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    Foreword 

 Three decades ago as a surgery resident at the University of Colorado, I enthusiastically 
 pursued trauma surgery as a tantalizing career option. I had inspirational mentors, did a variety 
of lifesaving operations, and had abundant translational research opportunities. I personally 
participated in the birth of surgical critical care. I was not alone in my enthusiasm. Across the 
USA, waves of talented and dedicated surgical residents throughout the 1980s choose this 
career pathway and prospered in this evolving  fi eld. However, for variety of reasons in the 
1990s, we experienced some serious “bumps in the road” related to professional happiness. 

 First, we had created exclusive regional trauma centers designed to take care of all trauma 
patients. Smaller hospitals and community surgeons were told that this is not their problem 
and, given the unsavory nature of trauma care, they readily agreed. As a result, trauma center 
volume increased and, with declining violence in America, the focus of our clinical practice 
shifted away from high-adrenaline penetrating trauma operations to complex ICU care of mul-
tisystem blunt trauma patients. 

 Second, as we advanced through the 1990s we learned how not to operate on blunt trauma 
and, contrary to our heritage, we progressively became nonoperative surgeons. We had become 
the “baby sitters” for the other surgical specialists. 

 Third, as our clinical volume became overwhelming, we largely abandoned our core mis-
sion of translational research. Unfortunately, this provides a tremendous source of personal 
satisfaction and is a necessary pathway to academic productivity and advancement. Trauma 
surgery became recognized to be a high-risk burnout profession and consequently not an unat-
tractive career option for trainees of that era. 

 In the early 2000s through the leadership of the American Association for the Surgery of 
Trauma and the Committee of Trauma of the American College of Surgeons, we began the 
process of rede fi ning our specialty into acute care surgery (ACS). Our domains of clinical 
practice now include trauma, burns, surgical critical care, and emergency general surgery. As 
we progress into the 2010s this appears to be an effective model. It ensures access to safe and 
evidence-based emergency care, which our patients and hospitals sorely need. Additionally, 
there appears to be a strong interest amongst a subset of our trainees for what we do. With 
increasing surgical specialization, there is reluctance by most surgeons to participate in emer-
gency surgery call. As part of our trauma call we have assumed this responsibility. As a result 
we now do a wide variety of emergency operations and obviously help many patients. 

 The 80-h work week has also “dumbed down” most surgeons in regards to surgical critical 
care, making our role of taking care of critically ill surgical patients crucially important. 
Finally, while some are critical of the ACS shift work mentality, it offers the young surgeons 
the opportunity to work hard but also have time off to pursue other life interests. 

 This book was edited by three of my previous trainees/partners who are very committed to 
ACS. They recognize that compared to trauma, burns, and critical care, our expertise and own-
ership of emergency general surgery is less secure. The purpose of this book is to de fi ne this 
broad  fi eld and to establish evidence-based guidelines (EBGs) related to its practice. The book 
is organized into three parts: (1) general principles, (2) speci fi c disease states, and (3) ethic/
legal issues and systems development. Part 2 is the “beef.” It contains 26 chapters that address 
problems commonly encountered by acute care surgeons. Each chapter ends with a management 
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algorithm. An algorithm is an excellent method to implement and improve EBGs. To create an 
algorithm, the key questions that drive decision making related to a process of care are 
indenti fi ed and then put in a decision tree order that best  fi ts the process of care. The decision 
making is based on the best available data, and if the data is incomplete, expert opinion pre-
vails. Importantly, this process identi fi es what we “do know” as well as the “gray zones,” 
which offer future opportunity for performance improvement (PI). To be implemented into 
daily practice in a speci fi c hospital, the algorithms frequently need to be modi fi ed based on 
local resources and biases. However, the modi fi ed algorithm can then be consistently imple-
mented; it is possible to identify “what works” and “what does not work.” In an iterative PI 
process, the algorithm can then be progressively re fi ned to optimize outcomes. Trauma sur-
geons have traditionally embraced algorithms and so I expect these will be of great interest. 

 The target audience for this book includes all trainees, physician extenders, and practicing 
surgeons who participate in the care of patients requiring emergency surgical care. 

 Finally, I would like to acknowledge and thank the distinguished authors who participated 
in writing this book. It is an important milestone in the ever-evolving  fi eld of trauma surgery 
and now acute care surgery.

Gainesville, FL, USA Frederick A. Moore M.D., F.A.C.S., M.C.C.M.   
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  Preface 

 Acute care surgery is a rapidly evolving specialty that encompasses emergency general surgery, 
care of the injured patient, and surgical critical care. There is a growing demand for access to 
emergency surgical services. Unfortunately, this increased demand for emergency surgeons 
has been accompanied by a declining number of surgeons willing to take emergency general 
surgery calls. The  fi eld of acute care surgery has developed in response to this need for reliable 
access to emergency surgical care. 

 The care of the emergency surgical patient presents a complex set of challenges for sur-
geons. Not only must the surgeon possess the skills needed to perform an emergent operation, 
but also they must often do so in the setting of a physiologically deranged patient. In order to 
deliver optimal care, the acute care surgeon must have expertise in both surgery and critical 
care. They must be familiar with the current diagnostic modalities, resuscitation strategies, 
operative techniques, and management principles required to deliver rapid, evidence-based 
care for these challenging patients. 

  Common Problems in Acute Care Surgery  addresses the common surgical emergencies 
encountered by acute care surgeons. The purpose of this text is to provide both trainees and 
practicing surgeons a comprehensive, evidence-based review of the most common clinical 
problems encountered by acute care surgeons. The book is organized into three main parts: 
The  fi rst part is focused on general principles of acute care surgery including initial evaluation 
and resuscitation, perioperative management of the hemodynamically unstable patient, and 
common critical care issues encountered in the management of these patients. The second part 
is focused on speci fi c disease states that are commonly encountered by acute care surgeons. 
Each chapter in this part addresses a speci fi c clinical problem by describing the epidemiology, 
clinical presentation, diagnosis, management (including pertinent operative techniques), 
potential complications, and follow-up. Each of the chapters in this second part also includes 
an algorithm for management of the disease state being discussed. The third and  fi nal part 
focuses on ethics and legal issues frequently encountered in acute care surgery. 

 Each of the authors in this text was selected for their expertise in the  fi eld of acute care 
surgery. We are grateful to the many surgeons who devoted countless hours in the preparation 
of this text. The end result is a practical resource to assist acute care surgeons in delivering 
compassionate, evidence-based care to the emergency surgical patient.

