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care days and over a third of hospital discharges [2]. Blunt 
chest trauma represents more than 10% of all trauma pre-
sentations to the emergency department [3], and in patients 
over the age of 60, chest trauma is the second most injured 
anatomical region, with head injuries being the most com-
mon [4].

Blunt chest trauma carries significant morbidity and mor-
tality, with overall mortality ranging from 4 to 20% [3, 5, 6]. 
In patients above the age of 65, mortality rates double after 
blunt chest trauma compared to younger patients [6, 7]. Fur-
thermore, older adults with blunt chest trauma who initially 
present with non-immediate life-threatening injuries are at a 
much higher risk of delayed deterioration [8, 9].

Prior reviews of the literature have studied predictors of 
poor outcomes in older adults with blunt chest trauma [7, 
10, 11]. However, most studies focus on rib fractures after 

Introduction

The United States is amid unprecedented demographic shifts 
fueled by a large growth among the older adult population 
[1]. The geriatric population accounts for 43% of hospital 
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Abstract
Purpose  Our understanding of the growing geriatric population’s risk factors for outcomes after traumatic injury remains 
incomplete. This study aims to compare outcomes of severe isolated blunt chest trauma between young and geriatric patients 
and assess predictors of mortality.
Methods  The ACS-TQIP 2017–2020 database was used to identify patients with severe isolated blunt chest trauma. Patients 
having extra-thoracic injuries, no signs of life upon presentation to the emergency department (ED), prehospital cardiac 
arrest, or who were transferred to or from other hospitals were excluded. The primary outcome was in-hospital mortality. 
Univariate and multivariable regression analyses were performed to assess independent predictors of mortality.
Results  A total of 189,660 patients were included in the study, with a median age of 58 years; 37.5% were aged 65 or older, 
and 1.9% died by discharge. Patients aged 65 and older had significantly higher mortality (3.4% vs. 1.0%, p < 0.001) and 
overall complications (7.0% vs. 4.7%, p < 0.001) compared to younger patients. Age ≥ 65 was independently associated with 
mortality (OR: 5.45, 95%CI: 4.96–5.98, p < 0.001), prolonged hospitalization, and complications. In the geriatric group, 
age > 75 was an independent predictor of mortality compared to ages 65–75 (OR: 2.62, 95%CI: 2.37–2.89, p < 0.001). Geri-
atric patients with an MVC, presenting with a GCS ≤ 8, and having an SBP < 90 had the highest mortality of 56.9%.
Conclusion  The geriatric trauma patient with isolated severe blunt chest injury has significantly higher mortality and mor-
bidity compared to younger patients and warrants special consideration of multiple factors that affect outcomes. Individual 
predictors of mortality carry a greater impact on mortality in geriatric patients.
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blunt chest trauma and no studies utilize nationwide trauma 
databases to assess predictors of poor outcomes. In geriatric 
patients, early identification of risk factors for deterioration, 
prolonged hospitalization, and overall mortality is essential 
to guide and escalate patient care early on, improve patient 
and family communication, and plan discharge disposition.

The aim of this study is to assess predictors of poor 
outcomes, mainly mortality, hospital length of stay, and 
complications, after isolated severe blunt chest trauma in 
geriatric patients, and compare them to the younger cohort.

Methods

Patient selection

The American College of Surgeons (ACS) Trauma Qual-
ity Improvement Program (TQIP) 2017–2020 database was 
used to identify patients who had severe isolated blunt chest 
trauma. Severe chest trauma was defined as an abbrevi-
ated injury severity (AIS) score ≥ 3 and ≤ 5. Patients with 
concomitant extra-thoracic injuries with an AIS score > 2, 
injury severity score (ISS) > 33 or < 9, no signs of life (SOL) 
upon presentation to the emergency department (ED), pre-
hospital cardiac arrest, or who were transferred to or from 
other hospitals were excluded. Furthermore, patients with 
missing data on sex, race, comorbidities, interhospital trans-
fer status, and hospital data were excluded. International 
Classification of Diseases 10th Revision procedure codes 
were used to identify patients who underwent rib fixation 
(Supplementary Table 1).

Outcomes

The primary outcome of this study was in-hospital mor-
tality. Secondary outcomes were total hospital length of 
stay (LOS), intensive care unit (ICU) LOS, and in-hos-
pital complications. A composite outcome of in-hospital 
complications was defined as the presence of any of the 
complications. Prolonged hospital LOS, ICU LOS, and 
ventilator days were categorized into a binary outcome 
using the median duration of each as the cutoff. Multiple 
rib fractures were defined as ≥ 3 ribs fractured.

