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Factors affecting discharge of patients with sternal fractures
Sternum kirigi olan hastalarin taburculuguna etki eden faktérler
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ABSTRACT

Aim: Sternal fractures, especially those due to motor vehicle accidents, are encountered in
emergency department. There are no clear recommendations on discharge of patients with isolated
sternal fractures from the emergency department. In this study, we aimed to examine the relationship
between fracture type and severity of injury as well as factors affecting the decision of early discharge
in case of sternal fractures detected in the emergency department.

Materials and Methods: Patients who presented to the emergency department with trauma between
2014 and 2019 were retrospectively analyzed. Demographic characteristics, trauma mechanisms,
additional injuries, injury severity scores, location of sternal fracture and displacement status,
echocardiography findings, troponin | values, electrocardiography findings, duration of emergency
department and hospital stay, and 30- day mortality of trauma patients aged above over 18 years with
sternal fractures on thorax computed tomography included in the study were evaluated.

Results: The mean age of 184 patients who were diagnosed with sternal fractures during the 5-year
period was 49.9  16.6 years, and 75.5% (n=139) of them were males. On examining the mechanisms
of trauma, we found that the most common cause (63.5%; n=117) was motor vehicle accidents. The
most common concomitant injuries were rib fractures (56.5%; n=104) and spinal fractures (44%;
n=81). It was found that 73.9% (n=136) of sternal fractures were localized in the corpus and 63%
(n=116) were non-displaced. It was determined that 33% (n = 61) of the patients were discharged from
the emergency department, the mean duration of emergency department stay was 28.3 + 24.3 hours,
and the mean total hospitalization time was 9.8 + 20.1 days. There was a significant relationship
between the time to discharge with injury severity scores (ISS) and troponin | values of the patients.
Conclusion: It should be noted that additional life-threatening injuries may be encountered more often
in patients presenting with a high injury severity score (>15) and with a manubrium sterni fracture. In
sternal fractures, early discharge from the emergency department can be considered in patients with a
low injury severity scores (<15) in whom no abnormal findings are detected in a follow-up performed
with echocardiography, troponin I, electrocardiography, and constant monitoring.
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oz

Amag: Acil servislerde 6zellikle motorlu ara¢ kazalarina bagll sternum kiriklari gbrilmekte ve tim
viicut bilgisayarli tomografisinin yaygin bigimde kullanilmasina paralel olarak saptanma oranlari da
artis goéstermektedir. izole sternum kirigi olan hastalarin acil servisten taburculugu konusunda net bir
6neri bulunmamaktadir. Biz bu c¢alisma ile acil serviste saptanan sternum kiriklarinda, kirik tipi ile
yaralanma ciddiyeti arasindaki iligkiyi ve erken taburculuk kararini etkileyen faktérleri incelemeyi amagladik.

Corresponding author: llhan Uz

Department of Emergency Medicine, Ege University Faculty
of Medicine, Izmir, Turkey

E-mail: ilhan.uz@ege.edu.tr

Application date: 23.10.2020 Accepted: 23.01.2021

70


https://orcid.org/0000-0001-7879-8241
https://orcid.org/0000-0003-4020-0819
https://orcid.org/0000-0002-1685-2369
https://orcid.org/0000-0001-8182-1764
https://orcid.org/0000-0003-3396-3949
https://orcid.org/0000-0003-2282-5559
https://orcid.org/0000-0001-7879-8241
https://orcid.org/0000-0003-4020-0819
https://orcid.org/0000-0002-1685-2369
https://orcid.org/0000-0001-8182-1764
https://orcid.org/0000-0003-3396-3949
https://orcid.org/0000-0003-2282-5559
https://orcid.org/0000-0001-7879-8241
https://orcid.org/0000-0003-4020-0819
https://orcid.org/0000-0002-1685-2369
https://orcid.org/0000-0001-8182-1764
https://orcid.org/0000-0003-3396-3949
https://orcid.org/0000-0003-2282-5559
https://orcid.org/0000-0001-7879-8241
https://orcid.org/0000-0003-4020-0819
https://orcid.org/0000-0002-1685-2369
https://orcid.org/0000-0001-8182-1764
https://orcid.org/0000-0003-3396-3949
https://orcid.org/0000-0003-2282-5559
https://orcid.org/0000-0001-7879-8241
https://orcid.org/0000-0003-4020-0819
https://orcid.org/0000-0002-1685-2369
https://orcid.org/0000-0001-8182-1764
https://orcid.org/0000-0003-3396-3949
https://orcid.org/0000-0003-2282-5559
https://orcid.org/0000-0001-7879-8241
https://orcid.org/0000-0003-4020-0819
https://orcid.org/0000-0002-1685-2369
https://orcid.org/0000-0001-8182-1764
https://orcid.org/0000-0003-3396-3949
https://orcid.org/0000-0003-2282-5559
https://orcid.org/0000-0001-7879-8241
https://orcid.org/0000-0003-4020-0819
https://orcid.org/0000-0002-1685-2369
https://orcid.org/0000-0001-8182-1764
https://orcid.org/0000-0003-3396-3949
https://orcid.org/0000-0003-2282-5559

