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ARTICLE INFO ABSTRACT

Introduction: Rib fractures are a cause of significant morbidity and mortality in trauma patients. It is well
documented that optimizing pain control, mobilization, and respiratory care decreases complications.
. However, the impact of these interventions on hospital costs and length of stay is not well defined. We
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Clinical pathway hypotheswed patlgnts with multiple rib fractures can be discharged within three hospital days resulting

Length of stay in decreased hospital costs.

Cost effectiveness Methods: A retrospective review of adult patients (>18yrs) admitted to our Level 1 trauma center
(2011-2013) with >2 rib fractures was performed. Patients were excluded if they were intubated,
admitted to the ICU, required chest tube placement, or sustained significant multi-system trauma.
(n=202) Demographics, clinical characteristics, hospital costs, and outcome data were analyzed. Patients
discharged within three hospital days of admission were considered to have achieved expedited
discharge (ED). Univariate and multivariate analyses determined predictors of failure to achieve ED. A p
value of <0.05 was considered significant.

Results: Study patients (n=202) were 60 (SD = 19) years of age with an injury severity score (ISS) of 10
(SD=5), and 4 (SD =2) rib fractures. Of 202 patients, 127 (63%) achieved ED while 75 (37%) did not. No
differences in chest AlS, ISS, smoking status or history of pulmonary disease were identified between the
two groups (all p > 0.05). Average LOS (2 (SD=1) vs. 7 (SD=4) days; p <0.001) and hospital costs ($2865
(SD=1200) vs. $6085 (SD=3033)); p<0.001). were lower in the ED group A lower percentage of ED
patients required placement in rehabilitation facilities (6% vs. 48%; p<0.001). There were no
readmissions within 30 days in either group. After controlling for potential confounding variables,
multiple variable logistic regression analysis revealed that advancing age (OR 1.05 per year, 1.02-1.07)
independently predicted failure to achieve ED.

Conclusion: The majority of patients admitted to the hospital with multiple rib fractures can be
discharged within three days. This expedited discharge results in significant cost savings to the hospital.
Early identification of patients who cannot meet the goal of expedited discharge can facilitate
improvement in management strategies.
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Introduction by Flagel, et al. using the National Trauma Data Bank (NTDB)
showed that approximately 13% of patients admitted with rib

Rib fractures cause significant morbidity and mortality and fractures developed complications [2]. Nearly half of these
account for 9-10% of admissions to trauma centers [1-3]. A study complications were directly related to the chest wall trauma
and the risk of morbidity and mortality was significantly

increased with each additional rib fractured. Bulger et al.
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Successful treatment of rib fractures includes pain control, use
of incentive spirometry, early mobilization, and aggressive
pulmonary toilet [6]. Patients with preexisting pulmonary disease
are at higher risk of respiratory failure and therefore maintaining
adequate respiratory function post-injury is especially important
in this population [7]. Achieving effective analgesia has been
shown to improve respiratory function as measured by pulmonary
function tests as well as arterial blood gas values [8].

Clinical pathways in trauma have been shown to improve
outcomes and resource utilization for patients presenting with
specific injury patterns [9-13]. Todd, et al. demonstrated that a
multidisciplinary treatment pathway for rib fractures significantly
decreased ICU length of stay (LOS), hospital LOS, and incidence of
pneumonia [14]. It also showed a decrease in mortality, which
neared statistical significance. Despite a decrease in LOS, patients
on the pathway still had an average hospital LOS of 11.7 4 10.7 days.
This extended length of hospitalization for patients with rib
fractures is consistent with other studies [1,2,4]. The optimal or
recommended LOS for patients with multiple rib fractures has not
been determined in the literature or other published criteria.

At our institution, we implemented an expedited discharge
(ED) pathway with a goal of discharge within three hospital days
for patients admitted with a primary diagnosis of multiple rib
fractures. Three days was chosen based on the clinical experience
of our trauma team as there is no widely accepted goal LOS. This
pathway consisted of three main components. First is adequate
analgesia where early aggressive multimodal pain control
includes intravenous narcotics (including patient controlled
analgesia (PCA) pumps) which are rapidly tapered to oral
medications, non-narcotic pain medications, and topical analge-
sics such as lidocaine patches. Our treatment pathway did not
include routine use of epidural or peripheral nerve blocks or
catheters. The second component was aggressive pulmonary
toilet with a focus on frequent and adequate incentive spirometry.
The third component was early communication with patients to
establish realistic goals and expectations, especially as it related
to acceptable levels of pain and anticipated length of hospitali-
zation. Readiness for discharge was based on clinical judgement
of the attending trauma surgeon. We hypothesized that our
expedited discharge treatment pathway would result in success-
ful discharge within three days and would reduce costs associated
with treating these injuries.