Statistical analysis

For categorical variables, results were reported as n (%), 
and the Chi-Square test was performed for hypothesis 
testing. For continuous variables, results were reported 
as median (IQR), and the Mann-Whitney U test was per-
formed. Univariate analyses were performed to assess 
significant differences in demographics and injury 

characteristics between those who survived and those 
who did not. Variables that showed absolute values of 
standardized differences greater than 0.10, in addition to 
those that were clinically relevant, were included in the 
multilevel mixed-effects logistic regression analysis to 
assess significant predictors of mortality. Clustering by 
hospital was adjusted for in the model. P < 0.05 was set 
as significant.

All statistical analyses were performed using STATA 
version 17.0. The study was exempted from institutional 
review board approval as the database used has no patient 
identifiers.

Results

Patient characteristics

A total of 189,660 patients were included in the study, of 
whom 3,576 (1.9%) died by discharge. The median age 
of the study sample was 58 years, 37.5% were above or 
equal to the age of 65, 33.3% were females, and 31.7% 
had a BMI ≥ 30. Furthermore, 8.3% of the patients 
had COPD, 9.6% were on anticoagulant therapy, and 
6.9% were functionally dependent prior to their injury 
(Table 1). As for injury characteristics, 40.3% of patients 
had a fall, and 32.3% had a motor vehicle crash (MVC). 
The majority of patients, more than 80%, had multiple 
rib fractures, and 14.4% had pulmonary contusion. Only 
a minor percentage of the patient sample had a pulmo-
nary laceration and a flail chest (0.8% and 5.4%, respec-
tively). Vitals measured by emergency medical services 
(EMS) showed an SBP < 90 mmHg in 3.1% of patients 
and a GCS ≤ 8 in 1.7%. Upon arrival to the ED, 2.1% of 
patients had an SBP < 90 mmHg, 1.3% had a GCS ≤ 8, 
and the median ISS was 15. The primary injury mecha-
nism in patients aged 65 and older was falls, account-
ing for 64.2% of cases, followed by MVCs at 32.3%. 
Conversely, in patients younger than 65, MVCs were the 
leading cause of injury at 63.3%, with falls being the sec-
ond most common at 26.0% (p < 0.001) (Table 2).

Outcomes

The overall mortality of the study sample was 1.9%. 
Compared to younger patients, those older than 65 years 
had a 3-fold increase in in-hospital mortality (3.4% vs. 
1.0%, p < 0.001) and significantly higher in-hospital 
complications (7.0% vs. 4.7%, p < 0.001). As for the 
individual complications, patients above the age of 65 
years had higher percentages of AKI (0.9% vs. 0.4%, 
p < 0.001), cardiac arrest requiring cardiopulmonary 
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resuscitation (1.0% vs. 0.6%, p < 0.001), myocardial 
infarction (0.3% vs. 0.1%, p < 0.001), stroke/CVA (0.3% 
vs. 0.1%, p < 0.001), unplanned intubation (2.3% vs. 
1.4%, p < 0.001), and unplanned admission to the ICU 
(3.2% vs. 1.9%, p < 0.001), compared to their younger 
counterparts (Table 3).

When adjusted for confounding variables, age ≥65 
years was independently associated with mortality (OR: 
5.45, 95% CI: 4.96–5.98, p < 0.001), prolonged hos-
pitalization ≥4 days (OR: 1.62, 95% CI: 1.58–1.66, 
p < 0.001), prolonged ICU LOS ≥3 days (OR 1.22, 95% 
CI: 1.17–1.27 p < 0.001), prolonged ventilation days ≥3 

Table 1  Baseline demographics and patient characteristics
Total Age < 65 y Age ≥ 65 y p-value Std diff
N = 189,660 N = 118,545 N = 71,115

