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≥15%). The primary outcome was adjusted mortality for 
each group of trauma centers based on FTR and FTRE 
classifications.
Results  The overall mean ± SD FTR rate was 7.2 ± 5.2% 
and FTRE was 10.4 ± 7.9%. The adjusted odds ratio (AOR) 
for mortality was not different when centers with FTR <5% 
were compared to those with FTR of 5–14 or ≥15%. In 
contrast, a stepwise increase in FTRE predicted a signifi-
cantly higher mortality when centers with FTRE 5% were 
compared to those with 5–14% (AOR: 1.05, p = 0.031) and 
≥15% (AOR: 1.13, p < 0.001). Similarly, stepwise increase 
in FTRE predicted higher adjusted mortality for severely 
and critically injured patients, whereas FTR did not.
Conclusions and relevance  Higher FTRE predicts 
increased adjusted mortality better than FTR after trauma 
and should, therefore, be considered an important metric 
when comparing quality care delivered by trauma centers.

Keywords  Failure to rescue · Elderly · Trauma · Quality 
care · Outcomes · Complications

Introduction

The American College of Surgeons-Committee on Trauma 
(ACS-COT) is the leading authority at improving trauma-
related outcomes. Trauma was the first medical specialty to 
develop regionalized systems of care by first establishing 
dedicated trauma centers in the 1970s and then systemati-
cally measuring health care outcomes at those centers [1]. 
Through the Major Trauma Outcomes Study (MTOS), the 
Trauma Injury Severity Score (TRISS) was developed to 
predict the probability of survival of a trauma patient, lead-
ing to comparison of observed to expected outcomes and 
to a more concise evaluation of trauma centers [2]. The 
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Trauma Quality Improvement Program was developed in 
2008 and is the latest major effort by the committee aim-
ing to measure and improve the quality of care provided to 
trauma patients [3]. Within this process, quality metrics for 
trauma centers continue to be under focused investigation, 
as in-hospital mortality appears to be a problematic meas-
ure to assess the care provided [4].

Elderly patients are known to be at a high risk for mor-
tality following trauma [5, 6]. We have previously dem-
onstrated that increasing age is not only associated with a 
higher mortality, but also with a stepwise increase in the 
risk for failure to rescue (FTR), defined as a mortality fol-
lowing any in-hospital complication [7]. Rapid recognition 
and treatment of complications are critical determinants of 
patient outcome and likely constitute an indicator of qual-
ity care provided by trauma centers. FTR elderly (FTRE) 
is possibly a more accurate measure of this care, as elderly 
patients require even more resources compared to younger 
trauma patients. Therefore, the trauma centers’ ability to 
respond to complications in the elderly and provide treat-
ment to prevent mortality should be the focus of quality 
improvement for organizations and policy makers.

The aim of this study was to evaluate whether FTRE 
is a superior metric compared to FTR in assessing quality 
care provided by trauma centers based on adjusted mortal-
ity. We hypothesized that admission to a trauma center with 
high FTRE would be associated with a significantly higher 
adjusted mortality compared to high FTR.

Methods

The National Trauma Databank (NTDB) Research Data 
Sets 2010 and 2011 were combined for the purposes of the 
analysis. Subjects who were younger than 16 years, those 
who expired in the emergency department (ED), those with 
lethal injuries including any body region abbreviated injury 
scale (AIS) of 6 or injury severity score (ISS) of 75, and 
those with unknown hospital disposition were excluded. 
The data were then aggregated and patients admitted to 
trauma centers reporting less than 200 subjects over the age 
of 65 years to the NTDB over the 2-year study period were 
also excluded. A database combining the variables age, 
gender, ACS trauma center designation, ED systolic blood 
pressure (SBP), ED Glasgow Coma Scale (GCS), all body 
regions AIS, ISS, comorbid conditions, complications, and 
hospital disposition was created. Clinically, relevant cut 
points were created, including ED SBP <90  mmHg, ED 
GCS ≤8, and AIS all body regions ≥3. Cardiac disease was 
defined as history of congestive heart failure, angina, and/
or myocardial infarction, and liver disease was defined as 
history of cirrhosis, esophageal varices, and/or ascites.