Houston, TX, USA Laura J. Moore, M.D., F.A.C.S.   
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    Part I 

  General Principles         



3L.J. Moore et al. (eds.), Common Problems in Acute Care Surgery, 
DOI 10.1007/978-1-4614-6123-4_1, © Springer Science+Business Media New York 2013

 Resuscitation during ongoing hemorrhagic shock attempts to 
restore physiologic balance by achieving rapid surgical con-
trol of hemorrhage, providing  fl uid and blood products, and 
titrating to laboratory and clinical parameters. Phases of 
resuscitation occur in the pre-hospital environment, emer-
gency room, operating room, and intensive care unit (ICU) 
where multiple health care providers and physicians in fl uence 
patient outcome by their attentiveness and diligence to this 
careful art. 

 The patient’s clinical picture is dynamic, in constant  fl ux 
requiring continuous attention to the details of the resuscita-
tion. While profound hemorrhagic shock is easily recog-
nized, it is dif fi cult to gain control of bleeding with meaningful 
outcome once cardiopulmonary collapse has occurred. Subtle 
signs of impending hemorrhagic shock often go unnoticed or 
unrecognized, although they are present and often reversible 
at the onset of the traumatic event. Since blood and blood 
product are generally not available in the  fi eld, emergency 
medical service (EMS) and other health care personnel are 
relied upon to identify and treat signs of blood loss. They use 
direct pressure and mechanical devices, such as tourniquets, 
gauze, or hemostatic agents to stop visible bleeding. Internal 
bleeding, however, must be controlled surgically or by embo-
lization once the patient reaches the hospital setting. 
Coagulopathy must be corrected and temperature optimized. 
It is often not until entering the emergency department that 
patients receive their  fi rst unit of blood or blood product, and 
it generally is not until reaching the operating room or inter-
ventional radiology suite that effective control of bleeding is 
achieved. 

 Hemorrhagic shock often correlates to a source of surgical 
bleeding. Coagulopathy, acidosis, and hypothermia wreak 
havoc on metabolic processes and physiologic responses dur-
ing the perioperative period. In the operating theater, surgeons 

frequently focus on operative management, while decisions 
regarding transfusion, colloid, and crystalloid administration 
are made by the anesthesiologist. During damage control 
operations, bleeding is quickly controlled in preparation for 
further resuscitation in the ICU. Once in the ICU, serial 
 laboratory values, continued resuscitation, and correction of 
the acidosis, hypothermia, and coagulopathy continue until 
the patient shows signs of stabilization, returns emergently to 
the operating room or interventional suite, or succumbs to 
death. This chapter outlines the general principles of resusci-
tation and its various aspects, historical and future perspec-
tives, and non-trauma resuscitation guidelines. 

   Hemorrhagic and Hypovolemic Shock 
and Initial Stabilization Maneuvers 

 In 1946 hemorrhagic shock was induced in animal models 
and a strati fi cation system emerged: simple hypotension, 
which was noted to always be reversible if identi fi ed and 
treated; impending shock, which was reversible if treated 
aggressively; and irreversible shock state, where hypoten-
sion, sustained by high-volume blood loss, correlated to 
notable metabolic derangement  [  1  ] . The authors concluded 
that hemorrhagic shock did not occur at a speci fi c volume 
loss or blood pressure, but was rather a  fl uid state that 
required early recognition by the treating physician and 
immediate intervention during the reversible period. 

 Today hemorrhagic shock remains elusive in its de fi nition. 
It encompasses the full spectrum of a complex clinical pic-
ture and accompanying  fi ndings consistent with metabolic 
acidosis and impending cardiopulmonary collapse second-
ary to blood loss, poor tissue perfusion, tissue injury, and 
ineffective oxygen extraction (Table  1.1 , Fig.  1.1 ).   

 Hemorrhage is commonly categorized by volume and per-
cent blood loss with speci fi c  fi ndings at de fi ned losses  [  2  ] . 
Interestingly these categories are largely based on opinion rather 
than objective clinical data. Clinical parameters are not mark-
edly different from baseline in phases one and two of shock, 
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contributing to the dif fi culty in recognizing shock in its early 
stages. In providing care to the critically injured patient, it is of 
utmost importance to have the ability to diagnose impending or 
early hemorrhagic shock. It is rather easy to diagnose severe 
hemorrhagic shock; however, the affected patients have already 
undergone cardiovascular collapse and are near death. The 
astute clinician will prefer to intervene earlier, when the diagno-
sis is more obscure. Once recognized, directed treatment of 
imminent shock or ongoing hemorrhage begins. 

 During  fi eld resuscitation, patients receive treatments nec-
essary to control bleeding. Several centers tout an integrated 
database or registry to incorporate pre-hospital data to analyze 
outcomes (Table  1.2 )  [  3–  5  ] . Such pre-hospital interventions to 
consider in the management of hemorrhage are infusions of 
crystalloid and placement of tourniquets. Ultimately all 

patients in hemorrhagic shock need de fi nitive control of the 
bleeding before there will be any chance of salvage.  

   Crystalloid 

 Choice of crystalloid as a resuscitation  fl uid in the face of 
known hemorrhagic shock remains one of the most highly 
debated topics in the trauma literature at this time. It seems 
intuitive that if a person is hemorrhaging, correction of that 
shock will be contingent on the repletion of blood, and that 
his or her coagulopathy will respond to transfusion of plasma 
and platelets. However, replacement of volume by crystalloid 
represents classical teaching and guidelines for correction of 
the initial phase of hemorrhagic shock  [  6  ] . Advanced Trauma 
Life Support (ATLS)  [  2  ]  discusses placing two large-bore 
IVs and bolusing 2 liter of crystalloid for any patient assumed 
to be in hemorrhagic shock or any patient with signi fi cant 
blood loss. However, recent data suggest that as little as 1.5 l 
of  fl uid has negative clinical implications and numerous 
sources are refuting the bene fi t of large-volume crystalloid 
resuscitation in hemorrhagic shock  [  7  ] . 

