
ADULT: DAMAGE CONTROL SURGERY: EXPERT OPINION
Damage control in cardiac surgery: Knowing when to
come back another day
Martin Misfeld, MD, PhD,a,b,c,d,e Paul G. Bannon, MD, PhD,b,c,d,e Michael A. Borger, MD, PhD,a and
Tristan D. Yan, MD, PhDb,f,g
Temporary sternal wound closure.

CENTRAL MESSAGE

Damage control in cardiac sur-
gery is defined for the first time.
In can be differentiated 2 two
types, with categories repre-
senting various clinical scenarios.

See Commentaries on pages 367 and 369.
Video clip is available online.

Damage control surgery (DCS) is a well-established term in
general surgery. It is characterized by a staged surgical
approach with definite surgical repair following an initial
phase of clinical and/or metabolic stabilization. Although
DCS has been used in various surgical specialties, this
concept has not been well defined in cardiac surgery. The
purpose of this review is to define and delineate the various
subtypes of DCS, and how these principles are or can be
applied in the field of cardiac surgery.

The principles of DCS were initially described by J. H.
Pringle, who started to perform intra-abdominal packing
for uncontrolled hepatic bleeding, followed by a planned re-
operation.1 The term “damage control” itself was intro-
duced by M. F. Rotondo in 1993.2 He standardized the
surgical concept in patients with complicated exsanguina-
tion from severe abdominal trauma. DCS has been trans-
lated into various other surgical specialties. Beside trauma
surgery, it has been adopted in thoracic surgery,3 vascular
surgery,4 orthopedics,5 pediatric surgery,6 and other
disciplines.

Traditionally, DCS in abdominal trauma includes (1)
abbreviated initial laparotomy, (2) intensive care resuscita-
tion, and (3) later definitive repair. Modern principles
follow a 5-step approach with additional prehospital and
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initial evaluation and final delayed abdominal wall closure
following definite repair. DCS is closely related to damage
control resuscitation, which includes early blood transfu-
sion, immediate control of ongoing hemorrhage, as well
as restoration of physiological circulation addressing hypo-
thermia, coagulopathy, and acidosis.7

The principles of DCS cannot be easily adopted to car-
diac surgery in its classical trauma form, simply because
surgical bleeding from the heart or the great arteries must
be controlled immediately. However, there are a variety of
scenarios in cardiac surgery whereby the basic concepts
of initial damage control, stabilization of the clinical status,
and later definite surgical repair can be applied.

In fact, following the first documented suturing of the
heart by Capellen and later by Farina, the first successful
surgery was performed by Rehn in 1896. These operations
can be viewed as a form of damage control, although defi-
nite surgical repair was performed during initial surgery.8

This case characterizes the typical scenario of cardiac in-
juries requiring nondelayed surgical repair. Usually caused
by penetrating injuries, the clinical presentation of cardiac
trauma can vary from complete hemodynamic stability to
cardiopulmonary arrest.9 Injuries of the heart are scaled
into 6 categories, as per the organ injury scale of the
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American Association for the Surgery of Trauma.10 De-
pending on the severity of the injury, an individualized man-
agement approach has to be performed, some requiring
delayed surgical intervention and others associated with he-
modynamic instability requiring immediate action.

We tried to follow the classical definitions of DCS by
introducing 2 basic types. Of these, type A is the traditional
scenario of a trauma with delayed final surgical repair. Both
types have various categories and subcategories (bleeding,
hemodynamic instability, and infection). By combining
these types and categories, the whole spectrum of potential
scenarios that can occur in cardiac surgery and require de-
layed final treatment can be covered. Type A and type B ap-
proaches, with various subclassifications along with their
applications in cardiac surgery, are described to follow
(Video 1).
VIDEO 1. First author’s comment on the manuscript. Video available at:

https://www.jtcvs.org/article/S2666-2507(21)00646-5/fulltext.
TYPE A DCS
Type A DCS is the classic trauma form, with initial phys-

iological stabilization followed by delayed surgical repair.
It can be divided into 3 categories, of which category 1
and category 2 can also be subclassified (Table 1). Clinical
examples for each category are given in Table 2.
TABLE 1. Classification in cardiac damage control surgery