Gere¢ ve Yoéntem: Travma nedeniyle 2014-2019 yillari arasinda acil servise bagvuran hastalar
retrospektif olarak analiz edildi. Calismaya dahil edilen, toraks bilgisayarli tomografisinde sternum
kingi tespit edilen 18 yas (sti travma hastalarinin demografik 6zellikleri ile travma mekanizmalari, ek
yaralanmalari, travma ciddiyet skorlari, sternum kirik yeri ve deplasman durumu, ekokardiyografi
bulgulari, troponin | degerleri, elektrokardiyografi bulgulari, acil servis ve hastanede kalis streleri, 30
glnliik mortaliteleri degerlendirildi.

Bulgular: Bes yillik sireg icinde sternum kiridi tespit edilen 184 hastanin, %75,5%i (n:139) erkek, yas
ortalamasi 49.9 £ 16.6 yildi. Travma mekanizmalari incelendiginde en sik (%63,5; n=117) motorlu tasit
kazalari, sonucu oldugu saptandi. En sik eglik eden yaralanmalar kaburga (%56,5; n=104) ve omurga
kiriklari (%44; n=81) idi. Sternum kiriklarinin, %73,9°'unun (n=136) korpusta yerlesim gésterdigi ve
%63’iniin (n=116) non-deplase oldugu tespit edildi. Hastalarin %33'liniin (n = 61) acil servisten
taburcu edildigi, ortalama acil serviste kalis stiresinin 28,3 + 24,3 saat, ortalama toplam yatis siiresinin
9,8 + 20,1 giin oldugu belirlendi. Hastalarin taburculuk siresi ile travma ciddiyet skorlari ve troponin |
degerleri arasinda anlamli bir iliski vardi.

Sonug: Yiiksek travma ciddiyet skoru (>15) ile bagvuran ve manubrium sterni kirigi olan hastalarda
hayati tehdit eden ek yaralanmalar ile daha sik karsilasilabilecedi unutulmamalidir. Sternum
kiriklarinda travma ciddiyet skoru dlglik (<15) olan hastalarda, ekokardiyografi, troponin |,
elektrokardiyografi ve monitérize olarak izlemin yapildigi takipte anormal bulgu tespit edilmeyen
hastalarin acil servisten erken taburculugu ddgdindlebilir.

Anahtar Sézciikler: Sternum kiridi, travma, acil tip.

INTRODUCTION

In parallel with the widespread use of whole-body
computed tomography (CT) in patients with
multiple traumas in emergency departments
(ED), the rates of detection of sternal fractures
have also increased. Sternal fractures are often
caused by motor vehicle accidents and can be
accompanied by serious and life-threatening
additional injuries (1, 2). The most common
accompanying serious injuries are lung
contusion, pneumothorax, hemothorax, and
vertebral fractures. Contrary to popular belief,
cardiac injury is much less common (3).

Patients with isolated sternal fractures and
fractures of the sternum accompanied by minor
injury are often discharged from the ED.
However, there are no clear recommendations on
which patient can be discharged within how long.

center with approximately 200,000 presentations
per year. This study was approved by the local
ethics committee. Patients who presented to the
ED due to trauma between 2014 and 2019 were
retrospectively scanned.

Trauma patients aged above 18 years who
presented to the ED and were found to have a
sternal fracture on the thorax CT were included in
the study. Patients with incomplete data were
excluded from the study.

