
147© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 
F. Coccolini, F. Catena (eds.), Textbook of Emergency General Surgery, 
https://doi.org/10.1007/978-3-031-22599-4_12

12Principles of Perioperative 
Management in Acute Care 
Surgery

Oreste Romeo, Taylor A. Davidson, 
and Scott B. Davidson

12.1  Introduction

The acute care surgeon will often face complex 
management decisions during the initial 72  h of 
treatment. The role of the surgeon remains undoubt-
edly central to navigating the patient through all 
phases of care into excellent outcomes. Through the 
process of surgical care, the patient’s physiology is 
taxed to tolerate the surgical insult and to heal the 
operative site. Optimization of the physiologic 
baseline thus becomes imperative to achieve suc-
cessful outcomes. Preparing a patient for surgery 
and the immediate postoperative management can 
present a daunting array of physiologic and meta-
bolic derangements. This endeavor can be over-
whelming and circumstances may not allow for the 
immediate assistance of critical care consultants or 
other subspecialists. The emergent surgical and 
trauma patient requires attention to additional phys-
iologic and biologic factors that must be addressed. 
Preoperative risk stratification and risk factor modi-
fication, while useful in elective surgery, may be of 
limited utility to the surgeon embarking on emer-

gent intervention. However, several well-estab-
lished guidelines, i.e., balanced resuscitation with 
massive transfusion protocol (MTP), Surviving 
Sepsis Campaign (SSC), and Acute Respiratory 
Distress Syndrome Network (ARDSnet), can be 
readily incorporated into this framework and assist 
the surgeon in preparation and resuscitation.

There are multiple approaches to the manage-
ment and care of complex and critically ill 
patients. We have found that assessment mirror-
ing that of the traumatically injured patient can 
be utilized in any patient, is pragmatic, and allows 
the surgeon to institute a thorough care plan 
throughout the perioperative timeframe.

A primary survey is performed, followed by a 
secondary survey where each body system is 
assessed, incorporating the physical exam, labora-
tory, and radiologic findings pertinent to that sys-
tem. The management plan then follows to address 
any abnormalities of that system. This sequential 
approach allows for the assimilation of large 
amounts of data while minimizing the risk of miss-
ing critical information. What follows is a brief 
review of the shock states that may be encountered 
by the practicing general surgeon. Next is a sum-
mary of some of the common endpoints of resusci-
tation. These endpoints can be utilized throughout 
the perioperative course and serve to minimize 
injury to key organ systems. The challenge of this 
chapter is to provide a  practical framework from 
which to assess and manage these most complex 
patients.
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12.2  Shock Etiology

In the many scenarios facing the surgeon, none is 
more demanding than that dominated by the core 
physiological instability of the shock states. The 
ultimate recovery of the surgical patient hinges as 
much on the appropriate and timely interventions 
apt at restoring the physiologic integrity in the 
ICU as it does on appropriately planned and 
expeditiously performed procedures in the oper-
ating room. Cuthbertson in 1942 was the first to 
describe two distinct phases of the metabolic 
shift that occurs after major trauma and later rec-
ognized this to be a common denominator of all 
shock states [1]. He characterized “ebb” and 
“flow” phases of posttraumatic metabolic altera-
tions. The “ebb” phase, early and shorter in 
nature, is associated with reduced total body 
expenditure and increased urinary nitrogen wast-
ing in addition to a surge in the release of neuro-
endocrine hormones and an increased sympathetic 
flow response. In contrast, the “flow” phase 
occurs after resuscitation from a state of shock. 
This leads to increased metabolic turnover, acti-
vation of the innate immune system, and induc-
tion of the hepatic acute phase response.

Shock is defined as inadequate delivery of 
oxygen at the cell level with a secondary meta-
bolic shutdown and eventual multiorgan dysfunc-
tion syndrome. Prompt recognition is the 
paramount first step in affording intervention 

towards mitigation and its early reversal. The 
acute care surgeon may encounter several types 
of shock, with septic and hemorrhagic as the 
most common. Lawrence categorizes shock as 
follows: [2].

Hypovolemic shock (hemorrhagic, nonhem-
orrhagic) results from reduced intravascular vol-
ume, leading to reduced preload and cardiac 
output (CO).

