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Abstract

Background: This study examines the clinical assessment and management of patients sustaining blunt
abdominal trauma (BAT) with unexplained intra-abdominal free fluid.

Methods: All adult patients (age 218 years) presenting with BAT to our trauma center over a 7-year period were
reviewed. Those with abdominal computed tomography (CT) demonstrating intra-peritoneal free fluid but neither
solid organ injury nor pneumoperitoneum were studied further. Demographic data, radiologic interpretation,
operative findings, clinical management and outcome were analyzed.

Results: 115 patients met the inclusion criteria. Except 9 patients for non-operative management, 91 patients
(86%) underwent therapeutic laparotomy, in whom 83 patients (78%) benefited from surgical intervention and 15
patients (14%) underwent non-therapeutic laparotomy, in whom 8 patients (8/15=53%) had retroperitoneal
hematoma with associated pelvic fractures. Mesenteric tear, urinary bladder rupture, and bowel injury constituted
81% (93/115) of the studied patients. Both bowel injury and mesenteric tear had a significantly higher rate of bowel
wall thickening, mesenteric hematoma and streaky sign on CT scan. Urinary bladder rupture was associated with a
significantly longer hospital stay, higher injury severity score (ISS), a higher rate of associated pelvic fracture (47%)
and gross hematuria (97%).

Conclusions: Laparotomy might be suggested for BAT patients with free fluid collection without solid organ injury
and pneumoperitoneum on CT scan because most of these patients benefited from the surgical intervention (78%),
especially when there are combined with clinical presentation of gross hematuria or CT images of bowel wall
thickening or mesenteric lesion.

Keywords: Intra-abdominal free fluid; Solid organ injury; Non- is seen, laparotomy is justified for suspected bowel injury. However, a

operative management; Bowel injury; Mesenteric tear; Urinary bladder ~ diagnostic dilemma arises, when free fluid is identified without solid

rupture organ injury or pneumoperitoneum. The optimal management of these
patients remains controversial [10-12].

Introduction The purpose of this study was to determine the clinical assessment
and management of adult BAT patients with CT evidence of intra-
peritoneal free fluid, but without either solid organ injury or
pneumoperitoneum.

Non-operative management for blunt abdominal trauma (BAT) is
considered the treatment of choice for patients with stable
hemodynamic status [1,2]. Due to the high efficiency and accuracy of
abdominal computed tomography (CT) in the identification of solid
organ injury, it is increasingly utilized for stable patients sustaining Patients and Methods
BAT [3,4]. However, the diagnosis of hollow viscus or diaphragmatic
injury remains difficult. The diagnostic signs of bowel perforation are
oral contrast extravasation and pneumoperitoneum; however, both
diagnostic signs in the case of bowel injury have high specificity, but
low sensitivity [5-7]. Other suggested signs of bowel injury, including
bowel wall thickening, streaking of the mesentery, dilated bowel loops,
and free fluid without solid organ injury, were unreliable [7-9].

A retrospective study of patients who presented with BAT to our
hospital (a trauma center in northern Taiwan) was undertaken. All
patients who presented to the emergency department (ED) with
suspected BAT during a 7-year period from July 2008 to June 2015
were eligible for inclusion and were studied using a management
protocol to determine the severity of abdominal trauma. Focused
assessment of sonography for trauma patients (FAST) was performed

In cases of peritoneal fluid collection with solid organ injury on CT  on all patients by surgical residents or trauma attending doctors using
scan, a non-operative management strategy is widely accepted. When a portable ultrasound scanner and a 3.75 MHz curvilinear probe
free air is identified in the peritoneum or extravasation of oral contrast ~ (SonoSite CRT Stand REF:P02882-02, Bothell, WA, USA) during or
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after completion of the primary survey. The presence or absence of free
fluid and the location of any fluid was recorded. Unstable patients with
a positive FAST scan were taken to the operating room for laparotomy.
Stable patients with positive or undetermined sonograms underwent
CT scanning.

