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Abstract

Purpose Besides mortality, the patient-reported outcome (PRO) in survivors of multiple trauma is of increasing interest. So
far, no data on patient-reported outcome measures (PROMs) after multiple trauma from an entire trauma network are avail-
able. Within this study, the course of the PRO over time and differences between level I and level II trauma centers within
an entire trauma network was evaluated.

Methods Multiple injured patients, treated in a rural trauma network over 2 years, were prospectively included in this study.
After 6, 12 and 24 months the results of the European Quality of Life (EuroQoL) EQ-5D outcome instrument were evaluated.
To adjust for differences in trauma severity between level I and level II centers, the Revised Injury Severity Classification II
(RISC II) and the Functional Capacity Index (FCI) were used to adjust the life-quality results of patients.

Results 501 patients were included, 118 patients with an ISS < 16 points, 383 patients reached 16 points or more. Despite a
steady increase of EQ-5D index over time (6 months: 0.71 £0.31; 12 months: 0.74 +0.28; 24 months: 0.76 £0.27; p <0.001),
the values of a reference population could not be reached even 2 years after trauma (EQ-5D reference population: 0.9). After
adjustment for trauma severity, no significant differences in PROMs between level I and level II centers could be detected
(p=0.188).

Conclusion The consistently low EQ-5D index relative the reference population and the lack of a difference between level
I and II centers suggest that improved strategies for polytrauma aftercare are called for.

Keywords Quality of Life (QoL) - Multiple trauma - EQ-5D - Trauma network - Patient-reported outcome measures
(PROMs) - Polytrauma

Purpose

Multiple trauma is one of the most common causes of death
worldwide [1]. The continuous development of medical care
and technical achievements has led to a significant reduc-
tion in trauma associated mortality over the past years in
high income countries [2]. In this context, many countries
established trauma networks to optimize the structural
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requirements in order to minimize mortality rates after
trauma, especially in rural areas. A recently published study
could show that mortality rates between level I and level II
trauma centers within a rural trauma network are comparable
[3]. Despite the reduction in mortality, survivors frequently
suffer from physical, social and psychological sequels of
trauma [4]. Therefore, the outcome after survived trauma,
especially the patient-reported outcome (PRO) in survivors
is of increasing interest. While many single-center studies
show an initial, considerable deterioration of life quality
compared to a reference-based population after trauma fol-
lowed by a steady increase over time [4—12], no data con-
cerning the PRO of an entire trauma network are available.

Within this article, we present the first results concern-
ing the trauma-related quality of life of an entire trauma
network. The goal of this study was to analyze data on PROs
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over time and to compare PRO results between level I and
level II trauma centers.

Methods
Study design and study population

This was a longitudinal study that comprised a cohort
of 2596 patients that were treated in the Trauma Net-
work of Eastern Bavaria over a period of 24 months
(01.03.2012-28.02.2014). This trauma network includes 25
hospitals (2 level I centers, 8 level II centers and 15 level
III centers) [3]. In 585 patients the EuroQol-5 Dimension
questionnaire could be collected prospectively after 6, 12
and 24 months [13]. Patients younger than 18 years and
patients treated in a local trauma center (level III center)
were excluded. In total 501 patients met the inclusion and
exclusion criteria and were included into this study (Fig. 1).

Data collection

Data of the quality management questionnaire of the Trau-
maRegister DGU® (40 parameters, www.traumaregister-dgu.
de) were prospectively collected in each case. Next to the
Abbreviated Injury Scale (AIS) [14], the Injury Severity
Score (ISS) was assessed [15]. The RISC 1I, a tool to cal-
culate the expected mortality in multiple injured patients,
was used [16]. Additionally, the FCI, which reflects the
expected levels of reduced functional capacity 1 year after
injury depending on the injury pattern, was calculated [17].
Since differences in trauma severity between level I and level
II centers within this network are known [3], RISC II and

Trauma Network Eastern Bavaria
(TNO)
n=2596

Incomplete EQ-5D
n=2011

Complete EQ-5D
n=585

Age under 18 years
n=51

Local Trauma Center
| ———————————— n=33

Study population

n=501

Fig. 1 Flowchart of case inclusion and exclusion

@ Springer

the lowest FCI values were used to adjust the life-quality
results of the patients depending on the expected lethality
and functional capacity. EQ-5D PROs were collected via
a telephone interview between the study physician and the
patient 6, 12 and 24 months after trauma.