Complications and mortality were then reviewed, and 
FTR was defined as a mortality following any reported 
complication. Complications that are captured by the 
NTDB include abdominal compartment syndrome, extrem-
ity compartment syndrome, open abdomen, acute renal 
failure, acute respiratory distress syndrome (ARDS), bleed-
ing, coagulopathy, cerebrovascular accident (CVA), cardiac 
arrest, myocardial infarction, severe sepsis, systemic sepsis, 
pneumonia, urinary tract infection, catheter-related blood-
stream infection, superficial surgical site infection, deep 
surgical site infection, organ surgical site infection, osteo-
myelitis, decubitus ulcer, deep venous thrombosis (DVT), 
pulmonary embolus, graft failure, unplanned intubation, 
unplanned take back to the operating room, dehiscence, 
elevated intracranial pressure, and alcohol withdrawal. 
The rates of FTR and FTRE (defined as mortality follow-
ing any reported complication in a patient over the age of 
65 years) were calculated for each trauma center. All cent-
ers were then classified into three groups based on their 
FTR (<5, 5–14 and ≥15%) and FTRE rates (<5, 5–14 and 
≥15%). Patients admitted to each group of trauma cent-
ers based on FTR rate were then compared using analysis 
of variance (ANOVA) or Chi square. A logistic regres-
sion model was utilized to adjust for differences between 
the three groups (variables with p < 0.05). The group of 
patients that was admitted to centers with the lowest FTR 
rate (<5%) was used as the reference group to calculate the 
adjusted odds ratio (AOR) and 95% confidence intervals 
(95% CI) for mortality in the groups of patients that were 
admitted to centers with FTR 5–14% and FTR ≥15%. The 
same process was then applied for the groups of patients 
admitted to centers classified based on their FTRE rate, and 
the adjusted mortality was obtained in the same manner. 
Finally, the adjusted mortality was also examined within 
subgroups of patients with severe (ISS >16) and critical 
injuries (ISS ≥25).

All statistical analyses were performed using the IBM 
SPSS Statistics for Windows, Version 19.0 (Armonk, NY: 
IBM Corp.).

Results

Baseline characteristics of included trauma centers

A total of 1,496,135 subjects were included in the NTDB 
over the 2-year study period. After excluding patients 
younger than 16 years, ED deaths, patients with lethal inju-
ries (any body region AIS of 6 and/or ISS of 75), patients 
with unknown hospital disposition, and patients admitted to 
centers reporting less than 200 patients over the age of 65 
years to the NTDB during the 2-year study period, 937,483 
subjects (62.7%) were left for analysis (Fig. 1).
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In this process of excluding subjects who did not meet 
criteria, 334 of the 753 trauma centers included in the orig-
inal data set were excluded. The mean ± SD overall admis-
sions for each of the remaining 419 centers over the 2-year 
period were 2232 ± 1518 patients, while admissions of 
patients >65 years were 642 ± 379. The overall mean ± SD 
mortality per center was 3.4 ± 1.1%, and mortality for 
patients >65  years was higher, at 5.5 ± 2.6%. Similarly, 
the FTR rate was 7.2 ± 5.2% and FTRE was 10.4 ± 7.9%. 
All centers were classified into three groups based on their 
FTR and FTRE rates.

Comparison based on FTR and FTRE rates

Patients were compared by FTR classification of the trauma 
centers (Table 1). Patients admitted to high-risk centers for 
FTR (≥15%) were more likely to have an ED GCS ≤8 (6.6 
vs. 7.3 vs. 7.9%, p < 0.001), severe thoracic trauma with 
an AIS chest ≥3 (15.4 vs. 16.3 vs. 16.6%, p < 0.001), and a 
history of cardiac disease (6.0 vs. 7.4 vs. 7.8%, p < 0.001); 
however, they were less likely to have severe lower 

extremity injury with AIS ≥3 (18.0 vs. 17.2 vs. 16.7%, 
p < 0.001). Patients were then compared based on FTRE 
classification of the trauma centers (Table  2). Patients 
admitted to high-risk FTRE centers (≥15%) were more 
likely to be male (58.2 vs. 62.7 vs. 65.2%, p < 0.001), to 
have penetrating trauma (6.6 vs. 8.8 vs. 10.7%, p < 0.001), 
ED GCS ≤8 (5.7 vs. 7.2 vs. 7.9%, p < 0.001), and a history 
of pulmonary disease (9.1 vs. 10.8 vs. 11.2%, p < 0.001); 
however, they were less likely to have a bleeding disorder 
(6.6 vs. 7.2 vs. 5.9%, p < 0.001).

