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BACKGROUND: Patients are at risk for respiratory complications after sustaining blunt chest
trauma, yet contradictory evidence exists about the utility of prophylactic respiratory therapy to
reduce respiratory complications in this population. This study assessed the effectiveness of a
proactive respiratory protocol on an in-patient ward to identify trauma patients at risk for pul-
monary complications, administer appropriate therapies, and prevent deterioration requiring trans-
fer to the ICU. METHODS: Trauma patients received a respiratory therapy evaluation at the time
of admission to a general in-patient ward at a Level 1 trauma center. If subjects met protocol
inclusion criteria, they received prophylactic respiratory treatments, primarily MetaNeb therapy,
Vest therapy, or EzPAP. Multiple phases were included to evaluate the effectiveness of the protocol,
with 50 subjects in each phase: a pre-protocol phase before adoption of the protocol; phase 1, which
was found to have low physician adherence and overly broad inclusion criteria; and phase 2, with
improved adherence and narrower inclusion criteria. Study inclusion criteria mirror the protocol
criteria from phase 2: >3 rib fractures; pulmonary contusion; exacerbation of COPD, asthma, or
other lung disease; or age >65 y with expected immobility of >48 h. RESULTS: The respiratory
protocol was associated with an elimination of unplanned admissions to the ICU. After controlling
for injury severity and other important clinical factors, receiving the protocol significantly de-
creased hospital stay by approximately 1.5 d. More subjects were admitted from the emergency
department directly to the ward, avoiding the ICU. Bronchodilator use also decreased, although the
result did not reach statistical significance. CONCLUSIONS: Study results suggest that a preven-
tive respiratory protocol had a beneficial effect on patient outcomes; receiving the protocol reduced
hospital days and eliminated unplanned admission to the ICU. Key words: prophylactic respiratory
therapy; metaneb; bronchodilators; trauma; chest injury; respiratory complications; stay. [Respir Care
2016;61(12):1580–1587. © 2016 Daedalus Enterprises]

Introduction

Trauma patients are at risk for respiratory complications
after injury, including pneumonia, acute lung injury, ARDS,
and unplanned intubation.1-10 Respiratory complications

can lead to adverse hospital events, such as unplanned
admission to the ICU, prolonged hospital stays, higher
rates of mortality, and increased consumption of health-
care resources.11-15 Many adverse events are prevent-
able.16,17
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There are numerous reasons why patients are at greater
risk for pulmonary complications after trauma, especially
patients who sustain blunt chest injury.9,14,18,19 Rib frac-
tures, pulmonary contusions, and other chest conditions
frequently impede respiratory function at several levels.
First, fractures of the rib cage put the patient at a mechan-
ical disadvantage, increasing the effort required with in-
spiration and decreasing maximal cough strength.8,14,19,20

Decreased lung volume and atelectasis may be the first
events in a cascade leading to pulmonary complications.21

Second, the pain associated with these injuries makes pa-
tients unwilling or unable to take deep breaths unas-
sisted.9,10,14,19,22 This can result in reduction in lung vol-
umes for hours or even days. Third, trauma patients may
experience extended periods of immobility or receive med-
ications that depress respiratory drive and interfere with
pulmonary function.12 Finally, preexisting health condi-
tions, such as COPD or asthma, may be exacerbated after
injury.8 It is notable that with an aging population, patients
with preexisting pulmonary disease and age-related changes
to the pulmonary system comprise a larger proportion of
the trauma population,8 and attention must be given to
how these preexisting conditions impact patient care.