Median Age (IQR) 58 (42–72) 47 (32–57) 76 (70–82) < 0.001 −2.77108
Sex < 0.001 −0.40008
  Male 126,482 (66.7%) 87,409 (73.7%) 39,073 (54.9%)
  Female 63,178 (33.3%) 31,136 (26.3%) 32,042 (45.1%)
Median BMI1 (IQR) 27.1 (23.6–31.4) 27.3 (23.7–31.9) 26.6 (23.4–30.7) < 0.001 0.13965
BMI Category1 < 0.001 0.08575
  18.5–24.9 54,936 (31.8%) 33,116 (31.0%) 21,820 (33.1%)
  <18.5 5,531 (3.2%) 2,978 (2.8%) 2,553 (3.9%)
  25–29.9 57,424 (33.3%) 34,685 (32.5%) 22,739 (34.5%)
  ≥30 54,611 (31.7%) 35,884 (33.6%) 18,727 (28.4%)
Race < 0.001 0.2874
  White 150,933 (79.6%) 88,212 (74.4%) 62,721 (88.2%)
  Black or African American 19,849 (10.5%) 16,373 (13.8%) 3,476 (4.9%)
  Asian 4,065 (2.1%) 2,398 (2.0%) 1,667 (2.3%)
  Other Race 14,813 (7.8%) 11,562 (9.8%) 3,251 (4.6%)
COPD < 0.001 −0.31899
  No 174,003 (91.7%) 112,846 (95.2%) 61,157 (86.0%)
  Yes 15,657 (8.3%) 5,699 (4.8%) 9,958 (14.0%)
Hypertension < 0.001 −0.91342
  No 116,873 (61.6%) 91,361 (77.1%) 25,512 (35.9%)
  Yes 72,787 (38.4%) 27,184 (22.9%) 45,603 (64.1%)
Dementia < 0.001 −0.43621
  No 182,852 (96.4%) 118,307 (99.8%) 64,545 (90.8%)
  Yes 6,808 (3.6%) 238 (0.2%) 6,570 (9.2%)
Diabetes < 0.001 −0.39641
  No 159,872 (84.3%) 106,502 (89.8%) 53,370 (75.0%)
  Yes 29,788 (15.7%) 12,043 (10.2%) 17,745 (25.0%)
Bleeding Disorder < 0.001 −0.11371
  No 187,796 (99.0%) 117,914 (99.5%) 69,882 (98.3%)
  Yes 1,864 (1.0%) 631 (0.5%) 1,233 (1.7%)
Smoker < 0.001 0.4967
  No 147,059 (77.5%) 83,339 (70.3%) 63,720 (89.6%)
  Yes 42,601 (22.5%) 35,206 (29.7%) 7,395 (10.4%)
Chronic Kidney Disease < 0.001 −0.15891
  No 186,914 (98.6%) 117,740 (99.3%) 69,174 (97.3%)
  Yes 2,746 (1.4%) 805 (0.7%) 1,941 (2.7%)
Anticoagulant Therapy < 0.001 −0.57496
  No 171,449 (90.4%) 115,096 (97.1%) 56,353 (79.2%)
  Yes 18,209 (9.6%) 3,448 (2.9%) 14,761 (20.8%)
Dependent in ADL < 0.001 −0.50981
  No 176,577 (93.1%) 116,535 (98.3%) 60,042 (84.4%)
  Yes 13,080 (6.9%) 2,009 (1.7%) 11,071 (15.6%)
Categorical variables are reported as n (%). Continuous variables are reported as median (IQR)
BMI: body mass index; COPD: chronic obstructive pulmonary disease; ADL: activities of daily living
1 9% of data on BMI is missing
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Total Age < 65 y Age ≥ 65 y p-value Std diff
N = 189,660 N = 118,545 N = 71,115