Mortality analysis based on FTR and FTRE

The crude mortality among centers increased as the classi-
fication (<5, 5–14 and ≥15%) of FTR and FTRE increased: 
3.1 vs. 3.5 vs. 3.8% for FTR compared to 2.8 vs. 3.4 vs. 
3.7% for FTRE (Table  3). After adjusting for differences 
among the three groups, there was no difference in the 
adjusted mortality when centers with FTR <5% were com-
pared to centers with FTR of 5–14 or ≥15% (Table 3). In 
contrast, a stepwise increase in FTRE was associated with 
a stepwise increase in the risk for death, with FTRE cent-
ers between 5–14% and those ≥15% having a significantly 
higher adjusted mortality (AOR 1.05; 95% CI 1.01, 1.09; 
p = 0.031 and AOR: 1.13; 95% CI 1.07, 1.18; p < 0.001, 
respectively) (Table  3). The adjusted odds for mortality 
were then calculated within the subgroup of patients with 
severe injuries (ISS >16). Similarly, increase in the FTR 
rate did not correlate with a significant increase in the 
adjusted odds for mortality; however, increase in the FTRE 
rate was associated with a significantly increased risk for 
adjusted mortality (Table  4). Even for critical injuries 
(ISS ≥25), increase in the FTRE rate was again associated 
with an increase in the adjusted risk for mortality (AOR: 
1.16; [95% CI 1.08, 1.24]; adjusted p < 0.001 and AOR: 
1.16; [95% CI 1.08, 1.26]; and adjusted p < 0.001 for FTRE 
5–14 and ≥15%, respectively) (Table 5).

Discussion

We herein demonstrate that FTRE is a superior metric to 
FTR when assessing trauma centers’ quality of care. When 
trauma centers were classified by FTRE of <5, 5–14 or 
≥15%, significant differences were noted in adjusted mor-
tality, in contrast to the same FTR classification which was 
not associated with any differences in adjusted mortality. 
Our findings were similar for patients with severe (ISS >16) 
and critical injuries (ISS ≥25). Therefore, FTRE is likely a 
better and a more useful quality metric for trauma centers 
when compared to FTR (see Table 5).

The Centers for Medicare and Medicaid Services 
(CMS) developed value-based purchasing to reward 

NTDB 2010-2011

n=1,496,135

Excluding ED Deaths

84.0% (n=1,256,632)

Excluding any AIS 6 or ISS 75

79.5% (n=1,189,068)

Excluding Unknown Mortality

69.4% (n=1,038,393)

Excluding centers with < 200 subjects > 65 (y)

62.7% (n=937,483)

Age ≥ 16 (y)

85.0% (n=1,271,898)

Fig. 1   Study outline. NTDB National Trauma Databank, ED emer-
gency department, AIS Abbreviated Injury Scale, ISS Injury Severity 
Score
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providers who deliver better outcomes in healthcare at 
a lower cost [8], indicating a rapid advancement in how 
healthcare providers are evaluated. This transition arrives 
with new shifts in the demographics and characteristics 
of patients admitted to trauma centers. The United States 
(U.S.) Census Bureau projects a substantial increase 
in the population age 65 and older which is expected to 
exceed 90 million individuals and to represent one in five 
US residents by the year 2060, while those 85 and older 
will reach 4.3% of the total population by the same year 
[9]. Although trauma continues to represent one of the 
leading causes of death, the distribution of these deaths 
among the population is also being shifted. Individuals in 
their fifth decade of life had 118% proportional increase 
in crude trauma deaths over the decade 2000–2010 
[10]. Trauma accounts for almost 3  million admissions 
and over 180,000 deaths annually [11], and these come 
with a staggering cost exceeding $400  billion [12, 13]. 
The quality of trauma care is not tied to hospital pay-
ments yet, and as of now, outcomes for trauma patients 
are not publicly reported. However, with these impending 
changes, an increasingly aging trauma patient population 
and rising healthcare costs, identifying quality metrics 

for trauma centers that can lead to improved outcomes 
and decreased costs remains a pressing issue.

