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ABSTRACT

Background While the role of Extended Focused
Assessment with Sonography in Trauma (eFAST) is well
defined in the management of severe blunt trauma, its
performance in injuries caused by stab wounds has been
poorly assessed.

Methods Prospective single centre study which
included all patients with stab wounds to the thorax or
abdomen between December 2016 and December 2018.
All patients underwent initial investigation with both
eFAST and CT scan, except in cases of haemodynamic
or respiratory instability, and in cases with a positive
diagnosis by eFAST in which case surgery without CT
scan was performed.

Results Of the 200 consecutive patients included, 14
unstable patients underwent surgery immediately after
eFAST. In these 14 patients, 9 had cardiac tamponade
identified by eFAST and all were confirmed by surgery.
In the remaining 186 patients, the median time between
eFAST and CT scan was 30 min (IQR 20—49 min). Test
characteristics (including 95% Cl) for eFAST compared
with reference standard of CT scan for detecting
pneumothorax were as follows: sensitivity 77% (54%—
92%), specificity 93% (90%—97%), positive predictive
value (PPV) 60% (49%—83%), negative predictive
value (NPV) 97% (93%—99%). Test characteristics
(including 95% Cl) for eFAST compared with CT scan for
detecting haemothorax were as follows: sensitivity 97%
(74%—99%), specificity 96% (92%—98%), PPV 83%
(63%—-93%) and NPV 99% (96%—100%). Finally, test
characteristics (including 95% Cl) for eFAST compared
with CT scan for detecting haemoperitoneum were as
follows: sensitivity 75% (35%—97%), specificity 97%
(93%-99%), PPV 55% (23%—83%) and NPV 99%
(96%—-99%).

Conclusions In patients admitted with stab wounds
to the torso, eFAST was not sensitive enough to
diagnose pneumothorax and haemoperitoneum, but
performed better in the detection of cardiac tamponade
and haemothorax than the other injuries. More robust
multicentre studies are needed to better define the role
of eFAST in this specific population.

INTRODUCTION

Trauma is a major worldwide public health issue,
causing disability, morbidity and significant
mortality.!

5,10

WHAT IS ALREADY KNOWN ON THIS TOPIC

= While the place of Extended Focused
Assessment with Sonography in Trauma
(eFAST) has been evaluated in the management
of severe trauma, its performance in the
investigation of stab wound injuries has never
been assessed.

WHAT THIS STUDY ADDS

= In this prospective study involving only patients
with stab wounds to the torso, eFAST was not
sensitive enough to diagnose pneumothorax
and intra-abdominal injury, but performed
better in the detection of cardiac tamponade
and haemothorax.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY
= In this population of patients with thoracic or

abdominal stab wounds, a CT scan may not be
required in the event of haemothorax and/or

cardiac tamponade detected on eFAST.

In trauma resulting from acts of violence, pene-
trating gunshot and stab wounds result in specific
clinical patterns and management strategies that
are different from accidental injuries such as motor
vehicle collisions.” While the role of Extended
Focused Assessment with Sonography in Trauma
(eFAST) is well defined in the management of blunt
trauma,” its use in thoracic and abdominal stab
wound injuries is less clearly defined. In contrast
to well-powered studies enrolling gunshot injury
patients,” only case reports or small studies have
been performed to analyse the use of eFAST in stab
wound injuries, with disparate results.>™*

The present study aimed to assess the diagnostic
performance of eFAST in a population of intensive
care unit (ICU) patients with stab wound injuries to
the torso.

METHODS

Design

The FETTHA (Fast-Echographie dans les Trau-
matismes THoraciques et Abdominaux) study is a

prospective observational study conducted from 1
December 2016 to 31 December 2018, in the ICU
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of a French academic hospital. Given this was a diagnostic accu-
racy study, the Standards for Reporting Diagnostic Accuracy
(STARD) checklist was used."

Patients

Consecutive patients aged 16 years and older admitted to our
ICU with thoracic and/or abdominal stab wounds were included
in this study. All stab wound injuries addressed in our hospital
are directly admitted to our ICU.