CT scans were obtained on a GE-Light Speed Advantage scanner
(General Electric Medical Systems, Milwaukee, WI). No oral contrast
was administered before imaging. Either 320 mg/mL (Optiray 320,
Mallinckrodt Medical, Point-Claire, Quebec, Canada) or 282 mg/mL
(Conray 60, Mallinckrodt Medical) of intravenous (IV) contrast
containing Iodine, was given by rapid bolus injection at a rate of
2.5-3.0 ml/s using power injection. Helical scanning was performed
from the dome of the diaphragm to the symphysis pubis with a 10 mm
slice thickness, 5 mm reconstruction, and 1:1 pitch.

The radiology and trauma resident or attending staff interpreted the
CT scans during normal hours. At other times, interpretation was
made by the on-call radiology resident or attending staff with the
trauma resident or surgeon. All clinical management decisions were
made after the initial radiology interpretation. Emergent laparotomy
was performed, if the CT scan demonstrated intra-peritoneal free air.
Diagnostic peritoneal lavage (DPL) was performed to detect a possible
hollow organ perforation, if diffuse abdominal pain was present or if
CT scan demonstrated the suggested signs of bowel injury (bowel wall
thickening, mesenteric streaky sign or hematoma). The decision to
proceed with laparotomy was made at the discretion of the attending
trauma surgeon based upon Fang’s criteria for DPL data and the
radiology findings [13]. For patients with an altered level of
consciousness (LOC) (motor exam <5 of Glasgow coma scale, GCS)
and CT scan with suggestion of bowel injury, DPL was performed to
determine if laparotomy was required. Retrograde cystogram was
performed in case of BAT with gross hematuria, especially
concomitant with pelvic fracture. The laparotomy was defined as
therapeutic, if an injury was identified to explain the presence of the
fluid and the measures were taken to correct the underlying problem.
The benefit laparotomy was defined as that trauma patients really
benefited from the surgery. Patients with a non-operative management
course were admitted for observation, and associated injuries were
treated according to the usual standard of care. Successful observation
was defined as a patient who did not require laparotomy during the
hospital admission and did not represent to the hospital within 30 days
of discharge with an abdominal complication.

Patients who exhibited CT scan evidence of either solid organ injury
or pneumoperitoneum were excluded from the study. Those patients
with free intra-peritoneal fluid and neither pneumoperitoneum nor
identifiable solid organ injury constituted the study group.

The CT scans of patients in the study group were reviewed by two
abdominal radiologists. They were blinded to the operative findings
(extent of injuries, presence of pneumoperitoneum, bowel wall
thickening, mesenteric streaky signs, mesenteric hematoma, and
presence/location of intra-peritoneal fluid) in patients who underwent
laparotomy. The following spaces were evaluated for free fluid:
perisplenic, perihepatic, Morrisons pouch, left and right paracolic
gutters, and pelvis. Peritoneal fluid collections were then graded
according to the method described by Federle and Jeftrey [14]. Small
collections were defined as fluid in one space. Moderate collections
were defined as fluid in two or more spaces. Large collections were
defined as fluid in all spaces.

In this study, the inclusion criteria were trauma patients who were
>18 years of age, had sustained BAT, and had intra-peritoneal fluid
collections on CT scans. The exclusion criteria were trauma patients
less than 18 years of age, and those who had sustained penetrating
abdominal injury, associated with either solid organ injury, or intra-
peritoneal free air.

The following demographic data was also recorded: age, gender,
hemodynamic status on arrival in the ED, need for blood transfusion
in the ED, LOC in the ED, CT scan results, DPL data, presence of
pelvic fracture, presence of gross hematuria, need for cystography,
laparotomy (therapeutic or non-therapeutic), final definitive diagnosis,
injury severity score (ISS), new injury severity score (NISS),
complications, and outcome. Data is expressed as mean + standard
deviation (X+SD). A chi-square test was used to investigate the
categorical variants in data among patients, and statistical analyses
were performed using Tukey’s HSD Test for numerical variants in data.
The level of statistical significance was p<0.05.

