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Abstract

BACKGROUND: Single-center data demonstrates that regional analgesia (RA) techniques are
associated with reduced risk of delirium in older patients with multiple rib fractures. We
hypothesized that a similar effect between RA and delirium would be identified in a larger cohort
of patients from multiple level I trauma centers.

METHODS: Retrospective data from seven level | trauma centers were collected for intensive
care unit (ICU) patients 65 years or older with =3 rib fractures from January 2012 to December
2016. Those with a head and/or spine injury Abbreviated Injury Scale (AIS) score of > 3 or a
history of dementia were excluded. Delirium was defined as one positive Confusion Assessment
Method for the Intensive Care Unit score in the first 7 days of ICU care. Poisson regression
with robust standard errors was used to determine the association of RA (thoracic epidural or
paravertebral catheter) with delirium incidence.

RESULTS: Data of 574 patients with a median age of 75 years (interquartile range [IQR],
69-83), Injury Severity Score of 14 (IQR, 11-18), and ICU length of stay of 3 days (IQR, 2-6
days) were analyzed. Among the patients, 38.9% were women, 15.3% were non-White, and 31.4%
required a chest tube. Regional analgesia was used in 19.3% patients. Patient characteristics did
not differ by RA use; however, patients with RA had more severe chest injury (chest AlS, flail
segment, hemopneumothorax, thoracostomy tube). In univariate analysis, there was no difference
in the likelihood of delirium between the RA and no RA groups (18.9% vs. 23.8% p = 0.28). After
adjusting for age, sex, Injury Severity Score, maximum chest AlS, thoracostomy tube, ICU length
of stay, and trauma center, RA was associated with reduced risk of delirium (incident rate ratio
[IRR], 0.65; 95% confidence interval [Cl], 0.44-0.94) but not with in-hospital mortality (IRR,
0.42; 95% Cl, 0.14-1.26) or respiratory complications (IRR, 0.70; 95% Cl, 0.42-1.16).

CONCLUSION: In this multicenter cohort of injured older adults with multiple rib fractures, RA
use was associated with a 35% lower risk of delirium. Further studies are needed to standardize
protocols for optimal pain management and prevention of delirium in older adults with severe
thoracic injury.
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Delirium is the clinical manifestation of acute brain failure and is present in 20% to 60%

of injured older adults admitted to the intensive care unit (ICU).1-2 Presence of delirium

is strongly associated with increased hospital length of stay (LOS), in-hospital mortality,
and lasting cognitive impairment at 3 to 12 months post-ICU discharge.3# Uncontrolled
pain and high doses of systemic opioids are known modifiable risk factors for delirium.>
The American Geriatrics Society strongly recommends optimization of pain control with
nonopioid pain medication to minimize pain and prevent delirium in older surgical patients.®

The incidence of rib fractures after blunt trauma increases with advancing age.”:8 Fracture
of three or more ribs is the inflection point associated with higher morbidity and mortality
that increases with each additional rib fracture.® Uncontrolled chest wall pain leads to
hypoventilation and immobilization, precursors to respiratory complications and delirium.
The mainstay of treatment for patients with multiple rib fractures is early institution of a
multimodal pain regimen including nonsteroidal anti-inflammatory drugs, acetaminophen,
opioids, and regional analgesia (RA) techniques in appropriate patients.1% Benefits of
catheter-based RA (epidural and paravertebral catheters) with infusion of local anesthesia
include improved analgesia, reduced systemic opioid requirements, and lower in-hospital
and long-term mortality.11-13

Our group previously published the first study to evaluate the association between RA and
delirium in older adults with multiple rib fractures.14 A limitation of the previous study was
the relatively small sample size from a single level | trauma center. Accordingly, the current
study investigates whether RA is associated with a reduced risk of delirium in a larger
cohort of patients from multiple institutions with differing pain management protocols. We
hypothesized that older adults with multiple rib fractures who received RA would have a
lower risk of delirium compared with those who received usual care with systemic analgesia
and no RA.