Exclusion criteria included isolated head, cervical or limb
wounds without thoracic or abdominal involvement, secondary
transfer from another hospital and gunshot wound injuries.

All patients were assessed and treated by the trauma team in
the ICU in accordance with standard protocols.'

Intervention

At the time of patient admission to the ICU, the usual procedures
in our department consist of a clinical examination followed by
an eFAST examination performed by one ICU senior physician
with at least 3 years of experience from a team of eight ICU
senior physicians. The device used for the eFAST is an Affinity
70 G (Koninklijke Philips N.V.,, Netherlands). A low-frequency
phased array probe (2-5 MHz) (Koninklijke Philips N.V) is used
for the investigation.

The eFAST protocol consists of a combined ultrasonographic
evaluation of the chest and abdomen, allowing the detection of
different injuries, including pneumothorax (PTX), haemothorax
(HTX), pericardial effusion and haemoperitoneum. To define
the anatomical location of the injury, the wound site is divided
into three areas (thorax, thoracoabdominal and abdominal),
as defined in a previous study.'” The thoracoabdominal area is
defined by the upper boundary of the fourth intercostal space
(anterior), the sixth intercostal space (lateral), the eighth inter-
costal space (posterior) and the lower edge of the ribs.

After the eFAST, patients undergo a contrast-enhanced
thoracoabdominal CT scan (One Aquilion, GENESIS, Canon,
Otawara, Tochigi, Japan). In the event of haemodynamic insta-
bility (systolic BP <90mmHg)'® or respiratory compromise
(oxygen saturation (SpO2) <90% at admission)’ with an
eFAST diagnosis justifying emergency surgery, the CT scan is
not performed, and the patient is immediately transferred to
the operating theatre. The CT scan is interpreted by a senior
radiologist unaware of the results of the eFAST. Patients then
undergo subsequent surgical exploration according to their clin-
ical presentation, severity and imaging results.

Data collection

An ICU resident of the department collected baseline characteris-
tics, including demographic data, time of injury, type of weapon,
pre-hospital treatment and medical history. eFAST and thora-
coabdominal CT scan data were prospectively collected. We also
compiled all information related to ICU stay, including Simpli-
fied Acute Physiology Score II (SAPS-II), need for mechanical
ventilation, vasopressor administration, ICU and hospital length
of stay and 28-day mortality. No missing data were observed
among the variables collected for the study.

Statistical analysis

Statistical analysis was performed using STATA V.15 (Stata Corp
LLC, USA). All continuous parameters are reported as medians
and IQRs, and frequency values are presented as absolute
values and percentages. The diagnostic performance of eFAST
was evaluated by assessing the sensitivity (Se), specificity (Sp),

positive predictive value (PPV), negative predictive value (NPV)
and accuracy (Acc) for each thoracic and abdominal patholog-
ical finding, including the detection of free fluid in each eFAST
examination view. Injuries in the thoracoabdominal area were
considered in both the thoracic and abdominal injury groups
for this analysis. The CT scan findings were considered the
gold standard for evaluating the sensitivity and specificity of the
eFAST.

RESULTS
Patients
During the study period, 217 patients were admitted with pene-
trating injury. Of these, 17 patients were excluded (12 patients
were admitted with gunshot wounds and 5 patients had stab
wounds outside the thoracic or abdominal areas). The remaining
200 patients were included in the FETTHA study analysis: 86
patients with thoracic stab wounds, 68 patients with thora-
coabdominal stab wounds and 32 patients with abdominal stab
wounds (figure 1). Fourteen unstable patients underwent explor-
atory surgery immediately after eFAST, without undergoing CT
scanning.

Patient characteristics, types of injury and outcomes of the 200
patients (186 stable and 14 unstable) are presented in table 1.

