Vollrath et al. W rl m | f
World Journal of Emergency Surgery (2022) 17:12 0 dJOU alo

https://doi.org/10.1186/513017-022-00416-0 Emergency SU rgery

RESEARCH Open Access

: ®
Lung failure after polytrauma iy

with concomitant thoracic trauma in the elderly:
an analysis from the TraumaRegister DGU®

Jan Tilmann Vollrath"", Cora Rebecca Schindler!, Ingo Marzi', Rolf Lefering?, Philipp Stérmann'and the
TraumaRegister DGU?

Abstract

Background: In developed countries worldwide, the number of older patients is increasing. Pulmonary complica-
tions are common in multiple injured patients with chest injuries. We assessed whether geriatric patients develop
lung failure following multiple trauma with concomitant thoracic trauma more often than younger patients.

Methods: A retrospective analysis of severely injured patients with concomitant blunt thoracic trauma registered

in the TraumaRegister DGU® (TR-DGU) between 2009 and 2018 was performed. Patients were categorized into four
age groups: 55-64y, 65-74y, 75-84 y, and > 85 y. Adult patients aged 18-54 years served as a reference group. Lung
failure was defined as Pa02/FIO2 <200 mm Hg, if mechanical ventilation was performed.

Results: A total of 43,289 patients were included, of whom 9238 (21.3%) developed lung failure during their clinical
stay. The rate of posttraumatic lung failure was seen to increase with age. While lung failure markedly increased the
length of hospital stay, duration of mechanical ventilation, and length of ICU stay independent of the patient’s age,
differences between younger and older patients with lung failure in regard to these parameters were clinically com-
parable. In addition, the development of respiratory failure showed a distinct increase in mortality with higher age,
from 16.9% (18-54y) to 67.2% (> 85 y).

Conclusion: Development of lung failure in severely injured patients with thoracic trauma markedly increases
hospital length of stay, length of ICU stay, and duration of mechanical ventilation in patients, regardless of age. The
development of respiratory failure appears to be related to the severity of the chest trauma rather than to increasing
patient age. However, the greatest effects of lung failure, particularly in terms of mortality, were observed in the oldest
patients.
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Introduction 2014, about 20,700 inpatient treatments per 100,000
In the last decades, emergency physicians, especially in  inhabitants consisted of patients aged between 45 and 64,
developed countries, have been faced with growing num-  while 49,800 treatments per 100,000 inhabitants (more
bers of severely injured patients of advanced age [1]. In  than twice as many) consisted of patients older than
65 years [2]. In Germany between 1990 and 2018, the
number of people older than 67 years of age increased
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number will grow to at least 20.9 million [3]. Parallel to
this demographic development, a change in the mecha-
nism of severe trauma can also be observed. In 1990,
ground level falls accounted for 4.7% of major trauma
cases, while by 2013, the same mechanism of injury
accounted for 39.1% of major trauma cases [4, 5]. As
ground level falls are a common mechanism of injury in
the elderly, it can therefore be assumed that the number
of severely injured patients in this age group increased
in a similar way. In 2018, 27.1% of the patients included
in the TraumaRegister DGU® were older than 70 years
of age [6]. In this regard, several studies demonstrated
increased mortality in elderly patients, and after adjust-
ing for Injury Severity Score (ISS), these patients showed
significantly longer intensive care unit (ICU) and in-hos-
pital stays when compared to young patients suffering
from multiple trauma [7-10].

Patients suffering from severe trauma are at risk of
developing post-injury complications during their clini-
cal course, including respiratory failure [11]. It is known
that the breathing pattern changes with age, as resting
elderly people have lower tidal volume and a higher res-
piratory rate and the ventilatory response to hypoxia or
hypercapnia is significantly decreased [12]. Bearing this
in mind, it is reasonable to assume that the occurrence
of respiratory failure as a posttraumatic complication is
more common in elderly patients and further worsens
the outcome. Literature regarding trauma-induced lung
failure in the elderly is scarce, especially with regard to
higher incidence, greater severity of the course, and prog-
nostic parameters. This TraumaRegister DGU® study was
performed to investigate trauma-induced lung failure in
the elderly after polytrauma with concomitant thoracic
trauma.

