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Abstract
Purpose Patients with rib fractures (RF) may require prolonged mechanical ventilation and tracheostomy. Indications for 
tracheostomy in trauma patients with RF remain debatable. The goal was to delineate characteristics of patients who under-
went tracheostomy due to thoracic versus extra-thoracic causes, such as maxillofacial–mandibular injury (MFM), traumatic 
brain injury (TBI), and cervical vertebrae trauma (CVT), and to analyze clinical outcomes. The predictive values of chest 
trauma scoring systems for tracheostomy were also evaluated. We hypothesized that tracheostomized patients were more 
severely injured with more ribs fractured and had more pulmonary co-injuries.
Methods Retrospective review included 471 patients with RF admitted to two Level 1 trauma centers. Patients with tra-
cheostomy (n = 124, 26.3%) were compared to patients with endotracheal intubation (n = 347, 73.7%). Analyzed variables 
included age, gender, injury severity score (ISS), Glasgow Coma Scale, number of ribs fractured, total fractures of ribs, 
prevalence of bilateral rib fractures, flail chest, clavicle fractures, MFM, TBI, CVT, co-injuries, comorbidities, RF treatment 
options, hospital length of stay (HLOS), intensive care unit LOS (ICULOS), duration of mechanical ventilation (DMV).
Results Tracheostomized compared to intubated patients had statistically higher ISS, more ribs fractured, total fractures 
of the ribs, bilateral and clavicle fractures, MFM, spine, chest, and orthopedic co-injuries and longer HLOS, ICULOS and 
DMV. Tracheostomy for thoracic reasons was performed in 64 patients (51.6%) and for extra-thoracic reasons in 60 patients 
(48.4%). Mean tracheostomy timing was 9.9 days and was significantly shorter in the extra-thoracic compared to the thoracic 
group (8.0 versus 11.6 days, p < 0.001). All chest trauma scoring system values were significantly higher in tracheostomized 
patients. Predictive values of scoring systems for tracheostomy increased in patients with thoracic trauma only.
Conclusions A quarter of mechanically ventilated patients with RF required tracheostomy. Tracheostomized compared to 
intubated patients were more severely injured with more ribs fractured and were intubated longer. An increased amount of 
RF was associated with an increase in tracheostomies, especially for thoracic reasons.
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Introduction

Rib fractures (RF) are considered a marker of severe tho-
racic injuries [1–4]. Even minor thoracic trauma may cause 
functional impact with 22.8% of patients having severe or 
moderate disability at 90 days after trauma [5]. The number 
of rib fractures threshold for unfavorable outcomes varies 
depending on patients cohorts, but overall multiple rib frac-
tures are associated with increased morbidity and mortality 
[6, 7]. It was reported that the number of fractured ribs that 
best predicted the appearance of pleuropulmonary compli-
cations was three or more [8]. Treatment of patients with 
chest trauma and rib fractures may necessitate mechanical 
ventilation. Being a part of airway management for patients 
in need of prolonged mechanical ventilation, tracheostomy 
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is a subject of interest for practicing surgeons. However, 
the information regarding tracheostomy in trauma patients 
with rib fractures is divisive and scattered among different 
subgroups of trauma patients [9–11].

The goal of our study was to delineate characteristics 
of trauma patients with rib fractures who underwent tra-
cheostomy and to correlate these data with the number of 
fractured ribs and clinical outcomes. The focus was to dis-
tinguish between tracheostomies performed due to thoracic 
versus extra-thoracic causes, such as traumatic brain injury 
(TBI), maxillofacial–mandibular injury (MFM) and cervi-
cal vertebrae trauma (CVT). The second objective was to 
assess the predictive value for tracheostomy of different 
chest trauma scoring systems: rib fracture score (RFS), chest 
wall trauma score (CWTS), chest trauma score (CTS) and 
RibScore (RS). We also aimed to provide practical recom-
mendations for trauma surgeons concerning the administra-
tion of tracheostomy in chest trauma patients with multiple 
rib fractures. We hypothesized that tracheostomized patients 
were more severely injured with more ribs fractured and had 
more pulmonary co-injuries.

Methods

This IRB approved retrospective chart review study included 
471 patients with radiologically confirmed rib fractures 
(computed tomography scans and X-rays) admitted to two 
Level 1 trauma centers from January 2012 to December 
2017 who required mechanical ventilation. Patients who 
underwent tracheostomy (n = 124, 26.3%) were compared 
to patients with endotracheal intubation (n = 347, 73.7%).

