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Abstract

Background:

Failure rates remain high following attempted non-operative treatment of spleen injuries
despite progress made in identifying risk factors. Over the past thirty years, transportation times
were excluded from predictive models although rapid transportation was advocated to improve
patient outcomes. For patients living in a rural environment, this time may prove critical. The
purpose of this study was to assess the effect of transport time on survival rates and hospital
length of stay for patients selected to receive non-operative versus operative treatment.
Methods:

A 10-year retrospective review was conducted of patients ages 13 years and older who
presented to an American College of Surgeons-verified Level 1 trauma center between January
1, 2003 to December 31, 2012. Non-operative management (NOM) was defined as observation
with or without the adjunctive use of angiography (AE) or splenic artery embolization (SAE)
performed less than 2 hours from admission. Failed non-operative management (FNOM) was
defined as AE or SAE performed greater than two hours from admission, or a planned operation
greater than two hours from admission (POR) for any reason. Cox proportional hazard
regression and logistic regression analysis were conducted to identify factors associated with
hospital length of stay (H-LOS) and mortality. Covariates included: age, gender, injury severity
score (1SS), injury type (blunt versus penetrating), treatment group (POR, NOM, or FNOM),
time from admission to procedure, and transportation time from the time EMS received the 911

phone call to emergency department admission.



Results:

Among the 364 patients included in the final analysis, 11.0% (n=40) died before hospital
discharge. The median transport time was 64 minutes (average=92.6 = 81 minutes, range=6 to
480 minutes). The majority (92.9%, n=338) of patients underwent NOM, with 7.1% (n=26)
receiving POR. Among those 338 NOM patients, 92.3% (n=312) remained NOM after 2 hours,
and others had FNOM after 2 hours (7.7%, n=26). Those who received POR or NOM were
associated with 45.5% and 47.4% of the transportation time being less than 60 minutes,
respectively. After two hours, average ISS score by treatment group (POR, NOM, or FNOM) of
23.83, 21.96, and 28.07, respectively. Cox proportional hazard regression analysis reported that
ISS score was the only significant predictor for H-LOS. Logistic regression revealed that ISS
score and age were associated with mortality. Transport time was not statistically associated
with H-LOS or mortality.

Conclusion:

While not predictive of H-LOS or mortality, transportation time demonstrated that in
rural environments longer transportation times allow physiologic symptoms to manifest prior to
admission. Our results demonstrated that the majority (96%) of our FNOMSs occurred less than
six hours following admission and 100% less than 48 hours. We recommend intensive
observation during hospital days one, with less robust surveillance through hospital day two.

Discharge can be considered on hospital day three based on other injuries.
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Introduction
Background and Rationale

Treatment of splenic trauma remains a crucial part of trauma care due to highly vascular
nature of the organ as splenic hemorrhage can be unpredictable in onset, duration, and volume.
The spleen is located under the left upper ribs where it holds approximately 10 to 15% of the
body’s blood at any given time and is tied to the abdominal aorta by way of the celiac trunk.
Historically, the spleen was viewed as an expendable organ following injury but is now
recognized as a vital part of the immune system.

Splenic injuries result from either blunt or penetrating trauma. The spleen is the intra-
abdominal organ which is most frequently (60%) injured during blunt trauma.® In the United
States (U.S.), approximately 60% of all reported abdominal injuries involve isolated splenic
injuries.? In 2011, approximately 4,000 splenic injuries were reported to the National Trauma
Databank.® Among those patients who sustain blunt or penetrating splenic injury, mortality rates
are between 1 to 15% and 8 to 24%, respectively.*> Most (71%) splenic injuries occur as a
result of motor vehicle accidents followed by falls (18.4%), assaults (4.5%) and sporting injuries
(2.6%).° Less than 10% are the result of penetrating trauma including gunshot wounds, injury
from knives, and random occupational, recreational or home accidents.® Hospitalizations for
splenic injury average approximately $14,000 per episode, dependent on the mechanism of
injury, injury severity, treatment modality, and in-hospital complication rates.®

Risks following splenic injury include persistent or recurrent bleeding, which typically
manifest within two days of injury but may be delayed up to 30 days. Patients with splenic
injury often experience the development of hemoperitoneum, which is a pooling of blood in the

abdominal cavity. Other risks include compensated or uncompensated shock in the presence of



replacement fluids or blood products, the development of overwhelming post-splenectomy
infection, and death from exsanguination. Patients at highest risk include those demonstrating
hemodynamic instability, high injury grade and severity, older patients, large or expanding
hemoperitoneum, evidence of active bleeding (extravasation or blush) on computed topography
(CT) scan, associated injuries, medical history or concomitant medications which would
compromise efforts to control bleeding, and patients who are evaluated in a facility with limited
resources.

In a rural state, where those injured have further to travel to reach the highest level of
trauma care, patients are at risk for increased mortality.” Risk factors associated with rural
residency include: motor vehicle accidents with and without alcohol:® increased prevalence of
residential firearms,” agricultural machinery accidents,* and longer pre-discover periods are
major contributors to prolonged transportation times.® **

The definition of ‘rural’ has proven hard to quantify. The 2010 U.S. Census Bureau used
an urban-rural classification which was based on geographical areas.*? Urban clusters were
classified as those areas with greater than 50,000 residents. Rural areas were classified as
anyplace not labeled urban, or any place outside a town, city or urban cluster greater than 2,500
residents.'? In the U.S., approximately 59.4 million people (19.3%) reside in a rural setting.™
Older adults and children represent a larger percentage of the total rural population.* While less
than 20% of the U.S. population is classified as rural, this population makes up more than 60%
of trauma deaths.® In Kansas, rural areas are home to two-thirds of the state’s population,
(approximately 1.2 million people).**

Three types of medical facilities are typically found in rural states; trauma centers,

regional hospitals and critical access hospitals. These hospitals all play a critical role in the



stabilization of patients who sustain traumatic injury in a rural state, however any delay in
treatment can manifest in an increased risk of death, complications, increased hospital costs, and
hospital length of stay (H-LOS).™ Trauma centers can be accredited by The American College of
Surgeons Committee on Trauma (ACS-COT) or at the state level.*® If accredited by the ACS-
COT, hospitals are designated Level I to V. Level I and Il trauma centers both provide the
highest level of trauma care available, where Level I trauma centers also conduct research and
outreach. However, Level | and Il trauma centers across the U.S. are disproportionally
distributed, approximately 31% (rural) and 12% (urban) of residents live greater than one hour
from the highest level of trauma care.'’

Previous research has demonstrated more limited access to advanced trauma care in rural
environments.*®*® In 1995, Esposito et al. studied differences between transportation times
among patients presenting to trauma centers in urban and rural environments.?’ Their study
suggested discovery time and transportation time in rural locations was twice as long as that for
urban environments for the same type of injury. Further, the authors reported that the number of
emergency or trauma surgeons was six times greater in urban settings than in rural areas.?® In
2011, Sasser et al. demonstrated trauma care provided at a Level 1 trauma center was associated
with a 25% decrease in overall mortality compared to mortality following traumatic injury not
treated at a trauma center.! In 2010, Gomez et al. reported increased risk of mortality for
patients with traumatic injury who received initial care at a rural emergency department.” These
deaths occurred prior to transportation of the patient to a facility equipped to provide a higher
level of care. The authors concluded that the risk of ‘preventable deaths’ was twice as high in

rural settings.’



Following a literature search of over 250 articles, overall trauma outcomes in a rural state
were noted to be well studied, however splenic injury outcomes in a rural setting are largely
understudied (Figure 1).

Figure 1: Summary of Literature Review for Splenic Trauma

Number Trauma Trauma Year Published
of Studies Center Level Population

1 All levels All populations 2011

1 Level | Splenic traumas 1997

1 Level 3 All traumas 2007

1 Level 3 Splenic traumas 2013

Rural hospitals
' 1995, 2004,
4 Emergency All traumas 2006, 2013
Rooms

Risk of poor patient outcomes following traumatic injury has been documented in other
sources as well. In January 2014, The American College of Emergency Surgeons (ACEP)
released the annual Emergency Medicine Report Card. In the report, Kansas was ranked 44" in
the nation for Quality and Patient Safety Environment initiatives.?? The leading contributor was
identified as a lack of emergency medical services (EMS) guidelines and protocols which have
been identified as a challenge for the rural areas of the state.

While attempts have been made in the U.S. to extend an urban-based trauma system into
the rural environment, including predominately rural states like Kansas, it has been 17 years
since the last peer-reviewed medical paper specific to splenic injury was published. It is possible
current literature may not be generalizable to the one fifth of the U.S. population who account for

60% of the nation’s traumatic deaths each year.



Evaluation

The goal of evaluation is to quickly identify patients who are actively hemorrhaging, or
those patients at highest risk for delayed hemorrhage (Figure 2). Surgeons require updates on the
patients’ hemodynamic status throughout the evaluation process, and these are obtained through
repeated blood pressure measurements. If the patient is hemodynamically stable and does not
have other injuries which require immediate treatment, a splenic injury grade will be assessed by
obtaining a CT scan. Injury details will be obtained if possible to assist the surgeon in making
the correct choice of treatment modality.

Figure 2: Considerations Made by a Surgeon during a Splenic Injury Evaluation

Parameter Test or Assessment

Repeated blood pressures

CT scan

X-ray

Palpitation of the abdomen
F.A.S.T. exam

Force and direction

Deceleration versus compression
Type of weapon or instrument

Hemodynamic status
Other injuries or spleen injury grade

Blunt injury

Penetrating injury

The CT scan has been validated as being both sensitive and specific for presence and
location of bleeding, pseudoaneurysm, and occlusion (Figure 3).% Palpitation and Focused
Assessment with Sonography for Trauma (FAST) exam are performed on all suspected splenic
injured patients. The FAST exam has been validated as sensitive for the presence of blood in the
abdomen, but not specific for the origin of bleeding.?* If possible, the patient’s medical history
and concomitant medication use will be taken to assess for the presence of bleeding disorders
and use of blood thinners. Diminished mental status will be evaluated for association with
concomitant medications or the presence of shock. Laboratory tests will be obtained, however
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there are currently no tests which are sensitive or specific to splenic injury. In hospitals where an
interventional radiology suite is available, angiography (AE) may be performed to pinpoint the
location and size of any bleeding.

Figure 3: Evaluation Techniques Following Splenic Injury

Test Used to Detect

Focused Assessment with Sonography for = Presence of blood using ultrasound

Trauma (FAST) = Not sensitive for identification of
injuries

Diagnostic Peritoneal Lavage (DPL) = Presence of blood using an

abdominal catheter
= Not sensitive for identification of

injuries
Computed Tomography (CT) = Sensitive and specific
= Presence of blush, pseudoaneurysm,
occlusion

= Determination of injury grade

= Requires contrast

Interventional Radiology (angiography) = Pinpoints location and size of bleeds
= Can precede embolization

Patients often present with left rib fractures (rib numbers 10 to 12). A triad of left
hemidiaphragm elevation, left lower lobe collapse, and pleural effusion are also often seen.
Hemodynamically unstable patients are those with systolic blood pressure (SBP) less than 90
mmHg and heart rate greater than 120 bpm. Patients are considered to be in a life-threatening
situation if they demonstrate hemodynamic instability, are unresponsive to fluid challenge such
as administration of normal saline or blood products, and have no other signs of external
hemorrhage.

The purpose of diagnostics is to determine injury type, location, and severity. Injury
grades are assigned by radiologists utilizing the 1995 American Association for the Surgery of

Trauma (AAST) guideline grading scale (Figure 4).” Grade ranges fall into one of three



categories: low (Grades I and I1), mild (Grade I11), and severe (Grades IV and V1).% In addition
to injury grades, all traumatic injuries are assigned an anatomical injury severity score (I1SS)
which is an amalgamation of scores assessed for each individual body region.?® Injury scores
range from 0 to 75, with scores in excess of 15 denoting an injury with a higher potential for
complications or mortality.

Figure 4. American Association for the Surgery of Trauma (AAST) Guidelines for
Organ Injury Scaling for the Spleen

AAST
grade* Type Description of injury
| Hematoma  Subcapsular, < 10% of surface area
Laceration  Capsular tear, < 1 cm of parenchymal depth
I Hematoma  Subcapsular, 10%-50% of surface area
Jntroparenchyma hematoma, <5 cm in diameter
Laceration  1-3 cm in parenchymal depth not involving a parenchymal vessel
l Hematoma  Subcapsular, > 50% of surface area or expanding: ruptured
subcapsular or parenchymal hematoma
Infraparenchyma hematoma, > 5 cm in diameter
Laceration > 3 cm parenchymal depth or involving trabecular vessels
\Y Laceration  Laceration of segmental or hilar vessels producing major
devascularzation (> 25% of spieen)
Vv Locergtion  Completely shattered spleen
Vascular hilar injury that devascularized the spleen
*Advance |1 grode for mulfiple inunes fo He some organ, up fo grode L

Careful selection of patients who will require splenectomy is important as asplenic
patients risk the development of potentially lethal side-effects. The AAST treatment algorithm is
used to guide surgeons in the selection of patients for operative or non-operative treatment
following splenic injury (Figure 5).% Factors which affect a surgeon’s decision for treatment
type include an assessment of known risk factors and whether the patient is a good candidate for

operative treatment.



Figure 5: American Association for the Surgery of Trauma Splenic Injury
Treatment Algorithm

Blunt abdominal
trauma with suspected
splenic injury

v
| Surgical consultation ]

/\

rHemodynamically stable ] Hemodynarmically
unstable

v

Contrast-enhanced S
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and grading requiring laparotomy
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r
Anglography not Iindicated Anglography indicated Other criteria
1) AASTgradeliorll {aty;one ot e JCROWIIK)) 1)  Large hemoperitoneum
splenic injury 1) AAST gradelll, IVorV 2) Dropping hematocrit levels
2) No evidence of contrast splenic injury 3) Transient or recurrent
extravasation or splenic 2) Active contrast hypotension
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Patients with spleen injury can be treated with observation, surgery, or non-operative
management. The ACS-COT provide guidelines for the timeline under which treatment

.1® Recommendations are for a

decisions should be made following patient arrival at the hospita
commitment to a planned operative therapy (POR) in 90 minutes or less, or to non-operative

management (NOM) in two hours or less.*



An operative treatment option includes three general types of procedures; splenectomy,
partial splenectomy, and splenorrhaphy which is a repair of the spleen. Non-operative treatment
options include angiography without embolization (AE), splenic angioembolization (SAE) and
observation.

Cost of Treatment Choice

Hospital charges for POR and SAE differ and as the focus of hospitals and insurers turn
to controlling costs, may play a part in the surgeon’s decision regarding treatment choice. In
2011, Haan et al. reported total procedure charges independent of need for POR following failure
of non-operative management (FNOM) or as a result of emergent laparotomy were higher for
POR than SAE ($28,709 vs $19,062; p=0.016).%" However, total hospital costs and charges were
found to be similar between the two modalities.?’” The authors reported no statistical difference
between POR and FNOM groups associated with Intensive care unit length of stay (I-LOS), H-
LOS, complications or re-admission.?’

