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A B S T R A C T   

Background: Traumatic rib fractures are associated with increased morbidity and mortality, with complications 
including pneumothorax, difficult to control pain, and pneumonia. Use of a bundled, multi-disciplinary approach 
to the care of patients with multiple rib fractures has been shown to reduce morbidity and mortality. In this 
study, we investigate the implementation of a checklist for the multidisciplinary management of patients with 
multiple rib fractures who present to an urban, level 1 trauma center and safety-net hospital. 
Study design: This was a single-institution, retrospective cohort study to assess changes in treatment character
istics and patient outcomes before and after implementation of a comprehensive checklist for the management of 
high-risk patients with three or more traumatic rib fractures at a level-one trauma center. The primary outcome 
was pneumonia rates with secondary outcomes of mechanical ventilation rates and mechanical ventilation days, 
ICU length of stay, mortality, and non-opioid and opioid consumption (morphine milligram equivalents). 
Results: A total of 104 patients met study eligibility, including 51 patients who presented during the pre-protocol 
period and 53 patients who received care after implementation. We observed that the checklist was utilized and 
reviewed in 83% of patients during the post-protocol period. Pneumonia rates were significantly lower in the 
post-protocol group (35.3% vs 15.1%, p = 0.017). There was no difference in the number of patients who 
required mechanical ventilation or the duration of mechanical ventilation. On unadjusted analysis, median 
overall length of stay (11.5 days vs 13 days, p = 0.71), median ICU stay (4 days vs 5 days, p = 0.18), and rate of 
in-hospital mortality (11.8% vs 7.6%, p = 0.47) was not different between the two time periods. 
Conclusion: In patients with chest wall trauma and associated rib fractures, implementation of a standardized, 
multidisciplinary checklist to ensure utilization of multimodal analgesia and non-pharmacological interventions 
was associated with decreased pneumonia rates at our institution.   

Background 

Chest wall trauma and associated rib fractures are common in 
trauma patients with an incidence ranging from 9 to 21% [1–4]. Trau
matic rib fractures are associated with increased morbidity and mor
tality, with complications including pneumothorax, difficult to control 
pain, and pneumonia. These adverse outcomes are more common and 
severe in elderly patients [5]. In addition to increased morbidity and 
mortality, traumatic rib fractures incur high healthcare expenditures 

due to intensive care unit (ICU) level of care and prolonged hospital 
length of stay. Between 2007 and 2016, Sadore and colleagues [6] 
estimated that rib fractures accounted for up to $469 million in 
healthcare expenditures with an average expense ranging from $8008 to 
$29,037 per event, with flail chest having the highest overall cost. 
Long-term complications in patients with rib fractures include impaired 
pulmonary function tests and exercise intolerance. Additionally, pa
tients suffer lost productivity from missed work days, usual activities, 
and may have persistent pain [7–9]. 
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Use of a bundled, multi-disciplinary approach to the care of patients 
with multiple rib fractures has been shown to reduce morbidity and 
mortality. Todd and colleagues [10] initiated a clinical pathway 
including pain consult and optimization of non-pharmacologic mea
sures, which decreased ICU and hospital length of stay, pneumonia 
rates, and mortality. Burton and colleagues [11] implemented a multi
modal pain regimen, which included a pain control guideline and 
multimodal pain order set in the electronic health record (EHR) that 
demonstrated a significant decrease in average opioid usage during the 
first five days of hospitalization. Similarly, Kelley and colleagues [12] 
developed and implemented a chest trauma protocol, which consisted of 
intravenous opioids, non-opioids, non-invasive ventilation and incen
tive spirometry, and was associated with a significant decrease in 
adverse pulmonary events. 

While the benefits of protocolized management of patients with rib 
fractures have been documented, less is described regarding effective 
approaches for protocol implementation and monitoring completion of 
care components. In addition, given resource limitations in many 
trauma centers, challenges regarding the management of polytrauma 
patients, and added nuances regarding care delivery at a safety-net 
hospital, we sought to investigate the effectiveness of using a checklist 
– which was reviewed daily and integrated into the daily progress note 
within the electronic record – to facilitate protocolized care of patients 
with multiple rib fractures. 

