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Abstract

Objectives: The standardization and normalization of
laboratory parameters to a fixed scale, such as the zlog
value, may offer significant advantages for interpretation.
This method not only allows for the direct comparison of
different parameters but also facilitates a way for advanced
visualizations beyond the classic table.
Methods: We employ spider charts in conjunctionwith zlog
transformation to enable laboratory parameters that are
jointly evaluated for diagnostic purposes to be summarized
in a unified visualization.
Results: With anemia and blood gas parameters we present
two examples where specific constellations of laboratory
parameters create distinguishable diagnostic patterns in the
spider charts.
Conclusions: The zlog spider combines zlog-transformation
standardization with spider diagram visualization to facili-
tate laboratory parameter comparison and create recog-
nizable diagnostic patterns, potentially improving clinician
comprehension and efficiency, though further case studies
are needed to confirm its efficacy.

Keywords: laboratory data visualization; zlog values; clin-
ical decision making; diagnostic process; laboratory data
standardization; pattern recognition

Introduction

The traditional tabular presentation of laboratory values has
long been the cornerstone of clinical data visualization in
healthcare. Although these conventional tables are a re-
pository for all information essential to clinical decision-
making - including patient identifiers, test parameters,
reference ranges, and measured values - their static format
inherently limits the efficiency of data interpretation and
accessibility, thereby posing challenges to their utility in
high-risk and workload-intensive settings [1].

The harmonization of laboratory report presentation
was advocated for by Bold et al. as early as 1976, with a
specific call for an organized and simplified form of repre-
sentation [2]. The ongoing advancements in medicine have
concurrently led to an expansion in the scope and
complexity of laboratory results and test information [3].
This persistent challenge may contribute to a state
commonly described as information overload and data
dispersal.

The diagnostic decision-making process typically fol-
lows a systematic approach that begins with the identifica-
tion of parameters demonstrating deviation from
established reference ranges. This initial step serves as the
foundation for clinical reasoning, prompting healthcare
professionals to investigate further by analyzing interde-
pendent parameters and their correlations [4]. Finally, the
recognition of specific constellations of abnormal values
enables clinicians to formulate preliminary diagnostic hy-
potheses. This analytical process, while methodical and
thorough, could be optimized by ergonomic visualization [5].

The zlog valuewas introduced in 2017 to address the lack
of standardization in medical laboratory results. Different
measurement techniques and units, as well as patient
characteristics and conditions, create very different refer-
ence ranges used in different labs, making it impossible to
interpret a result value meaningfully in isolation. The zlog
transformation creates an abstraction to a simple stan-
dardized scale by calculating the distance between a mea-
surement and its corresponding reference range based on
standard deviations [6].With the basic scale’s design ranging
from −10 to 10 and a reference range between −2 and 2, an
absolute value greater than two consequently represents a
slight reference range violation and a value greater than five
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is referred to as pathological. When combining this scale
with a color scheme, highly pathological values stand out in
the table through color intensity [6].

The zlog value may facilitate the diagnostic decision-
making process by enabling the identification of reference
range violations through a standardized scale.

However, restrictions of static, information-rich and
complex information in a tabular format remain unsolved.
The subsequent presentation of the method will demon-
strate its utility by integrating laboratory values into a spider
diagram for specific inquiries and diagnoses. This integra-
tion facilitates the utilization of zlog to assign absolute re-
sults to values on a scale.

Related work

Hoffmann et al. introduce and explain the utilization of zlog
values for laboratory results and its advantages, thereby
calling for implementation in laboratory reports [6]. The zlog
value constitutes an integral component of the laboratory
report concept, which is to be incorporated into the German
electronic patient record as supplementary information
within medical information objects [7]. Specific research in
the usage of zlog for laboratories has been conducted
investigating the usage of zlog values for pre-processing data
as an element of exploratory data analysis and machine
learning techniques [8] as well as for plausibility checks of
reference intervals [9]. Another field of research is utiliza-
tion of zlog values for the specific parameter NT-proBNP in
the paediatric sector [10–16].