Methods

The TraumaRegister DGU® of the German Trauma Soci-
ety (Deutsche Gesellschaft fiir Unfallchirurgie, DGU)
was founded in 1993. The aim of this multi-centre data-
base is a pseudonymized and standardized documen-
tation 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 documen-
tation includes detailed information on demographics,
injury pattern, comorbidities, pre- and in-hospital man-
agement, course on intensive care unit, relevant labora-
tory findings including data on transfusion and outcome
of each individual. The inclusion criterion is admission
to hospital via emergency room with subsequent ICU
care or reach the hospital with vital signs and die before
admission to ICU.
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The infrastructure for documentation, data manage-
ment, and data analysis is provided by the 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 pseudonymised into a central database via a web-
based application.

The participating hospitals are primarily located in
Germany (90%), but a rising number of hospitals of other
countries contribute data as well (at the moment from
Austria, Belgium,, Finland, Luxembourg, Slovenia, Swit-
zerland, The Netherlands, and the United Arab Emir-
ates). Currently, approx. 30,000 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 obliga-
tory for reasons of quality assurance. Scientific data anal-
ysis is approved according to a peer review procedure
established by Sektion NIS. The present study is in line
with the publication guidelines of the TraumaRegister
DGU® (TR-DGU) and registered as TR-DGU project ID
2019-056.

This retrospective study included patients from the
standard data set of the TR-DGU between 2009 and 2018
suffering from a blunt thoracic trauma. There should be
at least one serious injury (Maximum Abbreviated Injury
Scale (MAIS) score > 3) to any body region. This was not
necessarily located in the thorax. Due to the similarity
of the health care systems, only patients from Germany,
Austria, and Switzerland were included. Patients were
excluded based on the following criteria: age <18 years;
penetrating thoracic injuries, as well as missing docu-
mentation of whether the thoracic injury was blunt or
penetrating; early transfer to another hospital; no ICU
stay; and missing documentation of organ failure. The
Injury Severity Score (ISS) and injuries related to differ-
ent body regions were determined using the Abbreviated
Injury Scale (AIS, version 2005, update 2008 [13]. For fur-
ther analysis, elderly patients were categorized into four
age groups: 55—64 y, 65-74 y, 75-84 y, and > 85 y. Adult
patients aged 18—54 years served as a reference group. To
analyze the influence of a hemo-/pneumothorax on the
development of lung failure in these age groups, patients
with hemo-/pneumothorax with or without lung failure
were further categorized according to the AIS severity.
The same analysis was performed for rib fractures. Lung
failure was documented during intensive care treatment
and defined as PaO2/FIO2 <200 mm Hg, if mechanical
ventilation was performed, which is equivalent to 3 or 4



Vollrath et al. World Journal of Emergency Surgery (2022) 17:12

points for the respiratory system in the Sequential Organ
Failure Assessment (SOFA) score. This criterion must be
met for at least two days for the condition to be consid-
ered lung failure.

Statistics

Data are presented as mean + standard deviation (SD) for
continuous variables and percentages (%) for categori-
cal variables. In case of considerable skewness, median
with inter-quartile range (IQR) was used. However, the
robustness of the median sometimes hides group differ-
ences, and therefore the mean value was used in addition
for graphical comparisons. Formal statistical testing com-
paring cohorts was avoided since, due to the large sample
size, even minor, clinically not relevant differences would
result in highly statistically significant results, which
might lead to an overinterpretation. Logistic regression
analysis was used to evaluate the effect of age, injury
severity and type of injury on lung failure (dependent
variable) in patients with mechanical ventilation on ICU.
Statistical analysis was performed using Statistical Pack-
age for Social Sciences (SPSS, version 25, IBM Corp.,
Armonk, New York, United States). The figures were
created using Microsoft Excel (version 16.48, Microsoft
Cooperation, Redmond, Washington, United States).