Results

Between July 2008 to June 2015, 2,235 patients sustained BAT and
were retrospectively reviewed. FAST scans were positive or
indeterminate for free fluid in 731 patients. Ninety two of these
patients were hemodynamically unstable and were taken to surgery;
they did not undergo further diagnostic imaging. The remaining 639
stable patients underwent abdominal CT scanning. Of these, 487
patients exhibited radiologic evidence of solid organ injury and were
excluded from the study. Among the remaining 152 patients with free
peritoneal fluid collections and no solid organ injury visible on CT
imaging, 27 patients had identifiable intra-peritoneal free air and were
also excluded from the study. Ten patients were under the age of 18.
The remaining 115 patients comprised the study group. A flow
diaphragm displaying total number of patients was shown as (Figure

1).

The median age of the 115 patients was 39.8 + 14.5 years (range
18-77). Median blood transfusion in ED was 1.6 + 2.3 units (range
0-4). The median ISS was 17.8 £ 12.6 (range 4-50). The median NISS
was 19.1 + 13.7 (range 4-57). Other demographic data were shown in
Table 1. There were 92 male’s patients and 23 female patients. The
mechanism of injury was motor vehicle crash in 37 patients, motorbike
crash accident in 44 patients, pedestrian in 11 patients, falls in 12
patients, assault in 5 patients, and weight compression in 6 patients.
On arrival on ED, there were 30 patients with hypotension, but all were
successfully resuscitated.

The CT scan results identified the majority of the intra-peritoneal
fluid collections as moderate to large (91/115). CT imaging also
revealed 28 patients (24%) had intestinal wall-thickening. 19 patients
(25%) had mesenteric hematoma. 54 patients (47%) had mesenteric
streaky sign; and 8 patients had contrast extravasation due to active
hemorrhage. Using Fang’s criteria, DPL was performed in 39 of the 115
patients. Twelve of those patients had positive findings, in whom 9
patients demonstrated bowel perforation, 2 patients demonstrated
mesenteric tear, and the remaining 1 patients revealed negative
findings on laparotomy. Among the 115 studied patients, fourteen
exhibited altered LOC (motor exam <5 of GCS). Nine of those patients
had intracranial hemorrhages (epidural hematoma, subdural
hematoma, or subarachnoid hemorrhage). Retrograde cystography was
performed in twenty eight patients (25%) with gross hematuria and/or
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pelvic fracture. Twenty of those patients had evidence of intra-
peritoneal rupture.

occurred in 14 patients and were mostly related to wound infection.
There were 6 patients with mesenteric tear undergoing emergent
laparotomy due to subsequent hemodynamic change and 3 fatalities
secondary to mesenteric tears associated with massive intra-peritoneal