Distributive shock (septic, neurogenic, ana-
phylactic, adrenal crisis) results from excessive 
vasodilatation of the peripheral vasculature, lead-
ing to impaired distribution of blood flow.

Cardiogenic shock results from sudden fail-
ure of the cardiac pump function as seen in acute 
MI, valve rupture, or arrhythmias.

Obstructive shock results from impaired 
blood flow in the cardiopulmonary circuit. 
Common causes include tension pneumothorax, 
pericardial tamponade, and massive pulmonary 
emboli.

Structured scores and quality initiatives have 
been created to facilitate early recognition. 
Resuscitative endpoints, especially for the hem-
orrhagic and septic categories most crucial to the 
acute care and trauma surgeon, will be empha-
sized in this chapter.

12.3  Priorities and Endpoints 
of Resuscitation

No single endpoint exists to gauge successful 
physiologic resuscitation of the acutely ill. A 
complete discussion of the many parameters used 
as endpoints is beyond the scope of this chapter. 
Trending endpoints, as often as every 1–2 h, can 
guide titration of therapies for optimal outcome. 
Successful achievement is marked by elimination 
of acidosis with restoration of aerobic metabo-
lism. Lactate and base deficit have both been 
shown to be useful in the initial quantification of 
the shock state and as a gauge to ongoing resusci-
tative efforts. Decreases in elevated lactate levels 
during treatment are universally associated with 
improved outcome in critically ill patients and 
can provide an early and objective assessment of 
the response to therapy [3]. Failure to decrease 
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elevated lactate within 48  h correlates with 
increased mortality [4]. Persistent elevation in 
the base deficit (up to 96 h) is a marker for ongo-
ing resuscitation requirements and can be present 
despite normalized vital signs and urine output. 
Of note, lactate levels can remain elevated in 
patients with impaired clearance such as liver 
dysfunction, cardiac surgery, and sepsis. Patients 
positive for alcohol and drugs may demonstrate 
elevations in both markers. Urine output as a 
marker of end organ perfusion remains one of the 
clinically reliable endpoints, though variable 
based on patient’s preexisting conditions. A uri-
nary output of 0.5 cc/kg/h is a general threshold 
in the adult patient. Cardiac indices such as right 
ventricular end diastolic volume index (RVEDI) 
correlate best with cardiac preload, but requires 
placement of a pulmonary artery catheter. 
Evidence shows that interventions to increase 
RVEDI result in improved gut perfusion restora-
tion and decreased rate of organ failure. The 
FloTrac™ device attaches to the arterial line to 
provide advanced hemodynamic parameters, 
including stroke volume (SV), stroke volume 
variance (SVV), mean arterial pressure (MAP), 
systemic vascular resistance (SVR), and continu-
ous cardiac output (CCO). These parameters 
update every 20  s and do not require central 
venous catheterization, although the patient must 
be intubated. Point of care ultrasound (POCUS) 
has rapidly expanded our bedside diagnostic 
capability. It allows for noninvasive determina-
tion of preload through visualization of inferior 
vena cava diameter and right ventricular filling. 
This modality is subject to patient size, anatomy, 
and user expertise.

12.4  Primary Survey

History and physical exam are paramount in the 
initial evaluation of the acutely ill surgical 
patient. The “AMPLE” history as outlined in 
Advanced Trauma Life Support (ATLS) can 
identify key components essential to further 
management. Allergies with attention to anaphy-
lactic reactions, IV contrasts, and antibiotic prob-
lems are most pertinent [5]. Medications with a 

focus on anticoagulants, cardiac, diabetic, and 
steroids are salient. Past medical and surgical 
history provides surgical context and helps to 
assess risk. Last oral intake relates to aspiration 
risk for intubation or possibly sedation if further 
diagnostic workup is contemplated, such as inter-
ventional radiologic procedures. Events in these 
patients would focus on the presentation, dura-
tion, onset, and severity of the illness.

12.4.1  Pulmonary

Assessment of the patient in need of intubation 
must be determined promptly. Usually, emergent 
endotracheal intubation is indicated in the fol-
lowing scenarios:

• Hypoxemic respiratory failure despite maxi-
mum maneuvers such as noninvasive positive 
pressure support.

