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Background: Optimizing human re-
sources at trauma facilities may increase
quality of care. The purpose of this study
was to assess whether staffing changes
within a Level I trauma center improved
mortality and shortened length of stay
(LOS) for trauma patients.

Methods: Mortality, hospital LOS,
and intensive care unit LOS were evalu-
ated during three time periods: trauma
service coverage by in-house general sur-
gery residents and attendings (“group 1”),
the creation of a core trauma panel with
in-house trauma surgeons (“group 2”),
and the addition of physician assistants
(PAs) to the core trauma panel (“group

3”). Logistic regression and �2 tests were
used to compare mortalities, and multiple
linear regression, t-tests, and median tests
were used to compare LOS.

Results: There were 15,297 adult pa-
tients with trauma included in the analy-
sis. After adjustment for transfers-in,
mechanism of injury, injury severity
score, age, and head injury, the presence
of in-house trauma surgeons (group 2) de-
creased the following compared with
group 1: overall mortality (3.12% vs.
3.82%, p � 0.05), mortality in the severely
injured (11.41% vs. 14.83%, p � 0.02),
and median intensive care unit LOS (3.03
days vs. 3.40 days, p � 0.006). The intro-

duction of PAs to the core trauma panel
(group 3 vs. group 2) decreased overall
mortality (2.80% vs. 3.76%, p � 0.05),
and reduced mean and median hospital
LOS (4.32 days vs. 4.69 days, p � 0.05;
and 3.74 days vs. 3.88 days, p � 0.02,
respectively).

Conclusion: The presence of in-house
core trauma surgeons and PAs improves
management and outcome of critically
injured trauma patients within a level I
trauma center.
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Improved outcomes for patients treated at designated
trauma centers are well established.1–8 Although outcomes
are optimized with field triage to a trauma center, there are

no optimal staff models at trauma centers; human resources
vary widely and change frequently. Historically, many
trauma centers were staffed by year-4 general surgery resi-
dents with at-home attending trauma surgeons as back-up.
Reduced resident work hours created coverage and continuity
of care gaps necessitating changes in staffing models.9–11

Increased work hours, reduced case loads, and inadequate
reimbursement for time and effort spent discourage both
current and future surgeons from seeking a trauma career.
Many level I trauma centers have used dedicated trauma
surgeons, but with a shortage of full-time trauma surgeons in
the United States, this practice is not widespread.11,12 Many

centers have chosen to use physician extenders to fill the
gaps.9,10,13–15 Physician extenders, or midlevel providers, in-
clude nurse practitioners and physician assistants (PAs). The
use of physician extenders is an increasingly preferred alter-
native after the 80-hour work week mandates for surgical
residents were implemented.13,14,16

PAs have been shown to play a complementary role in
trauma and critical care settings.10,14,16 A reduction in length
of stay (LOS) was demonstrated but without effect on mor-
tality when PAs: (a) replaced surgical residents;15 (b) were
added to an existing surgical residency program;13 and (c)
used in conjunction with trauma surgeons.9,15 The impact of
full-time trauma surgeons versus part-time trauma surgeons
or general surgery residents has been mixed; some have
reported improved outcomes,12 whereas others contend there
is no change in mortality with full-time trauma surgeons.11 A
commitment to enhance the trauma program through in-house
attending coverage, a dedicated trauma admitting unit, regu-
lar trauma core curriculum, and multidisciplinary quality as-
surance meetings, improved patient outcomes.17

The purpose of this study was to assess whether staffing
changes within the same level I trauma center improved
mortality and shortened hospital and intensive care unit (ICU)
LOS for patients with trauma. Specifically, we examined the
mortality and LOS of the trauma center when staffed primar-
ily by independent general surgery attendings with partial
surgical resident coverage, then exclusively by dedicated
trauma surgeons (core trauma panel), and lastly, when PAs
were added to the core trauma panel.
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PATIENTS AND METHODS
Patient Population

St. Anthony Central Hospital (SAH) is an urban, community-
based level I trauma center serving the Denver metropolitan
area. The trauma panel has historically covered both trauma
and general surgical emergencies. During the initial phase of
this study period, fourth year surgery residents provided in-
house call with individual private practice surgeons providing
call from home. When the surgical resident rotation was
phased out, the surgery attendings filled the coverage gaps,
and eventually replaced the in-house coverage provided by
residents. The surgeons continued the care of their patients
individually through the course of the hospitalization. Sub-
sequently, a core trauma panel was developed that cared for
patients as a dedicated service with daily sign-out rounds and
enhanced multidisciplinary ICU rounds. Finally, 24 hour in-
house trauma PAs were incorporated into the service.