‘ Total 2235 patients with BAT ‘ hemorrh.age, hypovolemic shock, and multiple organ system
dysfunction.
/\ Item No (%)
FAST: no flmd 1504 FAST: posifive or
. . . . Sex Male 92 (80)
patients indeterminate 731 patients
\ Female 23 (20)
- - Trauma mechanism MvC 37 (32)
Unstable hemodynamic Stable hemodynamic status
status with emergent with abdominal CT: 630 MBC 44 (38)
surgery: 92 patients paftients
Pedestrian struck 11 (10)
Fall 12 (10)
Ab@ominal CT: im:ra— _ Ab@ominal Cr: inl_:ra— Assault 5 (4)
peritoneal fluid with solid peritonea 1 fluid without
organ injury 487 patients solid organ injury 152 wC 6(5)
patients
Shock on arrival (+) 85 (74)
30 (26)
Abdominal CT: intra- Abdominal CT: CT ] Image | Small 24 (21)
abdominal free air: no intra-abdominal free air Hemoperitoneum Vo 49 (43
27 patients 125 patients oderate (43)
Large 42 (36)
Wall thickening (-) 87 (76)
Age < 18v/o 10 patients Age = 18 v/o 115 patients (+) 28 (24)
Mesenteric hematoma | (-) 86 (75)
Figure 1: A flow diaphragm of total number of patients.
*) 29 (29)
Of the 115 patients studied, the vast majority underwent surgical Streaky sign ) 61(53)
intervention (106/115). The other nine patients were managed non- 54 (47)
operatively. In the surgical group, 2 patients received laparoscopic
examination with only evacuation of peritoneal blood; 13 patients | Contrast ) 107 (93)
underwent non-therapeutic laparotomy. Among these fifteen patients extravasation 8(7)
(laparoscopic surgery plus non-therapeutic laparotomy), ten patients
(67%) developed retroperitoneal hematoma-related hemoperitoneum, Head injury with coma| (-) 101 (88)
in whom 8 patients had concomitant pelvic fracture. The remaining 5 | (M<5)
patients demonstrated only minor mesenteric tears. Ninety one *) 14(12)
patients underwent therapeutic laparotomy according to the definition Non-ICH 5(4)
of surgical tissue repair; among them, there were 32 patients sustaining
urinary bladder rupture with 29 patients with intra-peritoneal rupture ICH 9(8)
and 3 ones with .extra-perlt(.)neal rgpturg, 4.17 patients sustaining | o None 76 (67)
mesenteric tear with 38 patients with significant tear (3.0 cm
laceration in length), in whom 8 patients had hypovolemic shock Positive finding 12 (10)
during the pre-operative course despite initial response to the
o : : : Negative finding 27 (23)
resuscitation and 3 patients finally expired due to massive hemorrhage,
14 patients sustaining bowel perforation with 2 patients combined with Surgery None 9(8)
mesenteric tear, and 2 patients sustaining gallbladder rupture. In terms
of therapeutic laparotomy with tissue repair, the rate was 91/106 Therapeutic 91 (79)
(86%); if I collected the patients sustaining intra-peritoneal rupture of ,
. . . . . Non-therapeutic 15 (13)
urinary bladder (29 patients), significant mesenteric tear (38 patients),
bowel perforation (14 patients) and gallbladder rupture (2 patients) as Complication ) 101 (88)
the patients really benefiting from the surgical intervention, the rate of
“benefit laparotomy” was 83/106 (78%). Post-operative complications *) 14(12)
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Death ) 112 (97) Female 5(16%) | 7(15%) | 2(17%) | 14
*+) 3(3) Shock  on| (-) 26 (81%) | 32(68%) | 8(67%) | 66
arrival
DPL: Diagnostic peritoneal lavage. ICH: Intracranial hemorrhage. MBC: (+) 6 (19%) 15 (32%) | 4 (33%) 25
Motorbike crash. MVC: Motor vehicle crash. WC: Weight Compression
CT image: | Small 8 (25%) 6 (13%) 6# (50%) | 20
. . peritoneal
Table 1: The demographic data of total 115 patients. fluid Moterate 16 (50%) | 16 (34%) | 2(17%) | 34
The diagnoses for the BAT in the study patients is shown in Table 2. Large 8 (25%) 25* (53%) | 4 (33%) 37
Among the patients und?rgomg laparotomy, mesenteric tears (n='47), Walling “ 30 (94%) | 30(64%) | 4(33%) | 64
bladder rupture (n=32), intestinal perforation (n=12), and combined thickening
mesenteric tear and bowel perforation (n=2), constituted 81% (93/115) (+) 2 (6%) 17%(36%) | 8* (67%) | 27
of the study group. The remaining patients included 10 cases of
H 0, 0, 0,
retroperitoneal hematoma, 2 cases of gallbladder rupture, and one case m:;‘:?::: ) 31(97%) | 24 (51%) | 8(67%) | 63
of ruptured ovarian cyst. Nine cases did not require surgical *) 1(3%) 23* (49%) | 4% (33%) | 28
intervention. In 32 urinary bladder rupture patients, 15 patients (47%)
have associated pelvic fractures and 31 patients (97%) have gross | Mesenteric | (-) 29(91%) | 9(19%) | 2(17%) | 40
hematuria. streaky sign
*) 3 (9%) 38* (81%) | 10* (83%) | 51
Diagnosis Number (%) Contrast ©) 31(97%) | 41(87%) | 11(92%) | 83
. extravasation
Urinary bladder rupture 32 (27.8) *) 1(3%) 6 (13%) 1 (8%) 8
Mesenteric tear 47 (40.9) DPL None 22(69%) | 39 (83%) | 6(50%) | 65
Bowel perforation 12 (10.4) Positive 0 2 (4%) 5% (42%) | 7
. . finding
Combined bowel and mesenteric injury 2(1.7)
: Negative 10 (31%) | 6(13%) | 1(8%) 17
Retroperitoneal hematoma 10 (8.7) finding
Gall bladder rupture 2(1.7) Intracranial | (+) 5(16%) 1(2%) 3(25%) 9
hemorrhage
Ovarian cyst rupture 1(0.9)
Complication | (-) 30 (94%) | 41 (87%) | 8(67%) | 79
Non-operative management 9(7.8)
+ 2 (6% 6 (13% 4* (33% 12
Total 115 (100.0) ®) ©%) (15%) (33%)
Death (-) 32 (100%) | 45(96%) | 12(100%) | 89
Table 2: The definitive diagnosis of total 115 patients. ) 0 24 4%) | 0 5
From among the 93 patients who underwent laparotomy, three Group A: Urinary bladder rupture. Group B: Mesenteric tear. Group C: Intestinal
groups of patients were characterized: Group A-32 patients with | perforation. *: P<0.05, compared to group A.#: P<0.05, compared to group B.
isolated bladder rupture; Group B-47 patients with isolated mesenteric | YS9 Chi-square statistical analysis. DPL: Diagnostic peritoneal lavage. MBC:
. L R K . Motorbike crash. MVC: Motor vehicle crash. WC: Weight Compression.
tear; and Group C-12 patients with isolated intestinal perforation. The

