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Abstract: Feasible and predictive scoring systems for severely injured geriatric patients are lacking.
Therefore, the aim of this study was to develop a scoring system for the prediction of in-hospital
mortality in severely injured geriatric trauma patients. The TraumaRegister DGU® (TR-DGU) was
utilized. European geriatric patients (>65 years) admitted between 2008 and 2017 were included.
Relevant patient variables were implemented in the GERtality score. By conducting a receiver
operating characteristic (ROC) analysis, a comparison with the Geriatric Trauma Outcome Score
(GTOS) and the Revised Injury Severity Classification II (RISC-II) Score was performed. A total of
58,055 geriatric trauma patients (mean age: 77 years) were included. Univariable analysis led to the
following variables: age > 80 years, need for packed red blood cells (PRBC) transfusion prior to
intensive care unit (ICU), American Society of Anesthesiologists (ASA) score > 3, Glasgow Coma
Scale (GCS) < 13, Abbreviated Injury Scale (AIS) in any body region > 4. The maximum GERtality
score was 5 points. A mortality rate of 72.4% was calculated in patients with the maximum GERtality
score. Mortality rates of 65.1 and 47.5% were encountered in patients with GERtality scores of 4
and 3 points, respectively. The area under the curve (AUC) of the novel GERtality score was 0.803
(GTOS: 0.784; RISC-II: 0.879). The novel GERtality score is a simple and feasible score that enables an
adequate prediction of the probability of mortality in polytraumatized geriatric patients by using
only five specific parameters.
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1. Introduction

The elderly population increases worldwide and subsequently the number of geriatric
trauma patients rises as well [1]. Geriatric patients require special medical attention due
to the higher risks for mortality and morbidity related to frailty, reduced physiological
compensation mechanisms after trauma, polypharmacy and preexisting comorbidities,
both in high-energy trauma cases as well as in low-energy trauma situations [2-6].

Prediction-model based outcome scores are useful tools for judging patients’ status
and to guide medical decision making. Especially in trauma, there is a need for adequate
(mortality) prediction models to optimize post-resuscitation triage and the determination of
initial therapy until transfer to the intensive care unit (ICU) in severely injured patients. Sev-
eral trauma outcome scores have been developed in which patients’ age is also addressed.
The RISC-II (Revised Injury Severity Classification II) and the newly published GTOS
(Geriatric Trauma Outcome Score) seem to predict mortality in elderly poly-traumatized
patients quite accurately. However, these scores highly rely on Injury Severity Score (ISS)
judgments, which are known for their suboptimal inter-observer reliability [7-9]. Unlike
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the GTOS, the RISC-II was not specifically developed and validated for mortality prediction
of the elderly severely injured patient, but is considered to be the most accurate prediction
model for severely injured patients in German speaking countries. The Geriatric Trauma
Outcome Score is composed of the following parameters: patient’s age, the ISS and red
blood cell transfusion requirements, whereas more factors, 15 in total, are required to calcu-
late the RISC-II score [10]. Thus, the GTOS system includes less factors, which has practical
benefits; however, the RISC-II score has been shown to be more accurate [11]. The aim of
the current study was to develop a feasible and accurate novel score (the GERtality score)
which combines simplicity with high accuracy for the prediction of in-hospital mortality in
geriatric trauma patients.

2. Experimental Section
2.1. The TraumaRegister DGU®

The TraumaRegister DGU® of the German Trauma Society (Deutsche Gesellschaft fiir
Unfallchirurgie, DGU) was founded in 1993. The aim of this multi-center database is the
pseudonymized and standardized documentation of severely injured patients.

Data are collected prospectively in four consecutive time phases from the site of the
accident until discharge from hospital: (A) Pre-hospital phase, (B) Emergency room and
initial surgery, (C) Intensive care unit and (D) Discharge. The documentation includes
detailed information on demographics, injury pattern, comorbidities, pre- and in-hospital
management, course on intensive care unit, relevant laboratory findings including data on
transfusion and the outcome of each individual. The inclusion criterion is admission to
hospital via emergency room with subsequent ICU/ICM (intensive care medicine) care or
reaching the hospital with vital signs and dying before admission to ICU.

The infrastructure for documentation, data management, and data analysis is provided
by AUC—Academy for Trauma Surgery (AUC—Akademie der Unfallchirurgie GmbH), a
company affiliated to the German Trauma Society. The scientific leadership is provided
by the Committee on Emergency Medicine, Intensive Care and Trauma Management
(Sektion NIS) of the German Trauma Society. The participating hospitals submit their data
pseudonymized into a central database via a web-based application. Scientific data analysis
is approved according to a peer review procedure laid down in the publication guideline
of TraumaRegister DGU®.