Results

In total, 135,452 patients with thoracic trauma were
documented between 2009 and 2018 in German, Aus-
trian, and Swiss hospitals. 92,163 patients were excluded
according to the exclusion criteria depicted in detail in
Fig. 1. Finally, 43,289 patients were included in further
analyses, of whom 9238 (21.3%) developed lung failure
during their clinical course (Fig. 1).

Basic patient data are shown in Table 1. 24,160 patients
(55.8%) were in the adult reference group, while the
number of elderly patients ranged from 1671 (age 85+)
to 7113 (Table 1). The proportion of male patients
decreased in the older age groups, so that in the oldest
group, sex distribution was nearly balanced. The overall
ISS was 26.1+12.4, and it was comparable between all
age groups (Table 1).

All patients had a thoracic trauma, and this was severe
(AIS>3) in 36,428 cases (84.1%); this relation was similar
in all age subgroups. The proportion of patients suffering
from a severe head injury (AISy,q>3) increased with
age (Table 2).

Pneumothorax and lung contusion/laceration were
more prevalent in younger patients, while rib fractures
were more common in patients older than 55 years of age
(Table 2). An overview of the specific injury pattern is
depicted in Table 2.
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While the number of patients who were mechanically
ventilated during their ICU stay did not increase with
age, in-hospital mortality was higher in the older patients
(Table 3). Furthermore, the number of patients devel-
oping lung failure during the clinical course was higher
for patients older than 65 years of age when compared
to both groups of younger patients (18-54 y: 19.4%;
55-64 y: 20.5%; 65-74 y: 24.7%; 75—84 y: 26.8%;> 85 y:
25.9%; Table 3). Additionally, the number of patients
with multi-organ failure and sepsis also increased with
age (Table 3). Patients of older age underwent surgery
less frequently, and chest tubes were used less often in
those patients. The proportion of patients who received
a blood transfusion was comparable across all age groups
(Table 3).

Without the development of lung failure, the duration
of mechanical ventilation did not differ between the age
groups except for patients older than 85 years of age,
whose ventilation time was only half as long (Fig. 2A).

Independent of age, lung failure markedly extended
the duration of mechanical ventilation. Again, in patients
older than 65 years of age, the longest mean times
for mechanical ventilation were registered, except for
the oldest group, which had shorter ventilation times
(Fig. 2A).

Patients who did not suffer from respiratory failure had
a comparable duration of their ICU treatment, while the
development of lung failure clearly increased the length
of ICU stays. For both, the duration of ICU treatment
was longer for the older groups, except for patients who
were older than 85 years of age.

The mean hospital length of stay was comparable
between the age groups but was clearly prolonged if
the patients developed lung failure (18-54 y: 20.1 d vs.
349 d; 55-64 y: 20.3 d vs. 37.6 d; 65-74 y: 19.7 d vs.
36.7d; 75-84y: 19.4 d vs. 36.9 d;>85y: 16.9 d vs. 29.1 d;
Fig. 3A).

In-hospital mortality in patients who did not suf-
fer from respiratory failure increased with age (Fig. 3B).
If patients developed lung failure, mortality distinctly
increased throughout all age groups, with the highest
rates for the elderly (18-54 y: 16.9%; 55-64 y: 23.3%;
65—74y: 28.5%; 75-84 y: 43.1%; > 85 y: 67.2%; Fig. 3B).

To assess the influence of the severity of rib fractures and
of hemo-/pneumothorax on the development of respira-
tory failure, we analyzed the rate of failure in the different
age groups in regard to the AIS for both injury patterns
(Fig. 4A, B). For rib fractures, in cases of injury severity
of AIS> 3, patients suffered from respiratory failure more
often (Fig. 4A). While the rate of lung failure was higher
for older patients, the increase between the age groups was
comparable. Commensurable results were found for the
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TR-DGU
2009-2018
n =325,206
D/A/CH
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no thoracic trauma:
>
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\, J
thoracic trauma
n=135,452 *age < 18y: 6,524 \
* penetrating: 5,092
> * unknown trauma
mechanism: 6,342
« early transfer:7,250
n=112,093 \ )
4 N
low injury severity
>
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[ n =90,685 ]
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[ n =48,999 ]
* no ICU-stay: 3,860
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\ 4
patients with lung failure
n =43,289

n=9238

Fig. 1 Flowchart study population. Abbreviations ICU, Intensive Care Unit; MAIS, Maximum Abbreviated Injury Scale; D, Germany; A, Austria; CH,
Switzerland
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Table 1 Demographic characteristics of the study population

