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ABSTRACT

Background Penetrating cardiac injuries (PCls) are
highly lethal, and a sternotomy is considered mandatory
for suspected PCl. Recent literature suggests pericardial
window (PCW) may be sufficient for superficial cardiac
injuries to drain hemopericardium and assess for
continued bleeding and instability. This study objective
is to review patients with PCl managed with sternotomy
and PCW and compare outcomes.

Methods All patients with penetrating chest trauma
from 2000 to 2016 requiring PCW or sternotomy were
reviewed. Data were collected for patients who had PCW
for hemopericardium managed with only pericardial
drain, or underwent sternotomy for cardiac injuries
grade 1-3 according to the American Association for
the Surgery of Trauma (AAST) Cardiac Organ Injury Scale
(01S). The PCW-+drain group was compared with the
Sternotomy group using Fisher's exact and Wilcoxon
rank-sum test with P<0.05 considered statistically
significant.

Results Sternotomy was performed in 57 patients for
suspected PCl, including 7 with AAST OIS grade 1-3
injuries (Sternotomy group). Four patients had pericardial
injuries, three had partial thickness cardiac injuries, two
of which were suture-repaired. Average blood drained
was 285mL (100-500 mL). PCW was performed in 37
patients, and 21 had hemopericardium; 16 patients
proceeded to sternotomy and 5 were treated with
pericardial drainage (PCW-+drain group). All PCW+drain
patients had suction evacuation of hemopericardium,
pericardial lavage, and verified bleeding cessation,
followed by pericardial drain placement and admission
to intensive care unit (ICU). Average blood drained

was 240 mL (40-600 mL), and pericardial drains were
removed on postoperative day 3.6 (2—5). There was no
significant difference in demographics, injury mechanism,
Revised Trauma Score exploratory laparotomies, hospital
or ICU length of stay, or ventilator days. No in-hospital
mortality occurred in either group.

Conclusions Hemodynamically stable patients with
penetrating chest trauma and hemopericardium may be
safely managed with PCW, lavage and drainage with
documented cessation of bleeding, and postoperative
ICU monitoring.

Level of evidence Therapeutic study, level IV.

BACKGROUND

Penetrating chest trauma is one of the most lethal
mechanisms incurred by patients, and penetrating
cardiac injuries (PCls) are among the most fatal.'

Up to 94% of patients with PCI die on the scene
prior to hospital presentation,* and the mortality of
patients arriving at trauma centers with signs of life
ranges from 17% to 58%.33 ¢ Due to the life-threat-
ening physiologic changes caused by these injuries,
including pericardial tamponade and hemorrhagic
shock, management for PCIs has focused on rapid
assessment and therapeutic maneuvres. Due to
this potential for rapid hemodynamic decline, the
standard management for suspected PCI has been
a sternotomy to relieve tamponade and repair any
cardiac or great vessel injuries.”

Although many patients die in the field or present
in extremis, some patients with PCI have a benign
presentation and are hemodynamically stable on
arrival to a trauma center.® These patients have
minor cardiac or pericardial injuries resulting in
hemopericardium, but bleed very slowly or stop
completely. These stable patients allow time for
more detailed diagnostic workup and less invasive
management strategy. Furthermore, a sternotomy is
a highly morbid procedure,*®!® and performing one
in a trauma patient with benign PCI may subject
them to unnecessary complications. Recent studies,
including a randomized controlled trial (RCT)
performed by Nicol et al,'' have demonstrated
that patients with PCI and a benign presentation
may be successfully managed with PCW provided
they maintain hemodynamic stability and achieve
cessation of bleeding.'"'* The pericardial window
(PCW) serves to drain the pericardium and relieve
any potential tamponade. If bleeding ceases and the
patient remains stable, sternotomy may be avoided.

Our trauma center has adopted a selective prac-
tice of performing initial PCW] lavage, and drainage
for patients with suspected PCI, hemodynamic
stability, and pericardial fluid on the cardiac view
on the Focused Assessment with Sonography for
Trauma (FAST) examination. This report aims to
describe our experience in treating this select group
of PCI patients and compare outcomes with simi-
larly injured patients undergoing sternotomy. We
hypothesized that the stable PCI patients under-
going a PCW and drainage would have no differ-
ence in mortality, ventilator days, hospital length
of stay (LOS), or intensive care unit (ICU) LOS
compared with those who underwent a sternotomy.

