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Abstract

Paralytic ileus occurs in up to 18% of the patients with pelvic bone fractures. The aim of this study is to determine if mas@
bleeding requiring arterial angio-embolization is related with the duration of ileus in patients with traumatic pelvic ring injuries.
This retrospective study included 25 patients who underwent arterial angio-embolization for traumatic pelvic ring injuries. Data
were collected from prospectively maintained databases of two independent hospitals. Demographic characteristics (such as
age, sex, body mass index, and Charlson Comorbidity Index), cause of trauma, and severity of pelvic injuries were similar in the
non-prolonged and prolonged ileus groups. As expected, the prolonged ileus group had a significantly longer duration of ileus
than the non-prolonged ileus group (8.0 + 4.2 days vs 1.2 + 0.4 days, respectively; P < .001). The mortality rate was higher in the
prolonged ileus group (20% vs 0%), but it was not significantly different (P = .13). Interestingly, the prolonged ileus group received
significantly higher amounts of packed red blood cell transfusions (6.1 + 2.1 units vs 3.8 + 2.5 units; P =.02). The amount of
packed red blood cell transfusions was associated with a greater risk of prolonged ileus development (P = .03, odds ratio = 2.04,
95% confidence interval = 1.08-3.88). This study supports the idea that the duration of the ileus is related with the amount of
bleeding caused by the traumatic pelvic ring injury. In order to prevent further complications, conservative treatments of the ileus
should be considered.

Abbreviations: AAE = arterial angio-embolization, Cl = confidence interval, OR = odd ratio, PRBC = packed red blood cells.
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1. Introduction

Traumatic pelvic ring injuries are rare and potentially lethal skel-
etal lesions associated with polytrauma often.!"! They are mostly
caused by high-energy forces such as motor vehicle collisions
(60% of cases), falls (30%), and high-speed crashes (10%)."!
Owing to massive bleeding, they are considered a major cause
of death in pelvic trauma patients, with an overall mortality of
approximately 5%.** The mortality rate reaches 30% when
the pelvic fractures are also accompanied by hemodynamic
instability,”) mainly caused by bleeding at the fracture site,
injury to the presacral venous plexus, and/or bleeding branches
of the iliac artery.’! Timely hemorrhage control interventions
are fundamental to improve outcomes and include the use of
pelvic binders, stabilization by external fixation, extraperitoneal
pelvic packing, and arterial angio-embolization (AAE). AAE is
considered a first-line treatment to control massive bleeding in
pelvic injuries.®!
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Paralytic ileus is defined as a temporary inhibition of peristal-
sis. It results in stagnation of intestinal contents and gut dila-
tion due to accumulation of secretions and gas. The causes can
include intra-abdominal infections, metabolic disturbance, retro-
peritoneal or intraperitoneal hematomas, intestinal ischemia, and
drugs.l'*12I Patients generally present with abdominal distension,
abdominal pain, abdominal discomfort, nausea, vomiting, and
constipation."”! Postoperative ileus occurs in approximately 15%
of patients who underwent abdominal surgery, and in approxi-
mately 8% of patients who underwent orthopedic surgeries that
did not involve the peritoneal or retroperitoneal cavities.!'%!3!4 In
addition, paralytic ileus occurs in 5.5% to 18% of the patients
with pelvic bone fractures.'>'”! Long-lasting ileus is associated
with increased morbidity, health care cost, and length of hospital
stay."®201 The determinants of ileus in traumatic pelvic ring injury
patients are not yet fully understood. The aim of our study is to
define whether bleeding in traumatic pelvic ring injury patients
who underwent AAE is associated with the duration of ileus.
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2. Methods

2.1. Ethics statements

The study protocol was approved by the institutional review
boards of the Keimyung University Hospital (approval num-
ber: DSMC 2021-11-041) and the Daegu Catholic University
Hospital (approval number: CR-21-190), and conducted in
accordance to local ethical guidelines. The requirement for
informed consent was waived, as all data were de-identified to
protect patient’s right to privacy.