Planned Operative Treatment

Planned operative treatment is institutionally dependent and used in 18% to 40% of
cases.?® Eastern Association for the Surgery of Trauma (EAST) guidelines recommend POR for
patients who are hemodynamically unstable, unresponsive to fluid challenge, demonstrate no
signs for other external hemorrhage, or with higher acuity splenic injury grade (Grades IV and
V).%° Splenectomy was once considered the treatment of choice following splenic injury. The
procedure was associated with high mortality rates through the 1950°s when surgeons’ focus
shifted to splenic salvage. Careful selection of patients for operative treatment is critical due to
potentially life-threatening side effects including overwhelming post-splenectomy infection

(OPSI) and a lifetime of immunologic compromise.*® Other side effects include a lifelong



susceptibility to infection which may require prophylactic antibiotics prior to invasive
procedures and travel to locations with a high risk for infection. Research continues into the
immunologic side effects of both partial splenectomy and splenorrhaphy.
Non-Operative Management

Non-operative management includes less-invasive procedures (AE and SAE), as well as
observation.®** Splenic angioembolization is a radiologic procedure whereby blocking agents
are placed in damaged splenic arteries to occlude them, thus improving splenic salvage rates.*
These less-invasive arterial procedures are used to control less severe splenic hemorrhage among
the hemodynamically stable population. A critical analysis of the literature demonstrates that
observation and NOM procedures are associated with fewer in-hospital complications and are
reported to significantly improve mortality, H-LOS, and discharge disposition.***" In 2011,
Chen et al. reported that the mean hospital length of stay (H-LOS) following SAE was 10.4 + 5.6
days.®

Non-operative management is attempted in four out of five hemodynamically stable
patients who sustain a blunt splenic injury, and is associated with a reported success rate of
9505.%% 35363942 g ccess rates currently approach 95% in pediatric cases and 60-96% in adult
cases following careful patient selection for NOM.****? Non-operative management procedures
are used to selectively manage 50 to 70% of lower grade splenic injury cases, although success
in higher grade injuries have also been reported.® These procedures were previously
recommended by the EAST for; Injury Grades Il and higher, the presence of contrast blush on
CT, moderate hemoperitoneum, or clinical evidence of ongoing splenic bleeding.2%434
However, in 2012, updated EAST recommendations removed the following previously noted

contraindications for attempted NOM procedures; injury severity (based on CT-evidenced grade
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or size of hemoperitoneum), visible contrast blush on CT scan, neurologic status, age 55 and
greater, and polytrauma.” *>°" Past and present guidelines recommend patients who
demonstrate hemodynamically instability or intraperitoneal hemorrhage (as evidenced by a
positive FAST examination, or with a positive DPL examination receive emergency laparotomy
for a NOM procedure.”®*® In 1997, Gavant et al. reported that injury grade was a predictor of
FNOM, and it remains a leading indicator for NOM patient selection.®® Complications during or
following SAE include artery dissection, the development of abscess, cysts, left-sided pleural
effusions, or fever, renal insufficiency due to the contrast material used to obtain a CT scan, or
migration of the coll, if used.

Smith et al. reported an average time to angiography following hospital admission of 243
minutes (range 32 to 801 minutes).** These findings demonstrate the wide variability of time to
procedure. Not all arteries are eligible for SAE, but when indicated, surgeons will use a agents
that are either temporary (gelfoam) or permanent (metal coil).

Thirty years of research has identified clinical risk factors that guide surgeons in
determining whether a patient meets criteria for NOM, but a consensus has not yet been reached

27,32,36,37,39,4245.48.49.62 Those predictors considered

on the predictive nature of all of these factors.
thus far include hemodynamic status on admission, injury grade and severity, size of
hemoperitoneum, presence of blush or pseudoaneurysm on CT, associated injuries, patient age,
medical history, use of concomitant medications, presence and severity of other injuries and
available resources (e.g. physician skill level, angiographic facilities).? Controversy related to the

safety and efficacy of SAE may continue until predictive models are improved and are able to

decrease the incidence of FNOM.
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Failure of Non-operative Management

Non-operative management is not successful 100% of the time. When hemorrhage
resumes or escalates it may be necessary to intervene with SAE or POR outside of the 90 to 120
minute mark recommended by the ACS. When this situation occurs it is referred to as a failure
of non-operative management (FNOM). The surgeon’s goal is the prevention of FNOM through
selection of early surgical intervention for hemodynamically unstable patients or those with other
contraindications for NOM.®® Haan et al. reported the importance of attempting NOM among
hemodynamically stable patients, without the presence of peritoneal signs, in environments
capable of performing emergency laparotomy to ensure patient safety.®*

Failure of non-operative management occurs in 8% to 38% of cases.®*® Literature
demonstrates that 75% of FNOMSs will occur within 48 hours of hospital admission, 88% within
five days, and 93% within one week.?® The success rate following adjunctive NOM or POR
treatment is 60 to 96%.% While EAST recommendations for attempted NOM removed some
contraindications and perhaps lead to the development of FNOM, often FNOM is the result of a
latent manifestation of symptoms not immediately obvious to the attending surgeon, rather than
inappropriate treatment choice.”® Symptoms include; hemodynamic instability, ISS greater than
25, Injury Grades IV and V, age 40 or greater, generalized peritonitis, and other intra-abdominal
injuries requiring surgical exploration. Evidence of active extravasation on CT scan places a
patient at higher risk for FNOM.**

Ina 2011, in a meta-analysis of four prospective and 21 retrospective studies comparing
FNOM to successful NOM, Bhangu et al. reported that FNOM rates were associated with

significantly higher mortality rates; unselected age groups (OR 1.93, Cl 1.04-3.57), ages 55 years
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and less (OR 3.42, Cl 1.73-6.77), and ages 55 years and greater (OR 2.65, Cl 1.20-5.82).%"
Increased resource use, as well as longer 1-LOS and H-LOS were also associated with FNOM.®’
In 2006, Watson et al. reported the average H-LOS following FNOM was 16.9 + 0.7 days.®
Mean I-LOS was reported as 10.1 + 0.6 days.®
Time as a Risk Factor for FNOM

With the exception of mortality, the literature does not take into consideration the effect
of transfer time to the hospital on clinical outcomes following splenic injury.3*234%8 |n 1995,
Wyatt et al. assessed the time to death due to severe splenic injuries, inclusive of transportation
time to the hospital, and reported that most deaths occurred from one to six hours following
injury.®* Like splenic injury in a rural setting, which is understudied, transportation time as a
predictor of any outcome following splenic trauma has not been studied for 19 years. Delays in
reaching treatment of severe splenic injuries have also been assessed in association with
transportation time.3" 3% 3% %8 | these studies, transportation time was defined as starting at the
time of injury and was associated with an increase in mortality, frequently due to exsanguination.
31,32,34,68

More typically, time of hospital admission has been used to assess risk of FNOM.
Jeremitsky et al. evaluated the effect of elapsed time following admission to the hospital on
NOM by assessing 15,732 patients ages 13 and older who sustained non-isolated blunt splenic
injury.®® The authors reported a five percent failure rate for NOM greater than five hours after
admission, noting that injury grade was an important predictor for FNOM.*® Failure to include
transportation time in a risk assessment of these measures may underestimate the effect of
transportation time to the hospital on patient outcome. Additionally, most studies have focused

on patients treated at larger urban centers where time to definitive treatment is minimized
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compared to prolonged transportation times experienced by patients in rural environments. The
duration of transportation time to the hospital may be clinically relevant to the outcome of
treatment and the accurate prediction of those patients who will fail NOM

To date, no studies have compared hospital outcomes by treatment modality (POR,
NOM, or FNOM) that take into account transfer time to the hospital. In addition, no studies have
assessed transportation time as a risk factor for increased H-LOS or mortality in a rural state.
Such a comparison would allow surgeons to predict with confidence those patients who can
successfully be managed with NOM versus those who might benefit from operative intervention
upon admission. Results may indicate that transportation time has predictive capacity to lower
H-LOS, morbidity and incidence of FNOM.

The objective of this study was to evaluate the effect of transportation time on mortality
and H-LOS among patients with splenic injury in a rural environment. Specifically, is there a
predictive effect of transportation time on H-LOS and survivability among those patients
selected to receive POR, NOM or FNOM following splenic injury in a rural state. In addition,
what is the effect of transportation time on the incidence of, and outcomes following, FNOM

among the splenic-injured population in a rural state.
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Methods

Study Design

This study was a retrospective chart review of patients presenting with traumatic splenic
injury to Via Christi Hospital St. Francis, an American College of Surgeons accredited Level |
trauma center. As the study was exploratory in nature, results were compared to previous
research studies not inclusive of time to transportation which assessed predictors for mortality
and morbidity. The study was reviewed and approved by the University of Kansas School of
Medicine-Wichita’s Human Subjects Committee and Via Christi Health Institutional Review
Board.
Setting

The source of the study data were the electronic medical records of a single Level |
trauma center’s trauma registry and hospital records. Via Christi Hospital is located in an urban
cluster (Wichita, Kansas) with a population in excess of 50,000, however has a catchment area
that encompasses all but the far northeast corner of Kansas, as well as eastern Colorado and
Northern Oklahoma participants. Only patients who sustained splenic injury which resulted in a
trauma admission were included. The population under study included those patients ages 13
years and older who were treated between January 2003 and December 2012. Patient records
were searched using International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) for diagnostic codes 865 to 865.19. Operative procedures were
identified by ICD-9-CM codes 38.86, 38.87, 41.43, 41.5 and 41.95 which include AE, SAE,

splenectomy, partial splenectomy, or splenorrhaphy.
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Participants

Patients were excluded who were identified as being ages 13 years and younger; having
no signs of life in the field, on admission, or less than two hours after admission; or were not
transported to the hospital via any form of EMS transportation mode and therefore had no
transportation records (Figure 6). For those remaining patients who met inclusion criteria
(Figure 1), 42.6% (N=364) had records with a documented time of 911 call and were used to
assess the effect of transport time.

Figure 6: Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

e |CD-9-CM-identified splenic injury, codes e Patients who arrived with no signs of life
865 to 865.19 or died within two hours of arrival

e Ages 13 and older e Patients who arrived via private vehicle or
walked into the hospital

e Admitted to Via Christi Hospital St.
Francis between January 2003 and
December 2013

Two populations were initially assessed; the aggregate population and the sample
population later used in the model (Figure 7). The aggregate population (N=364) were those
patients who med inclusion criteria. The model population (n=155) were those patients who had
a valid transportation time documented in EMS records. Those patients (n=209) without valid

transportation times were not included in the survival analysis.
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Figure 7: Sample Size Flow Chart

N=531 participants in the original database

35 participants were excluded due to age
less than 13 years old

N=496 participants were included in the
study

54 participants were excluded due to
death less than two hours after admission
to the trauma center

N=422 participants were included in the
study

78 participants were excluded because
they walked into the trauma center or
arrived via private vehicle

N=364 participants were included in the
study

Dependent and Independent Variables

The dependent variable in this study was hospital length of stay (H-LOS) censored for
survival. Survival was defined as patients with splenic injury who survived hospitalization
greater than two hours. Secondary outcomes included: Intensive care unit length of stay (I-
LOS), number of days in receipt of ventilator support, and mortality. The following independent
variables were obtained from the trauma registry: EMS mode, point of origin for EMS
transportation (arrived from), transportation time, age, gender, injury type, injury grade, ISS,
Glascow Coma Scale (GCS) score, SBP, treatment group, time to procedure, and discharge
destination. Emergency medical service mode was categorized as fixed wing airplane, helicopter

ambulance, or land ambulance. Location where transportation originated was classified as either
17



home or scene, or hospital transfer. Transportation time was defined as the time between the
receipt of the 911 telephone call and hospital admission at the trauma center. Transportation
time included the time the patient was in EMS transit or at a tertiary facility. All transportation
times were coded as either 0 to 30 minutes, 31 to 60 minutes, 61 to 120 minutes, 121 to 240
minutes, or greater than 240 minutes. As age is a continuous variable, it was stratified into the
following categories; children (ages 13 to 17), working age adults (ages 18 to 64), and elderly
(ages 65 or older).” Injury type was a dichotomous variable; responses were either blunt or
penetrating. Injury severity score was also a continuous variable and was stratified to reflect
three possible responses; mild (0 to 15), moderate (16 to 24), or severe (25 or greater). Asa
patients’ ISS is calculated post-admission, it is not available to the surgeon prior to commitment
to a treatment modality in the same manner as are injury grade, hemodynamic status and other
known risk factors. However, in this study ISS was reported rather than injury grade as there
were 130 patients with valid injury grade scores, and 364 patients with valid ISS in the database.
Systolic blood pressure was used as a marker for hemodynamic stability and was stratified to
reflect three categories; less than 90 mmHg, 90 to 120 mmHg, greater than 120 mmHg. Glascow
coma scale scores were divided into three groups; mild (13 to 15), moderate (9 to 12) or severe
(3to0 8).

Patients were separated into three treatment groups. On hospital arrival, patients who
underwent laparotomy for splenic injury within two hours comprised the planned operation less
than two hours (POR) group. All other patients comprised the non-operative management
(NOM) group, where treatment included observation, AE or SAE performed within two hours of
admission. However, two hours post-admission, those NOM patients who went on to require

either delayed operative intervention or splenic angioembolization (SAE) were reclassified as a
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failure of non-operative management (FNOM). Procedures performed were classified into one
of seven groups; angioembolization (AE) negative for extravasation, AE of the splenic artery,
AE of the splenic vein, AE with follow-up splenectomy, splenectomy, splenorrhaphy, or
observation only. Time to procedure was measured from time of admission. Among the POR
and SAE groups, times were stratified into four groups; 0 to 2 hours, 2 to 4 hours, 4 to 6 hours,
or greater than 6 hours. During univariate analysis related to FNOM-only patients and survival
analysis, time to procedure was further collapsed into the following strata; 0 to 2 hours, 2 to 4
hours, and greater than 4 hours. Discharge destinations were categorized as home, rehabilitation,
other, or dead.

Survival was calculated as the time from admission to the trauma center until hospital
death or discharge. Dates and times of deaths were verified through hospital records. All times
were captured and assessed as military time.

Bias

Censoring occurred for those patients with missing data related to transportation and
survival time. To further control for bias due to censoring, the assumption was made that all
hospital deaths were due to the patient’s splenic injury as opposed to any comorbid condition. It
is possible that trauma activations reported in the trauma registry may represent a selection bias
of those patients who are treated in, or transported to, the Level | trauma center. Likewise,
regional data may not reflect an even distribution of data by age, mechanism of injury, or injury
severity. Finally, as the skill levels of those trauma staff who entered the data into the trauma
registry varied widely dependent on training and years of experience, data variability may result

in information bias.
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Study Size

The initial sample size was 531 patients, all of whom had ICD-9-CM codes related to
splenic injury in the trauma center data registry. Following the application of inclusion and
exclusion criteria and censoring for in-hospital deaths, our sample size was 364 patients
(Figure 7).

Statistical Methods

All data were collected in a Microsoft Excel (version 2007) spreadsheet. Statistical
analyses were conducted using Statistical Analytics Software (SAS) version 9.3 (SAS Institute
Inc., Cary, NC). The purpose of the analysis was to assess the effect of transportation time to
definitive care for patients sustaining traumatic splenic injury. All tests were evaluated at a 0.05
or less level of significance.

