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Damage control in penetrating cardiac trauma

El control de dafios en el trauma cardiaco penetrante
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Abstract

Definitive management of hemodynamically stable patients with penetrating cardiac
injuries remains controversial between those who propose aggressive invasive care
versus those who opt for a less invasive or non-operative approach. This controversy
even extends to cases of hemodynamically unstable patients in which damage control
surgery is thought to be useful and effective. The aim of this article is to delineate
our experience in the surgical management of penetrating cardiac injuries via the
creation of a clear and practical algorithm that includes basic principles of damage
control surgery. We recommend that all patients with precordial penetrating injuries
undergo trans-thoracic ultrasound screening as an integral component of their initial
evaluation. In those patients who arrive hemodynamically stable but have a positive
ultrasound, a pericardial window with lavage and drainage should follow. We want
to emphasize the importance of the pericardial lavage and drainage in the surgical
management algorithm of these patients. Before this concept, all positive pericardial
windows ended up in an open chest exploration. With the coming of the pericardial
lavage and drainage procedure, the reported literature and our experience have
shown that 25% of positive pericardial windows do not benefit and/or require further
invasive procedures. However, in hemodynamically unstable patients, damage control
surgery may still be required to control ongoing bleeding. For this purpose, we propose
a surgical management algorithm that includes all of these essential clinical aspects in
the care of these patients.
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Resumen

El manejo definitivo de los pacientes hemodinamicamente estables con heridas
cardiacas penetrantes contintia siendo controversial con abordajes invasivos
versus manejos conservadores. Estas posiciones contrarias se extienden hasta
aquellos casos de pacientes hemodinamicamente inestables donde se ha descrito
y considerado la cirugia de control de dafios como un procedimiento util y efectivo.
El objetivo de este articulo es presentar la experiencia en el manejo quirargico

de heridas cardiacas penetrantes con la creacion de un algoritmo practico que
incluye los principios basicos del control de dafios. Se recomienda que a todos los
pacientes con heridas precordiales penetrantes se les debe realizar un ultrasonido
toracico como componente integral de la evaluacion inicial. Aquellos que presenten
un ultrasonido toracico positivo y se encuentren hemodindmicamente estables se
les debe realizar una ventana pericardica con posterior lavado. Se ha demostrado
que el 25% de las ventanas pericardicas positivas no se benefician ni requieren

de posteriores abordajes quirirgicos invasivos. Antes de este concepto, todos los
pacientes con ventana pericardica positiva terminaban en una exploracién abierta del
térax y del pericardico.

Los pacientes hemodinamicamente inestables requieren de una cirugia de control
de danos para un adecuado y oportuno control del sangrado. Con este propdsito,
se propone un algoritmo de manejo quirurgico que incluye todos estos aspectos
esenciales en el abordaje de este grupo de pacientes.

Remark

1) Why was this study conducted?

To delineate our experience in the surgical management of penetrating cardiac injuries via the
creation of a clear and practical algorithm that includes basic principles of damage control
surgery

2) What were the most relevant results of the study?

All patients with precordial penetrating injuries should undergo trans-thoracic ultrasound
screening as an integral component of their initial evaluation. In those patients who arrive
hemodynamically stable but have a positive ultrasound, a pericardial window with lavage and
drainage should follow. However, in hemodynamically unstable patients, damage control
surgerymay still be required to control ongoing bleeding

3) What do these results contribute?

We have developed a clinical algorithm that illustrates the five steps involved in the surgical
management of patients with penetrating precordial injuries
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Introduction

Only 45% of patients with cardiac injuries arrive alive to a trauma center requiring a timely
diagnosis and expeditious management "2 Definitive management of hemodynamically stable
penetrating cardiac injuries remains controversial between those who propose aggressive
invasive care versus those who opt for a less invasive or non-operative approach. This controversy
even extends to cases of hemodynamically unstable patients in which damage control surgery is
thought to be useful and effective. The aim of this article is to delineate the experience obtained
in the surgical management of penetrating cardiac injuries via the creation of a clear and
practical algorithm that includes basic principles of damage control surgery.

This article is a consensus that synthesizes the experience earned during the past 30 years

in trauma critical care management of the severely injured patient from the Trauma and
Emergency Surgery Group (CTE) of Cali, Colombia which is made up of experts from the
University Hospital del Valle "Evaristo Garcia", the University Hospital Fundacién Valle del
Lili, the Universidad del Valle and Universidad Icesi, the Asociacién Colombiana de Cirugia,
the Pan-American Trauma Society and the collaboration of international specialists of the
United States of America, Europe, Japan, South Africa, and Latin America.

