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Abstract

Geriatric trauma patients (GTP) (age > 65 years) with blunt splenic injury (BSI) have up to a 6% failure rate of non-operative
management (NOM). GTPs failing NOM have a similar mortality rate compared to GTPs managed successfully with NOM.
However, it is unclear if this remains true in octogenarians (aged 80-89 years). We hypothesized that the failure rate for NOM
in octogenarians would be similar to their younger geriatric cohort, patients aged 65-79 years; however risk of mortality
in octogenarians who fail NOM would be higher than that of octogenarians managed successfully with NOM. The Trauma
Quality Improvement Program (2010-2016) was queried for patients with BSI. Those undergoing splenectomy within 6 h
were excluded to select for patients undergoing NOM. Patients aged 65—79 years (young GTPs) were compared to octogenar-
ians. A multivariable logistic regression model was used to determine the risk for failed NOM and mortality. From 43,041
BSI patients undergoing NOM, 3660 (8.5%) were aged 65-79 years and 1236 (2.9%) were octogenarians. Both groups had
a similar median Injury Severity Score (ISS) (p =0.10) and failure rate of NOM (6.6% young GTPs vs. 6.8% octogenarians
p=0.82). From those failing NOM, octogenarians had similar units of blood products transfused (p > 0.05) and a higher mor-
tality rate (40.5% vs. 18.2%, p <0.001), compared to young GTPs. Independent risk factors for failing NOM in octogenarians
included > 1 unit of packed red blood cells (PRBC) (p=0.039) within 24 h of admission. Octogenarians who failed NOM
had a higher mortality rate compared to octogenarians managed successfully with NOM (40.5% vs 23.6% p=0.001), which
persisted in a multivariable logistic regression analysis (OR 2.25, CI 1.37-3.70, p <0.001). Late failure of NOM > 24 h (vs.
early failure) was not associated with increased risk of mortality (p=0.88), but> 1 unit of PRBC transfused had higher risk
(OR 1.88, CI 1.20-2.95, p=0.006). Compared to young GTPs with BSI, octogenarians have a similar rate of failed NOM.
Octogenarians with BSI who fail NOM have over a twofold higher risk of mortality compared to those managed successfully
with NOM. PRBC transfusion increases risk for mortality. Therefore, clinicians should consider failure of NOM earlier in
the octogenarian population to mitigate the risk of increased mortality.
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Introduction

The geriatric population, defined as those > 65 years old,
compose 15% of the entire US population or roughly 46
million people [1]. By 2040, this number is expected to grow
to 22% [1]. Medical advances have led to an increase in life
expectancy and enable an active lifestyle into late adulthood,
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including driving at an older age [2]. As such, injury patterns
in this population have shifted with trauma centers noting
an increase in geriatric trauma patients (GTPs) suffering
blunt trauma [3]. Additionally, octogenarians, defined as
those 80—89 years old, are presenting to hospitals at increas-
ing rates. Ukkonen et al. found that patients > 80 years old
account for 15% of all emergency room visits nationwide
[4]. Management of octogenarians requires special consid-
erations due to suppressed stress responses, impaired central
nervous system, altered cardiovascular physiology, as well
as overall increased comorbidities [5-9]. Furthermore, the
decreased abdominal musculature in geriatric patients may
increase their risk for blunt splenic injury (BSI) [10].
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In blunt trauma, the spleen is the most commonly injured
solid organ [11]. Non-operative management (NOM) for BSI
was once considered a relative contraindication in geriatric
patients with failure rates reported as high as 70% [12-16].
More recently, however, these rates have been proven to be
exaggerated. Trust et al. used the National Trauma Databank
to find that GTPs had slightly higher, but comparable fail-
ure rates of NOM compared to younger adults (~ 6% versus
4%). Furthermore, this study concluded that failure of NOM
for BSI was not an independent risk factor for mortality in
GTPs, suggesting NOM to be a safe option. This practice
is further supported by the most recent Eastern Associa-
tion of the Surgery of Trauma (EAST) guidelines regarding
BSI where age is no longer considered a contraindication
to NOM [17].