Methods 

Clinical setting and context 

Our hospital is a level one trauma, academic medical center with a 
28-bed Surgical ICU (SICU). With more than 120,000 emergency 

department (ED) visits per year, it has the busiest trauma and emergency 
medicine services in New England. Between 2014 and 2021, about 43% 
of adult patients presenting to the ED after sustaining traumatic injury 
were 50 year of age or older. 

Prior to the study intervention, treatment of patients with multiple, 
traumatic rib fractures was not standardized, and no institutional 
treatment guidelines were established. This gap in care was identified by 
the SICU pharmacist, who brought together key stakeholders to establish 
evidence-based and multidisciplinary treatment guidelines. In partic
ular, using the Institute for Healthcare Improvement (IHI) model [13], 
the group sought to improve the utilization of multi-modal analgesia and 
non-pharmacologic modalities by implementing a treatment checklist, 
embedded directly within the electronic health record (EHR), for pa
tients admitted with multiple rib fractures. 

Study design 

We performed a single-institution, retrospective cohort study at our 
urban, level 1 trauma center and safety-net hospital to assess changes in 
treatment characteristics and patient outcomes before and after imple
mentation of a comprehensive checklist for the management of high-risk 
patients with three or more traumatic rib fractures (Fig. 1). The period 
prior to implementation of the checklist occurred 4/1/2019 to 9/26/ 
2020, and the intervention period was 12/22/2020 to 5/29/2022. The 
study was approved by Boston University’s Institutional Review Board 
(IRB number H-42,891, “Implementation of a Rib Fractures Checklist to 
Reduce Pneumonia Rates in the Surgical Intensive Care Unit at a Level 
One Trauma Center”, approved 8/3/2022). 

Fig. 1. In this study, we investigate the implementation of a electronic checklist for the multidisciplinary management of patients with multiple rib fractures who 
present to an urban, level 1 trauma center and safety-net hospital. The checklist was developed collaboratively by a multidisciplinary committee consisting of one 
critical care pharmacist, two surgical intensivists, one anesthesiologist, three nurse practitioners (NPs), and one respiratory therapist. The final checklist was based on 
current evidence and consensus opinion. The checklist was embedded into ICU admission note, and subsequent daily progress notes. Use of the checklist and its 
components were left to the discretion of the attending ICU physician. Review and completion of the checklist was documented daily in the electronic medical record. 
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Patient population 

Based on preexisting practices, patients greater than or equal to 50 
years of age who presented with three or more rib fractures were 
admitted to the ICU for initial management. Given this practice, this 
criteria was established as the study inclusion criteria. No specific 
exclusion criteria were established; patients with penetrating trauma 
who suffered rib fractures were not excluded. 

Intervention 

The checklist was developed collaboratively by a multidisciplinary 
committee consisting of one critical care pharmacist, two surgical 
intensivists, one anesthesiologist, three nurse practitioners (NPs), and 
one respiratory therapist. The final checklist was based on current evi
dence and consensus opinion. Review of the checklist was initially 
performed daily by the rounding SICU pharmacist, however, missed 
opportunities were identified during off-hours and weekends where a 
rounding pharmacist was not present. The decision was then made to 
embed the checklist into the SICU admission note, and subsequent daily 
progress notes. Use of the checklist and its components were left to the 
discretion of the attending ICU physician. Review and completion of the 
checklist was documented daily in the electronic medical record. 