Mechanism of Injury < 0.001 0.69472
  Fall 76,495 (40.3%) 30,864 (26.0%) 45,631 (64.2%)
  MVC 97,982 (51.7%) 74,998 (63.3%) 22,984 (32.3%)
  Other 15,183 (8.0%) 12,683 (10.7%) 2,500 (3.5%)
EMS SBP1 < 0.001 0.02564
  SBP ≥ 90 mmHg 123,689 (96.6%) 79,838 (96.5%) 43,851 (96.9%)
  SBP < 90 mmHg 4,306 (3.4%) 2,918 (3.5%) 1,388 (3.1%)
EMS Pulse1 < 0.001 −0.13968
  Pulse ≥ 60 bpm 125,311 (96.7%) 81,957 (97.6%) 43,354 (95.0%)
  Pulse < 60 bpm 4,289 (3.3%) 2,001 (2.4%) 2,288 (5.0%)
EMS GCS1 < 0.001 0.1455
  ≥13 120,087 (93.8%) 76,980 (92.6%) 43,107 (96.1%)
  9–12 4,260 (3.3%) 3,280 (3.9%) 980 (2.2%)
  ≤8 3,621 (2.8%) 2,848 (3.4%) 773 (1.7%)
Median EMS GCS1 15 (15-15) 15 (15-15) 15 (15-15) < 0.001 −0.15815
ED GCS 2 < 0.001 0.14171
  ≥13 175,298 (95.9%) 109,435 (94.9%) 65,863 (97.6%)
  9–12 2,954 (1.6%) 2,208 (1.9%) 746 (1.1%)
  ≤8 4,556 (2.5%) 3,660 (3.2%) 896 (1.3%)
Median ED GCS (IQR) 2 15 (15-15) 15 (15-15) 15 (15-15) < 0.001 −0.14609
ISS < 0.001 0.30957
  <15 141,748 (74.7%) 82,658 (69.7%) 59,090 (83.1%)
  15–24 43,348 (22.9%) 32,370 (27.3%) 10,978 (15.4%)
  >25 4,564 (2.4%) 3,517 (3.0%) 1,047 (1.5%)
Median ISS 13 (10–16) 14 (10–17) 10 (9–14) < 0.001 0.42099
ED SBP 0.79 0.00129
  SBP ≥ 90 mmHg 185,675 (97.9%) 116,046 (97.9%) 69,629 (97.9%)
  SBP < 90 mmHg 3,985 (2.1%) 2,499 (2.1%) 1,486 (2.1%)
ED Pulse < 0.001 −0.16138
  Pulse ≥ 60 bpm 181,588 (95.7%) 115,010 (97.0%) 66,578 (93.6%)
  Pulse < 60 bpm 8,072 (4.3%) 3,535 (3.0%) 4,537 (6.4%)
Pulmonary Laceration < 0.001 0.19016
  No 184,938 (97.5%) 114,374 (96.5%) 70,564 (99.2%)
  Yes 4,722 (2.5%) 4,171 (3.5%) 551 (0.8%)
Pulmonary Unilateral Minor Laceration < 0.001 0.11928
  No 187,708 (99.0%) 116,828 (98.6%) 70,880 (99.7%)
  Yes 1,952 (1.0%) 1,717 (1.4%) 235 (0.3%)
Pulmonary Unilateral Major Laceration < 0.001 0.08131
  No 188,755 (99.5%) 117,748 (99.3%) 71,007 (99.8%)
  Yes 905 (0.5%) 797 (0.7%) 108 (0.2%)
Pulmonary Bilateral Minor Laceration < 0.001 0.03531
  No 189,544 (99.9%) 118,437 (99.9%) 71,107 (100.0%)
  Yes 116 (0.1%) 108 (0.1%) 8 (0.0%)
Pulmonary Bilateral Major Laceration < 0.001 0.0249
  No 189,584 (100.0%) 118,477 (99.9%) 71,107 (100.0%)
  Yes 76 (0.0%) 68 (0.1%) 8 (0.0%)
Multiple Rib Fractures < 0.001 −0.27054
  No 47,658 (25.1%) 34,856 (29.4%) 12,802 (18.0%)
  Yes 142,002 (74.9%) 83,689 (70.6%) 58,313 (82.0%)
Flail Chest < 0.001 0.01693
  No 178,944 (94.3%) 111,674 (94.2%) 67,270 (94.6%)
  Yes 10,716 (5.7%) 6,871 (5.8%) 3,845 (5.4%)

Table 2  Injury characteristics and vital signs
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p < 0.001), with 41.4% of patients with a GCS upon pre-
sentation ≤ 8 not surviving till discharge (Supplementary 
Table 2).

Independent predictors of mortality

Multilevel mixed-effects logistic regression analyses 
were used to identify independent predictors of mortal-
ity in patients < 65 and ≥ 65 years old. In both patient 
cohorts, male sex, COPD, CKD, and anticoagulant ther-
apy were characteristics independently associated with 
mortality. Furthermore, ED GCS ≤ 8, ED SBP < 90, pul-
monary laceration, flail chest, and ISS ≥ 25 were also 
independent predictors of mortality. In the ≥ 65 years 
old cohort, age > 75 was independently associated with 
mortality compared to those between the ages of 65 and 
75 (OR: 2.62, 95% CI: 2.37–2.89, p < 0.001). Interest-
ingly, in the younger cohort below the age of 65, MVC 
as a mechanism of injury was protective against mortal-
ity compared to fall as a reference (OR: 0.85, 95% CI: 
0.72–0.99, p = 0.034). This is in contrast to patients ≥ 65 

days (OR: 1.29, 95% CI: 1.18–1.40, p < 0.001), and com-
posite outcome in-hospital complications (OR: 1.79, 95% 
CI: 1.70–1.88, p < 0.001). For specific complications, age 
≥65 years was independently associated with AKI, car-
diac arrest requiring CPR, sepsis, catheter-associated uri-
nary tract infection, central line-associated bloodstream 
infection, ventilator-associated pneumonia, pressure 
ulcer, deep vein thrombosis (DVT), pulmonary embo-
lism, stroke/cerebrovascular accident (CVA), myocardial 
infarction, unplanned intubation, and unplanned admis-
sion to the ICU (Table 4).