Given the aging population and growing number of octo-
genarians presenting to trauma centers, we sought to deter-
mine whether management of BSI for octogenarian trauma
patients would be different from younger GTPs. We hypoth-
esized that the failure rate for NOM in octogenarians with
BSI would be similar to younger GTPs, aged 65-79 years.
However, we hypothesized the risk of mortality in octoge-
narians who fail NOM to be higher than octogenarians man-
aged successfully with NOM.

Methods

We performed a retrospective analysis of the Trauma Qual-
ity Improvement Program (TQIP) over a 7-year period from
2010 to 2016 to identify patients between 65 and 89 years,
presenting with splenic injury after blunt trauma, defined by
the International Classification of Diseases (ICD) version 9
diagnosis codes: 865.0-865.19. Patients undergoing splenec-
tomy were identified using the ICD-9 procedure code, 41.5.
The American College of Surgeons collects high-quality
data from individual trauma centers across the USA in the
TQIP database. This provides risk-adjusted benchmarking
to compare trauma centers and opportunities to conduct
research on a larger population.

The primary outcome was failure of NOM defined as:
splenectomy after 6 h post-injury. Those undergoing sple-
nectomy within 6 h were excluded to avoid including patients
who did not undergo NOM similar to a previous analysis
of NOM in BSI [18]. Two groups were compared: patients
65-79 years old (younger GTP) and patients 80-89 years
old (octogenarians).

Patient demographic information was collected includ-
ing pre-hospital comorbidities and the median systolic
blood pressure (SBP) on arrival. Pre-hospital comorbidi-
ties included congestive heart failure (CHF), end-stage-
renal disease (ESRD), smoking, diabetes, hypertension,
myocardial infarction (MI), cerebrovascular accident
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(CVA), cirrhosis and chronic obstructive pulmonary
disease (COPD). The injury profile included the Injury
Severity Score (ISS), Abbreviated Injury Scale (AIS) and
mechanism of injury. AIS is a scoring system that classi-
fies each injury by body region on a six-point scale. The
sum of the squares of the highest AIS scores for the three
most severely injured body regions equals the ISS. The
ISS ranges from 1 to 75 and correlates most closely with
morbidity and mortality [19]. The mechanism of injuries
were also evaluated to compare GTPs to octogenarians,
including falls, motor vehicle collisions (MVCs), pedes-
trian accidents, and motorcycle collisions (MCCs).

Other outcomes evaluated included total hospital length
of stay (LOS), intensive care unit (ICU) LOS, ventilator
days, and units of packed red blood cells (PRBC), plate-
lets and fresh frozen plasma (FFP) transfused within 24 h.
Since blood transfusion was a significant risk factor for
failing NOM, we performed a sub-analysis of octoge-
narians in which we stratified patients by units of blood
products transfused. Late failure of NOM, defined as fail-
ure 24 h after presentation, was compared to early failure
(6-24 h post-injury). In 2013, TQIP began collecting data
for splenic angioembolization intervention on patients that
failed NOM within the first 48 h of patient arrival to the
emergency department. Thus, for this study’s 2010-2016
population, evaluation of angioembolization was per-
formed for only the 2013-2016 population.

Descriptive statistics were performed for all variables.
Continuous variables were compared using a Mann—Whit-
ney U test, while categorical variables were compared
using Chi square. Categorical data were reported as per-
centages, and continuous data were reported as medians
with interquartile range or means with standard devia-
tion. The magnitude of the association between covariates
and risk of failing NOM was measured using a univariable
logistic regression model. These variables were chosen
based on a review of the literature and included hypo-
tension (systolic blood pressure <90 mmHg) within 24 h,
ISS > 25, massive blood product transfusion (> 5 units
of packed red blood cells within 4-h), severe (grade > 3)
AIS for the head, spine, thorax, abdomen, history of
CHF, ESRD, diabetes, hypertension, COPD, CVA, MI,
and smoking [20, 21]. Covariates were then controlled
for using a hierarchical multivariable logistic regression
model. The adjusted risk of failure of NOM and mortality
were reported with an odds ratio (OR) and 95% confidence
intervals (CI). We also performed a multivariable regres-
sion analysis of octogenarians managed non-operatively
for BSI, with the same covariates, to analyze the risk of
mortality. All p values were two-sided, with a statistical
significance level of < 0.05. All statistical analyses were
performed with IBM SPSS Statistics for Windows, Version
24. (Armonk, NY: IBM Corp).
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Results