Epidemiology

Approximately 20% of all patients who di'e from thoracic trauma do so from heart injury 3.
Half of all cardiac injuries die at the scene and an additional 33% die during initial transport
or on arrival to the emergency room *. Of the patients who arrive alive to the hospital, 63%
survive to discharge and in most cases the right ventricle is the injured chamber because it
forms the majority of the anterior surface of the heart *°. A series of 711 patients in the United
States found that 54% of cardiac injuries were from stab wounds and 42% were from gunshot
wounds. Complex injuries included coronary arteries and heart valves, one-third of the
injuries were multiple and the overall mortality was 47% 7. In contrast, a study of 240 patients
in Bogotd, Colombia, revealed that 93% of all penetrating cardiac injuries were by stab wound
and 7% were by gunshot wounds. The overall mortality was 15%, 12% in the stab wounds
group versus 41% in the gunshot wounds group. The distribution according to the American
Association for the Surgery of Trauma (AAST) classification was 33% Grade II, 13% Grade

Table 1. The American Association for the Surgery of Trauma (AAST) Heart Injury Scale’

Grade

Description

II

I

\

Blunt cardiac injury with minor ECG abnormality (nonspecific ST or T wave changes, premature atrial or ventricular con-
traction or persistent sinus tachycardia)

Blunt or penetrating pericardial wound without cardiac injury, cardiac tamponade, or cardiac herniation

Blunt cardiac injury with heart block (right or left bundle branch, left anterior fascicular, or atrioventricular) or ischemic
changes (ST depression or T wave inversion) without cardiac failure

Penetrating tangential myocardial wound up to, but not extending through endocardium, without tamponade

Blunt cardiac injury with sustained (>6 beats/min) or multilocal ventricular contractions

Blunt or penetrating cardiac injury with septal rupture, pulmonary or tricuspid valvular incompetence, papillary muscle
dysfunction, or distal coronary arterial occlusion without cardiac failure

Blunt pericardial laceration with cardiac herniation

Blunt cardiac injury with cardiac failure

Penetrating tangential myocardial wound up to, but extending through, endocardium, with tamponade

Blunt or penetrating cardiac injury with septal rupture, pulmonary or tricuspid valvular incompetence, papillary muscle
dysfunction, or distal coronary arterial occlusion producing cardiac failure

Blunt or penetrating cardiac injury with aortic mitral valve incompetence

Blunt or penetrating cardiac injury of the right ventricle, right atrium, or left atrium
Blunt or penetrating cardiac injury with proximal coronary arterial occlusion

Blunt or penetrating left ventricular perforation

Stellate wound with < 50% tissue loss of the right ventricle, right atrium, or of left atrium
Blunt avulsion of the heart; penetrating wound producing > 50% tissue loss of a chamber
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111, 29% Grade IV and 25% Grade V (Table 1). Upon arrival, 44% were hemodynamically
stable, 34% were in severe shock, 67% had signs of cardiac tamponade, and 18% were in
extremis ®. Similarly, the University Hospital del Valle experience from 2003 to 2004 revealed
a total of 286 patients with penetrating precordial injuries. Twenty-nine percent arrived
hemodynamically unstable and required emergency median sternotomy or left/anterolateral
thoracotomy. Sixty-seven percent had a cardiac injury and 11% were negative. Hemodynamic
stability was seen in 71% of patients upon admission and of these 4% (8 patients) underwent
non-operative management and the remaining had a pericardial window which was positive
in only 22% of cases **°. Together these studies have determined the following risk factors
that increase mortality in patients with penetrating cardiac injury: delay in transport and/or
definitive treatment, shock, cardiac tamponade, gunshot wounds, multiple penetrating cardiac
injuries and valve/septal/conduction system/major vessel involvement '*!,

