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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 (ISS), 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.  
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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 FNOMs 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.1 In the United 

States (U.S.), approximately 60% of all reported abdominal injuries involve isolated splenic 

injuries.2  In 2011, approximately 4,000 splenic injuries were reported to the National Trauma 

Databank.3  Among those patients who sustain blunt or penetrating splenic injury, mortality rates 

are between 1 to 15% and 8 to 24%, respectively.4,5   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%).6  Less than 10% are the result of penetrating trauma including gunshot wounds, injury 

from knives, and random occupational, recreational or home accidents.6  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.6   

  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 
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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.7  Risk factors associated with rural 

residency include: motor vehicle accidents with and without alcohol;8 increased prevalence of 

residential firearms,9  agricultural machinery accidents,10 and longer pre-discover periods are 

major contributors to prolonged transportation times.8, 11   

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.12  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.12  In the U.S., approximately 59.4 million people (19.3%) reside in a rural setting.13  

Older adults and children represent a larger percentage of the total rural population.13  While less 

than 20% of the U.S. population is classified as rural, this population makes up more than 60% 

of trauma deaths.13  In Kansas, rural areas are home to two-thirds of the state’s population, 

(approximately 1.2 million people).14   
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 
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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).15 Trauma centers can be accredited by The American College of 

Surgeons Committee on Trauma (ACS-COT) or at the state level.16  If accredited by the ACS-

COT, hospitals are designated Level I to V.  Level I and II trauma centers both provide the 

highest level of trauma care available, where Level I trauma centers also conduct research and 

outreach.  However, Level I and II 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.17  

Previous research has demonstrated more limited access to advanced trauma care in rural 

environments.18, 19  In 1995, Esposito et al. studied differences between transportation times 

among patients presenting to trauma centers in urban and rural environments.20 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.20  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.21  In 2010, Gomez et al. reported increased risk of mortality for 

patients with traumatic injury who received initial care at a rural emergency department.7  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.7   
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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      
of Studies 

Trauma         
Center Level 

Trauma 
Population 

Year Published 

1 All levels All populations 2011 

1 Level I Splenic traumas 1997 

1 Level 3 All traumas 2007 

1 Level 3 Splenic traumas 2013 

4 
Rural hospitals, 

Emergency 
Rooms 

All traumas 
1995, 2004, 
2006, 2013 

 

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 44th in 

the nation for Quality and Patient Safety Environment initiatives.22  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.   
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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 

Hemodynamic status  Repeated blood pressures 
Other injuries or spleen injury grade  CT scan 

 X-ray 
 Palpitation of the abdomen  
 F.A.S.T. exam

Blunt injury  Force and direction 
 Deceleration versus compression 

Penetrating injury  Type of weapon or instrument 
 

The CT scan has been validated as being both sensitive and specific for presence and 

location of bleeding, pseudoaneurysm, and occlusion (Figure 3).23 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.24  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 
Trauma (FAST)  

 Presence of blood using ultrasound 
 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).25  Grade ranges fall into one of three 
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categories: low (Grades I and II), mild (Grade III), and severe (Grades IV and VI).25  In addition 

to injury grades, all traumatic injuries are assigned an anatomical injury severity score (ISS) 

which is an amalgamation of scores assessed for each individual body region.26  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 

 

 

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).25 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.   
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Figure 5:  American Association for the Surgery of Trauma Splenic Injury 
Treatment Algorithm 

 

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 

decisions should be made following patient arrival at the hospital.16 Recommendations are for a 

commitment to a planned operative therapy (POR) in 90 minutes or less, or to non-operative 

management (NOM) in two hours or less.16   
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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).27  However, total hospital costs and charges were 

found to be similar between the two modalities.27  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.27 

Planned Operative Treatment 

Planned operative treatment is institutionally dependent and used in 18% to 40% of 

cases.28  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).29   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.30  Other side effects include a lifelong 
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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.31-34  Splenic angioembolization is a radiologic procedure whereby blocking agents 

are placed in damaged splenic arteries to occlude them, thus improving splenic salvage rates.35   