Descriptive analyses of clinical and demographic characteristics were summarized for all
baseline variables using univariate descriptive statistics and frequency distributions, including
measures of central tendency and dispersion. Percentages (%) and counts (n) for all baseline
categorical variables were reported. Descriptive analyses to identify clinically relevant
differences, which may impact the primary and secondary outcomes, were performed for
continuous variables and reported by mean, median, and standard deviation. All statistical tests
were two-sided. Normality was assumed by the central limit theorem and having an adequate
sample size.

Time-to-event: Hospital Length of Stay Censored for Patients Who Survived Hospitalization

The effects of patient and injury characteristics on the probability of NOM and FNOM
measured from time of injury was determined using the Cox proportional hazard regression

model. This regression model examined and adjusted for the influence of confounding variables
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on the measure of effect. The Cox proportional hazard regression model was used to determine
the effect on H-LOS of the following covariates: transportation time, age, gender, injury type,
ISS, treatment group, and time to procedure. The Kaplan-Meier (KM) survival analysis method
with log-rank test was used to determine the univariate differences in total time to survival of
treatment modality (POR, NOM, or FNOM). Unadjusted rates of time-to-event with 95%
confidence intervals were compared using log-rank tests. To adjust for confounding and
estimate the hazard risk for each of the outcome variables, the Cox proportional hazards
regression model was used to model the function of the explanatory variables. To assess model
adequacy of the Cox proportional hazard regression model, statistical significance of the

covariates was established utilizing the likelihood ratio test.
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Results
Aggregate versus Model Population: Demographics
An initial trauma registry search of 531 patient records yielded 364 patients (Aggregate
Population) eligible for inclusion following splenic injury and 155 patients (Model Population)
with documented 911 call information which included a transportation time (Table 1). In both
populations most patients were 18 to 64 years old (77.2%, n=281 versus 80.6%, n=125). More
patients were male (66.5%, n=242 versus 62.6%, n=97). Most were transported by EMS land
ambulance (76.9%, n=280 versus 78.7%, n=122). Most transportation times were between 31

and 60 minutes (11.5%, n=42 versus 27.1%, n=42).
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Table 1: Summary of Patient Demographics and Outcomes for Aggregate versus Model

Population
Aggregate Population Model Population
Parameter N = 364 % N = 155 %
13to 17 39 10.7 15 9.7
18 to 64 281 77.2 125 80.6
65 or older 44 121 14 9.7
Total 364 100.0 155 100.0
Gender (Male) 242 66.5 97 62.6
Origin of Transport
Home or scene of injury 195 53.6 108 69.7
Referring hospital 169 46.4 47 30.3
Total 364 100.0 155 100.0
EMS Mode
Land ambulance 280 76.9 122 78.7
Fixed wing airplane 5 1.4 1 0.6
Helicopter 79 21.7 32 20.6
Total 364 100.0 155 100.0
Transportation Time
0 to 30 minutes 31 8.5 31 20.0
31 to 60 minutes 42 11.5 42 27.1
61 t0120 minutes 40 11.0 40 25.8
121 to 240 minutes 30 8.2 30 19.4
240 minutes and greater 12.00 3.3 12 7.7
Total 364 100.0 155 100.0
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Aggregate versus Model Population: Injuries

Ninety-four percent (94%, n=342) of patients sustained a blunt injury in the aggregate
population versus 89.0% (n=155) in the model population (Table 2). Average injury grade was
3.2+ 1.2 versus 3.3+ 1.2. Average ISS for both populations was nearing the severe level (24.0 +
12.5 versus 24.6 + 11.7). The percentage of patients who experienced an isolated injury was low
in both populations (8.5%, n=31 versus 9.7%, n=15). Nearly half of patients in both populations
had a head injury (49.7%, n=181 versus 45.2%, n=70). Approximately half of patients in both
populations arrived in a normo-tensive state with SBP greater than 120 (50.3%, n=183 versus

43.2%, n=67).
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Table 2: Summary of Patient Injury Characteristics for Aggregate versus Model Population

Aggregate Population

Model Population

Parameter N = 364 % N =155 %
Injury Type
Blunt 342 94.0 138 89.0
Penetrating 22 6.0 17 11.0
Total 364 100.0 155 100.0
Injury Grade* 3.2+x1.2 3.3+1.2
Injury Grade
1 10 2.7 8 5.2
2 26 7.1 12 7.7
3 34 9.3 23 14.8
4 43 11.8 31 20.0
5 17 4.7 11 7.1
Total 364 100.0 155 100.0
Isolated Spleen Injury (Y/N) 31 8.5 15 9.7
Injury Severity Score* 24.0+12.5 24.6 £11.7
ISS
0to 15 98 26.9 36 23.2
16 to 24 105 28.9 44 28.4
25 and greater 161 442 75 48.4
Total 364 100.0 155 100.0
Head Injury (Y/N) 181 49.7 70 45.2
Head Injury AIS Score* 29+1.1 2810
Glascow Coma Scale Score
Mild (13 to 15) 253 69.5 113 72.9
Moderate (9 t012) 15 4.1 8 5.2
Severe (310 8) 96 26.4 34 21.9
Total 364 100.0 155 100.0
Systolic Blood Pressure
Less than 90 mmHg 43 11.8 27 17.4
90 to 120 mmHg 137 37.7 61 39.4
121 or greater mmHg 183 50.3 67 43.2
Total 363 99.7 155 100.0

* Mean £ SD
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Aggregate versus Model Population: Treatment Groups, Procedures Performed and Time to
Procedure

Non-operative management was the treatment choice for the majority of patients
regardless of population (85.7%, n=312 versus 71.6%, n=111), (Table 3). Among these, 79.4%
(n=289) and 60.6 (n=94) of patients were managed with observation only in both populations
respectively. Twenty percent (20.6%, n=75) of patients in the aggregate population and 39.4% 9
(n=61) in the model population received any type of procedure. The majority of NOM patients
remained NOM after two hours, whereas others experienced FNOM (7.1%, n=26 versus 14.2%,
n=22). The majority of NOM procedures were SAE (52.2%, n=39 versus 52.5%, n=32). Among
those patients in the aggregate population, 69.3% (n=52) procedures occurred in less than two
hours from admission, whereas 68.9% (n=42) occurred in the model population. Approximately
20% (21.3%, n=16 versus 21.3%, n=13) received a procedure two to four hours following
hospital admission and approximately 10% (9.3%, n=7 versus 9.8%, n=6) received a procedure

greater than four hours post-arrival.
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Table 3: Summary of Treatment Groups, Procedure Types, and Time to Procedure from
Hospital Admission for Aggregate versus Model Population

Aggregate Population Model Population

Parameter N % N %
Treatment Group

NOM 312 85.7 111 71.6

POR 26 7.1 22 14.2

FNOM 26 7.1 22 14.2

Total 364 100.0 155 100.0
Procedure Performed (Y/N) 75 20.6 61 39.4
Procedures Performed

SAE 39 52.0 32 52.5

POR 36 48.0 29 47.5

Total 75 100.0 61 100.0
Procedures Performed

Observation only 289 79.4 94 60.6

Angioembolization of the 36 99 30 194

splenic artery

Splenectomy 28 7.7 22 14.2

Angioembolization negative ) 05 1 0.6

for extravasation

Angioembolization of the

splgnic vein ! 03 . 06

Angioembolization with 1 03 0 0.0

adjunctive splenectomy

Splenorrhaphy 7 1.9 7 4.5

Total 364 100.0 155 100.0
Time to Procedure

0 to 2 hours 52 69.3 42 68.9

2 to 4 hours 16 21.3 13 21.3

Greater than 4 hours 7 9.3 6 9.8

Total 75 100.0 61 100.0
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Aggregate versus Model Population: Outcomes

Both populations demonstrated greater than 50% of patients discharged to home (58.0%,
n=211 versus 58.7%, n=91), (Table 4). Approximately one-fifth of those in both populations
(n=74, 20.3% versus 19.4%, n=30) were discharged to a rehabilitation facility. Average H-LOS,
I-LOS, and number of ventilator days were 11 + 13 days, 6 + 10 days, and 4 + 9 days
respectively, in the aggregate population. In the model population, average H-LOS, I-LOS and
number of ventilator days were 10 + 10, 6 £ 8, and 3 = 7, respectively. Eleven percent (n=40

versus n=17) of cases were censored following death in the hospital in both populations.
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Table 4: Summary of Patient Outcomes for Aggregate versus Model Population

Aggregate Population

Model Population

Parameter N = 364 % N =155 %

Discharge Destination
Home 211 58.0 91 58.7
Rehabilitation facility 74 20.3 30 19.4
Other 39 10.7 17 11.0
Dead 40 11.0 17 11.0
Total 364 100.0 155 100.0

Hospital Length of Stay* 10.7 £ 12.7 9.84 £10.3

Intensive Care Unit Length of 6.22 +10.4 56+80

Stay™*

Number of Ventilatory Days* 3.8+9.2 3471

Hospital Discharge Status
Alive 324 89.0 138 89.0
Dead 40 11.0 17 11.0
Total 364 100.0 155 100.0
* Mean + SD
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Treatment Groups: Demographics

The model population was next stratified by treatment group to distinguish demographic
characteristics unique to each group (POR, NOM, or FNOM), (Table 5). Fourteen percent of
patients (14.2, n=22) of patients were in both the POR and FNOM groups. There were 71.6%
(n=111) patients in the NOM group. The majority of patients were adults ages 18 to 64 among
POR (86.4%, n=19), NOM (81.1%, n=90), and FNOM (72.7%, n=16). Males made up the
majority of patients in the POR group (72.7%, n=16) and the NOM group (64.0%, n=71),
however, females made up the majority of patients in the FNOM group (54.5%, n=12). Among
all three groups, most patients arrived from home or the scene of injury; POR (59.1%, n=13),
NOM (73.9%, n=82), and FNOM (59.1%, n=13). Land ambulance was the most common
mechanism of transport among each of the three groups; POR (77.3%, n=17, NOM (77.5%,
n=86), and FNOM (86.4%, n=19). More patients arrived following a transportation time of less
than two hours; POR (59.1%, n=13), NOM (75.6%, n=84), and FNOM (72.9%, n=16). No

statistical differences were demonstrated for any demographic variables.
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Table 5: Differences Among Patient Demographics for Model Population by Treatment

Group
POR NOM FNOM Total P value

Parameter (n,%) (n=22) (n=111) (n=22) (N=155)

Age 0.67
13t0 17 2(9.1) 11 (9.9) 2(9.1) 15 (9.7)

18 to 64 19(86.4) | 90(81.1) [ 16(72.7) | 125 (80.6)

65 or older 1(4.5) 10 (9.0) 4 (18.2) 15 (9.7)

Total 22 (100.0) | 111 (100.0) | 22 (100.0) | 155 (100.0)
Gender (Male) 16 (72.7) | 71(64.0) | 10(45.5) | 97 (62.6) 0.15
Origin of Transport 0.19

Home or scene of injury 13 (59.1) 82 (73.9) 13(59.1) | 108 (69.7)

Referring hospital 9 (40.9) 29 (26.1) 9 (40.9) 47 (30.3)

Total 22 (100.0) | 111 (100.0) | 22 (100.0) | 155 (100.0)

EMS Mode 0.87
Land ambulance 17 (77.3) | 86 (77.5) 19 (86.4) | 122 (78.7)
Helicopter 5(22.7) 24 (21.6) 3 (13.6) 32 (20.6)

Fixed wing airplane 0 (0) 1(.9) 0 (0) 1 (.6)

Total 22 (100.0) | 111 (100.0) | 22 (100.0) [ 155 (100.0)
Transportation Time 0.09

0 to 30 minutes 8 (36.4) 17 (15.3) 6 (27.3) 31 (20.0)

31 to 60 minutes 2(9.1) 34 (30.6) 6 (27.3) 42 (27.1)

61 to 120 minutes 3 (13.6) 33 (29.7) 4 (18.2) 40 (25.8)

121-240 minutes 6 (27.3) 19 (17.1) 5 (22.7) 30 (19.4)

Greater than 240 minutes 3 (13.6) 8 (7.2) 1(4.5) 12 (7.7)

Total 22 (100.0) | 111 (100.0) | 22 (100.0) | 155 (100.0)
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Treatment Groups: Injury

Non-operative management was attempted for the majority of patients (71.6%, n=111).
Statistically significant differences within treatment groups were noted for those patients who
sustained blunt or penetrating injury (89.0%, n=138 versus 11.0%, n=17, p=0.001), (Table 6).
Among those patients with blunt splenic injury, NOM was attempted in 92.8% (n=103) of
patients. Similarly, NOM was attempted in patients with Grade IV (29%, n=12) and Grade V
(17% , n=7) injuries, (p=0.52). Isolated splenic injury was seen in 10.3% (n=16) of patients
regardless of treatment group (p=0.06). Among those patients (45.2%, n=70) who sustained a
head injury, NOM was attempted in 50.5% (n=56). However, differences among treatment
groups for those with head injury was not statistically significant (p=0.11). Statistically
significant differences were demonstrated between GCS scores where the majority (68.5%,
n=76) were noted to be mild (13 to 15) among the NOM group (p=0.08). Systolic blood
pressures of greater than 120 were most common (43.2%, n=67) among all treatment groups,

with statistical differences evident between groups (p=0.017).
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Table 6: Differences Among Injury Characteristics for Model Population by Treatment Group

POR NOM FNOM Total P value

Parameter (n,%) (n=22) (n=111) (n=22) (N=155)

Injury Type 0.001
Blunt 14 (63.6) | 103(92.8) | 21(95.5) [ 138 (89.0)
Penetrating 8 (36.4) 8 (7.2) 1(4.5) 17 (11.0)

Total 22 (100.0) | 111 (100.0) | 22 (100.0) | 155 (100.0)

Injury Grade 0.52

1 2(9.1) 3(7.3) 3 (13.6) 8 (9.4)
2 3 (13.6) 8 (19.5) 1(4.5) 12 (14.1)
3 4 (18.2) 11 (26.8) 8 (36.4) 23 (27.1)
4 10 (45.5) 12 (29.3) 9 (40.9) 31 (36.5))
5 3(13.6) 7(17.1) 1 (4.5) 11 (12.9)

Total 22 (100.0) | 41(100.0) | 22 (100.0) | 85 (100.0)

Isolated Spleen Injury (Y/N) 5 (22.7) 8 (7.2) 3 (13.6) 16 (10.3) 0.06

ISS 0.48
0to 15 4 (18.2) 25 (22.5) 7 (31.8) 36 (23.2)

16 to 24 5(22.7 31 (27.9) 8 (36.4) 44 (28.4)
25 and greater 13 (59.1) 55 (49.5) 7 (31.8) 75 (48.4)
Total 22 (100.0) | 111 (100.0) | 22 (100.0) | 155 (100.0)

Head Injury (Y/N) 7 (31.8) 56 (50.5) | 7(31.8) | 70(45.2) 0.11

Glascow Coma Scale Score 0.08
Mild (13 tol 5) 16 (72.7) | 76(68.5) | 21(95.5) | 113(72.9)
Moderate (9 t012) 0 (0) 8 (7.2) 0 (0) 8 (5.2)

