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Abstract

Background: Although some geriatric trauma patients may be low-risk for complications, poor 

outcomes are pronounced if complications do occur. Prevention in this group decreases the risk of 

excess morbidity and mortality.

Methods: We performed a case-control study of trauma patients 65 years or older treated from 

January 2015 to August 2016 at a level I trauma center with a Trauma Quality Improvement 

Program (TQIP) predicted probability of complication < 20%. Cases had one of the following 

complications: unplanned admission to the intensive care unit (ICU), unplanned intubation, 

pneumonia, or unplanned return to the operating room. Two age-matched controls were randomly 

selected for each case. We collected information on comorbidities, home medications, and early 

medical care and calculated odds ratios using multivariable conditional logistic regression.

Results: Ninety-four patients experienced unplanned admission to ICU (N=51), unplanned 

intubation (N=14), pneumonia (N=21), and unplanned return to OR (N=8). The 188 controls were 
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more frequently intubated and had higher median ISS but were otherwise similar to cases. The 

adjusted odds of complication were higher for patients on a home beta blocker (aOR=2.2 [95%CI 

1.2, 4.0]) and home anticoagulation aOR=2.2 [95%CI 1.2, 4.1]). Patients with diabetes (aOR 2.0 

[95%CI 1.1, 3.7] and dementia (aOR=2.0 [95%CI 1.0, 4.3]) also had higher odds of complication. 

The adjusted odds of complication for patients receiving geriatrics consultation was 0.4 (95%CI 

0.2, 1.0, p=0.05). Pain service consultation and indwelling pain catheter placement may be 

protective but confidence intervals included one. There was no association between opiates, 

benzodiazepines, fluid administration, or blood products in the first 24 hours and odds of 

complication.

Conclusions: Geriatrics consultation was associated with lower odds of unplanned admission to 

the ICU, unplanned intubation, pneumonia, and unplanned return to the operating room in low-risk 

older adult trauma patients. Pathways that support expanding co-management strategies with 

geriatricians are needed.
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BACKGROUND

From 2001 to 2015, the annual rate of non-fatal injury for ages 65 years and older in the US 

increased from 7,558 per 100,000 population to 9,976 per 100,000 population, or by nearly 

32%.[1] In this age group, there were 2.7 million non-fatal injuries in 2001 and 4.8 million 

in 2015 with blunt mechanisms such as unintentional fall and collisions (e.g. pedestrians 

with motor vehicles, etc.) leading the list of causes.[1] In 2015, the estimated costs for 

treating patients 65 years and older for falls alone was roughly $50 billion dollars.[2]

In addition to the greater risk of mortality, older adult trauma patients are uniquely 

susceptible to complications after trauma due to comorbid conditions, medications, and 

frailty.[3,4] The proportion of in-hospital complications may be nearly 30% for older adult 

trauma patients, and frailty, in particular, is known to correlate with higher risk.[5,6] 

Pneumonia and other infections are among the most common complications.[5] While 

frailty is clearly an important factor for risk-stratification, there is no single agreed-upon 

measure, and currently this information is not routinely documented in trauma registries or 

in patient records.[5,7,8]

Older adult trauma patients with lower severity of injury, no significant comorbidities, and 

good functional status are at low risk for complications. However, when complications 

occur, there are subsequent impacts on in-hospital outcomes, discharge disposition to skilled 

nursing facilities, and mortality.[9–11] The low-risk geriatric trauma patient cohort is, 

therefore, an excellent subgroup for performance improvement to reduce poor outcomes 

from in-hospital complications. Furthermore, this group of geriatric patients usually does not 

reach the threshold of concern that triggers added resources. For example, in one report, 

only 11% of geriatric trauma patient underwent evaluation by a geriatrician.[12]
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While there is no universally agreed upon definition for low-risk geriatric trauma patients, 

data compiled through the American College of Surgeons and the Trauma Quality 

Improvement Program (TQIP) readily provide predictive risk percentages based on patient 

and injury characteristics.[13] These percentages can be used to define groups of risk for the 

purposes of study. The TQIP approach incorporates population-averaged hierarchical 

multivariable models. Using the TQIP complication risk model to select low-risk older adult 

patients only, our aim was to determine which patient characteristics and aspects of early 

medical care among this select group are associated with greater risk of, or protection from, 

complications in low-risk geriatric trauma patients.