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.35-37  In 2011, 

Chen et al. reported that the mean hospital length of stay (H-LOS) following SAE was 10.4 ± 5.6 

days.38    

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 

95%.29, 35, 36, 39-42   Success rates currently approach 95% in pediatric cases and 60-96% in adult 

cases following careful patient selection for NOM.39-42  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.35  These procedures were previously 

recommended by the EAST for;  Injury Grades III and higher, the presence of contrast blush on 

CT, moderate hemoperitoneum, or clinical evidence of ongoing splenic bleeding.29,43-49  

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.29, 50-57  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.58,59  In 1997, Gavant et al. reported that injury grade was a predictor of 

FNOM, and it remains a leading indicator for NOM patient selection.60  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 coil, if used.   

Smith et al. reported an average time to angiography following hospital admission of 243 

minutes (range 32 to 801 minutes).61  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 

on the predictive nature of all of these factors.27,32,36,37,39,42,45,48,49,62  Those predictors considered 

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).2 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.63 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.64 

Failure of non-operative management occurs in 8% to 38% of cases.61,65  Literature 

demonstrates that 75% of FNOMs will occur within 48 hours of hospital admission, 88% within 

five days, and 93% within one week.66  The success rate following adjunctive NOM or POR 

treatment is 60 to 96%.66 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.29  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.2,64   

In a 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, CI 1.04-3.57), ages 55 years 
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and less  (OR 3.42, CI 1.73-6.77), and ages 55 years and greater (OR 2.65, CI 1.20-5.82).67  

Increased resource use, as well as longer I-LOS and H-LOS were also associated with FNOM.67 

In 2006, Watson et al. reported the average H-LOS following FNOM was 16.9 ± 0.7 days.62 

Mean I-LOS was reported as 10.1 ± 0.6 days.62 

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.31,32,34,68 In 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.34  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.31, 32, 34, 68 In 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.69  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.69   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 I 

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 I 

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  

 ICD-9-CM-identified splenic injury, codes 
865 to 865.19 

 Patients who arrived with no signs of life 
or died within two hours of arrival 

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

 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 
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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).70  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).  As a 

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 

(3 to 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 I 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 % 

  13 to 17 39 10.7 15 9.7 

  18 to 64 281 77.2 125 80.6 

   65 or older 44 12.1 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 to120 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 ± 1.2   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         

  0 to 15 98 26.9 36 23.2 
  16 to 24 105 28.9 44 28.4 
  25 and greater 161 44.2 75 48.4 

     Total 364 100.0 155 100.0 
 Head Injury (Y/N) 181 49.7 70 45.2 
 Head Injury AIS Score* 2.9 ±1.1   2.8 ± 1.0   
 Glascow Coma Scale Score         

  Mild (13 to 15) 253 69.5 113 72.9 
  Moderate (9 to12) 15 4.1 8 5.2 
  Severe (3 to 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  
  splenic artery 

36 9.9 30 19.4 

  Splenectomy 28 7.7 22 14.2 

  Angioembolization negative  
 for extravasation 

2 0.5 1 0.6 

  Angioembolization of the  
  splenic vein 

1 0.3 1 0.6 

  Angioembolization with  
  adjunctive splenectomy 

1 0.3 0 0.0 

  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  
 Stay* 

6.22 ± 10.4 
 

5.6 ± 8.0 
 

 Number of Ventilatory Days* 3.8 ± 9.2 3.4 ± 7.1 

 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 

 Parameter (n,%) 
POR       

(n=22) 
NOM       

(n=111) 
FNOM     
(n= 22) 

Total   
(N=155) 

P value

 Age 0.67 

  13 to 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 

  
 Parameter (n,%) 

POR 
(n=22) 

NOM       
(n=111) 

FNOM     
(n=22) 

Total        
(N=155) 

P value 

 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 

  0 to 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 to1 5) 16 (72.7) 76 (68.5) 21 (95.5) 113 (72.9) 
  Moderate (9 to12) 0 (0) 8 (7.2) 0 (0) 8 (5.2) 
  Severe (3 to 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 