SEE THE RELATED EDITORIAL ON PAGE 1708

Protocols are an essential part of standardized medical
care, and there is increased focus on evidence-based pro-
tocols for trauma patients.12 Lung expansion therapy and
pulmonary hygiene are important aspects of respiratory
care for hospitalized patients, with the ultimate aim of
preventing respiratory complications rather than respond-
ing reactively after complications occur.12,23-26 However,
support for prophylactic lung expansion therapy is
mixed8,10,23,25,27,28 and is often specific to certain patient
populations, such as patients with cystic fibrosis29,30 or
COPD31 and postoperative patients.21,32-34

There are 2 studies in the trauma literature that address
prevention of pulmonary complications utilizing prophy-
lactic respiratory therapy methods. In a sample of postop-
erative trauma and surgical subjects, Harbrecht et al12 found
that implementation of a protocol for the early identifica-
tion of patients at risk for pulmonary complications de-
creased ICU and hospital days. Hanlon et al35 also showed
that initiation of a proactive pulmonary care regimen sig-
nificantly reduced the number of unplanned upgrades in
level of care and the number of intubations in a trauma
population.

In addition to the limited number of studies pertaining
to trauma patients, it is noted that the majority of research
on proactive respiratory care has been conducted in ICU
settings. What is neglected is work aimed at identifying
patients on general in-patient wards who may be in danger

of respiratory compromise, with the ultimate goal being
prevention of respiratory complications and unnecessary
admission to the ICU, especially for patients with thoracic
and pulmonary injury or preexisting lung disease. The
purpose of this study is to determine whether the adoption
of prophylactic volume expansion therapy in the general
in-patient setting can improve patient outcomes and re-
duce hospital stay in a population of trauma patients.

Methods

Study Design and Patient Sample

A study was conducted at a tertiary hospital with an
adult Level 1 trauma center to determine the efficacy of a
protocol to prevent ICU readmission for adult trauma pa-
tients on a specific ward in the hospital. The ward chosen
for the study is the primary in-patient ward in the hospital
for trauma, neurosurgical, and orthopedic patients. The
study hospital is a 400-bed facility that serves a medium-
sized metropolitan area as well as rural hospitals in a 100-
mile radius. The protocol was designed as a collaborative
effort between trauma services and respiratory therapy (RT)
to identify and treat patients at risk for pulmonary com-
plications. Before the protocol, RT involvement in trauma
care was not routinized and was initiated at the direction of
the attending physician. The volume expansion protocol
was initiated in October 2013.

QUICK LOOK

Current knowledge

Trauma patients are at risk for respiratory complica-
tions after injury, and these complications can lead to
longer hospital stays, unplanned admission to the ICU,
and other adverse events. Prophylactic respiratory ther-
apy has been found to prevent respiratory complica-
tions in some patient populations with known respira-
tory disease, but there is no consensus on whether this
approach can reduce respiratory complications in a
trauma population.

What this paper contributes to our knowledge

This study assessed the effectiveness of a proactive
respiratory protocol for adult trauma subjects on an
in-patient ward. Compared with a pre-protocol phase,
the protocol was associated with reduced length of hos-
pitalization, reductions in the use of bronchodilators,
and fewer returns to the ICU for respiratory reasons.
Protocol adherence was enhanced when respiratory ther-
apists could direct the intervention.
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Protocol procedure required the trauma physician or res-
ident to order an in-patient consultation to RT at the time
the subject was admitted to the study ward (see Fig. 1);
this included the transition from the ICU to the ward or
admission from the emergency department to the ward.
The respiratory therapist assessed the subject to determine
whether volume expansion protocol inclusion criteria were
met. Interim analyses were conducted in the fall of 2014 to
compare outcomes from the first 6 months of the protocol
(phase 1) with a 6-month period before protocol initiation
(pre-protocol phase). It was determined that physician ad-
herence to ordering the protocol was low and that protocol
inclusion criteria were too broad. Efforts commenced to
revise the protocol, improve the process for ordering the
protocol, and reeducate physicians and staff. The revised
protocol was introduced in February 2015 (phase 2).

To analyze the effectiveness of the current protocol,
study inclusion criteria mirrored the revised protocol in-
clusion criteria from phase 2: �3 rib fractures; pulmonary
contusions; exacerbation of COPD, asthma, or other doc-

umented lung disease; or expected immobility of �48 h
for subjects �65 y old. Patients were excluded from this
analysis if they had a tracheostomy at the time of admis-
sion to the ward. Three groups of subjects were compared:
50 subjects from the pre-protocol phase; the first 50 sub-
jects who met study inclusion criteria in phase 1; and the
first 50 subjects who met study inclusion criteria in phase 2.
Subjects were identified for the study if an assessment was
documented in the medical record (phases 1 and 2); the
trauma registry was used to identify subjects who would
have met inclusion criteria in the pre-protocol phase.