Unstable cases

Fourteen patients were transferred to the operating theatre
directly after eFAST and therefore did not undergo a CT. Of
these, one patient underwent surgical haemostasis for massive
HTX, and two patients had liver or bowel injuries. Nine patients
had cardiac tamponade identified by eFAST and confirmed by
surgery. Two unstable patients did not have any injury reported
during the emergency laparotomy (haemodynamic instability in
the context of drug use).

eFAST diagnostic performances in thoracic and abdominal
injuries

Following systematic eFAST examination, a CT scan was
performed in 186 patients (151 thoracic stab wounds and 99
abdominal stab wounds) within a median time of 30 min (IQR
20-49 min) after admission. Multiple injuries were observed in
85 patients (46%), the median number of injuries was 1.1

eFAST findings

eFAST identified 28 patients with PTX, 36 with HTX and 11
with haemoperitoneum (caused by gastric, bowel, spleen or liver
injuries, one of which required direct surgery for hepatic haemo-
stasis). In 18 cases, eFAST was considered normal, while the CT
scan was abnormal.

CT scan findings

The CT scan identified 22 patients with PTX and 31 with HTX.
In four cases, CT scans detected minimal PTX, and in three
cases, subcutaneous emphysema was detected, which did not
require any specific treatment. Eleven patients had abnormal
abdominal findings (hepatic, splenic contusion or laceration,
pneumoperitoneum) on CT scan. In three other cases, the CT
scan suggested the presence of intraperitoneal fluid, but laparos-
copy was normal.

Surgical findings

Overall, 86 out of 186 (46%) patients had superficial injury
without thoracic or abdominal cavity penetration and required
simple stitching with an uneventful course. Thirty-two patients

822

Bouzid D, et al. Emerg Med J 2023;40:821-825. doi:10.1136/emermed-2023-213078

"1ybuAdos Ag paroarold
"eIHOSU0D QVINTVIA IUN UoUNS Udg 18 €207 ‘€ Jaqwadaq uo /wodfwg wa//:dny woly papeojumoq "€z0z 1aquwiaidas 9 uo 8/0€TZ-€20Z-PaWIBW/9ETT 0T Se paysiignd 1s1y :r paN Blawz


http://emj.bmj.com/

Original research

I Potentially eligible participants (n=217) |

Excluded (n =17)

- Gunshot wounds (n=12)
- Stab wounds outside of the thorax or abdomen areas (n=5)

v

| Eligible participants = Stab wounds (n=200) I

eFAST Thoracic injuries (n=9) |

only/unstable
patients (n=14)

Thoraco-abdominal
injuries (n=2)

| eFAST CT scan (n=186)

!

y
Thoraco-abdominal injuries | |
(n=68)

| Thoracic injuries (n=86) ”

Abdominal injuries

(n=32) |

Diagnosis according to CT scan
-PTX (n=22)

-HTX (n =31) -
- Haemoperitoneum (n = 8)

Figure 1

underwent surgical procedures for thoracic injuries, while 48
patients underwent thoracic intercostal drainage. Fourteen
patients underwent abdominal surgery, of which eight cases
showed evidence of various injuries (two gastric, two bowel, two
spleen, two patients had bowel and liver injuries) and six cases
had no abnormality detected at laparoscopy; among them, three
CT scans suggested the presence of intraperitoneal fluid. Six
patients had a surgical exploration for limb injuries.

The test characteristics of eFAST compared with CT are
shown in table 2. Cross-tabulations are presented in online
supplemental table 1.