  
 Parameter (n,%) 

POR       
(n=22) 

NOM      
(n=111) 

FNOM     
(n=22) 

Total 
(N=155) 

P value

 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 
0 (0) 0 (0) 1 (4.5) 1 (.6) 

 

  Angioembolization of the  

  splenic artery 
0 (0) 17 (15.3) 13 (59.1) 31 (20.0) 

 

  Angioembolization of the  

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

 

  Angioembolization with  

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

  Parameter (n,%) 
POR 

 (n=22) 
NOM      

(n=111) 
FNOM     
(n=22) 

Total  
(N=155) P value 

  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 (4.5) 30 (19.4) 

       Other 1 (4.5) 14 (12.6) 2 (9.1) 17 (11.0) 

       Dead 2 (9.1) 12 (10.8) 3 (13.6) 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 

  Intensive Care Unit Length of 
  Stay* 

3.8 ± 8.0 6.1 ± 8.6 1.8 ± 1.6 
 

0.05 

  Number of Ventilatory Days* 5.3 ± 7.6 3.6 ± 7.6 .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, III, 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 
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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*   1.8 ± 1.6   

 Number of Ventilatory Days*   .6 ± 1.4   

 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 

(n=155) 
No transport 
time (n=209) 

Total P-value*

 Age       0.3368 
     13 to 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 Score† 24.5 ± 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 (44.5%) 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 4th decimal place 
**234 patients do not have the injury grade. 
***One patient does not have SBP measures 
†Mean ± 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 



 

44 
 

(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  
H-LOS  
(days) 

(Q1, Q3) (Min, 
Max) 

Median  
H-LOS  
(days) 

(Q1, Q3) (Min, 
Max) 

 Age              

  13 to 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              

   0 to 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 5.5 (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  
  minutes 

11 (3, 19) (1, 23) 10.5 (2.5, 
15.5) 

(1, 23) 
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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% CI=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% CI=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% CI=0.09, 1.47).   
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Table 13:  Hazard Ratios  for H-LOS 

Unadjusted Adjusted 

Parameter HR 
95% CI for 

HR 
HR 

95% CI for 
HR 

Age p-value=0.0016 

  13 to 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 

  0 to 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) 0.55 0.26 1.16 
Not included in the 

analysis* 

Injury Type (blunt) 0.73 0.22 2.37 
Not included in the 

analysis* 

Treatment Type 
Not included in the 

analysis* 

  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) 

  0 to 2  vs 2 to 4 2.17 0.27 17.60 

    Less than 4 vs 0 to 2  1.18 0.14 9.74 

    Less than 4 vs 2 to 4  2.55 0.16 41.22 

Transportation Time (minutes) Not predictive (p=0.9948) 

  0 to 30  vs  greater than 240 0.82 0.07 9.07 0.94 0.08 10.71 

  31 to 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 

  121 to 240  vs  greater than 
240 

1.17 0.12 11.27 0.94 0.09 9.56 

*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 
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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.  

Figure12:  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.71   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 I 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 



 

56 
 

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.38 

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.5 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.7 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).4,5   

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% CI=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% 

CI=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.2   

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.67  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.38  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.62  Our H-LOS for patients experiencing FNOM was lower (12 ± 10 days), 

and  we also demonstrated a lower I-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 I-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).67  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.8-11  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.67 

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.61,65  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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A meta-analysis of 335 papers was conducted in 2013 by Olthof et al.73 and the authors 

reported strong evidence for FNOM based on three predictors: ISS greater than 25; have a 

splenic injury Grade III or IV, 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%.61,65  

According to a 2003 EAST multi-institutional study which assessed 1,488 patients from 27 U.S. 

trauma centers, 61% of FNOMs 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.71,73  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 FNOMs (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.66  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.69  
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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 IV injuries 40% of the time (38.5%, 

n=10).29   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%).29   

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.17  

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.1 

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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