Data were extracted from the trauma registries and patient 
electronic medical records. International Classification of 
Diseases 9th and 10th Revisions were used to identify rib 
fractures and other abstracted variables. Co-injuries were 
also identified by AIS cutoff value of ≥ 2. Analyzed variables 
included age, gender, injury severity score (ISS), Glasgow 
Coma Scale (GCS), number of ribs fractured, number of 
total fractures of the ribs, prevalence of displaced rib frac-
tures, bilateral rib fractures, presence of flail chest, 1st rib 
fractures, sternal fractures, clavicle fractures, MFM, TBI, 
chest, spine, pulmonary, orthopedic and abdominal co-inju-
ries, comorbidities, incidence of epidural analgesia, surgical 
stabilization of rib fractures (SSRF), hospital length of stay 
(HLOS), intensive care unit length of stay (ICULOS), dura-
tion of mechanical ventilation (DMV), and tracheostomy 
timing (time from intubation to tracheostomy).

The values of RFS, CWTS, CTS and RS were calculated 
as previously described [12–16]. Variables for all four scor-
ing systems (although in different combinations and different 
values assigned for each variable) included age, number of 
ribs fractured, number of total fractures of the ribs, bilateral 

rib fractures, displaced rib fractures, 1st rib fractures, pres-
ence of flail chest, and pulmonary contusion [12–16].

IBM SPSS software version 25.0 (IBM, Armonk, NY) 
was used for statistical analyses, which included group 
characteristics, logistic regression and receiver operator 
characteristics (ROC). For group characteristics, calcula-
tions included categorical variables that were analyzed 
with χ2 test. The variable means were compared using two-
sided independent samples t test for normally distributed 
variables, and the Mann–Whitney U test for non-normally 
distributed variables. One-way ANOVA with Tukey’s post 
hoc test was used to compare mean ISS values between the 
groups of patients with different number of ribs fractured. 
Statistical significance was assumed when calculated p value 
was below 0.05. The ROC optimal cut point analysis based 
on the point closest to (0–1) corner methodology was used 
for prediction of recommendations for tracheostomy. Binary 
logistic regression analysis was further used to account for 
confounders (significantly different independent variables) 
to determine the prediction power of tracheostomy.

The ROC area under the curve (AUC) analysis was used 
to determine prediction values (c) of rib scoring systems 
for need for tracheostomy. The following scale was used 
to describe predictive power: 0.5 < c < 0.6 denoted failed 
prediction, 0.6 < c < 0.7 poor prediction, 0.7 < c < 0.8 fair 
prediction, 0.8 < c < 0.9 good prediction, and 0.9 < c < 1 an 
excellent prediction.

The primary outcome was the distinctive features of chest 
trauma patients that prompted tracheostomy in patients with 
multiple rib fractures. The secondary outcomes were practi-
cal recommendations for trauma surgeons regarding indica-
tions for tracheostomy and the assessment of different chest 
trauma scoring systems in the prediction of tracheostomy.

Results

Among 2792 patients with rib fractures admitted to two 
Level 1 Trauma Centers, 471 (16.9%) subjects were endotra-
cheally intubated and 124 of those (26.3% from intubated or 
4.4% from all patients with RF) underwent tracheostomy.

The study design and patient selection flowchart is pre-
sented in Fig. 1.

Motor vehicle accidents were the leading mechanism of 
injury (85.5% in the tracheostomized group and 76.7% in 
the intubated group), followed by falls (12.1% in tracheos-
tomized and 13.5% in intubated patients). All patients in the 
study had blunt chest trauma.

Comparison between intubated and tracheostomized 
patients with RF is presented in Table 1. Tracheostomized 
patients had statistically significantly higher ISS, more ribs 
fractured, higher total number of fractures of the ribs, more 
bilateral RF and clavicle fractures. MFM co-injuries as well 
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as spine, chest, and orthopedic trauma were significantly 
more common in tracheostomized patients. HLOS, ICULOS 

and DMV were significantly longer in tracheostomized 
patients. Mean tracheostomy timing was 9.9 days.