Initial Approach, Diagnosis and Surgical Management

Initial management must be directed towards the stabilization of the patient according

to Advanced Trauma Life Support (ATLS)® guidelines and following damage control
resuscitation principles. Upon arrival, the choice between immediate surgical exploration

or further imaging studies is dependent on the hemodynamic status of the patient. If the
patient is hemodynamically stable or a transient responder, a thoracic ultrasound should be
performed to determine the possibility of a cardiac injury, impending cardiac tamponade and/
or injury to any other associated adjacent structures. It is important to note that the classic
clinical presentation of the Beck Triad (muffled heart sounds, jugular engorgement and
hypotension) which is suggestive of cardiac tamponade occurs in less than 10% of confirmed
cases. Regardless of its high specificity, the routine portable chest X-ray which makes part of
the primary survey in ATLS has a very low sensitivity in diagnosing cardiac tamponade. For
these reasons, the screening test of choice to determine whether a patient with a penetrating
precordial injury has an impending cardiac tamponade is a thoracic ultrasound, which has

a sensitivity of 79%, a specificity of 92%, and a negative predictive value of 95% ''. If the first
thoracic ultrasound is negative and the patient remains hemodynamically stable, then a second
thoracic ultrasound should be repeated in 6 hours. If the second thoracic ultrasound is also
negative and the patient has no other associated injuries, then the patient can be discharged
safely home.

Simple Penetrating Cardiac Injury Complex Penetrating Cardiac Injury
(AAST Grade I-II) (AAST Grade III-V)

Figure 1. Cardiac Injuries. A. Cardiac injury of the ventricle with perilesional clot but not extending through the
endocardium. B. Penetrating cardiac injury extending through the endocardium.
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Hemorrhage Control With
Foley Catheter

Hemorrhage Control With Hemorrhage Control With
Parallel Sutures Skin Stapler

Figure 2. Damage control techniques in Cardiac Trauma. A. In cardiac injuries extending through the endocardium a Foley catheter should be inserted into the wound,
inflated and gently retracted to achieve hemorrhage control. B. Hemorrhage control with sutures placed parallel to the wound then cross and/or tight. C. Temporal hemo-

rrhage control with skin Stapler.

However, if the patient arrives hemodynamically unstable (sustained systolic blood pressure
<90 mm Hg) but not in cardiac arrest then attention should be directed towards identifying
all life-threatening injuries and transferred immediately to the operating room for chest
exploration via median sternotomy or antero-lateral thoracotomy. A median sternotomy
provides better exposure to the mediastinal structures but it takes longer to get access when
compared to an antero-lateral thoracotomy. As a general rule, if the injury is located between
the nipples then the median sternotomy is more likely to provide better exposure. If the injury
is located lateral to the nipples, then an antero-lateral thoracotomy (right/left) is preferred °.

If the patient arrives in cardiac arrest, then an immediate resuscitative left antero-lateral
thoracotomy with cross-clamping of the aorta, longitudinal pericardiotomy and internal
cardiac massage should be performed.

Based on our experience we propose a new algorithm for the management of penetrating
precordial injuries:

e  STEP 1: Attention should be directed towards identifying all immediate life-threatening
injuries following the ABC mnemonic of ATLS, chest X-ray and thoracic ultrasound. An
aggressive damage control resuscitation is initiated via the activation of the institution’s
massive transfusion protocol.

e  STEP 2: All patients with hemodynamic instability, non-transient responders, cardiac
tamponade and/or cardiac arrest should be transferred immediately to the operating
room for chest exploration to obtain direct surgical control of the bleeding via a median
sternotomy or left antero-lateral thoracotomy. The location and magnitude (Simple: AAST
Grade I-II vs. Complex: AAST Grade III-V) of the cardiac injury should be determined as
soon as possible 12 (Figure 1A/1B).

Transient control of ongoing surgical bleeding can be achieved by:

e Digital control: direct pressure with the surgeon’s finger onto and not into the cardiac
wound using his or her non-dominant hand is the best way to stop bleeding from the
ventricles °. This maneuver may be aided by the use of a gauze.

e  Foley catheter: If the heart wound cannot be controlled digitally then a Foley catheter
should be inserted into the wound, inflated (5-10 cc) and gently retracted to achieve
hemorrhage control (Figure 2A).
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Inflow Occlusio
Sauerbruch Grip

Figure 3. Damage control techniques in Cardiac Trauma. A. In cardiac injuries extending through the endocardium a
Foley catheter should be inserted into the wound, inflated and gently retracted to achieve hemorrhage control. B. He-
morrhage control with sutures placed parallel to the wound then cross and/or tight. C. Temporal hemorrhage control
with skin Stapler.

e Parallel Sutures: A suture should be placed parallel to the wound of either side and then
cross and/or tight to control the bleeding ® (Figure 2B).