The EHR-embedded checklist recommended the use of scheduled 
acetaminophen, non-opioid analgesics, patient controlled analgesia 
(PCA), AutoSet continuous positive airway pressure (CPAP), and con
sults to physical therapy (PT), occupational therapy (OT), and Acute 
Pain Service (APS) (Fig. 1), unless otherwise contraindicated. The 
inpatient APS provided consultation regarding optimal pharmacologic 
and non-pharmacologic analgesic management. Services included 
epidural placement; however, regional blocks or catheters were not 
offered or available post-operatively during the study period. The 
checklist was intended for all patients aged 50 years and greater with 
three or more rib fractures. 

Data collection and outcomes 

Patient demographics including age, gender, pre-existing comor
bidities, history of opioid use defined as history of opioid use disorder or 
history of chronic opioid use prior to admission, mechanism of injury, 
injury severity score (ISS), thoracic abbreviated injury scale (AIS), 
APACHE II, number of rib fractures were compared pre- and post- 
implementation of the checklist. The primary outcome metric measured 
was occurrence of hospital or ventilator-acquired pneumonia, defined as 
pneumonia occurring >48 h after admission or >48 h after initiation of 
mechanical ventilation, respectively. Pneumonia was identified by 
reviewing the EHR patient care notes and was included if they 
completed a full course of appropriate antibiotics as determined by the 
SICU team. Secondary outcome metrics measured were hospital and ICU 
length of stay, opioid requirements expressed as morphine milligram 
equivalents (MMEs) during the first seven days of hospitalization, 
intubation and re-intubation rates, days of mechanical ventilation and 
all-cause mortality. Process metrics measured included daily review of 
the checklist defined by documentation in the SICU admission note, use 
of incentive spirometry (IS), consults to PT, OT and APS, AutoSet CPAP 
at night, initiation of acetaminophen within 24 h, use of non-steroidal 
anti-inflammatory drugs (NSAIDs), gabapentinoids, tramadol, lido
caine patches or infusions, ketamine infusions, and neuraxial or regional 
analgesia. Adherence to the checklist was counted if it was documented 
in the EHR, with or without all elements implemented. 

Statistical analysis 

Descriptive statistics were completed to summarize the baseline 
patient attributes and presenting clinical characteristics for the entire 
study population, and separately for patients before and after 

implementation of the rib fracture protocol. Chi-square analysis or 
Kruskal-Wallis test by ranks was performed to assess for differences 
between the two cohorts. Completion of individual components of the 
rib fracture protocol, as well as a composite measure (including 
completion of PT/OT evaluation, use of IS, administration of scheduled 
acetaminophen within the first 24 h of admission and consultation of 
APS) was assessed in the two groups. Primary and secondary outcomes 
were described for the entire study cohort and by intervention period; 
differences were assessed using Chi-square or Kruskal-Wallis test, as 
appropriate. In addition, patient demographics, injury characteristics 
and patient outcomes, specifically length of ICU stay, length of total 
hospitalization and in-hospital mortality were compared among patients 
with and without pneumonia. Multivariate linear regression was per
formed to assess for associations between pneumonia and select out
comes, specifically length of ICU stay, length of total hospitalization and 
in-hospital mortality. Based on our conceptual model, we included the 
following exposures in the model: age, sex (dichotomous), diabetes 
(dichotomous), current or former smoker (dichotomous), ISS, APACHE 
II score (ordinal), number of rib fractures, and whether the patient 
required mechanical ventilation (dichotomous). 

Statistical analysis was performed using STATA (Version 15.1; Sta
taCorp, College Station, TX). 

Results 

A total of 104 patients who met study inclusion criteria were iden
tified; 51 patients who presented during the pre-checklist period and 53 
patients who received care after checklist implementation. In both pe
riods, the majority of patients were male (68.6% vs 54.7%, p = 0.15) 
[Table 1]. Median (IQR) age was 67 (57–78), with no differences be
tween periods (p = 0.24). Among all patients, 20.2% and 46.2% had a 
diagnosis of diabetes and hypertension, respectively. Half of all included 
patients were either a current smoker (23.1%) or former smoker 
(26.9%). There were no significant differences in baseline characteris
tics and comorbidities among the two cohorts. Across all patients, the 
most common mechanisms of injury were falls (47.1%), motor vehicle 
collision (MVC) (24.0%) and pedestrian strike (16.4%). The mechanism 
of injury was not statistically different between the two groups (p = 0.2); 
however, in the post-protocol period, patients more often presented 
after MVC (28.3% vs 19.6%).There were no differences in the number of 
rib fractures, ISS, thoracic AIS and APACHE II scores between groups. 