Demographic characteristics (age and gender) as
well as trauma mechanisms, additional injuries,
injury severity scores (ISS), sternal fracture
location and displacement status,
echocardiography (ECHO) findings, troponin |
(Tn-l)  values, electrocardiography (ECG)
findings, duration of ED and hospital stay, and
30-day mortality of the patients included in the
study were evaluated.

There are studies investigating the degree of
fracture displacement and the location of the
fracture, but the number of studies examining the
correlation between fracture type (fracture
location and degree of displacement) and
severity of injury is quite limited.

In this study, we aimed to examine the
relationship between fracture type and severity of
injury as well as factors affecting early discharge
decision in case of sternal fractures detected in
the ED.

MATERIALS AND METHODS

This retrospective study was conducted in a
university ED that serves as a tertiary trauma
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Images of the patients in whom a sternal fracture
was detected on thorax CT were re-evaluated by
a radiologist specialized in thoracic radiology
both topographically in terms of location
(manubrium sterni and corpus) and according to
the displacement degrees.

An injury severity score (ISS) of higher than 15
was considered serious trauma (4). Any
pathological signs and presence of pericardial
effusion revealed on echocardiography, a Tn-|
level higher than 13 ng/mL (reference interval <
14 ng/mL), arrhythmia, or ST-T changes on ECG
were considered significant in terms of cardiac
injury. Time to discharge of patients was
classified into less than 2 days, 2-7 days, and
longer than 7 days.
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Table-1. Demographic data, trauma mechanisms, concomitant injuries, type of sternal fracture and zone.

Age 49.9 (18-87) £ 16.61
Gender (F/M) 45/139
Trauma mechanisms n/N
Car accident 117/184
-Inside 83/117
-Outside 18/117
Motorcycle 16/117
Fall 55/184
Entrapment-type occupational accidents 9/184
Battery 3/184
Concomitant Injuries N (%)
Rib fracture 104 (%56.5)
Lung Contusion 59 (%32.1)
Pneumothorax 58 (%31.5)
Lumber spine fracture 34 (%18.5)
Thoracic spine fracture 27 (%14.7)
Cervical spine fracture 20 (%10.9)
Hemothorax 24 (%13.0)
Intracranial 21 (%11.4)
Upper limb 38 (%20.7)
Lower limb 31 (%16.8)
Pelvis 23 (%12.5)
Abdomen 23 (%12.5)
Sternal fracture zone (n/N) Corpus Manubrium
136/184 48/184
Type of fracture (n/N) Displaced Non-displaced
68/184 116/184

Table-2. Comparison of concomitant injuries, Troponin-I, Echo, ISS, mortality and discharged with the fracture type.

Concomitant Injuries, Corpus Manubrium Displaced Nondisplaced

Other parameters N:136 N:48 P N:68 N:116

Rib fracture 72 (9%52.9) 32 (%066.6) 0.069 41 (%60.2) 63 (%54.3) 0.263
Lung Contusion 34 (%25.0) 25 (9%52.0) 0.001* 19 (%27.9) 40 (%34.4) 0.226
Pneumothorax 29 (%21.3) 29 (%60.4) 0.000* 17 (%25.0) 41 (%35.3) 0.097
Hemothorax 11 (%8.0) 13 (%54.1) 0.002* 8 (%11.7) 16 (%13.7) 0.439
Thoracic spine fracture 15 (%11.0) 12 (%27.0) 0.020* 17 (%25.0) 10 (%8.6) 0.567
Troponin-I 26 (9%19.1) 12 (%25.0) 0.252 13 (%19.1) 25 (%21.5) 0.423
ECHO - A 17 (%12.5) 6 (%12.5)  0.611 8 (%11.7) 15 (%12.9) 0.506
ISS>15 21 (%15.4) 17 (%35.4) 0.004* 14 (%20.5) 24 (%20.6) 0.572
Mortality 0 (%0.00) 3 (%6.0) 0.401 0 (%0.00) 3 (%2.5) 0.248
Discharged/ED 51 (%37.5) 10 (%20.8) 0.025* 19 (%27.9) 42 (%36.2) 0.162
Hospitalization 85 (%062.5) 38 (%79.1) 0.025* 49 (%72.0) 74 (%63.7) 0.162
<2day discharged 50 (%36.7) 9 (%18.7) 0.001* 19 (%27.9) 40 (%34.4) 0.654
2-7 day discharged 59 (%43.3) 17 (%35.4) 0.001* 30 (%44.1) 46 (%39.6) 0.654
>7 day discharged 27 (%19.8) 22 (%45.8) 0.001* 19 (%27.9) 30 (%25.8) 0.654

ECHO - A: Echocardiography- Abnormal, ISS: Injury Severity Score, ED: Emergency Department

72 Ege Journal of Medicine / Ege Tip Dergisi



Table-3. Comparison of discharged with ISS, Tn-l and ECHO.