METHODS
This project was approved by our Institutional
Review Board after an expedited review. A waiver
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of informed consent was obtained. The trauma registry at our
American College of Surgeons-verified level 1 trauma center was
extracted to create a database including all patients with cardiac
injuries from 2000 to 2016. This database was queried for all
patients suffering penetrating chest injury who received a PCW;, a
median sternotomy, or both. Patients who underwent left antero-
lateral or clamshell thoracotomy, and those who required cardio-
pulmonary resuscitation prior to intervention, were excluded.
A review of the medical records obtained additional details of
the operative procedure(s), cardiac injury, quantity of pericardial
drainage, and type of drain(s) placed. The Revised Trauma Score
(RTS) was calculated retrospectively.'® For patients who under-
went sternotomy, the operative details were reviewed and the
American Association for the Surgery of Trauma (AAST) Cardiac
Organ Injury Scale (OIS) was analyzed retrospectively.'® The
AAST Cardiac OIS was unable to be analyzed for patients who
only underwent PCW and drainage since the heart was not fully
visualized. Postoperative course and hospital resource utilization
details, including use of echocardiogram were enumerated for
all patients.

Patients who underwent initial PCW were classified as positive
on the presence of hemopericardium, or negative for the absence
of blood. All patients who had a PCW window and underwent
drainage and lavage, but did not require a sternotomy, were
included in the PCW+drain group. Patients who underwent
both pericardial window and sternotomy were included in the
sternotomy group. All PCW+drain patients were hemodynami-
cally stable with systolic blood pressure over 100 mm Hg. Ster-
notomy patients were classified per their AAST OIS. Patients
with AAST OIS 1-3 were included in the Sternotomy group,
and patients with OIS 4-6 were excluded. Patients with OIS 1-3
were included because these are not full thickness injuries and
may not require surgical repair,'® and were suspected to have
similar injury pattern to the PCW+drain group. Patients with
extracardiac injuries were included provided they were not
immediately fatal and adequate surgical repair was achieved.

All patients in the PCW+drain group had their procedure
performed in the operating room under general anesthesia. If
hemopericardium was detected during the PCW; a soft 16 F red
rubber catheter was inserted into the pericardium, and all blood
suctioned out. Output was recorded in the operative dictation,
which was reviewed and recorded for this study. After on-table
lavage with normal saline and verification that bleeding had
ceased, a 19 F fluted, silicone drain was placed in the pericar-
dium and the patient was taken to the ICU for monitoring.

Data were compiled using Microsoft Excel (Microsoft
Corp, Redmond, Washington, USA) and statistical analysis was
performed using Stata V.11.2 (StataCorp, College Station, Texas,
USA). Categorical variables were compared using Fisher’s exact
test, and continuous variables were compared with Wilcoxon
rank-sum test, with p<0.05 considered statistically significant.

RESULTS
We identified 78 patients who met review criteria, which are
summarized in table 1 which includes all patients with pene-
trating chest trauma undergoing PCW, sternotomy, or both.
Sternotomy was performed immediately in 41 patients. PCW
was performed in 37 patients. PCW was negative in 16 patients,
and positive in 21 patients. Of the 21 patients with hemoperi-
cardium, 16 patients proceeded to sternotomy for a total of 57
patients undergoing sternotomy. Five patients did not undergo
sternotomy, and instead underwent pericardial drainage and
lavage, and comprise the PCW+drain group. All PCW+drain

Table 1 All patients with penetrating chest trauma receiving either a
pericardial window, sternotomy, or both
N=78

Male, n (%) 73 (93.6)
Age (years), median (IQR) 29 (24-39)
Mechanism

Gunshot wound, n (%) 28 (35.9)

Knife stab wound, n (%) 47 (60.3)

Admission vitals

Systolic blood pressure, median (IQR)
Heart rate, median (IQR)

130 (85-149)
107 (88-121)

Glasgow Coma Scale, median (IQR) 15 (9-15)
Exploratory laparotomy, n (%) 42 (53.8)
Hospital LOS (days), median (IQR) 7 (4-11)
ICU LOS (days), median (IQR) 2 (1-5)
Ventilator days (days), median (IQR) 0(0-1)
Hospital mortality, n (%) 16 (20.3)