Fig. 1  Study design and patient 
selection flowchart

Table 1  Characteristics of intubated and tracheostomized patients with rib fractures

FX fractures, TBI traumatic brain injury, DMV duration of mechanical ventilation, ICULOS intensive care unit length of stay, HLOS hospital 
length of stay
*Denotes a significant difference

Intubation (n = 347) Tracheostomy (n = 124) p values

Age (yrs) 49.7 50.3 0.7
Male gender (%) 36.0% 45.2% 0.07
Injury severity score (ISS) 23.1 27.5 < 0.001*
Number of ribs fractured (Avg.) 4.0 5.2 0.003*
Number of total rib fractures (Avg.) 4.6 5.9 0.006*
Patients with displaced rib fractures 22.8% 30.6% 0.08
Bilateral rib FX 20.7% 29.5% 0.04*
Flail Chest 4.6% 8.1% 0.1
1st rib FX 27.8% 28.2% 0.9
Glasgow come scale (ED) 9.6 9.4 0.7
TBI (intracranial hemorrhage) co-injuries 40.1% 46.0% 0.3
Maxillofacial co-injuries 22.5% 40.3% < 0.001*
Spine co-injuries 47.0% 64.5% 0.001*
Chest co-injuries (includes clavicle, sternal, scapula, diaphragm FXs) 30.0% 44.4% 0.004*
 Clavicle fracture 15.3% 26.6% 0.005*
 Sternal fracture 5.5% 9.7% 0.1

Pulmonary co-injuries (includes hemo-/pneumothorax, pulmonary contusion) 78.7% 85.5% 0.1
 Pulmonary contusion 49.3% 57.3% 0.1

Pneumonia 16.4% 35.5% < 0.001*
Cardiovascular co-injuries 13.3% 16.1% 0.4
Abdominal co-injuries 33.1% 37.1% 0.4
Orthopedic co-injuries 55.3% 66.1% 0.04*
Timing of tracheostomy (from intubation to tracheostomy) N/A 9.9 N/A
DMV (mean days) (intubation + tracheostomy) 6.0 26.8 < 0.001*
ICULOS (mean days) 8.2 (n = 345) 20.8 (n = 123) < 0.001*
HLOS (mean days) 15.1 39.3 < 0.001*



968 A. Fokin et al.

1 3

Isolated rib fractures were present in 8.1% (n = 28) of 
intubated patients and in 4.8% (n = 6) of tracheostomized 
patients with rib fractures.

The top five comorbidities in the intubated group were: 
(1) hypertension (22.8%), (2) smoking (12.7%), (3) dia-
betes (10.7%), (4) psychiatric disorder (7.8%), and (5) 
alcoholism (6.6%). In tracheostomized patients, the top 
five comorbidities were: (1) hypertension (25%), (2) dia-
betes (11.3%), (3) smoking (7.3%), (4) drug dependence 
(5.6%), and (5) alcoholism (4.8%). Comorbidities were 
almost identical in both groups, and there was no statisti-
cally significant difference in the distribution of different 
types of comorbidities (p = 0.5).

Stratification of intubated and tracheostomized patients 
by the number of fractured ribs is presented in Fig. 2. It 
shows incremental increase in the ratio of tracheostomized 
versus intubated patients from 1:4 to 1:3 to 1:2 as the num-
ber of rib fractures increases.

For further analysis, all tracheostomized patients 
(n = 124) were divided into two groups. The extra-thoracic 
group included 60 patients (48.4%) and the thoracic group 
included remaining 64 of the tracheostomized patients 
(51.6%). Comparison between these two groups is presented 
in Table 2. The thoracic group of tracheostomized patients 
had significantly more fractured ribs, total number of rib 
fractures, sternal fractures, and higher prevalence of pul-
monary contusion, chest co-injuries, pulmonary and ortho-
pedic co-injuries. Timing of tracheostomy was statistically 

significantly shorter in the extra-thoracic compared to the 
thoracic group (8.0 days versus 11.6 days, p < 0.001).

All intubated patients (n = 347) were also stratified into 
thoracic and extra-thoracic groups, and the thoracic group 
of intubated patients (n = 214) was compared to the thoracic 
group of tracheostomized patients (n = 64). Results of the 
comparison are presented in Table 3. The thoracic group 
of tracheostomized patients compared to the thoracic group 
of intubated patients had higher ISS, number of fractured 
ribs, number of total rib fractures, displaced rib fractures, 
bilateral rib fractures, clavicle fractures, sternal fractures, 
chest, spine, pulmonary and orthopedic co-injuries, higher 
incidence of pulmonary contusion and pneumonia. HLOS, 
ICULOS and DMV were longer in tracheostomized patients.

