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Abstract

The significant increase in patients during the COVID-19 pandemic presented the
healthcare system with a variety of challenges. The intensive care unit is one of the
areas particularly affected in this context. Only through extensive infection control
measures as well as an enormous logistical effort was it possible to treat all patients
requiring intensive care in Germany even during peak phases of the pandemic, and
to prevent triage even in regions with high patient pressure and simultaneously low
capacities. Regarding pandemic preparedness, the German Parliament passed a law on
triage that explicitly prohibits ex post (tertiary) triage. In ex post triage, patients who
are already being treated are included in the triage decision and treatment capacities
are allocated according to the individual likelihood of success. Legal, ethical, and social
considerations for triage in pandemics can be found in the literature, but there is no
quantitative assessment with respect to different patient groups in the intensive care
unit. This study addressed this gap and applied a simulation-based evaluation of ex
ante (primary) and ex post triage policies in consideration of survival probabilities,
impairments, and pre-existing conditions. The results show that application of ex
post triage based on survival probabilities leads to a reduction in mortality in the
intensive care unit for all patient groups. In the scenario close to a real-world situation,
considering different impaired and prediseased patient groups, a reduction inmortality
of approximately 15%was already achieved by applying ex post triage on the first day.
This mortality-reducing effect of ex post triage is further enhanced as the number of
patients requiring intensive care increases.
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Fig. 18Graphical representationof thedecisionproblemfordifferentexemplarypatientgroups.Bluepatientgroup1,green
patient group 2,orangepatient group 3 in the intensive care unit: Initial occupancywith still free treatment capacities.These
can be filledwith newly arriving patients (consecutive occupancy).After that, all treatment bays are occupied.
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Fig. 28Density functions(ordinate)oftheprobabilityofdeath(abscissa)ofpatientswithoutcomorbiditiesandpatientswith
hypertension

Introduction

The significant increase in patients dur-
ing the coronavirus disease 2019 (COVID-
19) pandemic presented the healthcare
system with a variety of challenges. The
intensive care unit (ICU) was one of the
areas particularly affected in this context.
Only through extensive infection control
measures as well as an enormous logistical
effort [1]was it possible to treat all patients
requiring intensive care in Germany even
during peak phases of the pandemic, and
to prevent triage even in regions with high
patient pressure and simultaneous low ca-
pacities [2]. In the context of insufficient
available resources, the term “prioritiza-
tion decisions when resources are scarce”
[3] is often used. Although being standard

in international literature, the term triage
until now is replaced in Germany by the
term Sichtung for historical reasons. As
the termtriage is synonymously frequently
used in the German Parliament and in the
media, the term is also used in this article.

Regardingpandemicpreparedness, the
German Parliament passed a law on triage
that does not exclude ex ante (secondary)
triage, but explicitly prohibits ex post (ter-
tiary) triage. The Infection Protection Act
(§ 5c IfSG para. 2, sentence 4) specifically
states (translated): “Intensive care treat-
ment capacities that are already allocated
andessential for survival areexcluded from
the allocation decision”. In ex post triage,
patients who are already being treated are
included in the triage decision and treat-
ment capacities are allocated according to

the individual likelihood of success [2, 3].
This can result in a patient’s treatment in
the ICU not being continued in favor of in-
tensive care treatment for another patient
with a better chance of a favourable ICU
outcome. One goal of the new law was
to prevent discrimination against patients
with impairments, i.e., disabilities, andpre-
existing conditions. In this respect, only
the current and short-term probability of
survival may be considered in the alloca-
tion of ICU capacities [4].

Legal, ethical, and social considerations
for triage in pandemics can be found in
the literature [3, 5–9] but there is no quan-
titative assessment with respect to differ-
ent patient groups in the ICU. This study
addressed this research gap and a quanti-
tative simulation-based evaluation of the
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Table 1 Overview of the data applied fromCOVID-19 literature for the relative risk of death
Focus Paper Proportionate Applied values

Trisomy 21 Bergman et al. (2021) [11] Odds ratio 4.52;CI(3.13; 7.36)a

Cardiovascular disease Li et al. (2020) [12] Odds ratio 4.85;CI(3.07; 7.70)
Hypertension Gao et al. (2020) [13] Hazard ratio 2.12;CI(1.17; 3.82)
Diabetesmellitus (type 2) Barron et al. (2020) [14] Odds ratio 2.03;CI(1.97; 2.09)
Amyotrophic lateral sclero-
sis