ICU, intensive care unit; LOS, length of stay.

patients had suction evacuation of hemopericardium pericardial
lavage, and documented cessation of intraoperative bleeding,
followed by pericardial drain placement and admission to ICU.
Of the 57 patients who required sternotomy, 50 patients had
cardiac OIS of 4-6 or suffered other major injuries, and were
excluded from the sternotomy comparison group. The pathway
describing the patients reviewed for this study is illustrated in
figure 1. Details of injuries to this group include 26 patients with
OIS 4, 16 patients with OIS 5, 5 patients with OIS 6, and 2
patients with OIS 0 but had major thoracic vessel injuries (one
inferior vena cava, one aorta).

Comparisons between the PCW+drain and Sternotomy
groups are shown in table 2.

There was no significant difference in age, gender, injury
mechanism, exploratory laparotomies, presentation vital
signs and Glasgow Coma Scale, and RTS. Outcome measures
including hospital or ICU LOS, and ventilator days were also
similar between groups. ICU LOS in the PCW +drain group was
4 days compared with 2 days in the sternotomy group, although
this was not statistically significant (p=0.18). No patients died
prior to hospital discharge in either group.

Details of patient presentation, workup, surgical approach
and outcomes are shown in online supplementary table 1. For
the PCW +drain patients, the average age was 29 years, and 80%
were male. All were injured by stab wounds. FAST was performed
in four patients (80%) and was positive in three. Patient 5 had
an initial negative FAST, but developed a pericardial effusion on
hospital day 7 and PCW was done. Average volume of blood
drained was 240 mL (range 40-600 mL). Drains were removed
on average postoperative day 3.6 (range 2-5). Three patients
underwent intraoperative transesophageal echocardiography
(TEE), all of which showed resolution of pericardial fluid after
surgical therapy. The median stay in the ICU after the procedure
was 4 days, hospital LOS was 5 days, and median 1 ventilator
day. No patients died prior to hospital discharge, and all patients
were discharged home.

Details of the seven sternotomy patients for AAST cardiac OIS
1-3 are also shown in online supplementary table 1. Median
age was 35 years (range 17-52) and all were male. One patient
was injured by gunshot wound (GSW), the other six by knife
stab wound (KSW). Two patients had no ultrasound prior to
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Penetrating Chest Trauma

78 patients
Table 1
y A

Pericardial Window Sternotomy
37 patients 41 patients

--Blood +Blood R

Y 16 patients |

Close vs. Drain 1
16 patients Sternotomy
+Blood 57 patients

, !

Lavage and drainage

Cardiac OIS 1-3

PCW + Drain Sternotomy Other major Injury
5 patients 7 patients 50 patients

Cardiac OIS =4

Table 2

Figure 1

Flow chart of patients reviewed, including all patients who underwent sternotomy or pericardialwindow for suspected penetrating cardiac

injury. OIS, Organ Injury Scale; PCW+drain, pericardial window, lavage, and drainage.

sternotomy, two underwent FAST which was positive, three
underwent formal echocardiogram (two Trans-thoracic Echo-
cardiogram (TTE), one TEE) all of which showed pericardial
fluid. Three patients also underwent laparotomy, and these three
had a PCW prior to their sternotomy; one was subxiphoid and
two transdiaphragmatic. The operative dictations of five patients
listed specific volumes of blood drained from the pericardium,
with an average 285 mL (range 100-500 mL); the volume of
pericardial fluid of the two remaining patients' drainage was

Table 2 Comparison between patients undergoing PCW-+drain after
positive PCW and those undergoing sternotomy for cardiac OIS of

1-3. Median and IQR displayed for continuous variables, and quantity
(%) for categorical variables. omparison using Fisher’s exact test and
Wilcoxon rank-sum with p<0.05 was considered statistically significant

PCW-+drain Sternotomy

N=5 N=7 P values
Age (years), median 29 (25-51) 35(17-52)  0.63
Male, n (%) 4 (80%) 7 (100%) 0.42
Knife stab wound, n (%) 5 (100%) 6 (86%) 1.0
Exploratory laparotomy, n (%) 2 (40%) 3 (43%) 1.0