All protocol assessments were completed by respiratory
therapists at the bedside, and therapists determined the
appropriate therapies using department guidelines and the
protocol algorithm (see Fig. 1). Primary therapy was de-
livered through the MetaNeb 4.0 system (Hill-Rom Com-
pany, Batesville, Indiana), which combines lung expan-
sion, secretion clearance, and aerosol delivery into a single
therapy. The initial setting was 5 cm H2O, titrated to sub-
ject tolerance. If a subject could not tolerate MetaNeb, the
subject was given vest therapy (The Vest System, model
205, Hill-Rom Company) with or without the EzPAP pos-
itive airway pressure system (Smiths Medical, St Paul,
Minnesota). Other secondary therapies included Acapella
vibratory positive expiratory pressure therapy system
(Smiths Medical); Aerobika oscillating positive expiratory
pressure therapy system (Monaghan Medical Corporation,
Plattsburgh, New York); incentive spirometry; or tracheal
and nasal suctioning. Therapy was conducted 4 times each
day for 48 h, and the subject was then reassessed. If the
subject did not meet exit criteria, the therapy continued
with reassessment at 48-h intervals. Exit criteria included
the absence of active respiratory pathologies or risk factors
for respiratory complications.

Chart reviews of the electronic medical record were
conducted for data not included in RT databases or the
trauma registry. The study was approved by the institu-
tional review board at the hospital. The requirement of
subject consent was waived because chart review occurred
retrospectively after subject discharge.

Study Variables

Several demographic and diagnostic variables were ex-
tracted from the trauma registry, including sex, age, his-
tory of COPD, smoking history, injury mechanism of fall,
payer source (commercial insurance, Medicare, Medicaid,
other), whether the subject had an operative procedure
during hospitalization, and hospital discharge disposition
(home, skilled nursing facility). Body mass index was as-
certained at the time of admission to the hospital. Injury
diagnoses were extracted from the International Classifi-
cation of Diseases, 9th Revision, Clinical Modification
codes in the trauma registry and included chest injuries of

Fig. 1. Decision making algorithm for the volume expansion pro-
tocol (VEP). EMR � electronic medical record.
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rib fractures (807.03–807.19), flail chest (807.4), pneu-
mothorax or pneumohemothorax (860.0, 860.1, 860.4,
860.5), and pulmonary contusion (861.21, 863.31). The
injury severity score is based on the abbreviated injury
score, with values ranging from 0 (no injury) to 75 (most
severe).

Primary outcomes were hospital days, ward days, and
ICU days. Unplanned admission to the ICU was ascer-
tained from the medical record if a subject was transferred
to the ICU after admission to the ward; we report the
overall number as well as the number of subjects who
were admitted to the ICU for respiratory reasons (eg, hyp-
oxia or increased work of breathing). Additionally, we
examined whether subjects were dispositioned directly
from the emergency department to the ward, the use of
bronchodilators (ipratropium bromide, albuterol) during
hospitalization, and mortality.

Statistical Procedures

All analyses were performed with IBM SPSS Basic Sta-
tistics for Windows 20.0 (IBM Corp, Armonk, New York).
Descriptive statistics were examined and are reported for
continuous data as medians and interquartile ranges; cat-

egorical data are reported as counts and percentages. Dif-
ferences between medians were assessed using the Kruskal-
Wallis test by ranks, and nominal data were compared
using Pearson chi-square test. Post hoc pairwise compar-
isons were used to determine where the differences existed
between groups.