With regard to checklist implementation, we observed that the 
checklist was reviewed in 83% of patients during the post-checklist 
period [Table 2]. The composite measure, which included completion 
of PT/OT evaluation, use of IS, administration of scheduled acetamin
ophen within the first 24 h of admission and consultation of APS, was 
completed in 56.6% of patients during the post-checklist period. In 
terms of individual components of the protocol, we observed an increase 
after checklist implementation in the rate of scheduled acetaminophen 
ordered within the first 24 h (98.1% vs 78.4%), rate at which AutoSet 
CPAP was ordered (35.8% vs 2.0%), and consultation of the acute pain 
service (69.8% vs 13.6%) – however, the APS was not implemented until 
January 2020. There was no difference in the rate of PT/OT evaluation 
(96.1% vs 94.3%) nor the rate of IS use (74.5% vs 77.4%) after checklist 
implementation. 

The primary outcome of pneumonia rate was significantly lower in 
the post-checklist group (35.3% vs 15.1%, p = 0.017) [Table 3]. Patients 
in the post-checklist group demonstrated a non-significant trend toward 
fewer re-intubations (9.8% vs 1.9%, p = 0.08). After checklist imple
mentation, there was no significant difference in the number of patients 
that required mechanical ventilation or the duration of mechanical 
ventilation. On unadjusted analysis, median total length of stay (11.5 
days vs 13 days, p = 0.71), median ICU stay (4 days vs 5 days, p = 0.18), 
and rate of in-hospital mortality (11.8% vs 7.6%, p = 0.47) were not 
different between cohorts. 

With regard to in-hospital non-opioid and opioid administration, we 
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observed that use of lidocaine patches and neuraxial interventions was 
significantly higher in the post-intervention group (78.4% vs 92.5%; p =
0.04, 15.7% vs 32.1%; p = 0.05, respectively) [Table 4]. Opioid con
sumption (MME) in the first seven days of admission was not different 
between groups. 

On unadjusted analysis, patients who developed pneumonia in either 
time period had a higher ISS, APACHE II scores, intubation rates, and 
duration of mechanical ventilation [Table 5]. Median age was lower 
among patients with pneumonia (65 years vs 67 years, p = 0.05). Patient 
comorbidities did not differ among patients with and without pneu
monia. Across both time periods, patients with pneumonia had longer 
overall hospital and ICU length of stay. 

On multivariable analysis, adjusted for age, sex, history of diabetes, 
past smoking use, ISS, APACHE II, number of rib fractures, and 
requirement for mechanical ventilation, pneumonia was positively 
associated with longer ICU (β=7.3, 95% CI: 2.7–11.9) and hospital 
(β=12.4 95% CI: 0.5–24.3) length of stay [Supplemental Table 1]. 
Number of rib fractures and requirement for mechanical ventilation 
were both associated with ICU LOS. After adjustment as above, diagnosis 
of pneumonia was not associated with in-hospital mortality. 

Discussion 

Rib fractures in the elderly carry a high risk of morbidity and mor
tality [1–4]. Complications significantly increase when patients expe
rience more than three rib fractures [5]. We identified an area of 
opportunity at our institution to improve the care we provide to this 
patient group by standardizing our practices. To our knowledge, this is 
the first study describing the utilization of a checklist to advance an 
evidence-based approach to caring for patients with traumatic rib frac
tures, whereas prior studies describe use of a pathway or medication 

Table 1 
Baseline patient attributes and clinical characteristics.  