PATIENTS AND METHODS

This study was registered as a 2017 EAST Multicenter Study, and the study proposal was
presented at the 30th Eastern Association for the Surgery of Trauma Annual Scientific
Assembly. Participation was voluntary, and centers were encouraged to join if they
anticipated contributing at least 60 patients. The study was designed to detect a risk ratio

of at least 0.5 with a sample size of 500 patients, assuming an incidence of delirium of

25% in those who do not receive RA (unexposed) and a ratio of unexposed to exposed of

4 (i.e., 4 patients with no RA for every 1 who received RA).1® This study was approved by
the institutional review board of each participating center. This was a retrospective cohort
study of older adults admitted to seven level I trauma centers across the nation from January
1, 2012, to December 31, 2016. Inclusion criteria were patients 65 years or older who

were admitted to the ICU with three or more rib fractures from blunt trauma mechanism.
Intensive care unit admission was required to ensure consistency of delirium assessments
across participating centers. Exclusion criteria included significant head injury as defined by
Abbreviated Injury Scale (AlS) score of =3, significant spine injury (AIS score, =3), history
of dementia, and death within 24 hours of admission.
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Patient demographics, trauma-specific data, and hospital outcomes were collected. Nursing
assessments for delirium using the Confusion Assessment Method for the Intensive Care
Unit (CAM-ICU) were reported for the first 7 days of ICU admission.1® Multiple CAM-ICU
assessments were performed per ICU day for each patient. When at least one CAM-ICU
assessment was positive for delirium within a 24-hour period, that ICU day was considered
“delirium positive.” Patients missing CAM-1CU data on any given day were classified as
not having delirium on that day. The primary outcome was incidence of delirium within

the first 7 days of ICU admission. Secondary outcomes included respiratory complications
(pneumonia, empyema, aspiration, unplanned reintubation), in-hospital mortality, and
hospital LOS.

Patients were divided into two exposure groups based on their administered pain regimen.
Patients who received pain management that did not include RA were assigned to the

“No RA group.” Patients who received thoracic RA as a component of a multimodal

pain regimen, either epidural or paravertebral catheters, were assigned to the “RA group.”
Patients in both groups received systemic opioids and nonopioid pain medications based on
practice patterns of the participating institution. Examination of the medications and doses
administered was beyond the scope of this study.

Patient characteristics were compared according to RA exposure status using XZ statistics
for categorical variables and Student #or Wilcoxon rank-sum tests for continuous variables
(Tables 1 and 2). Delirium incident rate ratios and 95% confidence intervals were estimated
using Poisson regression models with robust standard errors (Fig. 1 and Table 3). Risk of
delirium among patients who received RA was compared with the risk of delirium in those
who did not receive RA. In the design of this study, we selected the covariates a priori

based on the clinical knowledge of confounding factors, and we applied an epidemiologic
approach to data analysis, focusing on biological/clinical plausibility of confounding, versus
a statistically driven selection of covariates. The final model was adjusted for age, sex,
Injury Severity Score (ISS), maximum chest AlS, flail segment, thoracostomy tube, ICU
LOS, and trauma center as a fixed effect. To confirm the multivariable adjusted results,
propensity score and nearest neighbor-matched models comparing RA versus No RA were
also estimated and provided substantively similar results (not shown). These treatment effect
models matched on age, sex, chest tube placement, and ICU LOS (the nearest neighbor
model used exact matching on ICU LOS, and Mahalanobis distance was used to find
matches on age). Poisson regression was also used to examine in-hospital mortality, while
linear regression was used to examine hospital LOS. Logarithmic transformation of hospital
LOS did not substantively change the results of the linear regression model. Statistical
significance was set at p < 0.05. All analyses were completed using Stata SE 15 (StataCorp,
College Station, TX).

RESULTS

Patient Characteristics

A total of 662 patients met the inclusion criteria for this study. However, 68 patients
did not have reported CAM-ICU assessments, 5 patients had RA before ICU admission
(during which time they were not assessed for delirium), and 15 patients developed delirium

J Trauma Acute Care Surg. Author manuscript; available in PMC 2022 November 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

O’Connell et al.

Page 5

before RA was initiated (i.e., developed the outcome before the exposure variable). These
86 patients were excluded from the analysis, leaving a final study cohort of 574 patients.
Of these patients, 111 (19.3%) received thoracic RA, while 463 (80.7%) received no RA.
Within the RA group, 99 (89.2%) received epidural catheters and 12 (10.8%) received
paravertebral catheters (Fig. 1). The median time from hospital admission to RA initiation
was 2 days (interquartile range, 1-2 days).