Patient characteristics Total 18-54y 55-64y 65-74y 75-84y >85y

Total (n, %) 43,289 (100%) 24,160 (55.8%) 113 (16.4%) 5462 (12.6%) 4883 (11.3%) 1671 (3.9%)

Sex (male, %) 32,025 (74.2%) 18,695 (77.6%) 5448 (76.7%) 3932 (72.2%) 3115 (63.9%) 835 (50.1%)
Trauma mechanism (n, %)
Car collision 12,484 (29.0%) 8251 (34.3%) 1629 (23.0%) 1181 (21.7%) 1157 (23.8%) 266 (16.0%)
Motorcycle collision 6681 (15.5%) 4856 (20.2%) 1207 (17.0%) 41 (8.1%) 168 (3.5%) 9(0.5%)
Bicycle collision 3437 (8.0%) 1490 (6.2%) 716 (10.1%) 671 (12.3%) 483 (9.9%) 77 (4.6%)
Pedestrian 2769 (6.4%) 1210 (5.0%) 417 (5.9%) 449 (8.3%) 511 (10.5%) 182 (11.0%)
Fall>3m 8636 (20.0%) 4888 (20.3%) 1551 (21.9%) 1196 (22.0%) 798 (16.4%) 203 (12.2%)
Fall<3m 5921 (13.7%) 1405 (5.8%) 996 (14.1%) 1168 (21.5%) 1512 (31.1%) 840 (50.5%)
Others 3182 (7.4%) 1965 (8.2%) 568 (8.0%) 330 (6.1%) 234 (4.8%) 85 (5.1%)
1SS+ SD (points) 26.1£124 264£125 256+£120 260£12.2 260£124 259+£125
ISS>16 (n, %) 35,342 (81.6%) 19,835 (82.1%) 5676 (79.8%) 4477 (82.0%) 3994 (81.8%) 1360 (81.4%)
ISS, Injury Severity Score; SD, standard deviation
Table 2 Specific injury pattern
Total 18-54y 55-64y 65-74y 75-84y >85y

AlS head > 3 points (n, %) 16,226 (37.5%) 8632 (35.7%

2402 (33.8%, 2276 (41.7% 2132 (43.7%) 784 (46.9%)

( ( ) ( ) ( ) ( (
AlS thorax > 3 (n, %) 36,428 (84.1%) 19,940 (82.5%) 6191 (87.0%) 4698 (86.0%) 4202 (86.1%) 1393 (83.4%)
AlS abdomen >3 (n, %) 6835 (15.8%) 4628 (19.2%) 952 (13.4%) 671 (12.3%) 465 ( .5%) 119 (7.1%)
AlS extremity > 3 (n, %) 13,409 (31.0%) 8551 (35.4%) 1971 (27.7%) 1351 (24.7%) 4 (23.6%) 382 (31.0%)
Rib fractures
None 10,542 (24.4%) 7757 (32.1%) 1068 (15.0%) 772 (14.1%) 682 (14.0%) 263 (15.7%)
AlS 1 2604 (6.0%) 1575 (6.5%) 364 (5.1%) 289 (5.3%) 273 (5.6%) 03 (6.2%)
AlS 2 4320 (10.0%) 4(10.4%) 679 (9.5%) 528 (9.7%) 453 (9.3%) 46 (8.7%)
AlS 3 19,961 (46.1%) 9694 (40.1%) 3806 (53.5%) 2911 (53.3%) 2639 (54.0%) 1 (54.5%)
AlS 4 3404 (7.9%) 1556 (6.4%) 714 (10.0%) 548 (10.0%) 449 (9.2%) 137 (8.2%)
AlIS 5 2458 (5.7%) 1064 (4.4%) 482 (6.8%) 414 (7.6%) 387 (7.9%) 1 (6.6%)
Hemothorax (n, %) 8157 (18.8%) 4289 (17.8%) 1383 (19.4%) 1122 (20.5%) 1032 (21.1%) 31(19.8%)
Pneumothorax (n, %) 16,704 (38.6%) 10,078 (41.7%) 2721 (38.3%) 1891 (34.6%) 1567 (32.1%) 447 (26.8%)
Lung contusion (n, %) 20,461 (47.3%) 13,447 (55.7%) 2927 (41.2%) 2002 (36.7%) 1642 (33.6%) 443 (26.5%)
Lung laceration (n, %) 997 (2.3%) 689 (2.9%) 25 (1.8%) 92 (1.7%) 71 (1.5%) 20 (1.2%)
AlS, abbreviated Injury Scale
different peculiarities of hemo-/pneumothorax as shownin  Discussion
Fig. 4B. Mortality

