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High-energy missiles can cause cardiac injury regardless of entrance site. This study assesses the adequacy of the anatomic borders

Retrospective autopsy review was performed to identify patients with penetrating torso gunshot wounds (GSWs) 2011 to 2013.
Using a circumferential grid system around the thorax, logistic regression analysis was performed to detect differences in rates of car-
diac injury from entrance/exit wounds in the “cardiac box” versus the same for entrance/exit wounds outside the box. Analysis was
repeated to identify regions to compare risk of cardiac injury between the current cardiac box and other regions of the thorax.

Over the study period, 263 patients (89% men; mean age, 34 years; median injuries/person, 2) sustained 735 wounds (80% GSWs),
and 239 patients with 620 GSWs were identified for study. Of these, 95 (34%) injured the heart. Of the 257 GSWs entering the
cardiac box, 31% caused cardiac injury, whereas 21% GSWs outside the cardiac box (n = 67) penetrated the heart, suggesting that
the current “cardiac box™ is a poor predictor of cardiac injury relative to the thoracic non-“cardiac box” regions (relative risk [RR],
0.96; p = 0.82). The regions from the anterior to posterior midline of the left thorax provided the highest positive predictive value
(41%) with high sensitivity (90%) while minimizing false-positives, making this region the most statistically significant discrim-

For GSWs, the current cardiac box is inadequate to discriminate whether a GSW will cause a cardiac injury. As expected, entrance
wounds nearest to the heart are the most likely to result in cardiac injury, but, from a clinical standpoint, it is best to think outside
the “box” for GSWs to the thorax. (J Trauma Acute Care Surg. 2017;83: 349-355. Copyright © 2017 Wolters Kluwer Health, Inc.
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I n recent publications, the authors have noted an increased rate
of patients presenting to trauma centers with penetrating car-
diac injuries (PCI) secondary to gunshot wounds (GSWs).'™
Survival after PCI is highly time-dependent and minimizing
time from injury to operative repair is paramount. Therefore, a
high index of suspicion for a PCI is critical for rapid transport
to a trauma center by emergency medical technicians and early
diagnosis by the trauma surgeon.' '

Examination of the patient to identify thoracic entrance
and exit wounds is a major criteria used to create this index
of suspicion. To obtain a high suspicion for cardiac injury, ex-
amination assesses whether injury occurred within the canoni-
cal cardiac box (often referred to as “the box”), a region of the
thorax where a penetrating entrance wound is considered high
risk for cardiac injury. The “box” includes the area of the ante-
rior chest bounded superiorly by the clavicles, laterally by the
midclavicular lines, and inferiorly by a line drawn between
the points where the midclavicular lines intersect the costal
margins. Often, the box is extended to include posterior en-
trance wounds with a projection onto the posterior thorax as
well. Although trauma clinicians are almost invariably trained
to consider entrance wounds into the cardiac box to raise con-
cern for PCI, studies examining this area as a predictor of car-
diac injury are based primarily on small sample sizes involving
mostly stab wounds.'®'® Furthermore, Degiannis et al.'” noted
that injuries outside of the cardiac box were associated with
higher mortality than those in the box, suggestive of a delayed
diagnosis of PCI after low suspicion. This indicates that the ca-
nonical “box” may be inadequate to discriminate penetrating
thoracic injuries likely to cause a cardiac injury versus those
that do not.

With an increasing rate of gun violence, the authors have
noted high numbers of cardiac injuries with thoracic entrance
wounds from bullets located outside the cardiac box. The objective
of this study is to assess the ability of the boundaries of the car-
diac box to predict a penetrating cardiac wound. The hypothesis
is that the cardiac box is a poor predictor of cardiac injuries from
GSWs to the chest.
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MATERIALS AND METHODS

A retrospective, population-based review of the Fulton
County (Georgia) Medical Examiner’s autopsy registry was per-
formed to include all patients who sustained penetrating torso in-
juries from January 2011 to December 2013. All GSWs with
entrance and exit wounds and trajectory were documented. Au-
topsy records were supplemented with clinical data from the
trauma registry for patients treated at Grady Memorial Hospital,
a State of Georgia Level I trauma center in Atlanta for patients
treated at our institution. This study was approved by the Emory
University Institutional Review Board.