• Hypercapnic ventilatory respiratory failure 
leading to respiratory acidosis and increased 
work of breathing.

• Upper airway obstruction of the pharynx by 
the tongue or foreign body, or secretions or 
edema from massive resuscitation (i.e., burns).

• Shock or hemodynamic instability associated 
with altered mental status and increased work 
of breathing.

• Clinical conditions with risk for airway com-
promise such as stroke, Glascow Coma Scale 
(GCS) less than 8, drug overdose, or severe 
agitation preventing medical intervention.

Asking the patient to speak, auscultating the 
neck and chest, noting respiratory rate, and use of 
accessory muscles of breathing are fast and effec-
tive. Evaluation of pulse oximetry, CXR and arte-
rial blood gases augment the exam. Once the 
decision is made to proceed with a definitive air-
way, defined as intubation of the trachea by either 
the nasal or the oral route, preparation is immedi-
ate. Preoxygenation by nasal cannula or mask is 
maintained, suction and intubating equipment 
gathered. Rapid sequence intubation is the tech-
nique that induces immediate unresponsiveness 
with an induction agent and muscular relaxation 

12 Principles of Perioperative Management in Acute Care Surgery



150

with a neuromuscular blocking agent. Commonly 
used induction agents include Etomidate, 
Ketamine, and Propofol. Neuromuscular block-
ing agents (NMBAs) must always be preceded by 
sedatives to ensure the patient is not aware of the 
paralysis. NMBAs include Succinylcholine, a 

depolarizing agent, and Vecuronium and 
Rocuronium, which are non-depolarizing agents.

Ventilator settings will vary based on the 
patient’s altered physiology and underlying dis-
ease states. However, specific parameters are rec-
ommended by ARDSnet [6] (Table 12.1).

Table 12.1 ARDS network mechanical ventilation protocol summary [6]

NIH-NHLBI ARDS Network
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12.4.2  Cardiovascular

Perhaps the most intimidating perioperative sce-
nario facing the emergency surgeon is the patient 
in shock. The cardiovascular system plays a cen-
tral role in the initial evaluation and ongoing 
resuscitation of patients suffering from shock. No 
single marker or test exists to direct therapy in 
these complex scenarios. The clinician must 
incorporate clinical exam findings, resuscitative 
endpoints, physiologic parameters, and imaging 
techniques to guide intervention.

Clinical assessment of vital signs, mental sta-
tus, capillary refill, jugular vein distention, breath 
sounds, skin temperature, and pallor can provide 
useful clues as to potential etiology of the shock 
state. Early intervention is crucial and resuscita-
tion measures can start at this point without the 
delay of more complex diagnostic studies. One 
must recognize that compensatory mechanisms, 
age, medications, and overall health complicate 
the diagnosis. Hypotension does not necessarily 
equal shock. Similarly, normotension does not 
mean that all tissue beds are adequately perfused, 
and the patient is not at risk.

The classification of hemorrhagic shock incor-
porated into (ATLS) has proved to be essential in 
caring for this patient population. This classifica-
tion offers the ability to recognize early or late 
phases of hemorrhagic shock by allowing an esti-
mation of losses, identifying traits of stability, 
and prompting corrective action [5] (Table 12.2).

Patients in Class I or II shock may respond to 
crystalloid resuscitation. If ongoing blood loss 
has been controlled, blood products may not be 

required. Patients in Class III and IV shock 
should be resuscitated with a balanced compo-
nent blood product regimen where packed red 
cells, plasma, and platelets are provided in a 
1:1:1 ratio [7]. This regimen coupled with dam-
age control surgery and a goal systolic blood 
pressure of 90 mmHg until hemorrhage is con-
trolled is the basis for the current damage control 
resuscitation. This regimen can be tailored to the 
patient’s coagulation profile utilizing the visco-
elastic assays thromboelastography (TEG) or 
thromboelastometry (ROTEM). End points of 
resuscitation are followed to guide fluid and 
blood product administration as care progresses 
into the critical care unit postsurgical or radio-
logic intervention.