Table 1 Patient characteristics, types of injury and outcomes
Unstable Stable
Total patients patients patients
n=200 n=14 n=186
Age (years), median (IQR) 30 (23-40) 26 (22-46) 30 (23-38)
Male sex, n (%) 182 (91%) 12 (86%) 170 (91%)
Thoracic injury, n (%) 95 (48%) 8 (57%) 87 (47%)
Thoracoabdominal injury, n (%) 70 (35%) 6 (43%) 64 (34%)
Abdominal injury, n (%) 35 (17%) 0 (0%) 35 (19%)
Systolic BP (mmHg), median (IQR) 121 (112-134) 90 (82-105) 122 (112-134)
Diastolic BP (mmHg), median (IQR) 71 (65-84) 60 (54-74) 72 (65-86)
Heart rate (/min), median (IQR) 85 (77-100) 95 (90-117) 82 (72-92)
Respiratory rate (/min), median (IQR) 18 (15-22) 22 (18-26)  18(15-22)
Glasgow Coma Score, median (IQR) 15 (15) 15 (15) 15 (15)
SAPS-Il on ICU admission, median (IQR) 8 (6-11) 12 (9-16) 8 (5-9)
1SS on ICU admission, median (IQR) 6 (4-9) 12 (9-16) 4 (4-9)
ICU length of stay, median (IQR) 1(1) 3(1-5) 1(1)
Hospital length of stay, median (IQR) 2 (1-4) 14 (4-16) 1(1-4)
28-day mortality, n (%) 2 (1%) 2 (14%) 0 (0%)

ICU, intensive care unit; ISS, Injury Severity Score; SAPS-II, Simplified Acute Physiology Score
II.

Study flowchart. eFAST, Extended Focused Assessment with Sonography in Trauma; HTX, haemothorax; PTX, pneumothorax.

DISCUSSION

In this study of 200 patients with chest or abdominal stab wounds,
eFAST showed high accuracy in diagnosing cardiac tamponade.
For the diagnosis of pneumothorax, eFAST has high specificity
and good NPV but only moderate sensitivity in comparison to
CT scans. eFAST performs well in detecting HTX but poorly in
detecting intra-abdominal injuries. A negative eFAST does not
adequately rule out potentially life-threatening injuries, in which
case further evaluation with CT is still required.

Whereas many studies on trauma frequently include a combi-
nation of different mechanisms,?2°2! our study focuses on eFAST
in a homogeneous population of penetrating stab wounds.

Regarding patients with haemodynamic or respiratory insta-
bility, our study showed that eFAST detected all cases of cardiac
tamponade, leading to a surgical procedure without a CT scan.
Tayal et al, in a study of both stab and gunshot wounds, reported
that eFAST had a sensitivity and a specificity of 100% in patients
with cardiac tamponade.'?. In a same mixed population, Matsu-
shima et al also found very high eFAST sensitivity and speci-
ficity.'* Nevertheless, the literature on this subject is scarce.

When comparing eFAST to CT, Soffer et al in a stable hetero-
geneous population of both stab and gunshot injuries, showed
that eFAST lacked the sensitivity to be used alone in determining
operative intervention.® Moreover, in a large prospective cohort
enrolling 601 heterogeneous trauma patients, Zanobetti et al
evaluated the diagnostic performance of eFAST compared with
CT.* For the diagnosis of PTX, performance was slightly better
than in our cohort (sensitivity 84% (77-89) vs 77% (54-92);
NPV 95% (93-97) vs 97% (93-99)). Nevertheless, our study
was exploratory and based on a small cohort of patients; at this
stage, it does not seem appropriate to avoid a CT scan in all
circumstances, as a CT will allow a better characterisation of
PTX, its size and localisation.”® In contrast, for HTX, the perfor-
mance was better in our study than in Zanobetti et al’s study
(sensitivity 97% (74-99) vs 82% (74-88)).
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Table 2 Results of eFAST diagnostic performances compared with CT scans in the 186 stable patients

eFAST Sensitivity (%) 95% CI Specificity (%) 95% Cl PPV (%) 95%Cl NPV (%) 95% CI Acc (%)
PTX 77% (54%—92%) 93% (90%—-97%) 60% (49%—83%) 97% (93%-99%) 92%
HTX 97% (74%-99%) 96% (92%-98%) 83% (63%-93%) 99% (96%—100%) 96%
Haemoperitoneum 75% (35%—97%) 97% (93%—99%) 55% (23%—-83%) 99% (96%-99%) 96%

Acc, accuracy; HTX, haemothorax; NPV, negative predictive value; PPV, positive predictive value; PTX, pneumothorax.