The participating hospitals are primarily located in Germany (90%), but a rising
number of hospitals in other countries contribute data as well (at the moment from Austria,
Belgium, China, Finland, Luxembourg, Slovenia, Switzerland, The Netherlands, and the
United Arab Emirates). Currently, approx. 33,000 cases from more than 650 hospitals are
entered into the database per year.

Participation in TraumaRegister DGU® is voluntary. For hospitals associated with
TraumaNetzwerk DGU®, however, the entry of at least a basic data set is obligatory for
reasons of quality assurance [12].

In order to gain data for the development of the new GERtality score, data from the
TraumaRegister DGU® from 1 January 2008 to 31 December 2017 were used.

The present study is in line with the publication guidelines of the TraumaRegister
DGU® and registered as TR-DGU project ID 2017-048.

2.2. Inclusion and Exclusion Criteria

The aim of this study was to develop a new mortality prediction model for severely
injured geriatric patients. We excluded all patients below the age of 65 years, non-European
hospitals, and patients with minor trauma (maximum Abbreviated Injury Score (AIS) of 1
or 2 without admission to the ICU). Patients with missing data regarding blood transfusion,
as well as transfer in or early transfer out of the hospital, were also excluded from this study.
Therefore, we selected all patients aged > 65 years with an AIS of 2 or less who required
intensive care treatment and all patients with an AIS of 3 or more from the TR-DGU. The
following parameters were included: patients” age, sex, ISS, maximum Abbreviated Injury
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Score (AIS) [13], pre-hospital and in-hospital diagnostics, initial and further treatment,
trauma characteristics and the patients” outcome.

2.3. Statistical Analysis

In the first step, patients’ data were dichotomized and the specific odds of all relevant
variables (age, sex, American Society of Anesthesiologists (ASA) [14], trauma mechanism,
Glasgow Coma Scale (GCS), maximum AIS, PRBCs (Packed Red Blood Cells) given prior
to ICU admission, systolic blood pressure < 90 mmHg) for in-hospital mortality were
calculated in a univariable way. This was performed due to an expected mortality of at
least 25% or more for every single parameter. Secondly, relevant variables were added to
the new GERtality score and subsequently compared to the RISC-II, GTOS, maximum AIS,
ISS and age by conducting a receiver operating characteristic (ROC) analysis.

3. Results

The TR-DGU included 289,698 patients from 2008 to 2017, of which 58,055 patients
met the inclusion criteria. A PRISMA flowchart is provided in Figure 1. The mean age of all
patients was 77 years, and 58% were males. Baseline characteristics are shown in Table 1.

TR-DGU
2008-2017
289,698

Non-European 1622

y —_— Low injury severity
49,335
¥ — Age < 65 167,100
71,641
¥ —_ 5 Early transfer out 4548
Transferin 8658
Primarily admitted
58,435
¥ 5 Missing data 380
(PRBC)
58,055 (mean 77 years)

Figure 1. Inclusion flow of selected patients from the TraumaRegister DGU® (TR-DGU). PRBC,
Packed Red Blood Cells.

Table 1. Basic data of 58,055 geriatric trauma patients.

Measurement Unit Value

Age years 77.2/77 (7.6)
Male sex n (%) 33,483 (57.8%)

Injury Severity Score (ISS) points 19.2/17 (11.8)

Number of injuries n 4.2/4 (2.6)

Penetrating trauma n (%) 1426 (2.6%)
Mechanism: traffic n (%) 19,910 (35.1%)
Mechanism: low fall (<3 m) n (%) 25,218 (45.0%)
Mechanism: high fall n (%) 7727 (13.6%)
Severe head injury (AIS > 3) n (%) 26,504 (45.7%)
Treated on intensive care unit n (%) 51,166 (88.1%)
Ventilated on ICU n (%) 22,486 (38.7%)
Length of stay in hospital days 16.6/12 (16.7)
Hospital mortality n (%) 12,969 (22.3%)

Continuous measurements are presented as mean/median (SD). AIS, Abbreviated Injury Scale, ICU, intensive
care unit.
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GERtality score development:

We analyzed different parameters as sole predictors for in-hospital mortality. In a first
step, relevant aspects with known prognostic relevance were defined: age, concomitant
diseases, severity of head injury, relevant other injuries, and bleeding. Within each subarea,
potential predictors were considered and compared. For continuous measures, cut-off
values were derived to reach a mortality of ~30% or more. The final decision for a certain
criterion was based on a multivariate odds ratio (OR) > 2.0 (Table 2).

Table 2. Mortality rates and odds ratios of specific variables.

Variable Subgroups No. of Patients Mortality Rate Odds Ratio (OR) 95% CI of OR
Max. AIS 4 Ozgore % 'giigf %) 39827// ° 6.25 5.97-6.54
Blood transfusion }:f 485133’2(520/0) 38:3: 2.99 2.81-3.17
ASA 35721 20’32?2(64910/0) fgi;/: 2.09 2.00-2.18
acs 13 255 %) 2.2 26 27759

ASA, American Society of Anesthesiologists, GCS, Glasgow Coma Scale, CI, confidence interval.