Characteristic All (N =
104) 

Pre-Protocol 
(N = 51) 

Post-Protocol 
(N = 53) 

P- 
value* 

Male, n (%) 64 (61.5) 35 (68.6) 29 (54.7) 0.15 
Age, median (IQR) 67 (57–78) 67 (55–77) 67 (58–79) 0.24 
Diabetes, n (%) 21 (20.2) 8 (15.70 13 (24.5) 0.26 
Hypertension, n (%) 48 (46.2) 24 (47.1) 24 (45.3) 0.86 
COPD, n (%) 5 (4.8) 3 (5.9) 2 (3.8) 0.62 
Current smoker, n (%) 24 (23.1) 15 (29.4) 9 (17.0) 0.13 
Former smoker, n (%) 28 (26.9) 15 (29.4) 13 (24.5) 0.58 
History of opioid use, 

n (%) 
9 (8.7) 4 (7.8) 5 (9.4) 0.77 

Mechanism of Injury     
Assault 4 (3.9) 2 (3.9) 2 (3.8) 0.22 
Fall 49 (47.1) 24 (47.1) 25 (47.1) 
Motor vehicle 
collision 

25 (24.0) 10 (19.6) 15 (28.3) 

Motorcycle 
collision 

8 (7.7) 7 (13.7) 1 (1.9) 

Pedestrian strike 17 (16.4) 7 (13.7) 10 (18.9) 
Other 1 (1.0) 1 (2.0) 0 (0) 

ISS, median (IQR) 17 
(10.5–22) 

17 (13–25) 14 (10–22) 0.09 

Thorax AIS, n (%)    0.17 
Minor 1 (1.0) 1 (2.0) 0 (0) 
Moderate 25 (24.0) 4 (7.8) 21 (39.6) 
Serious 74 (71.2) 44 (86.3) 30 (56.6) 

vSevere 2 (1.9) 1 (2.0) 1 (1.9) 
Critical 2 (1.9) 1 (2.0) 1 (1.9) 

APACHE II, median 
(IQR) 

10 (7–14) 10 (6–15) 9 (7–13) 0.97 

APACHE II, n (%)    0.82 
1–4 5 (4.8) 2 (4.7) 3 (5.7) 
5–9 40 (38.5) 18 (41.9) 22 (41.5) 
10–14 27 (26.0) 12 (27.9) 15 (28.3) 
15–19 8 (7.7) 3 (7.0) 5 (8.4) 
20–24 8 (7.7) 6 (14.0) 2 (3.8) 
25–29 4 (3.9) 2 (4.7) 2 (3.8) 
Not reported / 
available 

12 (11.5) 8 (15.7) 4 (7.6) 

Number of rib 
fractures, n (%)    

0.67 

3–4, 46 (44.2) 20 (39.2) 26 (49.1) 
5–6 28 (26.9) 15 (29.4) 13 (24.5) 
7–9 15 (14.4) 7 (13.7) 8 (15.1) 
≥10 15 (14.4) 9 (17.7) 6 (11.3) 

Bilateral rib fractures, 
n (%) 

40 (38.5) 19 (37.3) 21 (39.6) 0.80 

Flail chest, n (%) 5 (4.8) 4 (7.8) 1 (1.9) 0.16 
Rib plating, n (%) 5 (4.8) 3 (5.9) 2 (3.8) 0.62 
Intubated on 

admission$ 
29 (27.9) 16 (31.4) 13 (24.5) 0.44 

Required mechanical 
ventilation 

34 (32.7) 17 (33.3) 17 (32.1) 0.89 

IQR: interquartile range; COPD: chronic obstructive pulmonary disease; ISS: 
injury severity score; AIS: abbreviated injury scale; APACHE: acute physiologic 
and chronic health evaluation. 

* Student t-test, Kruskal-Wallis rank test or chi-square analysis as appropriate. 
$ Intubated in the field or emergency department, prior to ICU admission and/ 

or evaluation by trauma intensivist. 