After adjustment for the different age groups and indi-
vidual thoracic injuries (hemothorax, pneumothorax,
lung contusion, lung laceration or rib fractures>3) in a
logistic regression model, all covariables, except pneumo-
thorax (p<0.1), were found to exert a significant effect on
the development of lung failure (Table 4). The overall mild
effects are slightly higher for the covariable age than for the
individual thoracic injuries (Table 4).

The increasing number of severely injured elderly is
challenging due to numerous age-related factors. In this
respect, increased morbidity and mortality have been
reported in several prior studies [7-10]. In our recent
study, we observed higher mortality and an increasing
number of patients of advanced age suffering from multi-
organ failure, thus confirming observations from previ-
ous studies.
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Table 3 Interventions and outcome
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Total

18-54y

55-64y 65-74y 75-84y >85y

Lung failure (n, %)
Length of stay on ICU (days), median [IQR]

Mechanical ventilation on ICU (n, %)
If ventilated, duration of mechanical ventilation (days)

median [IQR]

Chest tube (n, %)

Operation (n,

%)

Blood transfusion in the ER (n, %)

Sepsis (n, %)

Multiple organ failure (n, %)

In-hospital mortality (n, %)

9238 (21.3%)
5[2-14]
25,014 (57.8%)
5[1-14]

2142 (5.7%)
31,784 (73.4%)
6445 (14.9%)
3453 (8.2%)
11,895 (27.5%)

4910 (11.3%)

4688 (19.4%) 1461 (20.5%) 1348 (24.7%) 1308 (26.8%) 433 (25.9%)

5[2-14]

5[2-14] 6 [2-16] 6 [2-15] 4[2-10]

14,327 (59.3%) 3782 (53.2%) 3095 (56.7%) 2861 (58.6%) 949 (56.8%)

411-13]

1303 (6.2%)

6[1-16] 6[2-17] 5[1-15] 3[1-8]

370 (6.1%) 235 (5.1%) 190 (4.7%) 44 (3.1%)

18,625 (77.1%) 5216 (73.3%) 3819 (69.9%) 3147 (64.4%) 977 (58.5%)
3839(159%)  938(13.2%) 764 (14.0%) 659 (13.5%) 245 (14.7%)

1620 (6.9%)

(
632 (9.1%) 527 (10.0%) 520(11.1%) 154 (9.6%)
(

(
6045 (25.0%) 1892 (26.6%) 1663 (30.4%) 1668 (34.6%) 607 (36.3%)
(

1621 (6.7%)

634 (8.9%) 785 (144%) 1166 (23.9%) 704 (42.1%)