1SS>15 1SS<15 Tn-1>13 Tn-1<13 ECHO-N ECHO-A

N:38 N:146 N:38 N:146 N:161 N:23 P
Discharged/ED 1 (%2.6) 60 (%41.0)  0.000* 9 (%23.6) 52 (%35.6) 0.114 54 (%33.5) 7 (%30.4) 0.485
Hospitalization 37 (%97.2) 86 (%58.9)  0.000* 29 (%76.3) 94 (%64.3) 0.114 107 (%66.4) 16 (%69.5)  0.485
<42 day 2 (%5.2) 57 (%39.0)  0.000* 7 (%18.4) 52 (%35.6) 0.012* 53 (%32.9) 6 (%26.0) 0.527
discharged
SIZ th‘z ged 6 (%15.7) 70 (%47.9) 0.000* 14 (%36.8) 62 (%42.4) 0.012* 64 (%39.7) 12 (%52.1) 0.527
ZiY:;cdhazi/rged 30 (%78.9) 19 (%13.0) 0.000* 17 (%44.7) 32 (%21.9) 0.012* 44 (%27.3) 5 (%21.7) 0.527

Statistical analysis

IBM SPSS Statistics 25.0 Program was used.
The conformance of numerical variables to
normal distribution was examined using Shapiro—
Wilk (n < 50) and Kolmogorov—Smirnov (n = 50)
tests. Numerical variables were presented as
mean and standard deviation or median (min—
max). Kruskal-Wallis test was used in case
numerical variables were not found to be
normally distributed. In case of significance,
Bonferroni corrected Dunn’s test was used for
binary comparisons. Categorical variables were
presented as numbers and percentages, and chi-
square test was performed for categorical
variables. A significance level of 0.05 was
considered for all hypotheses.

RESULTS

In the 5-year period, the total number of patients
diagnosed with sternal fractures was 184.
Information on demographic data, mechanism
trauma, and types and numbers of injuries are
available in Table-1. The most common
concomitant injuries were rib fractures (56.5%; n
= 104) and spinal fractures (44%; n = 81). It was
found that 73.9% (n = 136) of sternal fractures
were localized in the corpus, and 63% (n = 116)
were non-displaced (Table-1). Displaced sternum
fractures were detected at a higher rate (%51.4,
n=18/35) above 65 years of age than under 65
years of age (%33.5, n=50/149) (P: 0.039).
Comparison of concomitant injuries, troponin-I,
echocardiography, ISS, mortality and discharged
with the fracture type are available in Table-2. It
was determined that 33% (n = 61) of the patients
were discharged from the ED, the mean duration
of ED stay was 28.3 + 24.3 hours, and the mean
total hospitalization time was 9.8 + 20.1 days.
The relationship between the time to discharge of
patients and ISS values, Tn-l, and ECHO s
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shown in Table-3. Electrocardiography (ECG)
data of 28% of the patients could not be found.
Among patients whose ECG data could be
accessed, only one patient had an early
ventricular beat that was not on the patient’s
former ECGs. Furthermore, 22 patients had
pericardial effusion, including 21 with a
pericardial effusion of less than 1 cm and 1 with a
pericardial effusion of 2 cm at the widest point,
which did not lead to any findings of
hemodynamic impairment and pressure in any of
the patients. In 38 patients, the Tn-I values were
above the limit. There were no patients who were
operated due to sternal fractures, and all
fractures were conservatively followed without
performing fixation.

Three patients included in the study had died
within 30 days, and it was found that the fracture
was located in the manubrium sterni and ISS >
15 was noted in all three patients who died. One
of these patients was found to have pericardial
fluid on ECHO, and the other two were found to
have Tn-1 > 13 ng/mL.