Demographics of geriatric patients undergoing
NOM for BSI

From 43,041 patients undergoing NOM after BSI, 3,660
(8.50%) were younger GTPs, and 1,236 (2.9%) were octo-
genarians. Compared to the younger GTPs, octogenarians
were less often male (51.1% vs 60.1%, p <0.001) and had
a lower rate of severe thorax injury (AIS >3) (16.7% vs
19.4%, p=0.04), but similar ISS (p =0.10). The younger
GTP group had a higher rate of injury secondary to MCCs
(5.8% vs 0.0%, p=0.02), but a similar rate of falls (40.8%
vs 48.8%, p=0.16), MVCs (42.6% vs 44.0% p=0.81), and
pedestrian accidents (6.6% vs 6.0% p =0.83) compared to
the older octogenarian group. The octogenarian group had
higher rates of CHF (10.5% vs 5.5%, p <0.001), hyper-
tension (59.2% vs 53.8%, p=0.001), and CVA (4.6% vs
3.0%, p=0.006), but lower rates of diabetes (18.6% vs
24.1%, p <0.001) and history of smoking (3.1% vs 10.3%,

p <0.001) compared to the younger GTPs. The octogenar-
ian group failed NOM at a similar rate compared to the
younger GTP cohort (6.8% vs 6.6%, p=0.82) (Table 1).

Analysis for risk of failure of NOM among geriatric
BSI patients

In a multivariable analysis, the strongest risk factors
for failing NOM of BSI was an abdominal AIS >3 (OR
4.58, CI 2.46-8.53, p <0.001), followed by >5 units of
PRBC transfusions within 4 h of admission (OR 2.01, CI
1.13-3.60, p =0.02) (Table 2).

After adjusting for ISS >25, octogenarians who
received > 1 unit PRBC transfusion within 24 h had a
higher risk for failing NOM (OR 2.05, CI 1.01-4.11,
p=0.039). Regarding FFP and platelets, there was a step-
wise increased risk of failing NOM with an increased
number of units transfused (Table 3).

Table 1 Demographics of

e . Characteristic Age 65-79 (n=3660) Age 80-89 (n=1236) p value
blunt splenic injury with non-
operative management Age, year, median (IQR) 70.0 (7) 84.0 (5) <0.001
Male, n (%) 2197 (60.1%) 631 (51.1%) <0.001
ISS, median (IQR) 19.0 (13) 18.0 (12) 0.10
Lowest SBP within 24 h, median (IQR) 75.0 (43) 75.0 (35) 0.98
Mechanism of trauma, n (%)
Fall 97 (40.1%) 41 (48.8%) 0.16
Motor vehicle collision 103 (42.6%) 37 (44.0%) 0.81
Pedestrian 16 (6.6%) 5 (6.0%) 0.83
Motorcycle collision 14 (5.8%) 0 (0%) 0.02
Comorbidities, n (%)
Congestive heart failure 201 (5.5%) 130 (10.5%) <0.001
End-stage renal disease 60 (1.6%) 19 (1.5%) 0.81
Smoker 376 (10.3%) 38 (3.1%) <0.001
Diabetes 883 (24.1%) 230 (18.6%) <0.001
Hypertension 1968 (53.8%) 732 (59.2%) 0.001
COPD 456 (12.5%) 142 (11.5%) 0.37
Myocardial infarction 102 (2.8%) 30 (2.4%) 0.50
Cerebrovascular accident 109 (3.0%) 57 (4.6%) 0.006
Cirrhosis 63 (1.7%) 15 (1.2%) 0.22
AIS (grade>3), n (%)
Head 627 (17.1%) 220 (17.8%) 0.59
Thorax 709 (19.4%) 207 (16.7%) 0.04
Abdomen 678 (18.5%) 206 (16.7%) 0.14
Failed non-operative management, n (%) 242 (6.6%) 84 (6.8%) 0.82