two patients with both mesenteric tear and bowel perforation were
excluded. Table 3 shows Group B (mesenteric tear) had a significantly
higher rate of large peritoneal fluid collection compared to Group A
(bladder rupture) and a lower rate of small peritoneal fluid collection
compared to Group C (intestinal perforation).

Table 3: The categorical data in group A (urinary bladder rupture),
group B (mesenteric tear), and group C (intestinal perforation).

Group B (mesenteric tear) and Group C (intestinal perforation)
both had a significantly higher rate of bowel wall-thickening,
mesenteric hematoma, and mesenteric streaky sign, compared to
Group A (bladder rupture). Group C (intestinal perforation) had a
significantly higher rate of positive DPL compared to Group A
(bladder rupture) or Group B (mesenteric tear), as well as a
significantly higher rate of post-operative complication. Group B
(mesenteric tear) had the highest post-operative mortality rate.

Table 4 revealed some trends in the patient data among the three
groups. Group A (bladder rupture) constituted a significantly older
population than Group C (intestinal perforation). Group A also
exhibited significantly higher rates of hospital stay, ISS, and NISS
compared to Groups B (mesenteric tear) and C (intestinal perforation).

Item Group (No) | A (32) B (47) C (12) Total
Trauma MVC 9 (29%) 17 (36%) | 4 (33%) 30
Mechanism
MBC 15 (47%) 16 (34%) | 6 (50%) 37
Pedestrian 2 (6%) 7 (15%) 1(8%) 10
struck
Fall 3 (9%) 5 (11%) 0 8
Assault 2 (6%) 0 1(8%) 3
wcC 1(3%) 2 (4%) 0 3
Sex Male 27 (84%) 40 (85%) | 10(83%) | 77

Group (N) / Item A (32) B (47) C (12)
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Age (ylo) 34.4 +11.6* 42.1+14.4 483 +14.3
BT (unit) 20425 14+23 17420
HS (day) 22.9 £ 21.1# 17.4+1538 18.3+16.6
ISS 27.4 + 10.5% 14187 15.9+8.38
NISS 29.5 + 11.5# 127£95 16.8£8.8

BT: Blood transfusion. HS: Hospital stay. ISS: Injury Severity Score. NISS: New
Injury Severity Score. * Compared to Gr C, p=0.025. # Compared to Gr B and C,
HS: p=0.037, ISS: p=0.022, NISS: p=0.039. *, # Mean p<0.05, using Tukey HSD
statistical analysis. Fluid: intra-operative measurement of peritoneal fluid volume
in patients of no DPL performed.