The following patient specific parameters were suitable for the new GERtality score:

Age > 80 years

Maximum AIS in any body region >4

PRBCs received prior to admission to the ICU
ASA >3

GCS <14

To calculate the new score, each finding, if present, adds up one additional point to
the GERtality score. Thus, the new score ranges from 0 to 5 points (Figure 2).

Yes / No —_

> 80 Years 1 Point/ 0 Points

1 Point/ 0 Points

PRBC received Maximum
prior admission 1 Point/ 0 Points s Score Value:

to ward 5 Points

1 Point/ 0 Points

1 Point/ 0 Points

—

Figure 2. Relevant variables for the GERtality score. ASA, American Society of Anesthesiologists,
GCS, Glasgow Coma Scale.



50f9

J. Clin. Med. 2021, 10, 1362

The maximum GERtality score showed an in-hospital mortality rate of 72.4% com-
pared to 65.1% with patients scoring 4 points on the GERtality score and 47.5% with a total

score of 3 points. The mortality with a score of 0 was 1.6% (Figure 3).

80%
72.4%
70%
65.1%
60%
50% 41.5%
£
£ 40%
=]
=
30%
252%
20%
10% 79%
— .
0% —
1 2 3 4 5

0
Points

Figure 3. Observed in-hospital mortality rate based on GERtality score calculation.

GERtality score comparison:
The final ROC analysis of our patient collective showed an AUC (area under the curve)

for the new GERtality score of 0.803 (CI (confidence interval) 0.799-0.807). The complex
RISC-II score with its 15 variables showed an AUC of 0.879 (CI 0.876-0.883), whereas
the Geriatric Trauma Outcome Score had an AUC of 0.784 (CI 0.780-0.789). Individual
variables showed an AUC of 0.772 (CI 0.767-0.776) for the maximum AIS score, 0.753
(CI 0.748-0.757) for the Injury Severity Score, and 0.633 (CI 0.627-0.638) for age (Figure 4).

100%

80%

~~
D
-
<
= 60% ’
o '
2 '
B !
g '
2 H
= '
= '
j: 40% | »
N’ 1]
& H
= H
- '
£ s
©n 20%0 Score
=== RISCII
— GERtality
== GTOS
0%
0% 20% 40% 60% 80% 100%
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Figure 4. ROC (receiver operating characteristic) analysis.
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4. Discussion

Trauma scoring systems are important instruments for the optimization of clinical
decision making, the determination of outcome and the standardization of clinical stud-
ies [15,16]. Several successful trauma outcome scores have been developed in the last few
decades, such as the Trauma Injury Severity Score (TRISS), APACHE-II-Score, Revised
Trauma Score (RTS) and the Revised Injury Severity Classification (RISC) Score [17-20].
However, extrapolation to the geriatric population has limitations and, therefore, to date,
only a few feasible scores for the prediction of mortality in geriatric trauma patients ex-
ist. To our knowledge, only two scoring systems were explicitly developed for mortality
prediction after trauma in the geriatric population: namely, the new Geriatric Trauma Out-
come Score (GTOS) and the very recently published Elderly Mortality after Trauma Score
(EMAT) [21]. Unfortunately, we were not able to evaluate the EMAT Score because the
registry data do not include all parameters used in the scoring system. The well-established
Revised Injury Severity Classifications-Score II (RISC-1I), although not especially developed
for geriatric patients, is believed to also calculate mortality in elderly patients the most
adequately and is considered the gold standard in trauma outcome prediction. The GTOS
uses the patient’s age, ISS and PRBCs for estimating the mortality of geriatric patients
using the following rather intricate formula to calculate the possibility of death:

age + (2.5 x ISS) + 22 (if given PRBCs)

The GTOS predicts a chance of mortality of 50% with a score of 177 and a chance of
99% with a score of 310 [10].

The RISC-II, which was introduced in 2014, requires 15 different variables to predict
mortality adequately [11]. The RISC-II, among other scoring systems, is believed to predict
mortality the most accurately. Originally, this scoring system was not developed for the
mortality prediction of geriatric patients, and with its carefully adjusted and weighted
15 variables, it is difficult to be calculated at the bedside.