Severe (3 t0 8) 6 (27.3) 27 (24.3) 1(4.5) 34 (21.9)
Total 22 (100.0) | 111 (100.0) | 22 (100.0) | 155 (100.0)

Systolic Blood Pressure 0.017

Less than 90 mmHg 7 (31.8) 17 (15.3) 3(13.6) 27 (17.4)
90 to 120 mmHg 12 (54.5) 43 (38.7) 6 (27.3) 61 (39.4)
121 or greater mmHg 3 (13.6) 51 (45.9) 13 (59.1) 67(43.2)

Total 22 (100.0) | 111 (100.0) | 22 (100.0) | 155 (100.0)
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Treatment Groups: Procedures

Sixty percent (60.6%, n=94) of patients were initially treated with observation alone,
(Table 7). Sixty-one procedures were performed. A statistical difference was demonstrated
between treatment groups for those patients who did or did not receive a procedure and type of
procedure (p <0.001 respectively). Among those patients who experienced FNOM, 15 (68.1%)
underwent SAE, while 7 (31.8%) underwent POR (p <0.001). All but one PORs performed
among this group were splenectomies. Most (59.1%, n=13) of procedures following FNOM

were performed within 2 to 4 hours post-admission.
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Table 7: Differences Among Procedure Types and Time to Procedure From Hospital

Admission for Model Population by Treatment Group

POR

NOM

FNOM Total P value

Parameter (n,%) (=22) | (=111) | (=22) | (N=155)
Procedure Performed (Y/N) 22 (36.1) | 17(27.9) | 22(100.0) | 61 (39.4) | <0.001
Procedures Performed <0.001

SAE 0 (0.0) 17 (100.0) | 15(68.2) | 32 (52.5)

POR 22 (100.0) | 0(0.0) 7 (31.8) 29 (47.5)

Total 22 (100.0) | 17 (100.0) | 22 (100.0) | 61 (100.0)
Procedures Performed <0.001

Angioembolization

negative for extravasation 00 0(0) 145 1(6)

Angioembolization of the |~ o | 17 453 | 13(501) | 31 (200)

splenic artery

Angioembolization of the

splenic vein 0 (0) 0 (0) 1(4.5) 1(.6)

Angioembolization with

adjunctive splenectomy 00 0(0) 00 0(0)

Splenectomy 16 (72.7) 0 (0) 6 (27.3) 22 (14.2)

Splenorrhaphy 6 (27.3) 0 (0) 1(4.5) 6 (3.9)

Observation only 0 (0.0) 94 (84.7) 0 (0) 94 (60.6)

Total 22 (100.0) | 111 (100.0) | 22 (100.0) [155 (100.0)
Time to Procedure <0.001

0 to 2 hours 22 (100.0) | 17 (100.0) | 3(13.6) | 42(68.9)

2 to 4 hours 0 (0) 0 (0) 13(59.1) | 13(21.3)

4 to 6 hours 0 (0) 0 (0) 3 (13.6) 3(4.9)

Greater than 6 hours 0 (0) 0 (0) 3 (13.6) 3(4.9)

Total 22 (100.0) | 17 (100.0) | 22 (100.0) | 61 (100.0)
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Treatment Groups: Outcomes

Among all treatment groups, the majority of patients were discharged to home (58.7%,
p=0.49), (Table 8). Average H-LOS for patients who received NOM was the longest at 10 + 11
days (p=0.09). Similarly, I-LOS was also longest for the NOM group, (6 = 9, p=0.05). Patients
who underwent POR reported the most ventilator days (5 + 8, p=0.08). Death occurred in 11.0%
(n=17), although differences in discharge status were not statistically significant (p=0.92).

Seventy percent (70.6%, n=12) of deaths occurred among the NOM group.
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Table 8: Differences Among Patient Outcomes for Model Population by Treatment Group

POR NOM FNOM Total
Parameter (n,%) (n=22) (n=111) (n=22) (N=155) | Pvalue
Discharge Destination 0.49

Home 14 (15.4) | 61 (55.0) | 16 (72.7) | 91 (58.7)

Rehabilitation facility 5(22.7) | 24(21.6) | 1(45) | 30(19.4)

Other 145 |14126) | 20.1) | 17 (11.0)

Dead 2(9.1) | 12(10.8) | 3(136) | 17 (11.0)

Total 22 (100.0) [111 (100.0)| 22 (100.0) |155 (100.0)
Hospital Length of Stay* 9.84 +10.3(10.2 +11.0| 5,73+ 3.9 0.09
g;g;rf“’e Care UnitLength of | 35,80 | 61+86 | 1.8+16 0.05
Number of Ventilatory Days* 53+76 | 3676 | .64+1.4 0.08
Hospital Discharge Status 0.92

Alive 20(90.9) | 99(89.2) | 19(86.4) | 138(89.0)

Dead 2(9.09) | 12(10.8) | 3(13.6) | 17(11.0)

Total 22(100.0) |111(100.0) | 22(100.0) |155(100.0)

*Mean + SD
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FNOM Group: Demographics, Injury Characteristics and Outcomes

Among the 22 patients who experienced FNOM, 72.7% (n=16) were adults ages 18 to 64,
54.5% (n=12) were female, and 36.4% (n=8) reported a moderate ISS score of 16 to 24 (Table
9 and 10). Most (40.9%, n=9) sustained Grade IV injuries, with a SBP greater than 120 mmHg
(59.1%, n=13). Approximately one quarter (27.3%, n=6) of patients were in the arrived less than
30 minutes and also the 31 to 60 minutes from the 911 call groups, respectively. The majority
arrived via land ambulance (86.4%, n=19). Sixty-eight percent (68.2%, n =15) of patients
underwent SAE post-admission. For those who received a procedure, most were performed less
than four hours from admission (72.7%, n=16). Average H-LOS was 6 + 4 days, I-LOS was 2 +
2 days, and ventilator days was one half day = 1 day.

Thirteen percent (13.6%, n=3) of patients died. One death occurred in each of the three
age groups; 13 to 17, 18 to 64, and those ages 65 or older. A single death was reported among
each of Grades I, Il1, and IV. One patient arrived at the hospital after a transportation time of 0
to 30 minutes, another arrived after a 120 to 240 minute transport and the third patient died after
a prolonged transportation time in excess of 240 minutes. All three patients underwent a
procedure; one received a procedure between 0 to 2 hours, one between 2 to 4 hours, and one

between 4 to 6 hours. Cause of death was not determined for any of these three patients.
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Table 9: Injury Characteristics for Patients Experiencing FNOM

Parameter (n=22) Frequency Percent
Injury Grade
1 3 13.6
2 1 4.5
3 8 36.4
4 9 40.9
5 1 4.5
Time from call to arrival
0 to 30 minutes 6 27.3
31 to 60 minutes 6 27.3
61 to 120 minutes 4 18.2
120 to 240 minutes 5 22.7
Greater than 240 minutes 1 4.5
Time to procedure
0 to 2 hours 3 13.6
2 to 4 hours 13 59.1
Greater than 4 hours 6 27.2

39




Table 10 : Most Frequent Demographic, Injury Characteristics, and Outcomes Among FNOM

Parameter (n=22) Result Frequency %
Age 18 to 64 16 72.7
Gender Female 12 54.5
Origin of Transportation Home or scene of injury 13 59.1
EMS mode Land ambulance 19 86.4
Time From Call to Arrival Less than 60 minutes 12 54.5
Injury Type Blunt injury 21 95.5
Injury Severity Score 16 to 24 8 36.4
Glascow Coma Scale Score Mild (13 to 15) 21 95.5
Isolated Spleen (Y/N) Yes 3 13.6
Isolated Spleen Injury Yes 3 13.6
Head Injury (Y/N) Yes 7 31.8
Systolic Blood Pressure Less than 120 mmHg 13 59.1
Procedure After Admission AE or SAE 15 68.2
Time to Procedure 2 to 4 hours 3 13.6
Hospital Length of Stay* 5.7+3.9

Intensive Care Unit Length of Stay* 18+1.6

Number of Ventilatory Days* 614

Discharge Destination Home 16 72.7
Hospital Discharge Status Alive 19 86.4

*Mean + SD
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Bivariate Comparison: Aggregate versus Model Population

In trauma studies, certain parameters provide surgeons with the ability to determine
whether patients in an aggregate population differ from those in the sample assessed in a
predictive model. Additionally, these clinical indicators provide critical information regarding
these patients status. For splenic injuries, there are ten such indicators and these were assessed
for possible differences in distributions between the aggregate and model populations to ensure
that a random sample of patients was analyzed in the survival model. These indicators included:
stratified age, gender, origin of transport, EMS mode, hospital discharge status, average injury
grade, ISS, presence of a head injury, receipt of a splenic procedure post-admission and SBP
level (Table 11). Statistically significant differences were demonstrated between origin of
transport (p<0.001), SBP level (p=0.07), and procedure after admission (p<0.001).

As the majority of variables demonstrated no difference between populations, we
conclude the distribution of the model population (n=155) approximates that of the aggregate

population (n=364). The model population approximated a true random sample.
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Table 11: Bivariate Comparison

Parameter (n,%) Transport time No transport Total P-value*
(n=155) time (n=209)

Age 0.3368

1310 17 15 (9.7%) 24 (11.5%) 39 (10.7%)
18 to 65 126 (81.3%) 157 (75.1%) 283 (77.7%)
66 or older 14 (9%) 28 (13.4%) 42 (11.5%)

Total 155 (100%) 209 (100%) 364 (100%)

Gender 0.2568
Male 98 (63.2%) 144 (68.9%) 242 (66.5%)

Female 57 (36.8%) 65 (31.1%) 122 (33.5%)
Total 155 (100%) 209 (100%) 364 (100%)

Origination of Transport <.0001
Home or scene of injury 108 (69.7%) 87 (41.6%) 195 (53.6%)

Referring hospital 47 (30.3%) 122 (58.4%) 169 (46.4%)
Total 155 (100%) 209 (100%) 364 (100%)

EMS Mode 0.5236
Land ambulance 122 (78.7%) 158 (75.6%) 280 (76.9%)
Helicopter 32 (20.6%) 47 (22.5%) 79 (21.7%)

Fixed wing airplane 1 (0.6%) 4 (1.9%) 5 (1.4%)
Total 155 (100%) 209 (100%) 364 (100%)

Hospital Discharge Status 0.9911
Alive 138 (89%) 186 (89%) 324 (89%)

Dead 17 (11%) 23 (11%) 40 (11%)
Total 155 (100%) 209 (100%) 364 (100%)

Discharge Destination 0.9288

Home 92 (59.4%) 119 (56.9%) 211 (58%)
Rehab 29 (18.7%) 45 (21.5%) 74 (20.3%)
Other 17 (11%) 22 (10.5%) 39 (10.7%)
Dead 17 (11%) 23 (11%) 40 (11%)

Total 155 (100%) 209 (100%) 364 (100%)

ISS Scoret 245+ 11.72 23.6 £13.14 0.5192

Injury Grade** 0.1898
1 8 (9.4%) 2 (4.4%) 10 (7.7%)

2 12 (14.1%) 14 (31.1%) 26 (20%)

3 23 (27.1%) 11 (24.4%) 34 (26.2%)
4 31 (36.5%) 12 (26.7%) 43 (33.1%)
5 11 (12.9%) 6 (13.3%) 17 (13.1%)
Total 85 (100%) 45 (100%) 130 (100%)

Systolic Blood Pressure*** 0.0066

Less than 90 mmHg 27 (17.4%) 16 (7.7%) 43 (11.8%)
90 to 120 mmHg 61 (39.4%) 76 (36.5%) 137 (37.7%)
Greater than 120 mmHg 67 (43.2%) 116 (55.8%) 183 (50.4%)

Total 155 (100%) 208 (100%) 363 (100%)
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Head Injury (Y/N) | 69(445%) | 112(53.6%) | 181(49.7%) | 0.0869
Procedure After Admission <.0001
NOM 111 (71.6%) 201 (96.2%) | 312 (85.7%)
FNOM 22 (14.2%) 4 (1.9%) 26 (7.1%)
POR 22 (14.2%) 4 (1.9%) 26 (7.1%)
Total 155 (100%) 209 (100%) 364 (100%)

*All p-values were calculated based on Chi-square test except the ISS score. P values are
reported to the 4™ decimal place

**234 patients do not have the injury grade.

***QOne patient does not have SBP measures

tMean £ SD

Hospital Length of Stay by Discharge Status

Among the aggregate population (N=364), 209 patients did not have a valid
transportation time, whereas 155 patients did have a valid transportation time and were included
in the survival analysis. The number of those who had a valued transportation time and were
discharged alive was 138. The covariates assessed in the survival analysis included; age, ISS,
gender, injury type, treatment group, time to procedure, and transportation time. During
univariate analysis, time to procedure greater than four hours and greater than six hours were
found to be similar, and were combined to power the calculation of median H-LOS in the
survival analysis. Injury was highly correlated with ISS (p<0.001) and therefore, despite being
identified in literature as a validated predictor or improved outcomes following splenic injury,
was not included in the Cox Hazard Regression model.

The median H-LOS was higher in the ages 65 and older group than those in the 13 to 17
age group or 18 to 64 age group (6.5 [Q3-9] v. 6 [Q5,10] and 6 [4,15] d.), respectively. Median
H-LOS was also greatest for those patients with ISS greater than or equal to 25 compared to
those with in the ISS 0 to 15 or 16 to 24 group (10 [6,21] v. 3.5[2,6] and 7[4,10] d.), respectively.

Males demonstrated a longer H-LOS (7 [5,16]d., as did those patients who sustained blunt injury
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(7[4,13]d.), and those who underwent POR (11[5.20.5] d.). Those patients with transportation
times in excess of 60 minutes had the longest median H-LOS compared to those patients with
transportation times of 61 to 120 minutes and 121 to 240 minutes (7[5,17] v. 8.5[3,18] and

11[3,19] d.), respectively.
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Table 12: Summary of H-LOS Stratified by Discharge Status

Discharged alive (n=138)

All case (n=155)

Median | (Q1, Q3) (Min, Median | (Q1, Q3) (Min,
H-LOS Max) H-LOS Max)
(days) (days)
Age
13to 17 6 (5, 10) (2,43) 6 (3,10) (1,43)
18 to 64 6 (4, 15) (1,47 6 (3,13) (1, 60)
65 and older 6.5 (3,9 (3,12) 5 (3,9 (1,14
ISS
0to 15 3.5 (2, 6) (1,17 4 (2, 6) (1,17
16 to 24 7 (4, 10) (1, 28) 6 (4,9.5) (1, 28)
25 or greater 10 (6, 21) (3, 47) 7 (5, 20) (1, 60)
Gender
Male 7 (5, 16) (1,47) 6 (4, 15) (1,47)
Female 5.5 (3,9 (1,32 5 (3,9 (1, 60)
Injury Type
Blunt 7 (4,13) (1, 47) 6 (3,12) (1, 60)
Penetrating 55 (4, 6.5) (2, 23) 5 (4, 6) (1, 23)
Treatment Type
FNOM 6 (3, 8) (2,18) 5 (3, 8) (1,18)
NOM 6 (3,12) (1,47 6 (3,12) (1, 60)
POR 11 (5, 20.5) (2, 40) 8 (5, 20) (1, 40)
Time to Procedure
0 to 2 hours 6 (5,17 (1, 40) 6 (4,17 (1, 60)
2 to 4 hours 6 (3.5,7.5) (2,10) 6 (3,7) (1, 10)
More than 4 hours 6 (4, 8) (3,18) 5 (3,8) (3,18)
Transportation Time
0 to 29 minutes 6 (4, 8) (2, 28) 6 (4, 8) (1, 28)
30 to 60 minutes 6 (3,8) (1,43) 6 (3,8) (1,43)
61to 120 minutes 7 (5,17) (2,47) 6 (4, 16) (1, 60)
121 to 240 minutes 8.5 (3,18) (1, 40) 6 (3,17 (1, 40)
Greater than 240 11 (3, 19) (1, 23) 10.5 (2.5, (1, 23)
minutes 15.5)
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Cox Proportional Hazard Regression Analysis Time to Event: Hospital Length of Stay Censored
for Patients Who Survived Hospitalization

Cox proportional hazard regression analysis demonstrated two covariates were predictive
of decreased mortality; age (p=0.0016) and ISS (p=0.0903). Although the confidence interval
for the ISS hazard ratio includes one, indicating no difference between the measures, the
magnitude of the hazard ratio suggests a strong predictive capacity for ISS on mortality.
Transportation time was not associated with mortality (p=0.9948).