12.4.3  Renal

Perioperative acute kidney injury (AKI) is defined 
as sudden and often unanticipated decline in renal 
function that occurs within hours to days of sur-
gery. It is associated with up to a tenfold increase 
in mortality, reduced long-term survival, and 
increased development of chronic kidney disease 
with subsequent need for hemodialysis. Most 
commonly, this is due to renal hypoperfusion or 
systemic inflammation that occurs as a direct 
response to surgery, although multiple factors may 
contribute [8]. The Acute Kidney Injury Network 
(AKIN) defines AKI as any of the following within 
48 h: increased serumCr × 1.5, serumCr increase 
0.3  mg/dL or more, or urine output less than 
0.5 mL/kg/h for more than 6 h [9].

Table 12.2 Advanced trauma life support hypovolemic shock classifications [5]

Parameter Class I Class II (Mild) Class III (Moderate) Class IV (Severe)
Blood loss (%) <15 15–30 30–40 >40
Heart rate <100 100–120 120–140 >140
Blood pressure Normal Normal Decreased Greatly decreased
Pulse pressure Normal–increased Decreased Decreased Decreased
Respiratory rate 14–20 20–30 30–40 >35
Urine output (mL/h) >30 20–30 5–15 Minimal
Glascow Coma Scale (GCS) Normal Normal Decreased Decreased
Base deficit 0 to −2 mEq/L −2 to −6 mEq/L −6 to −10 mEq/L −10 mEq/L or less
Need for blood products Monitor Possible Yes Massive transfusion

ATLS® Advanced Trauma Life Support Student Course Manual, 10th ed. American College of Surgeons, 2018
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Goal-directed therapy is recommended when 
AKI develops. Utilization and optimization of 
endpoints of resuscitation should be instituted; 
this may require transfer to a critical care unit and 
possible invasive procedures. Early consultation 
with nephrology has been shown to lessen 
chronic kidney disease. Renal replacement ther-
apy may be instituted in cases of refractory fluid 
overload, severe hyperkalemia (K+ >6.5 mEq/L), 
signs of uremia, and severe metabolic acidosis 
(pH < 7.1).

12.4.4  Gastrointestinal

Use of nasogastric decompression tubes preop-
eratively in the emergent general surgery patient 
is selective. Patients with bowel obstruction, 
high-grade ileus, or at high risk for emesis with 
aspiration require decompression. These tubes 
may facilitate early institution of enteral feeding 
as well. Routine use of nasogastric tubes after 
abdominal surgery to hasten resolution of post-
operative ileus, diminish aspiration risk from 
gastric contents, improve patient comfort, protect 
intestinal anastomoses, or shorten hospital stay is 
not recommended [10].

Surgical patients at severe risk for stress ulcer-
ation are those on mechanical ventilation for 
more than 48 hours and coagulopathy. Additional 
high risk factors include traumatic brain injury, 
spinal cord injury, burns, greater than one week 
in the ICU, steroid use, and past history of gastro-
intestinal (GI) bleeding [11]. Multiple prophylac-
tic regimens exist for stress ulceration. When 
compared to histamine 2 blockers, proton pump 
inhibitors were shown to be more protective 
against GI bleeding [12].

Early enteral nutrition in the postoperative 
phase of care is highly beneficial. Advantages 
include better glycemic control, improved anas-
tomotic integrity, and reduced infectious mor-

bidity [13]. While several systematic reviews 
have favored post-pyloric feeding over gastric 
feeding, a large multicenter randomized control 
study by Davies failed to show a preferential 
route [14].

12.4.5  Endocrine

In both the diabetic and nondiabetic populations, 
hyperglycemia in the perioperative period is an 
independent marker of poor surgical outcomes 
such as delayed wound healing, increased infec-
tion rates, increased hospital length of stay, and 
increased hospital mortality. Van den Berghe 
demonstrated that an intensive insulin therapy 
(IIT) regimen targeting a blood glucose (BG) of 
80–110 mg/dL reduced in-hospital mortality by 
34% compared to a standard therapy target of 
180–200  mg/dL in surgical ICU patients [15]. 
Due to concerns for hypoglycemia utilizing IIT, 
several societies now support moderating the tar-
get BG. The Society for Critical Care Medicine 
(SCCM) recommends BG < 150 mg/dL [16], and 
the American College of Physicians recommends 
BG 140–200 mg/dL [17].

