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ABSTRACT

BACKGROUND: We analyzed the clinical progression of trauma patients with pelvic bone fractures so to determine the risk factors
associated with sustaining concurrent abdominal solid organ injuries.

METHODS: This study was a retrospective chart review. Subjects were categorized based on injury type: solid organ versus non-
solid organ injury groups. These study groups were compared based on demographics, treatments, and clinical outcomes. Potential
risk factors that may contribute to the occurrence of abdominal solid organ injury in trauma patients with pelvic bone fractures were
evaluated.

RESULTS: The solid organ injury group included 17.4% of all the patients in the study (n=69). Fall from height occurred at greater
distances in patients that sustained solid organ injuries as opposed to patients with non-solid organ injuries. Initial blood pressure and
Revised Trauma Scores were lower in the solid organ injury group. Shock diagnosed immediately upon emergency department arrival
was a risk factor for intra-abdominal solid organ injuries in trauma patients with pelvic bone fractures. Clinical prognosis for patients
in the solid organ injury group was poorer and more invasive treatments were performed for patients in this group.

CONCLUSION: Traumatic pelvic fracture patient prognosis needs to be improved through early diagnosis and prompt delivery of
aggressive treatments based on rapid identification of abdominal solid organ injuries.
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INTRODUCTION

Pelvic bone fractures are commonly caused by high energy
external forces such as those sustained in traffic accidents
or falls, and these patients are at a high risk for associated
injuries.'? Pelvic bone fractures with abdominal solid organ
injuries have a poorer prognosis.*® In patients with pelvic
bone fractures, it is possible to overlook concurrent solid
organ injury, especially if the abdominal symptoms are not se-
vere. Diagnosing abdominal solid organ injury in the context
of pelvic bone fractures is critical, as the clinical management
and patient prognosis changes. Computed tomography (CT)
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rather than plain X-ray or ultrasonography is the preferred
method in evaluating patients with complicated injuries, es-
pecially if the injury affected the abdominal viscera.l"'% If CT
scan can be utilized to predict the probability of having an
intra-abdominal solid organ injury in patients with pelvic bone
fractures, then prognosis may improve.!'!l

Previous studies have investigated the clinical progression of
patients with pelvic fractures with various associated injuries.
412131 However, no studies have investigated the risks of in-
curring intra-abdominal solid organ injuries when pelvic bone
fractures are sustained. We evaluated the clinical progression
of patients that had pelvic fractures and received abdominal
CT scans to determine if concurrent abdominal solid organ
injury occurred. By gathering these data, we investigated the
early risk factors that indicate the presence of solid organ in-
juries within minutes of arrival to the emergency department
(ED) before obtaining precise radiologic images like CT scan.

MATERIALS AND METHODS

This is a retrospective chart review of 386 patients that
presented with pelvic bone fractures from January 2000 to
December 2011 to the Emergency Department at the Ulsan
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University Hospital in Korea (Figure |). Only patients that re-
ceived CT imaging that clearly indicated the presence or ab-
sence of abdominal solid organ injuries were included in the
study. Exclusion criteria were if the patient did not receive an
abdominal CT scan, if the presence or absence of abdominal
solid organ injury could not be determined from CT imaging,
and if the CT imaging reports could not be procured.

Study subjects were categorized depending on CT findings:
solid organ injury group who had abdominal solid organ injury
and non-solid organ injury group who had not abdominal sol-
id organ injury. Pelvic bone fractures were classified into lat-
eral compression (LC) type |, Il or Ill; antero-posterior com-
pression (APC) type |, Il or Ill; vertical shear (VS) type, and
combined type according to the Young-Burgess pelvic bone
fractures classification scheme. To differentiate pelvic bone
fractures based on stability, LC | and APC | were defined as
stable pelvic fractures while the other classifications were un-
stable.l'*'*] A licensed radiologist determined abdominal solid
organ injury severity based on CT scan results for the liver,
spleen, kidneys, pancreas, and adrenal glands in accordance
with the American Association for the Surgery of Trauma
(AAST) organ injury scales.

