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Objective:  Most  practically  deployed  Arden-Syntax-based  clinical  decision  support  (CDS)  modules  process
data from  individual  patients.  The  specification  of Arden  Syntax,  however,  would  in principle  also  support
multi-patient  CDS.  The  patient  data  management  system  (PDMS)  at our  local  intensive  care  units  does
not natively  support  patient  overviews  from  customizable  CDS  routines,  but  local  physicians  indicated
a  demand  for  multi-patient  tabular  overviews  of important  clinical  parameters  such  as key laboratory
measurements.  As  our  PDMS installation  provides  Arden  Syntax  support,  we  set  out  to explore  the  capa-
bility  of Arden  Syntax  for multi-patient  CDS  by implementing  a prototypical  dashboard  for  visualizing
laboratory  findings  from  patient  sets.
Methods  and material:  Our implementation  leveraged  the  object  data  type,  supported  by  later  versions
of  Arden,  which  turned  out  to  be serviceable  for representing  complex  input  data  from  several  patients.
For  our  prototype,  we  designed  a modularized  architecture  that  separates  the  definition  of  technical
operations,  in  particular  the control  of the  patient  context,  from  the  actual  clinical  knowledge.  Individual
Medical  Logic  Modules  (MLMs)  for processing  single  patient  attributes  could  then  be developed  according
to  well-tried  Arden  Syntax  conventions.
Results:  We  successfully  implemented  a working  dashboard  prototype  entirely  in Arden  Syntax.  The
architecture  consists  of  a controller  MLM  to handle  the  patient  context,  a  presenter  MLM  to  generate  a
dashboard  view,  and  a set of traditional  MLMs  containing  the  clinical  decision  logic. Our  prototype  could
be  integrated  into  the graphical  user  interface  of  the  local  PDMS.  We  observed  that  with  realistic  input
data  the average  execution  time  of  about  200  ms for  generating  dashboard  views  attained  applicable

performance.
Conclusion:  Our  study  demonstrated  the  general  feasibility  of creating  multi-patient  CDS routines  in
Arden  Syntax.  We  believe  that  our  prototypical  dashboard  also  suggests  that  such  implementations  can
be relatively  easy,  and  may  simultaneously  hold  promise  for sharing  dashboards  between  institutions
and  reusing  elementary  components  for additional  dashboards.
. Introduction

Clinical decision support (CDS) functions based on Arden Syn-

ax for Medical Logic Systems typically retain a single patient focus.
his means that the underlying decision modules are generally
imited to access data from a single patient. While many Arden
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Syntax installations are incapable of multi-patient CDS, the tech-
nical specifications of this standard actually leave the definition
of input parameters for any interaction with a clinical informa-
tion system to the particular institution [1,2]. A parameterization of
the patient context would thus, in principle, allow for cross-patient
database queries. Subsequent extensions of the initial type system
of Arden Syntax, in particular the support for nested data structures
provided by the object data type, appear specifically advantageous

for processing more complex inputs such as for the description of
patient sets. We therefore set out to demonstrate the fundamental
capability of Arden Syntax for multi-patient CDS by imple-
menting a prototypical graphical dashboard that simultaneously
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by the controller MLM).
The next step was to design a data structure for the internal rep-

resentation of the dashboard. We  decided on a list of objects that
S. Kraus et al. / Artificial Intelli

isualizes laboratory results from a population of intensive care
atients.

Arden Syntax is a standard for encoding and sharing medical
nowledge [1]. Its classic field of application is the data-driven
onitoring of clinical events [3]. In Arden Syntax, the knowledge

ase consists of independent modules, termed Medical Logic Mod-
les (MLMs). An MLM  typically contains sufficient knowledge to
ake a single clinical decision. Each MLM  has a hierarchical struc-

ure, consisting of sections termed categories,  which are themselves
tructured into subsections termed slots. For an introduction to
his basic MLM  structure see [4]. The execution of MLMs presup-
oses their transformation into a runnable format by an Arden
ompiler. The execution process is controlled by a runtime envi-
onment termed Arden engine. Whenever an MLM  is evoked by a
linical event, such as the storage of a blood glucose value inside the
atient record, several slots are subsequently executed. The DATA
lot covers the readout of data from the patient record and maps
hem to variables. The LOGIC slot, containing the actual institution-
ndependent medical knowledge, decides whether an action is to
e performed or not. If so, the ACTION slot is executed. A typical
ction would be to send an alert notification to the clinical users.