Type Category Subcategory

A 1: bleeding

2: hemodynamic

instability

3: infection

a: increased intraoperative

bleeding

b: increased risk of bleeding

a: coronary intervention

b: mechanical circulatory support

c: endovascular treatment

B 1: bleeding

2: hemodynamic

instability

3: infection
Category 1: Bleeding
In general, there are 2 principal scenarios of intraopera-

tive bleeding: bleeding after surgical repair (type B, cate-
gory 1), which is the most common scenario and defined
later in the text, and bleeding before surgical repair. The
latter one requires further subcategorization with bleeding
itself and increased bleeding risk, which are 2 possible sce-
narios within this context.
Subcategory a: Increased intraoperative bleeding. In-
traoperative unexpected bleeding before definite cardiac
surgical repair can represent a challenging clinical scenario.
Examples of this type of bleeding include damage of sur-
rounding structures during reoperations, or retroperitoneal
bleeding caused by peripheral femoral cannulation. The iat-
rogenic bleeding has to be controlled before definite surgi-
cal repair can be performed, with surgery occasionally
being interrupted to minimize metabolic derangement and
subsequent coagulopathy. The decision to delay definitive
repair, however, depends on the original urgency of the clin-
ical indication for surgery.

Redo thoracotomy for reoperative descending and thora-
coabdominal aortic repair11 is an example of this category.
In this series of 60 patients, definite aortic surgical repair
was delayed in 4 patients by 12 to 24 hours due to severe
intraoperative bleeding. Patients recovered in the intensive
care unit between surgical procedures and was associated
with good outcomes in all 4 patients. It should be noted
that all of the patients in which this approach were applied
were elective cases.
Subcategory b: Increased risk of bleeding. Amuch more
common clinical situation is the presence of preoperative
antiplatelet or anticoagulation therapy, which require
further delay of an urgent cardiac procedure. Dual antith-
rombotic therapy is commonly employed in patients with
severe coronary artery disease (CAD).12 It has been shown
by Cao and colleagues that nondiscontinuation of clopidog-
rel before coronary artery bypass surgery in patients with
acute coronary syndrome is associated with increased
repeat sternotomy and re-exploration, which itself is associ-
ated with a 4.5-fold increase in perioperative mortality.13

Delay of the surgical procedure should therefore be consid-
ered, depending on the patient’s risk of further ischemic
events and the agents used to decrease surgical bleeding
complications.
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TABLE 2. Classification with examples of cardiac DCS

Complication Clinical scenarios Possible decision

Type A

Category 1 a Intraoperative bleeding Intraoperative bleeding before cardiac repair Packing of situs and delayed closure

Category 1 b Increased bleeding risk Preoperative dual antiplatelet therapy or

anticoagulation causing increase bleeding risk

Delay of surgery

Category 2 a Coronary intervention Acute STEMI PCI of culprit lesion followed by PCI or CABG

Category 2 b Mechanical circulatory

support

Hemodynamic instability in ischemic or

dilatative cardiomyopathy

ECMO implantation followed by LVAD

implantation

Category 2 c Endovascular treatment Traumatic aortic transection TEVAR followed by open surgical repair

Category 3 Infection Cerebral bleeding in IE Delay of surgery with stabilization of

neurological status under antimicrobial

treatment followed by cardiac surgery

Type B

Category 1 Bleeding Intraoperative severe bleeding after surgical

repair

Packing and delayed chest closure

Category 2 Hemodynamic instability Low-cardiac output following cardiac surgery Temporary ECMO implantation