e Skin Stapler: May be used initially where there is no immediate specialized support but
must be removed as soon as possible. The long-term outcome of leaving cardiac wounds
stapled is unknown* (Figure 2C).

e Sauerbruch Grip: If the hemorrhage is so severe that the surgeon is not able to visualize
the source, then this grip should be applied to achieve total inflow occlusion by
compressing the vena cava at the junction with the right atrium. To obtain this occlusion,
the third finger of the surgeon is placed posteriorly to the vena cava and the second finger
anteriorly, followed by interdigital compression * (Figure 3). We must clarify that these
temporizing techniques can be implemented individually or in combination to achieve
hemorrhage control prior to definitive repair.

As soon as transient hemorrhage control is achieved, repair of the injury must be performed.
The type of cardiac suture required depends on the size and location of the wound. It is
important to approximate the cardiac wound edges during suturing under minimal tension
with the aim of not strangulating the tissue as the cardiac muscle can tear quite easily. This
may result in an even larger defect °.

e  For ventricular wounds <5 mm and in younger patients, we recommend interrupted
U-stitches using 3-0 polypropylene without teflon pledgets (Figure 4A).
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Y £ K)
Simple Suture R;pair Without Simple Suture Repair With
Teflon Pledgets Teflon Pledgets

Prompt Placement of Satinsky
Clamp for Atrial Wounds

U-Stich Adjacent to Coronary Artery

Figure 4. Surgical techniques in Cardiac Trauma A. Simple suture repair without Teflon pledgets in <5Smm ventricular
wounds. B. Simple suture repair with Teflon pledgets in older patients with >5mm ventricular wound. C. U-Stitch adjacent to a
coronary artery. D. Prompt placement of a Satisnky Clamp for temporal hemorrhage control.

e  For ventricular wounds >5 mm, older patients, evidence of cardiac dilatation and/or
edema, we recommend U-stitches with teflon pledgets (Figure 4B).

e For wounds adjacent to a coronary artery, we recommend U-stitches with teflon
pledgets below the vessel to avoid iatrogenic injury. The suture should start adjacent
to the coronary artery and the placement of the first bite should be directly under the
vessel ° (Figure 4C).

e  For atrial wounds, we recommend prompt placement of a Satisnky clamp which facilitates
the subsequent repair of the injury. If the first clamp is successful then place a second
clamp slightly below the first and remove the initial one. This provides sufficient cardiac
tissue for suturing of the injury with a continuous suture repair with 3-0 polypropylene.
The Satinsky clamp should not be used in the ventricles as they are too thick-walled and
the ventricle may be damage in the process ° (Figure 4D//5A)

e  For injuries >2 cm, the heart should be held together with the non-dominant hand of the
surgeon and a continuous suture with 3-0 polypropylene performed. Hemostatic agents
can be applied to the suture line to reassure hemostasis. If the suture line does not hold
or the cardiac tissue surrounding the injury is too damaged and friable then immediate
consultation with the cardiothoracic service should be requested and the patient placed on
extracorporeal bypass for definitive repair (Figure 5B).

e  For posterior cardiac injuries, a cardiac lift should be performed, although these injuries
are rare, they should always be considered and ruled out by direct visual inspection®. This
procedure should be performed carefully and quickly, informing the anesthesiologist
of potential rhythm disorders, sudden drop in cardiac output or sudden cardiac arrest
(Figure 5C).
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Continuous Suture Repair of Atrial Continuous Suture Repair Cardiac Lift for Posterior Injuries
Wound With a Satinsky Clamp of a Cardiac Injury

Figure 5. Surgical techniques in Cardiac Trauma. A. Continuous Suture Repair of Atrial Wound with a Satinsky clamp. B. Continuous suture repair of >2cm cardiac in-
jury. C. Cardiac Lift for Posterior Injuries, which should be performed carefully and quickly due to potential rhythm disorders, sudden drop in cardiac output or sudden
cardiac arrest.