IQR interquartile range, 1SS Injury Severity Score, SBP systolic blood pressure, COPD chronic obstructive
pulmonary disease, AIS Abbreviated Injury Scale
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Table 2 Multivariable analysis

. . Risk factor OR CI p value
of risk factors for failure of non-
operative managementinblunt  Octogenarian (vs. age 65-79) 1.49 0.79-2.83 0.22
splenic injury 1S5 >25 0.77 0.40-1.49 0.4
Hypotensive within 24 h 1.00 0.55-1.82 0.99
PRBC transfusion > 5 units within 4 h 2.01 1.13-3.60 0.02
Abbreviated injury scale—head (grade > 3) 0.50 0.21-1.17 0.11
Abbreviated injury scale—thorax (grade > 3) 1.04 0.54-2.00 0.92
Abbreviated injury scale—abdomen (grade > 3) 4.58 2.46-8.53 <0.001
Congestive heart failure 0.84 0.28-2.50 0.75
End-stage renal disease 0.71 0.08-5.99 0.75
Smoker 1.80 0.73-4.42 0.20
Diabetes 1.72 0.90-3.31 0.10
Hypertension 0.91 0.51-1.62 0.74
COPD 1.69 0.79-3.63 0.18
History of myocardial infarction 1.48 0.30-7.18 0.63
History of cerebrovascular accident 0.65 0.08-5.04 0.68

ISS Injury Severity Score, PRBC packed red blood cells, COPD chronic obstructive pulmonary disease

Table 3 Multivariable analysis of risk factors for failure of non-oper-
ative management in octogenarians with blunt splenic injury (refer-
ence: no blood products transfused)

Risk factor OR CI p value
PRBC transfusion within 24 h
>1 2.05 1.02-4.11 0.039
>2 2.32 1.16-4.64 0.019
>3 2.04 1.01-4.32 0.041
>4 1.92 0.88-4.22 0.042
FFP transfusion within 24 h
>1 2.41 1.18-4.93 0.016
>2 2.42 1.15-5.07 0.019
>3 3.00 1.34-6.69 0.007
>4 3.83 1.70-8.64 0.001
Platelets transfusion within 24 h
>1 1.99 0.84-4.71 0.119
>2 3.94 1.59-9.76 0.003
>3 3.83 1.19-12.37 0.025
>4 6.25 1.47-26.63 0.013

Each model controlled for Injury Severity Score >25
PRBC packed red blood cells, FFP fresh frozen plasma

Analysis for risk of mortality among octogenarian
undergoing NOM BSI patients

Among the patients who failed NOM of BSI, octogenarians
had a higher incidence of mortality (40.5% versus 18.2%,
p<0.001), compared to the younger GTPs (Table 4). Begin-
ning in 2013, octogenarians were more likely to require
splenic angioembolization within the first 48 h of arriving
at the emergency department (12.0% vs 2.7%, p=0.01),

@ Springer

compared to the younger GTPs (Table 4). After adjusting
for covariates, octogenarians continued to have a higher risk
of mortality compared to the younger geriatric cohort after
failing NOM (OR 4.99, CI 1.11-22.49, p=0.04) (Table 5).
The strongest risk factor of mortality among octogenarians
with BSI managed non-operatively, in descending order,
were ISS >25 (OR 3.80, CI 2.81-5.13, p <0.001), thoracic
injury with an AIS>3 (OR 2.13, CI 1.50-3.03, p <0.001),
and PRBC transfusion > 1 unit within 24 h (OR 1.88, CI
1.20-2.95, p=0.006). Late failure of NOM was not found to
be associated with increased risk of mortality among octoge-
narians (OR 0.92, CI1 0.32-2.68, p=0.88) (Table 6).