Our findings suggested a higher accuracy than the results of a
meta-analysis reporting 12 studies evaluating eFAST in trauma
patients (sensitivity and specificity in the detection of HTX of
67% and 99%, respectively).”* Similar to the Zanobetti et al
study, NPV was also very high (99% vs 97%). The high perfor-
mance of eFAST for the detection of HTX in our study is very
encouraging. According to our findings, the presence of HTX on
eFAST is a good argument for treating HTX (medical drainage,
surgical management or simple monitoring according to the
volume found) without performing a CT scan. Nevertheless,
before that, it seems necessary to perform a randomised study
including a high number of patients.

Globally, our results emphasise that eFAST is a useful tool in
managing patients with torso stab wounds but is not sufficient
for diagnosis alone, especially for the diagnosis of PTX.

Concerning the eFAST performances in our cohort of patients,
sensitivity to detect intraperitoneal fluid was low (sensitivity
75%). This result could be explained by the high sensitivity of
CT to detect small amounts of intraperitoneal fluid compared
with eFAST. The delay between the eFAST and the CT scan
(median of 30 min in our study) could also explain the different
findings between these two modalities.

In line with our study, Udobi et al showed that 13 (32%)
of 41 patients with abdominal injuries had a false-negative
eFAST concerning various injuries (ie, liver, small bowel,
colon, stomach, spleen, gall blader or kidney) identified
during surgery.” In a recent German study, FAST had a sensi-
tivity and specificity of 59.4% and 94.2%, respectively,
while CT scans had a sensitivity and specificity of 93.2%
and 85.19%, respectively, in detecting intraperitoneal fluid.*
In a retrospective study involving 103 patients with stab and
gunshot wounds, sensitivity and specificity of the abdominal
FAST was 68.5 and 93.9%, respectively.'* Finally, in a popu-
lation of 72 various trauma mechanisms (31 stab wounds,
37 gunshot wounds and 4 other wounds), Boulanger et al
showed that the sensitivity of eFAST for abdominal injury
was 67%, the specificity was 98%, the PPV was 929% and the
NPV was 89%."" Our study reports slightly inferior perfor-
mances compared with those of previous studies. Thus, even
if eFAST seems to be a potentially useful tool to detect intra-
peritoneal fluid, a negative eFAST examination does not
exclude abdominal injuries, such as a diaphragm or hollow
viscus perforation.

This is a relatively small single centre study and therefore our
findings should be interpreted in that context. Another limita-
tion is that we did not stratify the performance of the eFAST
by experience of physicians, which varied from 3 to 6 years.
This type of stratification should be considered in a future multi-
centre study. Third, we collected the eFAST data only at admis-
sion. Performing the eFAST at the same time as the CT scan
(ie, without the delay of 30 min between the two investigations)
could be very informative.

In conclusion, in a population of 200 patients with chest
and abdominal stab wounds, eFAST does not accurately
detect PTX when compared with CT scan. eFAST can

accurately detect cardiac tamponade and HTX, allowing
physicians to proceed with treatment without a CT scan in
the presence of these entities. Moreover, our study confirms
that some abdominal injuries are still underdetected with
ultrasound compared with CT scan. Further multicentre
studies should be conducted to further assess the diagnostic
performance of eFAST in this specific population of patients
with torso stab wounds.
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Supplemental Table S1 : eFAST diagnostic performances compared to CT scans: cross-tabulations

PTX CT-scan positive | CT-scan negative | Total
eFAST positive 17 11 28
eFAST negative 5 153 158
Total 22 165 186
HTX CT-scan positive | CT-scan negative | Total
eFAST positive 30 6 36
eFAST negative 1 149 150
Total 31 155 186
Haemoperitoneum | CT-scan positive | CT-scan negative | Total
eFAST positive 6 5 11
eFAST negative 2 173 175
Total 8 178 186

PTX : pneumothorax , HTX : haemothorax.
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