Currently inter-hospital performance comparisons for 
trauma centers are based on external benchmarking uti-
lizing a standardized methodology which accounts for 
observed to expected mortality ratios [14]. This infor-
mation is then provided to trauma centers to guide them 
in the development of initiatives that may lead to quality 
improvement and enhanced outcomes. This methodology, 
however, has serious limitations and is a poor predictor of 
quality care [4, 15]. In addition, the current benchmark-
ing has been questioned as a statistical tool, as it results in 
variation in risk-adjusted mortality that leads to nearly one 
of every six hospitals in the NTDB being inappropriately 
placed among the very best or very worst quintile of rank-
ings [16]. Shafi et al. examined the charts of a random sam-
ple of 1,000 patients admitted to a Level I trauma center 
and found that despite availability of adequate resources, 
almost half of these patients did not receive trauma-spe-
cific clinical processes of care with the median compliance 
score being 60 (interquartile range 29–100), suggesting 
that half of the patients only received 60% of the care they 
needed. In this patient population, every 10% increase in 

Table 1   Comparison of basic demographic and clinical data based on overall FTR rate groups

p values were extracted from analysis of variance (ANOVA)
All p values were significant at <0.01 level except for Liver disease (p = 0.152).
Defined as the overall mortality rate following any complication admitted over the 2-year study period
FTR failure to rescue, SD standard deviation, ED emergency department, SBP systolic blood pressure, GCS Glasgow Coma Scale, ISS Injury 
Severity Score, AIS Abbreviated Injury Scale, ESRD end-stage renal disease
a Includes history of congestive heart failure, angina, and/or myocardial infarction
b Includes history of cirrhosis, esophageal varices, and/or ascites

Total (n = 937,483) FTR <5% (n = 392,739) FTR 5–14% (n = 478,412) FTR ≥15% (n = 66,332)

Number of centers 419 194 192 33
Age mean ± SD [median] 50.6 ± 22.3 [50.0] 51.4 ± 22.4 [51.0] 50.1 ± 22.2 [49.0] 49.5 ± 22.3 [48.0]
Male 62.3% (583,896/937,203) 61.2% (240,097/392,592) 63.1% (301,665/478,295) 63.5% (42,134/66,316)
Penetrating 8.8% (82,078/934,263) 7.9% (31,045/392,302) 9.4% (44,651/475,773) 9.6% (6,382/66,188)
ED SBP <90 mmHg 2.4% (22,131/919,132) 2.3% (8,729/385,081) 2.5% (11,732/469,712) 2.6% (1,670/64,339)
ED GCS ≤8 7.0% (61,955/879,471) 6.6% (24,069/366,301) 7.3% (32,953/451,084) 7.9% (4,933/62,086)
ISS mean ± SD [median] 9.9 ± 8.6 [9.0] 9.7 ± 8.3 [9.0] 10.1 ± 8.9 [9.0] 10.0 ± 8.4 [9.0]
AIS Head ≥3 22.0% (196,996/894,048) 21.7% (81,628/375,523) 22.1% (100,674/455,081) 23.2% (14,694/63,444)
AIS Chest ≥3 16.0% (142,911/894,048) 15.4% (58,037/375,523) 16.3% (74,374/455,081) 16.6% (10,500/63,444)
AIS abdomen/pelvis ≥3 3.7% (33,556/894,048) 3.4% (12,858/375,523) 4.0% (18,341/455,081) 3.7% (2,357/63,444)
AIS lower extremity ≥3 17.5% (156,248/894,048) 18.0% (67,456/375,523) 17.2% (78,174/455,081) 16.7% (10,618/63,444)
Level I center 39.7% (364,759/918,374) 34.5% (132,898/384,977) 44.2% (207,336/469,094) 38.1% (24,525/64,303)
Cardiac diseasea 6.8% (45,095/661,151) 6.0% (17,328/289,411) 7.4% (25,469/342,306) 7.8% (2,298/29,434)
Pulmonary disease 10.5% (69,173/661,151) 9.4% (27,263/289,411) 11.5% (39,401/342,306) 8.5% (2,509/29,434)
ESRD 0.9% (5,720/661,151) 0.8% (2,277/289,411) 0.9% (3,092/342,306) 1.2% (351/29,434)
Liver diseaseb 0.6% (4,231/661,151) 0.6% (1,828/289,411) 0.6% (2,190/342,306) 0.7% (213/29,434)
Bleeding disorder 6.7% (44,498/661,151) 6.3% (18,113/289,411) 7.3% (25,083/342,306) 4.4% (1,302/29,434)
Any complication 21.1% (197,354/937,483) 30.6% (120,072/392,739) 14.8% (70,959/478,412) 9.5% (6,323/66,332)
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compliance was associated with a 14% reduction in risk-
adjusted in-hospital mortality [17]. These findings suggest 
that examining only adjusted mortality to identify high per-
formers among trauma centers is at least problematic and 
the conclusions made based upon this outcome may be 
potentially misleading.