Both groups (RA vs. no RA) were comparable for age, sex, race/ethnicity, and mechanism
of injury (p> 0.05, Table 1). Injury characteristics including 1SS were similar between the
groups (Table 1). Patients in the RA group had significantly more complicated chest trauma
with higher chest AIS scores, more flail segments, hemopneumothorax, and thoracostomy
tube placement.

Patient characteristics according to delirium status are shown in Supplemental Table 1
(http://links.lww.com/TA/C4). There were no statistically significant differences in the
distributions of age, sex, race/ethnicity, trauma mechanism, chest and head AlS, flail
segment, hemopneumothorax, sternal fracture, and trauma center by delirium status.
However, patients who developed delirium were more likely to be intubated, have greater
injury severity, more complicated spine trauma, and have thoracostomy tube placement than
those who did not develop delirium.

Unadjusted Outcomes

Table 2 demonstrates the unadjusted primary and secondary outcomes, as well as additional
clinically relevant outcome measures. The 7-day incidence of delirium in the study

cohort was 22.8%. A higher proportion of patients in the No RA group compared with

the RA group had at least one CAM-positive assessment, although this difference was

not statistically significant (unadjusted comparison shown in Table 2). The majority of
patients did not have a respiratory complication (87.6%), and the incidences of pneumonia,
empyema, aspiration, and unplanned reintubation were overall rare. Patients in the RA group
were much more likely to have had a thoracic operation compared with those in the No

RA group (23.4% vs. 8.0%, p < 0.001). Operative timing and perioperative details were not
collected for this study. Although ICU LOS was longer for the RA group (4 vs. 3 days, o

< 0.001), mechanical ventilation, ICU readmission, hospital LOS, and discharge disposition
did not differ between the groups.

Multivariable Analysis of Outcome Parameters

Figure 2 illustrates the increasing risk of delirium with longer ICU stay when adjusted

for age, sex, ISS, maximum chest AlIS, flail segment, thoracostomy tube, and trauma
center. Table 3 shows the results of the multivariate models of the primary and secondary
outcomes that adjusted for age, sex, 1SS, maximum chest AlS, flail segment, thoracostomy
tube, ICU LOS, and trauma center. Patients in the RA group had a 35% decreased risk

of delirium compared with patients in the No RA group. Respiratory complications were
pooled and dichotomized as any versus none because of the relatively low event rates for
the individual complications. Neither respiratory complications, in-hospital mortality, nor
hospital LOS was statistically different between the exposure groups. Supplemental Table
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2 (http://links.lww.com/TA/C5) demonstrates the full model with all covariate results for
delirium, respiratory complications, in-hospital mortality, and hospital LOS. In sensitivity
analyses excluding patients who died in the hospital (n = 36), the relationships of RA with
the study outcomes were substantively the same. For example, after excluding in-hospital
deaths, RA (vs. No RA) was associated with a 40% decreased risk of delirium (incident rate
ratio, 0.60; 95% confidence interval, 0.40-0.91; p=0.02).

DISCUSSION

This multicenter study further demonstrates that older adults with severe chest trauma

are at high risk for delirium, and the risk increases with length of ICU admission. Older
adults with multiple rib fractures who received thoracic RA as a component of multimodal
analgesia had a 35% lower risk of delirium compared with those who did not receive RA
after controlling for age, sex, ISS, maximum chest AlS, flail segment, thoracostomy tube,
ICU LOS, and trauma center. Notably, this finding was observed despite having different
pain management protocols at seven level | trauma centers nationwide. The reduced risk
of delirium associated with RA is likely not attributable to RA alone, rather a combination
of benefits (e.g., potentially improved pain control, better sleep, and earlier mobilization)
gleaned from multidisciplinary treatment of pain in this group of vulnerable patients.