Compared to those greater or equal to 65 years of age, those ages 13 to 17 were 79% less
likely to die (HR=0.21; 95% CI=0.04, 1.14). Compared to those greater or equal to 65 years of
age, those ages 18 to 64 were 88% less like to die (HR=0.12; 95% CI1=0.04, 0.38). Patients with
an ISS of 0 to 15 are 87% less likely to die compared to those with an ISS greater or equal to 25
(HR=0.13; 95% CI1=0.02, 1.04). Patients with an ISS of 16 to 24 were 63% less likely to die

than those with an ISS greater or equal to 25 (HR=0.37; 95% CI1=0.09, 1.47).
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Table 13: Hazard Ratios for H-LOS

Unadjusted Adjusted
Parameter HR 95%H(|;I for HR 95%H(|;I for
Age p-value=0.0016
13to 17 vs 18 to 64 1.36 0.47 3.96 1.79 0.38 8.44
13 to 17 vs 65 or older 0.32 0.11 0.99 0.21 0.04 1.14
18 to 64 vs 65 or older 0.24 0.12 0.47 0.12 0.04 0.38
ISS p-value=0.0903
0 to 15 vs16 to 24 0.17 0.02 1.39 0.34 0.04 3.35
0to 15 vs 25 and greater 0.07 0.01 0.48 0.13 0.02 1.04
16 to 24 vs 25 and greater 0.38 0.17 0.87 0.37 0.09 1.47
Gender (male) 055 | 026 | 1.16 Not '25;‘:3;2;” the
Injury Type (blunt) 073 | 022 | 237 Not '2%‘3;‘2;” the
Treatment Type Not igg;‘:g:ii,in the
FNOM vs NOM 1.15 0.35 3.75
FNOM vs POR 1.13 0.23 5.63
NOM vs POR 0.99 0.30 3.22
Time to Procedure (hours)
Oto2 vs2to 4 2.17 0.27 17.60
Lessthan 4 vs 0 to 2 1.18 0.14 9.74
Less than 4 vs 2to 4 2.55 0.16 41.22
Transportation Time (minutes) Not predictive (p=0.9948)
0to 30 vs greater than 240 0.82 0.07 9.07 0.94 0.08 10.71
31to 60 vs greater than 240 1.20 0.13 10.79 1.06 0.12 9.83
61 to 120 vs greater than 240 | 1.72 0.21 14.29 1.24 0.14 11.33
jpot10240 vs greaterthan |y 47 | 012 | 1127 | 094 | 009 | 956

*non-significant result in the univariate analysis
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Age:
Age was associated as a predictor for decreased mortality. Ages 18 to 64 had the highest

survival probability, therefore the lowest risk of death.

Figure 8: Survival Estimate of Decreased H-LOS by Patient Age
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Injury Severity Score:
Injury severity score was associated as a predictor for decreased mortality. Scores of 0 to
15 had the highest survival probability, therefore the lowest risk of death.

Figure 9: Survival Estimate of Decreased H-LOS by Injury Severity Score
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Gender:
Gender was not associated as a predictor for decreased mortality. Females had the
highest survival probability, therefore the lowest risk of death.

Figure 10: Survival Estimate of Decreased H-LOS by Gender

Product-Limit Survival Estimates
b ?|:
0.8+ Jr— o —— - —— — — — — — —+
2
S 06+
L
2
o
E 0.4+
3
w
0.2 4
0.0
T T T T T T
0 25 50 75 100 125
HLOS
| GENDER Female ——— Male |

50



Injury Type:
Injury type was not associated as a predictor for decreased mortality. Blunt injury had
the highest survival probability, therefore the lowest risk of death.

Figure 11: Survival Estimate of Decreased H-LOS by Injury Type
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Treatment Type:

Treatment type was not associated as a predictor for decreased mortality. Planned
operations (POR) and FNOM management had the highest survival probability, therefore the

lowest risk of death.

Figurel2: Survival Estimate of Decreased H-LOS by Treatment Group
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Time to Procedure:

Time to procedure was not a predictor for longer H-LOS related to transportation time to
the hospital. Procedures performed between 2 to 4 hours had the highest survival probability,
therefore the lowest risk for death.

Figure 13: Survival Estimate of Decreased H-LOS by Time to Procedure
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Transportation Time:

Transportation time was not a predictor for longer H-LOS related to transportation time
to the hospital. Transportation times between 0 to 30 minutes had a higher survival probability,
therefore a lower risk for death.

Figure 14: Survival Estimate of Decreased H-LOS by Transportation Time
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Discussion

The objective of this study was to first evaluate transportation time as a predictor for
improved mortality and hospital length of stay (H-LOS) rates among patients with splenic injury
in a rural state. The effect of transportation time on H-LOS and survivability specific to
treatment type following traumatic splenic injury (planned operation less than two hours post-
admission (POR), non-operative management (NOM), or failure of non-operative management
(FNOM)) was also assessed. Finally, due to the paucity of data on splenic injury in a rural
environment the incidence and outcomes following FNOM in a state with a predominantly rural
resident base was studied.

Effect of Transportation Time on Hospital Length of Stay in a Rural State

While exploratory in nature, this study suggests that transportation time to the hospital in
a rural state, which begins with the time the EMS service receives a 911 call for assistance, is not
associated with reduced H-LOS. The average time to the hospital following traumatic injury is
greater than one hour for at least 31% of people in a rural environment.”* While the population
in the current study included both rural and urban residents living in a largely rural state, mean
(93.2 = 81 minutes, range 6 to 480 minutes) and median (65 minutes) transportation times
indicate that nearly half of patients transferred to the Level | trauma center (n=364) were injured
in locations greater than one hour from the trauma center. These times are uncommon in largely
urban environments where transportation times may be less than ten minutes,

Among the model population (n=155), most patients arrived between 31 and 120 minutes
(n=82, 48.8%). We have reported the median H-LOS was higher in the age 65 and older group
than those in the 13 to 17 age group or the 18 to 64 age group (6.5 [Q3-9] v. 6 [Q5,10] and 6

[4,15] d.), respectively. Median H-LOS was also greatest for those patients with ISS greater than
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or equal to 25 compared to those with in the ISS 0 to 15 or 16 to 24 group (10 [6,21] v. 3.5[2,6]
and 7[4,10] d.), respectively. This indicates the possibility that in a largely rural setting,
prolonged transportation times allow the patient to declare their hemodynamic and injury status
prior to admission. It is possible that while we demonstrate a lower risk of prolonged H-LOS for
those less than 65 years of age, our increased risk for those ages 65 and greater may represent
differences in associated injuries as our population did not all sustain isolated injury. Likewise,
there is a ten year age difference between the elderly population in this study and that in previous
reports (ages 55 and older versus ages 65 and older) which may play a role in the increased
risk.*®

Effect of Transportation Time on Mortality in a Rural State

Overall mortality rates following splenic injury were reported as 18% in 2003 by Carlin
et al.> We report an overall mortality rate among the both the aggregate population (n=364) and
the model population (n=155) of 11.0% (n=40 and n=17, respectively). As a rural trauma center,
we would expect that our rate would be twice that of urban centers as previously reported by
Gomez et al. or at least closer to the average (18%), however, this was not the case.” Literature
has also demonstrated mortality rates for blunt versus penetrating injury rates of 1 to 15% and 8
to 5% respectively, which our results support (10.8% and 13.6% respectively).**

During the survival analysis, transportation time was considered as one of the seven
covariates included in the model. However, age and injury severity score (ISS) were identified
as the only predictors for decreased mortality (p=0.0016 and p=0.0903, respectively).
Transportation time was not identified as a predictor of decreased mortality (p=0.9948).

Compared to those greater or equal to 65 years of age, those ages 13 to 17 were 79% less

likely to die (HR=0.21; 95% CI=0.04, 1.14). Likewise, compared to those greater or equal to 65
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years of age, those ages 18 to 64 were 88% less like to die (HR=0.12; 95% CI=0.04, 0.38). With
regards to the ISSs, those with an ISS of 0 to 15 are 87% less likely to die compared to those
with an ISS greater or equal to 25 (HR=0.13; 95% CI1=0.02, 1.04). Patients with an ISS of 16 to
24 were 63% less likely to die than those with an ISS greater or equal to 25 (HR=0.37; 95%
CI1=0.09, 1.47). These results support previous attempts by researchers to identify variables to
aid surgeons in their attempts to more accurately predict which patients can be successfully
selected to complete non-operative treatment following splenic trauma.’

One possible explanation for our lower mortality rate is the ability of surgeons to more
accurately triage patients following prolonged transportation time in the presence of physiologic
signs which may be unavailable to the surgeon assessing a patient seen minutes after the injury
rather than hours. Longer transportation times may aid the surgeon in a rural state to select
patients for NOM more accurately, thus lowering the rate of FNOM. In 2011, Bhangu et al.
reported significantly higher mortality rates among patients who experienced FNOM.®" Another
explanation may in part reflect improvements in trauma care over the past ten years.

Effect of Transportation Time on Hospital Length of Stay by Treatment Group

While transportation time proved to be inferior as a predictor for decreased H-LOS
following POR, SAE or FNOM, the results of this study were also in concordance with other
findings. Chen et al. has reported a mean H-LOS following SAE of 10 + 6 days.*® We report the
longest H-LOS among the model population was for those patients who received NOM, (11 + 13
days, p=0.09). In the current study, median H-LOS was longest for patients in the POR group
(11[5, 20.5]. Watson et al. also reported mean H-LOS of 17 + 1 days and I-LOS following
FNOM of 10 + 1 days.%? Our H-LOS for patients experiencing FNOM was lower (12 + 10 days),

and we also demonstrated a lower 1-LOS (7 £ 8 days).
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The findings of this study suggest prolonged transportation time in excess of 20 minutes
in a rural state will allow the patient to declare themselves hemodynamically stable or unstable
prior to admission at a trauma center, and that these patients tent to maintain their admission
status. Those patients who experience FNOM in urban settings likely present as stable and
become unstable after admission. While I-LOS was shorter in this population for those patients
who experienced FNOM than for those who were successfully discharged following NOM, the
reasons remain unclear. Patients who require more surveillance typically remain in an ICU until
their condition allows them to be transferred to a floor bed. In some hospitals, patients who are
not ready for a floor bed, but don’t require the more intensive surveillance provided in an ICU
unit, are placed in a step-down unit. In the current study, a step-down unit was not available at
the trauma center, perhaps inflating the 1-LOS for some patients.

Effect of Transportation Time on Mortality by Treatment Group

Seventeen deaths (11.0%) occurred in the model population. A larger proportion of these
death occurred in the NOM group (70.6%, n=12). Eleven percent (11.8%) of total deaths were in
the POR group and 17.6% occurred in the FNOM group. Bhangu et al. reported that FNOM
rates were associated with significantly higher mortality rates and resource use, and that ages 55
and older were at highest risk for death (OR 2.65, CI 1.20-5,82).%" In this study, higher mortality
rates occurred in the NOM group. Mean hospital length of stay was longer in the NOM group,
while median H-LOS was greatest in the POR group. One explanation is the patient population
in this study sustained poly-trauma with higher grade splenic injury and were younger. These
results support previous reports that risk factors for adults ages 18 to 64 in a rural environment
are greater than for those in an urban setting.>*! In addition, over 50% of patients in the current

study sustained a head injury with an average abbreviated injury severity score of 2.8 £ 1.0.
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Treatment of concomitant injury may have played a role in the surgeons’ decision to place
patients in the NOM group. Finally, when the highest level of injury grade has declared itself on
presentation or within two hours post-admission, surgeons can use this information to accurately
select patients for NOM and reduce the chance of death. In cases of latent manifestation of
hemorrhage, injury grade at admission can change, resulting in a possible FNOM and therefore,
an increased chance of mortality.®’

Possible Reasons Transportation Time Was Not Predictive of Lower Mortality and Hospital
Length of Stay

There exist a number of possible reasons transportation may have proven ineffective as a
predictor for decreased mortality and H-LOS in the current study. The most obvious may be
limited power due to the low number of deaths (n=17), as well as the low number of patients
with documented EMS transportation times (n=155). Transportation time was defined as a
composite variable with no attempt to quantify the effect of EMS interventions, or lack of, on
either the patients mortality or H-LOS. Calculation of meaningful results was hampered by the
wide variance of transportation times (6 to 480 minutes). And finally, deaths which occurred
less than two hours post-admission were excluded, potentially removing from the model
population data reflecting critical transportation times and it is possible this influenced the results
of the survival analysis.

Hospital Outcomes Following Failure of Non-operative Management in a Rural State

While transportation time for splenic-injured patients in a rural state did not prove
predictive of decreased mortality or decreased H-LOS, the proportion of FNOMs was lower than
the proportion in current literature.”*®® This indicates there is reason to question the application

of the current, largely urban-based, trauma system in the rural environment.
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1.”% and the authors

A meta-analysis of 335 papers was conducted in 2013 by Olthof et a
reported strong evidence for FNOM based on three predictors: ISS greater than 25; have a
splenic injury Grade 11l or 1V, and 5; and being 40 years or older. The average rate of failure for
non-operative management of splenic trauma has been well reported between 8% to 38%.°-¢°
According to a 2003 EAST multi-institutional study which assessed 1,488 patients from 27 U.S.
trauma centers, 61% of FNOMSs occur within the first 24 hours following hospital admission, and
most will have occurred within the first 48 hours after admission, and that 100% will occur in
less than three days.”""® Results from the current study indicate a FNOM rate of 14.2% (n=22),
where the majority (96%) occurred less than six hours following admission, and 100% less than
48 hours.