DISCUSSION

In this study, we examined the relationship
between the type of fracture and the severity of
injury, concomitant injuries, and the factors
affecting early discharge decision in case of
sternal fractures. Moreover, early discharge can
be considered in patients with corpus fractures,
patients with ISS < 15, and patients with Tn-I <
13 ng/ml.

Sternal fractures are most often caused by motor
vehicle accidents and are often observed in male
patients in their 5th decades (1, 2). The most
common injuries accompanying fractures of the
sternum are rib and spinal fractures due to the
direction and force of the impact (1, 2). Sternal
fractures are often non-displaced and localized in
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the corpus (5, 6). We found that sternal fractures
occur most often as a result of motor vehicle
accidents are most often accompanied by rib and
spinal vertebral fractures. In the present study,

additional injuries such as lung contusion,
pneumothorax, hemothorax, and thoracic
vertebral fractures were more common in

patients with 1SS > 15 and manubrium fractures
in terms of location (17/48 (35.4%) ISS> 15 in
manubrium fractures, 21/136 (15.4%) ISS> 15 in
corpus fractures) but had no correlation with the
displacement of the fracture.

Displaced sternal fractures are more common in
injuries due to traffic accidents in vehicles. We
believe that this may be caused by a seatbelt or
impacts to the rib cage (such as a steering
wheel) in a confined space. In addition, we
believe that the reason for the higher prevalence
of displaced fractures in patients aged above 65
years may be reduced bone density due to aging.

Studies on the diagnosis and incidence of
myocardial damage associated with fractures of
the sternum have shown different results. In a
study that evaluated 200 patients with sternal
fractures, abnormal ECG findings or elevated
cardiac enzymes have been reported in 11.5% of
the patients and pericardial effusion in 10% of the
patients (6). In the same study, it was concluded
that there was a correlation between the degree
of displacement and the presence of pericardial
effusion. In another study in which 72 patients
with sternal fractures were evaluated, it was
reported that abnormal ECHO findings were
more common in patients with manubrium sterni
fractures and in those with displaced fractures,
but there was no significant difference in ECG
findings and presence of cardiac enzyme
elevation (7).

In a retrospective observational study with 169
patients with blunt thoracic trauma, it was
reported that the incidence of blunt cardiac injury
was quite high (50%) (8). In another study in
which 1,867 patients were evaluated using Israeli
national trauma records, it was reported that
1.8% of the patients had cardiac contusion or
laceration, but this rate was very low in isolated
sternal fractures (3). In the present study, we did
not observe any significant difference between
the groups in terms of ECHO findings and
cardiac enzyme values and both location of
fracture (manubrium or corpus) and whether it is
displaced. However, we found that patients with
low cardiac enzyme levels (Tn-l < 13 ng/mL)
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were discharged earlier (before 7 days) than
those with elevated cardiac enzyme levels
(P=0.012).

In a trauma guideline published on blunt cardiac
traumas, it has been reported that ECG alone is
not sufficient to exclude cardiac injuries, but
normal findings of ECG and Tn-I together could
refer to a negative predictive value close to 100%
in the exclusion of cardiac injury (9). In the
present study, we found that ECG is not
considered as important as ECHO and Tn-I in
patients diagnosed with sternal fractures, and
ECG was not performed in about one-third of the
patients. Not performing ECG in these patients
can be attributed to the fact that no arrhythmia
was found while they were under constant
monitoring. In the present study, we did not
detect any life-threatening ECG findings in
patients with a sternal fracture.

In the present study, it was found that there is no
significant difference in terms of discharging of
patients from the ED and whether the fracture is
displaced, but patients with corpus fractures are
discharged more often and earlier from the ED. It
has also been found that patients with
manubrium sterni fractures and ISS > 15 have a
longer hospitalization time. Moreover, sternal
fracture or cardiac injury was not the primary
cause of death in any of the three patients who
died within 30 days.

This study had some limitations. This research
was a retrospective study conducted in a single
center, and regression analysis could not be
performed. In addition, although data monitoring
was complete, there was a lack of ECG data in
some patients.

CONCLUSION

Notably, additional life-threatening injuries may
be more often observed in patients with
manubrium sterni fractures who often present
with a high injury severity score (>15). In case of
sternal fractures, early discharge from the ED
can be considered in patients with a low injury
severity score (£15) in whom no abnormal
findings are detected in the follow-up with ECHO,
ECG, Tn-l, and constant monitoring.
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