In practice, operating MLMs  to support clinical decisions
equires access to medical patient records. This may  be a problem,
s widely accepted standards for the patient records themselves,
r for the interfaces to access their contents, have not yet evolved.
herefore, the designers of Arden Syntax decided to leave the access
o clinical data to the particular institution, providing a pair of curly
races to enclose the parameters required to specify the database
ccess. The fact that any institution must find its own  solution to
nable data access is therefore commonly referred to as the “curly
races problem”, which entails that any institution has to imple-
ent a way to map  data items from patient records to data types of
rden Syntax. The elementary data types of Arden Syntax include

hose typically found in patient records, such as numbers, strings or
imestamps. Initially, flat lists were the only compound data type,
hich prohibit nested data structures. About a decade ago, how-

ver, the type system was complemented with the object data type,
hich supports nesting to a random depth [5].

While the potential utility of graphical summaries of indi-
idual patient records that “can be updated in real time” has
een long recognized [6], a number of more recent publica-
ions [7–18] underline their increasing use for monitoring more
omprehensive inputs. These automatically updated displays of
ime-varying metrics, also termed digital dashboards,  have been
roposed or applied for continuously summarizing and tracking
iverse clinical or administrative parameters, such as department
orkflows [9,12–15], medication-related alerts [10,16,18], critical

vent reports [17], influenza surveillance measures [8], or preven-
ative interventions [11,19,20]. A review of graphical methods for
DS purposes identified multi-patient visualizations among the
ore recent trends [21]. Previously published dashboard imple-
entations had employed heterogeneous technical instruments

22], including Python [16], Ruby [14], PHP [8], and spreadsheets
12]. We  are unaware of any previous implementation of a digital
ashboard based on Arden Syntax. We  assume that the particu-

ar density of electronically available intensive care unit (ICU) data,
hich has also fueled efforts to algorithmically induce new medical

nowledge [23–25], specifically justifies investigations of clinical
ashboards that process this rich information source.

The purpose of this study was to investigate the opportunities
or implementing graphical dashboards by means of Arden Syntax

LMs.  We  thus studied the technical requirements of an Arden

yntax installation to support the construction of a dashboard.
oreover, we investigated in how far our proposed prototype may

e shareable with other institutions, and which parts of its architec-
ure may  be reused for the construction of additional dashboards.
 in Medicine 92 (2018) 88–94 89

2. Methods and materials

University Hospital Erlangen is a tertiary care hospital with
1.400 beds. Starting in 2006, a commercial patient data man-
agement system (PDMS, Integrated Care Manager, ICM©, Dräger
Medical, Lübeck, Germany) has been installed at nine local ICUs
[26]. The PDMS does not natively provide a means to generate
patient overviews with customizable CDS functions. This forced
local clinicians to subsequently open multiple patient records in
order to obtain an overview of clinically relevant data from patient
populations, which is time consuming. Thus, clinicians expressed
a need for the construction of dashboards that graphically sum-
marize multi-patient overviews of selective clinical parameters
processed by CDS functions. During a previously described research
cooperation we had technically integrated a commercial Arden
engine environment (ArdenSuite©, Medexter Healthcare, Vienna,
Austria) with the PDMS [27], providing 30 self-written MLMs  of
different complexity for daily routine. Another Arden environ-
ment, written by one of the authors for research on the language
constructs itself, was the technical platform for this study. Our
investigation was based on Arden Syntax version 2.8 [2], which
supports the object data type.

The first step of our study was to determine the practical
requirements of the local clinical users in an interview, and to agree
upon a basic graphical layout for the display of a dashboard proto-
type. They requested a tabular view of rectangular output elements,
which we  termed “signals”, with one table row for each patient,
as shown in Fig. 1A. The first and last cell of each row display
the patient name and bed position, while the remaining center
cells contain signal outputs that are dynamically computed from
patient facts (described below). For our prototype, we  agreed on a
set of clinical parameters to be processed and displayed, including
three important laboratory values (blood glucose, leukocytes, and
thrombocytes).