Older age, history of dementia, prior coma, pre-ICU emergency surgery or trauma, and
increasing Acute Physiology and Chronic Health Evaluation and American Society of
Anesthesiologists scores have been identified as nonmodifiable risk factors for delirium.’
Most injured older adults have several of these risk factors, and therefore, preventative
strategies should target the modifiable risk factors for delirium. Trauma care providers
must balance treatment of rib fracture pain with the undesirable side effects of systemic
opioids in older adults, namely, respiratory depression, sedation, falls, and delirium. In 2018,
the Saociety for Critical Care Medicine published clinical practice guidelines for pain and
delirium management that recommend combining different analgesics that act by different
mechanisms at different sites in the nervous system to treat pain and reduce systemic
opioid dose.1” Other than acetaminophen, older adults often have contraindications to

the suggested systemic adjuncts including ketamine, nonsteroidal anti-inflammatory drugs,
and neuropathic pain medications. Regional analgesia is a multimodal adjunct that acts

in a targeted fashion while reducing systemic opioid use and concomitantly the common
undesirable side effects.

The higher burden of morbidity and mortality in older people with rib fractures is due to
subsequent respiratory complications. Bulger et al.918 reported that 31% of older patients
with rib fractures developed pneumonia and, in a subsequent study, found that patients

who received RA were less likely to develop pneumonia. While the current study reports
only 9.8% of patients were diagnosed with pneumonia, there was no difference between

the study groups. In addition, in-hospital mortality was only 3.9% in the No RA group

and 1.8% in the RA group, which is lower than in previously published studies with less
selective cohorts.%13.19.20 The Jower mortality in the current study is largely affected by the
exclusion of patients with severe head and spine injuries. However, advancements in critical
care principles and rib fracture management over the past 20 years, such as rib fracture
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treatment protocolization, which includes acute pain service (APS) consultation, likely
accounts for some of the reduction in respiratory complications and in-hospital mortality
in both groups.20

Several institutions have published rib fracture treatment protocols with defined triggers for
APS consultation including poor pain control, suboptimal incentive spirometry effort, and
weak cough.20:21 One protocol published by Coary et al.22 outlines a stepwise approach

to rib fracture management in older adults, which clearly defines the point at which the
APS team will use RA. As has been demonstrated previously, patients in the current study
who received RA had more severe chest trauma (as evidenced by more flail segments,
hemopneumothorax, and use of thoracostomy tubes).1418:19 These indicators of severe chest
injury should be used as definitive indications for RA utilization in qualified patients. Well-
defined multidisciplinary protocols for both the primary service (APS consultation triggers)
and the APS service (RA indications and timing) would help eliminate the interprovider
variability that prevents a standardized approach to rib fracture pain management.

Routine use of RA as a component of multimodal pain regimens for patients with multiple
rib fractures has remained controversial despite the recommendation to “consider RA”

in rib fracture treatment protocols. As previously noted by Gage et al.,13 underuse of

RA is demonstrated with only 19.3% of highly-selected patients admitted to level |

trauma centers having received RA. Central to the argument against routine use of RA,
especially in older adults with higher comorbidity burden, are the potential life-altering
complications associated with the procedure. While the incidence of neuraxial injury after
epidural blockade is low (need for subsequent laminectomy 1 per 8,000 blocks), the
resulting deficits are permanent.23:24 On the other hand, transient neurologic symptoms
are common with peripheral nerve blockade (e.g., paravertebral catheters) but rarely result
in permanent damage (2—4 per 100,000 blocks).2%:26 Furthermore, risk of hemorrhagic (<1
per 150,000 epidurals) and infectious complications (1 per 40,000 epidurals), as well as
local anesthetic systemic toxicity (27 per 100,000 peripheral nerve blocks), factor into

the procedural decision making.2-2% Evidence-based guidelines regarding patient selection
and contraindications for RA, especially in older adults, are desperately needed to support
decision making in light of these rare but serious complications of RA.