   Table 1.1    Classes of hemorrhagic shock   

 I  II  III  IV 

 Blood loss (ml)  Up to 750  750–1,500  1,500–2,000  >2,000 
 Blood loss (% blood volume)  Up to 15  15–30  30–40  >40 
 Pulse rate (per minute)  <100  100–120  120–140  >140 
 Blood pressure  Normal  Normal  Decreased  Decreased 
 Pulse pressure (mmHg)  Normal or increased  Decreased  Decreased  Decreased 
 Respiratory rate (per minute)  14–20  20–30  30–40  >35 
 Urine output (ml/h)  >30  20–30  5–15  Negligible 
 Central nervous system/mental status  Slightly anxious  Mildly anxious  Anxious, confused  Confused, lethargic 

  Reprinted with permission from American College of Surgeons. ATLS manual 7th Edition, 2004  

  Fig. 1.1    Pathophysiology of hemorrhagic shock. Reprinted from 
Angele MK, Schneider CP, Chaudry IH. Bench to bedside review: latest 
results in hemorrhagic shock. Crit Care. 2008;12(4):218. Epub 2008 Jul 
10. with permission of BioMed Central       

   Table 1.2    Current indications and contraindications for EDT   

  Indications  
 Salvageable post-injury cardiac arrest: 

 Patients sustaining witnessed penetrating trauma with <15 min of 
pre-hospital CPR 

 Patients sustaining witnessed blunt trauma with <5 min of 
pre- hospital CPR 

 Persistent severe post-injury hypotension (SBP  £ 60 mmHg) due to: 
 Cardiac tamponade 
 Hemorrhage—intrathoracic, intra-abdominal, extremity, cervical 
 Air embolism 

  Contraindications  
 Penetrating trauma: CPR >15 min and no signs of life (pupillary 
response, respiratory effort, or motor activity) 
 Blunt trauma: CPR >5 min and no signs of life or asystole 

  Reprinted with permission from Mears G, Glickman SW, Moore F, 
Cairns CB. Data based integration of critical illness and injury patient 
care from EMS to emergency department to intensive care unit. Curr 
Opin Crit Care. 2009 Aug;15(4):284–9  
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 While many clinicians consider lactated Ringer’s and nor-
mal saline interchangeable, they are not. Multiple studies in 
the swine model compare the use of various crystalloid solu-
tions, focusing on lactated Ringer’s solution and normal 
saline. The swine model demonstrates that if shock is induced 
and maintained for 30 min, followed by resuscitation with 
either normal saline or lactated Ringer’s solution, the animals 
resuscitated with Ringer’s lactate have better improvement in 
markers of shock, pH, and extracellular lung water  [  8  ] . In this 
study neutrophil activation contributes to cellular damage. 
Other studies support the neutrophil activation phenomenon; 
dextran is the biggest activator, followed by normal saline and 
then lactated Ringer’s  [  9  ] . Colloid, plasma, and blood have 
also been implicated as morbid contributors to effects on neu-
trophil activation, mainly in the pulmonary system  [  10–  12  ] . 

 Lactated Ringer’s, as a resuscitation  fl uid, yields less aci-
dosis and less coagulopathy than seen with similar volumes 
of normal saline  [  13  ] . Normal saline causes a well-recog-
nized metabolic hyperchloremic acidosis; patients resusci-
tated with lactated Ringer’s do not achieve such levels of 
acidosis. Furthermore, normal saline-resuscitated patients 
demonstrate more blood loss than those resuscitated with 
lactated Ringer’s  [  8,   14  ] . This has been demonstrated also in 
the vascular literature. In a study of aortic repairs it was 
shown that there was more perioperative bleeding and acido-
sis when normal saline was used as opposed to lactated 
Ringer’s  [  15  ] . There was no statistically signi fi cant differ-
ence in outcome however. Even despite the better physio-
logic results with lactated Ringer’s resuscitation as compared 
to normal saline, lactated Ringer’s still would not be the  fi rst 
choice for resuscitation in a patient with hemorrhagic shock 
as excessive bleeding is not well controlled with replacement 
of volume by crystalloid  [  16  ] . 

 While several centers still practice crystalloid-based resus-
citation, many trauma centers are moving toward the practice 
implemented during the ongoing war in Iraq and Afghanistan 
where the standard of care is to transfuse blood and blood 
products immediately and limit the crystalloid volume during 
the initial resuscitation  [  17,   18  ] . Excessive crystalloid has been 
implicated in increased mortality and morbidity rates when 
used in large volume in the trauma patient  [  19–  21  ] . 

 Permissive hypotension purposefully maintains mean arte-
rial pressure as low as possible to ensure adequate organ per-
fusion. If the minimum mean arterial pressure is not exceeded 
with over-resuscitation, the delicate new clot formation should 
not be disrupted prior to operative intervention  [  22,   23  ] . These 
authors show that by purposefully maintaining mean arterial 
pressure no greater than 50 mmHg, the patients in these groups 
are not af fl icted with coagulopathy to the same degree as con-
trols that are resuscitated to a mean arterial pressure of greater 
than 65 mmHg. Earlier data from animal models show no dif-
ference in ultimate outcome when hypotension is maintained; 
end organ perfusion and prevention of metabolic perturbations 

that can occur when tissue oxygenation is inadequate are the 
goals of permissive hypotension  [  24  ] . That is to say that when 
metabolic acidosis is controlled and the mean arterial pressure 
is minimized on purpose, patients do not show any long-term 
adverse effects compared to patients whose resuscitation tar-
gets a higher mean arterial pressure. It is unclear how long 
patients can remain hypotensive without deleterious effects. 
The original descriptions of this concept date to World Wars 1 
and 2. The original civilian studies on this topic show less 
intraoperative bleeding and overall  fl uid requirement and 
hence less postoperative morbidity when this strategy is 
applied  [  25  ] . Survival is improved by limiting crystalloid infu-
sion. Furthermore overaggressive resuscitation to a physiolog-
ically normal blood pressure may contribute to ineffective 
hemostasis, termed “popping the clot,” shown in an animal 
study where raising the blood pressure caused re-bleeding and 
increased mortality  [  26  ] . This cycle of repeated resuscitation 
and bleeding is ultimately detrimental to clot stability and to 
overall survival  [  27  ] . 

 The use of tourniquets in the  fi eld has turned some of the 
most life-threatening injuries into ones where life and limb 
can be salvaged. The resurgent use of tourniquets has been 
overwhelmingly supported in the recent military data from 
the Iraq and Afghanistan experience, where it is shown that 
there are virtually no adverse effects of the tourniquet itself  [  28  ] . 
Even in inexperienced hands, tourniquets have been shown 
to prevent life-threatening exsanguination and should be 
applied in any situation in which extremity hemorrhage 
exists and prior to the onset of exsanguination  [  28,   29  ] . 
Mangled extremities are not more likely to require amputa-
tion when a tourniquet is applied. There are several com-
mercial devices available and their purpose is to exert 
enough circumferential pressure to prevent blood from 
 fl owing into the extremity in question  [  30  ] . Contrary to 
older teaching, use of a tourniquet does not cause increased 
amputation rates  [  31  ] .  