This knowledge challenges the generalizability of previous predictors for FNOM based
on the experiences of non-rural populations and may prove critical in the quest to lower the rate
of FNOM by placing a focus on the differences between patients from rural versus urban
populations. Those patients who experience FNOM in urban settings likely present in an
unstable state and undergo POR or die prior to arrival. Results from this study indicated that
100% of FNOMs occurred less than 48 post-admission, or one full hospital day sooner. Further,
the majority of FNOMSs (96%) occurred much faster at less than six hours following admission.
We support the theory that rural and urban populations are different in terms of splenic injured
patients. Further, results from this study are therefore in concordance with previous publications
in the selection of patients for NOM, however demonstrate that following longer transportation
times, failures of NOM can be expected to occur prior to the expected 48 hours.®® These results

challenge the definition that in a rural state the start of NOM is equal to five hours following

admission if one considered a 5% failure rate the benchmark, as suggested by Jeremitsky.*®
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For those patients who experienced FNOM in a rural state, the majority of patients were
adult (ages 18 to 64), female, and reported a moderate ISS (16 to 24). The current study
collaborates reports that FNOM is associated with Grade 1V injuries 40% of the time (38.5%,
n=10).” However, literature reports Grade V injuries are associated with FNOM 15% of the
time, and we report two Grade V injuries among those patients who experienced FNOM
(7.7%).2°

There exists a potential for patients who have been classified as FNOM in previous
studies to have been misclassified. Without careful scrutiny of physician notes regarding intent
to treat, there may exist situations where NOM was the treatment of choice, however,
circumstances prohibited the execution of the treatment. In our study, two patients were
reassigned from the FNOM group to the POR group following review of their hospital records
which revealed hemodynamic stability and late night admission. Physician preference was to
delay SAE until daylight. Neither patient required additional procedures for splenic injury
following initial triage and both were discharged without further incident.

Implications

While it remains true that ACS guidelines promote rapid EMS delivery because
transportation of the traumatically-injured patient to definitive care has been shown to save lives
within the first hour after injury, for patients with splenic injury in a rural state with prolonged
transportation times symptoms may manifest before delivery. It is possible this information,
which is specific to the traumatic splenic-injured population in a rural state, may be of
importance to those attempting to implement EMS guidelines and protocols to better serve the

vulnerable rural population in states such as Kansas, as well as providing unique information to
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confidently select splenic injured patients for either NOM or POR for trauma surgeons where
transportation times routinely exceed one hour."
Strengths

This study is the first trial to evaluate the predictive capacity of transportation time
among patients with splenic injury related to H-LOS and mortality. To the best of our
knowledge, it is the third study to focus on the splenic-injured population in a setting where the
trauma center’s catchment area encompasses a largely rural population.

Limitations

We acknowledge the limitations associated with this study. Although the overall patient
population of 364 was substantial, the number of patients with EMS records complete with time
of call (n=155) limited our ability to fully assess the predictive nature of transportation time on
H-LOS. Further, this was a retrospective, single institutional study.

Although the mean transportation time in this study was 90 minutes, while the median
time was 65 minutes, patient residency was not assessed, therefore it is difficult to distinguish the
proportion of the model population which came to the trauma center from a rural community.
However, as the mean and median times approximate one another and both exceed one hour, the
statistics suggest that a larger proportion of patients in this study came from a rural setting.

Physician preference and standard of care were used to determine treatment group as the
population under study was regarded retrospectively. Injury grades were collected, but only for
those patients who received either POR, SAE, or were FNOM. Inclusion of injury grades would
allow for a comparison of incidence of FNOM in a rural setting inclusive of one of the most
predictive variables in literature. In addition, while SBP was assessed for its ability to predict

risk of prolonged H-LOS, patients who were hemodynamically unstable were included in the
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study regardless of assigned treatment group. Furthermore, no distinction was made regarding
presence or size of hemoperitoneum, presence of alcohol or drugs, or for patient comorbidities.
Patients were included who sustained both isolated splenic trauma, as well as poly-trauma
including head injury. Similarly, OPSI was not assessed as a confounder to patient outcomes
although previous studies have demonstrated that injury grade, OPSI, and hemodynamic stability
are all predictive for shorter H-LOS.

Although deaths (n=40) were censored prior to the Cox Proportional Hazard analysis,
they were not analyzed to determine cause of death. As the study population (n=354) contained
both isolated and non-isolated splenic injuries, death could have occurred due to complications
of, or directly associated to, other injury. Perhaps of more significance is missing information
related to the transfer status of those patients whose records were included in the model as no
clear chronological order of events prior to arrival at the trauma center was assessed.

Without a clear chronological understanding of those efforts made on the part of EMS
personnel prior to admission at a trauma center, generalizations regarding patient care are

limited.
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Conclusions

While not predictive of decreased hospital length of stay (H-LOS) or mortality regardless
of treatment group, prolonged transportation time following traumatic splenic injury in a rural
state allows physiologic symptoms to manifest prior to admission and reduced the number of
FNOMs. The ability to more accurately predict the need for NOM in rural populations, based on
prolonged transportation time, may alter what is currently believed about the H-LOS following
splenic injury in rural communities. We recommend intensive observation less than 24 hours
following admission, with less robust surveillance through hospital day two. Discharge can be

considered on hospital day three based on other injuries.
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PowerPoint

Transportation time in a rural fcknowedoments
state following splenic injury: Goms e e
does time matter

Jeanette Ward, BA . -
Frank Dong, PhD - Chair & e il
Elizabeth Ablah, PhD, MPH
Robert Hines, PhD
James Haan, MD

The Spleen

= The spleen is a highly vascular organ located in the
upper left quadrant of the abdomen under the ribs’

Background

Function Arterial Supply

The spleen holds approximately 10 to 1
The spleen was once considered a useless organ

body's blood at any given time
It is actually the largest secondary immune organ

The splenic artery is a major blood supply source
The red pulp performs “quality control” and filters

Since it is the largest of 3 arteries branching from
aging or damaged red cells and platelets

the celiac trunk it is directly tied to the abdominal
The white pulp initiates immune responses

aorta
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Epidemiology

In 2011, approximately 4,000 splenic injuries were
reported to the National Trauma Databank®

These represent only those severe enough to result
in a trauma activation

Mortality rates for blunt injuries: 1 to 15%*

Mortality rates for penetrating injuries: 8 to 2

Mechanism of Injury Risks Following Injury

Common mechanisms include®

Motor vehicle acoldents Persistent or recurrent bleeding ({typically starts

Falls less than 2 days from injury)

Assaults )
Hemoperitoneum

Sports-related accidents

Less than 10 re the result of penetrating Compensated or uncompensated shock

injuries including GSWs, knives, and atypical OPSI: overwhelming post-splenectomy infection

occupational, recreational or home accidents e
Death from exsanguination

Identified Risk Factors Special Populations

Hemodynamic status Splenic injuries in rural states are largely
Injury grade and severity Understudied
. However, in the United States, 59.4 million people
Patient age
live i | setting (19.3%0)8
Size of hemoperitoneum e 2t seliing ) )
Presence of blush on GT More elderly and children live in rural rather than
. L urban environments®
Associated injuries
o . ith <20%
Medical history and concomitant medications S R e b o
. the U.S. population®
Available resources
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Rural Environment: Definition

The U.S. government has at least 15 different
definitions for “rural™

The 2010 Census Bureau’s urban-rural classification
was based on geographical areas’

“Rural” are those populations not classified as an
urban areas > 50,000 people, or as any place outside
a town, city or urban cluster > 2,500 people’

In Kansas, rural areas are home to two-thirds of the

state’s population (approximately 1.2 million people)®

e 13

Kansas Report Card

In 2014, the American College of Emergency
Physicians ranked Kansas 44! in the nation for
Quality and Patient Safety Environment initiatives®
The leading contributor was identified as a lack of
emergency medical services (EMS) guidelines and
protocols which have been identified as a

challenge for the rural areas of the state

2011 B e o

Rural Environments

Limited rural trauma studies were found following a
robust literature search of more than 250 articles

Humber Trauma

of Studies Certter Lowel Yesr Published

Trauma Populstion

Alllevels All populations 201

Lewell Splenic raumas 1997

Level3 Alltraumas

Level3 Splenic raumas

Rural hespital ER
emergencies

Al traumas

78

Hospitals in Rural Environments

Three types of medical facilities:
= Trauma Centers: Levels | — IV
= Regional Hospitals

n Critical Access Hospitals

These facilities receive and treat patients
who live in both rural and urban areas of the

state

Risk of Death After Splenic Trauma
specific to Rural Environments

Increased exposure to high risk mechanisms0.11

e aslong
trauma me

Spleen Injury Literature in a
Rural Environment

= Limited attempts have been made in the U.S. to
extend an urban-based trauma system into the rural
environment'®

= 17 years have lapsed since the last report specific
to spleen injuries treated at a rural Level | trauma
center

Implication: It is possible current splenic trauma
literature may not be generalizable to the one fith of
the U.S. population who account for 80% of traumatic
deaths




Evaluation For Type of Spleen Injury Evaluation Basics

The goal of evaluation is twofold:
Parameter Need to obtain or identify

ic status R: ted blood p

1. Quickly identify those at highest risk for
persistent bleeding e : /spleen injury grade | CT, xray, palpitation, F.A.5.T.
. Minimize the need for operative intervention due Fortaldraston:
to operative and post-operative risks decelerati pression
Penetrating injury
Medical history

Type of weapon or instrument

Presence of spleen, bleeding
disorders

c i dicati Consider blood thi in elderly
Diminished mental status Medications which can mimic
Labs None specific to splenic injury

Presentation of Splenic Injury

Hemodynamic Stability

= Unstable
SBP < 90mmHg
HR > 120 bpm

= Classic patient presentations often include left rib
fractures (10-12)

= Triad of:
Left hemidiaphragm elevation
Left lower lobe collapse
Pleural effusion

= Life-threatening situation:
Hemodynamically unstable

Unresponsive to fluid challenge such as
normal saline or blood products

Mo other signs of external hemorrhage

Purpose of Diagnostics Injury Grade

Determine Injury Type
= Bruised

= Torn
Box 1.
= Cut cngan nury scaing for Mo spiesn

= Grading is determined according to American Association for the
Surgery of Trauma (AAST) guidelines (5 levels).?

Surgory of Trau

= Ruptured
= Shattered
Determine Injury Location
= Capsule
= Artery or vein
= Other
Determine Injury Severity
= Injury severity score (ISS)
= Injury grade

Dasespition of ey

Subcopmis, « W of nrface oea
Cagmuley bacx. < | o of poranchymal dec®

Subcopmics, 100 of Brfoce orea
Jrtsmasnchymdl hamatoma, & cm in damater

Sutcopmi, » 0% of mefaco 0BG or SpOnang ks
BbCaDmAT Of paenchymas hamaioma
PP PO 5 5 CM P TGN

Lacensfion of segmanial o hikr vemes eod.ong Mo
ST On (I of k)

Complatady shatiesd spean
Vi hir gy T dowiukiraed the iplesn

“Actvarcn | rate Ao g s 1o o e e, o o e B
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Diagnostic Tests

Test Used to Detect

In]ury Grades FASTE Presence of bload using Utrasound
| =312 St - =am Mot sensitive for identification of injuries

Presence of blood using an abdominal
catheter
Mot sensitive for identification of injuriss

Diagnostic peritoneal lavage
DPL}

Sensitive and specific

Presence of blush, pseudoaneurysm,
Computed tomography (CT) ocelusion

Dietemination of injury grade
Requires contrast

Interventional radiclogy Pinpoints location and size of bleeds
(angiagraphy) Can precede embolization

Contrast extravasation in a lacerated spleen

AAST
Treatment
Algorithm'2

Factors in Treatment Decisions Treatment Types

= Assessment of known risk factors and injuries to determine
need for operat erapy and ra patient is a good or = Observation
poor operative candidate

: _ 1 = Surgery
American College of Surgeon ( | freatment decision guidelines

Sl = Non-operative
MNOM < 2 hours (although no consensus on how to measure
the start of NO
In 2012 Jeremitsk al., attempted to quantify start of
to standardize reporting in literature and reported the start as

5 hours with an accepted 5% failure rate?®
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Treatment Options Planned Operative Treatment
(POR)

Acute POR is institutionally dependent and used in
18% to 40% of cases’?
Recommended for those patients who are:
Splenectorry Angiograp_hy without = Hemodynamically unstable
embolization . .
T e BSi i = Unresponsive to fluid challenge

AL SRIE NS DI pienicAngioembolization = Signs absent for other external hemorrhage

(SAE) :
| | &
Splenorrhaphy (repair) Observation [T st SEiEas

Operative Non-operative

Overwhelming Post-
Splenectomy Infection (OPSI)
= 1893: 1% splenectomy reported in literature

= Once considered the only acceptable treatment for High concern following splenectomy
all splenic injuries Life-long and life-threatening with sudden onset

= High mortality rate through the 1950's (50% of deaths will occur in less than 2 days)
3% of splenectomy patients

Incidence has decreased since the advent of
pneumococcal vaccine

Symptoms: fever, nausea, headache, altered
mental status

Focus on Splenectomy

Other After-effects of Non-operative Treatment: NOM
Splenectomy * Includes:

= Less-invasive procedures (Angiography or SAE)
Infection (following minor illness, invasive = Observation
= 8 out of 10 cases with 95% success rate's
= Used to manage 50 to 70% of lower grade injuries'®
Travel (vaccine recommendations) = Appropriate for:
= Hemodynamically stable
= Physical examination is nonspecific and
effects of partial splenectomy and splenorrhaphy insensitive

= Absence of extravasation on CT

= No higher acuity injuries

= Medical history without risk for bleeding

= AE/SAE injury grades Il or greater

medical procedures, dental work)

Research continues into the immunologic side

i e e e st ey
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Focus on AE and SAE Angioembolization (SAE)

y

Average time to angiography (AE or SAE) is
approximately 4 hours although times range from
5 to 13 hours

Not all arteries are eligible for embolization (SAE)
SAE Agents: gelfoam (temporary) or coils

(permanent)

e of persistent
hemorrhage

SAE Controversy

Treatment choice seems clear cut--not so

Controversy continues despite 30 years of
research

The controversy is spurred by two schools of
thought:

1. Surgeons who are convinced
embolization is safe and efficacious

2. Those who remain skeptical

Complications From SAE Cost of Treatment Choice

7 . Dependent on associated injuries
Infarction (tissue death) or abscess P !

Artery dissection
Cysts injury is $14,000

Contrast-induced renal insufficiency Haan et al. (2011) assessed differences between
Left-sided pleural effusions POR and SAE and reported higher charges for POR

Coil migration ($28,709) versus SAE ($19,062), p=0.016
Fever

Average hospitalization charges following splenic

No statistical difference was reported H-LOS
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What Happens When NOM
Does Not Work?