Table 2 
Use of rib fracture checklist among eligible patients.  

Component Completion, N (%)  
Pre-checklist 
(N = 51) 

Post-checklist 
(N = 53) 

Checklist reviewed N/A 44 (83.0%) 
PT/OT consultation 49 (96.1%) 50 (94.3%) 
Incentive spirometry 38 (74.5%) 41 (77.4%) 
AutoSet CPAP at bedtime   

Ordered 1 (2.0%) 19 (35.8%) 
Contraindication (nasal fracture) N/A 1 (1.8%) 
Intubated and mechanical ventilation 17 (33.3%) 17 (32.1%) 
Normal O2 saturation N/A 5 (9.4%) 
Not ordered, no comment 33 (64.7%) 11 (20.8%) 

Scheduled Acetaminophen 40 (78.4%) 52 (98.1%) 
Acute pain consultation* 3 (13.6%) 37 (69.8%) 
Composite measure$ N/A 30 (56.6%) 

PT: Physical therapy; OT: occupational therapy; CPAP: continuous positive 
airway pressure. 

* Acute pain service was initiated January 6, 2020. 
$ Composite measure = PT/OT, IS, scheduled acetaminophen and APS 

consultation. 

Table 3 
Primary outcomes before and after implementation of SICU rib fracture 
checklist.  

Characteristic All (N =
104) 

Pre-Protocol 
(N = 51) 

Post-Protocol 
(N = 53) 

P- 
value* 

Hospital / ventilator 
pneumonia 

26 (25.0) 18 (35.3) 8 (15.1) 0.017 

Required 
mechanical 
ventilation 

34 (32.7) 17 (33.3) 17 (32.1) 0.89 

Days required, 
median (IQR) 

6 (4–17) 6 (4–12) 6 (4–19) 0.85 

1–2 days, n (%) 7 (20.6) 3 (17.7) 4 (23.5) 0.89 
3–6 days, n (%) 11 (32.4) 6 (35.3) 5 (29.4) 
7–9 days, n (%) 0 (0) 0 (0) 0 (0) 
≥10 days, n (%) 16 (47.1) 8 (47.1) 8 (47.1) 

Required re- 
intubation 

6 (5.8) 5 (9.8) 1 (1.9) 0.08 

Length of stay, 
median (IQR)     
Intensive care unit 4.5 (3–11) 5 (3–12) 4 (3–10) 0.18 
Total hospital stay 12.1 

(7.9–22.5) 
11.5 
(7.9–23.5) 

13 (8–19.0) 0.71 

Deceased, n (%) 10 (9.6) 6 (11.8) 4 (7.6) 0.47 

IQR: Interquartile range. 
* Student t-test, Kruskal-Wallis rank test or chi-square analysis as appropriate. 
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order-set [10,11]. While a protocolized approach is likely beneficial, as 
evidenced by prior studies, protocol use may be limited by patient 
identification and consistent application of the protocol. After imple
menting a protocol checklist embedded in the electronic record, we 
observed a significant decrease in pneumonia rates. Our checklist was 
developed based on current evidence and best practice [13,14], and the 
current study provides an example for streamlining protocolized, 
evidence-based care. 

Our pneumonia rate prior to checklist implementation is reflective of 
what was observed by Bulger et al. [5]. Although their patients were 
older, we had similar thoracic AIS and ISS. Our observed outcomes of 

mean ventilator days, ICU length of stay, and hospital length of stay 
were also similar. Patients who developed pneumonia were more likely 
to be intubated, have a higher ISS, and require a longer ICU and hospital 
length of stay. As mentioned, rib fractures incur a significant amount in 
healthcare expenditures, and requiring mechanical ventilation can in
crease that cost significantly [6]. In 2005, Dasta et al. discovered that 
patients admitted to an ICU whom required mechanical ventilation had 
a two- to three-time increase in ICU cost when compared to patients that 
did not require mechanical ventilation [15]. Of note, our study 
demonstrated a trend for decreased need for re-intubation after checklist 
implementation. Given the implications for quality and costs, measures 
to minimize need for intubation and mechanical ventilation in this pa
tient population should be prioritized. 