This study is a retrospective review of consecutively
admitted patients with trauma at SAH between July 1, 1999
and June 30, 2006 who were 18 years of age or older and who
were not transferred from SAH emergency department (ED)
to another acute care facility. Records of patient with trauma
were prospectively collected and entered into the database by
dedicated trauma registrars. Before review, this study was
approved by the SAH institutional review board.

Statistical Analysis
Analyses were performed comparing three groups:

1. Group 1 (July 1, 1999 through June 30, 2002): the
trauma service was staffed by full-time, in-house post-
graduate year-4 general surgery residents with attend-
ing back up from home, followed by a transition to a
trauma service staffed with in-house independent gen-
eral surgeon attendings.

2. Group 2 (July 1, 2002 through June 30, 2005): the
trauma service implemented a core trauma panel con-
sisting of full-time, in-house trauma surgeons, without
PAs or residents.

3. Group 3 (July 1, 2005 through June 30, 2006): dedicated
trauma service PAs were added to the core trauma panel.

Measured outcomes across the three groups included
overall mortality and mortality for patients with Injury Se-
verity Score (ISS) �15; and hospital LOS and ICU LOS,
measured in days.

Statistical analyses were performed using SAS software,
version 9.1.3 (SAS Institute, Cary, NC). For physiologic vital
signs, established clinical definitions were used: hypotension
on admission was defined as �90 mm Hg (vs. 90� mm Hg),
and respiratory rate was categorized into normal (10–29),
low (�10), and high (�29).18 Dichotomous variables in-
cluded mechanism of injury (blunt vs. penetrating), age (�55
and �55); transfer status (patients transferred into our hos-
pital for a higher level of care); severe head injury (Abbre-
viated Injury Scale [AIS] score �3); and gender. ISS was

categorized into minor/moderate injuries (�15), severe inju-
ries (15–24), and very severe injuries (�25) (Table 1). Head
injury was defined continuously using AIS score in the mul-
tivariate regression analyses.

In the univariate analyses, �2 tests were used to deter-
mine whether there were significant differences across groups
for demographic and clinical covariates (groups 1 vs. 2 vs. 3),
as defined in Table 1. Significance testing for unadjusted
outcomes were performed within groups (group 1 vs. 2, 1 vs.
3, and 2 vs. 3) using �2 tests for unadjusted mortality, and
t-tests for unadjusted LOS outcomes. The False Discovery
Rate (FDR) method is used to correct for multiple hypothesis
testing, and was applied to adjust our collection of three p
values from the �2 tests and the t-tests.

Multivariate logistic regression models were used to de-
termine whether staffing changes were an independent pre-
dictor of mortality, as well as the effect of staffing changes on
mortality of severely injured patients. Covariates that were
different across groups (p value �0.15) were adjusted for in
the model, in addition to age. Odds ratios (ORs) less than 1.0
represent a reduction in mortality for comparison groups to
the referent group. Statistical significance was set at p value
�0.05, and p values were corrected using the FDR method.
Adjusted percent mortality was calculated using the follow-
ing formula: q � (p � OR)/(1 � p � p � OR), where p
equals the adjusted mortality for the referent group, OR is
derived from the logistic regression equation, and q equals
the adjusted mortality for the comparison group.

Multiple linear regression models were used to deter-
mine LOS (hospital and ICU) outcomes. Covariates that were
different across groups (p value �0.15) were adjusted for in
the model, with continuously defined covariates for age and
ISS. T-tests (for means) and median tests were used to de-
termine whether adjusted LOS outcomes were statistically
different between groups. Brown-mood tests were used to
determine whether the distribution of the adjusted LOS out-
comes were statistically different across groups. Statistical
significance was set at p value �0.05, and p values were
corrected using the FDR method.