Table 4: The numerical data in Group A (urinary bladder rupture),
Group B (mesenteric tear), and Group C (intestinal perforation).

Peritoneal Fluid: N (%)

Small Moderate Large Total
Therapeutic operation 18 (86) 36 (82) 37 (90) 91
Non-therapeutic operation 3(14) 8(18) 4 (10) 15

No statistical significance using Chi-square test

Table 5: The CT-image peritoneal fluid amount in therapeutic and
non-therapeutic operative patients.

Discussion

FAST, CT scanning, and /or DPL are used to determine the presence
and severity of injuries in trauma patients sustaining BAT [3,4,14,15].
FAST has recently gained popularity in the rapid assessment of
patients, but it is not designed to be organ-specific. With the
technological advances in helical scanning (multitrack scanners and
improved resolution), the CT scan has become the standard of care for
assessing injuries in hemodynamically stable patients sustaining BAT.
However, the CT scan has a weakness in the diagnosis of blunt bowel
injury. False negative interpretations can vary widely from 10%-80% in
patients sustaining hollow viscus injuries [2,6,7,9,16].

When considering non-operative management of trauma patients,
judgments regarding the significance of peritoneal free fluid without
solid organ injury are critical. Both intra-peritoneal free air and
extravasation of oral contrast are diagnostic signs of bowel injury on
CT scan, and exploratory laparotomy is justified. Patients who met
these criteria were excluded from the study. In the ED, no oral contrast
was administered; therefore, the presence of intra-peritoneal free air
was the only diagnostic sign for justified laparotomy. In our algorithm
of management of patients sustaining BAT, CT scan was the primary
tool for the identification of bowel injury. In cases of CT suggested
bowel injury (isolated peritoneal free fluid, bowel wall-thickening,
mesenteric streaky sign, mesenteric hematoma), DPL is recommended.
Any intra-peritoneal fluid is then examined with respect to its gross
appearance, cell count ratio, gram stain, and amylase level, as
recommended by Fang et al. [13]. The sensitivity of the CT scan’s
diagnostic and suggested signs was 40% and 49% respectively;
however, the cell count ratio sensitivity was high to 98%.

Laparotomy is still controversial for BAT patients with peritoneal
free fluid without solid organ injury. In the thorough literature search

done by Banz et al. there is no straight forward answer to the question
of what to do with victims with intra-peritoneal free fluid on CT
scanning but without signs of organ injury, due to lacking the statistical
power to provide a definite answer [17]. Survey results of the
management strategies for hypothetical BAT patients were published
in AAST (American Association of Surgeon of Trauma). 328 members
responded with varied management strategies: 42% DPL, 28%
observation, 16% laparotomy, and 12% repeat CT scan. [12] Hulka et
al. recommended no mandate for immediate laparotomy in pediatric
patients, in whom 75% of patients (18/24) were successfully managed
with non-operative methods, and 25% of patients (6/24) received
laparotomy due to bowel injury [10].

Both Brasel et al. and Ng et al. advocated mandatory laparotomy for
patients with more than a trace amount of fluid [18,19]. However, 62%
of patients (21/34) in Brasel’s series were successfully managed non-
operatively, and half of those patients presented with trace amounts of
intra-peritoneal fluid on CT scan [18]. 54% (7/13) of patients
undergoing laparotomy were therapeutic (4 patients with bowel injury,
2 patients with mesenteric tear, and 1 patient with diaphragmatic
rupture). In Ng’s series, 75% (21/28) of patients underwent laparotomy.
Only 50% (4/8) of patients with small fluid amount were therapeutic
laparotomies, while 92% (12/13) of patients with moderate to large
fluid amounts were therapeutic [19].