   Hospital Arrival 

 Once in the emergency department, indices of vital signs and 
laboratory values may assist the surgeon in separating the crit-
ically ill trauma patient from one who appears “stable.” 
Lactate, serum bicarbonate, base de fi cit, hemoglobin, or tissue 
oxygenation are some of the most crucial lab values in deter-
mining metabolic acidosis, which occurs with poor tissue oxy-
gen extraction and indicates shock at the cellular level  [  32–  38  ] . 
Lactate, in the pre-hospital setting, may be more predictive of 
prognosis than are vital signs, which can be fairly stable until 
hemodynamic collapse ensues  [  39  ] . Lactate increases in 
under-perfused tissues and can be an early predictor of impend-
ing shock, and helps differentiate the stable patient from the 
one in a compensated shock state. 
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 Base de fi cit is a re fl ection of metabolic acidosis second-
ary to unmeasured anions, which is typically assumed to be 
lactate in the trauma patient  [  40  ] . Base de fi cit, lactate, anion 
gap, and bicarbonate levels all correspond to metabolic aci-
dosis and have all been shown to predict morbidity and mor-
tality  [  41–  44  ] . However, bicarbonate is only a single marker 
of acid–base status, whereas anion gap, base de fi cit, and lac-
tate all have some dependence on electrolytes, pH, and buf-
fer capacity of blood  [  45  ] . There does not seem to exist great 
consensus in the literature regarding which is the best predic-
tor of mortality  [  46  ] . 

 Up to a third of patients in the ICU show discordance 
between their base de fi cit and lactate, and in these situa-
tions it has been shown that lactate is more predictive of 
overall outcome, when it differs signi fi cantly from base 
de fi cit  [  47  ] . Authors from this source imply that base de fi cit 
on its own does not have the predictive capacity for mortal-
ity that lactate has. On the other hand, while lactate is the 
most helpful in the initial phase of resuscitation, it is not as 
accurate in determining the ongoing causes of metabolic 
acidosis in critical situations outside of trauma where lac-
tate may not elevate, such as respiratory alkalosis and dia-
betic ketoacidosis. 

 Serum bicarbonate will correlate with base de fi cit only 
when the pH is constant, which has clinical implications in 
the patient whose standard chemistry is drawn from a venous 
line at a different time than the arterial blood gas is collected 
 [  48  ] . The  fl uctuating pH may affect the accuracy of either 
measurement when compared to the other. There may be a 
signi fi cant difference in base de fi cit when comparing arterial 
to venous samples. Venous samples may be more sensitive to 
changes in pH, pCO 

2
 , and pO 

2
  resulting in earlier changes in 

base de fi cit  [  49  ] . 
 Acidosis, coagulopathy, and hypothermia portend the 

downward spiral into fulminant hemorrhagic shock. The 
key to understanding hemorrhagic shock is to understand 
the interactions of the lethal triad and the human body’s 
capacity to self-correct versus what must be medically and 
surgically repaired. Acidosis is a product of poor tissue per-
fusion and death at the cellular level  [  50  ] . Lactic acidosis is 
a  fi nding associated with cellular anoxia. Free radical release 
during tissue hypoxia also contributes to overall organ dys-
function and further perpetuates the cascade  [  51  ] . The coag-
ulopathy is secondary to dilution, platelet dysfunction, 
cellular damage, decreased hepatic synthesis of factors, and 
shunting of proteins away from creating coagulation factors 
and toward production of acute-phase reactants  [  51–  55  ] . 
Hypothermia occurs secondary to decreased metabolism. It 
is also associated with infusion of cold or chilled blood 
products and crystalloid, and hypothermia itself contributes 
to continued perpetuation of coagulopathy  [  56  ] . Furthermore 
it is the mismatch between oxygen delivery and consump-
tion with resultant organ dysfunction that de fi nes the shock 

state  [  57  ] . All three elements of the lethal triad contribute 
and potentiate the death spiral after substantial bleeding. 
Interruption of this process is paramount to survival.  

   Evaluation of Volume Status 

 Distinguishing compensated shock from impending com-
plete cardiovascular collapse can be dif fi cult. Understanding 
physiology and volume status on a global scale seems 
straightforward—it is the clinical application of these prin-
ciples to the individual patient that creates a conundrum for 
identifying the degree of shock. Given the application of 
focused assessment with sonography in trauma (FAST) 
exam, there has been some interest in examination of the 
inferior vena cava (IVC) volume during the initial assess-
ment. This is a noninvasive, accurate, and rapid way to assess 
the patient’s overall volume status and is easy to repeat. The 
technique has been described as placing the patient in the 
supine position and angling the probe toward the right shoul-
der from a subcostal view. The IVC can be measured at the 
entrance of the hepatic veins. Measuring in expiration 
appears to yield the most accurate measurement. Several 
small studies demonstrate that measurements of IVC diam-
eter are incredibly fast, noninvasive, accurate measures to 
determine if shock is present  [  58–  61  ] . Of note there can be 
error in measuring the IVC diameter; when accounting for 
volume variability, the anterior–posterior measurement has 
been found to be less precise than measurements taken on 
the oblique axis  [  61  ] . In this manuscript the minor axis was 
de fi ned as the shorter axis when the IVC was viewed as an 
ellipse shape in horizontal orientation. Trauma patients were 
included in the study if they were noted to be hypovolemic 
on the initial ultrasound (minor axis measurement less than 
15 mm, consistently measured one cm below the renal ves-
sels) and if they received a computed tomography (CT) scan 
of their abdomen to further con fi rm results within 1 h of their 
diagnosis of hypovolemia. Expected expansion after  fl uid 
resuscitation was approximately 7 mm in the minor axis. It 
remains to be seen if this technique can be widely applied 
and reliably instituted as a means to identify patients who are 
volume depleted or dependent.  

   The Role of CPR During Resuscitation 

 One of the great follies occurring during the treatment of 
hemorrhagic shock is to perform advanced cardiac life sup-
port (ACLS) or cardiopulmonary resuscitation (CPR) with 
the notion that there will be any chance of survival. ACLS/
CPR does not appear in the resuscitation algorithm of ATLS 
simply because it has no purpose there; it has no role in the 
de fi nitive treatment of hemorrhagic shock  [  2  ] . Until the 
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source of the hemorrhage is controlled and intravascular vol-
ume restored after hypovolemic arrest, there is no other 
effective treatment option. 