RESULTS
Population Demographics

A total of 15,297 patients with trauma were admitted
between July 1, 1999 and June 30, 2006. There were 6,365
patients (41.6%) admitted and treated by group 1; 6,599 patients
(43.14%) admitted and treated by group 2; and 2,333 patients
(15.25%) admitted and treated by group 3. Statistically sig-
nificant differences in patient demographics across the three
groups were observed, including ISS, head injury, and trans-
fer status (p � 0.001), as seen in Table 1. There was a higher
proportion of more severely injured patients in group 3 than
group 2 (p � 0.02) and group 1 (p � 0.001), more patients
admitted with a severe head injury during group 3 compared
with group 2 (p � 0.001) and 1 (p � 0.001), and fewer
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patients transferred into SAH during group 2 than group 1
(p � 0.003) and group 3 (p � 0.001).

Regression analyses were performed on only complete
data; patient records with missing response or explanatory
variables were excluded from the analysis, and no attempt
was made to substitute missing values for any patient records.
Patient records excluded from analyses were as follows: 133
patients without ISS or head AIS; 6 patients with unknown
sex; 2 patients without transfer status; and 53 patients with
unknown mechanism of injury. Patients with missing ISS
included patients with injuries that could not be coded
(drowning, hanging, hypothermia, etc.), and patients with
trauma who died in the ED without autopsy information.
Mortality rates for excluded patient records were not statis-
tically different when compared with included patient records
(p � 0.16). Multivariate logistic regression analyses included
98.8% of the patient records among the total population, and
99.8% of patient records among severely injured patients
(ISS, 16–75).

Overall Mortality
Between July 1, 1999 and June 30, 2006, the overall

crude mortality rate was 3.69%, with 565 deaths of 15,297
patients. Chi-square tests were computed for overall unadjusted
mortality by group and no statistically significant decreases were
observed for any comparison using FDR-corrected p values
(Table 2). A multivariate logistic regression was performed to
examine the independent effect of staffing changes on mor-

tality, adjusting for age, ISS, mechanism of injury, severe
head injury, and transfers into SAH. The adjusted mortalities
and the adjusted OR (with 95% confidence intervals [CIs])
are presented in Table 3.

After adjustment, there was a statistically significant
overall decrease in mortality for all group comparisons after
correcting for multiple hypothesis testing. Overall mortality
was decreased for group 2 compared with group 1 (3.12% to
3.82%; adjusted [OR], 0.81; [95% CI], 0.66 � 0.999; p �
0.05), and group 3 compared with group 1 (2.32% vs. 3.82%,
adjusted [OR], 0.60; [95% CI], 0.45 � 0.81; p � 0.003).
Adjusted mortality also decreased significantly for group 3

Table 1 Demographics by Group at St. Anthony Central Hospital (SAH)

Group 1 % (n) Group 2 % (n) Group 3, % (n) p Missing (n)

Age 0.78 0
�55 65.39 (4,162) 65.96 (4,353) 65.50 (1,528)
�55 34.61 (2,203) 34.04 (2,246) 34.50 (805)

Mechanism 0.14 53
Blunt 95.48 (6,062) 95.40 (6,265) 94.50 (2,200)
Penetrating 4.52 (287) 4.60 (302) 5.50 (128)

Gender 0.25 6
Male 61.28 (3,899) 62.05 (4,093) 63.21 (1,474)
Female 38.72 (2,464) 37.95 (2,503) 36.79 (858)

ISS �0.001 133
�16 79.39 (4,988) 75.02 (4,918) 72.60 (1,688)
16–24 10.52 (661) 13.13 (861) 14.84 (345)
�24 10.09 (634) 11.85 (777) 12.56 (292)

Transfer �0.001 2
No 69.52 (4,424) 65.43 (4,317) 69.52 (1,622)
Yes 30.48 (1,940) 34.57 (2,281) 30.48 (711)

Head injury �0.001 133
AIS �3 16.00 (1,005) 17.66 (1,158) 20.73 (482)
AIS �3 84.00 (5,278) 82.34 (5,398) 79.27 (1,843)

Systolic blood pressure 0.82 755
�90 97.10 (5,751) 97.28 (6,189) 97.16 (2,193)
�90 2.90 (172) 2.72 (173) 2.84 (64)

Respirations/min 0.85 1,094
11–29 96.40 (5,600) 96.73 (6,009) 96.70 (2,110)
�11 or �29 3.60 (209) 3.27 (203) 3.30 (72)

Group 1: general surgery residents; group 2: core trauma panel; group 3: core panel � physician assistants.
ISS, injury severity score; AIS, abbreviated injury scale; BP, blood pressure; min, minute.