After suturing the cardiac wound, careful hemostasis should be verified and damage control

resuscitation continued. If bleeding persists then digital compression of the suture line with
gauze and/or hemostatic agents should be applied. If the bleeding does not resolve then
damage control surgery should be implemented by packing the heart and mediastinum,
leaving the chest open and placing a negative pressure dressing. It is to note, the surgeon
must verify that the pericardial sac is completely open to avoid potential cardiac herniation
postoperatively. The patient should be transferred to the intensive care unit for lethal diamond
correction '*'. In the intensive care unit, all patients with significant cardiac injuries should
undergo a transthoracic or transesophageal echocardiogram within the first 6 hours after
surgery to determine the coexistence of a septal injury and/or valve involvement. If this type
of injury is confirmed, then consultation with the cardiovascular surgery service must follow.
It is to note, that the majority of traumatic atrial/ventral septal defects close spontaneously
over a period of 6 weeks and those that do not will require delayed repair °. Within 24 to

72 hours, damage control surgery patients should be taken back to the operating room for
packing removal, mediastinal wash-out, re-evaluation of the cardiac injuries, mediastinal
tube placement and definitive closure of the chest wall. It is recommended that this second
procedure be done in conjunction with the cardiothoracic surgery team.

e  STEP 3: Hemodynamically stable or transient responder patients should undergo thoracic
ultrasound in the emergency room:

e Ifnegative then a follow-up study should be done in 6 hours. If the second thoracic
ultrasound is negative then the patient can be discharged safely home once other potential
associated injuries have been ruled out or managed.

e If positive with a small hemopericardium (<10 mm) but without an associated
hemothorax or signs of cardiac tamponade, the patient should undergo conservative non-
operative management via serial thoracic ultrasound at 6, 12 and 24 hours in the intensive
care unit. If follow-up thoracic ultrasound evolves to a moderate (10-20 mm) or a severe
hemopericardium (>20 mm) and/or an associated significant hemothorax then the patient
should be taken to the operating room immediately for a pericardial window.

e  STEP 4: Patients with a positive thoracic ultrasound with a moderate to severe
hemopericardium or an associated significant hemothorax and/or sign of cardiac
tamponade, should proceed to a pericardial window to evaluate the presence of active
surgical bleeding. The pericardial window should be done as follows:

e  Sub-xiphoid pericardial window in patients with lesions of the precordial area without
pleural involvement (no hemopneumothorax).
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Figure 6. Surgical Management Algorithm for Penetrating Precordial Injuries

e Thoracoscopic pericardial window in those with lesions of the precordial area and pleural
involvement evidenced by hemo and/or pneumothorax requiring chest tube placement.

e  Laparoscopic pericardial window in those with injuries in the left thoraco-abdominal area
with the aim of ruling out diaphragmatic or any other associated intra-abdominal solid or
hollow viscus injuries.

e  Transdiaphragmatic pericardial window in those with precordial area injuries and
associated penetrating abdominal trauma requiring exploratory laparotomy.

e  STEP 5: If the pericardial window is positive (blood and/or clots) then initial drainage
and pericardial lavage with 500 to 1000 cc of warm normal saline should be performed. If
the pericardial lavage is negative, we recommend strict clinical monitoring in the intensive
care unit and ruling out any other associated injuries. If the pericardial lavage is positive,
then we recommend following STEP 2 to achieve control of all surgical bleeding.

We have developed a clinical algorithm that illustrates the five steps involved in the surgical
management of patients with penetrating precordial injuries (Figure 6).

Colombia Médica | http://doi.org/10.25100/cm.v52i2.4519 Apr 03 - 2021 9/12


 http://doi.org/10.25100/cm.v52i1.4059
https://www.ncbi.nlm.nih.gov/pmc/tools/article-previewer/articles/instance/2473376/figure/f6/

Colombia Médica
b‘ o

Damage control in penetrating cardiac trauma.

Complications

Although infrequent, complications after operative and non-operative management of
penetrating cardiac injuries are possible. Post-operative complications include mediastinal
compartment syndrome and cardiac herniation or torsion; whereas non-operative
complications include the development of delayed cardiac tamponade. The development

of mediastinal compartment syndrome secondary to trauma is exceedingly rare. This
phenomenon occurs when the median sternotomy incision is prematurely closed, precipitating
an immediate elevation in the airway pressure and rapid hemodynamic collapse of the patient.
This pathology requires an immediate reopening of the chest and installment of damage
control surgery techniques with subsequent negative pressure dressing placement **. Iatrogenic
cardiac herniation and torsion can occur after lateral pericardiotomy incisions that are left
open, the signs and symptoms include: arrhythmia, myocardial ischemia and hypotension.
This complication can be treated effectively via primary repair of the pericardial defect with
sutures or placement of an autologous or synthetic patch *°.