Length of hospital stay (days), median [IQR] 16 [9-27] 16 [9-27] 16 [9-28] 17 [9-28] 15 [8-26] 11 [4-20]
Survivor only: Length of hospital stay (days), median [IQR] 17 [10-28] 17 [10-28] 17 [10-29] 18 [11-29] 18 [11-29] 15 [19-24]
ER, emergency room; ICU, intensive care unit
A 200 B 300
18,0 16,3 17,0 e 24,3 24,2 g
25,0 § |
7 160 14,6 14,1 21,8 21,2
§ 14,0
c — 20,0
2 120 z
’é 10,0 ——LF + % 150 ——LF +
%5 80 LF ki LF-
g 60 2 100 77 77 8,0 8.2 o
3 a0 3,1 3,0 3,1 3,0
15 50
2,0
00 0,0
18-54y 5564y 6574y 7584y 285y 18-54y 5564y 6574y 7584y 285y

Fig. 2 Duration of intubation and ICU stay. The duration of intubation (A) and ICU stay (B) of all patients with or without lung failure are shown for
the different age groups. Abbreviations LF—, without lung failure; LF+, with lung failure; y, years
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Fig. 3 Duration of in-hospital stay and in-hospital mortality. The duration of in-hospital stay (A) and in-hospital mortality (B) of all patients with or
without lung failure are shown for the different age groups. Abbreviations LF—, without lung failure; LF+, with lung failure; y, years
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As expected, we found a higher rate of lung failure
in patients older than 65 years of age in our collective.
Nearly independent of age, development of pulmonary
failure clearly increased length of ICU stay, length of

hospital stay, and mortality. Nevertheless, patients in
the oldest age group (>85 y) showed shorter duration
of mechanical ventilation, ICU treatment, and in-hospi-
tal stay when compared to the younger age groups. This
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Fig. 4 Rate of lung failure according to the Abbreviated Injury Scale. The rate of lung failure (%) according to the AIS severity for rib fractures (A)
or hemo-/pneumothorax (B) is shown for the different age groups. AlS rib fracture: AIS 1: Fracture, 1 rib; AlS 2: Fracture, 2 ribs; AIS 3: Fracture, >3
ribs or multi-fragment fractures of 3-5 ribs (unstable thorax), unilateral; AlS 4: Multi-fragment fractures of > 5 ribs (unstable thorax), unilateral; AIS 5:
Multi-fragment fractures (unstable thorax), bilateral. Abbreviations AlS, Abbreviated Injury Scale

Table 4 Multivariable regression analysis for development of lung failure in patients with mechanical ventilation on ICU (n=25,014)

Coefficent p value OR 95% Cl of OR

ISS (per point) 0.020 <0.001 1.020 1.018-1.022
AlS severity of thorax trauma (per point) 0.161 <0.001 1.18 1.13-1.22
Pre-injury ASA 3/4 0.396 <0.001 1.49 1.37-1.61
Age group (reference: 18-54y) <0.001

55-64y 0.241 <0.001 127 1.18-1.38
65-74y 0414 <0.001 1.51 1.39-1.65
75-84y 0.409 <0.001 151 1.37-1.66
>85y 0412 <0.001 1.51 131-1.75
Hemothorax 0.352 <0.001 142 1.33-1.52
Pneumothorax 0.000 0.99 1.00 0.94-1.06
Lung contusion 0.222 <0.001 1.25 1.18-1.32
Lung lacteration 0.142 0.07 1.15 0.99-1.34
Rib fractures (3 or more) 0.054 0.09 1.06 0.99-1.12
Constant —2.153 <0.001

ASA, American Society of Anesthesiologists physical status classification system; Cl, confidence interval; ISS, Injury Severity Score; OR, odds ratio, y years

might be due to this group presenting the highest mor-
tality rate and early relocation to rehabilitation facilities,
resulting in an overall shorter treatment [14]. In line,
shorter ICU stays for patients> 80 years have also been
observed in other studies [15]. Wutzler et al. investi-
gated the probability of lung failure in multiple injured
patients with thoracic trauma and identified seven inde-
pendent predictors with a significant correlation with
respiratory failure [16]. While the highest odds ratios
(ORs) were observed in cases of AlSy,..=5 points
(1.58), surgical intervention (1.71), and multiple sur-
geries (2.41), the lowest OR was observed for age (1.02)
(13), which is in line with our results. Navarrete-Navarro