As mentioned prior, Todd et al. implemented a clinical pathway that 
included patients with greater than four rib fractures and greater than 
45 years of age [10]. Our patients had similar baseline characteristics, 
albeit slightly different inclusion criteria. In Todd et al.’s study, patients 
that met pathway criteria received a pain consult for pain management 
optimization, RT consult for volume expansion, PT/OT consult, nutri
tion consult, and NP assessment of co-morbid factors. Comparing in
terventions, our checklist included many of the core components of their 
pathway. They observed a significant decrease in pneumonia (18% vs 
7%, p = 0.003) and mortality rates (13% vs 4% p = 0.004) following 
pathway implementation. In the current study, we observed a similar 
reduction in pneumonia rates, although our pre-checklist pneumonia 
rates were higher. This may be attributed to our patients requiring more 
mechanical ventilation days and/or the smaller sample size in our cur
rent study, which may also explain why we did not observe a concom
itant decrease in mortality rate during the post-intervention period. 

Unlike Burton et al.’s findings [11], we did not observe significant 
decrease in opioid usage following implementation of protocolized care. 
This may be attributed to patients in the post-checklist group having 
more moderate AIS scores as compared to the pre-intervention cohort. 

Table 4 
Prescribed opioid and non-opioid medications before and after rib fracture checklist.  

Characteristic All 
(N = 104) 

Pre-Protocol 
(N = 51) 

Post-Protocol 
(N = 53) 

P-value* 

In-hospital medication use     
NSAID, N (%) 34 (32.7) 15 (29.4) 19 (35.9) 0.48 
mg per day, median (IQR) 18.2 

(9.4–39) 
19.3 
(10.7–75) 

16.9 
(5.6–37.5) 

0.612 

Gabapentin, N (%) 25 (24.0) 14 (27.5) 11 (20.8) 0.42 
Mean mg per day, median (IQR) 333.3 

(171.2–675) 
457.1 
(171.2–814.3) 

300 
(150–675) 

0.61 

Acetaminophen, N (%) 92 (88.5) 40 (78.4) 52 (98.1) 0.002 
Mean mg per day, median (IQR) 2218.8 

(1449.4–2858.1) 
2371.4 
(1912.5–3006.3) 

2159.4 
(1500–2856.3) 

0.123 

Tramadol, N (%) 5 (4.8) 4 (7.8) 1 (2.0) 0.16 
Mean mg per day, median (IQR) 25 

(20–58.3) 
41.7 
(22.5–654.2) 

6.25 
(No IQR) 

N/A 

Opioids, N (%) 101 (97.1) 49 (96.1) 52 (98.1) 0.54 
Mean mg per day, median (IQR) 15.8 

(26.6–46.5) 
30.1 
(16.7–46.5) 

24.0 
(11.6–51.7) 

0.34 

Lidocaine patch, N (%) 89 (85.6) 40 (78.4) 49 (92.5) 0.04 
Lidocaine infusion, N (%) 2 (1.9) 1 (2.0) 1 (1.9) 0.98 
Ketamine infusion, N (%) 3 (5.7) 0 (0) 3 (5.7) 0.09 

Epidural, N (%) 25 (24.0) 8 (15.7) 17 (32.1) 0.05 
Patient-controlled analgesia, N (%) 6 (5.8) 3 (5.9) 3 (5.7) 0.96 
Post-discharge prescriptions     

Opioids, N (%) 52 (75.0) 26 (51.0) 26 (49.1) 0.84 
Oxycodone, N 39 17 22 N/A 
Hydromorphone, N 8 4 4 N/A 
Tramadol, N 3 3 0 N/A 
Other, N 2 2 0 N/A 
Total MME, median (IQR)** 75 (37.5–150) 75 (40–150) 77.5 (37.5–150) 0.54 
Tylenol and/or NSAID, N (%) 82 (78.9) 37 (72.6) 45 (84.9) 0.12 

IQR: Interquartile range; MME: morphine milligram equivalents; NSAID: non-steroidal anti-inflammatory drugs. 
* Mean mg per day is the mean mg consumed per day for HD-0 to HD-7 among patients consumed a non-zero amount of the listed medication. 
** Total MME prescribed is not available for 17 patients discharged to a facility with an opioid prescription without a specified quantity. 