Older injured patients, especially with multiple injuries, may have contraindications to
epidural and paravertebral catheter placement. Newer paravertebral block variants use the
principle of local analgesia spread between tissue planes to anesthetize the ventral ramus

of nerves in the targeted area or peripheral nerves in the fascial plane. The choice of

block is based on the location of rib fractures and includes the erector spinae plane block,
retrolaminar block, interpleural block, paraspinal/intercostal block, and serratus anterior
plane block.3° Compared with epidural and paravertebral catheters, these newer blocks are
more superficial and thus carry less risk of serious complications, are technically simpler to
perform, and can be administered by emergency physicians, intensivists, and surgeons using
ultrasound guidance. Although research is emerging on the efficacy of these techniques, they
are promising alternatives.
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Finally, there is a paucity of data on long-term outcomes after injury, especially in

older adults. One in three critically ill patients with positive delirium screening have

lasting cognitive impairment at 1 year after ICU discharge.33! Delirium superimposed

on preexisting dementia has a synergistic effect on the trajectory of subsequent cognitive
decline suggesting that delirium prevention could prevent dementia.32 In addition, in light of
the nationwide opioid crisis and new evidence that opioid use in the older adult population
is more prevalent and prolonged after injury, targeted preventative strategies are needed.33:34
The National Health and Nutrition Examination Survey showed that people 65 years or older
were 25.4% of long-term opioid users.3® In a study of long-term opioid use in older adults
after injury, thoracic injuries were associated with the second highest incidence of opioid
use at 1 year after injury (spine injuries were the highest).38 On the other hand, uncontrolled
acute rib fracture pain is strongly predictive of long-term pain and disability.37:38 Further
research is needed to elucidate the balance of adequate early postinjury pain control with
prevention of long-term consequences that are notably more common in older patients than
the adverse events associated with RA.

The results of this study should be interpreted within the context of the following
limitations. First, there are many factors that contribute to delirium, which were beyond

the scope of this study, including daily systemic opioid requirements. It is important to
recognize that this study does not demonstrate a causal relationship between RA and
delirium, rather the findings support an existing association that warrants further prospective
investigation. The retrospective study design combined with a lack of standardize protocol
regarding patient selection for and management of RA at the various participating centers
likely resulted in some degree of selection bias and confounding that was not accounted

for in the analysis. Furthermore, each center had variable rib fracture treatment protocols,
delirium prevention protocols, and multidisciplinary trauma management, which could have
impacted the incidence of delirium within each center. Each center submitted a variable
amount of patient data, and it is possible the results were influenced by this variability
despite the efforts to control for it in the multivariable analysis. In addition, missing CAM
assessment data were assumed to reflect that the patient did not have delirium on those days.
Although this might contribute to some misclassification, it is likely to be nondifferential
between the exposure groups. To examine the association of RA with delirium, patients who
developed delirium before use of RA were excluded from the study. In using this approach,
it is possible that immaortal time bias was introduced because there was effectively less time
at risk for delirium in the RA group. However, most patients (70%) received RA within the
first 1 to 2 days of ICU admission, and therefore, the impact was likely small. Because of
these study limitations, a clinical trial is needed to more definitively establish the clinical
benefit (causal effect) of RA reducing risk of delirium in this patient population. Lastly, all
data collected for this study were from level | trauma centers, and the results may not be
applicable to lower level or nontrauma centers with limited multidisciplinary support.13

The current study findings suggest that the benefits of thoracic RA in older patients with
multiple rib fractures extend beyond standard outcomes assessed in previous studies and
includes a reduced risk of ICU delirium. Delirium is common in injured older adults, and
prevention of delirium should be considered when weighing the risks and benefits of RA.
A multidisciplinary approach to rib fracture pain management that is tailored to older adults
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central to improvement of short-term outcomes after blunt thoracic trauma. Randomized

prospective studies that include analysis of systemic opioid requirements are needed to

de

lineate the complex relationship between delirium and RA utilization and to evaluate the

impact of RA use on long-term outcomes such as chronic pain, posttraumatic stress disorder,

an

d opioid use disorder after thoracic injury in older adults.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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65 yrs with 3+ rib fractures admitted to ICU
without significant head or spine injury,
dementia, or death within 24 hours

Excluded patients N=86

5 patients with RA before ICU admission

68 patients without CAM-ICU assessment

15 patients with delirium before RA initiated

Figure 1.
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Figure2.
Adjusted risk of delirium by ICU day according to RA.