Galea et al. (2021) [15] Odds ratio 3.00;CI(1.9; 4.9)

aReduction of confidence interval (CI) by 40%

Table 2 Overview of the control policies applied
Policy Description

0 Initial random occupancy, random consecutive occupancy

1 Initial random occupancy, consecutive ex post triage based on survival probabilities

2 Initial ex ante triage based on survival probabilities, random consecutive occupancy

3 Initial ex ante triage based on survival probabilities, consecutive ex post triage based
on survival probabilities

4 90% initial random occupancy / 10% initial ex ante triage based on survival probabili-
ties, random consecutive occupancy (current legislation)

5 90% initial random occupancy / 10% initial ex ante triage based on survival probabili-
ties, consecutive ex post triage based on survival probabilities

impact of different ICU control policieswas
conducted. Using a simulation model, the
effects of different ex ante and ex post
triage policies on ICU mortality were eval-
uated. In particular, the focus was on the
effects for different patient groups, i.e., pa-
tients without impairments and pre-exist-
ing conditions and patients with impair-
ments and pre-existing conditions. The
work was based on data from the most
recent literature during the COVID-19 pan-
demic and provides support for decision-
makers in ICU planning and management
during situational overload of the medical
system when sufficient medical care can
no longer be provided to all patients.

Methods

The study simulated an intensive care unit
with COVID-19 patients. A distinction was
made between patients with or without
additional comorbidity or disability. The
number of patients to be treated exceeded
the number of ICU beds, i.e., a decision on
which patients should be treatedwas to be
made (. Fig. 1). Thereby, an ICU bed was
defined as a fully staffed and equipped ICU
treatment capacity capable of providing
organ support and, if necessary, organ
replacement for one patient at a time.

The decision as to which patients could
be (further) treatedwasmade randomly or

based on survival probabilities, depending
on the triage policy. The focus was on the
effects for different groups of patients on
the ICU. In the following, the underlying
data set, the triage policies, i.e., control
policies, as well as the simulation model
and its evaluation are described.

Dataset

This study was based on data from most
recent literature during the COVID-19 pan-
demic. For patients without impairments
and pre-existing conditions, the (normal-
ized) values of the Robert Koch Institute
(RKI) were used to generate the proba-
bilities of death [10]. The probability of
death was defined as the complement to
theprobability of survival. A triangular dis-
tribution was assumed, because, for this
distribution themeasures identified by the
RKI [10] could be implemented intuitively
from an application perspective1:

X Δ(0.04; 0.41; 0.045)

with2

E (x) = 0.165

1 Minimum(0.04), maximum(0.41), andmode
(0.045)of theprobabilityofdeath.
2 Expectation

The triangular distribution, where the
name verbalizes its visualization, was
thereby defined by minimum, maximum,
and most likely values (mode). Subse-
quently, (adjusted) literature-based pro-
portionates for the (approximate) relative
risk of death [11–15], i.e., odds ratio and
hazard ratio, were applied to the distribu-
tion and its expected value, respectively.
This resulted in the triangular distributions
for generating the probabilities of death
of patients with impairments and pre-
existing conditions. In the simulation,
two impairments, i.e., trisomy 21 and
amyotrophic lateral sclerosis, and three
pre-existing conditions, i.e., cardiovascu-
lar disease, hypertension, and diabetes
mellitus (type 2), were considered. When
considering impairments, amyotrophic
lateral sclerosis was chosen, because this
impairment was of special importance
in the discussion against ex post triage.
Trisomy 21 was chosen, because propor-
tionates related to COVID-19 risk factors
in the literature. The following values
were used as odds ratios or hazard ratios:
risk of ICU treatment (trisomy 21), 30-day
mortality risk (amyotrophic lateral sclero-
sis), in-hospital mortality (cardiovascular
disease), relative risk of death (hyperten-
sion), and risk of in-hospital death from
COVID-19 (diabetes mellitus, type 2). For
the sake of simplicity, these values were
hereafter referred to as the relative risk
of death. Among the impairments and
pre-existing conditions considered, the
proportionate for relative risk of death
is highest for cardiovascular disease at
4.85, whereas this is lowest for diabetes
mellitus (type 2) at 2.03. An overview
of all literature-based proportionates for
relative risk of death used is shown in
. Table 1.