Table 5 
Injury attributes and outcomes among patients with hospital/ventilator 
pneumonia.   

No Pneumonia (N 
= 78) 

Pneumonia (N =
26) 

P- 
Value 

Male, n (%) 45 (57.7) 19 (73.1) 0.16 
Age, median (IQR) 67 (58–80) 65 (56–71) 0.05 
COPD, n (%) 3 (3.9) 2 (7.7) 0.43 
Current smoker, n (%) 17 (21.8) 7 (26.9) 0.59 
Former smoker, n (%) 23 (29.5) 5 (19.2) 0.31 
ISS, median (IQR) 15.5 (10–20) 19.5 (14–34) 0.002 
APACHEII, median (IQR) 9 (7–12.5) 12.5 (7–21.5) <0.001 
Number of rib fractures, 

median (IQR) 
5 (4–6) 6 (3–10) 0.06 

Intubated on admission 13 (16.7) 16 (61.5) <0.001 
Mechanical ventilation 15 (19.2) 19 (73.1) <0.001 
Length of stay [days], 

median (IQR)    
Intensive care 3.5 (3–6) 12.5 (9–26) <0.001 
Hospital 9.7 (7–15) 26.1 (18.3–42.1) <0.001 

Deceased 7 (9.0) 3 (11.5) 0.70 

COPD: chronic obstructive pulmonary disease; ISS: injury severity score; 
APACHE: acute physiologic and chronic health evaluation. 
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Additionally, median ISS score was higher in the current study, indi
cating higher injury severity. Patients in Burton’s study had a higher rate 
of non-opioid analgesics usage than our patients: twice as much for 
NSAIDs, three times as much for gabapentinoids. This may be due to 
practice preference differences between institutions. Their study did 
utilize lidocaine patches; however, they did not report overall utiliza
tion. Additionally, they did not report data on neuraxial interventions, 
which may have impacted their outcomes. 

When comparing our pre- and post-checklist pharmacotherapy uti
lization, the increased initiation of acetaminophen within 24 h, lido
caine patches, and neuraxial/regional interventions likely resulted in 
improved pain control, which can improve compliance and efficacy of 
IS. When combined with other interventions, IS has been shown to 
decrease postoperative pulmonary complications [16]. The use of 
non-invasive CPAP is associated with decreased mortality and rates of 
pneumonia when compared to invasive positive pressure ventilation 
[17]. Utilization of CPAP was low in our study; thus, it is unclear if 
higher utilization would have impacted our outcomes. 

Our study is limited due to its single-center, retrospective nature. In 
addition, compliance to checklist review was not 100%. Initially, 
implementation and review of the checklist was performed by the 
rounding SICU pharmacist during weekdays; however, in order to 
facilitate more universal compliance, including on weekends and holi
days, we incorporated the checklist to default into the SICU admission 
and progress note. At present, there are pending changes in the EHR to 
build an order-set to include the aforementioned interventions in our 
checklist. Furthermore, during the study period, the inpatient APS did 
not provide regional anesthetic blocks or catheters for post-operative 
patients; future research should evaluate the role and potential added 
value of this modality in this patient population. 

In conclusion, in high-risk patients with chest wall trauma and 
associated rib fractures, implementation of a electronic checklist to 
ensure utilization and optimization of multimodal analgesia and non- 
pharmacological interventions was associated with decreased rates of 
pneumonia without a concurrent increase in patient opioid 
consumption. 
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