Systolic blood pressure, median (IQR) 144 (138-149) 127 (71-145)  0.57

Heart rate, median (IQR) 99 (93-110) 98 (88-111) 0.81
Glasgow Coma Scale, median (IQR) 15 (15-15) 15 (15-15) 0.40
Revised Trauma Score, median (IQR) 12 (11-12) 12 (10-12) 1.0
Hospital LOS (days), median (IQR) 5(5-12) 7 (4-20) 0.63
ICU LOS (days), median (IQR) 4 (3-4) 2 (2-3) 0.18
Ventilator days (days), median (IQR) 1(0-2) 0(0-1) 0.36
Hospital mortality, n (%) 0 (0%) 0 (0%)

ICU, intensive care unit; LOS, length of stay; PCW-drain, pericardial window,
lavage, and drainage.

described (figure 2) as 'significant' and 'moderate'. The cardiac
OIS was 1 in four patients, 2 in two patients, and 3 in one
patient. Three patients underwent intraoperative TEE which
confirmed resolution of pericardial fluid. All patients in the ster-
notomy group had pericardial drains placed, including size 32
F (French) in six patients and 36 F in one patient. The pericar-
dial drain was removed 2-5 days after operation. Two patients
required a ventilator, one for 1 day, and another for 27 days, the
remaining five patients did not require a ventilator. Median ICU
stay was 2 days (range 1-28 days) and median hospital LOS was
7 days (range 3-28 days). All patients in this group survived to
discharge. Patient 1 was discharged to a skilled nursing facility,
and the remaining six patients were discharged home.

Laparotomy was performed in two of the PCW+drain
patients. Patient 2 underwent laparotomy for multiple abdom-
inal KSWs, but had no internal injuries. Patient 5 underwent
initial exploratory laparotomy for multiple KSWs with only
minor injuries to the liver and spleen, and a small diaphragm
laceration which was repaired. Three patients in the Sternotomy
group required laparotomy. Patient 6 was injured by GSW and
underwent exploratory laparotomy, splenorrhaphy and colon
resection, patient 7 had laparotomy with no internal injuries,
and patient 8 had laparotomy with control of liver bleeding.

Cardiac and pericardial repair was performed only in patients
undergoing sternotomy. Patient 6 had a partial thickness right
ventricle (RV) laceration which was sutured, and patient 11 also
had a partial thickness RV laceration which was irrigated but not
sutured. Patient 12 had a tangential left ventricle injury which
was suture-repaired. Patients 7, 8, 9, and 10 all had injuries to
the pericardium but no injury to the heart itself.

Follow-up echocardiograms were performed as clinically indi-
cated and are summarized in online supplementary table 2. Four
patients in the PCW +drain group had a postoperative TTE, and
all showed either no or trivial pericardial effusion, along with
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Figure 2 Suggested modification to the Western Trauma Association’s management strategy for stable patients with penetrating thoracic injury.
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Thoracic Surgery, CXR = Chest X-Ray.

other physiologic findings. Three patients in the Sternotomy
group had follow-up TTE. Patients 10 and 12 had one follow-up
echo each, and both showed no evidence of effusion with other
findings. Patient 6, who had a long ICU stay had multiple TTE
studies which showed a progressively enlarging pericardial effu-
sion which ultimately improved without intervention.

DISCUSSION
Penetrating injuries to the chest can be rapidly fatal, and this is
demonstrated by the high mortality seen with PCls. It is with
this high lethality in mind that current management strategies
have evolved. Early in the management of penetrating chest
trauma, a PCW was the gold standard for evaluation of possible
hemopericardium. At that time, penetrating chest injury with
hemopericardium on PCW mandated sternotomy to locate and
repair the site of injury. With the development of the FAST
examination, which can be performed rapidly at the bedside in
any patient with penetrating chest injury, the PCW procedure
is rarely performed in the current era.’ ' The current Western
Trauma Association (WTA) algorithm for penetrating chest
trauma recommends sternotomy for patients with penetrating
chest injury with positive cardiac FAST examination.®