Delayed cardiac tamponade is a rare entity that is thought to be caused by: displacement of
the initial thrombus that temporarily closes the cardiac wound, tearing of the initial injury
due to adhesions and effusions due to post-cardiac injury syndrome. This complication can be
identified by the systematic use of a transthoracic ultrasound, as it is an accurate and sensitive
tool to detect hemopericardium, hemothorax and/or pneumopericardium. The presence of
these associated findings can potentially lead to high rates of false-negative results, and to
decrease them, it is our recommendation to perform serial in-hospital and out-patient clinical
reassessments and follow-up ultrasounds (24 hours post-admission, 1 week, 1-month and
6-months). When a delayed cardiac tamponade does emerge the management of choice is

a subxiphoid pericardial window with excellent results and low morbidity. All penetrating
cardiac injury patients managed operatively or non-operatively should undergo close in-
hospital and out-patient follow-up with detailed instructions to identify early symptoms of

chest pain and/or dyspnea as they are hallmarks signs of developing delayed complications "%,

Discussion

The management of patients with penetrating precordial trauma remains controversial. During
the 1990s, the only effective diagnostic tool of the time was the pericardial window which has
a sensitivity of 97% and a specificity of 95% in detecting cardiac injury ®'. However, a major
disadvantage is its invasiveness. Currently, the test of choice is a thoracic ultrasound that has
gained traction and has been implemented in most trauma management guidelines around
the world. Although it also has its inherent limitations which include operator dependency
and equipment availability 2*?!. Feliciano et al studied a total of 228 hemodynamically stable
patients with penetrating cardiac injuries and found 5 false-negative cases by thoracic
ultrasound, two of which died secondary to delayed diagnosis 2. Similarly, Nicol et al
reviewed 172 cases of penetrating cardiac injury and found 18 cases of false-negatives, of
which one required surgical intervention for impending cardiac tamponade ?. In a study
performed at our institution between 2016-2017, all precordial penetrating cardiac injuries
underwent thoracic ultrasound followed by pericardial window when positive (subxiphoid
40%, thoracoscopic 30% and laparoscopy/laparotomy 30%). Pericardial window was able to
determine that 74% of thoracic ultrasound were truly positive revealing an overall sensitivity
of 79%, a specificity of 93% and a negative predictive value of 95%. Our thoracic ultrasound
had an area under the curve of 0.86, 95% CI: 0.78-0.93, only 4% of cases were false-negatives,
all had a coexisting hemothorax and none of them died '

Chestovich et al found that only 24% of patients with positive pericardial windows were

truly negative upon thorough pericardial lavage and the remaining 76% required median
sternotomy due to ongoing surgical bleeding following lavage. A mediastinal drain was placed
in all cases and subsequently transferred to the intensive care unit for further care. There were
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no significant differences among both groups according to morbidity and mortality ». Nicol et
al also performed a clinical trial comparing 55 patients with positive pericardial windows who
had follow-up median sternotomies versus 56 patients who had positive pericardial windows
managed simply with pericardial drainage and warm saline lavage without chest opening.
There was no significant difference in the rate of complications or clinical outcomes among
groups ***. With these findings, we recommend that hemodynamically stable penetrating
precordial injured patients with positive thoracic ultrasound should undergo a pericardial
window. If positive, the patient should undergo lavage. If there is no ongoing bleeding after
lavage, the pericardium is drained and the patient monitored in the intensive care unit. But

if there is ongoing bleeding, then the patient should undergo median sternotomy or antero-
lateral left thoracotomy for surgical control.

Conclusion

It is our recommendation that all patients with precordial penetrating injuries should undergo
trans-thoracic ultrasound screening as an integral component of their initial evaluation. In
those patients who arrive hemodynamically stable but have a positive ultrasound, a pericardial
window with lavage and drainage should follow. We want to emphasize the importance of the
pericardial lavage and drainage in the surgical management algorithm of these patients. Before
this concept, all positive pericardial windows ended up in an open chest exploration. With

the coming of the pericardial lavage and drainage procedure, the reported literature and our
experience have shown that 25% of positive pericardial windows do not benefit and/or require
further invasive procedures. However, in hemodynamically unstable patients, damage control
surgery may still be required to control ongoing bleeding. For this purpose, we propose a
surgical management algorithm that includes all of these essential clinical aspects in the care of
these patients.
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