 In the pediatric literature, several studies have looked at 
long-term survival data on children who received ACLS in 
the  fi eld prior to arrival at the treating facility  [  62  ] . The majority 
of non-survivors in this study of blunt trauma mechanisms 
all had either a head injury or a spinal cord injury, and the 
causes of death in all cases were secondary to devastating 
neurologic demise or neurogenic shock with cardiopulmo-
nary collapse. Only two deaths had identi fi able sources of 
hemorrhage, which were unable to be adequately controlled. 
Of the two who survived out of the total 25 who received 
CPR either in the  fi eld or in the emergency department, both 
had detectable vital signs during transport, lost vitals in the 
emergency department, and had protracted periods of CPR. 
Neither survivor had a head injury. The  fi nal conclusions 
from this data set were that children who received  fi eld CPR 
had poor prognosis and that traumatic hemorrhage, brain 
injury, and spinal cord injury were likely not treatable in any 

manner by way of CPR. These results are consistent with 
previous data showing abysmal outcomes for survivability 
in children receiving post-traumatic CPR  [  63,   64  ] .  

   Emergency Room Thoracotomy 

 Although residents often consider it a rite of passage to per-
form the emergency room thoracotomy (ERT)  [  65  ] , the 
mature surgeon realizes that the ERT has its place in very 
few clinical circumstances (Fig.  1.2 ). With only a 2% overall 
survival rate in blunt trauma, and a 35% survival rate for 
patients with a single penetrating, quickly controllable injury 
and no or brief loss of vitals, a selective approach to deciding 
which patient quali fi es for such an invasive maneuver is 
mandatory.  

 In 1993 a small study of 23 retrospectively reviewed cases 
from UC Davis-Sacramento’s children’s hospital showed 
that the parameters for ERT and survival rate paralleled those 
of the adult population with mortality of greater than 96% 

  Fig. 1.2    Algorithm showing when a resuscitative thoracotomy 
should and should not be performed. Reprinted with permission 
from Mears G, Glickman SW, Moore F, Cairns CB. Data based inte-

gration of critical illness and injury patient care from EMS to emer-
gency department to intensive care unit. Curr Opin Crit Care. 2009 
Aug;15(4):284–9       
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and more than 85% based on blunt or penetrating mecha-
nism  [  66  ] . A more selective approach to the pediatric popu-
lation is now standard of care. 

 Once the decision has been made to commit to the ERT, 
several key maneuvers remain instrumental. The chest 
should be opened swiftly and ef fi ciently. The skin, subcuta-
neous tissue, and muscle should be quickly divided at the 
level of the fourth intercostal space and the superior edge of 
the rib exposed and then followed to gain appropriate level 
access to the thoracic cavity. The rib space is held open 
using a retractor and the inferior pulmonary ligament is 
divided sharply with scissors up to the inferior pulmonary 
vein. The lung is then retracted superiorly and anteriorly 
with the left hand while the right hand traces the posterior 
ribs to the aorta. The pleural tissue about the aorta is divided 
sharply or bluntly dissected with a  fi nger and the aortic cross 
clamp is placed. Care is taken not to injure any intercostal 
arteries. During this time any blood in the chest is evacuated 
swiftly. The pericardium can be opened anterior to the 
phrenic nerve with a plan of how cardiac injury will be 
controlled during consequent transport to the operating 
room. The patient should then, upon return of vital signs, be 
transported to the operating room where de fi nitive surgical 
management can occur.  

   Massive Transfusion 

 Since no factors, other than severe head injury, have ever 
been identi fi ed to correlate with non-survivability, massive 
transfusion protocols should not be held for an assumption of 
impending mortality  [  67  ] . According to this article, no lab 
value, no injury severity score (ISS), no demographic data, 
and no vital sign, singly or grouped, determine a mortality 
score. A second manuscript from the same group of authors 
discusses a potential model for predicting mortality at 
30 days; however, still there are cautions against using such 
a model to withhold much-needed blood products during 
resuscitation  [  68  ] . Factors most predictive of 24-h mortality 
are pH, base de fi cit, and amount of blood transfused within 
the initial 6 h. Factors at 30 days that are of signi fi cance 
include age and ISS on admission. 

 At Memorial Hermann Hospital in Houston, Texas, the 
massive transfusion protocol is activated for any patient who 
is suspected to require substantial transfusion, based on any 
one of the following: heart rate on arrival of more than 120 
beats per minute, systolic blood pressure on arrival of less 
than 90, a positive FAST exam, penetrating or blunt trauma 
mechanism, or having a requirement for un-crossmatched 
blood in the emergency room on arrival. These recommenda-
tions come from retrospective data comparing predictive 
scores for massive transfusion. Using these parameters a score 
of two or greater was found to be 75% sensitive and 86% 

speci fi c, correlating relatively well without statistical 
signi fi cance to other published scoring systems  [  69  ] . The goal 
of this guideline is to make a continuous supply of six units of 
packed red blood cells (PRBC), six units of plasma (FFP), 
and one dose of a six-pack of platelets readily available. After 
12 units of PRBC it is advised to check a  fi brinogen level and 
if less than 100 mg/dl to administer ten units of cryoprecipi-
tate. Serial labs are also drawn during the massive transfusion 
and include lactate, arterial blood gas, rapid thromboelasto-
gram (TEG), coagulation panel, and complete blood count 
(CBC) with differential and platelet count. It should be noted 
that a TEG is available within minutes ( fi ve for a rapid TEG), 
whereas the coagulation panel and CBC take more than 
45 min to process  [  70  ] . Additionally all code three trauma 
activations, which are the highest acuity patients at Memorial 
Hermann Hospital, are typed and crossed on arrival so that 
type-speci fi c blood may be given when available. 

 Although directed transfusion with speci fi c ratio has never 
been de fi nitively proven to have advantage  [  71,   72  ] , a 1:1:1 
ratio of FFP:platelets:PRBC is maintained for trauma patients 
at Memorial Hermann Hospital. Data supporting the 1:1:1 
FFP:platelet:PRBC ratio initially came from military litera-
ture dating from 2007, which shows an improvement in mor-
tality for patients receiving such ratios  [  73  ] . This was later 
extrapolated in several studies to the civilian population and 
further propagated in several trauma centers as a new stan-
dard of care  [  74  ] . A review article from 2010 looked at nine 
additional observational studies that were published after the 
2007 article  [  75  ] . While these authors agree that a 1:1:1 ratio 
seems to be well supported by the retrospective data thus far, 
they quickly focus attention to the lack of randomized con-
trolled trials on the subject and to the inherent dif fi culty of 
maintaining a perfect ratio during a true massive resuscita-
tion. Interestingly, there are no large randomized studies sup-
porting the conventional method of transfusion. Additionally, 
they identify the prospect of using lab-guided and goal-
directed transfusion recommendations, which have not at 
this point been prospectively studied. 