Although FTR was defined almost 20 years ago [18], it 
has recently emerged again as a quality metric for trauma 
and other healthcare centers, especially with implemen-
tation of the Affordable Care Act. FTR has been shown 
to better explain variations in mortality among surgical 
patients admitted to different surgical centers [19–21]. In 
Cardiac Surgery, FTR appears to be the sole determinant 
of quality care, even among pediatric patients [22, 23]. For 
trauma centers in particular, Glance et al. showed that the 
primary driver of differences in hospital quality for trauma 
patients is FTR, as opposed to differences in complication 
rates [24]. FTR may, therefore, be a better determinant of 
quality care compared to adjusted mortality risk. None-
theless, the role of age in FTR rates for healthcare centers 
has not been well delineated. We previously demonstrated 
that for trauma patients, increasing age is associated with 
a stepwise increase in the risk for FTR and in the risk 

for increasing number of complications [7]. Herein, we 
explored the role of FTRE as a quality metric and we deter-
mined that for trauma centers, compared to the rate of FTR, 
the rate of FTRE is a better predictor of overall adjusted 
mortality, indicating that FTRE is a better determinant of 
quality of care. This applied to trauma patients with varied 
injuries, including those with severe (ISS >16) and critical 
injuries (ISS ≥25).

Timely recognition and effective management of a com-
plication in a trauma patient are probably the two most 
important factors in preventing FTR. These two factors 
are even more critical when it comes to an elderly injured 
patient, as the risk for death in this setting is significantly 
higher [5, 6, 25]. Elderly patients are more prone to under-
lying comorbidities and more likely to require added 
resources when they experience in-hospital complications 
[26]. Based on our results, trauma centers with established 
structures, teams, and tools that can facilitate early recogni-
tion of complications, allow for fast and aggressive actions 
to prevent FTRE, and appear to provide higher level of 
care overall, as patients treated at these centers have a sig-
nificantly higher chance of survival, independent of their 
injury severity and age. These findings are in line with the 

Table 2   Comparison of basic demographic and clinical data based on overall FTRE rate groups

p values were extracted from analysis of variance (ANOVA) or chi-square
All p values were significant at <0.01 level except for Liver disease (p = 0.152)
Defined as the mortality rate following any complication in patients >65 years admitted over the 2-year study period
FTR failure to rescue, SD standard deviation, ED emergency department, SBP systolic blood pressure, GCS Glasgow Coma Scale, ISS Injury 
Severity Score, AIS Abbreviated Injury Scale, ESRD end-stage renal disease
a Includes history of congestive heart failure, angina, and/or myocardial infarction
b Includes history of cirrhosis, esophageal varices, and/or ascites

Total (n = 937,483) FTRE <5% (n = 228,545) FTRE 5–14% (n = 456,309) FTRE ≥15% (n = 252,629)