METHODS

Setting, Study Design, and Data Source.

We performed a case-control study among trauma patients from Harborview Medical Center 

(HMC) in Seattle, Washington, the only regional level I trauma center among four 

northwestern states (Washington, Alaska, Montana, and Idaho). HMC participates in the 

American College of Surgeons Trauma Quality Improvement Program (TQIP).[14] TQIP 

collects data from over 700 participating trauma centers and provides biannual feedback on 

performance using multivariable risk adjusted benchmarking to estimate national 

comparisons.[13] TQIP provides patient-specific estimated probabilities for a variety of 

outcomes including individual complications (Supplementary Table 1), any complication, 

and death. This probability is based on population-averaged hierarchical multivariable 

modeling based on patient and injury characteristics (Supplementary Table 2).[13] We 

collected data on patients from January 2015 through August 2016 corresponding to the 

most recent available TQIP report at the time of project initiation. Data from the HMC 

Trauma Registry was merged with the TQIP generated patient-specific report to supplement 

a manual chart review.

Subjects.

The exact age at which the risk for poor outcomes increases likely varies by complication, 

and prior data suggest this may happen earlier than age 65.[15,16] Nonetheless, TQIP 

defines older adults at the age of 65 years. Few data exist on the specific pattern of 

complications in older adult trauma patients, however pulmonary complications are likely to 

be the most common.[15] Risk for unplanned return to the ICU also increases with age.[17] 

We identified cases as trauma patients 65 years or older with a TQIP predicted probability of 

any complication less than 20% who later developed any of the following non-fatal 

complications: unplanned admission to the intensive care unit (ICU), unplanned intubation, 

pneumonia, or unplanned return to the OR

To our knowledge, there are no data to guide a specific cutoff value for the TQIP 

complication probability that delineates low versus high risk. Overall, the probability of 

complication is left-skewed with most patients having a 10% or lower probability. 

Preliminary data exploration demonstrated that the median probability of complication for 

patients 65 years or older was roughly 14%. This was extended up to 20% in order to 
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capture adequate number of patients and improve power with minimal change to the risk 

profile.

Two randomly selected age-matched controls were chosen for every case from among the 

remaining patients 65 years or older with a less than 20% TQIP complication probability 

who did not experience a complication.

Variables and Chart Review.

Two authors (MMR and MLR) reviewed all selected charts and one author (RT) performed 

unannounced intermittent audits. Material abstracted from the charts included detailed 

information on: home medications; specific comorbidities; admission and consulting 

services; crystalloid and blood product administration in the first 24 hours; opioid (morphine 

equivalents) and benzodiazepine administration (lorazepam equivalents) in the first 24 

hours; all surgical procedures; and all complications. The HMC trauma registry includes 

variables for demographics, Injury Severity Score (ISS), traumatic brain injury, chest injury, 

intubation, and injury mechanism. Traumatic brain injury (TBI) and chest injury were coded 

as “Yes” when the Abbreviated Injury Scale was one or higher for the head or chest, 

respectively. Frailty assessment was not routinely collected in the chart, TQIP data, or 

trauma registry and was not included.

Quantities of opioids and benzodiazepines administered to the patient were collected from 

patient electronic Medication Administration Record (eMAR) and converted to IV morphine 

or lorazepam equivalents (rounded to the nearest hundredth milligram and summed) based 

on route of administration (oral, IV or transdermal). Data collection for first twenty-four 

hour variables (crystalloid, blood products, morphine equivalents, lorazepam equivalents) 

began with initial time in the emergency room.