When hemorrhage resumes or escalates it may
be necessary to intervene outside ofthe 90 to
120 minute mark

May need to:

1) Repeat or perform AE/SAE

2) Perform AE/SAE in combination with one
of the 3 types of operative procedures

Failure of non-operative management (FNOM)

FNOM

Injury grades associated with frequency of adult FNOM:

Grade % FNOM

Failure rates increase among patients with higher
acuity injuries that are first triaged as NOM

Mortality: Time as a Predictor

In 1995, Wyatt et al. assessed the time to death
following injury indusive of transportation time'®

In their study, the spleen was one of many organs
assessed

Wyatt reported most post admission splenic deaths
occurred between hours 110 6
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FNOM

= QOccurs in 8% to 38% of cases with 60 to 96%
success rates

= Often due to latent manifestation of symptoms
rather than inappropriate treatment choice

" Risk factors:

Hemodynamically unstable

ISS 25 and greater

Injury grades Ill to v

Ages 40 and greater

Longer FLOS and H-LOS

Other intra-abdominal injury

Developing active extravasation

Large volume hemoperitoneum

FNOM: Time as a Predictor

= Time from admission as a predictor for
FNOM: 1817

= 75% of failures occur within 48 hours
= 88% within 5 days

= 93% within one week

Transportation Time

= Like splenic injury in a rural setting (which is
understudied) transportation time as a predictor
of any outcome following splenic trauma has

not been studied for 19 years




Review of the Problem Concerns

Splenic injuries are highly prevalent and can quickly e
become life-threatening In rural states, prolonged transportation times

POR carries immunologic ramifications and a higher aitesead Gminlies

cost than AE or SAE Failure to include prolonged transportation
times in risk assessments for splenic injury
may affect our ability to predict patient
mortality and prevent FNOM's

Current predictive models are based on
populations which may fail to account for the
unique characteristics of the rural environment

Controversy over SAE: are failure rates too high
How can FNOM be measured given the ambiguity
related to start of NOM and lack of data on transport
time

Do one-size-fit-all recommendations fit the rural
patient population

Research Questions Purpose of the Study

What is the predictive effect of transportation
time on mortality, and therefore survivability,
among those patients with traumatic splenic
injury in a rural state

What is the predictive effect of transportation
time on H-LOS in patients with traumatic
splenic injury in a rural stae

What is the effect of transportation time on the
incidence and outcomes following FNOM,
among the splenic-injured population in a rural
state

To evaluate the effect of transportation time
on patients with splenic injury in a rural
environment

Methods

" Design
= 10-year retrospective cohort
= Study period
MethOdS = January 2003 to December 2012
= Patient care setting
= Via Christi Health — St. Francis Trauma Center
" IRB approved (12-12-13, 01-14-14)
= Via Christi Health Institutional Review Board

= University of Kansas School of Medicine —
Wichita Human Subjects Committee
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Inclusion / Exclusion Criteria

Inclusion Criteria Exclusion Criteria

(eligible to participate) (ineligible to participate)
ICD-9-CM-identified splenic « Patients who arrived with no
injury, codes 865 to 865.19  signs of life or died within

two hours of arrival

Ages 13 and dder Patients who arrived via
private vehicle or walked
into the hospital
Admitted to Via Christi
Hospital on St. Francis
between January 2003 and
December 2013

Definition — Populations
* Aggregate Population:

* N=364 were those patients who met inclusion

criteria
* Model Population:

* n=155 were those patients who had a valid
transportation time documented in EMS
records

* n=209 were those patients who did not have a
valid transport time and were not included in
the survival analysis

Definition — Transportation Time

* Transportation time was defined as the time
between receipt of 911 call and arrival to the
trauma center

Transportation time includes all time spent at
the scene during prolonged extrications and/or
in receipt of diagnostics or stabilization ata
tertiary center
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Sample Size Flow Chart

N=531 participants in the
onginal datsbase

15 particpants were
> excuded due to age < 13
years old

N=456 particpants were
mcluded in the anakysis

encluded due 1o death < 2
hours after admission 1o the

l 54 particpants were

NoAZZ particpants ware
erchadied i tha arahysis

78 partiopants were
excuded because they

walked into the trauma

=364 particpants were
mcluded in the analysis

Definition — Study Groups

= POR
= Patients who received laparotomy including
total or partial splenectomy, or splenorrhaphy
less than two hours post-admission
= NOM
» Patients who were initially triaged to either
Observation, AE, or SAE less than two hours
post-admission
= FNOM
= Patients who experienced a first occurrence or
relapse of hemorrhage greater than two hours
post-admission requiring SAE or POR

Study Period Time Frames Leading
Up To Primary Outcome

Obsemati

A
o

Admission




Study Outcome Variables

Primary: Hospital length of stay (H-LOS)
=  Duration (days) from trauma center
admission to dismissal
Censoring
= Patients with splenic injury who survive
more than two hours after hospital
admission

‘Study group EMS mode
+ POR + Ficed wing airplane
HOM + Helicopter ambulance
FNOM +  Land ambulance
Systolic Blood Fressure [SEP] on

1310 17
16 to 64

Less than 80 mmHg

. - 90 t0 120 mmHg

+ 85 and older Greater than 120 mmHg

Injury type Grigin oftransportation
Blunt + Home orscene of injury
Referring hospital

Injury grades: Ito ¥

Penetrating
Gender

Injury severity score (1SS] Glascow Goma Scale
~ Oto 15 + hild (131015)
6024 Maderate (3 t012)
+ 25 or greater Severe (3 108 )
Transportation time [minutes] | Procedures
+ 0to30 + AE negative for extravas ation
. 3ito60 + AE of the splenic artery
- Bito20 + AE of the splenic vein
1210240 + AE with follow-up splenectomy
Greater than240

Splenectomy
- Splenorthaphy

Observation only

Clscharge Degination

Timeto proceiure (hours]
+ Dto2

© 2ted +  Rehabiltation
+ 4108 +  Other
Greater than & +Death

Statistical Analysis

Data were collected in Microsoft Excel (version 2007)
All statistical analyses were evaluated based on the
significance level of p<0.05

Statistical analysis were conducted using Statistical
Analytics Software (SAS) version 9.3 (SAS Institute
Inc., Cary, NC)

Demographics

Continuous variables: evaluated using Student's t
test or one-way ANOVA

Categorical variables: evaluated using Chi-square or
Fisher exact test
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Stratified Variables

Gender

ISS

SBP

Injury type

Injury grade

Origin of transportation
EMS mode
Transportation time
Type of procedure
Time to procedure
Discharge destination

Stratified Variables

During univariate analysis related to FNOM only, time
to procedure was further collapsed into the following
strata:

0to 2 hours
2 to 4 hours
Greater than 4 hours

Statistical Analysis:
Survival Analysis

Hospital length of stay with survival les than
two hours after hospital admission as the
censor variable
Model Covariates: age, 1SS, gender, injury
type, treatment group, time from admission to
procedure, and transportation time
o Kaplan — Meier (KM} graph
Cox Proportional Hazards Regression




Statistical Analysis:
Effect of Transportation Time on FNOM

= Transportation time associated with the
incidence of FNOM was evaluated using either
Chi-square or Fisher exact test

Demographics by Population

Table 1: Summaryof Patient Demagraphics and Outcemes for Aggregate versus hiadel
Popuation

[Faarenate Population] wiode Popuiation
n=mal m |n-is| oW

107 15 97
1 05
12 az

155
P} 2B

Aggregate and Model -

a7

Populations

Fixex wing aiplane
Helicopter
Total

Time
Oto 30 ninutes

3110 00 minues

Eilin 120 niicute;

12110 240 minutes
Greter than 20 ninutes
Total

Demographics: Injury Characteristics

Aggregate versus Model Population

Most patients in both populations were ages 18
to 64 (77.2% and 80.6%, respectively)

More patients were male (66.5% and 62.6%
More patients arrived via land ambulance

(76.9% and 78.7%)

Most transportation times were 31 t

minutes (11.5
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Injury Characteristics: Treatment Groups, Procedures, and Time to Procedures
Aggregate versus Model Population Talo S-Sy Tresdimen, Goos tossshbe Tipssd Tivta: e durs-bim Hosital

Adrission fr Aggregate wersus hisdel Popuiatior
Fogegate Popilation Wibdel Population
N 3 [ %

Most injuries in both populations were blunt {(94.
89.0%

Average injury grade was 3.2 £ 12 and 3.3 £ 1.2
Awerage ISS for both populations was nearing the
severe level (24.0 £ 125and 24 6 £ 11.7)

The percentage of patients wt_lo experienced an isolated e e
injury was low in both populations (8.5% and 9.7%)

Nearly half of patients in both populations had a head ﬁ"gnem“mmmm;m:m

injury (49.7% and 45 ) splerectony

The majority patients in either population arnved in a
normo-tensive state with SBP > 120 (50.3% and 43.29

T 716
142

& (&2

143
1000

2

e 11 e

Gredter than 4 hous
Total

Treatment Groups, Procedures, and Time to Patient Outcomes

Procedures: Aggregate versus Model Population
NOM was the treatment choice for the majority of Table 4: Summary of Patient Outcomes for Aggregate uersus hodel Papulation

Aggregate Population o del Propulation
%

patients regardless of population (85.7% and 71.6 Parameter N = 364 = 1%
20.6% of patients in the aggregate population and —
39.4% in the model population received any type of
procedure

3
Approximately half of all procedures (POR, AE or SAE) Al Lo L e AL LT,
s Humber of Ventilatary Daye* 3840
Hospital Dscharge Status

48% of patients received POR in the aggregate T poi
population, 47 n the model population Tokl =

E7Z]

e s S0

Most procedures were performed less than two hours

Patient Outcomes:
Aggregate versus Model Population

Both populations demonstrate more than half of patients
were discharged home (58 and 58 7%)

Ayerage H-LO S was approximately 11 and 10 days
respectively

Average FLOS was approximately 6 days for both

o aiitra Treatment Groups
Ventilatory days were approximately 4 and 3 respectively
There were 40 deaths in the aggregate population and
17 in the model population, which represented 11% in
both population and indicates the mortality rate was the
same in both populations
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Analysis by Treatment Group: Demographics

ble 6. Cifrences Anong Patient Demgraphics for Miodel Populaticn by Assigned Treatnent Group

POR MO FHOK Total
Parameter (n %) (n=22) (n=111) (n=32) (NE158)
| ge

131017 2004 1.9 201 15(0.7)

181064 1986 4) (T 1) 16F27) | 12506

65 and oider 1045) 10(8.0) 182) 15@.7)

Tota 23100 0) agtoomy | zcioom | 1ssi100.0y

Gengler (hisle) 16727 EITCET 10655) | anE26)

Origin of Tranzport

Heme or soene of inury 1359 1) BF38) 1aEa1) | s

Referring hospital 2(409) 2611 940 8) H(E03)

22(1000) i00m | o0 | 1560100.0)

WETS 10(35 4 12278 7"

Heligopter 2421 5 20 5

Fined wirg airpiane

(173
Totd 000, 156(100.0

T
0t 30 minutes N 3200y

310 60 minutes 34306y BT 1Y

£1t0 120 inues A7) (25 8)

121 0 240 mirutes. BUTY

Analysis by Treatment Group: Injury

Table 1:Difk £ 1ors SmON I ary Capcte oS far Bode | Pops Bto s by Ass pied TRame stG oips

POR Hon Totl P ualie
asiin (N=155)

Pammet (1 %)
iy Type

TG E2E)

0000

DIE Bl FEssi T

Less iz B0 mmHg T
@

| amn |
Grate iz 120 mmAg 51655
Tot Z2(100 7 111 600.0,

Analysis by Treatment Group: Procedures

Table 8: Differences Among Procedure Types and Tinie to Procedure From Hospital Adission for hModel Popuiation by
Pesigned Treatment Groups

NOM
Parameter (n,%) =111

Procedure Perbrmed (1) 22036 1) | 17@70y | 2201000y | 61304y

Prcedures

SAE OOy | ireo00y | ismeay | aa@asy

POR 20000) | 0oy T@E18) | 29(475)

2zqoon | 7wy | eecioog) [ Gigoony

ed by Type

e o o 145y ¢

Splenic atery. 17(153) | 1aga.n | aieeg
plenic wein o) [Z5) 1¢

adjunctive splenedtomy 0y

[T
Splenectanmy [T0) BTy | oi4m

0 145 6(3.0)

Chservation only. 9484T) 94(30.6)

000)
1000y | Z2(100.0y | tss(100.0p

171003 42(58.9)

1313y

3(48)
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Demographics:
POR vs NOM vs FNOM

The majority of patients among all treatment groups
were adults (86.4%, 81.1% and 72.7% respectively)
Males in the POR and NOM groups (72.7%, 64.09
The majority were female in the FNOM group
(54.5%)

The majority arrived from home/scene (59.1

73.9 via land ambulance (77.

in less than two hours

(59.1%,75.6, 72.9)

Injury Characteristics:
POR vs NOM vs FNOM

NOM was attempted in 8 of 17 penetrating injuries and
103 of 138 blunt injuries (p=0.001)
NOIM was attempted in 29% of Grade 4 and 17
Grade 5 injuries (p=0.52)
NO as attempted in the presence of elevated SBP >
120 (4#5.9%, p=0.017)
NOM was attempted in nearly half (49 ) of the most
severely injured (ISS 25>) injured (p=0.48)

%) patients

vl was the treatment

modality for 50.5% ofthe 70 patients with a head injury
(p=0.11)

Procedures:
POR vs NOM vs FNOM

A statistical significance was demonstrated
among treatment groups for those patients who
did or did not receive a procedure and type of
procedure (p<0.001 respectively)

Among those patients who experienced FNOM,
15 underwent SAE (68.1%), while seven
underwent POR (31.8%)

All but one of the PORs were splenectomies

Most (59.1%) of procedures following FNOM were
performed within 2 to 4 hours following admission




Analysis by Treatment Group: Outcomes Patient Outcomes:
POR vs NOM vs FNOM

Table 9 Differences Among Patiert Outeomes for Model Population by #ssigne d Treatment Group)

Across all treatment groups, the majority of patients were

POR NOM FNOM Total 2 5 o

Parameter (n.%) =221 | m=t11y | (r=22) | N=155) discharged to home (58.7%

Disch d D i
echarged Desiination N TN RN M) Average H-LOS for NOM was the longestat 10.2 + 11.0
R fion facilit 5(227) | 24(21.6) | 1t45) 30(18.4) days (p=0.09)

Other 14 53 1412 8) 2(91) 17103 .