Patient-reported outcome measures (PROMs)

The patient-related outcome and quality of life were assessed
using interview version of the EuroQol-5D medical outcome
score EQ-5D medical outcome score [13]. The EQ-5D con-
sists of five questions concerning the following functional
domains: mobility, self-care, everyday life activities, pain/
discomfort and anxiety/depression [18]. These five items
were transformed into individual health status profiles
(range=11111 [best] to 55555 [worst]) and then, using Ger-
man norm data weights, converted into a single EQ index
(range =—0.21 [worst] to 1.00 [best]).

Funding and regulatory aspects

The Polytrauma Health Care Quality Outcome (POLY-
QUALY) Study (“Outcome after major trauma in a certi-
fied trauma network: comparing standard vs. maximum care
facilities”) was funded by the German Federal Ministry of
Education and Research in the context of a funding program
on health services research (01GY1153).

The study was approved by the Ethics Committee of the
University of Regensburg (number 10-101-0077). Written
informed consent was obtained from all patients who par-
ticipated in this study.

The study is registered in the data base of the Ger-
man Network for Healthcare Research (VfD_Poly-
qualy_12_001978) and in the German Register for Clinical
Studies (number DRKS00010039). The study protocol has
been published [20].

Statistical analysis

Data are presented as mean (SD) for continuous variables
and as absolute and relative frequencies for categorical
data. Linear mixed models with patients as random factor
were used to compare the EQ-5D index value over time
and between groups (ISS <16 vs ISS > 16 and level I vs
level II). The effect between level I and level II hospitals
was further adjusted by RISC II and FCI with multiple lin-
ear regression models. For all models, estimated marginal
means with corresponding 95% confidence intervals (95%
CI) are presented as effect estimates. A p value <0.05
was considered statistically significant. The results were
compared with normative data from Germany [20]. All
analyses were performed by using SAS 9.4 (SAS Insti-
tute, Cary NC) and IBM SPSS Statistics 22.0 (IBM Corp.
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Released 2013. IBM SPSS Statistics for Windows, Version
22.0. Armonk, NY: IBM Corp.). All graphics were created
with SPSS Statistics 22.0 IBM Corp. Released 2013. IBM
SPSS Statistics for Windows, Version 22.0. Armonk, NY:
IBM Corp.).

Results
Study population and demographics

In total 501 patients, who responded to the EQ-5D ques-
tionnaire at any of the three assessment points, were
included into this prospective cohort study (Fig. 1).
Demographic characteristics of all patients treated within
the Trauma Network Eastern Bavaria (TNO) and patients
included into this study are shown in Table 1.

Within the study group (n=501) 118 patients showed
an ISS < 16 points, while in 383 patients the ISS reached
16 points or more.

213 patients were treated in a level I center, 288 in a
level II center with significant differences concerning age
and FCI (p < 0.05) (Table 2).

Table 1 Patient characteristics of TNO (Trauma Network Eastern
Bavaria) and study group

TNO (3/12-2/14) Study group

n 2596 501

Age (mean/SD) 45.5+22.2 46.2+19.1

Sex Q 743 (29%); 31853 (711%) Q 144 29%);
& 357
(71%)

ISS (mean/SD) 16.0+13.0 219+11.2

ISS>16 (1n/%) 1143 (44%) 383 (76%)

RISC II (mean/SD) 9.0+20.7 6.0+13.9

FCI (mean/SD) 4.1+1.4 38+1.4

TNO Trauma Network Eastern Bavaria, QoL Quality of Life, ISS
Injury Severity Score, RISC II Revised Injury Severity Classification
II, FCI Functional Capacity Index (lowest value)

EQ-5D: course over time

In total, 501 patients responded to EQ-5D questionnaire at
any of the three assessment points. 458 patients completed
the EQ-5D score 6 months after trauma (level I centers:
n=194; level II centers: n=264), for 469 patients the EQ-5D
questionnaire was available after 12 months (level I centers:
n=201; level II centers: n=267) and for 427 patients after
24 months (level I centers: n=183; level II centers: n=244,
Table 3). In 78% (389/501) all three measuring times were
eligible for evaluation. Table 3 indicates that respondents
with complete and incomplete follow-ups did not differ with
regard to various measures of injury severity.

Overall, the EQ-5D index showed a steady increase
over time (6 months: 0.71+0.31; 12 months: 0.74 +0.28;
24 months: 0.76 +0.27). Nevertheless, the value of a healthy
German reference population (EQ-5D index of 0.9) could
not be reached, even 24 months after trauma (Fig. 2).

EQ-5D: relation to injury severity

Patients with a high injury severity (ISS > 16) showed sig-
nificantly lower EQ-5D index scores at all 3 measurement
points compared to patients with an ISS < 16 (Table 4). Nev-
ertheless, in patients with high injury severity (ISS > 16)
a significant increase in life quality over time could be
detected (p <0.001), whereas the increase of the EQ-5D
index in patients with lower injury severity (ISS < 16) was
not significant (p =0.348) (Fig. 3).