The following conversion factors were used to convert to intravenous (IV) morphine 

equivalents in milligrams: 0.1 IV fentanyl (mcg), 2.39 transdermal fentanyl (mcg), 0.4 oral 

(PO) hydrocodone (mg), 4 IV hydromorphone (mg), 0.8 PO hydromorphone (mg), 0.4 PO 

morphine (mg), 0.4 PO oxycodone (mg), 0.04 PO tramadol (mg), 0.4 PO methadone (mg). 

The following conversion factors were used to convert benzodiazepines to lorazepam 

equivalents: 2 PO/IV clonazepam (mg), 2 PO/IV alprazolam (mg), 0.05 IV/PO 

chlordiazepoxide (mg), 0.25 IV/PO diazepam (mg), and 0.5 IV midazolam (mg) and 0.25 

PO midazolam (mg). Conversion factors were obtained from two online opiate equivalence 

calculators.[18,19] Transdermal patches were treated as a full duration dose.

Fluid administration data were collected from patient electronic medical records including 

continuous infusions of medications, solutions (with and without dextrose) of Lactated 

Ringer’s, normal saline, and Plasmalyte. Blood products included red blood cells, platelets, 

fresh frozen plasma, and prothrombin complex.

Exposures.

We evaluated a combination of non-modifiable patient factors and aspects of early medical 

care as potential exposures. Patient factors included prior beta blocker usage, prior 

anticoagulation/anti-platelet agents, history of type II diabetes mellitus, history of dementia, 
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history of chronic obstructive pulmonary disease (COPD), history of atrial fibrillation, 

history of asthma, history of myocardial infarction, and history of cerebrovascular accident 

(CVA) or transient ischemic attack (TIA) as documented in the electronic medical record. 

We evaluated factors of early medical care including totals for the first 24 hours of IV fluids, 

blood products, morphine equivalents, and lorazepam equivalents. We used the first 24 

hours, as opposed to total hospitalization, to avoid confounding by outcome where patients 

with a complication may have longer time in the hospital and therefore receive more 

medication. While dividing totals by hospital day may provide some protection against this 

bias, longer time in the hospital may also drive larger per-day opiate and sedation 

requirements.

We also considered admitting service (General/Trauma Surgery, Orthopedic Surgery, 

Neurosurgery or Medicine), presence of a geriatric consult prior to the complication (for 

cases; any consultation for controls), and time from admission to geriatrics consult (among 

those patients seen by the geriatrics team). We only considered geriatrics consultation 

occurring prior to the complication in order to ensure that we did not erroneously detect an 

association with consultation following complication which might occur as a result of an 

unforeseen negative outcome. With regards to pain management, we also evaluated 

consultation of the pain service before the complication (for cases; any consultation for 

controls) and placement of an indwelling catheter for pain control (for cases before 

complication; any placement for controls).

Statistical Analysis.

Standard descriptive statistics were performed for categorical and continuous variables 

where appropriate. We performed conditional logistic regression to estimate the odds of 

being a case given exposed status. We constructed crude models (among age-matched 

groups) and multivariable models adjusting for age (continuous), sex, intubation during 

hospitalization, surgery during hospitalization, presence of TBI, presence of a chest injury, 

and ISS for exposures related to prior medical history. We added the admitting service as a 

covariate to regression models considering aspects of medical care because certain patterns 

of care provided (pain medication, consults, etc.) and the risk profile of admitted patients 

may be associated with the admitting service. We also compared average day of 

complication across admitting services among the cases using linear regression (controls had 

no complication by definition). All analyses were performed in Stata/SE version 14.2 

(StataCorp, LLC, College Station, Texas). Age-matched controls were generated in RStudio 

version 1.0136 (Affero General Public License). Statistical significance was set at α=0.05.

The study was approved by the University of Washington Institutional Review Board 

(STUDY00003426) in November of 2017.

RESULTS

From January 2015 through August 2016, the TQIP database for our center included 1,211 

patients 65 years or older. Of this group, 983 (81.2%) had a TQIP probability of any 

complication less than 20%. From the group of 112 patients coded as having any 

complication (Supplementary Table), 94 unique patients had either unplanned admission to 
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ICU (N=51), unplanned intubation (N=14), pneumonia (N=21), and/or unplanned return to 

OR (N=8). Of the remaining 889 low risk patients 65 years or older, 188 (2-to-1 controls-to-

cases) age-matched controls were randomly selected.