2.2. Study population

The study included 29 patients who underwent AAE for trau-
matic pelvic ring injuries with active bleeding. Fourteen patients
were treated at the Keimyung University Dongsan Hospital
(Daegu, Korea) and 15 patients were treated at the Daegu
Catholic University Hospital (Korea) between August 2015 and
August 2021. Four patients died within 3 days of traumatic pel-
vic ring injury and were therefore excluded. This is because we
could not evaluate whether these patients had prolonged ileus.

2.3. Treatment

The treatment algorithm for hemodynamically unstable
patients with pelvic injury is shown in Figure 1. Both study
sites adopted the same protocol that required the presence
of a multidisciplinary team comprising a trauma surgeon, an
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orthopedic surgeon, and an interventional radiologist in the
emergency department. The protocol followed the recommen-
dations of the Advanced Trauma Life Support guideline.?"2?!
First, patients with unstable pelvic injuries were immediately
equipped with a pelvic binder. Endotracheal intubation and
mechanical ventilation were performed when necessary, based
on the level of consciousness and breathing patterns of the
patient. At least two large-bore venous catheters were inserted
for the rapid infusion of crystalloid solution (1 L). Patients
were diagnosed with hemodynamic instability if their systolic
blood pressure was lower than 90 mm Hg and did not recover
after giving fluids.?) When packed red blood cell (PRBC) was
prepared at the same time as fluid resuscitation, transfusion
of two packs of PRBC began immediately. If the patients with
pelvic trauma had massive bleeding, a 1:1:1 ratio of PRBC,
fresh-frozen plasma, and platelets was transfused accord-
ing to the massive transfusion protocol.?*?! Simultaneously,
a focused assessment with sonography for trauma was per-
formed to detect life-threatening intra-peritoneal bleeding
and to evaluate the need for intervention. In case the focused
assessment with sonography for trauma exam showed major
intra-peritoneal bleeding, and the patient was still unrespon-
sive after resuscitation, laparotomy and pelvic packing were
performed by the trauma surgery team. Alternatively, in case
the vital signs were stable, a computed tomography scan was
performed to identify the site of bleeding and to assess inju-
ries in other organs. If the computed tomography scan showed
pooling of contrast material, an AAE was performed by the
interventional radiology team (Fig. 2).

Hemodynamically instability and unstable pelvic injury

Pelvic binder / Fluid resuscitation / Transfusion

FAST examination

Major infra-peritoneal bleeding on FAST
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|
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Figure 1. Protocols for the acute management of hemodynamic unstable pelvic injuries at the Keimyung University Hospital and the Daegu Catholic University
Hospital. AAE = arterial angio-embolization, CT = computer tomography, FAST = focused assessment with sonography for trauma.
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Figure 2. Computed tomography 3-dimensional reconstruction of pelvic fracture and pelvic angiogram. (A) Tile C pelvic injury with straddle fracture. Pelvic ring
vertical instability is due to fractures of left iliac crest, sacral ala, and L5 transverse process. (B and C) The angiograms show bleeding in several small branches
of the internal iliac artery, associated with unstable vital signs. Artery embolization was performed using Gelfoam.

2.4. Data collection and definitions

Data regarding patients’ characteristics and clinical outcomes
were collected from the prospectively maintained databases of
the two institutions. Prolonged ileus was defined as a paralytic
ileus lasting more than 3 days after trauma (Fig. 3).1'%2¢! The
duration of ileus was calculated from the time of admission to
the time of adequate intake of a liquid diet. Shock at admis-
sion was defined as a significant drop in blood pressure that
required treatment with fluid resuscitation or vasopressors.!?’
The pelvic fractures were most often classified using the Tile
classification system.*” It is a method to categorize the sta-
bility of the pelvic ring based on the fracture patterns and the
mechanism of injury. Type A are stable fractures not involving
the ring. Type B are rotationally unstable, but vertically stable
fractures with injury to elements of the posterior arch. Type C
are rotationally and vertically unstable fractures with injury
to elements of the posterior arch.i?®! PRBC transfusions were
recorded as the number of units of PRBC transfused within
24 hours from admission. Massive transfusions are defined
as transfusions that required 10 or more PRBC units within

Figure 3. Prolonged ileus. The paralytic ileus was due to pelvic trauma and
lasted more than 3 days.