Number of centers 419 135 182 102
Age mean ± SD [median] 50.6 ± 22.3 [50.0] 53.6 ± 22.7 [53.0] 50.3 ± 22.2 [49.0] 48.3 ± 21.8 [47.0]
Male 62.3% (583,896/937,203) 58.2% (133,034/228,409) 62.7% (286,118/456,195) 65.2% (164,744/252,599)
Penetrating 8.8% (82,078/934,263) 6.6% (15,075/228,318) 8.8% (40,206/455,876) 10.7% (26,797/250,069)
ED SBP <90 mmHg 2.4% (22,131/919,132) 2.0% (4463/222,345) 2.5% (11,052/448,921) 2.7% (6616/247,866)
ED GCS ≤ 8 7.0% (61,955/879,471) 5.7% (11,880/209,404) 7.2% (31,282/432,093) 7.9% (18,793/237,974)
ISS mean ± SD [median] 9.9 ± 8.6 [9.0] 9.2 ± 7.8 [9.0] 10.1 ± 8.8 [9.0] 10.2 ± 9.0 [9.0]
AIS Head ≥ 3 22.0% (196,996/894,048) 20.6% (45,097/218,801) 22.2% (96,998/436,483) 23.0% (54,901/238,764)
AIS Chest ≥ 3 16.0% (142,911/894,048) 13.5% (29,532/218,801) 16.4% (71,374/436,483) 17.6% (42,005/238,764)
AIS abdomen/pelvis ≥3 3.7% (33,556/894,048) 2.7% (5,818/218,801) 4.0% (17,304/436,483) 4.4% (10,434/238,764)
AIS lower extremity ≥3 17.5% (156,248/894,048) 19.6% (42,853/218,801) 17.3% (75,455/436,483) 15.9% (37,940/238,764)
Level I center 39.7% (364,759/918,374) 24.1% (53,938/224,020) 44.6% (200,521/449,576) 45.1% (110,300/244,778)
Cardiac diseasea 6.8% (45,095/661,151) 6.1% (10,704/175,836) 7.2% (23,679/327,541) 6.8% (10,712/157,774)
Pulmonary disease 10.5% (69,173/661,151) 9.1% (16,017/175,836) 10.8% (35,528/327,541) 11.2% (17,628/157,774)
ESRD 0.9% (5720/661,151) 0.8% (1379/175,836) 0.9% (2847/327,541) 0.9% (1494/157,774)
Liver diseaseb 0.6% (4231/661,151) 0.6% (1042/175,836) 0.6% (1990/327,541) 0.8% (1199/157,774)
Bleeding disorder 6.7% (44,498/661,151) 6.6% (11,596/175,836) 7.2% (23,555/327,541) 5.9% (9347/157,774)
Any complication 21.1% (197,354/937,483) 30.3% (69,162/228,545) 21.5% (98,052/456,309) 11.9% (30,140/252,629)
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work published by Haas et  al. demonstrating that trauma 
centers with low overall mortality are more successful at 
rescuing patients who experience complications [27].

Identification of practices, tools, and structures that 
allow trauma centers to provide a higher level of care is 
not feasible using the NTDB. A plethora of literature offers 
protocols and procedures that improve outcomes for medi-
cal geriatric patients [28, 29]; however, very little is cur-
rently known about how elderly trauma patients may ben-
efit from institutional programs that specifically address the 
issues of early recognition and effective management of an 
in-hospital complication to prevent FTRE. Geriatric trauma 
consultation service for trauma patients older than 60 years 
has been shown to decrease the incidence of delirium and 
increase the likelihood of discharge to home [30]. A geri-
atric trauma protocol at the Lancaster General Hospital in 
Pennsylvania which included a geriatric medicine consulta-
tion and monitoring in an intensive care setting was associ-
ated with a 31% reduction in the risk for death [31]. Mat-
sushima et al. highlighted the importance of differentiated 
pathways of care for these injured patients in a study show-
ing the association between a higher volume of geriatric 
trauma patients with improved overall survival [32]. Com-
pliance of trauma centers with practice management guide-
lines is essential for improving survival [17], and this is of 

predominant importance when it comes to the management 
of the elderly trauma patient.

We recognize the limitations of our analysis, as it is 
well known that the NTDB does not contain a nation-
wide representative sample population, although the 
high number of subjects included in the data set allows 
for risk-adjusted analyses. Under-reporting of data ele-
ments in the data set is possible; we, therefore, sought 
to minimize its impact by excluding subjects admitted 
to trauma centers which under-report AIS and complica-
tions. The validity of reported complications cannot be 
assessed and no measure of the severity of these compli-
cations is available. The association between the reported 
complication and subsequent death cannot be verified. 
Do not resuscitate (DNR) status was not accounted for, 
and it is unknown whether this status was present prior 
to or after the development of complications. The data 
analyzed were not from recent data sets, and these find-
ings may not apply if more recent data sets were utilized. 
Moreover, morbidity and complications usually precede 
a mortality; however, most deaths in this data set did 
not have a reported complication, possibly due to under-
reporting. As noted in our results, centers with the higher 
FTR and FTRE had decreased incidence of reported com-
plications. Therefore, a low FTR or FTRE rate might be 