Table 2 Unadjusted Mortality and Length of Stay
Outcomes by Group

Overall FDR, p Value*
(Group) ISS 16–75 FDR, p Value*

(Group)

Unadjusted % mortality (n)
Group 1 3.82 (243) 0.86 (1 vs. 2) 14.83 (192) 0.04 (1 vs. 2)
Group 2 3.76 (248) 0.30 (1 vs. 3) 12.21 (200) 0.006 (1 vs. 3)
Group 3 3.18 (74) 0.30 (2 vs. 3) 9.73 (62) 0.02 (2 vs. 3)

Hospital
LOS

FDR, p Value*
(Group) ICU LOS FDR, p Value*

(Group)

Unadjusted length of stay (d)
Group 1 4.46 0.003 (1 vs. 2) 4.97 0.58 (1 vs. 2)
Group 2 5.28 0.02 (1 vs. 3) 5.12 0.29 (1 vs. 3)
Group 3 5.10 0.36 (2 vs. 3) 5.61 0.29 (2 vs. 3)

* The FDR p value, correcting for multiple comparisons.
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compared with group 2 (2.80% vs. 3.76%; adjusted [OR],
0.74; [95% CI], 0.55 � 0.99; p � 0.05).

Mortality (ISS >15)
There were 3,570 patients (23.34%) with an ISS �15

(n � 1,295 for group 1, n � 1,638 for group 2, and n � 637
for group 3). There was a statistically significant decrease in
the unadjusted mortalities of severely injured patients for all
group comparisons, after correcting for multiple hypothesis
testing (Table 2). Compared with group 1, unadjusted mor-
tality was significantly reduced during group 2 (12.21% vs.
14.83%, p � 0.04) and during group 3 (9.73% vs. 14.83%, p �
0.006). Mortality was also significantly reduced for group 3
compared with group 2 (9.73% vs. 12.21%, p � 0.02).

Adjusted mortalities are presented in Table 3. The
mortality was significantly reduced for group 2 compared
with group 1 (11.41% vs. 14.83%; adjusted [OR], 0.74;
[95% CI], 0.58 � 0.94; p � 0.02) and group 3 compared
with group 1 (9.03% vs. 14.83%; adjusted [OR], 0.57;
[95% CI], 0.41 � 0.80; p � 0.003). However, the presence
of PAs did not independently reduce mortality of severely
injured trauma patients (adjusted [OR], 0.77; [95% CI],
0.55 � 1.08; p � 0.13).

Hospital length of stay
There were 14,568 patients with a hospital LOS of one or

more days. Patients included in the trauma registry who were
not admitted to the hospital include patients who were dis-
charged from the ED, died in the ED, and were transferred to
another acute care facility. Patients transferred to other acute
care facilities include children and patients with severe burns.
The mean unadjusted LOS in the hospital (days) was signif-
icantly longer during group 2 and group 3 compared with
group 1 (group 2, 5.28 days vs. 4.66 days; p � 0.003; and
group 3, 5.10 days vs. 4.66 days; p � 0.02) (Table 2).

After adjustment, the mean and median hospital LOS
was not significantly different for group 2 compared with

group 1 (Table 4). However, the mean hospital LOS was
reduced for group 3 compared with group 2 (4.32 days vs.
4.69 days, p � 0.05) and group 1 (4.32 days vs. 4.62 days,
p � 0.05). Likewise, the median adjusted hospital LOS was
significantly shorter during group 3 compared with group 2
(3.74 days vs. 3.88 days, p � 0.02) and group 1 (3.74 vs. 3.94
days, p � 0.003).