24 hours, or transfusions that required 4 or more PRBC units
within 1 hour.?4

2.5. Statistical analysis

Data were reported as percentages or as means = standard
deviations. The clinical characteristics and outcomes of the
non-prolonged ileus group and prolonged ileus group were
compared using a chi-squared test or a Fisher exact test (for
categorical variables), or a Student # test (for continuous vari-
ables). Univariate and multivariate logistic regression analyses
of risk factors associated with prolonged ileus were performed;
the degree of association with prolonged ileus was expressed
as odds ratios (OR) with their corresponding 95% confidence
intervals (CI). Differences were considered statistically signifi-
cant at P values <.05. All analyses were performed using SPSS
software (version 25.0; IBM Corp., Armonk, NY).

3. Results

3.1. Patient characteristics

A total of 25 patients were included in the study, 10 were in
the non-prolonged ileus group and 15 in the prolonged ileus
group. There were no notable differences between the two study
groups in terms of demographic characteristics such as age,
sex, body mass index, and Charlson Comorbidity Index. The
two groups reported similar causes of trauma, mostly due to
pedestrian traffic accidents (5 cases in each group). Also, 80%
of patients in both groups were in shock at the time of arrival at
the emergency room. There was no statistical difference between
the non-prolonged and the prolonged ileus groups in the per-
centage of patients with traumatic abdominal injury (30.0% vs
26.7%, respectively; P = .86) and in the percentage of patients
taking anticoagulant medication (30.0% vs 20.0%; P =.57).
There was no significant difference between the two groups in
the Tile classification (P = .08). A total of 20% of patients (n = 2)
in the non-prolonged ileus group had a Tile classification type A
pelvic fracture, while none were reported in the prolonged ileus
group. This difference was not statistically significant (P =.07)
(Table 1).