et al. investigated factors related to ICU mortality from
trauma-related acute respiratory distress syndrome
(ARDS) and reported an age-related increase [17].
Although these data are not completely comparable to
our study due to different age groups and slightly dif-
ferent trauma mechanisms, the results confirm an age-
related increase in hospital mortality in trauma-related
lung failure. Age-related mortality following blunt tho-
racic trauma has also been observed by Huber et al. [18].
Furthermore, an age of 60 years or older has been shown
to be an independent risk factor for the development of
pulmonary failure after severe trauma, which is in line
with the results of our recent study [19]. In a multicenter,



Vollrath et al. World Journal of Emergency Surgery (2022) 17:12

prospective cohort study of patients with severe respira-
tory failure, older age was shown to be associated with
increased hospital mortality (OR 1.03) [20]. Moreover,
incidence of acute lung injury and mortality increased
with age [21]. This is in line with our results showing an
in-hospital mortality of 67.5% when patients older than
85 years of age develop lung failure. Nevertheless, it must
be mentioned that the two studies cited investigated lung
failure with pulmonary and extrapulmonary etiology,
while our study focuses on polytrauma with concomitant
thoracic trauma.

Length of mechanical ventilation and ICU stay

With regard to the length of mechanical ventilation and
the length of ICU and hospital stay in patients without
lung failure, we did not observe clear age-dependent ten-
dencies. The occurrence of respiratory failure resulted
in a pronounced prolongation of these lengths, but
interestingly, patients from the younger groups were
affected similarly to the elderly. This is in line with a
study by Santana-Cabrera et al. showing no influence
of age on the duration of ICU stay in patients treated in
the ICU for> 14 days [22]. On the other hand, age has
been shown to be a parameter that prolongs ICU stay
in trauma patients [15]. However, in line with our study,
the number of additional days spent in the ICU due to
patients’ age was rather low compared to other factors
[15]. Lung failure has been shown to be among the fac-
tors that most influenced the prolongation of ICU stay in
trauma patients [15]. This is in line with our study, show-
ing significantly longer length of ICU and in-hospital
stay in patients developing lung failure. No differences in
the length of ICU stay have been reported for advanced-
age motorcycle trauma, but among mechanically venti-
lated patients, the older group had more ventilator days
[23]. With regard to the duration of ventilation, we saw
no difference between the age groups when no respira-
tory failure occurred, whereas the occurrence of respira-
tory failure tended to increase the duration of ventilation
somewhat in the older patients. Due to changes in respir-
atory mechanics and the reduced ability of the elderly to
compensate, we expected a more distinct increase in the
duration of ventilation. An age of 65 years or older has
been shown to be a predictor of prolonged mechanical
ventilation after cardiac surgery (OR 1.296) [24]. To date,
studies investigating predictors of prolonged ventilatory
support in the trauma population are scarce. Neverthe-
less, age has been demonstrated to be a predictor of the
need for prolonged ventilatory support, which is likely a
reflection of patients’ comorbidities [25, 26]. Dimopou-
lou et al. [27] revealed that in thoracic trauma patients
admitted to the ICU, prolonged mechanical ventilation
was primarily determined by the presence of bilateral
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chest injuries, age, and the degree of concomitant neuro-
trauma. Features of neurologic impairment, such as poor
consciousness and poor ability to clear secretions, have
been shown to be the most common causes of respiratory
failure in patients with prolonged mechanical ventilation
[28]. A longer duration of ventilation in the elderly could
therefore also be partly explained by the more frequent
occurrence of neurotrauma in this age group.