Only 2 out of the 124 tracheostomized patients (1.6%) and 
6 out of the 347 intubated patients (1.7%) received epidural 
analgesia.

Surgical stabilization of rib fractures (SSRF) was per-
formed in 5 tracheostomized patients (4%) with an aver-
age of 7.4 fractured ribs and in 14 intubated patients (4%) 
with an average of 7.0 fractured ribs. All patients with SSRF 
underwent tracheostomy for thoracic reasons.

Clavicle plating was performed in 4 tracheostomized 
patients with ipsilateral rib fractures, with all subjects having 
the 1st rib fractured. Clavicle plating was also performed in 
11 intubated patients with ipsilateral rib fractures including 
5 subjects with the 1st rib fractured. None of the patients 
with plated clavicle fractures had SSRF.

Fig. 2  Distribution of intubated and tracheostomized patients stratified by number of fractured ribs
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The optimal cut point based on ROC analysis for pre-
diction of tracheostomy in the intubated thoracic and tra-
cheostomized thoracic groups showed to be 6.5 days for 
the duration of intubation (c = 0.815, sensitivity = 0.881, 
specificity = 0.693), and 4.5 for the number of fractured ribs 
(c = 0.721, sensitivity = 0.644, specificity = 0.668).

The multivariable logistic regression model to predict 
tracheostomy using ISS, pulmonary co-injuries, number of 
fractured ribs, duration of intubation and orthopedic co-inju-
ries correctly classified 78.6% of cases. Prolonged intubation 
(p < 0.001, adjusted odds ratio [OR]:1.18, 95% confidence 
interval [CI]: 1.07–1.30) and increasing number of fractured 
ribs (p = 0.001, OR: 1.10, 95% CI: 1.05–1.19) were associ-
ated with increased probability of tracheostomy in patients 
intubated for thoracic reasons.

The analysis of all tracheostomized patients stratified by 
the number of fractured ribs comparing thoracic and extra-
thoracic groups is presented in Fig. 3. As the number of 

fractured ribs increased, therefore amplifying the thoracic 
component of the trauma, there was a stepwise, two times 
increase in tracheostomies due to thoracic reasons from 
1:2.2 (1–2 ribs fractured) to 1:1 (3–5 ribs fractured) to 2:1 
(≥ 6 ribs fractured). The difference was statistically signifi-
cant between patients tracheostomized for thoracic reasons 
with 1–2 fractured ribs and patients with six or more ribs 
fractured.

Plotting ISS against the number of fractured ribs in all 
mechanically ventilated patients shows statistically signifi-
cant increase in ISS values as the number of fractured ribs 
rises (Fig. 4).

Values for all chest trauma scoring systems in all groups 
are presented in Table 4. All values were statistically sig-
nificantly higher in patients with tracheostomy compared 
to intubated patients. Score values were even higher in the 
thoracic group of tracheostomized patients, reflecting the 
severity of thoracic trauma in this group.

Table 2  Characteristics of tracheostomized patients in thoracic and extra-thoracic groups

FX fractures, TBI traumatic brain injury, DMV duration of mechanical ventilation, ICULOS intensive care unit length of stay, HLOS hospital 
length of stay
*Denotes a significant difference

Thoracic (n = 64) Extra-thoracic 
(n = 60)

p values

Age (yrs) 52.9 47.6 0.1
Male gender (%) 45.3% 45.0% 0.9
Injury severity score (ISS) 26.0 29.2 0.05
Number of ribs fractured (Avg.) 6.5 4.1 < 0.001*
Number of total rib fractures (Avg.) 7.6 4.3 < 0.001*
Patients with displaced rib fractures 37.5% 23.3% 0.09
Bilateral rib fractures 34.9% 23.7% 0.2
Flail chest 10.9% 5.0% 0.2
1st rib fracture 29.0% 27.3% 0.8
Glasgow coma scale (ED) 11.5 7.0 < 0.001*
TBI (intracranial hemorrhage) co-injuries 21.9% 71.7% < 0.001*
Maxillofacial co-injuries 12.5% 53.3% < 0.001*
Spine co-injuries 53.1% 60.0% 0.4
Chest co-injuries (includes clavicle, sternal, scapula, diaphragm FXs) 56.3% 31.7% 0.006*
 Clavicle fracture 29.7% 23.3% 0.4
 Sternal fracture 15.6% 3.3% 0.02*