Groups of cases and controls were comparable in terms of age, sex, TBI, chest injury, need 

for operation, and mechanism (Table 1). The case group was more frequently intubated 

(34.0% vs 22.3%, chi-squared p<0.05), had higher median ISS (17 IQR: 10–25 vs. 14 IQR: 

10–19, Wilcoxon Rank-Sum, p<0.05), and a higher proportion died (16.0% vs 4.3%, chi-

squared p-value <0.01). Over 70% of both groups were admitted after falls.

Cases were more frequently on a home beta blocker and anticoagulation than matched 

controls (39.4% vs. 24.5% and 68.1% vs. 54.8%, respectively) (Table 2). In adjusted models, 

the odds of complication were over two times higher for patients on a home beta blocker 

(aOR=2.2 [95%CI 1.2, 4.0]) and home anticoagulation aOR=2.2 [95%CI 1.2, 4.1]). Patients 

with a history of diabetes (aOR 2.0 [95%CI 1.1, 3.7], and history of dementia (aOR=2.0 

[95%CI 1.0, 4.3]) also had higher odds of complication. Of the 81 patients on beta blockers 

at home 97.1% of cases and 84.8% of controls were restarted on their home beta blocker at 

or before the 2nd complete hospital day (Fisher’s exact p=0.13). Although history of 

myocardial infarction and cerebrovascular disease were associated with complication in 

unadjusted models, the association did not persist in adjusted models (Table 2). There was 

no significant association between a history of asthma or COPD and complication in these 

data.

General Surgery/Trauma was the most common admitting service in both cases and controls 

(Table 3). In unadjusted models, admission to the orthopedics or medicine service were 

associated with lower odds of complication. However, in adjusted models, there was no 

association between admitting service and risk of complication (Table 3). Among 94 cases 

with at least 1 complication, the mean hospital day of complication was 6.1 (SD=7.6). This 

was similar across admitting services (general surgery/trauma = 6.5 (SD=9.5), orthopedics = 

4.3 (SD=4.4), neurosurgery = 7.1 (SD=7.1), medicine = 3.9 (SD=3.3), p = 0.52). A smaller 

proportion of cases than controls received geriatrics consultation (26.6% vs. 37.8). For 

patients admitted to the orthopedics service, 87.1% received geriatrics consultation (total 

including both cases and controls) (Supplementary Table 3). The adjusted odds of 

complication for patients receiving geriatrics consultation was 0.4 (95%CI 0.2, 1.0, p=0.05). 

Similar proportions of cases and controls underwent pain consultation and a higher 

proportion of cases underwent placement of catheter (epidural and paravertebral) for pain 

control (Table 3). Point estimates for the adjusted odds of complication for pain consultation 

and pain catheter placement were both less than one however the confidence intervals were 

wide due to few observations. There was no association between morphine equivalents or 

lorazepam equivalents in the first 24 hours and odds of complication.

Median intravenous fluid administration in the first 24 hours was higher for cases than 

controls (1.1 L vs. 1.0 L, Table 3) and the point estimate for odds of complication for each 

additional liter of fluid in adjusted and unadjusted models was above one. The confidence 

interval in the unadjusted model included one. Few patients received blood in the first 24 
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hours and there was no association with blood product administration in the first 24 hours 

and risk of complication.

DISCUSSION

This is the first time, to our knowledge, that geriatrics consultation has been identified as 

protective against complications in low-risk older adult trauma patients. Using the TQIP-

calculated probability of complication to identify low-risk older adult trauma patients, our 

findings suggest that geriatrics consultation is associated with a lower odds of unplanned 

return to ICU, unplanned intubation, pneumonia, and/or unplanned return to the OR by 60%. 