 A goal-directed transfusion protocol is a seemingly attrac-
tive approach for trauma resuscitation. Originally, massive 
transfusion protocols were designed to rapidly and reliably 
provide products to patients who had clinical evidence of 
substantial hemorrhage. Products and blood were given with-
out a speci fi c ratio until patients either expired or improved 
clinically. After introduction of the 1:1:1 ratio, which targets 
the coagulopathy that accompanies massive transfusion, sur-
geons began to question if transfusion should be automatic or 
rather if it should be guided by objective data and lab values. 
One of several manuscripts on goal-directed resuscitation 
 [  76  ]  expresses the idea that resuscitation may be more func-
tional and cost effective if lab values, such as TEG, are used 
to guide decision making during the resuscitation. This con-
cept relies on laboratory reports being ordered, drawn, sent 
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to, and returned from the laboratory in a clinically relevant 
time frame. Current published data call into question the 
rapidity with which laboratory values can be utilized in the 
rapidly bleeding patient. Which reproducible ratio (if any) 
that a goal-directed resuscitation returns will be interesting to 
see. There is, at this time however, no consensus on either the 
1:1:1 ratio or the use of goal-directed transfusion for resusci-
tation. These outstanding questions await level 1 data.  

   Thromboelastogram 

 The trauma service at the University of Texas at Houston has 
been using r-TEG consistently in all higher level activations 
for more than 18 months. The TEG is used to guide deci-
sions on non-massively hemorrhaging patients or patients at 
risk of hemorrhage. TEG is a plotted graph of the effective-
ness of clot formation and breakdown, and is considered 
more accurate to identify causes of coagulopathy in the 
trauma patient than is a coagulation panel  [  77,   78  ] . A recent 
Cochrane Review failed to show any mortality difference in 
patients who are resuscitated using TEG guidance versus 
those who follow a standardized massive transfusion proto-
col; however, the authors note that only  fi ve of the included 
nine studies evaluated mortality data as an endpoint  [  79  ] . 
They also note that TEG can potentially reduce the amount 
of transfusions if interpreted and applied during hemorrhagic 
shock, but that the data on this point is not de fi nitive  [  79  ] . 

 The TEG curves can provide information about all aspects 
of the clotting system, possibly even the interactions with 
the endothelium, which is currently an ongoing area of 
research  [  80  ] . The initial part of the TEG, which comprises 
the R time, or the activated clotting time (ACT), illustrates 
the amount of time to begin forming a clot (Fig.  1.3 ). The K 
time shows how long it takes to reach clot strength and quan-
titates the clot kinetics  [  81  ] , whereas the alpha angle and the 
maximal amplitude (MA) show the rate of clot formation 
and the absolute clot strength indicating a relationship 

between  fi brinogen and platelets, respectively. A low angle 
re fl ects a low  fi brinogen concentration; a low MA means 
that the platelet count or function is reduced and the patient 
would bene fi t from platelet transfusion or desmopressin 
(DDAVP). The LY30 indicates the stability of the clot and 
the degree of  fi brinolysis. The G value shows clot strength or 
 fi rmness  [  82  ] .  

 Normal ACT, R time, and K time indicate that clotting 
factors are intact and functional. Delays in any of these mean 
that the patient would most bene fi t from the administration 
of FFP or factor; additionally it can re fl ect a patient on hepa-
rin or other medication that impairs clotting. The angle and 
MA re fl ect platelet function and an increase in either sug-
gests hypercoagulable state, whereas a decrease in either 
means that the platelets may not be aggregating properly. In 
patients with an elevated MA there is argument for adminis-
tration of a daily aspirin or placement of an IVC  fi lter (pub-
lication pending)  [  83  ] . It has been shown that an MA greater 
than 68 correlates with an increase in coagulability, predis-
posing patients to thromboembolism  [  84  ] . LY30 greater than 
3% has signi fi cant consequences of increased mortality and 
should be treated with amicar or tranexamic acid  [  85–  88  ] . 

 Damage control resuscitation is a term coined in the mili-
tary  [  89,   90  ] . It is a reproducible strategy with reproducible 
results and it is automatic and continuous until a physician 
decides that the shock state has resolved and that hemostasis 
has been achieved. It describes a resuscitation that uses 
replacement blood product, rather than crystalloid, for hem-
orrhagic shock. By limiting the crystalloid infused in the ini-
tial resuscitation, patients appear to have less complications 
and morbidity  [  91,   92  ] . There are fewer reports of compart-
ment syndromes, a higher number of abdomens that can be 
closed after a damage control laparotomy, less acidosis, and 
less electrolyte disturbances. 

 Many centers now utilize a strategy of blood product 
resuscitation and limitation of crystalloid allocation  [  93  ] . For 
example Cotton and colleagues investigated the success of 
the trauma laparotomy when damage-control resuscitation in 

  Fig. 1.3    Analytical software 
graphical representation of a 
TEG tracing. R: initial time; K: 
time it takes to reach clot 
strength; MA: maximal 
amplitude; LY: lysis. Reprinted 
with permission from Mark H. 
Ereth, MD. Uncontrolled 
bleeding after thoracic aortic 
aneurysm repair: a case report 
and interactive discussion.   http://
www.bloodcmecenter.org           
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a 1:1:1 ratio and limited crystalloid were implemented  [  94  ] . 
This strategy of damage control resuscitation was found to 
be useful in the  fi eld. Patients in the damage control resusci-
tation group received approximately 10 l less of crystalloid 
in the  fi rst 24 h, had better short- and long-term survival, and 
showed signs of being less acidodic, less coagulopathic, and 
less hypothermic on arrival to the ICU than patients who 
received a traditional resuscitation. The study was a retro-
spective cohort that examined two similar groups of patients, 
 fi nding improved morbidity and mortality rates in the group 
receiving better ratios and colloid. Secondary analyses 
showed statistically signi fi cant differences in multi-organ 
failure, acute lung and kidney injury, and their effects. 

 The length of time it takes to get access to FFP plays a 
role in the success of a massive transfusion protocol  [  92  ] . 
Several studies have examined time factors in receiving 
product as a way to analyze the effectiveness of a massive 
transfusion protocol  [  95–  97  ] . At Memorial Hermann Hospital 
in Houston the trauma team improved availability of the ini-
tial unit of FFP by simply changing the physical location of 
the thawed FFP from the blood bank to the emergency 
department (unpublished data). This data shows an improve-
ment in infusion time interval from 56 min to less than 5 min, 
which is associated with improved outcomes.  