Category 3 Infection Previous sternal wound infection in patients

requiring urgent cardiac surgery

Vacuum-therapy followed by delayed chest

closure or reconstruction

DCS, Damage control surgery; STEMI, ST-elevation myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; ECMO, extracor-

poreal membrane oxygenation; LVAD, left ventricular assist device; TEVAR, thoracic endovascular aortic repair; IE, infective valve endocarditis.
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Category 2: Hemodynamic Instability
Subcategory a: Coronary intervention. Revasculariza-
tion treatment in CAD is complex. In chronic coronary syn-
dromes, it is an important tool in addition to optimal
medical therapy.12 The best revascularization strategy,
either percutaneous coronary intervention (PCI) or coro-
nary artery bypass grafting (CABG), depends on various
factors of clinical presentation and investigational findings.
Patients with CAD and acute coronary syndromes (myocar-
dial infarction without persistent ST-segment elevation,14 as
well as patients with acute myocardial infarction and ST-
segment elevation15), most frequently undergo initial PCI
of the culprit lesion, followed by planned PCI or CABG
(ie, final cardiac surgical repair). DCS in this context repre-
sents control of the acute myocardial ischemia and physio-
logic support to limit the end-organ effects of hemodynamic
instability, followed by myocardial revascularization for
further relief of symptoms and improved prognosis when
the patient is stable. Further revascularization should not
be delayed, however, if nontreated lesions are thought to
be contributing to the hemodynamic instability.
Subcategory b: Short-term mechanical circulatory sup-
port. Patients presenting in cardiogenic shock with the ne-
cessity of cardiac surgery at a later stage occasionally
require more aggressive circulatory support. In this context,
initial treatment with short-term mechanical circulatory
support can be instituted, either because the hemodynamic
instability is life-threatening and final surgical repair is
deemed to be too high risk, or the definite decision for car-
diac surgical treatment has yet to be made.16 Immediate
management of deterioration of heart failure with short-
term mechanical circulatory support devices (most
364 JTCVS Techniques c December 2021
frequently, extracorporeal life support) can then be followed
by later final cardiac surgery repair including valve surgery,
CABG, implantation of long-term ventricular assist devices
or, rarely, heart transplantation. Alternatively, the time
gained from temporary circulatory support and a thoughtful
evaluation of the entire patient condition may result in a
palliative approach.
Subcategory c: Endovascular treatment. Acute bleeding
associated with hemodynamic instability occasionally re-
quires emergent endovascular treatment. Stent graft inter-
ventions in acute, complicated type B dissections, as well
as traumatic aortic transection, are part of the therapeutic
armamentarium in this context.17 The latter pathology is a
classic example of initial control of a life-threatening aortic
injury, which may require final surgical correction at a later
stage. Another example is endovascular treatment of life-
threatening bleeding from an aortoesophageal fistula, which
may require delayed definitive surgical repair. Progression
of aortic pathologies over time following endovascular ther-
apy (eg, development of an endoleak) should not be seen in
the context of DCS as an acute life-threatening situation is
not present and treatment of this complications can be done
with delay.

Category 3: Infection
Infective valve endocarditis (IE) is the most common sce-

nario in which definite cardiac surgical repair may be de-
layed and the principles of DCS applied. Initial antibiotic
treatment usually results in surgical repair being performed
in the absence of bacteremia. Guidelines on the treatment of
the management of IE are useful for guiding surgical treat-
ment in such patients.18 Patients presenting with
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hemodynamic instability may require emergent surgery,
although the operative risk is high. In multimorbid patients
with hemodynamic instability, the initial decision made by
the endocarditis teammay be a palliative approach. Howev-
er, a re-evaluation of such patients is occasionally required,
when marked clinical improvement occurs. In the clinical
scenario of cerebral bleeding caused by embolic events, de-
layed cardiac surgical repair may also be required in order
to minimize the risk of further intracranial hemorrhage.
Finally, patients with controlled local IE occasionally
require treatment of other infective sources (eg, infected
caries, osteomyelitis, infected foreign body, etc) before un-
dergoing final cardiac surgical intervention.

