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ABSTRACT

Background A thorough history and physical
examination in patients with blunt abdominal trauma
(BAT) is important to safely exclude clinically significant
intra-abdominal injury (IAl). We seek to evaluate a
correlation between self-reported abdominal pain,
abdominal tenderness on examination and IAl discovered
on CT or during exploratory laparotomy.

Methods This retrospective analysis assessed

patients with BAT =13 years old who arrived to the
emergency department following BAT during the
23-month study period. Upon arrival, the trauma team
examined all patients. Only those who underwent an
abdominal and pelvic CT scan were included. Patients
were excluded if they were unable to communicate

or lacked documentation, had obvious evidence of
extra-abdominal distracting injuries, had a positive drug
or alcohol screen, had a Glasgow Coma Scale <13,

or had a positive pregnancy screening. The primary
objective was to assess the agreement between self-
reported abdominal pain and abdominal tenderness on
examination and Al noted on CT or during exploratory
laparotomy.

Results Among the 594 patients included in the final
analysis, 73.1% (n=434) had no self-reported abdominal
pain, 64.0% (n=384) had no abdominal tenderness

on examination, and 22.2% (n=132) had positive CT
findings suggestive of IAl. Among the 352 patients who
had no self-reported abdominal pain and no abdominal
tenderness on examination, a significant number of
positive CT scan results (14%, n=50) were still recorded.
Furthermore, a small but clinically significant portion of
these 50 patients underwent exploratory laparotomy
(1.1%, n=4). All four of these patients ultimately
underwent a splenectomy and all were completed on
hospital day one.

Conclusion Lack of abdominal pain and tenderness
in patients with BAT with non-distracting injuries

was associated with a small portion of patients who
underwent a splenectomy. Patients with BAT without
abdominal pain or tenderness may need a period of
observation or CT scan to rule out IAl prior to discharge
home.

Level of evidence Level lll, therapeutic/care
management.

INTRODUCTION

Blunt abdominal trauma (BAT), most commonly
resulting from motor vehicle accidents (MVA)
and falls, is a mechanism of injury frequently

encountered by both emergency physicians and
trauma surgeons.! 2 Unlike penetrating abdominal
injuries, unclear signs of traumatic injuries after
BAT often leaves many treatment decisions to the
acumen of the clinician.’”® These challenges may
result in a under triage and a delayed diagnosis of
significant intra-abdominal injury (IAI) secondary
to BAT, the consequences of which may poten-
tially lead to severe morbidity and mortality.>® The
estimated prevalence of IAl in patients with BAT
presenting to the emergency department (ED) were
reported at 13%; those with clinically significant
injuries were reported at 4.7%.°

A thorough history and physical examination
remains the primary initial step toward diagnosing
IAI in patients with BAT; however, the reliability of
this examination has been questioned.'®'! Studies
suggest that in select situations, the physical exam-
ination alone may not be sufficient for excluding
IAL3 4 1215 The utility of abdominal tenderness
on physical examination as a screen for IAI was
observed to be of limited sensitivity and specificity
(ranging from 46% to 82% for sensitivity and
41% to 69% for specificity).!> 13 1¢ Further, patients
with trauma often present with altered mental
status (AMS) and multisystem trauma resulting in
distracting injuries, which may lead to an unreliable
physical examination.?#° 12

CT has become an important adjunct to the phys-
ical examination when evaluating hemodynamically
stable patients with blunt trauma with equivocal
findings.” 1 14 1619 A hijgh-grade sensitivity (97%-—
98%) and specificity (97%-99%) for diagnosing IAI
in patients with BAT has been noted and there have
been several studies that advocate for the utiliza-
tion of CT as a screening tool in patients with blunt
trauma.'® 1 2022 One study reported that liberal
whole body CT imaging in patients with blunt
multisystem trauma without obvious signs of injury
changed the course of management in nearly 19%
of patients (eg, discharged home, sent directly to
the operating room).?! However, others argue that
the diagnostic yield of these additional CT find-
ings may not significantly change overall patient
management, resulting only in unnecessary patient
radiation exposure, inefficient resource manage-
ment, excessive patient and hospital expense, and
increased time of initial evaluation.?! 2-28

The utility of the history and physical examina-
tion during the initial assessment for IAl in patients
with BAT is controversial. We seek to assess the
feasibility of using self-reported abdominal pain
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and abdominal tenderness findings on physical examination to
safely exclude IAI among patients with BAT by comparing these
initial findings with CT scan and surgical findings.

METHODS

This retrospective study was approved by the institutional review
board at Arrowhead Regional Medical Center (ARMC). ARMC
is a 456-bed acute care teaching facility and the only American
College of Surgeons certified level II trauma center located in
San Bernardino County, California, USA. The ARMC ED is one
of the busiest in the state of California with more than 92000
visits and over 2500 traumas annually.

Emergency and surgical attending or resident physicians
completed the initial examination of patients with BAT. Patients
with trauma presenting to the ARMC ED during the 23-month
study period from 1 February 2009 to 31 December 2010, with
documented BAT who received a CT scan were extracted from
the trauma registry. All patients with BAT were initially evalu-
ated and managed according to Advanced Trauma Life Support
(ATLS) protocol in the ED by trauma team members.?” Obtaining
CT imaging with intravenous contrast was based on provider
clinical judgement. Patients deemed low risk by the trauma team
for TAI based on mechanism of injury did not receive a CT scan,
as well as hemodynamically unstable patients with BAT who
were transferred directly to the operating room.? These patients
were not included in our analysis. Our institutional protocol for
adult splenectomy is based on hemodynamic stability. Splenec-
tomy is performed if the patient fails non-operative management
based on hemodynamic instability. Based on this protocol, our
institution salvage rate is 95%.

The inclusion criteria were (1) patients =13 years of age
presenting with BAT following a motor vehicle accident (MVA)
or motor cycle accident (MCA), (2) Glasgow Coma Scale (GCS)
score of >13, (3) patients who received a complete history and
physical examination by trauma team members, and (4) patients
who received a CT abdomen and pelvis with intravenous

n=818 patients
sustaining blunt

abdominal trauma
met the study
inclusion criteria

224 patients were excluded:
Alcohol intoxication (n=52)
Distracting injuries (n=89)
GCS <13 (n=50)

Drug intoxication (n=16)
Unreliable history (n=16)
Pregnant (n=1)

n=594 patients
were included in the
final analysis

¥

l l

n=160 had self-reported

n=434 did not have self-
abdominal pain reported abdominal pain

— 1 ]

n=132 had =28 did not have n=82 had n=352 did not have

abdominal abdominal abdominal abdominal
tenderness on on on on
physical exam physical exam physical exam physical exam
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Figure 1 Patient flow chart.

contrast while in the ED. Patients were excluded from the
study if they were (1) unable to communicate or were lacking
documentation in the medical record, (2) under the influence
of alcohol intoxication (blood alcohol level >0.08%) or illicit
drug use documented on urine drug screen completed as part
of the routine trauma panel for all patients with trauma at our
trauma centre, (3) distracting extra-abdominal injuries (eg, long
bone fractures, large lacerations or degloving injuries, crush
injuries, large burns, or other obvious extra-abdominal injuries
documented in the medical record and noted to have sufficiently
distracted from a reliable abdominal exam), and (4) patients with
a positive pregnancy test on urine qualitative human chorionic
gonadotropin testing. Inclusion and exclusion criteria aimed to
reduce the incidence of distracting injuries and were validated
in previous studies.*3 127142430

The primary objective was to assess the agreement between
abdominal pain and abdominal tenderness findings (both self-re-
ported and on physical examination), and IAI noted on CT
or during exploratory laparotomy among patients with BAT.
Patients reporting abdominal pain during the initial encounter
were recorded as positive for self-reported abdominal pain.
Patients with any noted findings of abdominal tenderness on
physical examination including tenderness to palpation were
recorded as having positive abdominal tenderness on phys-
ical examination. A positive CT scan (Brilliance CT 64 Chan-
nel-DS; Phillips, Andover, Massachusetts, USA) was defined as
exhibiting any of the following findings, regardless of the lesion
severity: liver injury (eg, hematoma, laceration), splenic injury,
kidney injury, bowel injury (eg, perforation, edema), great vessel
injury, free fluid, and/or free air. All abdominal and pelvic CT
imaging was completed with intravenous contrast by certified
technologists and interpreted by radiology attending or resi-
dent physicians. A positive surgical finding included any surgical
intervention undertaken to stabilize the patients during explor-
atory laparotomy. Intra-abdominal organ injury noted on CT
imaging and during exploratory laparotomy was classified based
on the American Association for the Surgery of Trauma grading
scale.’!

Additional variables assessed in this study included sex,
ethnicity, GCS, injury severity score (ISS), mechanism of injury,
intra-abdominal findings on exploratory laparotomy, time to
surgical intervention, and patient outcomes for those who
underwent surgical intervention.

Statistical analysis

All statistical analyses were conducted using the SAS software
for windows version 9.3 (SAS Institute, Cary, North Carolina,
USA). Descriptive statistics were presented as frequencies and
proportions for continuous variables. X? cross-tab analyses
were conducted to identify associations between factors associ-
ated with subjective, objective, and combined abdominal pain
or tenderness findings separately. All statistical analyses were
two sided. p<0.05 was considered to be statistically significant.

RESULTS

Of the original 818 patients, 594 patients were included in the
final analysis (see figure 1 for flow chart). A total of 224 patients
were excluded due to extra-abdominal distracting injuries
(n=83), alcohol intoxication (n=89), GCS<13 (n=50), drug
intoxication (n=16), unreliable history or lack of medical docu-
mentation (n=16), and positive pregnancy screen (n=1). More
than half of the sample population were male (64%, n=380,
table 1). Less than half identified as Caucasian (45.5%, n=270),
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Table 1 Demographic summary of the included patients (n=594)
Frequency
(n=594) Percentage (%)

Sex

Female 214 36

Male 380 64
Ethnicity

African American 44 7.4

Asian 32 5.4

Caucasian 270 45.5

Hispanic 229 38.6

Other 19 3.2
Glasgow Coma Scale

14 59 e

15 535 90.1
Self-reported abdominal pain

No 434 731

Yes 160 26.9
Abdominal tenderness on examination

No 380 64

Yes 214 36
CT scan findings

Negative 462 77.8

Positive 132 222
Exploratory laparotomy

No 559 94.1

Yes 35 5.9
Exploratory laparotomy findings

Negative 6 171

Positive 29 82.9

Frequency missing=563
Abdominal pain or tenderness

Negative self-reported abdominal pain and 352 59.3

negative abdominal tenderness on physical

examination

Negative self-reported abdominal pain and 82 13.8

positive abdominal tenderness on physical

examination

Positive self-reported abdominal pain and 28 4.7

negative abdominal tenderness on physical

examination

Positive self-reported abdominal painand 132 22.2

positive abdominal tenderness on physical

examination

Injury severity score, median (Q1, Q3) 10(7,17)

followed by Hispanic (38.6%, n=229). The median ISS of 10
(Q17,Q3 17) and had a GCS 15 (n=535, 90.1%).

Table 1 also presented the self-reported abdominal pain and
abdominal tenderness findings on physical examination. Overall,
73.1% (n=434) reported no abdominal pain, 64% (n=380) had
no abdominal tenderness on physical examination, and 22.2%
(n=132) had positive CT findings suggestive of IAl. A total of
35 (5.9%) patients of the total cohort underwent an exploratory
laparotomy. Of these 35 patients, 29 had positive intraopera-
tive abdominal findings on exploratory laparotomy for which
surgical intervention was undertaken for patient stabilization. A
total of 356 (59.4%) patients had both a negative self-reported

abdominal pain and negative abdominal tenderness on physical
examination.

Further examination of self-reported abdominal pain and
abdominal tenderness findings on physical examination was
conducted. The results were presented in table 2. Of the patients
without self-reported abdominal pain and abdominal tender-
ness on physical examination, a significant number of positive
CT scan results (14.2%, n=50) were recorded. Furthermore, a
small but clinically significant portion of patients with seemingly
benign abdominal findings underwent exploratory laparotomy
and splenectomy after non-operative splenic salvage failed due to
hemodynamic instability (1.1%, n=4) (see table 3 for details on
mechanism of injury, intra-abdominal findings, and outcomes).
Of the patients with positive self-reported abdominal pain and
abdominal tenderness on physical examination, positive CT
findings were noted in 40.6% (n=53), exploratory laparotomies
were undertaken in 19.7% (n=26), and positive surgical find-
ings were noted in 15.9% (n=21).

DISCUSSION

The utility of the history and physical examination in the evalu-
ation for IAI in patients with BAT has been widely debated. It is
understandable that patients with BAT with distracting injuries
or AMS would warrant a CT scan due to the inability to safely
exclude TAL'2 However, in patients with normal mentation and
without distracting injuries, little evidence exists assessing the
correlation between self-reported abdominal pain and abdominal
tenderness findings in comparison to IAI noted on CT imaging
or during exploratory laparotomy findings in patients with BAT.

In the current investigation, a portion of patients with BAT
presenting to our institution did not report abdominal pain or
have abdominal tenderness on initial evaluation. These patients
were seemingly non-critical as evidenced by their ISS and GCS.
However, 14% of these patients with BAT with benign history
and physical e had evidence of IAI on CT imaging. Most notably,
1.1% (n=4) of patients without self-reported abdominal pain
or abdominal tenderness on examination ultimately under-
went an exploratory laparotomy and splenectomy (table 3).
These patients exhibited evidence of abdominal free fluid and
solid organ injury on CT scan. Non-operative splenic salvage
failed after these patients subsequently experienced hemody-
namic instability within hours after arrival and splenectomy
was undertaken. In one of these cases, splenic embolization had
been planned; however, the patient became hypotensive while
awaiting the procedure and subsequently underwent a splenec-
tomy. In the other three cases, the patients experienced hemo-
dynamic instability shortly after arrival to the trauma center. As
such, splenic embolization was deferred and splenectomy was
undertaken.

The explanation for the seemingly benign presentation in this
subset of patients is likely multifactorial in nature. It may be
explained by the fact that fresh blood is not a significant noxious
stimuli initially and only after cell lysis occurs later in a patients
clinical course do mechanosensitive pain receptors become acti-
vated.’? Additionally, the retroperitoneal nature of the spleen
and lack of peritoneal irritation from spilled enteric contents and
biliary material has been cited as a potential mechanism contrib-
uting to the occasional paucity of abdominal examination find-
ings in similar cases of IAL'? In these four patients with splenic
injuries that did not have abdominal pain or tenderness, their IAI
may have been missed without a CT scan.

Few similar studies exist assessing the accuracy of reported
abdominal pain and abdominal tenderness findings on physical
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Table 2 Factors associated with having abdominal pain findings

Had exploratory

Positive CT finding laparotomy Positive surgical finding
Abdominal pain or tenderness N N (%) p Value N (%) p Value N (%) p Value
Self-reported abdominal pain
No 434 75(17.3) <0.001 9(2.1) <0.001 8(1.8) 0.1093
Yes 160 57 (35.6) 26 (16.3) 21 (13.1)
Abdominal tenderness on physical examination
No 380 54 (14.2) <0.001 4(1.1) <0.001 4(1.1) 0.0415
Yes 214 78 (36.5) 31 (14.5) 25(11.7)
Negative self-reported abdominal pain and negative abdominal 352 50 (14.2) <0.001 4(1.1) <0.001 4(1.1) 0.0043
tenderness on physical examination
Negative self-reported abdominal pain and positive abdominal 82 25 (30.5) 5(6.1)
tenderness on physical examination 4(4.9)
Positive self-reported abdominal pain and negative abdominal 28 4(14.3) 0(0)
tenderness on physical examination 0(0)
Positive self-reported abdominal pain and positive abdominal 132 53 (40.2) 26 (19.7)
tenderness on physical examination 21(15.9)

*The corresponding p value was <0.05 among the four abdominal pain groups.

examination in patients with BAT. Livingston et al completed a
large, multi-institutional study of 2299 patients which concluded
that although abdominal tenderness made the presence of IAI
more likely, 19% of patients with no abdominal tenderness
had TAI on CT imaging.'* Ferrera et al noted that among 142
patients without self-reported abdominal pain or findings of
abdominal tenderness on physical examination, 10 patients (7%)
were found to have IAI on CT imaging.'? One patient expired
in the operating room. Of note, all 10 patients in this study had
extra-abdominal injuries.'? In another investigation, among 23
patients with isolated BAT and no abnormal abdominal exam-
ination findings, seven (30%) were found to have IAI on CT
imaging.* Four (17%) subsequently underwent exploratory lapa-
rotomy and injuries noted included intestinal perforation and
splenic rupture.

In contrast, a study that assessed 703 hemodynamically stable
patients with BAT with negative abdominal exams and no
extra-abdominal injuries found that only three (0.4%) of these
patients had evidence of IAI on CT.** These three cases were
managed conservatively. Authors from this study suggested that
patients with BAT fitting this profile could be safely discharged
without adjunctive evaluation with CT or diagnostic peritoneal
lavage.”

Despite this evidence, conflicting information still remains
that demonstrate that a proportion (1.1%-17%) of seemingly
non-critical patients with BAT with normal initial exams ulti-
mately underwent potentially life-saving surgical intervention
(though provider-dependent differences may have impacted the
accuracy of these compiled findings from our study and other
studies).* 1> The four patients in this study underwent splenec-
tomy on hospital day 1 after failed non-operative management
(table 3). If the history and physical examination were to be
utilized in isolation with this group of potential surgical candi-
dates, this small but clinically significant percentage of patients
with BAT with IAI would be at significant risk for a delay in
surgical intervention that may result in increased morbidity and
mortality.®®

Patients with BAT with no abdominal pain or tenderness find-
ings and negative abdominal and pelvis CT findings were also
assessed in this study. Analysis noted that none of the patients
in this subgroup were later diagnosed with IAI, underwent

exploratory laparotomy, or died. Holmes et al found that the rate
of IAI among 2141 hospitalized patients with BAT with normal
CT findings was 0.37% (n=8). Of these eight patients, AMS and
extra-abdominal injury were present.'® Authors concluded that
in those patients with normal mental status, normal abdominal
exams, and normal abdominal CT scans, the rate of IAI was
zero. The findings of the current study validate this assertion
and support the safe discharge of this portion of patients with
unremarkable abdominal and pelvic CT findings directly from
the ED.

Past studies have further sought to define a subset of patients
with BAT deemed ‘low risk’ that may be discharged from the
ED without radiographic imaging or observation. Kendall ez al
examined 1169 patients with BAT and determined that 20%
could be classified as ‘low risk’ based on predefined criteria
including lack of abdominal pain or tenderness, vital sign
abnormalities, hematuria, distracting injuries, and intoxication.
These patients were deemed safe for discharge without obser-
vation or CT imaging; none were later diagnosed with TAI or
died.’® A similar study validated a decision instrument aimed
at identifying patients with BAT at ‘low risk’ for any IAI and
who were unlikely to benefit from CT imaging. The sensitivity
and specificity were noted at 95.8% and 29.9%, respectively.®
These criteria, which include assessment for abdominal pain
and tenderness, appear effective toward accurately identifying
and excluding IAl in a proportion of patients with BAT without
CT imaging.

Limitations

Due to its retrospective nature, this study was dependent on the
accuracy of the providers’ documentation and clinical acumen.
The method of abdominal examination and the detail in which
the providers documented the patient’s complaint of abdominal
pain and the examination findings may differ slightly among the
providers. Given this variation in documentation of findings, we
were not able to expand our study to include the degree of pain
expressed by the patient or the degree of tenderness on exam-
ination. Further, variation in provider documentation may also
have impacted the identification and exclusion of patients with
distracting injuries.

4 Neeki MM, et al. Trauma Surg Acute Care Open 2017;2:1-7. doi:10.1136/tsaco-2017-000109
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Table 3 Continued

Abdominal

Time from arrival to surgical
intervention (min)

128

tenderness on
examination

Self-reported

Outcome

Intra-abdominal findings

Mechanism of injury

MVA

abdominal pain

ID

Discharged home on day 4

Small bowel and right colon injury s/p exploratory laparotomy with small bowel resection

and distal ileum to right colon resection with anastomosis

Yes

Yes

23

Transferred to outside facility

on day 4

375

Grade 4 splenic laceration s/p exploratory laparotomy with splenectomy

Yes MCA

Yes

24

Discharged home on day 2

73
274

Grade 5 splenic laceration s/p exploratory laparotomy with splenectomy

MVA
MVA

Yes
Yes

Yes
Yes

25

Discharged home on day 4

Large jejunal mesenteric tear and ischemic small bowel s/p exploratory laparotomy with

small bowel resection and primary anastomosis

26

Deceased on hospital day 13

175

Mesenteric hematoma of the gastrocolic artery with no disruption s/p exploratory

laparotomy with sigmoid colon colorrhaphy

Yes MVA

Yes

27

Discharged home on day 5

137

Grade 4 splenic laceration and grade 1 laceration of the left kidney s/p exploratory

laparotomy with splenectomy

Yes MCA

Yes

28

Discharged home on day 2

100

Mesenteric tear at the transverse colon with active bleeding, mesenteric tear at ileocecal

base, grade 1 liver laceration s/p exploratory laparotomy ligation of arteries

Yes MVA

Yes

29

MCA, motorcycle accident; MVA, motor vehicle accident; s/p, status post.

In regard to the physical examination, we only addressed
abdominal tenderness. This study did not address other objec-
tive abdominal findings including seatbelt sign, contusions, or
abrasions. As such, interpretation of the results of our study
may be limited to the context of abdominal tenderness findings
in correlation with CT imaging and exploratory laparotomy
findings.

Another limitation stems from the exclusion of patients with
BAT who did not receive an abdominal or pelvic CT. This may
have resulted in the missed inclusion of relevant cases. Patients
were also not followed after discharge and as such, we were
unable to assess if they were seen at other hospitals with similar
complaints due to a delayed IAI diagnosis.

Finally, the utilization of ultrasound in the diagnosis of BAT
was not considered in this study as bedside ED ultrasound was
not fully implemented at our institution during the data collec-
tion period. Though ultrasound was available and used at bedside
intermittently during trauma patient evaluation, its value may
have been operator dependent.’® 3* However, this study sought
specifically examine the correlation between the history and
physical examination and CT scan findings. For this study, the
history and physical examination were routinely completed
before an ultrasound evaluation, thus eliminating the possibility
of any confounding influence of that ultrasound findings may
have had on the history and physical examination findings.

CONCLUSIONS

Based on the current results, the absence of abdominal pain
and tenderness in patients with BAT with non-distracting inju-
ries continues to be associated with a small portion of patients
needing life-saving surgical intervention for solid organ injury.
In these patients, a period of observation or CT imaging may be
utilized as useful adjuncts to identify [Al. The consequence of
missed or delayed recognition and treatment of IAI may jeop-
ardize patient’s well-being and be potentially fatal if a patient is
unknowingly discharged home.

Overall, patients with BAT present a difficult clinical scenario
for emergency physicians and trauma surgeons. Further research
is needed to determine additional criteria (eg, vital signs, lab
tests, serial abdominal exams, ultrasound exams) to complement
an unremarkable history and physical that would aid in accu-
rately identifying IAI and determining patients that could safely
be discharged from the ED without observation or CT imaging.
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