Methods

This was a retrospective observational cohort study approved by
the Cooper University Health System Institutional Review Board.
Cooper University Hospital is a combined level 1 adult and level 2
pediatric trauma center located in southern New Jersey. Expedited
discharge was defined as a hospital length of stay (LOS) of less than or
equal to three days. Patients > 18 years old admitted from January 2011
through December 2013 with a primary diagnosis of two or more rib
fractures were placed on the expedited discharge pathway and
included in this study. Patients were excluded if they were intubated at
admission to the trauma admitting area, had a thoracostomy tube
placed, went directly to the operating room from the trauma admitting
area, or had non-chest injuries in addition to their rib fractures.
Patients requiring epidural or peripheral nerve blocks or catheters
were considered outside the standard treatment pathway and were
notincluded in this analysis. Data was abstracted from the local trauma
registry and patient electronic medical records.

Statistical methods

Patients who achieved ED (LOS <3 days) were compared to
those who did not achieve ED (LOS>3 days) with respect to

demographic and clinical characteristics. Categorical variables are
reported as number and percent while continuous variables are
presented as mean and standard deviation.

Univariable analysis was carried out with Fisher’s exact test for
dichotomous variables. Continuous variables were compared with
the t-test. Stepwise multivariable logistic regression was per-
formed to assess the effects of the potential covariates on outcome
always including clinic follow-up. The logistic regression model
was tested for linearity by adding quadratic terms of variables our
logistic regression to assess the impact on our model. No quadratic
terms were statistically significant at the p <0.05 level and were
not included in the final model. Statistical analyses were
performed using SPSS version 24 (IBM Corp: Armonk, NY).

Results

Atotal of 1000 patients were identified as having been admitted
with a diagnosis multiple rib fractures during the study period, of
which 202 patients meet inclusion criteria for the rib fracture ED
pathway and were included in the analysis. Patients were
considered successful if they achieved discharge within three
days. On average, patients were 60 years old (SD 19) and
predominately male (62%). A total of 127 (63%) patients achieved
ED. Patients who did not achieve ED were more likely to be older
and have a greater number of ribs fractured. No differences in chest
AIS, ISS, smoking status or history of pulmonary disease were
identified between the two groups. There was no difference
between the two groups with respect to patients receiving a
patient-controlled analgesia (PCA) pump (25% vs 32%, p=0.331). A
full comparison between those achieving ED and those who did not
is shown in Table 1.

Those who achieved ED were more likely to be discharged
directly home (93% vs 52%, p < 0.001). Those achieving ED also had
significantly lower costs associated with their hospitalization
(mean $2865 [SD $1200] vs. $6085 [$3033], p <0.001). Mean pain
scores (measured on a scale from 1 to 10 [low-high]) during the
first 24 h after admission were higher among those who achieved
ED (5.5 [2.2] vs. 4.3 [2.2], p=0.002). Only two patients required
escalation of care and were removed from the pathway and no
patients required an unplanned intubation. Additionally, no
patients were readmitted within 30 days of discharge from either
group.

A multivariable logistic regression was performed to control for
potential confounders. Increased age was the only variable that
predicted, with statistical significance, failure to achieve ED
(adjusted OR 2.84, 95% CI 2.78-2.91, p<0.001). All variables
included in our final model are shown in Table 2.

Discussion

We hypothesized that the majority of patients admitted for a
primary diagnosis of multiple rib fractures could be safely
discharged in within three days of hospital admission. Our data
shows that we were successful in achieving ED in the majority of
these patients. We found that increased age was the main predictor
of failing to achieve ED. No patients in this study were readmitted
within 30 days, including those who achieved ED. The average cost
of hospitalization for those who achieved ED was less than half of
the average cost for those who did not. Taken together, this shows
that for patients able to achieve ED, our clinical pathway was
successful and cost effective.

We performed a follow-up analysis of patients admitted from
2014 to 2016 who met our previously defined inclusion criteria
(n=221). We found that after implementing our expedited
discharge pathway, 71% of patients (n=157) achieved ED. The
average age of patients achieving ED was lower (60 years old
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Table 1
Univariable Comparison of Patients Achieving Expedited Discharge and Non-expedited Discharge.

Expedited Discharge n=127 Non-Expedited Discharge n=75 OR (95% CI) p value

n (%) n (%)
Age® 54.3 (17.6) 70.3 (18.1) <0.001
Male 89 (70) 37 (49) 241 (1.33-4.34) 0.004
BMI? 279 (4.6) 273 (5.5) 0.416
1SS* 9.7 (5.1) 10.8 (3.9) 0.112
AIS Chest® 2.7 (0.7) 2.93 (0.6) 0.077
Number of Ribs Fractured® 3.8 (1.9) 5.1 (2.8) <0.001
Mean Pain Score in 1st 24h (1-10 Scale)® 5.5 (2.2) 43 (2.2) 0.002
Mechanism - Fall 46 (36) 44 (59) 0.40 (0.22-0.72) 0.002
Bilateral Rib Fractures 13 (10) 8 (11) 0.96 (0.38-2.42) 1.000
Sternal Fracture 10 (8) 9(12) 0.63 (0.245-1.62) 0.332
Flail Segment 1(1) 1(1) 0.59 (0.04-9.53) 1.000
Pneumothorax 39 (31) 21 (28) 1.14 (0.61-2.14) 0.751
Hemothorax 19 (15) 20 (27) 0.48 (0.24-0.98) 0.064
Pulmonary Contusion 30 (24) 19 (25) 0.91 (0.47-1.77) 0.865
Smoker 56 (44) 27 (36) 1.40 (0.78-2.52) 0.301
COPD 6 (5) 5(7) 0.69 (0.20-2.36) 0.541
Asthma 12 (9) 6 (8) 1.20 (0.43-3.34) 0.803
CHF 4(3) 3(4) 0.76 (0.16-3.47) 0.712
Prior Opioid Use 13 (10) 6 (8) 1.21 (0.43-3.37) 0.804