Although a sternotomy allows for a thorough cardiac exam-
ination, it is a highly morbid procedure. Complications include
sternal instability and deep sternal wound infections, which occur
in 0.75% to 3% of patients post cardiac surgery.* 1! Although
uncommon, these complications carry significant morbidity
and possible mortality. Although no literature exists about
the risks posed specifically to trauma patients requiring ster-
notomy, one study does list emergency operation as an indepen-
dent risk factor for sternal wound infection in cardiac surgery
patients.!® Significant complications from sternotomies were

noted in previous studies on this topic, including death from
iatrogenic internal mammary artery injury and mediastinitis
requiring sternal debridement and advancement flaps in the
RCT performed by Nicol et al. Thorson et al describe a patient
undergoing a non-therapeutic sternotomy who suffered an iatro-
genic pulmonary injury and developed an infected pericardial
effusion. Even without complications, a sternotomy requires
several weeks of recovery, and as such should not be considered
a benign procedure.

There are several previously published works which have
demonstrated a similar management strategy to what we have
proposed here.” 12 Nagy et al'* reported using echocardi-
ography to determine presence of hemopericardium after
penetrating injury to the box in stable patients, followed by
subxiphoid PCW. Thorson” reported three cases of hemoperi-
cardium from traumatic injury (two blunt, one penetrating)
managed with PCW and drainage. The strongest and most
recent is the work of Nicol'? who performed a prospective RCT,
and showed that stable patients with penetrating chest injuries
and positive PCW had equivalent outcomes when randomized to
sternotomy and pericardial drainage alone. Furthermore, 93%
of patients randomized to sternotomy had either a tangential
injury or no cardiac injury at all.'> Our study found no hospital
deaths in either group, whereas Nicol reported only one death
from iatrogenic injury during sternotomy. Thorson’s review of
21 non-therapeutic sternotomies included four deaths, but none
from cardiac causes.

In our center, this management strategy was adopted with
the utmost consideration for safety, and so the following prin-
ciples were followed: (1) Only patients hemodynamically stable
without evidence of tamponade physiology would be considered
for initial PCW. (2) The PCW must be performed in the operating
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room with the option to rapidly convert to sternotomy. (3) All
pericardial blood must be suctioned and lavaged until clear.
(4) Cessation of bleeding must be verified prior to leaving the
operating room. (5) A pericardial drain is placed to drain any
residual fluid and monitor for delayed bleeding. (6) The patients
are monitored in the ICU after the procedure.

Several points deserve emphasis. First, in unstable patients
with cardiac arrest or tamponade physiology, sternotomy or
anterolateral thoracotomy should be performed for immediate
chest access. Second, all current literature on this topic comes
from high-volume level I trauma centers, with inhouse trauma
surgeons and experienced ICU nurses to monitor patients closely
for physiologic changes or deterioration. Third, the on-table
lavage and observation is imperative, since the goal of lavage is
to disrupt any unstable clot which may have formed and could
possibly cause delayed bleed.

This management strategy is similar to that employed in
managing complications from implantable electronic device (IED)
placement. A full-thickness myocardial perforation is a known
complication of IED lead placement resulting in hemopericar-
dium. Although unstable patients require open heart surgery to
repair perforation, stable patients are routinely managed with
observation, pericardiocentesis, and lead extraction and replace-
ment.”” ¥ Although the injury patterns associated with PCI in
our series are clearly higher energy injuries than IED lead perfo-
ration, it is worthy to note that this is a well-accepted manage-
ment strategy to deal with full-thickness myocardial perforation
resulting in hemopericardium.

In this series, five cases are reported in which we spared the
recommended sternotomy for PCI and hemopericardium, and
thus avoided the potential morbidity and extended recovery of
this approach. To compare against similar patients undergoing
sternotomy, we selected only patients with cardiac OIS 1-3.
This includes patients who have injuries to the pericardium,
and tangential/partial thickness injuries to the heart muscle
itself. This requires the assumption that the injury pattern of
the patients in the PCW+drain group matches that of the ster-
notomy group. Four of the seven patients in the sternotomy
group had no cardiac injury. Three patients had cardiac injury,
two had suture repair and one had already stopped bleeding at
the time of exploration. We think the injury severity is similar,
and is, thus, the closest possible comparison available.