Dead 20813 | 12010.8) | 3013.8) | 17(11.0) I-LOS was longer for those patients who completed NOM
33(100.0) |111(100.03| 22(100.07 | 165(100.07 -0 05

R84+103102211.0 57 +3.8 (81 iS.ﬁ,p—U.UD)

\['geg)fwvecane Unit Length ofStay (- | 3¢, 6061486 | 18218 Number of ventilatory days was greatest among those

Rlumber of entiatory Days $3:76 | 36276 | Brid patients who undenvent POR (5.3 + 7.6, p=0.08)

20(30.9) | 99(29.2) | 15(86.4) | 136(8.0] Death occurred in 17 (11.0%) of the model population
: X L =0 92
TTo0.07 [T T00.0) 2223083) TEE(T00.0 (p=0.92) ) ,
There were 12 (70 .6%) deaths among patients in the
NOM treatment group

FNOM: Injury Characteristics

Table 10: Injury Characterigtics for Patients E xperiencin:
Frequency

01030

31 to B0

6110120

120 to 240

Creater than 240
Time to procedure (hours}

010 2 hours

2104 hours

Greater than 4

FNOM: The majority of the FNOM subset (n=22) demonstrated:
Transportation Time, Injury Grade and Procedures Totle U dunsgpoprie, ruw 2hagctsighos, ors Sutovnios o THEN

Parameter (n=22) Result Frequency
18 to 64
FNOM occurred in 22 cases - L —
ome or scene afinjur;
The majority of FNOM patients sustained Grade Il {n=8, land ambulance
less than 60 minutes

36.4%) and Grade IV (n=9, 40.9%) injuries blunt

Transportation time was evenly distributed across the five mlsg';ﬂ 5

strata with the exception of those patients who s
experienced greater than 240 minutes (n=1, 4. Z

; =
Most patients received procedures following FNOM less e tez=tan 2o mmits
than two hours from admission (n=16, 72 Zto 4 hours

H ospital Discharge Status
‘Wean + SD
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FNOM:
Demographics, Injury Characteristics, and Outcomes

ost FNORMs were adults ages 18 to 64 (72.

ith 2 {9.1%) pediatric and 4 {182
The majority of patients were female {(54.5%. n=12)
IMost (36.4%, n=8) patients had a moderate ISS
SBP greater than 120 mmHg was demonstrated by
59.1% (n=13) patients
Among the 22 FNOM patients, 63
SAE
Average H-LOS was 5.7 £ 3.9 days, FlLOSwas 1.8+ 1.6
days, and ventilatory days was 6 £ 1.4
Among the 22 patients who experienced FNOM, there
were 3 (13.6%

o (n=15) received
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Survival Analysis
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Clinical Relevance of Parameters

= |n trauma studies, certain parameters provide
clinicians with the ability to determine whether an
Aggregate population differs from the Sample
population

= These include:

\dmission

Clinical Relevance of Parameters:
Bivariate Analysis

= Among the 10 vanables assessed in bivariate analysis, 3
demonstrated statistical significance:
1. Origin oftransportation (p<0.0001)
2. SBP (p=0.0066)
3. Study group (p<0.0001)
= We conclude the distribution ofthe Model population
(n=159) approximates that of the Aggregate population
{n=364) based on relevant clinical parameters

= The Model population is an approximation of a true random
sample

able 12: Summaryof H-LOS Stratified by Discharge Status
Dischared alive (n=138) Alcase (n=155)
[dian HLOS (days)] (01, 03) | (olin, heax) [bbdian HLOS (dmys)] (01, Q37
ge
13t 17 [ G | @.43) & [ERI)
1510 64 [ @15 | (147 6 [ERE]
65 and older 55 a8 [ g2 5 .5
s
Ot 15 35 @6 | .7 E] (2,53
16ito 24 ¥ o4, 10y | (1,28) & (4.05)
25 and greater 10 6,21y | (3,47 T 5,20
encer
bale 7 G616 | (1,47 & 5]
Female 55 ao | .39 5 @9
Inkiry Type
Blunt 7 @15 | .45 & G2
P enetrating 55 (4.65) | (2.23) 5 (4.6)
reatmentt Type
FNOM [ G.6) | @16 5 ©.8)
NOM 3 @17 | (.45 [ @12y
POR ] 5,205 | 2.40) 8 (5. 203
ime to Procedire
U to Zhours [ G A7 | (1.40) i & A7)
2 to 4hours [ (5751 | 2,100 6 .73
Greater than 4 hour [ A8 | @18 5 ©3.8)
ransportation Time
0 to 29 minutes ] 4,8 28] 4,83
301a 0 minutes [ 8 | (.43 1.8)
6110 120 minutes 7 17 A7) (4. 16)
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Survival Analysis

= Among the Aggregate population, 209 patients did

not have a valid transportation time while 155
patients did have a valid transportation time and
were included in the survival analysis

The number ofthose who had a valid transportation
time and were discharged alive was 138

Time to procedure greater than four hours and
greater than six hours were combined to power the
calculation of median H-LOS

Survival Analysis

= Sewen covariates were assessed in the suvival model:

Age
1SS
;. Gender
Injury type
s Treatment group
6. Time to procedure
7. Transportation time
Injury grade was included but was highly comrelated with ISS
(p<0.001)
Kaplandvieier curves for the seven covariates were included
to demonstrate the time-to-event (H-LOS censored for death)
Unadjusted and adjusted hazard ratios were reported for
each variable

Age and ISS

Cox proportional hazard regression analysis demonstrated
Age (p=0.0016) and ISS {(p=0.0903) were the only predictors
of mortality

The confidence interval for the ISS hazard ratio (HR) included
one which indicated there was no difference betwween the
measures, however the magnitude of the HR suggested a

strong predictive capacity for ISS on mortality
Transport time was not associated with mortality (p=0.9948)
Compared to those ages 635 years or older, those ages 13 to

17 viere 79% less likely to die (HR=0.21; 95% CI=0.04, 1.14)

Compared to those greater or equal to 85 years of age, those
ages 18 to 64 were 88% less likely to die (HR=0 95
C1=0.04,0.38)
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Summary of H-LOS Censored by Number of
Patients Alive After 2 Hours from Admission:
Hazard Ratios

= Median H-LOS was greatest for those patients ages 65
and older (6.5 [Q3-9] v. 6 [Q5,10] and 6 [4,15] d.),
respectively and ISS greater than or equal to 25 (10 [6,21]
v. 3.5[2,6] and 7[4,10] d.), respectively
Median H-LOS was longest for males (7 [5,16]d., those
patients who sustained blunt injury (7[4,13]d.), and those

vho undenyent POR (11[5.20.5] d.)

Those patients with transportation times in excess of 60
minutes had the longest median H-LOS compared to those
patients with transportation times of61 to 120 minutes and
121 to 240 minutes (7[3,17] v. 8.5[3,18] and 11[3,19]d.),
respectively

Table 15: Hazard Ralios for H-LOS

Unadjusted disted
Parameter H T ssaciprte | HR | %% clorHe
e P raue=0.0015
T3t 17 v 1910 64 a6 | oar | ase | ise | o038 | sas
T30 7w 65 and oider 092 | o1t | oss [ o= [ ooe [ 114
T8 10 B 65 and older oza | oaz | oar | 0az | ogs | oz
] Prale=0 0803
o 15 w610 24 047 002 139 034 | 004 | 335
Tto 15 v 25 and greater 007 | oot 048 | 013 | ooz | 1pa
7610 245 25 and greater 03 | var | omr | s | oos | a7
Gender._Fermle v Nhle 055 | 026 | 116 | Metincldedinthe anahas
hijuryTyne: Blurt vs Penctrating 073 022 237 Notincluded inthe anahgis
Tredmert Twe Nt ncluded inthe anahsis
FNOM v HOMT 115 | oss | ars
FNOM s POR 13 | 023 | ses
HOM vs FOR 0gs | oan | az
Time 1o Procedure (rursy
0102 w2 4 217 | o | wa
Grester than & hours s 0t 2 hous T8 | 044 | ava
Greater than @ haurs & 2to 4 hotrs 255 | o6 | w2
Time (iriEes) Mot predictive (=0 99957
01030 s Greater than 240 05z | ooz | aor | ooa | oos | et
T110 50 v Greatertian 220 120 | 045 | W | 106 | oaz | oss
G0 120 s Greder fian 200 172 | 2t | wa= | 124 | o014 | va9
12110 240 v Greaterthan 240 17 | o1z | vzr | oss | ooa | ase

Age and ISS-Cont'd

= Patients with 1SS of 0 to15 were 87% less likely
to die compared to those with ISS greater or
equal to 25 (HR=0.13; 95% CI=0.02, 1.04)
Patients with ISS of 16 to 24 were 63% less
likely to die than those with ISS greater or equal
to 25 (HR=0.37; 95
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Transport Time:
+ Transport time

ed as a predictor for decreased mortality
0 to 30 minutes had a higher survival probability,
death

Product-Limit Survival Estimates

Survival Prabability

Research Question 1 and 2

What is the predictive effect of transportation
time on mortality, and therefore survivability,
among those patients with splenic injury in a
rural state and

Is transportation time predictive of mortality, and

therefore survivability, within treatment groups
(POR, NOM or FNORM)

H-LOS

Chen et al., reported a mean H-LOS following SAE of
10.4 + 5.6 days for a population with non-isolated splenic
injury'®
= Results demonstrated 10.7 + 12.7 days {(with
pobtrauma)

Similarly, \¥fatson et al_, reported mean H-LOS followwing
FNOM of 16.9 £ 0.7 days'®
= H-LOS for FNOIM was 12 + 10 days

Patients demonstrated FNOM earlier than those in the
populations used in VWatson’s and others studies

Patients likewise experienced shorter H-LOS

i
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Mortality Rates

Overall mortality rates following splenic injury are

reported as 18%?°

The current study results demonstrate overall mortality
(=17 of 155)

Literature has demaonstrated mortality rates for blunt

versus penetrating injury of 1 fo 15% and 8 to 24%

respedively*

The current study also demonstrates 10.8% of deaths

due to blunt injury and 13.6% due to penetrating injury,

supporting previous findings

Since rural settings are associated with a 2 times higher

mortality rate following injury, a mortality rate closer to

36% could be anticipated, but this was not the case

While I-LOS was shorter in this population for those
patients who experienced FNOM than for those who
were successfully discharged following NOM, the
reasons remain unclear

Patients who required more surveillance typically
remain in an 1CU until their condition allows them to
be transferred to a floor bed

In some hospitals, patients who are not ready for a
floor bed, but don’t require the more intensive
surveillance provided in an ICU unit, are placed in a
step-down unit

In the current study, a step-down unit was not
available at the trauma center, perhaps inflating the
I-LOS for a proportion of patients

14



Research Question #2

2. What is the effect of transportation time on the
incidence and outcomes following FNOM, among
the splenic-injured population in a rural state

Transportation Time

= 31% of people live greater than one hour fi
the nearest Level | trauma cent

= Mean time to the trauma center in this study
was approximately 90 minutes, with a median
of 65 minutes

® These times are uncommon in largely urban
environments where transportation times may
be less than ten minutes or surgeons may be
dispatched to the scene of an accident along
with EMS to initiate treatment

ented at 8% to 3
injury Grades Ill

.
The majori
hours from admissic
= This stu
hours post-adrmission
The maj ceurred much faster atless than six

ions in the
of patients fi A, ho eng indings of
hat in the rural e

95

Possible Reasons Transportation

Time Was Not Predictive

Limited power due to lows number {(n=17) of deaths
Limited power due to low number (n=155) of patients with
documented EIMS transportation time

Transportation time was a composite variable with no
attempt to quantify EMS effect

Viide vanance of transportation times (6 to 430 minutes)
made it difficult to obtain meaningful results

Deaths which occurred less than two hours after

admission were not included in the analysis

Transportation Time and FNOM

= While transportation time for splenic-injured
patients in a rural state did not prove predictive
of decreased mortality or H-LOS, the proportion
of FNOMs reported was lower in this population
than the proportion of FNOMSs in literature
This indicates there is reason to question the
application of the current largely urban-based
trauma system in the rural environment

FNOM: Age

ithin the model population, the results
demonstrated the highest risk of mortality was
among patients age 65 or older

" Those ages 13 to 17 years were 79% less likely
to die

" Those ages 18 to 64 years were 88% less likely
to die




FNOM: ISS

= Higher ISS of 25 or greater was associated with
an increased risk of death

= Patients with 1SS 0 to15 were 87% less likely
to die compared to those with 1SS of 25 or
greater

= Patients with 1SS 16 to 24 were 63% less
likely to die compared to those with ISS of 25
or greater

FNOM: Injury Grade V

= Grade V injuries are associated with FNOM 1
of the time'®

We report 7.7 =2) Grade V injuries

FNOM: Injury Grade IV

Literature tells us that Grade IV injuries are
associated with FNOM 40% of the time'®-7

= Among those patients who received any
invasive or less-invasive procedure in this
study, 38.5% (n=10} sustained a Grade IV
injury

The 40% FNOM rate is comparable to current
literature

FNOM Outliers

= There exists a possibility that patients in previous

studies who were initially classified as FNOM’s may
have been mislabeled

= Careful scrutiny regarding intent to treat is

necessary to distinguish NOMs recorded as FNOMs

In this study ISS score was reported rather than
injury grade

This reflects the fact there were 130 patients with
valid injury grade scores, and 364 patients with

= |n this study there were two such instances

= Physician preferences indicated a deliberate delay
to SAE until daylight hours based on patient stability

= Neither patient required other procedures and were

valid ISS scores in the database

Rural FNOM

Prolonged transportation time greater than 20 minutes in
rural settings allows the patient to declare themselves
hemodynamically stable or unstable prior to admission at
a trauma center and these patients tend to maintain that
status

Those patients who experience FNOM in urban settings
likely present as stable and became unstable after
admission

The ability to more accurately predict the need for NOM
in rural populations, based on prolonged transportation
time, may alter what is currently believed about the
H-LO S following splenic injury in rural communities
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discharged without further incident and were
reclassified to the NOM treatment group

Rural FNOM

The mean transportation time in this study was 90
minutes, while the median time was 65 minutes
Patient residency was not assessed, therefore it is
difficult to distinguish the proportion of the model
population which came to the trauma center from
a rural community

Howrever, as the mean and median approximate
one another and both exceed one hour, the
statistics suggest that a larger proportion of
patients in this study came from a rural setting




ACS Recommendation

= While it remains true that ACS guidelines promote
apid EMS delivery because it has been shown to
save lives within the first hour after injury, for
patients with splenic injury in a rural state,
prolonged transport times may allow symptoms to
manifest before delivery to the trauma center
This evidence may lead to quicker, more accurate
treatment decisions

The ability to more accurately predict the need for
NOM may alter what is currently believed about
necessary H-LOS in the rural patient population

Limitations

. single institutional stud
iith small sample size. Only 155 (of 364) patients
had a transportation time on file
o assessmentwas made regarding the presence or size of

hemoperitoneum, presence of ETOH or drugs, or comorbidities

Included both non-isclated injuries and poly-trauma
ission of those patients who died less than hours from
| at the hospital

"o cear chronological ord:
admission or assessment of

Injury grade

Recommendations

= Recommendations are for intensive observation
< 24 hours after admission in rural
environments, with surveillance through hospital
day 2

Based on other injuries, discharge can be
considered on hospital day 3
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Strengths

This study is the first trial to evaluate the
predictive capacity of transportation time
related to H-LOS and mortality following
splenic injury

To the best of our knowledge, it is the third
study to focus on the splenic-injured
population in a setting where the trauma
center's catchment area encompasses a
largely rural population

Conclusions

Transportation time was not identified as a
predictor of mortality, and therefore survivability,
among those patients with splenic injury in a
rural state but remains a variable of interest for
future research in a more robust population

Transportation time was, however, found to be
associated with decreased incidence of FNOMs
and improved outcomes among the splenic-
injured population in a rural state, and should
be considered in discharge planning

Future Research

. Apriority should be placed on the collection of EMS

times and the sequence of events prior to arrival prior to
the conduction of nevws research in both rural and urban
settings in order to answer the question of whether
transportation is a predictor of FN O

Caonsideration of studies in rural environments involving
radiologic assessments confrolled for subjectivity and
expernence level

Case matched series comparing outcomes for rural
versus urban patients to isolate the effect of
transportation time

Consideration of implications for transportation time
related to other injury types
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