As described briefly above, the cardiac box is defined as
the two-dimensional plane covering the anterior surface of the
thorax from the level of the clavicle to the tip of the xiphoid
(which roughly corresponds to a line drawn between the costal
margins at the level where the midclavicular line intersects)
and between the midclavicular lines (laterally). Based on obser-
vations by Evans et al.,* it was described that a significant number
of cardiac injuries were incurred from posterior thorax wounds; for
the purposes of this study, we considered the anterior boundaries
of the cardiac box to project through to include the posterior tho-
rax, as well. Autopsy reports for and photographs of these patients
were reviewed to identify the location of all entry and exit wounds
to the torso. These data were recorded on autopsy diagrams, and
the corresponding longitudinal and latitudinal markers of the
wounds were transferred to a separate database. Anatomic land-
marks used to create the circumferential grid system are de-
scribed in Table 1. By this system, the reference or “gold
standard” cardiac box is bounded by horizontal regions (i.e., re-
gions whose borders extend horizontally) C, D, and E and verti-
cal regions 2, 3, 7, and 8. The following exclusion criteria were
applied to injuries in this study: (1) to focus on gunshots to the
chest, injuries outside of horizontal regions C, D, and E, that
is, above the clavicles and below the xyphoid; and (2) patients
with incomplete data fields.

To assess the areas of the chest with the highest likelihood
of cardiac injury from a GSW, all possible combinations of
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TABLE 1. Anatomic Landmarks Used to Create Circumferential Grid System for Documenting Ballistic Injuries

Vertical Region From To

1 Right anterior axillary line — Right anterior midclavicular line

2% Right anterior midclavicular line - Anterior midline

3* Anterior midline - Left anterior midclavicular line

Left anterior midclavicular line — Left anterior axillary line

5 Left anterior axillary line - Left posterior axillary line
Left posterior axillary line — Left posterior midclavicular line

7* Left posterior mid-clavicular line — Posterior midline

8* Posterior midline - Right posterior midclavicular line

9 Right posterior midclavicular line - Right posterior axillary line

10 Right posterior axillary line — Right anterior axillary line

Horizontal region

A Top of head - Mandible

B Mandible - Clavicle

Cc* Clavicle — 3rd rib

D* 3rd rib - Nipple line

E* Nipple line — Xiphoid process

F Xiphoid process — Umbilicus

G Umbilicus - Groin

H Groin - Knee

I Knee — Foot

J Shoulder - Elbow

K Elbow — Hand

*cardiac box boundaries

vertical regions on the thoracic grid were assessed. Multiple sta-
tistical iterations were performed, and relative risks (RR) for
these regions were compared with that of the current cardiac
box as a “gold standard.”

Statistical Analysis

Statistical analysis was performed within the R statistical
environment (R Core Team, Vienna, Austria). Continuous data
are presented as means (+ standard deviation), and categorical
data are presented as proportions. Skewed variables are reported
as median with interquartile range. Comparisons of continuous
data between two groups were performed using the Student's # test
and between greater than two groups using one-way analysis of
variance. When a statistically significant difference (p < 0.05)
was detected in the analysis of variance analysis, pairwise com-
parisons were performed using the method of Tukey. Overall dif-
ferences in categorical (binomial) responses were assessed using
x? analysis. Where no direction was evident, a two-sided p value
was calculated to allow for detection in either direction. RR and
95% confidence intervals were calculated. 95% Confidence inter-
vals that did not cross one were taken to be statistically significant
at an alpha of 0.05.

RESULTS

Over the 3-year study period, 263 patients sustained
735 individual penetrating torso injuries. Of the 735 injuries,
620 (84%) were GSWs which occurred in 239 individual patients
(mean, 2.6 GSWs/patient and median, 2 GSWs/patient). Of note,
there were two patients with cardiac injuries that had entrance

© 2017 Wolters Kluwer Health, Inc. All rights reserved.

wounds outside latitudes of the box; one patient sustained a gun-
shot to the left buttocks, injuring the heart, that exited the chest
and the other had a gunshot to the right neck that exited the left
chest. Demographic information is summarized in Table 2.