As for injury characteristics, patients who experi-
enced an MVC had a twofold increase in the mortality 
rate compared to those who sustained injuries from a fall 
(4.7% vs. 2.7%, p < 0.001). Furthermore, mortality was 
significantly higher in patients with pulmonary laceration 
(13.2% vs. 3.3%, p < 0.001), flail chest (8.2% vs. 3.1%, 
p < 0.001), and pulmonary contusion (6.1% vs. 3.0%, 
p < 0.001) compared to their counterparts. As for vitals 
upon presentation to the ED, mortality was significantly 
higher in those with SBP < 90 mmHg (20.2% vs. 3.0%, 

Total Age < 65 y Age ≥ 65 y p-value Std diff
N = 189,660 N = 118,545 N = 71,115

Unilateral Flail Chest 0.008 0.0127
  No 179,600 (94.7%) 112,131 (94.6%) 67,469 (94.9%)
  Yes 10,060 (5.3%) 6,414 (5.4%) 3,646 (5.1%)
Bilateral Flail Chest < 0.001 0.01705
  No 188,996 (99.6%) 118,086 (99.6%) 70,910 (99.7%)
  Yes 664 (0.4%) 459 (0.4%) 205 (0.3%)
Pulmonary Contusion < 0.001 0.57097
  No 133,575 (70.4%) 72,714 (61.3%) 60,861 (85.6%)
  Yes 56,085 (29.6%) 45,831 (38.7%) 10,254 (14.4%)
Unilateral Pulmonary Contusion < 0.001 0.14785
  No 178,956 (94.4%) 110,395 (93.1%) 68,561 (96.4%)
  Yes 10,704 (5.6%) 8,150 (6.9%) 2,554 (3.6%)
Unilateral Major Pulmonary Contusion < 0.001 0.23687
  No 179,924 (94.9%) 110,287 (93.0%) 69,637 (97.9%)
  Yes 9,736 (5.1%) 8,258 (7.0%) 1,478 (2.1%)
Bilateral Minor Pulmonary Contusion < 0.001 0.16887
  No 185,855 (98.0%) 115,191 (97.2%) 70,664 (99.4%)
  Yes 3,805 (2.0%) 3,354 (2.8%) 451 (0.6%)
Bilateral Major Pulmonary Contusion < 0.001 0.1747
  No 186,387 (98.3%) 115,570 (97.5%) 70,817 (99.6%)
  Yes 3,273 (1.7%) 2,975 (2.5%) 298 (0.4%)
Rib Fixation < 0.001 0.04517
  No 185,029 (97.6%) 115,346 (97.3%) 69,683 (98.0%)
  Yes 4,631 (2.4%) 3,199 (2.7%) 1,432 (2.0%)
Categorical variables are reported as n (%). Continuous variables are reported as median (IQR)
ED: emergency department; SBP: systolic blood pressure; GCS: Glasgow coma scale; ISS: injury severity score
1 32% of EMS SBP, pulse, and GCS missing
2 3.6% of ED GCS missing

Table 2  (continued) 
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Total Age < 65 y Age ≥ 65 y p-value
N = 189,660 N = 118,545 N = 71,115

Mortality < 0.001
  No 186,084 (98.1%) 117,390 (99.0%) 68,694 (96.6%)
  Yes 3,576 (1.9%) 1,155 (1.0%) 2,421 (3.4%)
Median Hospital LOS (IQR) 4 (2–7) 3 (2–6) 4 (2–7) < 0.001
Median ICU LOS (IQR) 3 (2–5) 3 (2–5) 3 (2–5) < 0.001
Median Ventilator Days (IQR) 3 (2–8) 3 (2–7) 4 (2–10) < 0.001
Prolonged Hospitalization ≥4 days < 0.001
  No 84,874 (47.4%) 56,374 (50.9%) 28,500 (41.7%)
  Yes 94,194 (52.6%) 54,302 (49.1%) 39,892 (58.3%)
Prolonged ICU LOS ≥3 days 0.077
  No 25,180 (37.3%) 14,793 (37.6%) 10,387 (36.9%)
  Yes 42,372 (62.7%) 24,599 (62.4%) 17,773 (63.1%)
Prolonged Ventilation Days ≥3 days < 0.001
  No 6,867 (41.2%) 5,013 (44.3%) 1,854 (34.7%)
  Yes 9,785 (58.8%) 6,302 (55.7%) 3,483 (65.3%)
Composite In-hospital Complication < 0.001
  No 179,113 (94.4%) 112,989 (95.3%) 66,124 (93.0%)
  Yes 10,547 (5.6%) 5,556 (4.7%) 4,991 (7.0%)
AKI < 0.001
  No 188,520 (99.4%) 118,024 (99.6%) 70,496 (99.1%)
  Yes 1,117 (0.6%) 503 (0.4%) 614 (0.9%)
ARDS 0.005
  No 188,877 (99.6%) 118,014 (99.6%) 70,863 (99.7%)
  Yes 761 (0.4%) 513 (0.4%) 248 (0.3%)
Cardiac Arrest with CPR < 0.001
  No 188,237 (99.3%) 117,865 (99.4%) 70,372 (99.0%)
  Yes 1,401 (0.7%) 662 (0.6%) 739 (1.0%)
Sepsis < 0.001
  No 189,015 (99.7%) 118,220 (99.7%) 70,795 (99.6%)
  Yes 623 (0.3%) 307 (0.3%) 316 (0.4%)
Catheter-Associated Urinary Tract Infection < 0.001
  No 189,278 (99.8%) 118,336 (99.8%) 70,942 (99.8%)
  Yes 360 (0.2%) 191 (0.2%) 169 (0.2%)
Central Line-Associated Bloodstream Infection 0.076
  No 189,583 (100.0%) 118,499 (100.0%) 71,084 (100.0%)
  Yes 55 (0.0%) 28 (0.0%) 27 (0.0%)
Ventilator Associated Pneumonia < 0.001
  No 188,830 (99.6%) 117,966 (99.5%) 70,864 (99.7%)
  Yes 805 (0.4%) 558 (0.5%) 247 (0.3%)
Pressure Ulcer < 0.001
  No 188,949 (99.6%) 118,143 (99.7%) 70,806 (99.6%)
  Yes 689 (0.4%) 384 (0.3%) 305 (0.4%)
Superficial SSI 0.035
  No 189,542 (99.9%) 118,457 (99.9%) 71,085 (100.0%)
  Yes 96 (0.1%) 70 (0.1%) 26 (0.0%)
Deep SSI 0.006
  No 189,542 (99.9%) 118,454 (99.9%) 71,088 (100.0%)
  Yes 96 (0.1%) 73 (0.1%) 23 (0.0%)
Organ Space SSI < 0.001
  No 189,573 (100.0%) 118,470 (100.0%) 71,103 (100.0%)
  Yes 65 (0.0%) 57 (0.0%) 8 (0.0%)
DVT 0.17
  No 188,594 (99.4%) 117,896 (99.5%) 70,698 (99.4%)