The parameters of the triangular dis-
tribution, i.e., minimum, maximum, and
mode, used to generate the probability of
death for patients with impairments and
pre-existingdiseaseswereset insuchaway
that it was possible to apply the ratio mea-
sures to the expected value. At the same
time, it was ensured that impaired pa-
tients and those with pre-existing diseases
could have a higher probability of survival
than patients without impairments and
pre-existing conditions. . Figure 2 shows
the density functions of the probability of
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death3 of patients without impairments or
pre-existing conditions and patients with
hypertension.

Using the proportionate, the triangular
distribution for patientswith hypertension
was as follows:

X Δ (0.19; 0.63; 0.23)
with E (X) = 0.35

Thus, the proportion of overlapping of
the two density functions in this case was
31.35%.

Triage policies

To compare the effects of different control
policies on ICU mortality, different com-
binations of ex ante and ex post triage4

were simulated. The probability of death
(counter probability to the probability of
survival) was used as the decisive criterion
for the triage decision. Considering the
probability of survival, which can be cal-
culated based on medical scores and may
be used as the only criterion according
to the current legislation, provides a su-
perior result compared to other criteria
such as age [2]. In the simulation, initial
occupancy procedures, i.e., initial random
occupancy and initial ex ante triage based
on survival probabilities, were combined
with consecutive occupancy procedures,
i.e., random consecutive occupancy and
consecutive ex post triage based on sur-
vival probabilities. The combinations of
the respective control policies are shown
in . Table 2.

In policy 0 neither ex ante nor ex post
triage based on survival probabilities was
performed. The policy thus served as
a benchmark for all other control policies.
Policies 1 and 2 each involved only one
form of triage based on survival probabil-
ities. Policy 2 provided a lower bound on

3 A density function describes the distribution
of a continuous random variable. The area
below the given density function describes
the probability that the probability of death
is at most a certain value. For example, the
probability that the probability of death of
patients with hypertension lies between 0.19
and0.63 is100%.
4 No evaluation of sequential ex-ante triage is
performed. For (consecutive) ex-post triage,
multiplepoints in timeareconsidered.

ICUmortality because initial ex ante triage
based on survival probabilities to occupy
the entire ICU is unlikely to ever be per-
formed in practice. Nonetheless, policy 2
was able to demonstrate themaximum ef-
fect that could be achieved by using initial
ex ante triage based on survival probabil-
ities. A combination of ex ante and ex
post triage based on survival probabili-
ties was depicted in policy 3. In addition,
2 further policies, 4 and 5, were intro-
duced for realistic representation. Here,
an ICU already filled to 90% (random oc-
cupancy) was assumed and an initial ex
ante triage based on survival probabilities
was performed to occupy the remaining
10%ofbedsavailable. Basedon this, either
random consecutive occupancy (policy 4),
which is probably closest to an approach
undercurrent legislation, orconsecutiveex
post triage based on survival probabilities
(policy 5) was used.

Simulation model and evaluation

For the simulation study in the statisti-
cal software R (Statistical software, The
R Foundation for Statistical Computing,
Vienna, Austria), six different simulations
were run for each of the six control poli-
cies considered. The simulations differed
in the consideration of different patient
groups or their combination. Thus, one
simulation was performed for each of the
5 comorbidities considered, assuming that
30% of the patients were not impaired or
had pre-existing diseases and 70% of the
patients suffered from the impairment or
pre-existing condition considered [16] as
well as a real-world simulation. In the real-
world simulation, all impairments and pre-
existing conditions considered could oc-
cur within the group of patients with co-
morbidities. This approach allowed both
an individual assessment of the impact
of a particular impairment or pre-existing
condition and the evaluation of a realis-
tic scenario in which different groups of
patients were treated on the ICU.