   Hypertonic Saline 

 Crystalloid evaluation would not be complete without consid-
eration of hypertonic saline. Hypertonic saline use is pervasive 
throughout the literature. Prior to the recent explosion of blood 
product-based resuscitation, crystalloid resuscitation was the 
standard of care. Hypertonic saline shows some improvement 
in blood pressure and arguable survival difference for patients 
who receive it in the pre-hospital setting  [  98  ] . There are other 
studies showing decreased pre-hospital  fl uid requirements in 
patients who receive hypertonic during transport  [  99  ] . 
Immunomodulatory effects are enhanced with single adminis-
tration of 250 ml of hypertonic saline in the initial phase of 
resuscitation of hemorrhagic shock  [  100  ] , and this could have 
additional effects on patients with later discovered head injury 
 [  101  ] . A large study of hypertonic saline showed statistical 
difference in outcome in pediatric head-injured patients when 
compared with isotonic  fl uid administration  [  102  ] . Hypertonic 
saline decreases interstitial pressure and consequently 
decreases bowel edema, which may be a potential bene fi t of 
using it on the patient whose abdomen is still open, as will be 
discussed later  [  103,   104  ] . Animal studies in the 1990s showed 
that there was no protective effect or difference in outcome for 
the patient in hemorrhagic shock with a head injury  [  105  ] . 
Since that time several studies examining hypertonic saline as 
a resuscitative  fl uid have been terminated secondary to futility 
and concerns for patient safety  [  106,   107  ] . It is still debatable 

that hypertonic has a physiologic or survival advantage when 
compared to other crystalloid formulations when used as a pri-
mary resuscitation  fl uid  [  108  ] .   

   Complications of Resuscitation 

 Data from the days when trauma patients were resuscitated 
with multiple liters of saline prior to receiving their  fi rst 
blood product shows complications more related to the over-
whelming volume of crystalloid infused than to the blood 
and product resuscitation  [  109–  111  ] . These types of compli-
cations include compartment syndromes, high number of 
abdomens that cannot be closed, and grossly edematous 
bowel, all secondary to large volume resuscitation  [  112  ] . 
Complications of transfusion-related acute lung injury 
(TRALI) and transfusion-associated circulatory overload 
(TACO) are not seen frequently now because the base resus-
citative  fl uid is colloid at lower volume not large volumes of 
crystalloid  [  113–  115  ] . Ileus, heart failure, and dif fi culty with 
wound healing have all additionally been attributed to over-
resuscitation with crystalloid. 

 All trauma patients who receive a massive resuscitation 
are at risk of abdominal compartment syndrome. One study 
claims that there will be an epidemic if crystalloid resuscita-
tions are continued with such fervor and that patients are 
threatened by secondary compartment syndrome that occurs 
solely as the result of excessive crystalloid resuscitation dur-
ing hemorrhagic shock  [  116  ] . Abdominal hypertension is 
de fi ned as any pressure greater than 12 mmHg without evi-
dence of multi-organ failure. Abdominal compartment syn-
drome is de fi ned as any one of the following: pressure greater 
than 20 mmHg; progressive, identi fi able organ dysfunction; 
and improvement following decompression. The trauma 
population is susceptible, even those who lack abdominal 
injuries and develop elevated pressures simply due to the 
amount of  fl uid they receive  [  112  ] . In Houston during the 
late 1990s the resuscitations during the  fi rst 24 h for a group 
of 128 patients requiring decompression for organ dysfunc-
tion averaged the following volumes: (26 ± 2 units PRBC, 
38 ± 3  l  crystalloid). Seven of these cases required urgent 
non-abdominal operations, where they likely received sev-
eral additional units of crystalloid or colloid  [  117  ] . 

 It is recommended to check bladder pressures and peak 
inspiratory pressures routinely and aggressively in patients 
where massive transfusion has taken place  [  118  ] . This prac-
tice of serially checking bladder pressures, based on obser-
vational data, seems to help in the early identi fi cation of 
abdominal hypertension, perhaps staving off the evolution 
to abdominal compartment syndrome  [  119  ] . Decompression 
can be done with placement of a temporary dressing and 
later planned closure with evidence of better results and 
earlier closure  [  120,   121  ] . 
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 Keeping the abdomen open after a damage control laparo-
tomy also has its disadvantages. It has been shown that ileus 
and bowel edema prevent advancement of feeds and de fi nitive 
closure, and that these phenomena are likely related to an 
ongoing in fl ammatory response that occurs as a result of the 
sustained acute resuscitative phase  [  122–  124  ] . It is addition-
ally unclear whether ileus is a cause or an effect of bowel 
edema and vice versa  [  125,   126  ] . Three percent hypertonic 
saline running at 30 ml/h during the time that the abdomen is 
open decreases bowel edema  [  103  ] . The mechanism is thought 
to be due to hydrostatic gut edema induced by overaggressive 
resuscitation with crystalloid. The hypertonic saline gives a 
smaller volume of more concentrated solution, and pulls extra 
edematous  fl uid from the bowel wall. Success has been shown 
in the rat and subsequently in the human model.  

   Monitoring Systems in the Intensive Care Unit 

 Once the trauma patient arrives in the surgical ICU there are a 
number of different monitoring systems available, such as the 
Swan Ganz, the Vigileo, LiDCo, and PICCo, to trend cardiac 
output, ScVO2, stroke volume variation (SVV), and other mea-
sures of hemodynamic parameters (Table  1.3 ). The Swan Ganz 
catheter, introduced in 1970, was the  fi rst right heart catheteriza-
tion device that could be placed at the bedside without the use of 
real-time imaging. Measurements are taken by thermodilution 
and continuous monitoring. The Swan Ganz catheter, also 
known as a pulmonary artery catheter (PAC), was used for many 
years under the assumption that “knowledge of the numbers” 
improved patient outcome. The other monitoring devices use 
the arterial wave form to extrapolate data.  

   Pulmonary Artery Catheterization 

 The following data references overwhelmingly show that 
there is no indication for the routine use of the PAC in any 
speci fi c patient population (Fig.  1.4 ). The Connors paper 
from Case Western concludes that there is an overall lack of 
bene fi t to using PAC  [  127  ] . The second landmark article 
from 1996 is from Cooper, looking at data from 36 studies 
where PAC was used  [  128  ] . Citing several of them in particu-

lar he notes that there is no difference to most endpoints in 
any of the articles used. Speci fi cally there is no signi fi cant 
difference found for mortality, ICU length of stay, hospital 
length of stay, or total hospital costs.  