Table 3   Adjusted overall mortality based on FTR and FTRE rates

FTR failure to rescue, FTRE failure to rescue elderly, CI confidence 
interval, ED emergency department, SBP systolic blood pressure, 
GCS Glasgow Coma Scale, ISS Injury Severity Score, AIS Abbrevi-
ated Injury Scale, ESRD end-stage renal disease
a Variables in the equation: age, gender, penetrating, ED 
SBP <90  mmHg, ED GCS ≤ 8, ISS, AIS head, chest, abdomen/pel-
vis and lower extremity ≥3, level I trauma center, cardiac disease 
(includes history of congestive heart failure, angina and/or myocar-
dial infarction), pulmonary disease, ESRD, liver disease (includes 
history of cirrhosis, esophageal varices and/or ascites), bleeding dis-
order
b Defined as the overall mortality rate following any complication 
admitted over the 2-year study period
c Defined as the mortality rate following any complication in 
patients >65 years admitted over the 2-year study period

n Mortality 
(overall) 
(%)

Adjusteda odds 
ratio (95% CI)

Adjusteda p value

FTRb

 <5% 392,739 3.1 – –
 5–14% 478,412 3.5 0.99 (0.96, 1.02) 0.546
 ≥15% 66,332 3.8 1.05 (0.97, 1.14) 0.232

FTREc

 <5% 228,545 2.8 – –
 5–14% 459,309 3.4 1.05 (1.01, 1.09) 0.031
 ≥15% 252,629 3.7 1.13 (1.07, 1.18) <0.001

Table 4   Adjusted mortality for patients with ISS >16, based on FTR 
and FTRE rates

FTR failure to rescue, FTRE failure to rescue elderly, CI confidence 
interval, ED emergency department, SBP systolic blood pressure, 
GCS Glasgow Coma Scale, ISS Injury Severity Score, AIS Abbrevi-
ated Injury Scale, ESRD end-stage renal disease
a Variables in the equation: age, gender, penetrating, ED 
SBP <90  mmHg, ED GCS ≤8, ISS, AIS head, chest, abdomen/pel-
vis and lower extremity ≥3, level I trauma center, cardiac disease 
(includes history of congestive heart failure, angina and/or myocar-
dial infarction), pulmonary disease, ESRD, liver disease (includes 
history of cirrhosis, esophageal varices and/or ascites), bleeding dis-
order
b Defined as the overall mortality rate following any complication 
admitted over the 2-year study period
c Defined as the mortality rate following any complication in 
patients >65 years admitted over the 2-year study period

n Mortality 
(ISS >16) 
(%)

Adjusteda odds 
ratio (95% CI)

Adjusteda p value

FTRb

 <5% 67,630 12.2 – –
 5–14% 86,280 13.6 1.04 (0.99, 1.09) 0.096
 ≥15% 13,581 13.1 1.02 (0.92, 1.14) 0.670

FTREc

 <5% 34,044 11.8 – –
 5–14% 83,723 13.2 1.10 (1.03, 1.16) 0.002
 ≥15% 50,657 13.6 1.13 (1.06, 1.20) <0.001
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an indicator for more aggressive and intensive care in 
patients developing a complication, but might also indi-
cate a more detailed documentation and reporting of 
these complications. Often, treatment decisions might 
also lead to complications and these decisions could not 
be accounted for. Most importantly, however, our study 
design did not allow for identification of those common 
practices among trauma centers that provided higher 
quality care and improved survival.

In conclusion, trauma centers require reliable metrics to 
better compare the quality of care delivered. Higher FTRE 
predicts increased adjusted mortality better than FTR after 
any severe trauma or critical trauma. Rescuing an elderly 
trauma patient from death after the development of an in-
hospital complication is a quality metric for trauma cent-
ers that indicates better overall survival for any trauma 
patient, independent of injury severity or age. Identification 
of those practices and interventions that result in a lower 
incidence of failure to rescue an elderly patient following 
a traumatic injury should be the focus of future research. 
Promoting and sponsoring interventional trials designed to 
establish measures that results in rapidly recognizing those 
patients who require urgent and emergent intervention fol-
lowing a complication are expected to result in the develop-
ment of quality improvement practices.
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