Demographic and clinical data included age, sex, mechanism
of injury, pelvic bone fracture stability (stable or unstable),
initial blood pressure taken at the ED, and the Revised Trau-
ma Score (RTS) to determine the physiologic severity grade.
The Abbreviated Injury Scale (AIS) and the Injury Severity
Score (ISS) were determined for all injuries and were utilized
to assess the injury severity shortly following ED treatment.
Complete blood count and arterial blood gas samples that
were taken immediately after ED presentation were evalu-
ated. Transfusion within 24 hours of ED presentation, shock
occurrence at the time of ED presentation and shock within
24 hours after ED arrival were also evaluated. Shock was
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Table I. Abdominal solid organ injuries in patients with
pelvic bone fractures

Solid organ injury type n %"

Single organ injury 48 69.6
Liver 21 30.4
Spleen 10 14.5
Kidney 12 17.4
Pancreas 2 29
Adrenal gland 3 43

Multiple organ injury 21 30.4
Liver + spleen 3 43
Liver + kidney 5 72
Liver + pancreas 3 43
Liver + adrenal gland 2 29
Spleen + kidney 5 72
Spleen + adrenal gland | 1.4
Kidney + pancreas | 1.4
Liver + spleen + kidney | 1.4

*: Percentages were calculated from a total of 69 patients that had solid viscera
injuries.

defined as a systolic blood pressure below or equal to 90
mmHg. Clinical management, subsequent admission to the
intensive care unit (ICU) or to the general medicine ward,
and mortality were evaluated for all patients. This study was
reviewed and approved by the Institutional Review Board.

Clinical progression and outcomes were compared between
the solid organ injury and non-solid organ injury groups via
the chi-squared test and Student’s t-test. Upon arriving to
the ED and before CT scanning, certain clinical findings were

482

Excluded

Y
396
Pelvic bone fractures

327

Non-solid organ injury <>

Pelvic bone fractures with abdomen CT

69

Solid organ injury

86
Unable to determine solid organ injury due to

abdomen CT loss

Figure 1. Study subject selection. Of all 482 patients that presented to the ED with pelvic
bone fractures and had received an abdominal CT scan, 396 patients were included in
the study. A total of 86 patients were excluded from the study because the nature of their
abdominal organ injury could not be determined due to a loss of CT scan.
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identified as statistically significant via univariate analysis.
Then a bivariate logistic regression was performed to evalu-
ate early risk factors associated with abdominal solid organ
injury in patients with pelvic bone fractures. All statistical
analyses were performed using SPSS version 19.0 software
(SPSS, Chicago, IL, USA), and a p-value less than 0.05 was
statistically significant.

RESULTS

On average the study subjects were 43.2+18.9 (mean % stan-
dard deviation) years-old, and the majority of the patients
were male at 58.6%. The solid organ injury group comprised
17.4% of all patients. For patients that sustained a solid or-
gan injury, 49.3% suffered a liver injury (n=34), 34.8% had
an injury to the kidney (n=24), 29.0% experienced a spleen
injury (n=20), 8.7% sustained an injury to the pancreas (n=6),
and 8.7% had an adrenal gland injury (n=6). If only one inter-
nal organ was injured, the liver; kidney and spleen were the
most commonly harmed in isolation at 30.4% (n=12), 17.4%
(n=12), and 14.5% (n=10), respectively. If multiple abdominal
viscera sustained injuries, then the liver, spleen and kidney
were also the most commonly involved at 7.2% (n=>5) (Table
). Subjects in the solid organ injury group were younger in

comparison to the other groups. The distribution of males
and females did not differ significantly between the groups.

Patients in the non-solid organ injury group mainly experi-
enced trauma due to traffic accidents at 57.5% (n=188) and
were more often pedestrians (n=106) as opposed to drivers
(n=25) or passengers (n=15). In the solid organ injury group,
injuries due to traffic accidents occurred in 69.6% patients
(n=48). Injuries sustained from falling from height comprised
20.3% of patients in the solid organ injury group (n=14) ver-
sus 20.5% of patients in the non-solid organ injury group
(n=65). On average, patients fell greater distances in the solid
organ injury group at 7.3 m as opposed to the non-solid or-
gan injury group that fell an average of 4.4 m. Unstable pelvic
bone fractures were evident in more than 60% of patients in
both solid and non-solid organ injury groups.