3.2. Clinical outcomes

In the total study population, the average duration of ileus was
5.2 + 4.7 days. As expected, the average duration was longer
in the prolonged ileus group (8.0 4.2 days) and shorter in
the non-prolonged ileus group (1.2 = 0.4 days, P <.001). The
overall mortality rate was 12.0%, and there was no significant
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Table 1 Table 2
Patient characteristics. Clinical outcomes.
Total Non-prolonged Prolonged P Total Non-prolonged Prolonged P
(N =25) ileus (n=10) ileus (n=15) value (N =25) ileus(N=10) ileus(N=15) value
Age (y) 62.3+18.5 59.8 +17.6 64 +19.5 .59 Duration of ileus (d) 52+47 1.2+04 8.0+42 <.001
Sex, N (%) .51 Mortality, N (%) 3(12.0 0 3(20.0) 13
Male 12 (48.0) 4(40.0) 8 (53.3) PRBC transfusion 52+25 38+25 6.1+21 .02
Female 13 (62.0) 6 (60.0) 7(46.7) Massive transfusion, 13 (52.0) 3(30.0) 10 (66.7) .07
BMI (kg/m?) 222+58 223+6.8 221+52 .93 N (%)
ccl 38+29 36+35 39+26 .83 Vasopressor, N (%) 11 (44.0) 3(30.0) 8 (63.3) 25
Cause of Injury, 65 Ventilator care, 8 (32.0) 0 8 (53.3) 01
N (%) N (%)
Pedestrian traffic 10 (40.0) 5(50.0) 5(33.3) Tracheostomy, N (%) 6 (24.0) 0 6 (40.0) .02
accident Admission to ICU, 16 (64.0) 5(50.0) 11 (73.3) .23
Fall 6 (24.0) 1(10.0) 5(33.3) N (%)
Motorcycle 4(16.0) 2(20.0) 2(13.3) ICU stay (d) 224 +20.9 8.8+55 28.6 +22.6 .08
accident Hospital stay (d) 452 +40.8 333+228 53.1+48.6 24
Car accident 3(12.0) 1(10.0) 2(13.3) —— -
Slip down 2(8.0) 1(10.0) 1(6.8) ICU = intensive care unit, PRBC = packed red blood cell.
Shock at admission, 20 (80.0) 8 (80.0) 12 (80.0) 99
N (%)
Traumatic abdominal 7(28.7) 3(30.0) 4(26.7) 86 Table 3
injury, N (%) Multivariable logistic regression analysis for prolonged ileus in
Anticoagulant, N (%) 6 (24.0) 3(30.0) 3(20.0) o7 patients with traumatic pelvic bone fracture and who underwent
Tile classification, 19 arterial angio-embolization.
N (%)
A ’ 2(8.0) 2 (20.0) 0 07 Univariable Multivariable
B 15 (60.0) 5(50.0) 10 (66.7) 40 . o o
c 8 (32.0) 3(300) 5(33.3) 86 Variable OR (95% Cl) Pvalue OR (95% Cl) Pvalue
BMI = body mass index, CCl = Charlson Comorbidity Index. Age () 1.01(0.97-1.06) 57 1.06 (0.99-1.13) 12
Sex (male) 0.58 (0.11-2.95) .51 0.84 (0.11-6.63) 87
BMI (kg/m?) 0.99 (0.86-1.14) .93 1.05 (0.85-1.30) 65
. o o/. p_ CCl 1.03(0.78-1.37) .82 0.84 (0.58-1.21) .34
difference between the two groups (0% vs 20.0%; P =.13). PRBC transfusion 157 (1.04-2.37) 03 2,04 (1.08-3.88) 03

On average, the prolonged ileus group required significantly
more PRBC transfusions than the non-prolonged ileus group
(6.1 2.1 packs vs 3.8 +2.5 packs; P=.02), and showed a
higher percentage of patients requiring massive transfusions
(66.7% vs 30.0%; P = .07) and vasopressors (53.3% vs 30.0%;
P = .25), although the differences between the two groups were
not significant in these latter cases. None of the patients in the
non-prolonged ileus group required ventilator care or a trache-
ostomy, while 8 patients (53.3%, P =.01) required ventilator
care and 6 (40.0%; P =.02) received a tracheostomy only in
the prolonged ileus group. The percentage of patients admit-
ted to the intensive care unit was higher in the prolonged ileus
group (73.3% vs 50.0%), but there was no significant differ-
ence between the two groups (P =.23). The duration of stay in
the intensive care unit was longer in the prolonged ileus group
(28.6 = 22.6 days vs 8.8 = 5.5 days; P =.08), same as the total
length of hospital stay (53.1 = 48.6 days vs 33.3 = 22.8 days;
P =.24), but there were no statistically significant differences
between the two groups (Table 2).

3.3. Risk factors for prolonged ileus

In the univariable analysis, the amount of PRBC transfusions
was associated with risk of prolonged ileus (P = .03, OR = 1.57,
95% Cl=1.04-2.37). Further, in the multivariable logistic
regression analysis, the amount of PRBC transfusions was the
only variable independently associated with greater risk of pro-
longed ileus development (P = .03, OR =2.04, 95% CI = 1.08-
3.88) (Table 3).