Ordinary least squares multiple regression analysis was
used to determine whether the protocol was associated
with decreased hospital stay. Histograms and analysis of
residuals revealed that 2 subjects in the pre-protocol phase
were outliers with hospital stays that exceeded 30 d; these
subjects were eliminated from the final regression model.
The Durbin-Watson test was then used to test for autocor-
relation. Initial regression models were tested with satu-
rated main effects in the first step; the variables contrib-
uting least to the model were omitted, and only the final
equation is presented. All statistical tests are 2-tailed and
based on a .05 significance level.

Results

A total of 150 subjects were included in the study, with
50 subjects in each of the 3 phases. Table 1 shows the
demographic and diagnostic characteristics of subjects in

Table 1. Demographic and Diagnostic Characteristics of the Study Sample

Characteristics Pre-Protocol (n � 50) Phase 1 (n � 50) Phase 2 (n � 50) P

Male sex, n (%) 35 (70) 31 (62) 35 (70) .62
Age, median (IQR) y 60 (46–75) 63 (54–73) 59 (36–78) .47
BMI, median (IQR) kg/m2 28 (24–33) 29 (25–34) 28 (23–33) .77
History of COPD, n (%) 7 (14) 9 (18) 6 (12) .59
Current smoker, n (%) 8 (16) 16 (32) 14 (28) .16
Injury mechanism of fall, n (%) 19 (38) 25 (50) 22 (44) .48
Injury severity score, n (%) 19 (10–25) 13 (9–17) 10 (9–19) .002
Chest injury (not mutually exclusive), n (%)

Rib fractures 29 (58) 37 (74) 29 (58) .16
Pulmonary contusion 22 (44) 12 (24) 9 (18) .01
Pneumothorax 4 (8) 5 (10) 10 (20) .15
Flail chest 2 (4) 2 (4) 0 (0) .36

Payer source (not mutually exclusive), n (%)
Commercial insurance 26 (52) 19 (38) 17 (34) .16
Medicare 19 (38) 23 (46) 20 (40) .70
Medicaid 1 (2) 4 (8) 10 (20) .01
Uninsured 4 (8) 5 (10) 3 (6) .76

Operative procedure, n (%) 14 (28) 7 (14) 7 (14) .12
Fracture fixation 7 (50) 5 (71) 4 (57) .61
Spinal fusion 4 (29) 0 (0) 3 (43) .14
Other 3 (21) 2 (29) 0 (0) .24

Discharge to home, n (%) 29 (58) 36 (72) 35 (70) .28
Discharge to skilled nursing facility, n (%) 13 (26) 8 (16) 5 (10) .10

N � 150.
IQR � interquartile range
BMI � body mass index
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each phase of the study. Subjects in the pre-protocol phase
had a significantly higher median injury severity score
(19) than subjects in phase 1 (13) or phase 2 (10); post hoc
pairwise comparisons indicate significant differences be-
tween the pre-protocol phase and phase 1 (P � .02), as
well as between the pre-protocol phase and phase 2
(P � .003). More than one quarter of subjects in the pre-
protocol phase received an operative procedure during their
hospital stay. This rate was reduced to 14% in both phase 1
and phase 2, but the difference across the phases was not
statistically significant. Payer status was consistent across
phases; however, there were significantly more subjects on
Medicaid in phase 2 than in the other phases.

More than half of subjects in each phase had a diagnosis
of rib fractures. Notably, a significantly higher percentage
of subjects in the pre-protocol phase had a diagnosis of
pulmonary contusion compared with the protocol phases.
No other significant differences in diagnoses were noted
between phases; nor were there any statistically significant
differences across the phases in subject age, injury mech-
anism, comorbid medical conditions, or discharge dispo-
sition.

Improvements in Subject Outcomes

Table 2 shows that there was a significant decrease
across the phases in hospital stay, with post hoc pairwise
comparisons noting the main effects between pre-protocol
and phase 1 (P � .01) as well as between pre-protocol and
phase 2 (P � .001). There also was a significant decrease
in ward days, with the most significant decrease between
pre-protocol and phase 2 (P � .001). ICU stay signifi-
cantly decreased between pre-protocol and phase 1
(P � .02).