Methods

The proposed method uses zlog-transformation as a
standardization method in order to make the parameters
comparable. The visualization is designed to present a
manageable amount of information by displaying between
four and nine numerical parameters, which ensures that
users are not overwhelmed with excessive data. [17].

The creation of a consistent chart requires careful initial
selection and positioning of parameters to establish a reli-
able, standardized foundation for each report. This process
involves several critical considerations that guarantee both
clinical relevance and visual effectiveness.

The chosen parameters must form a clinically relevant
set that directly supports diagnostic decision-making pro-
cesses. Each parameter requires a numerical reference
interval to enable zlog value calculation, making this a
fundamental prerequisite for inclusion. The selection

process incorporates established diagnostic pathways while
following the conventional ordering patterns used by
experienced diagnosticians, ensuring familiarity and intui-
tive navigation for clinical users. The ordering of parameters
significantly impacts the final report format and
interpretation.

For each numerical analyte, the zlog value is calculated
using the upper and lower bounds of the respective refer-
ence range, then plotted on the spider chart using a stan-
dardized scale from −10 to 10. This scaling approach ensures
that normal values cluster around zero in the center, while
extreme values appear as outliers extending towards the
chart’s periphery.

To enhance visual interpretation, colored lines or a
gradient color scheme aligned with zlog values are recom-
mended for the background. This emphasizes deviations
from the zero baseline (zlog=0) rather than the geometric
center of the chart: zlog values near zero fall within a neutral
band along each spoke, while values with larger absolute
magnitude are highlighted with greater color intensity.

We selected anemia and blood gas analysis as exem-
plary clinical scenarios. These parameter sets represent
widely utilized diagnostic panels that are routinely
encountered in clinical practice across various healthcare
settings. The chosen diagnoses are of significant clinical
importance, as anemia affects a substantial portion of the
global population [18] and requires prompt identification
and management, while blood gas analysis provides critical
information for respiratory and metabolic assessment in
acute care situations [19]. The widespread familiarity of
healthcare professionals with these parameter combina-
tions ensures that the evaluation results will be relevant and
applicable to everyday clinical decision-making processes.

Readers are encouraged to critically evaluate the effec-
tiveness of this zlog-based visualization method by exam-
ining the presented results and comparing them with
traditional tabular formats. Consider whether the spider
chart representation facilitates faster pattern recognition,
reduces cognitive load during diagnostic processes, and
enhances the identification of clinically relevant parameter
constellations.

Results

The effectiveness of the spider diagram approach for labo-
ratory value interpretation stems from fundamental prin-
ciples of clinical diagnostics and pattern recognition.
Laboratory parameters are naturally grouped and utilized
in specific combinations for particular diagnoses, creating
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inherent relationships that can be leveraged for visual
representation.

We provided two examples:
Figure 1, anemia panel: This example illustrates an

exemplary patient presenting with stage three iron defi-
ciency anemia (manifest iron deficiency anemia) on the left
side versus a regular healthy person on the right. Corre-
spondingly, ferritin, MCV, and MCH values are substantially
decreased, with hemoglobin levels being significantly
compromised. In response to this advanced iron-deficient
state, platelet counts are elevated, as demonstrated in the
visualization.

Figure 2, acid-base status panel: The panel is designed
for the visual assessment of an acid-base status. The figure
compares measurements of blood gas analysis in states of
respiratory acidosis and metabolic acidosis to a normal
clinical reference. The zlog methodology provides a quanti-
tative and visual representation of the deviation from this
normal state.

The consistent positioning of these parameter groups
within the spider diagram establishes a recognizable

framework that clinicians can quickly familiarize them-
selves with. This standardized arrangement ensures that
healthcare professionals may develop visual memory pat-
terns associatedwith specific diagnostic contexts, enhancing
both speed and accuracy of interpretation.