To limit the complexity of the implementation and to ensure
an easy extensibility of our prototype, we  decided to modularize
our approach. In particular, we  intended to separate the technical
aspects from the representation of actual clinical knowledge as far
as possible. We  chose to separate the logic controlling the patient
context in a “controller MLM”,  which iterates over the case numbers
of all patients that are currently on the ward. A complementary
set of signal-specific MLMs  defines the actual medical knowledge
according to well-tried conventions in the sense that these signal
MLMs  can already assume a specific patient context (which is set
Fig. 1. Basic dashboard layout, with data types for internal representation ((A)
Rectangular arrangement of output elements, (B) data structure representing one
dashboard row).
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Arden engine that the patient context of this database query is to be
set according to the content of the variable “case”. After accumu-
lating the returned signal objects in the internal data structure of
ig. 2. Example for the creation of a signal element by the presenter MLM. Excerp
raphical dashboard output as presented to the clinical user (right).

ach represents a table row (data type dashboardrow). Such an
bject contains four attributes as shown in Fig. 1B. The last attribute
ignallist stores a list of objects of another type, each of them rep-
esenting one signal (data type signal). An object of type signal
ontains a superset of all attributes collected during the interview,
ike a label, a color, a numeric value (like a calculated score value),

 tooltip, and so on. Each signal MLM  has to be called with a case
umber as the only argument and has to return exactly one signal
bject. Besides these two requirements, any signal MLM  might be
rogrammed according to established Arden Syntax conventions.
he controller MLM  as the centerpiece of our architecture creates a
ashboard representation as a list of dashboardrow objects, com-
lete with case numbers, patient names and bed positions. The

ist of signals inside each row is initialized to an empty list. Sig-
al objects are appended inside a loop, successively calling signal
LMs  for each patient to complete the data structure row by row,

ignal by signal.
To display the dashboard within the PDMS user interface, we

reated a presenter MLM  that is called by the controller MLM,
sing the internal data structure that represents the dashboard
s an argument. The presenter MLM  thereby generates a Hyper-
ext Markup Language (HTML) table whose signal-specific cells
re individually formatted via Cascading Style Sheets (CSS). Fig. 2
emonstrates our presentation approach. For each attribute of the
ignal object, the presenter MLM  creates an HTML element (DIV),
nd formats it according to a corresponding style sheet definition.

To gain an idea of the execution speed we created a test script
hat invokes the dashboard 1000 times with a random delay
etween 1 and 3 s on a standard server machine. To investigate
he potential impact of multithreading on execution speed we
mplemented an alternative controller component, using a mul-
ithreading library to parallelize the execution of the signal MLMs.

. Results

We  successfully implemented a working prototype of an MLM
ackage which creates a dashboard view, meeting the require-
ents of the clinical users. The interviews showed that the local
linicians had a clear conception of the desired surveillance dash-
oard. They demanded a rectangular panel with various kinds of
utput elements. Specifically requested were elements for dis-
laying numeric values, in particular laboratory results and score
 the implementation of the signal MLM (left), and the corresponding detail of the

values, with the use of meaningful colors in case particular val-
ues exceed critical limits. Requests with a lower priority included
trend arrows, miniature graphs (sparklines), and existence indi-
cators, such as a symbol in case documentation for some critical
microbiology result was  available. Fig. 3 displays a detail from a
generated dashboard view. The leftmost and rightmost columns,
which display patient names and bed positions, are not shown.

The dashboard was  integrated into the graphical user interface
of the PDMS in the form of a tab with an embedded browser ele-
ment. A dashboard view is created each time this tab is activated
by a clinical user. The third row of the dashboard detail in Fig. 3
shows an empty signal (THROMBO). For this patient, no current
thrombocyte value was present inside the patient record. The archi-
tecture of the resulting prototype is shown in Fig. 4. The controller
MLM  is automatically called by the activation of the corresponding
tab and does not require any arguments. It successively calls the
signal MLMs  to fill the data structure with signal objects, as dis-
played in Fig. 5. Each signal MLM  in turn receives a case number
as its argument, and sets the patient context of any database query
accordingly, as illustrated in Fig. 2 within the DATA slot. The param-
eter “$case” inside the curly braces expression communicates to the
Fig. 3. Detail from a generated dashboard view. Red and green colors indicate
whether a critical threshold was violated or not. (For interpretation of the refer-
ences to color in this figure legend, the reader is referred to the web version of this
article.)
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Fig. 4. Architecture of the ML

he dashboard, the controller MLM  passes it to the presenter MLM
or display inside the PDMS.