Pulmonary co-injuries (includes hemo-/pneumothorax, pulmonary contusion) 92.2% 78.3% 0.03*
 Pulmonary contusion 68.8% 45.0% 0.008*

Pneumonia 42.2% 41.7% 1.0
Cardiovascular co-injuries 15.6% 16.7% 0.9
Abdominal co-injuries 45.3% 28.3% 0.05
Orthopedic co-injuries 75.0% 56.7% 0.03*
Timing of tracheostomy (from intubation to tracheostomy) 11.6 8.0 < 0.001*
DMV (days) (from intubation to extubation) 27.7 27.1 0.2
ICULOS (days) 23.2 20.7 0.07
HLOS (days) 41.3 39.3 0.5
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Prediction values for tracheostomy by all chest trauma 
scoring systems are presented in Table 5.

Discussion

Overall, tracheostomized patients were indeed severely 
injured, had multiple rib fractures (5.2 fractured ribs on 
average), one-third had bilateral and displaced rib fractures, 
and 85% had pulmonary co-injuries. Our findings are in line 
with a recent report that polytrauma patients with rib frac-
tures and pulmonary contusion are significantly more likely 
to be placed on a ventilator [17]. The results of our study 
demonstrate that overall a quarter of mechanically ventilated 
patients with rib fractures required tracheostomy (26.3%). 
Our findings also show that an increased amount of frac-
tured ribs is associated with an increase in tracheostomies 

versus intubations, as well as an increase in tracheostomies 
performed for thoracic reasons.

It was previously shown that up to 34% of ICU patients 
(medical, neurologic, trauma and general surgery ICUs) 
receiving mechanical ventilation for > 48 h undergo tra-
cheostomy [18]. It was also reported that 21% of trauma 
ICU patients require tracheostomies [9]. Among our trauma 
patients with rib fractures who were mechanically ventilated 
for > 48 h, 32.5% underwent tracheostomy (124 of 381 
patients).

Overall, the incidence of tracheostomy in patients with 
rib fractures in our study was 4.4%. Reported incidence of 
tracheostomy in patients with rib fractures ranges widely 
from 0.3% to 79% [10, 11, 19]. This broad span can be 
attributed to different cohorts of patients included into the 
studies and ever evolving treatment modalities. Althausen 
et al. presented 13.6% tracheostomy prevalence among flail 
chest patients with surgically stabilized rib fractures and 

Table 3  Characteristics of patients intubated and tracheostomized for thoracic trauma

FX fractures, TBI traumatic brain injury, DMV duration of mechanical ventilation, ICULOS intensive care unit length of stay, HLOS hospital 
length of stay
*Denotes a significant difference

Thoracic intubation 
(n = 214)

Thoracic tracheostomy 
(n = 64)

p values

Age (yrs) 51.9 52.9 0.7
Male gender (%) 36.0% 45.3% 0.2
Injury severity score (ISS) 20.2 26.0 < 0.001*
Number of ribs fractured (Avg.) 3.9 6.5 < 0.001*
Number of total rib fractures (Avg.) 4.5 7.6 < 0.001*
Patients with displaced rib fractures 23.4% 37.5% 0.03*
Bilateral rib fractures 20.4% 34.9% 0.02*
Flail chest 4.7% 10.9% 0.07
1st rib fracture 18.7% 29.0% 0.08
Glasgow coma scale (ED) 11.5 11.5 1.0
TBI (intracranial hemorrhage) co-injuries 25.7% 21.9% 0.5
Maxillofacial co-injuries 8.4% 12.5% 0.3
Spine co-injuries 38.3% 53.1% 0.04*
Chest co-injuries (includes clavicle, sternal, scapula, diaphragm FXs) 25.2% 56.3% < 0.001*
 Clavicle fracture 9.8% 29.7% < 0.001*
 Sternal fracture 4.7% 15.6% 0.003*

Pulmonary co-injuries (includes hemo-/pneumothorax, pulmonary contusion) 78.0% 92.2% 0.01*
 Pulmonary contusion 46.7% 68.8% 0.002*