Most importantly, the constellations of laboratory
values manifest as distinct geometric shapes within the
spider diagram, with each shape corresponding to charac-
teristic diagnostic patterns. These geometric representations
serve as visual signatures for different medical conditions,
transforming abstract numerical relationships into intuitive
visual patterns that the human brain can process more
efficiently [20].

The diagnostic power of this approach lies in the fact
that these geometric shapes are significantly different
from one another and can be clearly distinguished, even by
clinicians who may not be specialists in the particular
diagnostic area. This visual differentiation can reduce the
cognitive load required for pattern recognition and could
minimize the risk of misinterpretation that may occur when
analyzing traditional tabular data presentations [21].

Figure 2: Acid-base status panel with example results for respiratory acidosis (left), metabolic acidosis (mid) and a healthy reference (right).

Figure 1: Anemia panel with example results
for stage three iron deficiency anemia (left)
and healthy reference (right).
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Discussion

Although the spider diagram approach is considered to offer
significant advantages for laboratory value visualization, it
is essential to acknowledge and consider its limitationswhen
implementing it.

The method faces inherent constraints in diagnostic
differentiation, as not all diagnoses can be clearly distin-
guished through geometric pattern recognition alone. This
limitation necessitates the continued use of traditional
tabular presentations alongside the spider diagram visuali-
zation, creating a dual-format requirement thatmay initially
increase rather than reduce the cognitive load for clinicians.
Furthermore, not only laboratory results, but more clinical
information form a diagnosis. Future research should
include an integration of other relevant information in fast
diagnosis recognition patterns.

The zlog-transformation itself presents technical chal-
lenges, particularly regarding its asymmetric properties,
which can introduce bias in value interpretation. Further-
more, the circular representation of the spider diagram
creates an inherent visual bias where elevated values
appear more prominent than decreased values, potentially
leading to selective attention patterns that may overlook
clinically significant low values. A gradient background can
help counteract these biases (see Figure 3).

The initial configuration of the method represents a
substantial institutional barrier, as it demands considerable
time and specialized clinical expertise to ensure optimal
diagnostic utility.

Despite these constraints, the spider diagram method
offers substantial clinical benefits that justify its imple-
mentation in many diagnostic contexts. The visual pattern
recognition capabilities enable fast identification of

diagnostic constellations, reducing the time required for
clinical decision-making. The geometric representation
makes pathological patterns less likely to be overlooked
compared to traditional table formats, where critical infor-
mation can be buried within extensive numerical data.

Most importantly, themethod’s ability to facilitate quick
recognition of diagnostic patterns enables healthcare
professionals to make critical decisions more rapidly,
potentially improving patient outcomes in time-sensitive
clinical situations.

Further comprehensive evaluation of this visualization
method is required to validate its clinical effectiveness and
establish its reliability across diverse diagnostic scenarios.
Prospective studies should assess its impact on diagnostic
accuracy, decision-making tempo and user acceptance
among healthcare professionals. If the results demonstrate
significant improvements in clinical workflow and patient
outcomes, this zlog-based spider diagram approach could be
integrated as a clinical decision support system component
within routine laboratory information software, thereby
enhancing the diagnostic capabilities of healthcare
institutions.

Conclusions

The zlog spider employs the zlog-transformation as a
standardizationmethod, thereby facilitating the comparison
of laboratory parameters with each other, irrespective
of unit and dimension. When combined with the spider
diagram as a visualization tool, the contextual linking of
one-dimensional data points creates an additional level
of information. Evidence suggests that the zlog spider
may serve as a valuable instrument in facilitating the

Figure 3: Comparison of a gradient background and colored lines.
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comprehension of laboratory reports among clinicians,
potentially leading to enhanced efficiency and reduced risk
of missing critical information. However, the true efficacy of
this approach requires further investigation with meaning-
fully designed case studies.
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