The EMAT score contains two scoring models: the quick elderly mortality after trauma
score, which should be used at the initial presentation of the patient, and the full EMAT
score for calculation after radiological evaluation. The gEMAT score can be calculated with
eight variables, including systolic blood pressure, pulse rate higher than 120 bpm or lower
than 50 bpm, GCS, penetrating injury, congestive heart failure, liver cirrhosis and chronic
renal failure, whereas the fEMAT requires 26 variables to be calculated. In this mortality
prediction model, each positive variable adds up points (e.g., systolic blood pressure
<90 mmHg = 17 points and heart rate below 50 bpm = 7 points) and can then be calculated
by a mobile application which is provided freely by the authors. One of the limitations
of this scoring system is that it was developed and validated using a geriatric population
(>65 years of age). However, age was not used as an independent factor for mortality. The
EMAT also does not address severe bleeding due to trauma as a leading cause of death in
severely injured patients and, as a result, the need for blood transfusions [22]. Furthermore,
we believe that the EMAT is not suitable for the European population since the incidence
of penetrating traumatic injuries is much lower than in the U.S. [23]. In addition, in order
to calculate the EMAT, full patients” history, including co-morbidities, has to be provided,
which often is not possible in the event of acute trauma [24].

Therefore, we aimed to develop a new scoring system which is easy and fast to
calculate at site, but still predicts mortality in geriatric patients adequately.

In the collective of 58,055 patients used in this study, the AUC for the accuracy of
mortality prediction of the GTOS was 0.784 and 0.879 of the RISC-II, whereas the novel
GERtality score showed an accuracy of 0.803. These findings show that the RISC-II score is
a highly accurate prediction score, but also has severe practical limitations which affect its
feasibility. The RISC-II score combines a total of 15 different patient related variables which
are rather unhandy to calculate on site. The GTOS, on the other hand, is relatively easy
to calculate as it only uses three variables (age, ISS and received PRBS), but it had a slight
disadvantage in accuracy towards the GERtality score. Furthermore, the RISC-II was made
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for post hoc calculation in databases and would require a computer, while the GERtality
score intends to provide a simple point system to gain a quick and simple overview shortly
after the admission of the patient.

It is well known that the parameters age, ISS and GCS are positive predictors for
death [25,26]. In a study from a western European trauma ICU investigating the changes
in outcome of severe trauma patients over a period of 15 years, age, hemorrhagic shock,
GCS and the ISS were positive predictors of death [27]. Age, as a variable, combines
an age-related decrease in immune defense as well as age-related comorbidities [28-33].
Frailty syndrome contributes to increased vulnerability in geriatric patients after severe
trauma [34]. Generally, the treatment of unstable geriatric trauma patients does not differ a
lot from non-geriatric trauma patients, but due to associated postoperative morbidities and
complications in frail patients, for example, diagnostic laparoscopy should be preferred
over open diagnostic laparotomy in hemodynamically stable patients [35]. Frailty is defined
as clinically recognizable declines in the physiologic reserve of multiple organ systems as
well as a decline in coping mechanisms for everyday life stressors [36,37]. This definition
suggests that frailty is not defined by chronological age, but studies have shown a clear
correlation between increasing FI (Frailty Index) and age in Europeans. However, frailty is
a stronger predictor for mortality than chronological age [37].

In order to address comorbidities, we used the ASA classification as a variable in the
GERtality score. As anticipated, this study shows that there is a strong association between
age over 80 years and the probability of death after trauma. It may be interesting to focus
on specific factors related to trauma mortality in octogenarians in further studies.

It is also known that outpatient anticoagulants are associated with a higher likelihood
of PRBC transfusions [38]. One of the leading causes of death in trauma patients is
hemorrhage related irreversible shock [22]. This is underlined by the current study as an
association between the need for blood transfusion and the probability of death in elderly
severely injured patients was found.

To sum up, the novel GERtality score combines the five most important variables
associated with death after trauma in the elderly: age above 80 years, GCS < 14, maximum
AIS > 4, need for blood transfusion prior to ICU admission, and ASA > 3. The newly
developed score might help improve quality assurance, identifying the early need for
transfusion/coagulation correction and decision making on further treatment for the
polytraumatized geriatric patient. Before a decision on treatment, knowledge of calculated
mortality odds can be advantageous, especially in usually complex ethical questions, which
arise in geriatric patients frequently.

There are some limitations present in this study. In general, the quality of registry
data is considered inferior due to lacking data verification. Furthermore, we were unable
to calculate the frailty index, which is considered to be a good predictor for mortality in
geriatric patients. The TR-DGU does not document the patient’s Frailty Index, and as a
consequence, we decided to utilize the chronological age in combination with the ASA
Score in our dataset.

As mentioned above, outpatient anticoagulant medication has a strong correlation
with PRBC transfusions. Unfortunately, the use of anticoagulants was not assessed in this
dataset because it was introduced as a novel parameter in the registry since 2015. In this
study, we did not yet validate the developed score.

5. Conclusions

The new GERtality score seems to be a feasible and adequate in-hospital mortality
prediction model for severely injured geriatric trauma patients. The score includes only
five easily assessable patient variables, which makes it practical and simple to calculate.
Further studies should validate the novel GERtality score on different datasets.
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