The benchmarks revealed an average execution time for creating
 dashboard view of 190 ms,  with a minimum of 172 ms  and a max-
mum of 452 ms.  Thus, the execution time of a single signal MLM

as about 3.2 ms.  Preliminary experiments with multithreaded
xecution of the signal MLMs  indicated a slowdown of 35.7% com-
ared to the original consecutive computation, which suggests that
arallelization is disadvantageous in case of MLMs with such a low

evel of complexity.
The technical details of our prototype revealed that an Arden
yntax installation must fulfil three conditions to enable our
pproach. First, it must support the object data type, provided by
rden Syntax version 2.5 or higher. From a purely technical point

Fig. 5. DATA, LOGIC and ACTION s
kage for dashboard creation.

of view it would be possible to implement a dashboard based on
plain lists, although the code would rapidly become quite intricate
and difficult to maintain. Second, it must provide a means to set
the patient context in database queries at runtime. Third, it must
provide a way to display the HTML and CSS code generated by the
presenter MLM  to the clinical user.

Extending a given dashboard configuration with additional sig-
nals requires adjusting the code inside the controller MLM. More
precisely, the set of desired signal MLMs  has to be declared inside
the DATA slot and called inside the LOGIC slot, just as Fig. 5 demon-
strates for the previous MLMs.  This implies that in case another

dashboard configuration should build on different signal logic,
the controller MLM  is not entirely reusable, because Arden Syn-
tax requires the names of all medical MLMs  to be declared as

lots of the controller MLM.
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onstants. Therefore, any additional dashboard requires its own
ontroller MLM.  However, existing signal MLMs  may  be reused by
ny other dashboard without adaption. The presenter MLM  is also
ntirely reusable. Sharing an MLM  package for dashboard creation
ith another institution therefore should theoretically only require

he usual adjustments of the curly braces expressions, as long as
he receiving institution fulfils the general technical requirements
escribed above. However, we have not yet gathered experiences
ith transferring our prototype to another institution.

. Discussion

Our study demonstrates the general feasibility of creating dash-
oards in Arden Syntax, and we believe that our code samples
ocument that this can be surprisingly easy, potentially even sim-
ler than with all-purpose programming languages. In fact, Arden
yntax increasingly appears as a powerful tool to extend clini-
al information systems with versatile additional functions. Arden
yntax may  therefore be seen in a broader sense as a generic plugin
anguage, with capabilities even beyond its originally intended field
f application, the representation of medical knowledge. Equipped
ith access to patient data and a means to display outputs, mod-

rn versions of Arden Syntax might even be used as an alternative
or programming languages like PHP or Python in the context of
linical information systems. From our experience, notably the
ell-designed WHERE operator, the temporal, the aggregation

nd the transformation operators of Arden Syntax significantly
acilitate typical steps of patient data processing in a convenient
ay.

Today, Arden Syntax looks back on a history of a quarter cen-
ury. During the first 15 years, the typical appearance of Arden
yntax was an alert box generated by a clinical event monitor,
esides some attempts to use it for other fields of application
outside the alert box” [28,29]. In Arden Syntax versions before
.5, multi-patient dashboards would be relatively difficult to

mplement, because the type system of these versions is literally
ne-dimensional, lacking appropriate data structures. Recent ver-
ions of Arden Syntax that also support objects certainly widen
he feasible fields of application, although the literature appears
o almost ignore this development. Another important barrier to
he construction of dashboards is the fact that most Arden Syntax
nstallations are limited to a single patient focus, such as the model
mplementation at the Columbia Presbyterian Medical Center [30].
n such installations, whenever an MLM  interacts with the clinical
nformation system, the patient context is implicitly set and cannot
e altered inside the MLM.  For patient-specific alerting functions,
his is unproblematic and even simplifies the work of the knowl-
dge engineer insofar as he does not have to care about this aspect.
n case of multi-patient CDS, however, an implicitly assumed
atient context becomes an obstacle, because iterating over patient
ets inside an MLM  becomes impossible. Throughout the history of
rden Syntax a single patient focus was so widespread that it has
ven led to the overall impression that MLMs  are basically unsuit-
ble for population-based CDS (e.g. “[. . .]  because Arden Syntax is
atient-specific, it cannot be used for population-based decision
upport (such as a quality-of-care dashboard) [. . .]” [31]). Jenders
nd Shah already discussed this restriction when they described the
onstruction of a multi-patient monitor for nosocomial infections,
hich oversees the potential spreading of pathogenic organisms