Pneumonia 16.4% 42.2% < 0.001*
Cardiovascular co-injuries 15.9% 15.6% 1.0
Abdominal co-injuries 35.5% 45.3% 0.2
Orthopedic co-injuries 54.7% 75.0% 0.004*
Timing of tracheostomy (from intubation to tracheostomy) N/A 11.6 N/A
DMV (days) (from intubation to extubation) 6.0 27.7 < 0.001*
ICULOS (Days) 8.6 23.2 < 0.001*
HLOS (Days) 16.2 41.3 < 0.001*
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Fig. 3  Proportion of thoracic versus extra-thoracic patients among all tracheostomized patients stratified by the number of fractured ribs

Fig. 4  Mean ISS versus number of fractured ribs in mechanically ventilated patients
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39.3% in a non-operative cohort; however, authors excluded 
patients with GCS < 8, severe spinal cord injuries, etc., and 
defined flail chest as fractures of 4 or more ribs at more than 
2 sites [20]. Dehghan et al. reported an overall tracheostomy 
rate of 20.6% in patients with flail chest (defined as 3 or 
more ribs fractured in 2 or more locations), rate of 34.2% in 
patients with severe head injury, which was present in 15% 
of patients and tracheostomy rate of only 18.2% in patients 
without head injury [21]. Dehghan et al. also reported that 
the rates of tracheostomy were 22.1% and 11.2% in surgi-
cally treated flail chest patients and non-operatively man-
aged patients, respectively [11].

Treatment of severely injured patients with chest trauma 
requires aggressive therapy, including: (1) effective pain 
management, (2) regional anesthesia (e.g., epidural anal-
gesia), (3) posture therapy (seated position, if possible), (4) 
non-invasive ventilation, (5) bronchoscopy when needed, 
and (6) rib plating when indicated. Implementation of epi-
dural analgesia was low in our institutions (< 2%). Many 
factors contributed to this: sedation and intubation before or 
within the first few hours of admission, severity of injury, 
inability to cooperate with positioning, restricted use of 
epidurals to 5 days due to infection risks, and contraindica-
tions on the use of anticoagulant venous thromboembolism 
prophylaxis in the presence of an epidural catheter.

SSRF among our patients was equally low (4%) in trache-
ostomized and intubated groups. The indications for SSRF 
were: (1) flail chest (≥ 3 consecutive rib fractures in two 
places), (2) multiple rib fractures (≥ 5) especially with bi-
cortical displacement, (3) fractured ribs acting as penetrating 
objects, (4) failure to control pain, (5) respiratory failure 

due to chest wall injury/pain, and (6) chest wall deformity 
and noticeable loss of thoracic volume. The main contrain-
dications were severe traumatic brain injury and unstable 
cervical spine injury. These guidelines were based on the 
experience of participating trauma surgeons and also on 
the available literature [6, 22, 23]. Combination of multiple 
rib fractures (especially upper rib fractures) with ipsilateral 
clavicle fractures reduces the stability of the hemithorax. In 
the presence of concomitant ipsilateral rib fractures, there is 
a significant increase in midshaft clavicle fracture displace-
ment rates, especially when upper ribs are involved [23–25]. 
Our tracheostomized patients in comparison with intubated 
patients had statistically significantly higher incidence of 
clavicle fractures, which also coalesced with a statistically 
higher number of fractured ribs.

Several chest trauma scores were described to predict 
tracheostomy administration. RibScore was developed to 
predict adverse pulmonary outcomes such as pneumonia, 
acute respiratory failure and the need for tracheostomy. It 
was reported that RibScore was significantly linearly corre-
lated with tracheostomy and patients with tracheostomy had 
median RibScore statistically significantly higher than those 
who did not have a tracheostomy [15]. CWTS and CTS were 
developed to identify patients at a greater risk for respiratory 
failure, need for intubation, ICU admission, and mortality 
[13, 14]. It was found that prevalence of tracheostomy was 
2.5 times higher in patients whose score had reached the 
cut point value. RFS was developed to predict the need for 
respiratory support, mobilization, pain management, and 
the author developed a management protocol where increas-
ing ranges of score were linked to the increasing rigor of 

Table 4  Mean values of four 
rib fracture scoring systems in 
intubated and tracheostomized 
trauma patients

*Denotes a significant difference

Mechanically ventilated patients Tracheostomized patients

Intubation 
(n = 347)

Trache-
ostomy 
(n = 124)

p values Thoracic 
(n = 64)