More subjects were dispositioned from the emergency
department to the ward in the protocol phases as compared
with the pre-protocol phase. Additionally, the percentage
of subjects with an unplanned admission to the ICU was
reduced from 12% in the pre-protocol phase and phase 1 to

0% in phase 2. Bronchodilator use was lower in the pro-
tocol phases than in the pre-protocol phase, but the change
was not statistically significant.

Because the injury severity score differed significantly
between phases, multivariate regression was used to ana-
lyze the effect of the protocol on hospital stay. After 2
outliers were removed, analyses confirmed model fit
(P � .001). As shown in Table 3, receiving a protocol
assessment significantly reduced duration of hospitaliza-
tion, even after controlling for age, injury severity score,
unplanned admission to the ICU, and operative proce-
dures. It is noted that when all else is equal, subjects who
met protocol inclusion criteria and received a volume ex-
pansion protocol assessment had a decrease in the overall
stay by approximately 1.5 d.

Discussion

A prophylactic respiratory protocol was associated with
reduced hospital stay as well as an elimination of un-
planned admission to the ICU in a population of trauma
subjects. This is similar to prior findings in trauma popu-
lations12,35 and contradictory to claims that such protocols
are ineffective.8,23,25,27 Earlier work on preventive respira-
tory protocols has been conducted in patient populations
with known respiratory disease (eg, COPD or cystic fibro-
sis), whereas this study examined a general trauma popu-
lation at risk for respiratory compromise. Receiving a pro-

Table 2. Subject Outcomes

Outcomes Pre-Protocol (n � 50) Phase 1 (n � 50) Phase 2 (n � 50) P

Hospital stay, median (IQR) d 8 (5–15) 5 (4–8) 4 (3–10) .001
Ward stay, median (IQR) d 6 (4–10) 4 (3–7) 4 (2–7) .001
ICU stay, median (IQR) d 2 (0–6) 1 (0–2) 0 (0–3) .01
Discharged from emergency department to ward, n (%) 16 (32) 28 (56) 25 (50) .043
Unplanned admission to ICU (all reasons), n (%) 6 (12) 6 (12) 0 (0) .038
Unplanned admission to ICU (respiratory), n (%) 4 (8) 4 (8) 0 (0) .12
Use of bronchodilators, n (%) 16 (32) 8 (16) 9 (18) .11
Died, n (%) 1 (2) 1 (2) 0 (0) .60

N � 150.
IQR � interquartile range

Table 3. Regression on Hospital Days

Characteristics � P

Age 0.04 .036
Injury severity score 0.23 �.001
Unplanned admission to ICU 6.25 �.001
Received operative procedure 4.94 �.001
Respiratory protocol assessment �1.62 .053
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tocol assessment decreased hospital stay by approximately
1.5 d, even after controlling for important clinical factors.

In the pre-protocol phase and phase 1, the rate of un-
planned admission to the ICU was 12%, which was higher
than rates reported in the literature, which range from 4 to
5%.11,36 In phase 2, none of the 50 subjects who met study
inclusion criteria experienced an unplanned return to the
ICU for any reason. This is a favorable finding, and further
investigation is warranted to determine whether the im-
provement is sustainable. It is also notable that the proto-
col inclusion criteria in phase 2 were effective in identi-
fying subjects who did not need prophylactic respiratory
treatment. Only one subject in the phase 2 study period
failed to meet protocol inclusion criteria and experienced
an unplanned admission to the ICU for a respiratory cause.
It was determined that the subject failed to meet protocol
inclusion criteria due to incomplete documentation of the
subject’s respiratory disease history.

It is noteworthy that the median age of subjects in all
phases of the study was approximately 60 y. Many trauma
centers are experiencing increases in the geriatric popula-
tion, and this population is also more vulnerable to pul-
monary disease and respiratory complications.8,37 Chest
trauma may exacerbate preexisting conditions and put this
population at risk for adverse events.8 Identification and
preventive treatment of at-risk patients is paramount when
providing quality care to an aging population.