Discussion

This is a large multi-year contemporary national analysis of
GTPs that stratifies the GTP population by age to compare
the outcomes of octogenarians to their younger geriatric
cohort undergoing NOM of BSI. Our data suggest that GTPs
were more likely to suffer from MCCs, but had similar rates
of falls, MVCs and pedestrian accidents. Octogenarians fail
at similar rates to younger GTPs, but when octogenarians
fail, they have a fivefold higher risk of mortality, compared
to their younger geriatric cohort. Among the octogenarian
subgroup, those failing NOM are at a twofold higher risk
of mortality compared to those managed successfully with
NOM, even after adjusting for ISS. Furthermore, any octoge-
narian receiving > 1 unit PRBC transfusion is at an increased
risk of failing NOM.

The failure rate of GTPs undergoing NOM of BSI is
relatively low. In recent studies, failure rates range from
4.6% to 6% [12, 18]. These rates are significantly improved
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Table 4 Demographics and

‘ Characteristic Age 65-79 (n=242) Age 80-89 (n=284) p value
outcomes of blunt splenic
injury failing non-operative Age, year, median (IQR) 71.0 (7) 83.0 (4) <0.001
management 1SS, median (IQR) 22.0 (14) 22.0(11) 0.58
Lowest SBP within 24 h, median (IQR) 84.0 (37) 75.0 (26) 0.26
AIS (grade>3), n (%)
Head 30 (12.4%) 1(1.2%) 0.003
Thorax 38 (15.7%) 10 (11.9%) 0.40
Abdomen 109 (45.0%) 37 (44.0%) 0.88
LOS, days, median (IQR) 14.0 (14) 11.0(11) 0.01
ICU, days, median (IQR) 8.0 (12) 6.0 (10) 0.41
Ventilator, days, median (IQR) 7.0 (15) 5.009) 0.17
Angioembolization within 48 h, n (%) 4 (2.7%) 6.0 (12.0%) 0.01
Blood product transfusion units within 24 h, median (IQR)
Packed red blood cells 5.0 (9) 8.0 (13) 0.98
Fresh frozen plasma 2.0 (6) 4011 0.91
Platelets 1.0 (2) 2.04) 0.42
Complications, n (%)
Acute kidney injury 16 (6.6%) 9 (10.7%) 0.22
ARDS 15 (6.2%) 3 (3.6%) 0.36
Unplanned ICU admission 27 (11.2%) 4 (4.8%) 0.09
Unplanned intubation 33 (13.6%) 8 (9.5%) 0.33
Deep vein thrombosis 15 (6.2%) 4 (4.8%) 0.63
Pulmonary embolism 7 (2.9%) 0 0.12
Pneumonia/VAP 43 (17.8%) 10 (11.9%) 0.21
Mortality, n (%) 44 (18.2%) 34 (40.5%) <0.001

IQR interquartile range, ISS Injury Severity Score, SBP systolic blood pressure, AIS abbreviated injury
scale, LOS length of stay, IQR interquartile range, /CU intensive care unit, PRBC packed red blood cells,
FFP fresh frozen plasma, ARDS acute respiratory distress syndrome, VAP ventilator associated pneumonia

Table 5 Multivariable analysis of risk factors for mortality among
trauma patients failing non-operative management in blunt splenic
injury

Table 6 Multivariable logistic regression analysis for risk of mortal-
ity in octogenarians with blunt splenic injury managed non-opera-
tively

Risk factor OR CI p value Risk factor OR CI p value
Octogenarian (vs. age 65-79) 4.99 1.11-22.49 0.04 Failed NOM 225 1.37-3.70  0.001
1SS >25 2.52 0.61-10.52 0.20 Failed NOM >24 h (vs <24 h) 0.92 0.32-2.68 0.88
Hypotensive within 24 h 5.69 0.98-33.02 0.05 1SS >25 3.80 2.81-5.13 <0.001
Abbreviated injury scale—tho-  3.73 0.78-17.86 0.10 PRBC transfusion > 1 unit within 24 h 1.88 1.20-2.95  0.006
rax (grade > 3) Abbreviated injury scale—thorax 2.13 1.50-3.03 <0.001
Congestive heart failure 0.33 0.03-4.47 0.41 (grade>3)
Smoker 0.70 0.08-6.51 0.75 Congestive heart failure 1.59 1.02-2.49 0.04
Diabetes 0.78 0.13-4.58 0.79 Smoker 1.12  0.49-2.57 0.80
Hypertension 0.80 0.20-3.13 0.75 Diabetes 1.18 0.81-1.72 0.40
COPD 1.69 0.79-3.63 0.18 Hypertension 0.52 0.39-0.69 <0.001