32]. Since their Arden Syntax installation was limited to a sin-
le patient focus, it was only possible to preprocess microbiology

ndings in MLMs  separately, while the cross-patient part of the
ecision logic had to be performed independently by a statistical
onitor. Using an Arden Syntax installation that is not bound by

he described limitation would have made it possible to implement
 in Medicine 92 (2018) 88–94

such a monitor entirely in Arden Syntax. The specification does
not prohibit the explicit setting of the patient context inside
the curly braces expressions, whose contents are generally left
to the particular institution. A comparison of standalone Arden
engines, including the commercial system by Medexter [33] and the
open source system Arden2Bytecode [34], revealed several related
approaches to alter the patient context of database queries at MLM
runtime, based on access to the symbol table of the particular MLM.
Perhaps it could be reasonable to introduce a special statement to
the Arden Syntax standard that sets the patient context, such as

SET PATIENT CONTEXT TO <identifier>;
We  presume that such a statement would be easier to under-

stand than a reference to a declared variable inside a curly braces
expression. While we decided to implement the entire dashboard
in Arden Syntax, alternatively it might have been feasible to encode
the functionality of the controller MLM  and the presenter MLM  in
an all-purpose language such as Java or Python. In this case, knowl-
edge transfer would require the receiving institution to provide
technical components for consistently executing the signal MLMs.
If the dashboard is implemented entirely in Arden Syntax, as in our
example, the standardization of this language should facilitate the
transfer as a whole.

Our prototype was based on crisp logic, so the colors inside the
signal elements instantly switch from green to red whenever a crit-
ical limit is reached. In the context of clinical dashboards it might be
interesting to experiment with Fuzzy Arden Syntax [35,36], which
was introduced in version 2.9 of the standard. Fuzzy Arden Syntax
provides an easy way  to implicitly calculate a so-called degree of
applicability that may, for example, be transformed to a color from a
continuous spectrum which indicates the position of a value within
a transition area. Moreover, Fuzzy Arden Syntax is capable of apply-
ing fuzzy logic to timestamps as well, allowing for an easy way to
indicate the timeliness of a value. This will be a field of further
investigation.

The construction of dashboards closely relates to presentation
mechanism for MLM  outputs, an aspect that is usually of low impor-
tance in Arden Syntax. MLMs  designed for alerting typically create
short text messages and send them to communication endpoints
such as alert boxes, pagers, or mobile phones. Such messages usu-
ally require little formatting. In case of a dashboard, in contrast,
formatting becomes a relatively important step to display results
in a convenient and ergonomic way. This topic is rarely addressed
in the context of Arden Syntax, as an exception see [37], where
HTML pages are constructed from MLM  outputs. At our institution,
MLMs  are mostly user-driven, generating output beyond plain text,
like tables or line plots. In order to produce such diverse output
elements, we  have so far used a relatively simple template engine
that is entirely written in Arden Syntax, previously described in
[27], whose MLMs  convert description objects into string represen-
tations that can be displayed. The presenter MLM for creating the
dashboard view works similarly, being called with the dashboard
data structure generated by the controller MLM  as an argument.
We presume that presentation aspects will become increasingly
important in the near future, as evolving communication endpoints
will support progressively more versatile outputs, and user-driven
MLMs  will likely become more widespread. Our PDMS, for example,
was recently complemented with full-featured browser elements
that may  be embedded anywhere inside the user interface for
medical and nursing documentation, enabling the use of multiple
dashboard instances.

Providing user-driven CDS by generating dashboards may  also
require consideration of execution time. Traditional data-driven

alerting MLMs  are executed in the background, invisible to the user.
In case of an alert message, a delay of a few seconds might hardly be
perceptible for clinicians. However, In case of user-driven creation
of a dashboard, where any delay might translate into waiting times
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or users, speed is a decisive factor to ensure user acceptance [38].
e observed that the signal MLMs  processed by the prototype exe-

ute within a few milliseconds, because they contain a very simple
ecision logic. Nevertheless, other types of signals, such as score or
rend calculations, may  require more complex processing, so that
ggregate execution times could plausibly entail noticeable delays
hen calculated for sets of patients. This aspect must therefore

e taken into account, or carefully tested in practice, when future
ashboards are assembled from individual CDS modules that are
omputationally more demanding.