Because substantial improvements in outcomes were not
noted after phase 1, the study team revised the protocol
and collected an additional phase of data. We believe the
insignificant findings from phase 1 were due to a variety
of factors. First, when protocol initiation was at the dis-
cretion of the physician, only half of eligible subjects re-
ceived an order for the protocol. Subjects with rib fractures
were more likely to have the protocol ordered than those
without this diagnosis, which suggests that providers may
have ordered the protocol for subjects with thoracic inju-
ries and not ordered the protocol for those perceived in-
eligible. Results from phase 2 demonstrated that protocol
adherence was improved when it was initiated by the phy-
sician or the respiratory therapist. This is consistent with
results from other studies that found adherence may be
higher when respiratory therapists play a role in initiating
protocols.38,39

Second, the number of protocol inclusion criteria was
reduced in phase 2. It was determined that phase 1 criteria
were overly inclusive and captured subjects without in-
creased risk for respiratory compromise. For example, all
patients with an ICU stay of �48 h before admission to the
ward were included in phase 1, regardless of chest injury
or expected immobility. The limited criteria from phase 2
not only achieved the desired results but also used valu-
able hospital resources more efficiently.

Two additional findings were noteworthy and unex-
pected. First, more subjects were dispositioned from the
emergency department to the ward as compared with the
pre-protocol phase. This may be the result of lower patient
acuity but also may reflect increased physician comfort to
admit patients directly to the ward because of the avail-
ability of respiratory therapists to promptly evaluate and
monitor patients. Second, study results show an important
reduction in the use of bronchodilators, including albuterol
and ipratropium. Before protocol initiation, there were no
standards for RT involvement in trauma patient care, and
there was inconsistency in the manner in which patients
received respiratory treatments. The use of nebulized bron-
chodilators may have been used as a proxy to bring RT to
the bedside after patients experienced worsening respira-
tory processes, such as shortness of breath or increased
work of breathing; this is consistent with literature that
documents the overprescription of bronchodilators by phy-
sicians.38 With the respiratory protocol, subjects were eval-
uated by RT before they experienced respiratory problems,
and appropriate treatments were ordered for the subjects’
specific conditions. Bronchodilators are not without side
effects, and routine administration of bronchodilators is
not recommended,25,38,39 so this reduction is a favorable
finding.

The study has several limitations. First, some data were
collected retrospectively, and we could only ascertain in-
formation that was documented in the electronic medical
record. Second, low physician adherence to ordering the
protocol in phase 1 was partially a limitation of the elec-
tronic medical record. If a patient was receiving RT treat-
ments in the ICU, the protocol was not issued automati-
cally at the time of transfer to the ward. Efforts are under
way at the study hospital to improve the process for or-
dering the protocol so that all trauma patients are evalu-
ated by a respiratory therapist at the time of admission to
the ward.

Third, the pre-protocol population had a higher median
injury severity score than and more operative procedures
than subjects in either study phase (see Table 1). Although
the majority of demographic and diagnostic characteristics
were similar across the study phases, subjects in the pre-
protocol phase were considered more injured than subjects
in the protocol phases. However, multivariable regression
controlled for injury severity score and other clinical fac-
tors, and results still suggest that receiving the protocol
assessment resulted in decreased hospital stay.

Finally, we echo the conclusion of Harbrecht et al12 that
it is difficult to know whether the reduced stay was di-
rectly due to the respiratory protocol or other factors. As
Andrews et al23 have noted, clinical care is complex, and
many factors can impact clinical outcomes; this makes it
difficult to ascertain the effect of specific interventions.
Additionally, results are derived from a single trauma cen-
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ter, and further investigation is warranted to determine
whether similar results are achievable in a different set-
ting. We believe our findings are supportive of the respi-
ratory protocol, but replication is required to determine
whether clinical improvements were due to the protocol or
simply due to chance.

Conclusion

This study demonstrates that a prophylactic respiratory
therapy protocol improved outcomes for trauma subjects
at a Level 1 trauma center. Identifying patients at risk for
respiratory compromise can mitigate adverse events and
ultimately improve the course of the hospital stay.
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