EQ-5D: relation to the trauma level of the clinic

Life quality of severely injured patients (ISS > 16: n=383)
was evaluated according to the trauma level of the clinic
(level I center vs. level II center). Within these patients, 152
(40%) were treated in a level I center, 231 (60%) in a level
II trauma center.

Regardless of differences in injury severity, patients
treated in a level II trauma center showed significantly higher
EQ-5D index values compared to those who were treated in a
level I center at all 3 measurement times (p <0.001) (Fig. 4).

Table 2 Patient characteristics

. Level I center (n=213) Level II center (n=288) p value

in level I and level II centers
Age (mean/SD) 43.8+19.0 48.0+19.1 p=0.008
Sex Q 67 (32%); 3 145 (68%) Q77 (27%); 3 212 (73%) p=0.225
ISS (mean/SD) 239+13.5 20.5+8.8 p=0.054
ISS>16 (/%) 152 (71%) 231 (80%) p<0.001
RISC II (mean/SD) 9.0+18.9 4.0+8.6 p=0.859
FCI (mean/SD) 3614 40+1.3 p<0.001

ISS Injury Severity Score, RISC II Revised Injury Severity Classification II, FCI Functional Capacity Index

(lowest value)
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Table 3 Patient characteristics

. Study population Complete FU Incomplete FU p value
of study population (24 months)

n 501 427 74

Sex Q 144; & 357 Q117; 4 310 Q27,847 0.111
Age (mean/SD) 46.2+19.1 45.3+18.6 51.6+21.5 0.009
ISS (mean/SD) 21.9+11.2 22.0+10.9 21.7+12.6 0.839
ISS>16 (n/%) 383 (76%) 329 (77%) 54 (73%) 0.446
RISC II (mean/SD) 6.0+13.9 5.7+13.0 7.8+18.3 0.382
FCI (mean/SD) 38+1.4 38+1.4 39+1.3 0.547

FU follow-up, ISS Injury Severity Score, RISC II Revised Injury Severity Classification II, FCI Functional

Capacity Index (lowest value)

1.00,

0.95

German reference value

0.75

EQ-5D index-value

24 months
n= 427

12 months
n=469

6 months
n= 458

Fig.2 EQ-5D index value: course over time; *p <0.001

The mean 2-year EQ-5D index for patients treated in a level
II center reached 0.72 +0.29 compared to 0.69 +0.32 in
level I centers (p <0.001). Looking at the subdimensions
of EQ-5D 2 years after trauma, the patients showed limited
results especially in mobility, everyday life activities and
pain/discomfort. Comparing level I and level II trauma cent-
ers, significant differences regarding mobility, self-care and
everyday life activities could be detected (p <0.001) (Fig. 5).

Adjusted EQ-5D

To get further information about the PRO after severe
trauma and differences between level I and level II centers
within the same trauma network an adjustment is necessary
to level different patient groups, especially concerning the
injury severity. After adjustment, no significant differences
in EQ-5D values could be detected at any time (Fig. 6). After
adjustment, the 2-year EQ-5D index in a level I center was
0.71 (0.66—-0.76) and in level II centers 0.75 (0.71-0.79)
(p=0.188).

The same analyses were conducted for EQ 5SD-VAS and
yielded comparable results (data not shown).

Discussion
The key findings of the present study are:

1. Patients reported a considerably lower Quality of Life
(QoL) compared to an age-matched reference population
2 years after trauma.

2. Our results show an improvement in QoL over time,
while patients with an ISS > 16 are more impaired com-
pared to those with a lower injury severity (ISS < 16),
even 2 years after trauma.

3. After adjustment, no significant differences in QoL
between level I and level II trauma centers could be
detected.

Table4 EQ-5D index value in

relation to injury severity

@ Springer

EQ-5D index value, estimated marginal means (95% CI) p value
6 months 12 months 24 months
ISS>16 0.68 (0.65-0.71) 0.71 (0.68-0.74) 0.75 (0.72-0.78) p<0.001
ISS< 16 0.78 (0.72—-0.83) 0.81 (0.75-0.86) 0.80 (0.75-0.86) p=0.348
p value p<0.001 p<0.001 p<0.001

1SS Injury Severity Score
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German reference value

0.75

0.70

EQ-5D index-value

0.6

12 months 24 months

AlSS216 0ISS<16

6 months

Fig.3 EQ-5D index value in relation to injury severity: ISS Injury
Severity Score, *p <0.001

1.00]
0.95
0.90,
0.85]
0.80|
0.7]

23
0.7 I

0.65|

EQ-5D index-value

0.60,

0.5

0.5

6 months 12 months 24 months

Alevel | unadjusted ©Level Il unadjusted

Fig.4 Unadjusted EQ-5D index value of severe injured patients
(ISS > 16) in relation trauma level of the clinic; *p <0.001

While previously published outcome studies after mul-
tiple trauma are single-center evaluations [4—12], an out-
standing feature of the present investigation is the evalua-
tion of an entire trauma network. Especially in rural areas,
rather decentralized trauma networks with a large number
of included hospitals (level I and level II) are necessary to
ensure trauma treatment across a wide area. The trauma

network evaluated in the present study is described in detail
in a previous published investigation [3].