Initial blood pressure and RTS were decreased, and the pres-
ence of shock upon presenting to the ED was more preva-
lent in the solid organ injury group (Table 2). Shock upon
ED presentation was identified as an early risk factor for ab-
dominal solid organ injury in trauma patients with pelvic bone
fractures (Table 3). On average, ISS was higher in the solid
organ injury group, but initial hemoglobin levels did not differ

Table 2. Patient demographics and clinical characteristics
Non-solid organ injury (n=327) Solid organ injury (n=69) p
n % MeantSD n % MeantSD

Age, years 44.2+18.9 38.4+18.0 0.022
Sex 0.134

Male 186 56.9 46 66.7

Female 141 43.1 18 333
Injury mechanism 0.075

Traffic accident 188 57.5 48 69.6

Pedestrian 106 324 26 37.7

Driver 25 7.6 7 10.1

Fellow passenger 15 4.6 1.6

Motorcycle 42 12.8 10.1

Fall from height 67 20.5 14 20.3

Other 72 22.0 10.1
Height from fall (m) 44135 7.3%4.1 0.008
Pelvic bone fracture type 0618

Stable 129 394 25 36.2

Unstable 198 60.6 44 63.8
Systolic blood pressure (mmHg) 119.1+26.1 104.6+27.1 <0.001
Diastolic blood pressure (mmHg) 76.8143.6 64.0£20.7 0.018
Revised trauma score 11.7£1.2 11.0£1.9 0.006
Shock at ED presentation 35 10.7 23 333 <0.001

ED: Emergency department; SD: Standard deviation.
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Table 3. Early clinical findings associated with abdominal solid organ injuries

0dds Ratio 95% Confidence Interval p
Systolic blood pressure 0.994 0.979 - 1.009 0.406
Revised trauma score 0.955 0.773 - 1.181 0.673
Shock at emergency department presentation 3.049 1.245 - 7.463 0.015

*p-values were computed by multiple logistic regression analysis controlling for age and gender.

Table 4. Outcomes for pelvic fracture patients with either solid or non-solid organ injuries
Non-solid organ injury (n=327) Solid organ injury (n=69) [
n % MeantSD n % MeantSD

Injury Severity Score 15.8+8.8 27.949.9 <0.001
Initial arterial blood pH 7.39+0.09 7.30£0.10 <0.001
Initial hemoglobin (g/dL) 12.4+2.1 12.1+2.4 0.276
Initial prothrombin time INR 1.08+0.16 1.23+0.29 <0.001
24-hour packed red blood cells 1.24£3.29 6.41x11.90 0.001
Transfusion packed red blood cells 78 239 39 56.5 <0.001
within 24 hours
Treatment <0.001

Conservative 312 954 51 739

Invasive 15 4.6 18 26.1

Operative 6 1.9 2 33

Embolization 6 1.9 I 15.9

Operative + embolization 3 0.9 5 72
Intensive care unit stay, days 1.8+4.6 7.4£10.0 <0.001
Mortality 10 3.1 8 1.6 0.006

Hypovolemic shock 3 0.9 3 4.3

Septic shock 3 0.9 2 29

Brain lesion 4 1.3 | 1.4

Respiratory failure 0 0.0 | 1.4

Multi-organ failure 0 0.0 | 1.4

INR: International normalized ratio.

between solid and non-solid organ injury groups. Initial arte-
rial blood gas pH was decreased and prothrombin time was
prolonged in the solid organ injury group. Packed red blood
cell transfusions were performed more often in patients with
solid organ injuries within 24 hours of arriving to the ED as
compared to the non-solid organ injury group (6.4 vs. 1.2,
respectively; p<0.001).

Invasive treatments including surgery and arterial emboliza-
tion were more commonly performed, ICU stays were lon-
ger and mortality was higher in the solid organ injury group
(Table 4). Surgical operations such as bowel or mesentery
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repairs were often performed in the non-solid organ injury
group, but splenectomies or nephrectomies occurred more
commonly in the solid organ injury group. The internal iliac
and renal arteries were the most frequently injured vessels
in the solid organ injury group. Surgery following arterial
embolization was performed in 2 patients in the non-solid
organ group and in 4 patients in the solid organ injury group
(Table 5).