In the following, the structure of the
real-world simulation is presented as all
comorbidities were taken into account in
this simulation. Theprocedureof theother
simulations issimilarbutnodistinctionwas
made within the patient group with im-
pairments and pre-existing conditions. At

thebeginningof the real-world simulation,
the number of simulation runs R = 10,000,
control policies P = 6, time points consid-
ered T = 35, the demand at the time of
initialization d = 70, and the length of the
queue consideredw = 10, available inten-
sive care beds B = 60 and the proportion
of patients with impairments or pre-exist-
ing conditions s = 0.7, were specified. The
assumption of B = 60 beds was based on
the operable intensive care capacities at
Augsburg University Hospital in a COVID-
19 peak situation. In each simulation run,
the initialization was followed by the gen-
eration of patients from which the initial
occupancy of the ICU was determined.
In the case of initial random occupancy
60 patients were randomly generated, in
the case of initial ex ante triage based
on survival probabilities the demand at
the time of initialization was generated in
terms of those patients who required in-
tensive care treatment6. Each patient i ∈ I
was assigned a probability of death, based
on a triangular distribution, depending on
whether or what impairment or pre-exist-
ing condition k was present:

pi Δ (ak
i , b

k
i , c

k
i ) ∀i ∈ I

Thus, a dependency was modelled on
whether the patient had a comorbidity or
what comorbidity the patient had7. In
addition, xi was introduced to indicate
whether a patient was impaired or had
pre-existing disease:

xi =

⎧⎪⎪⎪⎪⎪⎪
⎨
⎪⎪⎪⎪⎪⎪⎩

1 i f patient i
is impaired
or prediseased

0 else

5 The initial occupancy of the ICUoccurs before
the individual points in time are considered
and is denoted as t = 0. No ex-post triage is
performedat initiation.
6 Combining the two initial forms of occupancy
in Policies 4 and 5, a need of 12 patients was
assumed for thebeds tobeoccupiedvia ex-ante
triagebasedonsurvivalprobabilities.
7 To validate the results, the probability of
deathwassimulated1000times foreachpatient
group and the expectedvalueswere calculated.
These correspond to the calculated expected
values of the triangular distributions when the
proportionateswereapplied.

Die Anaesthesiologie · Suppl 1 · 2023 S13



Originalien

Comorbidity

Impairment Pre-existing
condition

Amyotrophic lateral
sclerosis

Trisomy21 Diabetes
mellitusHypertension Cardiovascular

diseaseNo comorbidity

Patient

0.7

0.9

0.16

0.14
0.70.13

0.10.3

0.87

Fig. 38 Probabilities for the assignment of impairments andpre-existing conditions based on (adjusted) prevalence rates

Calculation of mortality, number
of treated/discharged/admitted

patients with/without
comorbidity

Initialization of input
parameters

Start

Generation of new occupancy by
application of control policy

End of
loop

End of
loop

End of
loop

End of
loop

End of
loop

End of
loopGeneration of the queue

Calculation of means

Calculation of standard deviations,
ANOVAs, post hoc tests

Export results from R to Excel

For all t in
{1,…, T }

For all r in
{1,…, R }

For all p in
{1,…, P }

For all d in
{1,…, D }

For all w
in {1,…, W }

For all e in
{1,…, E } End

Calculation of mortality, number
of patients with/without

comorbidity

Generation of initial ICU
occupancy

Fig. 49 Flowchart of
the simulation study in R
(Statistical software, The
R Foundation for Statis-
tical Computing, Vienna,
Austria)

In the case of a patient with a comor-
bidity, the impairments and pre-existing
conditionswereassignedbasedonthe(ad-
justed) prevalence rates ([17–23];. Fig. 3).
It was assumed that a patient with a co-
morbidity had a 10% probability of hav-
ing an impairment and a 90% probability
of having a pre-existing condition. This
ensured that all comorbidities considered
were included in the real-world simulation.

Based on the assigned probability, a bi-
naryvariableyiwas thenassignedviaauni-
formly distributed random number in the

interval [0,1]. The binary variable indi-
cated whether a patient died in cases of
intensive care treatment:

yi =

⎧⎪⎪⎪⎪
⎨
⎪⎪⎪⎪⎩

1 i f patient i dies in case of
intensive care treatment

0 else

This variable was assigned on the basis
of the simulated probability of death.