While these data do not specify the exact reason that geriatrics consultation was beneficial, 

we know the benefits are protective because we defined the exposure as consultations 

occurring before the complication. Although the unadjusted odds and proportions 

demonstrate that complications occurred more commonly on the general surgery/trauma 

service, after adjusting for patient and injury characteristics, these differences were no 

longer present. This is not surprising as general surgery/trauma routinely admits polytrauma 

patients where neurosurgery/orthopedics more commonly admit patients with a single injury 

(intracranial hemorrhage or fracture). Additionally, our analyses provide evidence that home 

anticoagulation or antiplatelet agents may be a risk factor for non-hemorrhagic 

complications in low-risk older adult trauma patients. While home beta blocker usage is 

associated with higher odds of complication, history of MI or CVA/TIA did not show an 

association. This combination of results may suggest that beta blockade in older adult 

trauma patients may confer some risk beyond surrogacy for cardiovascular disease.

The TQIP Geriatric Trauma Management Guidelines recommend “developing criteria for 

early geriatric consultation and geriatric expertise on the multidisciplinary trauma care 

team.”[20] Currently, the Identification of Seniors at Risk (ISAR) screening tool is one such 

measure. Routine geriatrics consultation for older adult trauma patients is an area of active 

study to determine optimal utilization and timing. There are insufficient numbers of 

geriatricians to assist with the growing numbers of older hospitalized patients. Defining who 

will benefit most and effective implementation of the consultation recommendations remains 

to be determined.[21] Geriatric medicine involvement can range from one-time consultation 

to full co-management with the surgical team.[22] Admission to a geriatrics service with 

consultation by a trauma team may be another model to consider related to the evolving 

comfort of surgical residents caring for more medically complex patients. There is also an 

increasing focus on training surgeons and surgical subspecialties on the key geriatric 

principles needed to provide high quality care to older adults. [23]

In one prospective study, routine geriatrics consultation for all trauma patients over 65 years 

old was associated with improvements in geriatric quality of care markers such as mobility, 

function, dementia, delirium, and pressure ulcers.[12] The particular quality markers studied 

by Min et al may suggest some pathways for prevention of complications that occur via 

geriatrics consultation. For instance, our findings suggest that history of dementia was an 

independent risk factor for complication and Min et al reported higher quality marks for a 

variety of cognition-focused processes of care in patients with a geriatrics consultation than 

those who did not receive a consultation.[12] A different study suggested lower intensive 
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care unit readmission rates after a policy of mandatory geriatrics consultation in patients 

over 70 years old was implemented; however, the study sample may have been 

underpowered. [24] Improved documentation of code status, medications, and pre-injury 

level of care was associated with implementation of a combined geriatrics/trauma 

collaborative team in another recent investigation.[25] Few evaluations of geriatrics 

consultation have investigated in-hospital morbidity specifically. In the older adult 

population where patients and families may focus on quality (as opposed to quantity) of life, 

measures that prevent in-hospital complications may be a more meaningful measure of 

success compared to in-hospital or 30-day survival.

Consideration of age-appropriate dosages, patient-controlled analgesia, non-opiate 

medications, and an avoidance of benzodiazepines are the current practice recommendations 

for pain management in older trauma patients.[20] These recommendations stem from data 

that may not be specific to trauma, older adults, or may only consider mortality as the 

outcome of interest.[26–28] Our point estimates for a pain service consultation, and pain 

catheter placement (epidural or paravertebral) suggest a protective effect to avoid 

complication. While the confidence intervals are wide and include one for both estimates, 

the total counts for these exposures were among the lowest observed and power to detect 

statistical significance may be an issue. The protective impact of appropriate pain 

management specifically may be difficult to detect because of overlapping services with 

interventions by other consulting services, in particular, the geriatrics service. Further, given 

the lack of empiric data on geriatric trauma patients, pain service consultation, and pain 

catheter placement, calculating the necessary sample size is challenging without anticipation 

of the effect size the analysis should be able to detect. Nonetheless, while these results are 

null, the suggestion that a multidisciplinary and multimodal approach to pain management in 

older adult trauma patients would be protective of complication resonates as warranting 

directed and further investigation. This sort of inquiry requires variables specific to older 

adults and may be best suited using panel (longitudinal) data structures; a departure from 

most trauma registries and the National Trauma Data Bank.[29]