DISCUSSION

The extent to which pelvic bone fractures contribute to
poorer prognosis in trauma patients remains unclear.!'"]
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Table 5. Invasive treatments for pelvic bone fractures with either solid or non-solid organ injuries

Non-solid organ injury
(n=15/327)

Solid organ injury
(n=18/69)

Operation (n)

6

Gastric perforation repair, |
Colon perforation repair; |
Small bowel resection, 3

Mesentery repair, |

2
Splenectomy, |

Splenectomy + nephrectomy, |

Arterial embolization (n) 6

Internal iliac artery, |
hepatic artery, |

Cystic artery, |

Gluteal artery, |

Internal pudendal artery, |

Gluteal + femoral artery, |

Arterial embolization + operation (n) 3

Internal pudendal artery

+ bladder, diaphragm repair |
Internal iliac artery

+ bladder repair, |

Bladder repair

+ internal iliac artery, |

I

Internal iliac artery, 4

Renal artery, 3

Hepatic artery, |

Splenic artery, |

Internal iliac + lumbar artery, |
Renal + hepatic artery, |

5

Internal iliac artery

+ bladder repair, |

Internal iliac artery

+ bowel repair, colostomy, |
Gluteal artery

+ exploratory laparotomy, |
Hepatic artery

+ small bowel resection, |
Small bowel repair

+ internal iliac artery, |

However, patients with pelvic bone fractures with concur-
rent internal organ injuries, hypotension, head injuries, and
lower hemoglobin levels have worse outcomes.[*!3'¢] Elevated
ISS in patients with pelvic bone fractures and internal organ
injuries rather than stability type of pelvic bone fractures,
is associated with a higher risk for mortality.I'® A previous
study reported that pelvic bone fracture instability does not
increase the likelihood of abdominal solid organ injury. Age,
mechanism of injury, hypotension, and injury to the chest
are all prognostic factors of mortality.l'”! Therefore, patients
with abdominal solid organ injuries may have less favorable
prognoses as compared to patients without such injuries. We
found that patients with internal organ injuries had worse
prognoses and higher mortality rates, longer ICU stays, el-
evated ISS, relatively more transfusions, and a greater likeli-
hood of receiving surgery and/or arterial embolization. It is
imperative to rapidly diagnose injury to the abdominal solid
organ in the setting of pelvic bone fractures so to deliver ap-
propriate treatment, and our data suggest that patients pre-
senting with shock are at even higher risk of having abdominal
solid organ injuries.
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Patient prognosis after sustaining a fall from height depends
on the distance of the fall.l'®%! The greater the distance
that the patient falls, the more likely the patient sustains
solid organ injuries based on univariate analysis in our study
(odds ratio 1.188, 95% confidence interval (Cl) 1.032-1.368,
p=0.016). Yet, fall injuries only constituted 20% of all injury
mechanisms in this study, and so estimating the risk of experi-
encing concurrent solid organ injuries via multivariate regres-
sion was limited.

There is controversy regarding the clinical utility of obtaining
abdominal CT scans selectively only for patients that com-
plain of abdominal tenderness, cases of suspected hemo-
peritoneum, abdominal ultrasonography revealing suspected
injury to the viscera, hematuria, or routinely for all trauma
patients that were exposed to great external forces so to
determine whether the patient experienced concurrent ab-
dominal organ injuries with pelvic bone fractures.!''""24 Se-
lective utilization of CT scanning has been advocated for due
to radiation exposure and cost.???l However, it has been re-
ported that the treatment plan was changed in 6.4% of cases
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due to diagnoses determined from CT imaging.l'! It is difficult
to conclusively state whether CT scans should be performed
selectively or routinely so to better diagnose abdominal solid
viscera injury in patients with pelvic bone fractures because
of the limitations of our study. Although, routine abdominal
CT scans are preferred when working up patients with pelvic
bone fractures at Ulsan University Hospital. In this study 17%
(n=69) of the patients with pelvic bone fractures were diag-
nosed with internal solid organ injury on abdominal CT imag-
ing. It may be useful to perform abdominal CT scans routinely
in patients with pelvic bone fractures, so to identify the pres-
ence of organ injuries. Since this study only included subjects
that received abdominal CT scans to determine the presence
of pelvic bone fractures, this study has limited power in es-
timating the prevalence of abdominal solid organ injury. Fur-
ther studies are needed to determine whether abdominal CT
scans should be utilized in diagnosing abdominal solid organ
injuries in patients with pelvic bone fractures.