Table 3  In-hospital outcomes for patients younger and older than 65 years
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Discussion

In this study, we have utilized a nationwide trauma database 
to assess independent predictors of mortality in geriatric 
patients with isolated severe blunt chest trauma.

A meta-analysis found age ≥ 65, presence of pre-existing 
comorbidities, pneumonia, and number of rib fractures as 
independent predictors of mortality in patients with blunt 
chest trauma [6]. In geriatric blunt chest trauma patients, 
a higher ISS and mechanical ventilation have been shown 
as additional risk factors for mortality [12]. There is a 
debate in the literature on the effect of the number of rib 
fractures on mortality. Some studies show that the number 
of rib fractures is directly associated with a higher risk of 
pulmonary complications [10, 11], ICU admission, mortal-
ity, and hospital length of stay [7, 13–15]. However, many 
other studies have found no association [16–19]. These vari-
abilities have been attributed to the high variability among 
these studies [6]. Interestingly, our study did not show an 
association between multiple rib fractures and mortality in 
the multivariable regression model. This might be due to 
the colinearity between rib fractures and other chest injuries 
like pulmonary contusion. Additionally, the highest number 
of rib fractures in the database that is recorded is as a cat-
egory of ≥ 3 fractures, with no further granularity in higher 
numbers.

In our study, we identified additional patient characteris-
tics, comorbidities, and vital signs upon presentation to the 

years old where MVC was predictive of mortality com-
pared to falls (OR: 1.39, 95% CI: 1.26–1.54, p < 0.001). 
This is mainly attributed to the ground-level falls seen 
in the elderly compared to high-energy falls in younger 
cohorts from an increased height. In both young and older 
cohorts, rib fixation was protective against mortality (OR 
0.53, 95% CI: 0.36–0.79, p = 0.002) and (OR: 0.48, 95% 
CI: 0.34–0.67, p < 0.001), respectively [Table 5 (A) and 
(B)].

Figures 1 and 2 describe mortality rates based on the 
mechanism of injury, GCS, and SBP upon presentation to 
the ED in patients ≥ 65 and < 65 years old, respectively. 
In summary, geriatric patients had significantly higher 
mortality overall and in each stratification category 
compared to the younger cohort. In the geriatric group, 
patients who presented with a fall, with GCS > 8, and 
SBP ≥ 90 mmHg had the lowest mortality rate of 2.3%. 
In contrast, those who presented with MVC, GCS ≤ 8 
and SBP < 90 mmHg had a mortality rate of 56.9%. In 
patients < 65 years, those who presented with a fall, with 
GCS > 8, and SBP ≥ 90 mmHg had a mortality of 0.6%, 
compared to a 33.7% mortality in MVC, GCS ≤ 8 and 
SBP < 90 mmHg group.

Supplementary Fig.  1 stratifies the geriatric cohort 
based on age 65–75 and > 75, in addition to vitals upon 
arrival. Patients aged 65–75 with GCS > 8 upon arrival 
and SBP ≥ 90 mmHg had a mortality rate of 1.8%. Those 
who were > 75 years old with GCS < 8 upon arrival and 
SBP < 90 mmHg had a 68.1% mortality rate.