 The Cochrane Review shows that of the 12 studies 
included to evaluate the validity of PAC use, only one has 
adequate power to substantiate the results. It has been found 
that there is no difference in mortality, complication rate, 
morbidity, cost, or length of stay with or without a PAC 
 [  129  ] . The key  fi nding is that the PAC has been used exten-
sively without the evidence of its merit. Studies included 
here are all randomized, but not all blinded; 4,687 total 
patients are included. The use of a PAC does not demonstrate 
survival advantage in any group. In 2010 noncardiac, high-
risk surgical patients potentially bene fi t when selectively 
chosen for PAC if it is used to better optimize oxygen deliv-
ery and consumption for volume or inotropic support. From 
the Evaluation Study of Congestive Heart Failure and 
Pulmonary Artery Catheter Effectiveness (ESCAPE) data-
base numerous studies from 2009 to 2011 have been pub-
lished stratifying patients in different manners to revisit the 
issue of the PAC, heart failure management in general, and 
other various related issues  [  130–  132  ] . There continues to be 
inconsistent data on the utility of the PAC in the general sur-
gery population and fairly unclear and nonuniversal indica-
tions in the cardiac and heart failure populations. 

 Additionally there are other devices that are non- or min-
imally invasive that can assist the physician in assessing 
these parameters  [  133  ] . Examples include bedside echocar-
diography, arterial catheters, central venous pressure (CVP) 
monitoring, SVV, and arterial blood gas. Current indica-
tions for the use of the PAC include combined shock states, 
such as cardiogenic and septic, discordant ventricular heart 
failure, and in working up the differential of pulmonary 
hypertension.   

   General Surgery Operative Resuscitations 

 Consideration should be given to the application of transfu-
sion protocols to the massively bleeding non-trauma patient 
and to the general surgery patient who requires  fl uid in the 
operating room, but who is not bleeding. There is extensive 

   Table 1.3    Different monitoring systems available in the intensive care unit   

 LiDCO  PiCCO  FloTrac  PAC/thermodilution 

 SV, SVV, CO  SV, SVV, CO  SV, SVV, CO  SV, CO, SVO2 
 Calibrate Q 8 h  Calibrate Q 8 h or when HD changes  Self-calibrates  Recalibration required 
 Arterial line; CVC or PIV  CENTRAL Arterial Line; CVC  CENTRAL Arterial Line; CVC  Uses its own catheter 
 Cannot be used: First-trimester 
pregnancy, weight less 40 kg 

 Independent of vent or damping of A-line  Dependent on strong wave form; 
arrhythmia affect reads 

 No contraindication 
 Best used in the patient where 
there are two shock states, 
such as cardiogenic and septic 
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data that aggressive intraoperative resuscitation maneuvers 
negatively affect fresh bowel anastomoses, contribute to 
edema, and inevitably increase ileus time  [  134  ] . In this study 
the administration of 10.5 l of IV  fl uid or blood product within 
the  fi rst 72 h corresponds to a  fi vefold increase in anastomotic 
breakdown rate. It is equally well known that non-resuscitative 
 fl uid volumes can hurt bowel anastomoses in elective general 
surgery cases  [  135  ] . Perioperative  fl uid restriction appears to 
be one way, other than good technique, in which surgeons can 
control the integrity of the anastomosis  [  136–  138  ] .  

   The Obstetric Patient 

 In the obstetric data, and likely similarly in other surgical 
subspecialties not involving trauma, resuscitation for hemor-
rhagic shock includes all the interventions described previ-
ously and additional specialty-speci fi c interventions (i.e., 
hysterectomy). Thromboelastography is promoted in the lit-
erature, as is low-volume crystalloid, with better goal-
directed, smaller volume, resuscitation  [  139  ] . 

 Adding colloid, speci fi cally albumin, to the resuscitation 
formula decreases the amount of crystalloid needed to 

maintain target urine output  [  140  ] . There are no reported 
compartment syndrome complications in this group, but 
albumin use in the general population for resuscitation is still 
not universally implemented.  

   The Burn Patient 

 The burn data is extensive, as expected. Any burn over 
20% requires a balanced  fl uid management strategy. 
Several formulas exist to guide  fl uid resuscitation in burn 
patients, with all having a common goal of replacing the 
losses associated with the injury based on the size of the 
burn and maintaining urine output. All of the parameters 
that are used for trauma resuscitations, including base 
de fi cit, lactate, bicarbonate, and urine output 0.5–1 ml/
kg/h should be used in the burn population, since these val-
ues are not exclusive to the trauma subset and are reason-
ably applied and extrapolated to the burn patient. All of 
these formulas can contribute to over-resuscitation, caus-
ing a term called “ fl uid creep”  [  141  ] . Boluses are not 
encouraged; the burn victim responds best to periodic 
adjustment in rate  [  142  ] . 

  Fig. 1.4    Pulmonary artery catheter (PAC) insertion. During insertion, the 
waveforms change as the PAC enters the heart. ( a ) When the PAC enters 
the right atrium, a waveform with two upright  peaks  appears. The a 
waves represent the right ventricular end-diastolic pressure. The v waves 
represent the right atrial  fi lling. ( b ) The catheter enters the right ventricle. 
Sharp systolic upstrokes and lower diastolic dips appear in the waveform. 
( c ) A pulmonary artery pressure (PAP) waveform appears. The dicrotic 
notch in the PAP upstroke indicates pulmonic valve closure. ( d ) When the 

PAC “ fl oats” into a distal branch of the pulmonary artery, the balloon 
becomes wedged in vessels that are too narrow for it to pass. A pulmo-
nary artery wedge pressure (PAWP) waveform appears, with the a wave 
representing left ventricular end-diastolic pressure and the v wave repre-
senting ventricular  fi lling. ECG—electrocardiogram. Reprinted with 
permission from Instructor’s Resource CD-ROM in: Fontaine DK, 
Hudak CM, Gallo BM, Morton PG (eds). Critical care nursing: a holistic 
approach, 8th edition, copyright 2004 Lippincott Williams & Wilkins       
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 When considering the percentage of burn and calculating the 
predicted losses to be replaced, it is important to consider inha-
lation injury which adds surface area-insensitive loss. Unlike 
trauma, colloid is not recommended for the initial resuscitation 
of the burn patient; albumin should not be used in the initial 
resuscitation because it leaks into the interstitium and causes 
additional  fl uid loss from the vasculature  [  143,   144  ] . Of course 
any extra  fl uid volume during resuscitation manifests as edema 
and can result in any complication associated with over-resusci-
tation, including compartment syndromes  [  145  ] .  

   Conclusion 

 Resuscitation is an art and requires attention to detail at all 
stages including pre-hospital, hospital, operating room, and 
ICU. The salient points from this chapter are to focus resus-
citation on providing de fi cient products, using TEG to guide 
resuscitation for the non-massive transfusion patient, and 
monitor resuscitation with speci fi c goals and endpoints. 
Interested readers are encouraged to focus on several of the 
resources below to enhance their knowledge and perfect their 
resuscitation abilities.      
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