In the series of Drasin et al, 19 BAT patients with free intra-
peritoneal fluid and no identifiable injury were all smoothly discharged
without surgical intervention. In the report of Venkatesh et al., 31
similar patients with small amount of intra-peritoneal free fluid were
successfully managed non-operatively. Both authors suggested that
non-operative management of stable patient with small amounts of
free fluid in the absence of identifiable injury is appropriate [20,21]. In
the large series of patients reported by Conser-Hafertepen et al., 142
victims in total 156 patients (91%) sustaining blunt abdominal trauma
having isolated intra-peritoneal free fluid had successful non-operative
management, and the remaining 14 patients underwent exploratory
laparotomies, with 13 patients proven to be therapeutic. He found that
the presence of a moderate to large amount of intra-peritoneal free
fluid was increased in the therapeutic operative group with odds ratio
66 [22].

According to Rodriquez et al., the early diagnosis of hollow viscus
injury in patients sustaining BAT is difficult, and the immediate
laparotomy for all patients with isolated peritoneal free fluid would
yield a negative laparotomy rate of 73%. Conversely, observation alone
would lead to a delay in diagnosis in the 27% of patients who do have a
bowel injury [12].

In our series, therapeutic laparotomy comprised 86% (91/106) of
patients undergoing surgery (laparoscopic surgery and laparotomy).
Mesenteric tear, bladder rupture, and intestinal perforation comprised
81% of these patients. Rare conditions, such as gallbladder rupture and
ovarian cyst rupture, were also noted in our series. 14% (15/106) of
patients who underwent surgery were non-therapeutic. The majority of
these patients sustained large retroperitoneal hematomas with rupture
into the peritoneal cavity (10/15=67%). This is a higher rate than that
found in the literature (mesenteric or retroperitoneal hematoma
comprised 40-50% of all non-therapeutic laparotomies) [18,19]. The
therapeutic laparotomy rate for BAT patients with isolated peritoneal
free fluid varied widely from 7.8% to 93.5% [8,10-12,18-20,23-27]. This
large variation in the therapeutic laparotomy rate is likely secondary to
differences in both the definition of therapeutic laparotomy and the
criteria selected for laparotomy by the various authors. However, how
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many patients really benefited from the surgical intervention? In my
opinion, major mesenteric tear (23.0 cm in length), and hollow organ
perforation (intra-peritoneal urinary bladder rupture, gallbladder
rupture, and bowel perforation) would need and benefit from the
surgery. In our series, it accounted for 78% of these patients (83/106).

Eighty percent of the non-therapeutic surgical patients with
retroperitoneal hematoma-related hemoperitoneum had concomitant
pelvic fracture. Ruchholtz et al. recommended that an unstable pelvic
fracture and the presence of intra-abdominal free fluid requires
surgical intervention [28]. Friese et al. also demonstrated that 11 of 20
patients with pelvic fractures and intra-peritoneal fluid collections
were therapeutic laparotomies [29]. Verbeek et al., suggested that non-
therapeutic laparotomy must be avoided in patients with major pelvic
fracture due to unacceptably high hemorrhage-related mortality [30].

Patients with BAT can present with LOC, which can decrease the
accuracy of the clinical examination. In this situation, significant
pathology can be inadvertently overlooked. In our series, DPL was
considered based solely on the CT scan findings suggestive of bowel
injury for the 14 patients with altered LOC. Five patients underwent
DPL, and three were positive. Laparotomy confirmed a bowel
perforation in all three cases.

Among the three therapeutic laparotomy groups described
previously, the bladder rupture group had the highest ISS and NISS
scores. This finding might be partially attributed to the higher
Abbreviated Injury Scale (AIS) for bladder rupture (AIS of urinary
bladder rupture=4; AIS of intestinal perforation=3) and partially to its
frequent association with other serious injuries (48% of bladder
rupture associated with pelvic fracture). BAT can result in contusions
on mesentery and bowel, thereby creating the characteristic mesenteric
and bowel wall changes seen on CT scan (mesenteric neo-
vascularization, hematoma, or bowel wall edema) [5-6]. The
mesenteric tear and intestinal perforation groups did demonstrate
higher rates of bowel wall thickening, mesenteric hematoma, and
mesenteric streaky sign on CT scan than the bladder rupture group.
The intestinal perforation group had a significantly higher rate of
positive DPL findings (as defined by cell count ratio, Gram stain, and
amylase levels) than the bladder rupture and mesenteric injury groups.
In our series, we clearly proved that DPL and the analysis of intra-
peritoneal fluid according to Fang et al. were appropriate techniques to
differentiate an intestinal perforation from a mesenteric tear or bladder
rupture [13].