Intensive Care Unit length of stay
ICU LOS was calculated for all patients with an ICU

LOS of one or more days (n � 3260). The mean unadjusted
ICU LOS was not significantly different between groups after
correcting for multiple hypothesis testing (Table 2). After
adjustment, there was no significant change, by group, in the
mean ICU LOS (Table 4). However, median ICU LOS was
significantly shorter for group 2 and group 3 compared with
group 1 (2 vs. 1: p � 0.006; 3 vs. 1: p � 0.003). Median ICU
LOS for group 3 versus group 2 did not reach significance
(p � 0.17).

DISCUSSION
This study compares three time periods with varying

levels of trauma faculty and human resource involvement
within the same hospital. To our knowledge, it is the first
study to compare several forms of staff commitment to
trauma care, including the transition from private general
surgeons with and without residents to an in-house core
trauma panel without residents and eventually adding dedi-
cated in-house trauma PAs. Previously published studies re-
ported the effects of adding midlevel providers (including
PAs) to a trauma service staffed by surgical residents. Miller
et al.9 first reported the addition of PAs to a trauma service
staffed with trauma surgeons as opposed to surgical residents.
The presence of PAs decreased LOS and transfer times com-
pared with the preceding period (trauma surgeons only), but
their presence had no effect on mortality. Oswanski et al.15

reported the effects of substituting surgical residents for PAs
at a level I trauma center with in-house trauma surgeons.

Table 3 Adjusted Mortality Outcomes by Group

Overall Adjusted Mortality*

% Mortality
(Group)

% Mortality
(Group) OR 95% CI FDR, p Value†

3.82 (1) 3.12 (2) 0.81 0.66–0.99 0.05
3.82 (1) 2.32 (3) 0.6 0.45–0.81 0.003
3.76 (2) 2.80 (3) 0.74 0.55–0.99 0.05

Adjusted Mortality, ISS 16–75*

% Mortality
(Group)

% Mortality
(Group) OR 95% CI FDR, p Value†

14.83 (1) 11.41 (2) 0.74 0.58–0.94 0.02
14.83 (1) 9.03 (3) 0.57 0.41–0.80 0.003
12.21 (2) 9.67 (3) 0.77 0.55–1.08 0.13

* Adjusted for: Injury severity score, age, mechanism of injury,
head injury and transfer status.

† The FDR p value, correcting for multiple comparisons.

Table 4 Adjusted Length of Stay Outcomes by Group

Mean
LOS

FDR p Value†

(Group)
Median

LOS
FDR p Value†

(Group)

Adjusted hospital LOS (d)*
Group 1 4.62 0.59 (1 vs. 2) 3.94 0.11 (1 vs. 2)
Group 2 4.69 0.05 (1 vs. 3) 3.88 0.003 (1 vs. 3)
Group 3 4.32 0.05 (2 vs. 3) 3.74 0.02 (2 vs. 3)

Mean
LOS

FDR p Value†

(group)
Median

LOS
FDR p Value†

(group)

Adjusted ICU LOS (d)*
Group 1 4.41 0.87 (1 vs. 2) 3.40 0.006 (1 vs. 2)
Group 2 4.23 0.87 (1 vs. 3) 3.03 0.003 (1 vs. 3)
Group 3 4.36 0.87 (2 vs. 3) 2.84 0.17 (2 vs. 3)

* Adjusted for: Injury severity score, age, mechanism of injury,
head injury, and transfer status.

† The FDR p value, correcting for multiple comparisons.
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Their findings suggest no marked improvement in mortality
with PAs; however, LOS (from ED to floor) was reduced.

Contrary to the earlier studies, we found that the addition
of PAs significantly reduced overall mortality as well as
mean and median LOS in the hospital. The addition of PAs to
the trauma panel reduced overall mortality by 25.5%. The
significant percent reduction in mean and median hospital
LOS with addition of PAs to the trauma service was 7.9% and
3.6%, respectively. The presence of PAs did not significantly
reduce ICU LOS (mean or median), or mortality for the most
severely injured patients. However, the primary responsibil-
ities of PAs do not include provision of care for severely
injured patients and patients in the ICU, so these results were
expected.