In the caseof initial ex ante triage based
on survival probabilities, the patients with
the highest survival or lowest mortality

probabilities were now selected for inten-
sivecare treatment. After initial occupancy
(t = 0), at each of the consecutive points in
time considered t ∈ T = {1,2,3}, a queue
was generated and either random consec-
utive occupancy or ex post triage based
onsurvival probabilitieswasperformed. In
randomconsecutiveoccupancy, 6 patients
(10% of ICU capacity) each in the ICU and
in the queue were randomly selected to
release or receive ICU capacity. With con-
secutive ex post triage based on survival
probabilities, ICU capacity was allocated
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Fig. 58 Boxplots of themortality on ICUfor a demand at the time of initialization of 70 patients, a queue of 10 patients and
correct estimation of themortality using different control policies. t= 0 initial situation and triage cycles t=1–3

according to the generated probabilities
of death. For each of the points in time
considered, a calculation of the prospec-
tive ICU mortality was performed for the
cohort of patients treated at that point in
time:

mt =
1
B
⋅ ∑
i∈I

yi ∀t ∈ T

The calculation ofmortalitywithin each
patientgroup, i.e., patientswithout impair-
ments and pre-existing conditions (mn

t )
and patients with impairments and pre-
existing conditions (mv

t ), was performed
equivalently. In addition, the number of
patients treated, discharged, andadmitted

in each patient group at each time point
was calculated. Subsequently, the mean
values aswell as the standard deviations of
all considered ratioswere calculated. Anal-
ysis of variance (ANOVA) and post hoc tests
were performed to validate the results.

To research the influenceof thenumber
of patients to be treated and thus evalu-
ate the sensitivity, different combinations
of the need at the time of initialization,
d ∈ D = {70,90}, and the length of the
queue,w ∈W = {10,20,30,60}, were con-
sidered. Inaddition, toevaluatethe impact
of potential misestimation, the parameter
e ∈ E = {0.9; 1; 1.1} was introduced. The
parameter indicated whether the estimate
of the probability of death corresponded

to theactual probability (e = 1) orwhether
itwas underestimatedor overestimatedby
10%. This resulted in the probability that
was considered in the triage decision:

pi = e ⋅ pi ∀e ∈ E , i ∈ I

An overview of the implementation in
R is shown in . Fig. 4.

Results

In this simulation study, mortality on the
ICU is calculated in cases of different con-
trol policies and a situational overload of
the system. In the following, the results for
the real-world simulation scenario are pre-
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Table 3 Mortality per patient group andpolicy at time point t=1 (real-world simulation).
. Table 2provides descriptions of the policies
Policy 0

(%)
1
(%)

2
(%)

3
(%)

4
(%)

5
(%)

All patients 35.4 29.2 29.0 25.3 34.1 27.9

Patients without impairments and pre-exist-
ing conditions

15.9 15.7 16.1 16.0 15.7 15.6

Patients with impairments and pre-existing
conditions

43.8 36.4 35.8 31.5 42.9 35.3

sentedwith a need at the time of initializa-
tion of 70 patients (initial queue), a length
of the queue of 10 (at time points 1, 2,
and3, respectively), andcorrectestimation
of mortality, i.e., e = 1. The average ICU
mortality for each time point and control
policy considered is shown in . Fig. 5.

At the time of initialization there are
no differences in mortality when policies 0
and1, 2 and3 aswell as 4 and5 are applied,
because the initial occupancy is equivalent
in these policies. Looking at consecutive
points in time, the application of consecu-
tive ex post triage based on survival prob-
abilities leads to a reduction in (total) ICU
mortality. On the first day (t = 1) a re-
duction in total mortality from 33.81% to
27.87% is achieved for policy 5. This rep-
resents a relative reduction in mortality of
approximately 18%. An overview of mor-
tality in the individual patient groups per
control policy for time t = 1 (first ex post
triage point in time) is shown in. Table 3.
It particularly shows the discrimination of
the disabled by the present law: as com-
pared to policy 5 (use of ex post triage),
policy 4 (according to current legislature)
produces 7.6% (35.3% vs. 42.9%) excess
mortality in the disabled but only 0.1% in
the patients without prior comorbidity or
disability (15.6%vs. 15.7%). The results for
the other points in time, the standard devi-
ations and the number of patients treated
per group can be found in the electronic
appendix (supplementary material online:
tables S1 and S2).