1SS Injury Severity Score, COPD chronic obstructive pulmonary dis-
ease

from prior studies in the early 2000s with failure rates of
11-33% [14, 22-26]. Our data parallel the most recent stud-
ies demonstrating an overall low failure rate among the gen-
eral geriatric population, less than 7% for patients between

History of cerebrovascular accident 1.25 0.65-2.41 0.50

NOM non-operative management, ISS Injury Severity Score, PRBC
packed red blood cells

65-89 years of age. In addition, we found that octogenarians
have a similar rate and risk of failure of NOM of BSI com-
pared to the younger geriatric cohort, despite higher rates of
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some comorbidities such as CHF and hypertension. Our data
suggest risk factors for octogenarians failing NOM include
receiving > 1 unit of PRBC, FFP, or platelet transfusions
within 4 h. Both FFP and platelet transfusion increase the
risk of failure in a stepwise fashion with each additional unit
transfused. While it is certain that the transfusion occurs
because of the failure of NOM, it suggests that there is no
safe level of transfusion requirement in the octogenarian
population, as even one unit of transfusion is associated with
failure of NOM.

Octogenarians failing NOM of BSI are susceptible to
a higher rate of mortality. Geriatric patients failing NOM
previously had been demonstrated to have no difference in
mortality by Albrecht et al. [14]. Similarly, Trust et al. con-
cluded that no association exists between failing NOM and
mortality among GTPs aged 60—89 years [18]. However,
our data augment the findings of Trust et al. by illustrating
a fivefold increased risk of mortality among octogenarians
failing NOM. In addition, we identified other risk factors
for mortality among octogenarians failing NOM: specifi-
cally, one unit or more of PRBC transfusion. This data sug-
gests that when performing NOM for BSI in octogenarians,
the managing physician should have a lower threshold for
operation, as waiting to operate until a single unit of blood
is transfused may be associated with increased mortality in
this population.

As aretrospective database study, there are inherent limi-
tations including reporting bias and coding errors. Further-
more, there are pertinent missing variables including the
severity of splenic injury (e.g., American Association for
the Surgery of Trauma grade). The use of abdominal AIS is
the closest representation to the degree of splenic injury and
is tracked by the database; however, concomitant abdominal
injuries may account for different AIS scores, thereby this
measure may not accurately reflect the degree of injury to
the spleen and thus may introduce bias to the study. Other
missing pertinent variables include information regarding
coagulopathy (i.e., use of antiplatelet or anticoagulants),
anemia, and what was the actual clinical trigger for opera-
tion. Also, angioembolization intervention was only assessed
for half our study population, because TQIP did not begin
collecting this data until 2013. This prevented our ability
to analyze our entire population for the 2010-2016 period
of this study; however, our small sample size of data dem-
onstrated increased use of angioembolization in octogenar-
ians which merits future study. In addition, TQIP does not
provide ongoing physiologic data or physical examination
data (e.g., development of peritonitis). Despite these limita-
tions, this is the first evaluation of octogenarians using a
large trauma database over multiple years. We found that
octogenarians with more severe injuries and higher grade
BSI are at a higher risk of NOM failure and mortality com-
pared to a generalized GTP cohort. Furthermore, our study
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is strengthened by its generalizability as TQIP encompasses
over 800 centers.

Conclusion

Compared to younger GTPs with BSI, octogenarians have a
similar rate and risk for failure of NOM, which reaffirms that
age should not be a determinant for performance of NOM for
BSI. However, octogenarians with BSI who fail NOM have
over a twofold higher risk of mortality compared to those
managed successfully with NOM and a greater than fivefold
higher risk than younger GTPs that fail NOM. Furthermore,
one or more units of PRBC transfused increases the risk for
mortality in this octogenarian cohort and therefore octoge-
narians should be considered for splenectomy at a lower
threshold, even prior to the need for transfusion if possible.
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