Total Age < 65 y Age ≥ 65 y p-value
N = 189,660 N = 118,545 N = 71,115

  Yes 1,044 (0.6%) 631 (0.5%) 413 (0.6%)
Pulmonary Embolism 0.018
  No 188,995 (99.7%) 118,096 (99.6%) 70,899 (99.7%)
  Yes 643 (0.3%) 431 (0.4%) 212 (0.3%)
Stroke/CVA < 0.001
  No 189,311 (99.8%) 118,393 (99.9%) 70,918 (99.7%)
  Yes 328 (0.2%) 134 (0.1%) 194 (0.3%)
Myocardial Infarction < 0.001
  No 189,360 (99.9%) 118,434 (99.9%) 70,926 (99.7%)
  Yes 278 (0.1%) 93 (0.1%) 185 (0.3%)
Unplanned Intubation < 0.001
  No 186,280 (98.2%) 116,837 (98.6%) 69,443 (97.7%)
  Yes 3,358 (1.8%) 1,692 (1.4%) 1,666 (2.3%)
Osteomyelitis 0.90
  No 189,620 (100.0%) 118,516 (100.0%) 71,104 (100.0%)
  Yes 18 (0.0%) 11 (0.0%) 7 (0.0%)
Unplanned Admission to ICU < 0.001
  No 185,130 (97.6%) 116,325 (98.1%) 68,805 (96.8%)
  Yes 4,506 (2.4%) 2,203 (1.9%) 2,303 (3.2%)
LOS: length of stay; ICU: intensive care unit; AKI: acute kidney injury; ARDS: acute respiratory distress syndrome; CPR: cardiopulmonary 
resuscitation; SSSI: surgical site infection; DVT: deep venous thrombosis; CVA: cerebrovascular accident

Table 3  (continued) 
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identification of high-risk patients to guide and escalate care 
early on, improve patient and family communication, and 
plan discharge disposition.

While it was surprising that the presence of multiple rib 
fractures was not a significant predictor of mortality in our 
regression model, we expect some degree of collinearity 
between multiple rib fractures and the other injury char-
acteristics in the model, which could have made this vari-
able insignificant. Nevertheless, we kept it in the model as 
a clinically relevant variable to adjust for when predicting 

ED as significant risk factors for poor outcomes in geriatric 
patients with blunt chest trauma. Patients above the age of 
75, COPD patients, and those who have CKD have more 
than twice the odds of mortality compared to those between 
the ages of 65 and 75, and patients without these comorbidi-
ties. Furthermore, injury characteristics, including MVC, 
flail chest, pulmonary laceration, and contusion, indepen-
dently increase the odds of mortality.

A recent expert practice review reported that guidelines 
focusing on blunt chest trauma in older adults are based on 
limited evidence. Furthermore, practice patterns vary among 
centers with a lack of consensus guidelines on how to man-
age geriatric trauma patients with blunt injuries to the chest 
[20]. While the predictors of poor outcomes we described 
are not modifiable, they are potentially useful in the early 

Table 4  Independent effect of age on outcomes following blunt chest 
trauma

Adjusted 
odds ratio 
of age≥65 
y1

95% CI P > z

Mortality 5.45 4.96–5.98 < 0.001
Prolonged Hospitalization ≥4 
days

1.62 1.58–1.66 < 0.001

Prolonged ICU LOS ≥3 days 1.22 1.17–1.27 < 0.001
Prolonged Ventilation Days ≥3 
days

1.29 1.18–1.40 < 0.001

Composite In-hospital 
Complication

1.79 1.70–1.88 < 0.001

AKI 2.52 2.19–2.91 < 0.001
ARDS 1.07 0.89–1.30 0.446
Cardiac Arrest Requiring CPR 2.78 2.44–3.17 < 0.001
Sepsis 1.76 1.45–2.14 < 0.001
Catheter-Associated Urinary 
Tract Infection

2.17 1.69–2.78 < 0.001

Central Line-Associated Blood-
stream Infection

3.36 1.78–6.33 < 0.001

Ventilator Associated 
Pneumonia

1.30 1.08–1.57 0.005

Pressure Ulcer 1.60 1.32–1.93 < 0.001
Superficial SSI 0.86 0.51–1.43 0.553
Deep SSI 0.77 0.45–1.31 0.333
Organ Space SSI 0.34 0.15–0.77 0.01
DVT 1.44 1.24–1.68 < 0.001
Pulmonary Embolism 1.27 1.05–1.54 0.015
Stroke/CVA 3.12 2.38–4.07 < 0.001
Myocardial Infarction 4.08 3.02–5.50 < 0.001
Unplanned Intubation 1.79 1.65–1.95 < 0.001
Osteomyelitis 1.84 0.55–6.09 0.320
Unplanned Admission to ICU 1.52 1.41–1.64 < 0.001
Multilevel mixed effects logistic regression analyses adjusting for 
mechanism of injury, sex, COPD, CKD, anticoagulant use, GCS 
upon arrival, ISS, ED SBP, pulmonary laceration, multiple rib frac-
tures, flail chest, pulmonary contusion, rib fixation, and clustering 
by hospital