Injury to abdomen in the pelvic area is associated with pelvic
fractures, and the viscera that are most frequently injured are
the liver, kidney and spleen, in order of decreasing prevalence
of injury.! These organs were also commonly injured in our
study. It is very important when treating trauma patients to
determine early on whether further diagnostic methods and
treatments are necessary in the ED based on clinical findings
such as patient history, initial physical examination, and vital
signs. Severe pelvic bone fractures may be easily detected on
physical examination. Yet, it is difficult to discern abdominal
solid organ injury because the viscera, unlike bone, are not as
easily palpated in physical examination. Especially for trauma
patients that present with shock to the ED, it is imperative to
diagnose abdominal solid organ injury quickly so to expedite
the delivery of appropriate treatment interventions. Pelvic
packing as well as arterial embolization are effective interven-
tions that control bleeding for hemodynamically unstable pa-
tients with pelvic fractures.”>*! However, pelvic packing was
not performed in this study, so we did not evaluate the effica-
cy of pelvic packing in patients with unstable pelvic fractures.

Limitations of this study are that it is a retrospective chart
review and that it was conducted with data from one univer-
sity hospital. Also, the patient charts did not reveal the exact
indications for taking the abdominal CT scans for patients
with pelvic bone fractures during the study period. Since
abdominal solid organ injury may not have been confirmed
if CT scanning was not performed, in spite of the presence
of traumatic pelvic bone fractures, there may have cases in
which injury to the viscera was missed. Although, abdomi-
nal CT scans were conducted in the majority of the patients
with suspected abdominal injuries upon presenting to the ED,
making it less likely that such a diagnosis was overlooked.
Also, the average age of patients with solid organ injuries was
generally younger in our study. This may be due to the fact
that the study population, which was comprised of physically
active and young individuals, was more likely to engage in high
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risk activities that predispose them to severe traumatic in-
sults. Therefore, the overrepresentation of this age group in
our study makes it more difficult to estimate the relationship
of age with the occurrence of solid organ injuries in pelvic
fracture patients. These limitations may be overcome with
further prospective, multicenter studies.

Conclusion

There is a need to improve prognosis by diagnosing abdomi-
nal solid viscera injury early such that the appropriate ag-
gressive treatments may be rapidly administered to trauma
patients with shock and pelvic bone fractures in the ED.
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AMAC: Bu galismada, pelvis kemigi kiriklarinin klinik 6zellikleri ve prognozu ile eslik eden karinda solid organ yaralanmasinin olusu ve risk faktorleri

incelendi.

GEREC VE YONTEM: Geriye déniik olarak tibbi kayitlar toplandi. Denekler, demografik 6zellikler, sonuglar ve prognozu karsilastirma amaciyla
karinda solid organ travmasi agisindan solid organ yaralanmasi olan ve olmayan gruplara ayrildi. Pelvis kemigi kiriklari olan hastalarda karinda solid

organ yaralanmasinin olusu agisindan risk faktorleri degerlendirildi.

BULGULAR: Solid organ yaralanmasi olan grupta 69 (%17.4) hasta vardi. Solid organ yaralanmasi olmayan gruba gére solid organ yaralanmasi olan
grupta yiksekten dususler daha fazlaydi. Solid organ travmasi grubunda baslangictaki kan basinci 6lgtimleri ve gézden gegirildi, travma skorlari daha
diistik bulundu. Acil servise gelisin hemen sonrasi sok, pelvis kemigi kiriklari olan travma hastalarinda karinda solid organ yaralanmasi igin bir risk
faktorlydu. Solid organ yaralanmasi grubu koti bir prognoza sahip olup bu grupta daha invaziv tedavi uygulandi.

TARTISMA: Sok ve pelvis kemigi kiriklari kuskusu ile acil servise gelen travma hastalarinda prognozun karinda solid organ yaralanmasinin erkenden

ongoristine gore erken tani ve agresif tedavi ile iyilestirilmesi gerekir.

Anahtar sozclikler: Abdominal yaralanmalar; kiriklar; pelvis kemikleri.
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