2 Reported as number and standard deviation.

[SD =19]) compared to those not achieving ED (71 [14]) (p < 0.001).
Consistent with findings during the study period, age remained a
significant factor in failure to achieve ED.

Early identification of patients who are unlikely to achieve
expedited discharge should be used to direct efficient resource
allocation. Pressley et al. has previously developed a simple scoring
system designed to predict the risk of respiratory failure based on
early clinical findings [15]. Such a system would be useful in
predicting which patients will likely need escalated care, such as
mechanical ventilation or ICU admission. Another such proposed
scoring system is the “RibScore” which is based on radiographic
findings and also predicts clinical outcomes [16]. Though neither
existing model can necessarily be used to predict length of
admission, the risk of complications is certainly closely related to
the ability to achieve an ED.

Our finding that patients of advanced age were less likely to
achieve ED may indicate that patients of advanced age could
benefit from different treatments or management strategies than
their younger counterparts. At our institution, we have become
more aggressive with involvement of social workers and case
managers early in the hospital course to ensure that discharge
placement and service availability do not delay discharge when
patients are clinically ready. Further study would be necessary to
determine the impact on clinical outcomes, length of stay, and cost
effectiveness these and other changes would have among older
patients with multiple rib fractures.

Our three day timeframe for discharge is significantly shorter
than the average length of hospitalization reported in the
literature. Reducing the length of stay logically leads to decreased
costs. However, patients receive other benefits from rapid
discharge including earlier return to their normal routines and
spending less time at risk of acquiring a nosocomial infection.

Table 2
Logistic Regression Showing Predictors of Failing to Achieve Expedited Discharge.
Adjusted OR 95% ClI p value

Age 1.05 1.02-1.07 <0.001
Gender 0.53 0.26-1.07 0.078
MOI - Fall 1.29 0.63-2.62 0.491
Hemothorax 1.74 0.75-4.06 0.201
ISS 1.06 0.97-1.14 0.188
Mean Pain in 1st 24h 0.92 0.78-1.80 0.325
Number of Fractures 117 0.99-1.138 0.058

This study is limited by both its single institution nature and
retrospective design. Given these limitations and considering our
sample size, it is plausible that other variables such as the number
of rib fractures may have clinical significance while not achieving
statistical significance in our model. It is also important to note that
the majority of patients seen at our institution with multiple rib
fractures did not meet inclusion/exclusion criteria for this study,
most commonly due to polytrauma. This was not unexpected, as
this treatment pathway was tailored to a specific patient
population. We found that age is a significant predictor of failing
to achieve ED, however age may be a surrogate for other variables
such as frailty. Direct measurement of such variables is beyond the
scope of this study but should be included in future prospective
studies.

We also acknowledge that our treatment pathway has many
significant exclusion criteria that limit its use. We do not regularly
use epidural or continuous peripheral nerve blocks in our patients
with rib fractures, though these modalities were available to
patients based on the clinical judgment of our providers. Patients
receiving this treatment were not considered to be on the ED
pathway. While studies have shown improved analgesia from
these techniques [8,17-20], studies have also shown that use of
these techniques were associated with longer hospitalizations
[21,22]. In our practice, we achieve adequate early pain control
using a combination of both narcotic and non-narcotic medica-
tions, initially through IV pain medication and then quickly
transition patients to oral analgesic medications in anticipation of
discharge.

Current practice management guidelines from the Eastern
Association for the Surgery of Trauma conditionally recommend
operative rib fixation for patients with flail chest and do not make a
recommendation for patients with non-flail pattern rib fractures.
However, they cite a low quality of evidence in making those
recommendations [23]. Some select patients at our institution
undergo operative rib fixation, however these patients were not
included in this study as it is not part of our standard treatment
pathway.

Patient motivation likely has a significant effect on patients’
ability achieve ED, though the ability to directly measure this is
beyond the scope of our study. It is important to establish
appropriate expectations for pain management and eventual
discharge early in the hospitalization. We believe that the fact that
those who were able to achieve ED had higher average pain scores
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suggests that with good patient education and management of
expectations regarding pain, long term pain control can be
managed as an outpatient and does not require prolonged hospital
stay.

Conclusion

The main finding of our study is that when adequate pain
control is achieved and aggressive pulmonary toileting is
performed, the majority of patients admitted with multiple rib
fractures can be discharged within three days. This expedited
discharge significantly decreases hospital costs associated with
these admissions.
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