Adjusted overall mortality and mortality for the most
severely injured trauma patients were both significantly re-
duced with a trauma service staffed with an in-house core
trauma panel (18.3% overall and 23.1% among patients with
ISS �15). The median ICU LOS decreased significantly
(10.9%) when trauma surgeons were present in-house.

The mean ICU LOS was not significantly reduced for
groups 2 and 3 compared with group 1, but there was a
significant reduction in median ICU LOS, reflecting a shift in
the distribution of ICU LOS. A larger proportion of patients
are (a) being discharged from the hospital and the ICU ear-
lier; and (b) staying in the ICU longer. We hypothesize that
these results may reflect an improvement in patient care
because a subset of patients who may have died are living and
extending their ICU LOS.

During the group 1 period, all patients with trauma were
cared for by a group of 10 to 12 general surgeons, none of
which were certified in critical care. During this time, the
hospital staff transitioned from being on-call to in-house.
During the group-2 period, the dedicated trauma surgeons
were available in-house 24 hours per day, with second-call
and third-call trauma attending backup available. No addi-
tional staffing changes were made during this time. The
dedicated trauma surgeons provided complete care to all
patients admitted with a traumatic injury, regardless of ICU
disposition or ISS. The core group of dedicated trauma sur-
geons includes four primary surgeons (two have critical care
certification) that take six to seven calls per month and work
24-hour shifts, in addition to two trauma surgeons that take
fewer calls and then sign out patients to the core group. The
addition of a dedicated core trauma panel resulted in reduced
mortality and ICU LOS. We believe that improved consis-
tency, coordination, and continuity of care contributed sig-
nificantly to these outcomes.

During the group-3 period, dedicated trauma service PAs
were added to the existing core trauma panel. The PAs are
nationally certified, have audited the advanced trauma life
support course, adhere to continuing medical education, and
attend weekly morbidity and mortality conferences. The PAs
attend to less severely injured trauma patients under the
supervision of the trauma surgeon, and work in conjunction

with the trauma surgeon to attend to severely injured patients
(ISS �15); the dedicated trauma surgeons cared for all pa-
tients who were admitted to the ICU. At our institution, there
are five PAs who share call; they work in 12-hour shifts (24
hours a day) and work one week on either the day or night
shift, followed by 1 week off. There is very little turnover,
most likely because of the shift work schedule and the high
level of job satisfaction. The role of the PA is both comple-
mentary and wide ranging; they: (1) provide continuity of
care and a “familiar face” to the patient with trauma; (2) round
with the trauma surgeons and provide additional knowledge on
the patient’s total course of stay; (3) perform tasks that
require follow up, including patient discharge and writing
prescriptions; (4) allow the trauma surgeons to concentrate on
the more severely injured patients; and (5) provide improved
communication between trauma service nursing and ancillary
services. The addition of PAs to the trauma service also
resulted in standardization of progress notes and admission
orders. Each of these factors speaks to an improvement in the
efficiency of the trauma service.

There are three limitations of the study that should
be considered. First, because of the retrospective nature of
the analysis, the database was predetermined, and not all of
the covariates which could be significantly associated with
outcomes were collected. For instance, changes in care that
were made during the study period were not all accounted for
in the statistical analyses, including improved technology and
new evidence-based protocols. However, the results that were
observed after addition of the PAs to the trauma service
(group 3 vs. group 2) should not significantly be confounded
by time and general improvements in technology or critical
care medicine, because this period was only one calendar
year. Second, the improvements in LOS and mortality that
were observed during group 2 compared with group 1 may be
confounded by patient volume; there were fewer surgeons
during group 2 compared with group 1, and the surgeons in
group 2 saw a higher volume of severely injured patients and
performed a higher volume of operations than the surgeons in
the group 1 period. Third, the group 1 period was character-
ized by a transition from on-call attending surgeons to in-
house surgeons, and the outcomes may not be homogenous
across the study period.

In conclusion, expanding commitment to trauma by
modifying the human resources available to patients with
trauma improved management and outcome of critically in-
jured trauma patients within our level I trauma center. Addi-
tional studies are needed to determine what, if any, the
optimal staff commitments to trauma care may be, particu-
larly at level I centers.
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