Regardless of injury severity, patients reported worse
QoL compared to an age-matched reference population 2
years after trauma. We could find impairments after multi-
ple trauma in all functional domains similar to previously
published single-center studies [4, 10—12].

Our results show that injury severity influences the long-
term functional outcome of the survivors. Patients with an
ISS > 16 are more impaired compared to those with a lower
injury severity (ISS < 16), even 2 years after trauma.

While some studies did not observe any further improve-
ment of QoL 6 months or 1 year after trauma [6, 11], our
results show an improvement even after 2 years. This find-
ing emphasizes the need for a good aftercare and proper
long-term rehabilitation after completion of acute treatment,
especially in severely injured patients.

In a previous study we could find equivalent results with
regard to mortality rates between level I and level II cent-
ers within the evaluated trauma network [3]. Nevertheless,
next to mortality rates, the QoL in survivors and potential
differences depending on the trauma level of the clinic are
of increasing interest. Within the present study 60% of the
included severely injured patients were treated in level II
centers. The overall QoL after 2 years is significantly higher
in patients treated in level II centers compared to those
treated in level I centers. However, there are significant dif-
ferences in injury severity (ISS), expected mortality (RISC
II) and the expected levels of reduced functional capacity
(FCI). Therefore, an adjustment of the EQ-5D values, using
the RISC II and the lowest FCI values, were performed to get
comparable information about the QoL after trauma within
the network.

After the adjustment, significant differences could not be
detected anymore. Nevertheless, a trend towards superior
PROs in level II centers could still be seen. Our findings
complement the results of the previous study mentioned
above, where the effectiveness and high functionality of the
considered trauma network could be verified [3]. For the
first time, the present study shows the possibility to evaluate
the PRO of survivors after polytrauma within a multicenter
study based on the Trauma Register DGU®.

Our study has several limitations. One limitation is the
relatively low follow-up rate of 19.3%. We have to consider
three reasons: (1) the high mortality rate (19%) in the patient
sample under investigation; (2) the posttraumatic distress of
the patients after severe trauma, and (3) the difficulty track-
ing of patients within the entire trauma network, which cov-
ers an area of about 20,000 km? and has approximately 2.3
million inhabitants.

On the positive side, our total of patients included in the
follow-up QoL assessments was n =501, and thus mark-
edly higher than sample sizes of previously published
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Fig.5 Subdimension of 100% — — T
unadjusted EQ-5D of severe -
injured patients (ISS > 16) after 90%

24 months; *p <0.001
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Fig.6 Adjusted EQ-5D index value of severe injured patients
(ISS>16) in relation to trauma level of the clinic: adjustment was
performed using the RISC II and the FCI

single-center studies, with study samples ranging from 53
to 397 patients [4—12]. Nevertheless, the results can only
be applied to the entire trauma network to a limited extent,
since the injury severity of the patients included differs
significantly from that of the entire trauma network.

The present study used RISC II and FCI for the first
time to adjust the quality of life of different injury severi-
ties. It has been shown that these adjusters can be used to
assess quality of life after trauma, although further experi-
ence with these adjusters is still needed.

@ Springer

Overall the present study shows for the first time that
within an entire working trauma network the PRO is com-
parable to previously published single-center studies. To
compare the outcome of level I and level II centers an adjust-
ment is necessary to level differences in patients’ and injury
characteristics. After adjustment, no significant differences
between level I and level II centers within the trauma net-
work concerning the PRO could be detected. The next step
should be the evaluation of the PRO within the entire Trau-
maRegister DGU®. Therefore, the TraumaRegister DGU®
was recently expanded as part of a pilot project, to include
a special category concerning outcome and quality of life.
Therefore, further experience must be gained with regard to
the adjustment of the quality of life.

Conclusion

Even though, patients showed an improvement in life quality
2 years after multiple trauma, the PROMS remained consid-
erably lower compared to a reference population. No dif-
ferences between level I and level II centers within a rural
trauma network could be detected. Improved strategies for
aftercare of polytraumatized patients are called for.
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