Acute adrenal insufficiency may require atten-
tion in the emergent surgical patient. 
Preoperatively, any patient who is taking more 
than 20 mg/day of prednisone or its equivalent, or 
any patient on glucocorticoids who has clinical 
Cushing’s syndrome should be considered adre-
nal insufficient due to decreased function of the 
hypothalamic-pituitary-adrenal axis (HPA). For 
minor procedures, patients should take their 
usual morning dose with no extra supplementa-
tion. For moderate stress procedures, the morn-
ing dose should be supplemented with 
hydrocortisone 50  mg IV immediately pre-op 
and 25 mg of hydrocortisone every 8 h for 24 h. 
Return to usual dose thereafter. For major opera-
tive procedures, the usual morning dose is sup-
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plemented with hydrocortisone 100  mg IV 
preinduction of anesthesia and 50 mg every 8 h 
for 24 h. The dose should then be tapered by half 
per day to maintenance dose [18].

Adrenal insufficient critically ill patients can 
be difficult to identify due to lack of specific signs 
and symptoms. Of particular concern is the patient 
with refractory shock (systolic BP <90 mmHg), 
despite adequate fluid resuscitation and vasopres-
sor therapy. The decision to utilize steroid therapy 
is usually made clinically, as testing for HPA 
function is of limited value in critically ill patients. 
Current recommendations are for hydrocortisone 
200–400 mg/day in divided doses [19].

12.4.6  Hematologic

Bleeding in the acute care and trauma patient can 
present overtly or subtly. The etiology of periop-

erative hemorrhage is often multifactorial and can 
include blood loss, hemodilution, acquired plate-
let dysfunction, coagulation factor consumption, 
hypothermia, activation of fibrinolytic pathways, 
and prescribed oral anticoagulants [20]. An 
awareness of the more common coagulopathies, 
their assessment, and treatment is indispensable 
in managing these patients. Thromboelastography 
(TEG) and thromboelastometry (ROTEM) are 
both point of care assays that are rapid and mea-
sure the complex interactions of different coagu-
lation elements not appreciated by the slower, 
isolated coagulation parameters such as the pro-
thrombin time (PT), activated partial thrombo-
plastin time (aPTT), or the international 
normalized ratio (INR) [21]. An example of a 
TEG assay curve is illustrated in Fig. 12.1.

Acute traumatic coagulopathy (ATC) is an 
impairment in hemostasis with self-sustaining 
activation of the fibrinolytic system indepen-

Fig. 12.1 TEG Assay Curve Demonstrating Normal 
Coagulation Profile [22]. (TEG® hemostasis analyzer 
tracing image used by permission of Haemonetics 

Corporation. TEG® and Thrombelastograph® are regis-
tered trademarks of Haemonetics Corporation in the US, 
other countries or both)
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dent of hypothermia, acidosis, and hemodilu-
tion [23]. Management of major bleeding 
requires repair of the underlying cause after 
surgery or trauma, volume resuscitation with 
blood products, and diagnosis and management 
of ongoing coagulopathy.

Disseminated Intravascular Coagulopathy 
(DIC) is the systemic activation of the coagula-
tive pathways, leading to generation and deposi-
tion of fibrin and microvascular thrombi. There is 
potential for end organ damage and can occur 
with trauma, sepsis, or amniotic fluid emboli. If 
not corrected, an additional consumptive state 
with compounding consumptive coagulopathy 
features will lead to exhaustion of platelets, coag-
ulation proteins, and accelerated fibrinolysis with 
continued or worsening bleeding. The hallmark 
of DIC is fibrinolysis; regardless of other param-
eters, there will be evidence of breakdown prod-
ucts of fibrinogen [24].

A multitude of therapies have recently 
emerged with new indications for anticoagulant 
therapy. The risk of bleeding versus thromboem-
bolism must be balanced in the acute care setting 
and trauma. High-risk patients such as those 
with a mechanical mitral valve, atrial fibrillation 
with mitral valve disease, or history of thrombo-
embolism should be placed on intravenous hepa-
rin therapy while off warfarin. