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PHYSICIAN GESTALT IN ABDOMINAL TRAUMA CT

INTRODUCTION

The abdominal/pelvic CT is an integral component of the diagnos-
tic evaluation of patients with blunt abdominal and pelvic trauma.
In addition to providing detailed visualization of injuries to inform
clinical management, abdominal/pelvic CT scans also function as a
reliable screening tool, providing reassurance to both physicians and
patients that those without clinically significant injuries (CSls) can
be safely discharged.1 However, indiscriminate, reflexive abdominal/
pelvic CT use in abdominal or pelvic blunt trauma may lead to CT
overuse with attendant low diagnostic yields, high costs, and exces-
sive radiation exposure in younger trauma patient populations.?™*
The problematic downstream effects of excess CT (and other ad-
vanced imaging) use as part of a growing culture of overdiagnosis
in the emergency department (ED) have been highlighted in several
academic consensus conference meetings.>

In response to the need for objective tools to avoid CT overuse,
several clinical decision rules (CDRs) have been derived and validated
to guide selective head,”® neck,” " and chest'?™ CT use in adult
patients with blunt trauma. However, the only rule that has been
developed for adult abdominal trauma included criteria that would
not be readily available when decisions for CT are made (hematuria
level greater than or equal to 25 red blood cells/high-powered field)
and has not been adopted widely for use.* Recognizing the lack of
robust, validated instruments for selective abdominal/pelvic CT in

16 a consensus conference on CDRs cited this in-

adult blunt trauma,
dication as one of the highest priority scenarios for need of a CDR.®

Whether a rule for selective abdominal/pelvic CT use in blunt
trauma would improve upon current practice depends on the
screening performance characteristics, especially missed injury rate
and sensitivity, of baseline clinician gestalt.!” If trauma physician ge-
stalt based on history and physical examination adequately screens
for blunt trauma injuries seen on CT, then there may be no need for
the development of a CDR to guide selective imaging for that ana-
tomic region.5 With a focus on the potential missed injury rate and
sensitivity in cases that physicians predicted to have low risk of CSlI,
we sought to evaluate the accuracy of physician gestalt in predict-
ing clinically significant abdominal and pelvic injuries among trauma
patients presenting to the ED by comparing physician predictions to

abdominal/pelvic CT reports and patient outcomes.

METHODS
Study design and setting

From January 2017 to March 2020, we conducted this study ad-
junctive to a parent, observational, multicenter, prospective study
seeking to derive criteria that may guide selective CT use in acute
blunt abdominal trauma evaluation. Our study setting included three
urban, Level | trauma centers (Zuckerberg San Francisco General
Hospital [San Francisco], Ronald Reagan University of California Los
Angeles Medical Center [Los Angeles], and Massachusetts General

Hospital [Boston]) and one community hospital Level Il trauma
center (Antelope Valley Medical Center [Lancaster, CA]). We ob-
tained institutional review board approval from the participating
institutions with a waiver of informed consent.

We collected gestalt data from physicians (emergency medicine
residents and attendings and general surgery residents) who were
directing blunt trauma patient evaluations in which an abdominal/
pelvis CT was ordered. Cases were excluded if patients had pene-
trating trauma, presented to the ED more than 72h after trauma,
or were aged <15years or if the physician had viewed radiographic
images or radiographic reports prior to completion of the study sur-
vey instrument.

Data collection procedures

Research staff screened ED dashboards and trauma alerts for eligi-
ble patients. After an abdominal/pelvic CT was ordered but before
the CT scan was complete, research staff asked the primary physi-
cian who was directing the trauma patient evaluation to complete
the abdominal/pelvis CT clinical questionnaire (one assessment per
patient). These instruments included patient demographic charac-
teristics and whichever trauma presentation elements were avail-
able at the time of CT ordering (mechanism of injury, systolic blood
pressure, alertness, physical examination, lactate levels, chest x-ray,
and focused assessment with sonography for trauma [FAST]). In ref-
erence to the abdominal/pelvic CT, physicians were asked the fol-
lowing question: “Please estimate the likelihood of significant injury
requiring either intervention or hospital observation/admission,”
with response options including “<2%, 2%-10%, 11%-20%, 21%-
40%, and >40%" (Appendix S1.). We revised the initial data collec-
tion instrument at approximately the midpoint of study enroliment

to add training-level data on physician participants.

Measurements

Prior to study initiation, we implemented a modified Delphi pro-
cess*® with an expert panel consisting of three trauma surgeons
and three emergency medicine physicians to define four study
outcome classifications of injury seen on CT: major injury (injury
within the abdomen, pelvis, or lumbar spine requiring procedural
intervention[s], defined as surgical and interventional radiology
procedures or blood transfusions); minor injury (injury within the
abdomen, pelvis, or lumbar spine requiring hospitalization without
procedural interventions); insignificant injury (injury within the ab-
domen, pelvis, or lumbar spine requiring neither intervention nor
hospitalization, e.g., lumbar spine transverse process fracture); and
no injury (no injury, chronic injuries [e.g., healing lumbar fracture]
or incidental findings unrelated to recent trauma). We determined
injury classifications using CT radiology reports from radiologists
who were unaware of the study's implementation, along with
electronic health record (EHR) review (Appendix S2.). Prior to EHR

85UB017 SUOLILLIOD) BAIFE81D) 8|l dde au Aq pauRA0b a8 S3[o e WO ‘88N JO S3NJ 0 AX1q 1T 8UIIUO 43| 1/ UO (SUORPUOD-PUE-SLUS)W0D A8 | 1M ALeIq 1[ouJUO//StY) SUORIPUOD PUe swie | 8U388S *[£202/80/2T] Uo Ariqiaulluo A8 |IM AiseAlun uoLno ueg Aq 89,4 T Wee/TTTT OT/I0p/W00"A3| 1M Arelq 1 pul|uo//Sdny WOy papeojumoq ‘0 ‘2T.2eSST



RODRIGUEZ ET AL.

abstraction procedures, the lead investigators conducted multi-
ple training sessions and implemented quality control measures
with research staff (clinical research coordinators and student
research volunteers) on an approximately quarterly basis.’ Chart
abstractors were unaware of the physician assessment and gestalt
responses. Using a random sample of 50 cases, we performed an
interrater reliability assessment (Pearson's kappa) of injury clas-
sification (two chart abstractors independently reviewed CT re-
ports and EHR to classify each of the 50 cases). We also conducted
a verification bias assessment (3-month phone and EHR follow-up)
on a sample of patients who did not receive CT to evaluate this
group for missed injuries.

Our primary outcome was CSI, defined as injury requiring proce-
dural intervention or hospital admission, i.e., either major or minor
injury per the above classification scheme. Our primary predictor
was physician gestalt, defined as physicians' estimates of likelihood
of CSl seen on abdominal/pelvic CT.

We also asked physicians to indicate reasons for ordering a CT
scan if their suspicion for a CSI was low (in the first two prediction
categories of <2% and 2%-10%). We provided the following re-
sponse options and varied their order throughout the study: (1) need
to diagnose all injuries even if they are not clinically significant, (2)
severe mechanism of injury, (3) medicolegal concern, (4) this level
of risk is still important to diagnose, (5) trauma protocol, (6) physi-
cal examination unreliable because of intoxication or altered mental
status, and (7) other (with the request to explain through a narrative

response).

Data analyses

Toward our primary objective of determining the adequacy of phy-
sician gestalt to rule out abdominal and pelvic CSI, we set an a
priori cutoff missed CSl rate of <2%; i.e., if the missed CSI rate was
22% for those predicted to have a<2% likelihood of CSI, then ge-
stalt would not have adequate screening function. Understanding
that there is a great degree of variation in acceptable miss rates,
we based this cutoff choice on literature review of missed rate and
sensitivity thresholds in trauma research and via our expert panel
consensus,418:20-22

To assess the overall screening accuracy of gestalt, we evaluated
sensitivity, specificity, calibration, and the area under the receiver
operating curve (AUROC) at four cutoff points of gestalt predictions
(2%, 10%, 20%, 40%), using standard formulae (with the 2% thresh-
old, for example, true positive =cases predicted to have 22% risk of
CSl and found to have CSI; true negative =cases predicted to have
<2% risk of CSI and found to not have CSI; false positive=cases
predicted to have 22% risk of CSI and found to not have CSI; false
negative =cases predicted to have <2% risk of CSl and found to have
Csl).

Because our data are multilevel (five categories of prediction
ranges), we calculated interval likelihood ratios (ILR) instead of pos-
itive and negative values and likelihood ratios; ILR is the probability

that patients within an interval, e.g., 2%-10% likelihood of injury,
would have the disease of interest divided by the probability that
participants within the same interval would not have the disease of
interest. Transforming multilevel categories into dichotomous vari-
ables of cutoff percentages would result in loss of information as-
sociated with the original prediction ranges and create aggregated
categories that dilute the accuracy of the data and have limited clin-
ical utility.2%26

All data were deidentified in terms of patient and provider.
We managed data using REDCap tools hosted by the University
of California, San Francisco, and the University of California, Los
Angeles, and used Stata, Version 16.1 (StataCorp LLC) for data
analysis.?” We report findings in alignment with Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE)

guidelines for cross-sectional studies.?®

RESULTS
Patient population

We collected data from 2030 trauma patient cases. Their median
(IQR) age was 48 (31-65)years; most patients were male (66%),
White (57%), and non-Hispanic (67%; Table 1). The most common
mechanisms of injury included motor vehicle collisions (25%), falls
(19%), motorcycle collisions (14%), and pedestrian vehicle accidents
(13%). Six percent of patients were clinically unstable, 4% had hypo-
tension, and 3% had positive FAST exams. Approximately 23% dis-
played abnormal levels of alertness and 30% were deemed to have
distracting injuries.

Among the 2030 patients, 402 (20%) had an abdominal/pelvic
injury on CT with 270 (13%) having a CSI. Of patients with CSI, 145
(54%) had major injuries and 125 (46%) had minor injuries. The in-
terrater agreement of CSI classifications was 0.97. Our verification
bias assessment showed that there were no cases of missed injuries
among enrolled participants. The proportion of abdominal or pelvic
CSI within each risk group increased with estimated risk of injury
(Table 2); 5.6% of those estimated to have <2% likelihood of injury
had CSI and 29.9% of those estimated to have >40% likelihood of
injury had CSI.

We further categorized major, minor, and insignificant injuries
into injury subtypes based on organ system. Among those with
major injury, the three most common injuries were spinal injuries
requiring intervention (24%), pelvic fractures requiring intervention
(16%), and hip fractures requiring intervention (16%). Among those
with minor injury, the most common injuries included spinal injuries
requiring observation (34%), splenic injuries requiring observation
(14%), and pelvic injuries requiring observation (11%). Among those
with non-CSl injury, the most common injuries included stable spinal
injuries requiring neither intervention nor observation (67%), pelvic
fractures requiring neither intervention nor observation (11%), and
minimal intraabdominal contusions requiring neither intervention

nor observation (5%).
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TABLE 1 Patient characteristics.

Characteristic

Age (years)
Sex
Male
Female
Unknown
Race
White
Black
Asian
Native American
Middle Eastern
Other
Unknown
Ethnicity
Hispanic
Non-Hispanic
Unknown
Mechanism of injury
Motor vehicle collision
Motorcycle collision
Pedestrian vehicle accident
Bicycle accident
Fall
Assault
Other
Unknown
Patient Status
Stable
Unstable
Unknown
Systolic blood pressure (mmHg)
<90
>90
Unknown
Abnormal level of alertness
Yes
No
Unknown
Positive FAST
Yes
No
Unknown
Distracting painful injury
Yes
No

Unknown

N=2030
48 (31-65)

1336 (65.8)
692 (34.1)
2(0.1)

1157 (57.0)
247 (12.2)
149

(

(

(7.3

9(0.4)

6(1.8)
301 (14.8)
131 (6.5)
515 (25.4)

1360 (67)
155 (7.6)

506 (24.9)
286 (14.1)
254 (12.5)
149 (7.3)
381(18.8)
9)
8)

(
(
(
(7.
(
9 (L.
76 (3.
(16.7)

1
3391
1490 (73.4)

126 (6.2)
414 (20.4)

88 (4.3)
1495 (73.7)
447 (22.0)

470(23.2)
1245 (61.3)
315 (15.5)

65 (3.2)
1374 (67.7)
591 (29.1)

601 (29.6)
1043 (51.4)
386 (19)

Note: Data are reported as median (IQR) or n (%).

Abbreviation: FAST, focused assessment with sonography for trauma.

Observed liklihood of injury

TABLE 2 Physician abdominal/pelvic injury predictions of
likelihood of CSI.

Category of likelihood
of CSI (physician
predictions)

Any injury

No Injury onCT (o8] Major CSI

All: 2030 1628 402 270 145
<2%: 233 210(90.1) 23(9.9) 13(5.6) 5(2.1)
2%-10%: 837 733(87.6) 104(12.4) 54(6.5) 18(2.2)
11%-20%: 411 321(78.1) 90(21.9) 58(14.1) 34(8.3)
21%-40%: 184 137 (74.5) 47(25.5) 36(19.6) 14(7.6)
>40%: 365 227(62.2) 138(37.8) 109 (29.9) 74(20.3)

Note: Data are reported as n (%). Any injury on CT=all cases with an
injury on CT, including those with and those without CSI. CSl=cases
with injuries on CT requiring either procedural intervention or hospital
admission. Major CSI=CSlI cases requiring procedural intervention,
defined as a surgical procedure or blood transfusion.

Abbreviation: CSI, clinically significant injury.

Physician Gestalt Calibration

Predicted likelihood of injury

FIGURE 1 Calibration plot describing the accuracy of physician
gestalt in estimating the likelihood of CSI. Five shaded boxes reflect
each of the prediction categories for likelihood of CSI (<2%, 2%-
10%, 11%-20%, 21%-40%, >40%). The observed likelihood of injury
is displayed as a horizontal line crossing one point on the y-axis,
reflecting the observed proportion of patients with CSl in this study.
If the horizontal line falls within the shaded box, this indicates good
calibration. If the horizontal line falls outside of the shaded box, this
indicates poor calibration. CSI, clinically significant injury.

Physician population
Among the 1087 (54%) physicians for which we had physician

training-level data, 859 (79%) of the evaluations were completed
by resident physicians and 228 (21%) were completed by attending
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physicians. Of the resident physicians, 76 (9%) were Postgraduate
Year (PGY)-4+, 130 (15%) were PGY-4, 236 (27%) were PGY-3, 318
(37%) were PGY-2, and 99 (12%) were PGY-1.

TABLE 3 Sensitivity and specificity of physician gestalt in

predicting CSI.

Sensitivity
Prediction threshold range  (95% ClI)
All physicians
<2% 95.2(91.7-97.3)
<10% 75.2(69.5-80.1)
<20% 53.7 (47.6-59.7)
<40% 40.4 (34.5-46.5)
Attending physicians
<2% 95.7 (76.0-99.8)
<10% 78.3(55.8-91.7)
<20% 47.8 (27.4-68.9)
<40% 39.1(20.5-61.2)

Resident physicians

Specificity
(95% Cl)

12.5(11.0-14.2)
57.0 (54.6-59.3)
77.0(75.0-79.0)
85.5(83.7-87.0)

171 (12.3-23.1)
60.0 (52.9-66.7)
83.9 (77.8-88.5)
87.8(82.3-91.8)

<2% 95.4(89.9-98.1) 10.2 (8.1-12.7)

<10% 72.5(63.9-79.8) 55.1(51.4-58.7)
<20% 50.0 (41.4-58.7) 74.3 (70.9-77.4)
<40% 40.5(32.1-49.4) 84.1(81.2-86.6)

Calibration analysis (Figure 1) shows that physician gestalt
was moderately well calibrated in the midranges of prediction
(2%-10%, 11%-20%, and 21%-40% likelihood of CSI), but poorly
calibrated at the extremes of prediction (<2% and >40%). For the
<2% cutoff of likelihood of CSI, the total group gestalt miss rate
(prevalence of CSI) was 5.6% (95% confidence interval [Cl], 3.3%-
9.3%), and the sensitivity was 95.2% (95% Cl, 91.7%-97.3%). For
the 0% to 10% cutoff of likelihood of CSI, the total group gestalt
miss rate was 6.3% (95% Cl, 5.0%-7.9%), and the sensitivity was
75.2% (95% Cl 69.5%-80.1%; Table 3). Stratified by training level
(Figure 2), resident and attending physician gestalt sensitivity was
similar: for a 2% cutoff for low risk of injury, sensitivity was 95.7%
(76.0%-99.8%) for attending physicians and 95.4% (89.9%-98.1%)
for resident physicians; for a 10% cutoff, sensitivity was 78.3%
(55.8%-91.7%) for attending physicians and 72.5% (63.9%-79.8%)
for resident physicians.

The gestalt AUROC was 0.699 (0.679-0.719) for all physicians,
0.732 (0.670-0.789) for attending physicians, and 0.668 (0.636-
0.699) for resident physicians (Figure 3). When comparing phy-
sician predictions across estimates, the ILR associated with CSI
increased with increasing suspicion of injury, with the ILR for <2%
likelihood of injury at 0.37, the ILR for 2%-10% at 0.44, the ILR
for 11%-20% at 1.1, the ILR for 21%-40% at 1.6, and the ILR for

>40% at 2.9.

Note: Responses regarding likelihood of CSl according to the following
scheme: the cutoff point <2%=only the prediction category of <2%;
the cutoff point <10% =the categories of <2% and <10%,; the cutoff
point <20% =the categories of <2%, 2%-10%, and 11%-20%; and the
cutoff point <40% =the categories of <2%, 2%-10%, 11%-20%, and
21%-40%. Sensitivity and specificity were calculated using standard
formulae (with the 2% threshold, for example, true positive =cases
predicted to have 22% risk of CSl and found to have CSI; true
negative =cases predicted to have <2% risk of CSl and found to not
have CSI; false positive =cases predicted to have 22% risk of CSl and
found to not have CSI; false negative or missed cases=cases predicted
to have <2% risk of CSl and found to have CSI).

Abbreviation: CSI, clinically significant injury.

When physicians were asked to select their rationale for pro-
ceeding with CTs despite low estimated risk of injury (defined as
<10% likelihood of CSI), the most common justifications were
severe mechanism of injury (40.1%), physical examination unre-
liable because of intoxication or altered mental status (19%), and
trauma protocol (14.7%; Table 4), When compared to patients
with a 2%-10% estimated risk of CSI, a higher proportion of
those with a<2% risk of CSl received CTs due to trauma proto-
col (22.2% vs. 12.6% [difference 9.8%, 95% Cl 4.3%-15.9%]) and
medicolegal concerns (10.9% vs. 6.3% [difference4.6%, 95% ClI
0.8%-9.6%]).

Sensitivity of Physician Gestalt by Training Level

—e— Resident physicians

100
£ w0
>
£
=70
. . G:) 60
FIGURE 2 Changes in physician gestalt _‘Uj
sensitivity as a function of distinct cutoff e 50
points of likelihood of clinically significant 8 40
injury according to the following scheme: L:D 30
the cutoff point <2% = only the prediction ©
category of <2%; the cutoff point <10% % 20
= the categories of <2% and <10%; the E‘ 10
cutoff point <20% = the categories of P~ 0
<2%, 2%-10%, and 11%-20%; and the < 2%

cutoff point <40% = the categories of
<2%, 2%-10%, 11%-20%, and 21%-40%.

Attending physicians

<10% <20% <40%

Threshold Cutoff Points for Predicted Likelihood of CSI

85UB017 SUOLILLIOD) BAIFE81D) 8|l dde au Aq pauRA0b a8 S3[o e WO ‘88N JO S3NJ 0 AX1q 1T 8UIIUO 43| 1/ UO (SUORPUOD-PUE-SLUS)W0D A8 | 1M ALeIq 1[ouJUO//StY) SUORIPUOD PUe swie | 8U388S *[£202/80/2T] Uo Ariqiaulluo A8 |IM AiseAlun uoLno ueg Aq 89,4 T Wee/TTTT OT/I0p/W00"A3| 1M Arelq 1 pul|uo//Sdny WOy papeojumoq ‘0 ‘2T.2eSST



PHYSICIAN GESTALT IN ABDOMINAL TRAUMA CT

A All Physicians

100
90

Sensitivity

40
30
20
10

0

0 10 20 30 40 50 60 70 80 90 100
1-Specificity
B Attending Physicians

100

90

80

J

Sensitivity
(&)

10 20 30 40 50 60 70 80 90 100
1-Specificity

c Resident Physicians
100
90
80
70
Zx
= 60
=
= 50
£ 4
5] 0
@30
20
10
0
0 10 20 30 40 50 60 70 80 90 100

1-Specificity

FIGURE 3 Receiver operating characteristic (ROC) curve for
overall clinician accuracy in detecting CSI by training level. The
gestalt area under the receiver operating characteristic (AUROC)
for all physicians (A) is 0.699 (0.679-0.719), while the AUROC
estimates stratified by training level are 0.732 (0.670-0.789) for
attending physicians (B) and 0.668 (0.636-0.699) for resident
physicians (C).

DISCUSSION

We found a physician gestalt AUROC of 0.7, indicating moderate
physician accuracy in discriminating between patients who had
CSI and did not have CSI. The proportion of patients with ab-
dominal or pelvic CSI on CT increased as physician suspicion for
risk of CSl increased, suggesting a generally adequate calibration
trend. However, while physician gestalt was well calibrated for
the midranges of predicted risk of CSI, it was poorly calibrated
at the extremes. This suggests that physicians overestimated
the risk of CSI among patients predicted to be at high risk and

TABLE 4 Physician reasons for CT use in trauma patients
perceived to be at low risk for injury.

2%-10%
Reason(s) for ordering CT in <2% estimated estimated
low-risk cases (n=1058) risk risk
Severe mechanism of injury, 426 81 (35.2) 345 (41.7)
(40.3%)
Physical examination unreliable, 35(15.2) 165 (19.9)
200 (18.9%)
Trauma protocol, 155 (14.6%) 51(22.2) 104 (12.6)
Other, 120 (11.3%) 25(10.9) 95 (11.5)
Medicolegal concern, 77 (7.3%) 25(10.9) 52(6.3)
Level of risk still important to 7 (3.0) 55 (6.6)
diagnose, 62 (5.9%)
Need to diagnose all injuries 6(2.6) 12 (1.4)
even if not significant, 18
(1.7%)

Note: Data are reported as n (%). Physicians were asked to select the
reason they ordered an abdominal/pelvic CT scan when they believed
patients had a<2% or a 2%-10% likelihood of having a CSI. This table
shows their reasons for AP CT use in these low-risk cases stratified by
risk group.

Abbreviation: CSI, clinically significant injury.

underestimated the risk of CSI among patients predicted to be at
very low risk.

While overestimation of the risk of CSI is unlikely to lead to
missed injury (all patients with a high estimated risk would receive
CT), underestimation of the risk of CSl in the very low risk prediction
group could potentially lead to missed injury if those patients did not
receive CT. We found a CSI prevalence rate of 5.6% in the <2% risk
group that is likely well above the threshold that the majority of phy-
sicians would consider an acceptable miss rate. Similarly, the 95.2%
sensitivity (with a lower margin of 91.7%) of the <2% gestalt cutoff
is too low of a sensitivity for widespread acceptance.

Most of our evaluators were emergency medicine resident phy-
sicians and no trauma attending surgeons were included. Although
more experienced physicians may be more accurate predictors, at-
tending physician predictions at the <2% cutoff had similar sensi-
tivity (95.7% vs. 95.4%) and an unacceptably high miss rate of 4.3%.
Overall, our findings suggest that even attending physician gestalt
fails to demonstrate sufficient sensitivity in detecting abdominal or
pelvic CSl and should not be relied upon as a sole criterion to deter-
mine cases in which it is safe to forego order abdominal/pelvic CT in
adult blunt trauma patients.

Physicians provided multiple reasons for ordering CT in per-
ceived low-risk cases. Trauma protocols (reflexive scanning)
played a significant role in these decisions, as did severe mecha-
nism of injury, unreliable physical examination, and medical-legal
concerns. Our research should not be viewed as justification for
an even greater amount of reflexive whole-body CT (WBCT) in
blunt trauma evaluation. Current trauma CT is already, for the
most part, a low-yield, high-cost and high-radiation-exposure
practice.2?~%! Our findings instead argue for the development of
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a high-sensitivity, low-missed-injury-rate CDR to safely guide se-
lective abdominal/pelvic CT in adult blunt trauma patients. When
added to current adult trauma CDRs for selective CT of the head,
neck, and chest, a CDR that provides guidance for selective CT in
the abdomen and pelvis anatomic region may fulfill the quest for
selective head-to-pelvis CT and reduce reflexive WBCT in adult
blunt trauma patients.

Acceptable miss rates in trauma evaluation vary considerably, espe-
cially when comparing the views of different specialties.20 Some phy-
sicians may even espouse the view that no misses are acceptable and
that CT should be universally utilized in adult blunt trauma evaluation.
However, multiple investigators have shown that this overdiagnosis
approach for a zero-miss rate is associated with great costs, low yields,
and potential for cancer induction in young trauma populations.??-3

A number of other factors, especially patient age and sex, may
influence decisions to order (or not order) CT in trauma. For exam-
ple, providers may consider that the radiation risk in a 90-year-old is
negligible and so that liberal, nonselective CT use in this patient is
justified. Patient race and ethnicity have also been shown to influ-
ence imaging decisions. Considering these other rationale in future
research may provide additional context regarding provider gestalt

and application of an abdominal trauma CT decision rule.

LIMITATIONS

Although our verification bias assessment on a set of patients who
did not receive CT revealed no CSI, we did not obtain physician ge-
stalt assessment on these patients. This population would likely have
had more true-negative gestalt assessments and resultant increased
specificity. Similarly, this study does not capture cases in which pa-
tients were too unstable to receive abdominal/pelvic CT and likely
have higher rates of CSI (more true positives) and greater physician
gestalt sensitivity. Nevertheless, this spectrum bias would not likely
affect the most important gestalt screening performance subgroup
characteristics—sensitivity and missed injury rates in the <2% likeli-
hood of injury group. Furthermore, our study method of including
only those who received CT reflects real-world capturing of the true
population that might benefit from efforts to decrease overuse of
CT in blunt trauma, i.e., those that are currently getting CT.

Our use of categorical variables (ranges of physician gestalt) over
continuous (0%-100% risk) may have induced menu effects regard-
ing gestalt, with resultant loss of precision in AUROC and calibration
estimates. Realizing that we were studying CDR development and
CT ordering in low-risk cases, physicians may have been subject to
a Hawthorne effect and altered their choices on the survey instru-
ment, instead of giving their true gestalt prediction.

A major limitation is the study setting consisting primarily of
urban, academic trauma centers. Our findings may not apply to dis-
similar EDs and trauma centers. Furthermore, we had incomplete
data on training level with overrepresentation of less experienced
resident physicians. However, point estimates of AUROC and gestalt

sensitivity at the <2% and 2%-10% intervals were similar between
resident and attending physicians.

Surgeries for nonabdominal/pelvic injuries were not considered
CSl, nor were admissions when there was no abdominal or pelvis
injury. Nevertheless, some patients with abdominal injury on CT
may have been admitted for other reasons than those particular

injuries.

CONCLUSIONS

Although physician gestalt predictions regarding abdominal and pel-
vic clinically significant injuries in adult blunt trauma patients show
good overall correlation with true clinically significant injury, the po-
tential missed injury rate and sensitivity at the extreme end of the
low-risk prediction category is insufficient to rule out injury, sug-
gesting that physician gestalt may be inadequate to guide selective
abdominal/pelvic computed tomography. We have thus established
one criterion supporting the need for the development of a clinical
decision rule to guide selective abdominal/pelvic computed tomog-
raphy use in adult blunt trauma—the need for a tool that has a lower

miss rate and higher sensitivity than gestalt.
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