The PCW+drain patients had statistically equivalent, but
numerically greater, ICU LOS than sternotomy patients (4 vs.
2, P=0.18). This contrasts with the findings of the Nicol's study,
who found a shorter ICU LOS in patients undergoing PCW. This
is likely from overly cautious ICU monitoring of patients in the
PCW+drain group, whose injuries were never directly visual-
ized. Furthermore, the patients in both groups had other inju-
ries, and so the increased LOS may be unrelated to their PCI.
Nonetheless, we suspect that with greater experience with this
strategy, the ICU stay should decrease.

This study has weaknesses. Both patient groups are small, so
statistical comparison is difficult. This single institution study at
a level 1 trauma center may lack generalizability, and the retro-
spective study design carries inherent inaccuracies. There was no
standardized plan for follow-up echocardiogram, and attempts
to obtain outpatient echocardiograms have been hindered
by patient relocation, poor follow-up, and lack of insurance
coverage. This limits our ability to comment on long-term
sequelae and outcomes such as delayed mortality. Furthermore,
the cardiac injuries in the PCW +drain group were never directly
visualized, so it is impossible to be certain if the injury patterns
were similar. Since this was not a randomized study, the groups

were created at the discretion of the authors. This introduces
selection bias, and could affect our results and conclusions.

Although we think that our results are encouraging and
suggest a potential change in management for stable patients
with suspected PCI, the authors still urge caution if choosing
to adopt this management strategy. There are still many issues
to address, including the amount of PCW drainage to trigger a
sternotomy, timing of pericardial drain removal, length of moni-
toring in ICU, and frequency of delayed pericardial bleed. Other
diagnostic tools deserve evaluation, including on-table flexible
mediastinoscopy to evaluate the cardiac injury after PCW.

The current algorithm published by the Western Trauma
Association® for penetrating chest trauma recommends stable
patients with suspected cardiac injury undergo a FAST exam-
ination. Equivocal or inconclusive examinations may undergo
further diagnostic workup, including PCW, whereas patients
with positive FAST are recommended to undergo sternotomy.
In this setting, the FAST examination has diminished the role
of the PCW to detect the presence of cardiac injuries, and this
decline in the PCW has been recognized by other authors.’
However, in the discussion of management of PCls, the WTA
acknowledges the increasing experience of avoiding sternotomy
if the window is 'mildly' positive.® Options discussed include
direct cardiac observation, mediastinoscopy or thoracoscopy to
inspect the cardiac surface, or application of biologic glues over
the surface of the heart in partial thickness injuries.

There is historical context for other injuries which posed
diagnostic dilemmas, but now are managed through less invasive
means. Laparotomy was originally the gold standard for evalu-
ation in blunt abdominal trauma. This was followed by direct
visualization of the abdomen through a needlescope,®® then
diagnostic peritoneal lavage (DPL),*' 2 followed by CT scan-
ning.?*2* In the current era, CT scanning is the gold standard for
evaluation of the abdomen in stable patients, and DPL is rarely
performed. We think that in stable patients, the PCW and lavage
should function in similar capacity to DPL by ruling out patients
with suspected PCI who do not require sternotomy.

In light of this and other studies' findings demonstrating good
outcomes for this management strategy,''"'* the authors propose
a modification to WTA’s algorithm for penetrating chest trauma®
in stable patients (figure 2). If cardiac injury is suspected and
the patient is hemodynamically stable, FAST is performed. If
positive, PCW should be done in the operating room. If the
PCW is negative for blood, no further operative intervention
is warranted. If the PCW is positive for blood, on-table peri-
cardial lavage should be performed although closely monitoring
the bloody return and patient hemodynamics. With continued
bleeding, or instability, a sternotomy and exploration should be
done. If stable and the bleeding stops, a pericardial drain should
be placed and the patient admitted to the ICU. On-table TEE
should be performed when available, and a follow-up echocar-
diogram should be obtained in the immediate postoperative
period to monitor for recurrent pericardial fluid. In selected
patients, we think this strategy could help avoid the unneces-
sary morbidity of sternotomy in patients who do not need it,
although identifying those who should undergo more invasive
exploration to identify their injuries.

CONCLUSIONS

Patients presenting with penetrating chest injuries and pericardial
effusion, who are hemodynamically stable, may safely undergo
an initial PCW, lavage and drainage. Patients with continued
bleeding or instability should be explored by sternotomy. These
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ideas should be studied on a larger scale with the expectation to
develop algorithms to limit sternotomy to patients in whom it is
necessary.
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