Table 5  Multilevel mixed-effects logistic regression analysis identify-
ing predictors of mortality
Mortality OR 95% CI p
(A) Age < 65 years
MVC as mechanism of injury 
(fall as reference)

0.85 0.72 0.99 0.034

Male 1.25 1.07 1.46 0.005
COPD 2.15 1.71 2.72 < 0.001
CKD 5.67 3.92 8.19 < 0.001
Anticoagulant Therapy 1.49 1.08 2.05 0.016
ED GCS (≥ 13 as reference)
  9–12 4.29 3.26 5.65 < 0.001
  ≤ 8 16.28 13.98 18.96 < 0.001
ISS (< 15 as reference)
  15–24 1.83 1.57 2.13 < 0.001
  ≥ 25 5.66 4.61 6.95 < 0.001
ED SBP < 90 mmHg 4.80 4.00 5.77 < 0.001
Pulmonary Laceration 2.21 1.75 2.78 < 0.001
Multiple Rib Fractures 1.04 0.90 1.22 0.58
Flail Chest 1.85 1.48 2.32 < 0.001
Pulmonary Contusion 0.55 0.48 0.64 < 0.001
Rib Fixation 0.53 0.36 0.79 0.002
(B) Age ≥ 65 years
Age > 75 (age 65–75 ref.) 2.62 2.37 2.89 < 0.001
MVC as mechanism of injury 
(fall as reference)

1.39 1.26 1.54 < 0.001

Male 1.46 1.32 1.60 < 0.001
COPD 2.37 2.13 2.64 < 0.001
CKD 2.51 2.07 3.05 < 0.001
Anticoagulant Therapy 1.46 1.31 1.62 < 0.001
ED GCS (≥ 13 as reference)
  9–12 4.89 3.91 6.11 < 0.001
  ≤ 8 15.30 12.89 18.17 < 0.001
ISS (< 15 as reference)
  15–24 2.75 2.47 3.06 < 0.001
  ≥ 25 7.47 6.12 9.12 < 0.001
ED SBP < 90 mmHg 4.16 3.52 4.91 < 0.001
Pulmonary Laceration 2.10 1.53 2.88 < 0.001
Multiple Rib Fractures 0.97 0.85 1.10 0.602
Flail Chest 1.60 1.34 1.91 < 0.001
Pulmonary Contusion 1.40 1.25 1.57 < 0.001
Rib Fixation 0.48 0.34 0.67 < 0.001
Hospital was used as a random effect to control for clustering
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record long-term outcomes, limiting our study to outcomes 
until discharge. We are unable to control for errors in data 
entry or coding within the database, the presence of which 
may introduce unknown bias into our study. Likewise, we 
are unable to control for regional or other systems-based 
differences in care that may skew our results. Furthermore, 
the ACS-TQIP database does not have frailty scores, which 
limits our analyses given the growing literature that sug-
gests age is an inadequate measure of frailty alone. Lastly, 
the database lacks information on the type of anesthesia 
used, which limits our regression models as we are unable 
to adjust for this well-known risk factor.

mortality. Furthermore, due to the lack of clinical granularity 
in the ACS-TQIP database, we cannot determine the exact 
number of fractured ribs beyond “3 or more” or “unspeci-
fied multiple rib fractures.” As a result, it is possible that the 
mortality rates for patients with a higher number of rib frac-
tures, such as six or more, which are significantly associated 
with higher mortality, might be obscured by the outcomes of 
those with three to four rib fractures, which are associated 
with less severe outcomes.

Our study has limitations. The use of a retrospective 
database from the United States creates a potential selection 
bias, where our results might be different in healthcare sys-
tems in other countries. The ACS-TQIP database does not 

Fig. 2  Mortality in young blunt chest trauma patients based on mechanism of injury, GCS, and SBP upon presentation to the ED

 

Fig. 1  Mortality in geriatric blunt chest trauma patients based on mechanism of injury, GCS, and SBP upon presentation to the ED
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Conclusions

Geriatric patients with isolated severe blunt chest trauma 
carry significantly higher mortality and morbidity compared 
to their younger counterparts. Individual predictors of mor-
tality independently carry a higher impact on mortality in 
geriatric patients compared to younger ones. Furthermore, 
geriatric blunt chest trauma patients above the age of 65 
should not be viewed as a single homogeneous group, as age 
over 75 is an independent predictor of mortality compared 
to those aged 65 to 75 years.
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