Few data exist on fluid resuscitation in geriatric trauma patients. Factors related to the 

physiology of aging, medications, and comorbidities make certain endpoints of resuscitation 

(urine output, heart rate, lactate, blood pressure) in older adult trauma patients challenging to 

interpret.[3,30] In our analysis, on average case received roughly 100mL more than controls 

in the first 24 hours and the unadjusted odds of complication were 20% higher for every 

additional liter of IV fluid, although the estimate was attenuated in adjusted models and did 

not reach statistical significance. Further study on crystalloid resuscitation in older trauma 

patients is necessary to evaluate ideal strategies for fluid administration in this population. 

Few patients received blood products in either cases or controls leading to wide confidence 

intervals in adjusted and unadjusted models with limited interpretability.

This study has limitations. These data come from a single center and practice patterns 

among the different services at this center may impact the results. Many elements of trauma 

care in the geriatric population are understudied and calculating adequate sample sizes is 

challenging without an expectation of an anticipated effect size. To that end, our sample size 

is likely underpowered to detect some differences. We did not have data on frailty, a critical 
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variable when studying older adults.[5,7,31] We focused our study population using a low 

TQIP probability of complication to identify patients where complications may be more 

likely to be unanticipated and potentially preventable. Data do not exist to support or refute 

this approach as a basis for identifying unanticipated complications in older trauma patients 

and deserves further study. Also, while our multivariate analyses controlled for injury 

severity score and intubation during hospitalization, unmeasured confounding is a possibility 

with more severe injuries. However, this potential bias should be minimized be restricting to 

a low-risk group of patients. Additional studies are necessary to unpack the critical elements 

of inpatient geriatrics consultation associated with improved outcomes in low-risk older 

trauma patients. Also, the multivariable model used by TQIP may stand to benefit from 

rigorous comparisons to other tools to predict complications in older adult trauma patients.

CONCLUSION

In older adult trauma patients who are predicted as low-risk for complications using TQIP 

modeling, geriatrics consultation is associated with lower odds of in-hospital complication 

including: an unplanned return to the ICU, pneumonia, unplanned intubation, or unplanned 

return to the OR. Pain management strategies and fluid resuscitation in the first 24 hours 

were not associated with complications but require further study and may require developing 

more robust institutional, interdisciplinary, and national data systems that include frailty 

measures and options for analysis in panel formats.
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Table 1.

Patient Charateristics

Variable Cases (N=94)
N (%)

Controls (N=188)
N (%)

Age, median (Interquartile Range) 78 (71, 85) 78 (70, 84)

Sex

 Female 40 (42.6%) 83 (44.1%)

 Male 54 (57.4%) 105 (55.9%)

Mechanism

 Cut/pierce 0 (0.0%) 4 (2.1%)

 Fall 74 (78.7%) 136 (72.3%)

 Firearm 1 (1.1%) 1 (0.5%)

 Motorcycle crash 1 (1.1%) 5 (2.7%)

 Motor Vehicle Crash (Occupant/Others) 4 (4.3%) 20 (10.6%)

 Other 3 (3.2%) 5 (2.7%)

 Overexertion 1 (1.1%) 0 (0.0%)

 Pedestrian Pedal 4 (4.3%) 9 (4.8%)

 Struck by, against 6 (6.4%) 8 (4.3%)

Intubated* 32 (34.0%) 42 (22.3%)

Surgery Done 64 (68.1%) 120 (63.8%)

Traumatic Brain Injury (Yes) 47 (50.0%) 94 (50.0%)

Chest Injury (Yes) 30 (31.9%) 59 (31.4%)

ISS, median (Interquartile Range)** 17 (10, 25) 14 (10, 19)

Died*** 15 (16.0%) 4 (4.3%)

*
chi-squared p = 0.04

**
Wilcoxon-Rank Sum p = 0.02

***
chi-squared p<0.01

ISS = Injury Severity Score
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