Rib fractures and hemo-/pneumothorax

Rib fractures are a common thoracic injury, and elderly
patients are especially prone to fracturing ribs due to
loss of cortical bone mass and stiffening of the thoracic
cage [29]. For the development of respiratory failure in
the presence of rib fractures, we expected higher rates in
the elderly due to lower compensatory capacity. Contrary
to our assumption, the increase in the rate of respiratory
failure as a function of injury severity for this entity was
comparable for patients>65 years of age having only
slightly higher rates of lung failure compared to younger
patients. In the elderly patients, the increase of respira-
tory failure at the highest injury severity was lower, which
was again associated with the tremendously increased
mortality in this age group. In a retrospective cohort
study, Bulger et al. revealed that patients>65 years of
age with rib fractures after blunt chest trauma have
twice the mortality and thoracic morbidity of younger
patients with similar injuries [30]. The authors showed
that with each additional rib fracture in the elderly, mor-
tality increases by 19% and risk of pneumonia by 27%
[30]. Furthermore, ARDS rates increased as the num-
ber of rib fractures increased, with overall higher rates
in the elderly [30]. In contrast, Holcomb et al. reported
that patients older than 45 years of age who have more
than four ribs fractured are already at risk of prolonged
ICU stays, ventilator days, and overall hospital days [31].
Furthermore, these patients showed higher rates of pul-
monary complications (including ARDS), although this
difference was not statistically significant [31]. The num-
ber of rib fractures has been shown to correlate directly
with an increasing rate of lung failure and mortality [29].
However, the association between age and the number
of rib fractures was only slight [29], which is compara-
ble to the results presented. Several factors, including
age > 65 years, total number of fractured ribs, and pres-
ence of bilateral fractures, have been shown to contribute
to the morbidity and mortality of chest wall injuries [32].
This is in line with our study showing higher rates of lung
failure for patients > 65 years, for patients with multifrag-
mentary fractures of more than five ribs, and for bilateral
multifragmentary rib fractures. Pape et al. observed that
the association between rib fractures and chest-related
death was low unless bilateral injuries have been detected
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[33]. Furthermore, injuries to the lung parenchyma are
associated with chest-related death, especially if the inju-
ries are bilateral or associated with hemopneumothorax
[33]. With regard to the extent of hemo-/pneumothora-
ces, we have also observed comparable incidence of lung
failure between the age groups. The tendency for higher
rates of respiratory failure in the older groups may also
be explained in part by the higher proportion of neuro-
trauma in these age groups, as mentioned before. How-
ever, literature dealing with the association between
pneumo-/hematothoraces and the occurrence of respira-
tory failure is scarce. In line with our study, Schulz-Drost
et al. observed a higher incidence of lung contusion in
young patients than in the elderly after polytrauma with
concomitant thoracic trauma [14]. On the other hand,
the authors observed increasing incidence of flail chest
with growing age in the group of severe lung contusion
and that older patients are less likely to be discharged
home [14].

Limitations

The major limitation of this study arises from its meth-
odology, as the study is strictly retrospective. Moreo-
ver, in the TraumaRegister DGU®, diagnoses are only
identified by their AIS codes; thus, no absolutely strict
description of each individual patient’s injuries is given.
Whether the lung failure is a consequence of the multi-
ple injury or the thoracic injury cannot be assessed with
absolute certainty on the basis of this trauma registry
evaluation. Furthermore, health and medical histories, as
well as frailty, which are particularly relevant in geriatric
patients, are not recorded in the database. Neither the
exact cause of lung failure nor the exact time of occur-
rence is documented in the TraumaRegister DGU®. The
influence on premature limitation of treatment when an
advance directive is available cannot be inferred from
the registry data. Furthermore, the indication for certain
measures, such as the placement of a chest tube in the
presence of a pneumothorax, cannot be verified in the
trauma registry.

Conclusions

The development of lung failure after blunt thoracic
trauma in multiple injured patients leads to a signifi-
cant increase in the duration of mechanical ventilation
and intensive care stays. This phenomenon seems to be
only slightly influenced by higher age. If patients develop
respiratory failure, mortality increases markedly, which
is most pronounced in the elderly. The occurrence of
respiratory failure increases depending on the extent of
rib fractures or hemato/pneumothoraces but appears to
affect the different age groups similarly. Therefore, after
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blunt thoracic trauma in multiple injured patients, lung
protective treatment and close monitoring should be
established regardless of patient age to avoid the develop-
ment of lung failure.
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