Larger peritoneal fluid collections were identified on CT scan in
those patients with mesenteric tear (Group B) compared to those
patients with bladder rupture (Group A). Patients with intestinal
perforation (Group C) were more likely to have smaller fluid
collections on CT scan. These findings may be related to the relatively
large amount of bleeding from mesenteric laceration. Intestinal
perforation generally results in smaller fluid collections from leakage of
bowel content; however, Hulka et al. demonstrated 50% of bowel
injuries showed moderate amounts of fluid collection. [10]

The CT scan findings of bowel wall edema, mesenteric hematoma,
and mesenteric streaky sign occurred more frequently in patients with
mesenteric tear (Group B) and intestinal perforation (Group C) than
with bladder rupture (Group A). These CT scan findings are reliable
indicators for the differentiation of bladder rupture from mesenteric or
intestinal injury in cases of isolated peritoneal fluid collection.

Prompt evaluation of BAT patients is crucial in order to expedite
surgical intervention for those critical patients. Abdominal CT

scanning is not indicated when the patient is hemodynamically
unstable or the FAST reveals massive fluid in the peritoneum. The
presence of IV contrast extravasation on CT scan is concerning for
mesenteric tear and can quickly lead to hypovolemic shock. Emergent
laparotomy is critical in these patients. Not surprisingly, patients in
this study with mesenteric tear (Group B) had the highest mortality
rate from rapid arterial bleeding. Post-operative wound infection
occurred most frequently in patients with intestinal perforation
(Group C) due to contamination from fecal matter.

In our study, BAT patients with small, moderate, or large amounts
of peritoneal fluid collection had a 75%, 73%, and 88% therapeutic
laparotomy rate, respectively. This was not a significant difference,
which supports the idea that laparotomy should be recommended for
all patients with isolated fluid collection, except those patients with
retroperitoneal hematoma [11]. However, this recommendation
contradicts previous recommendations that stated mandatory
laparotomy was only recommended for patients with more than a
small fluid collection and not recommended in pediatric BAT patients
[10,18,19].

In the large series of 122 relevant patients reported by Mahmood et
al., a total 34 patients underwent laparotomies with 31 patients being
therapeutic intervention, in whom 23 victims were bowel injuries. He
recommended that detection of intra-peritoneal fluid by CT scan is
inaccurate for prediction of bowel injury or need for surgery; however,
the correlation between scan findings and clinical course is important
for optimal diagnosis of bowel injury [31].

The limitations of this study include that it was a retrospective study,
a small number of patients in single institution leading to type 2
statistical errors, and the obscure definition of the therapeutic or
benefit laparotomy. But, it could provide the useful information
regarding the management of this kind of trauma patients.

To sum up, in our series, the rate of therapeutic laparotomy was
91/106 (86%) according to the definition of surgical tissue repair;
however, the rate of benefit laparotomy was 83/106 (78%) according to
trauma patients really benefiting from the surgical intervention.
Minimal invasive laparoscopic exploration may be considered as the
good first choice in this setting. Patients with concomitant
retroperitoneal hematoma and pelvic fracture are exceptions to this
recommendation. Urinary bladder rupture, mesenteric tear, and bowel
injury comprised the majority (81%) of findings in patients who
underwent therapeutic laparotomy. The latter two injuries had a higher
percentage of CT scan findings with bowel edema, mesenteric
hematoma, and mesenteric streaky change. Urinary bladder rupture
may be considered, if patients have free fluid on CT scan, combined
with pelvic fractures (47%) and gross hematuria (97%). Based upon
our studies, operation might be suggested for BAT patients with free
intra-peritoneal fluid in the absence of pneumoperitoneum on CT scan
because most of these patients benefited from the surgical intervention
(78%), especially combined with clinical presentation of gross
hematuria or CT images of bowel wall thickening or mesenteric lesion.
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