance is solved problem-by-problem, as illustrated by the
classical example of the ABCDE survey of trauma care for
identifying life-threatening conditions [25]. In contrast,
decision trees are more appropriate when a diagnosis is
made by step-by-step schemes and different therapeutic
strategies exist according to various clinical constellations.
Here, changes of the protocol, for example, based on new
findings, are not possible due to missing loops. In clinical
medicine, algorithms cannot only provide a fast access for
solving complex problems but must also assure a transparent
protocol and democratic treatment such that every patient
receives the same quality of treatment. Thus, a treatment by
chance can be excluded by standardization, which might
impact the overall work needed to guide patients through
diagnostics and therapy and may ultimately reduce cost.
Algorithms are useful not only for quality in healthcare but
also for undergraduate and continuous medical education as
well as paramedical professionals such as those in emergen-
cy medical services or nurses. It is obvious that algorithms
have a clinical application characterized by fast access,
evidence-based externalized supports and target-orientated
learning. From a more philosophical point of view, we can
raise the question of whether medical pathways and thereby
the medical art should be disclosed to the general public by
algorithms. Hippocrates form Kos held the view in the so-
called Hippocratic Oath that medical art should only be
revealed to medical scholars. However, reality might have
changed compared to past ideals [26, 27].

Conclusions

Step-by-step schemes, decision trees, and algorithms are often
used synonymously, although they represent different types of
formal instructions for handling a particular subject. Thus,
they differ with respect to problem and priority orientation as
well as in their basic linear structure, with regards to the
presence of branching, loops, and endpoints. When focusing
on more complex problems in medicine, algorithms may help
process a fast priority-orientated diagnostic or therapeutic
process where single actions are based on a fixed logical
sequence. However, a lack of understanding of the formal
requirements can often be observed, which sometimes makes
algorithms, step-by-step schemes, and decision trees illogical
and useless with regard to what was intended by their authors.
In clinical medicine, algorithms cannot only provide a fast
access for solving complex problems but must also assure a
transparent protocol and democratic treatment such that every
patient receives the same quality of treatment. Thus, a
treatment by chance can be excluded by standardization,

which might impact the overall work needed to guide patients
though diagnostics and therapy and may ultimately reduce
cost. Algorithms are useful not only for quality in healthcare
but also for undergraduate and continuous medical education.
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