The evaluation of the variations and
metrics examined lead to the following
results: firstly, for the variations of need
at the time of initialization (initial patients
waiting for ICU treatment at time 0) and of
the length of the queue (patients waiting
for ICUtreatmentat timepoints 1, 2, and3),
triage leads to a higher reduction in mor-
tality for an increasing number of patients
tobe treated. Secondly, varyingparameter

e, which indicates whether the probability
of death of the patient was correctly esti-
mated, underestimated or overestimated
by 10%, has no significant effect on ICU
mortality. This is because the probability
of death is consistently underestimated/
overestimated or correctly estimated in
these scenarios. Thirdly, in the individ-
ual simulations in which a specific im-
pairment or pre-existing condition is con-
sidered, the mortality-reducing effects of
triage are shown to increase as the dif-
ference between the expected values of
the patient groups increases. Fourthly,
the results of ANOVA, which were per-
formed to provide additional validation of
the results, show statistically significant
differences. The post hoc tests illustrate
that means are significantly different in all
pairwise comparisons. As expected, the
initial occupancy is an exception because
means are not significantly different be-
tween policies in which the same initial
occupancy is performed.

Discussion

The results show that the application of
consecutive ex post triage based on sur-
vival probabilities leads to a reduction in
both overall ICU mortality and mortality
within individual ICU patient groups. In
particular, the prediseased and disabled
benefit significantly more from ex post
triage than the patients without disabili-
ties or comorbidities. Ex ante triage based
on survival probabilities does lead to lower
ICU mortality at the time of initialization,
but mortality increases again in the case
of random consecutive selection of pa-
tients. A combination of ex ante and ex
post triage based on survival probabilities
provides superior results, but pure ex ante
triage is unlikely to ever be performed
in practice because ICU occupancy is dy-
namic. Even ex ante triage for few free

beds is unlikely, because patients arrive
over time and decisions are made sequen-
tially. Benefits in terms of ICU mortality
canalsobeobservedwhen focusingondif-
ferent patient groups; however, patients
with impairments and pre-existing con-
ditions are disproportionately discharged
or not admitted when consecutive ex post
triagebasedonsurvivalprobabilities isper-
formed. This isbecausetheexpectedprob-
ability of death is bigger for this patient
group than for patients without impair-
ments and pre-existing conditions. Even
though ex post triage based on survival
probability leads to a reduction in ICU mor-
tality in all patient groups, more patients
with impairments and pre-existing condi-
tions tend not to be treated (anymore);
however, according to literature 70% of
patients in the ICU are impaired or predis-
eased [16], and therefore a larger number
of patients in this group will not be (fur-
ther) treatedcompared topatientswithout
impairments and pre-existing conditions.
Moreover, the simulation results show that
themortality-reducing effects of triage are
amplified when the number of patients to
be treated, i.e., the need at the time of
initialization and the length of the queue,
increases. Finally, in this work, mortality
reduction is considered an essential goal,
even if discussions on accepting higher
mortality in favor of random selection or
other distribution procedures because of
ethical reasons exist.

The study is subject to some limitations.
First, it is assumed that all patients who
cannot be treated immediately will die.
Thus, the focus is exclusively on mortality
on the ICU. Second, our model represents
a situational overload of the system and
excludesnatural patientflows, i.e., thepos-
sibility of a transfer of patients due to an
improvement of condition or death. Third,
the survival probability of a patient is sta-
ble during the treatment on the ICU. In
practice, however, the survival probability
may change, possibly indicatedbymedical
scores during the course of treatment, and
thus management based on these scores
would yield different results. Initially, ICU
patients are treated under the assumption
that intensivecare treatmentwill save their
lives; however, for many ICU patients, the
probability of survival shifts considerably
over time—both in one direction and the
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other. Selection of patients at consecu-
tive time points is extraordinarily difficult
unless a medical indication to continue
treatment no longer exists or the patient’s
will is against continuing ICU treatment.
In addition, significantly longer treatment
times resulted during the COVID-19 pan-
demic. Fourth, the parameters of the tri-
angular distributions in the simulation are
chosen in such a way that systematic dis-
crimination of impaired and prediseased
patients is excluded. This assumption is to
be evaluated from a practical perspective.
Fifth, the use of pure ex ante triage does
not correspond to a realistic scenario, as an
ICU occupancy grows organically during
operation. In this case, the distribution
of freed-up capacity is based on the pa-
tients’ need for intensive care treatment
and not on the likelihood of success. Only
in exceptional cases patients arrive at the
same time and compete for ICU treatment
as in ex ante triage. The idea of free ICU
capacity and corresponding ex ante triage
is unlikely. Sixth, based on characteris-
tics of patients in German hospitals, the
studyassumes that 30%of ICU patients are
not impaired or prediseased. In addition,
the (adjusted) prevalence rates of various
impairments and pre-existing conditions
in Germany are applied. Consequently,
a transfer of the results to other regions
(different patient groups, deviating preva-
lence rates) is only possible to a limited
extent.