Summary of the study population is shown in Figure 1.
Of the 384 penetrating injuries located within regions C, D, E
(between clavicles and xiphoid), complete data were available
for all but 19 (4.9%) injuries, and these were excluded from
analysis. After exclusion criteria were applied, a total of 320
GSWs were included in the study population to evaluate the
likelihood of cardiac penetration based on region of entry or
exit. Of the 257 GSWs that hit the standard cardiac box,
81 (31%) caused a cardiac injury, and, for the 67 wounds out-
side of the box, 14 (21%) injured the heart; this difference
was not significant (p = 0.09).

Figure 2 shows rates of cardiac injury by individual verti-
cal regions for gunshots to regions C, D, and E. To determine

TABLE 2. Summary of Patient Demographics

n =263
Male sex, n (%) 232 (87.2)
Age (mean + SD), y 3424152
Gunshot victims, n (%) 239 (90.1)

Total injuries 735

Total GSWs, n (%) 620 (84.4)
Dead at scene, n (%) 134 (50.4)
Dead on arrival, n (%) 122 (46.0)
Homicide, n (%) 243 (91.3)
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620 Torso GSWs

384 Injuries regions C,D,E 351 Injuries outside C,D,E
(63%) (57%)
[
320 GSWSs regions C,D,E (83%) 64 met exclusion criteria (16%)
[ I
257 GSWSs to Cardiac Box 67 GSWSs Outside Cardiac Box
(80%) (16%)

. e GSW= gunshot wound
L—{ 81 Cardiac Injuries (31%) 14 Cardiac Injuries (21%) g

Figure 1. Summary of study patients.

which individual vertical regions were most likely to result in injury (RR, 1.33; p = 0.34 and RR, 1.28; p = 0.24, respectively).
cardiac injury, odds ratios for a cardiac injury were calculated  Region 10 (right lateral chest) also had a rate of cardiac injury
for a given GSW to each region independently (Table 3). greater than 30% despite the fact it is further from the heart.

Region 3 sustained the highest number of penetrating entrance Analysis was performed to compare the likelihood of a
wounds (n = 72) along with the highest number of cardiac cardiac injury from a gunshot to the current cardiac box as well
injuries, 27 (38%). Compared with other regions of the chest,  as other regions to assess the predictive value of the current
this was associated with an RR of 1.26 (p = 0.20) for a “box” (Table 4). For the current “gold standard” cardiac box,
gunshot injury in this area causing a cardiac injury. Regions 5 the RR of a GSW in this area causing a cardiac injury is low
and 7 also had high rates of cardiac injury (7 [41%] of 17 and  and not statistically significant (RR, 0.96; p = 0.82), especially,
16 [39%] of 41, respectively) and a high likelihood of cardiac when compared with other combinations of regions (Table 4).

SR N AL

3/11

3% | 5743 R

12%

3/12
25%

12 3 4 5 10 &6 7 8

9
= cardiac box
Figure 2. Rates of cardiac injury by vertical region between clavicles and xiphoid (regions C, D, and E).
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TABLE 3. Comparison of Probability of Thoracic GSW Causing
Cardiac Injury Relative to all Other Regions

Region n Cardiac Injury RR 95% CI P

1 19 2 (10%) 0.32 (0.09-1.20) 0.09
2 42 14 (33%) 1.06 (0.67-1.69) 0.78
3 72 27 (38%) 1.26 (0.84-1.79) 0.20
4 43 5 (12%) 0.34 (0.15-0.78) 0.01
5 17 7 (41%) 1.33 (0.74-2.41) 0.34
6 12 3 (25%) 0.78 (0.29-2.12) 0.63
7 41 16 (39%) 1.28 (0.84-1.96) 0.24
8 46 18 (30%) 0.93 (0.61-1.43) 0.74
9 11 3 (27%) 0.86 (0.32-2.29) 0.77
10 21 7 (33%) 1.06 (0.56-1.99) 0.84

ClI, confidence interval.

GSWs to areas that included regions of the left chest
(regions 3, 4, 5, 6, 7, 8) had a statistically higher RR of
causing cardiac injury compared with the current “cardiac
box” (RR, 9.9; p = 0.03).