* Error bars are 95% confidence intervals
**Adjusted for age, sex, 1SS, maximum chest AlS, flail segment, thoracostomy tube, and
trauma center
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TABLE 1.
Patient Demographics and Injury Data
No RA RA
n=463(81%) n=111(19%) p
Age, mean (SD), y 77 (8) 76 (8) 0.46
Female, n (%) 179 (39) 44 (40) 0.85
Race/ethnicity, n (%)
White 386 (83) 100 (90) 0.15
African American 9(2) 4(4)
Asian 12(3) 2(2)
Hispanic or Latino 47 (10) 4(4)
Other/unknown 9(2) 1(1)
Trauma mechanism, n (%) 0.06
MVC 205 (44) 50 (45)
Fall 175 (38) 43 (39)
Pedestrian struck 27 (6) 1(1)
Bicycle 8(2) 1(1)
mcc 28(6) 5(5)
Other 20 (4) 11 (10)
Intubation (prehospital or ED), n (%) 39 (8) 7(6) 0.46
1SS, median (IQR) 14(11-19) 14 (10-17) 0.25
ISS 17 0.61
<15 241 (52) 62 (56)
15-24 176 (38) 41 (37)
>24 46 (10) 8(7)
Maximum chest AIS, n (%) 0.04
2 20(4) 0(0)
3 387 (84) 97 (87)
4 48(10) 12 (11)
5 8(2) 1(1)
6 0 (0) 1(1)
Maximum head AIS, n (%) 0.12
0 308 (66) 84 (76)
1 18(4) 5(4)
2 137 (30) 22 (20)
Maximum spine AIS, n (%) 0.55
0 279 (60) 72 (65)
1 17(3) 2(2)
2 169 (37) 37(33)
Flail segment, n (%) 49 (11) 31 (28) <0.001
Hemothorax, pneumothorax, or hemopneumothorax, n (%) 191 (41) 75 (68) <0.001
Tube thoracostomy, n (%) 127 (27) 53 (48) <0.001
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No RA RA
n=463(81%) n=111(19%) p

Sternal fracture, n (%) 74 (16) 18 (16) 0.95
Trauma center, n (%) <0.001

1 121(26) 17 (15)

2 31(7) 2(2)

3 48(10) 16 (14)

4 26(6) 8(7)

5 164 (35) 37(33)

6 18(4) 1(1)

7 55 (12) 30 (27)

Page 15

AIS, Abbreviated Injury Score; ED, emergency department; IQR, interquartile range; MCC, motorcycle collision; MVC, motor vehicle collision.
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Unadjusted Univariate Analysis of Outcomes

TABLE 2.

Page 16

No RA

RA

n=463(81%) n=111(19%)

Delirium incidence within the first 7 ICU d, n (%)

Complications, n (%)

Pneumonia

Empyema

Aspiration

Reintubation

None
ICU LOS, median (IQR)
Mechanical ventilation, n (%)
No. ventilator days, n (%)

0

1

2

>3
Unexpected ICU readmission, n (%)
Thoracic operation, n (%)

Thoracotomy

VATS

Rib stabilization

Other

None
Hospital LOS, median (IQR)
Discharge disposition, n (%)

Home

SNF

LTAC

Rehab

Hospice

Death

Shelter

Other

110(24)

45 (10)
1(0)
8(2)
5(1)

407 (88)

3(2-5)

115 (25)

417 (90)
102)
14 (3)
22 (5)
36 (8)

5(1)
13 (3)
13 (3)
102)

426 (92)
8 (5-12)

175 (38)
153 (33)
17 (4)
69 (15)
16 (3)
18 (4)
1(0)
14 (3)

21 (19)

11 (10)
1(1)
2(2)
4(4)

96 (86)

4(3-7)

32 (29)

96 (87)
0(0)
4(4)

11 (9)
7(6)

5(5)
9(8)
18 (16)
33)
85 (77)
10(8-13)

43 (39)
39 (35)
6 (5)
18 (16)
3(3)
2(2)
0(0)
0(0)

0.28

0.95
0.27
0.96
0.06
0.68
<0.001
0.39
0.08

0.59

0.01
0.01
<0.001
0.73
<0.001
<0.001
0.57

IQR, interquartile range; LTAC, long-term acute care hospital; SNF, skilled nursing facility; VATS, video-assisted thoracoscopic surgery.
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