Extra-
thoracic 
(n = 60)

p values

Rib fracture score (RFS) 6.3 8.3 0.03* 11.0 5.9 < 0.001*
Chest wall trauma score (CWTS) 4.2 4.8 0.003* 5.5 4.5 0.001*
Chest trauma score (CTS) 4.7 5.3 0.003* 5.9 4.7 0.001*
RibScore (RS) 0.9 1.2 0.01* 1.5 1.0 0.02*

Table 5  Receiver operating characteristic curve values for prediction of tracheostomy

All tracheostomized (n = 124) versus all intubated 
patients (n = 347)

Tracheostomized thoracic only (n = 64) 
versus all intubated patients (n = 347)

Rib fracture score (RFS) 0.582 0.685
Chest wall trauma score (CWTS) 0.622 0.702
Chest trauma score (CTS) 0.582 0.669
RibScore (RS) 0.575 0.630
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recommended treatment [12]. In our study, all rib scoring 
systems’ mean values were statistically significantly higher 
in patients with a tracheostomy (Table 4). These findings 
are also in line with tendencies described by the authors of 
scoring systems.

ROC AUC analysis for prediction of tracheostomy 
by all scoring systems in all mechanically ventilated 
patients yielded unconvincing results (Table 5), ranging 
from “failed” to “poor,” which can be partly explained by 
the lack of variables in the scoring systems that are also 
directly related to the indications for tracheostomy (MFM/
TBI/CVT). The other possible reason for the discrepancy is 
that cohorts of patients from which scoring systems were 
developed were not adjusted for isolated thoracic trauma/rib 
fractures. For example, RFS was developed from a cohort 
that included only 6% of patients with isolated rib fractures 
and 8% with a TBI, while RS cohort had 47% with iso-
lated rib fractures, 27.8% with a head injury and 18.7% with 
facial fractures [12, 15]. When we applied scoring systems 
to predict tracheostomy in the thoracic groups of patients, 
their predictive values increased from “poor” to “fair,” as 
compared to those in the extra-thoracic groups (Table 5). 
There are several other scoring systems available such as 
Stroke-Related Early Tracheostomy Score and Acute Physi-
ologic and Chronic Health Evaluation score; however, they 
were not designed to address patients with thoracic trauma 
and multiple rib fractures in particular [26, 27].

Comparison between intubated and tracheostomized 
patients, between patients tracheostomized for thoracic rea-
sons versus extra-thoracic reasons and between patients intu-
bated for thoracic reasons versus patients tracheostomized 
for thoracic reasons (Tables 1, 2, 3) revealed that the main 
distinguishing variables were the number of fractured ribs, 
duration of intubation, presence of pneumonia or pulmo-
nary contusion and orthopedic co-injuries. These variables 
were further confirmed to play a role in the prediction of 
tracheostomy by the multivariable logistic regression analy-
sis. Orthopedic co-injuries can be speculated to result in 
reduced mobility, consequently prolonging patient’s immo-
bilization (e.g., femoral fractures, pelvic fractures) with all 
known negative consequences. Therefore, we suggest that 
thoracic trauma patients with ≥ 5 ribs fractured, intubated for 
a week and with pulmonary contusion or pneumonia, should 
be considered candidates for tracheostomy, especially if they 
also have orthopedic co-injuries. We think that these obser-
vations could be included into the clinical decision making.

Limitations

Our study has several limitations. This is a retrospective 
chart review study with known shortcomings of analysis of 
the prerecorded data [28]. Patients’ cohort was limited to 

two level 1 trauma centers with inherently more severely 
injured patients. The number of patients who underwent 
tracheostomy was limited and was lower than those who 
had an endotracheal intubation only. Since the rates of epi-
dural analgesia administration and surgical stabilization of 
rib fractures were 1.6% and 4.0%, respectively, we did not 
control for the effects of these procedures on the outcomes. 
The degree of pulmonary contusion was not quantified, as 
this data was not available from the review charts.

Conclusions

A quarter of mechanically ventilated trauma patients with rib 
fractures required tracheostomy. Tracheostomized compared 
to intubated patients were more severely injured with more 
ribs fractured and were intubated longer. Half of the trache-
ostomized patients with rib fractures underwent tracheos-
tomy due to severe brain injury, maxillofacial-mandibular or 
cervical vertebrae trauma. An increased number of fractured 
ribs were associated with an increase in tracheostomies and 
thoracic indications for tracheostomy.
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