DISCUSSION

The primary goal of this study is to challenge the validity
of the cardiac box. There exists significant ambiguity in the sur-
gical literature regarding the relationship between penetrating
thoracic wounds and cardiac injury. The majority of these stud-
ies are limited by small patient populations comprised primarily
of stab wound victims and minimal statistical scrutiny. In his the-
sis, Nicol'® summarized the multitude of terms relating injuries
to the thoracic wall and cardiac injuries. Sauer and Murdock'?
recommended a “thoracotomy on suspicion” for penetrating in-
juries in the “danger zone” comprised of the area bounded later-
ally by the left midclavicular line and a line through the right
medial one third of the clavicle, superiorly by the sternal notch
and inferiorly by the epigastrium. “Cardiac proximity” was de-
fined as the presence of an entrance wound in an area with
boundaries comprising the sternal notch superiorly, xiphister-
num inferiorly, the left nipple line, and the right parasternal
line.?'** The cardiac “silhouette” or “box” is documented as
a high-risk area for thoracic penetrating trauma, also. Wounds
overlying the “cardiac silhouette”—defined as ‘“the area
encompassed by the nipple lines, manubrium, and xiphoid”—
have rates of cardiac injury from 60% to 84%.%*%° Other terms
have also been used including “juxta-cardiac” region—bounded
by the manubrium, the subcostal line and the left and right
midclavicular lines, “precordium,” and “precordial zone”—the
area between sternal notch and the xiphoid process and the nip-
ples laterally.?® Subsequent studies, however, demonstrated that
stab wounds outside of the “precordial” region had a higher mor-
tality (25%) compared with those in the precordium (4%)."
Nicol et al.?” refer to the cardiac zone for penetrating wounds
as the area extending from the right anterior axillary line across
to the back of the left chest to the vertebral line with the superior
margin being the supraclavicular areas and the inferior margin
being the costal margins, inclusive of the epigastrium. The re-
sults of this study demonstrate that the current cardiac box is

© 2017 Wolters Kluwer Health, Inc. All rights reserved.

inadequate to discriminate between gunshots that cause cardiac
injury and those that do not. From bivariate logistic regression
(Table 3), certain regions, particularly those furthest from the
heart, are included within the current definition of the cardiac
box and have a low likelihood of causing a cardiac injury.
Gunshots to regions 2 and 8—areas of the right thorax and part
of the current “box”—have rates of cardiac injury of 33% and
30%, respectively, but have a negative RR of a cardiac injury.
Conversely, there are other regions not currently included in the
cardiac box where, intuitively, a GSW has considerably higher
risk of causing a cardiac injury as compared to other regions
based on its proximity to the heart. Wounds in region 5, the left
lateral thorax, have the second highest rate of cardiac injury
overall and the second highest odds ratio of causing a cardiac
injury, relative to all other regions, despite region 5 not being
included within the current cardiac box. It is interesting to note,
however, that the regions directly flanking region 5, that is,
regions 4 and 6, have reduced rates of cardiac injury and overall
OR for injury as compared with the cardiac box, despite the fact
these regions separate the cardiac box from region 5.

From Table 4, the current designation of the “gold stan-
dard” cardiac box may be inadequate to discriminate between
penetrating injuries that do and do not cause a cardiac injury.
The RR (RR, 0.96; p = 0.82) of cardiac injury due to a penetrat-
ing GSW into the cardiac box versus the odds of cardiac injury
due to a penetrating GSW in all regions of the thorax is low
and does not meet statistical significance to discriminate be-
tween cardiac and noncardiac injury. This suggests that the sur-
gical dogma of the “box” being the highest risk for cardiac
injury is likely invalid for GSWs and warrants reevaluation. As
expected, regions overlying the left chest had the highest likeli-
hood of injury. This is based on the high rate of cardiac injuries
from GSWs to the left lateral chest (region 5) (Table 4). From
a clinical standpoint, however, the fact that the iterations
which include regions 8 (right posterior chest) and 10 (right
lateral chest) are statistically superior to the current box
indicates that GSWs anywhere to the thorax should be
considered as potentially injuring the heart.