Conclusion

This study provides a simulation-based
evaluation of different ex ante and ex post
triage policies in the ICU under considera-
tion of survival probabilities, impairments
and pre-existing conditions. The results
show that an implementation of consecu-
tive ex post triage based on survival proba-
bilities leads to a reduction in ICU mortality
in all patient groups considered. Particu-
larly serious, however, is the finding that
the law significantly disadvantages dis-
abled and prediseased people because it
produces significantlymoredeaths among
thedisabledthanamongthenon-disabled.
Therefore, the exclusion of ex post triage
is to be critically discussed in the light of
the current legislation.

The aim of this work is to analytically
research the effects of ex ante and ex post
triage. For future research, the approach
of data-driven decision support for the
management of intensive care capacities
during situational overload of the system
may be pursued further. A proper data
basis is of special importance. In addition,
it is essential not to consider the results in
isolation, but to discuss them in an inter-
disciplinary way from medical, practical,
ethical and legal perspectives.
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Zusammenfassung

Simulation der Letalität nach verschiedenen Ex-ante- und Ex-post-
Triage-Verfahren bei Menschenmit Behinderungen und
Vorerkrankungen

Der stetige Anstieg an zu behandelnden Patienten während der COVID-19-Pandemie
hat das Gesundheitssystem vor eine Vielzahl an Herausforderungen gestellt. Die
Intensivstation ist einer der in diesem Zusammenhang besonders stark betroffenen
Bereiche. Nur durch umfangreiche Infektionsschutzmaßnahmen sowie einen enormen
logistischen Aufwand konnten in Deutschland selbst in Hochphasen der Pandemie
die Behandlung aller Intensivpatienten ermöglicht und eine Triage auch in Regionen
mit hohem Patientendruck bei gleichzeitig geringen Kapazitäten verhindert werden.
Im Hinblick auf die Pandemievorsorge hat der Deutsche Bundestag ein Gesetz zur
Triage verabschiedet, das eine Ex-post-Triage explizit untersagt. Bei einer Ex-post-
Triage werden auch Patienten, die bereits auf der Intensivstation behandelt werden, in
die Triage-Entscheidung einbezogen und Behandlungskapazitäten nach individueller
Erfolgsaussicht verteilt. In der Literatur finden sich rechtliche, ethische und soziale
Überlegungen zur Triage bei Pandemien, eine quantitative Bewertung im Hinblick
auf verschiedene Patientengruppen auf der Intensivstation gibt es hingegen nicht.
Der Fokus der Arbeit liegt auf dieser Forschungslücke, und es wird eine quantitative
simulationsbasierte Evaluation von Ex-ante- und Ex-post-Triage-Politiken unter
Berücksichtigung von Überlebenswahrscheinlichkeiten, Beeinträchtigungen und
Vorerkrankungen durchgeführt. Die Ergebnisse zeigen, dass eine Anwendung von Ex-
post-Triage, basierend auf Überlebenswahrscheinlichkeiten in allen Patientengruppen,
zu einer Reduktion der Mortalität auf der Intensivstation führt. In dem Szenario, das der
realen Situation wohl am nächsten kommt, wird eine Reduktion der Mortalität auf der
Intensivstation um ca. 15% schon bei einer einmaligen Anwendung der Ex-post-Triage
erreicht. Dieser mortalitätsreduzierende Effekt ist umso größer, je mehr Patienten auf
eine intensivmedizinische Behandlung warten.
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