4. Discussion

Pelvic ring injuries are associated with high mortality rates,
mainly as result of massive bleeding.’”) Hemorrhage con-
trol is fundamental to improve the outcomes of patients with

BMI = body mass index, CCI = Charlson Comorbidity Index, Cl = confidence interval, OR = odds
ratio, PRBC = packed red blood cell.

hemodynamically unstable pelvic ring injuries, and immediate
transfusions should be considered, if necessary. Delayed transfu-
sions can in fact worsen the traumatic coagulopathy, which can
lead to multiple organ failure, and eventually death.?’! Many
studies have shown that severe pelvic ring injuries are associated
with extensive bleeding, requiring more blood transfusions, and
with higher death rates, especially if the posterior element of
the pelvic ring is compromised.?*-331 A study by Wong et al
suggested that the amount of bleeding is related with the type
of pelvic fracture. The Tile classification for pelvic fractures
divides the fractures in three types: type A fractures are stable,
type B fractures are rotationally unstable, but vertically stable,
and type C fractures are rotationally and vertically unstable.
According to Wong et al,** a high-energy Tile type C fracture
causes more bleeding than a type A or B fracture, and there-
fore requires AAE more frequently. The severity of bleeding
in type C fractures is often due to damage to the internal iliac
artery. However, other studies showed no correlation between
the pelvic fracture classification and bleeding, including arterial
bleeding, or requirement for blood transfusions.**-3? Likewise,
our study did not show significant differences in results between
amounts of transfusion according to each Tile classification. In
addition, there was no significant association between the Tile
classification and occurrence of prolonged ileus.

In about 85% of cases, the bleeding site in a pelvic injury is
located in the venous plexus or the bone surface. Since arterial
injuries and bleeding might be fatal, AAE is considered a crucial
treatment to control the pelvic arterial bleeding.!®**-#21 Despite
AAE, a complete control of bleeding may not be achieved due
to the pelvic collateral circulation system.*! Furthermore, even
if the peritoneal cavity and the pelvic extraperitoneal space are
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distinct compartments, anatomical studies have shown commu-
nication between the two.[***! Consequently, pelvic hemorrhage
may transfer from the retroperitoneal pelvic area to the signifi-
cantly larger abdominal cavity.>!'* In our study, due to persistent
bleeding after AAE, retroperitoneal packing or exploratory
laparotomy was not performed. However, we had always con-
sidered that there might be persistent bleeding because of this
anatomical structure.

Although it is not clear why ileus persists in traumatic pelvic
ring injuries with retroperitoneal bleeding or hematoma, sev-
eral hypotheses have been formulated.l'!8! The entire structure
around the pelvis could be affected by the trauma, including
the mesentery or other vascular structures connected with the
small bowel, colon, or rectum. Bowel injuries or other vascular
injuries can therefore affect the long-term bowel motility.*! In
addition, retroperitoneal hematoma can spread to the peritoneal
surface, and interfere with the autonomic nervous system that
supplies the intestinal tract. These events could cause suppres-
sion of the parasympathetic nervous system and hyperactivation
of the sympathetic one, which would result in reduced motility
of the bowel and persisting paralytic ileus.*”# Lastly, occur-
rence of ileus may be related to transfusion-related circulatory
overload. Excess fluid accumulating in the intestinal wall can
cause a decrease in the intestinal motility tract, leading to para-
lytic ileus.’%*!" Among these causes, the cause of prolonged ileus
in the patients in our study could not be determined. One or all
of the aforementioned causes might be the cause of the occur-
rence of prolonged ileus.

Although this study supports the idea of a connection between
the amount of bleeding and prolonged ileus, it is important to
highlight the limitations of this work. This study is a multicenter
retrospective study conducted in two different hospitals. While
the protocol remained the same, each institution had access to
slightly different recording systems and facilities. Further, the
small number of patients recruited may have limited the statis-
tical power of the study. To overcome these limitations, a larger
multicenter prospective study of pelvic trauma patients should
be considered.

5. Conclusion

This study suggests that, in traumatic pelvic ring injury cases,
the duration of the ileus may be related to the amount of bleed-
ing. Severe pelvic trauma patients with massive bleeding are
more at risk of prolonged ileus. Conservative management, such
as appropriate nutritional support and nasogastric decompres-
sion, should be implemented in these cases to prevent further
complications.
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