In clinical practice, the term “cardiac box” is very mis-
leading, based on poor data, and, in our experience, distracts

TABLE 4. Comparison of Likelihood of a Cardiac Injury From a
GSW to the Current “Gold Standard” Cardiac Box Versus Other
Thoracic Regions

95% Sens Spec PPV NPV
Region RR Cl P %) (%) (%) (%)

Cardiac box 2, 0.96
3,7,8
2,3,4,5,6,7 65
3,4,56,7,8 99
3,4,5,6,7,10 3.9
3,4,5,6,7 2.9

(0.68-1.4) 0.82 85 16 35 68

(8.64.9) 0.02 98 12 37 91
(6.6-12.5) 0.03 99 9 36 94
(1.4-5.4) 0.001 94 22 38 87
(1.3-4.7) 0.01 90 31 41 86

3,4,5,7 35 (1.5-59) 0.02 86 36 41 84
2,3,5,6 31 (2537 0.001 88 30 40 83
2,3,5,7 29  (1.9-3.9) 0.0001 88 25 38 81

Sens, sensitivity; Spec, specificity; PPV, positive predictive value; NPV, negative predic-
tive value.
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clinicians from the real possibility that a GSW outside the “box”
can cause an injury to the heart. To this end, the “cardiac box” is
most likely irrelevant for GSWs. However, the principle of the
“box” is taught ubiquitously across the United States and
internationally to trainees in all aspects of medicine—from para-
medics to trauma fellows—and is firmly ingrained in day-to-
day communication as a method of anatomic triage at trauma
centers with high volumes of penetrating trauma. So, although
this may be a subtle point for trauma surgeons, this message
needs to be communicated to the rest of the medical community.
To the authors’ knowledge, this is the only large study that chal-
lenges the validity of the “cardiac box.”

The dogma of the cardiac box is largely based on small
studies with primarily stab wounds. The underlying issue is that
stab wounds are low kinetic energy and result from instruments
with a fixed length. Thus, most stab wounds usually only result
in a cardiac injury if the entrance is in very close proximity to the
heart or there is a long weapon. Because these studies did in-
clude gunshots, the concept of the “box” was ultimately uni-
formly applied to all mechanisms. Injuries from high kinetic
energy projectiles, however, can cause cardiac injury from en-
trance wounds to any area of the torso, especially the thorax.
Therefore, the current boundaries of the “box” are clinically ir-
relevant for gunshot which is what this study demonstrates. At
trauma centers with high volumes of gunshot victims and penetrat-
ing injuries, frequently, the surgeon is forced to triage multiple pa-
tients at once. In this setting, surgeons need to maintain a high
index of suspicion for gunshot injuries outside the box, especially
if the bullet wounds are in the left chest (Figure 2), even if the
patients do not present with classic findings of cardiac
tamponade or massive hemothorax, because the patient can
still have a cardiac injury.

Several authors have published reports demonstrating that
gunshot entrance wounds in remote locations have caused pene-
trating cardiac wounds.*®*’ Although this is a rare circumstance,
as mentioned above, the authors have experience with treating
these cardiac wounds, as well. Detection of these cardiac injuries
with distant entrance wounds also requires a high index of suspi-
cion and an early surgeon-performed ultrasound for rapid detec-
tion of a hemopericardium.

There are several limitations to this study. First, this is a
retrospective, autopsy-based study. Although the authors cede
that there are inherent limitations to this study, the primary ben-
efit is identification of all entrance and exit wounds and associ-
ation with their internal injuries to determine the actual rate of
injury to the heart from a given area of the chest. There is also
the theoretical possibility that, because this is an autopsy study,
there may be a difference in thoracic gunshot injury patterns in
patients who survived cardiac injuries that may not be accounted
for in this study. In the authors’ experience with high volumes of
PClIs, these findings parallel clinical practice and experience.'”

CONCLUSION

Although any GSW to the torso can potentially cause an
injury, penetrating thoracic injuries are the most likely to result
in an actual cardiac wound. The standard boundaries of the car-
diac box are likely inadequate to discern between chest wounds
causing cardiac injury compared with other regions of the chest.
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Conversely, as would be expected, gunshots to the left chest in
close proximity to the heart are more likely to cause cardiac in-
jury. In summary, for GSWs to the chest, the bottom line is to
think outside the “box.”
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