TYPE B
This type can also be subdivided into 3 categories:

bleeding, hemodynamic instability, and infection. In the
contrast to type A DCS, this type is characterized by its
reverse status. That is, the surgical organ repair has already
been performed but cannot be concluded due to one or more
of the 3 aforementioned reasons.

Category 1: Bleeding
Perioperative bleeding in cardiac surgery is not unusual,

and the widespread use of modern antiplatelet and anticoa-
gulation therapy has potentially increased the overall risk
over the last years. A universal definition of perioperative
bleeding in adult cardiac surgery was published by Dyke
and colleagues in 2014.19 Five classes have been defined
with regard to chest tube blood loss within the first 12 hours
postoperatively. Delayed sternal closure, defined as leaving
the operating room with an open or packed chest, has been
recommended in class 3 bleeding (ie, severe bleeding,
1001-2000 mL in the first 12 hours) but not for massive
bleeding (class 4,>2000 mL in the first 12 hours). DCS
within this context may be the most common scenario in
cardiac surgery, and the advantages of this strategy have
been addressed by various authors.20-22 It should be noted
that this category cannot be considered completely
separate from hemodynamic instability, however, as
bleeding complications and hemodynamic instability
coexist.

Category 2: Hemodynamic Instability
Especially in pediatric cardiac surgery, delayed chest

closure is often required due to cardiac swelling and associ-
ated hemodynamic instability induced by sternal closure.
This scenario is also occasionally present in adults, inde-
pendent of the presence of additional severe bleeding.21,22

As hemodynamic instability may require the use of short-
term mechanical support system, which by themselves in-
crease the risk of bleeding, this category is closely related
to type B category 1.
Category 3: Infection
Deep or superficial sternal wound infection being present

before cardiac surgical repair which itself cannot be post-
poned may also require delayed sternal closure or chest
reconstruction at a later stage. Bridging to final chest
closure is usually accomplished by vacuum therapy in
such patients. Again, this category may also be present
with one or both of the previous categories, representing a
particularly high-risk clinical scenario.

DCS IN CARDIAC SURGERY
DCS in cardiac surgery cannot be defined in the classic

way as in trauma, orthopedic, or even thoracic surgery. As
bleeding complications of the heart or the great vessels
often presents as a life-threatening situation, “packing of
the heart or aorta” with later surgical repair is usually not
an option. However, one of the main characteristics of
DCS—uncontrolled hemorrhage requiring physiologic
restoration—is present in several different cardiac surgical
scenarios. It may therefore be valuable for cardiac surgeons
to familiarize themselves with the principles of DCS. In
addition, the principles of cardiac DCS can be applied to he-
modynamic and infective categories. Two types of DCS can
be distinguished in cardiac surgery: initial stabilization
followed delayed final repair (type A), and surgical repair
followed by subsequent completion (type B).
The principles of DCS are commonly applied in cardiac

surgery, without the acknowledgement from cardiac sur-
geons of the lessons learned from other surgical specialties.
Initial stabilization of the clinical setting may significantly
improve the chances of overall success in high-risk cardiac
surgical patients.
Clinical evaluation of specific aspects of principles of car-

diac DCS have be performed. An example for this is the
optimal timing of surgery in the presence of IE.18,23 Data
on other types and categories of the classification of cardiac
DCS exist. However, available literature is rare, and, therefore
comprehensive analysis of the current literature and categori-
zation with regard to our classification will be a task in the
future. It is important to note, that one patient may be catego-
rized with multiple types and categories of cardiac DCS.
Furthermore, individualized patient decision-making,

made by a multidisciplinary team in order to address the
varieties and complexities of clinical scenarios, may be
required to optimally apply the principles of cardiac DCS.
This classification with exact definitions of different sce-
narios of DCS may also help to compare data and research
in the future.
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