Arden Syntax can be aptly described as a hybrid between pro-
uction systems and procedural programming [39]. During the
reation of the dashboard MLM  package, this hybrid character
ecame very obvious. Both the controller and the presenter MLM
o not contain any medical knowledge. They are “technical” MLMs

nsofar as they perform routine tasks that do not depend on spe-
ific clinical knowledge. In contrast, the signal MLMs  are “medical”
LMs  as they comprise clinical decisions whether a laboratory

esult is deemed critical or not. In case of MLM  packages, we recom-
end such a separation of technical and medical aspects, not only

or the sake of simplifying maintenance of the knowledge base, but
lso to support reuse of Arden Syntax code through modularization.
plitting larger MLMs  into packages was already recommended
y Adlassnig and Rappelsberger [40]. It would have been the-
retically feasible to implement our prototypical dashboard in
he form of one single MLM,  but that would have complicated

 potential reuse of code segments for signal creation or HTML
eneration. Redeploying parts of the implementation would then
nvolve substantial redundancy, which was an early point of crit-
cism concerning Arden Syntax [41]. At our institution, we  make
xtensive use of modularization to avoid redundancy and to reuse
ncoded knowledge. The presenter MLM  and the individual signal
LMs  are entirely reusable for additional dashboards. The con-

roller MLM  is not reusable, because the names of the signal MLMs
annot be passed as arguments to the controller, but have to be
ontained inside the controller MLM  as term constants (see spec-
fication [2], Section 11.2.4). As a consequence, each dashboard
equires its own controller MLM.  Since such an MLM  is easily
omposed from a few lines of code, as illustrated in Fig. 5, this
s not a matter of concern. Reusing the controller MLM  would
equire a modification of the Arden Syntax implementation. To
e specific, the CALL statement would have to be adjusted to call
LMs  using MLM  names contained in variables. In this case, the

ames of the signal MLMs  may  be passed as arguments to the con-
roller MLM,  which would then process this input within nested
oops.

An alternative implementation of the controller MLM  could use
n event call in accordance with Section 10.2.5.6 of the specifica-
ion. Such an event call does not explicitly launch another MLM  by
ts name, but any MLM  that subscribes to a specific event as defined
n its EVOKE slot; the outputs of all called MLMs  are concatenated
o a list which in our use case represents one row of the dashboard.
his alternative approach has two advantages. First, the controller
LM  would be smaller, insofar as multiple call statements inside

he loop in Fig. 5 are replaced with one concise event call state-
ent. Second, the controller MLM  would be reusable for additional

ashboards in Arden Syntax environments that allow for access to
ariables within curly braces expressions, because this approach
oes not require the names of the signal MLMs  to be encoded

nside the controller MLM.  However, this alternative method has
lso some disadvantages on the maintenance level. First, accord-
ng to the specification, the order of the signal elements depends

n the local Arden Syntax environment, although in most imple-
entations this will be determined by the PRIORITY slots of the

articular signal MLMs.  Second, in case a signal MLM  is used by
ultiple dashboards, adjusting the PRIORITY slot of a signal MLM
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might unintentionally affect other dashboards because the order of
the display elements cannot be configured independently for dif-
ferent dashboards. Third, configuration of a dashboard would be
dispersed over multiple MLMs.  Although our chosen implementa-
tion may  require additional code as well as view-specific controller
MLMs,  we therefore still see it as more explicit and thus maintain-
able.

In case of sharing dashboards implemented in Arden Syntax
between institutions, we expect no additional obstacles beyond the
adjustment of the curly braces expressions, as long as the receiving
institution fulfils the basic requirements for multi-patient MLMs
and provides an appropriate Arden Syntax version supporting the
object data type. Our dashboard prototype primarily serves as a
proof of concept. However, its basic architecture appears suitable
for the integration of dashboards into our PDMS in order to use
them in clinical routine and to evaluate their impact on clinical
performance. We are currently in the process of implementing a
dashboard which displays the most important clinical score val-
ues in a surgical ICU. Simultaneously, we  are working on a variety
of different signal elements and plan to evaluate the usability of
different dashboard designs. Moreover, we intend to evaluate the
impact of a nutrition dashboard, based on the described approach,
on the quality of care at our largest ICU.
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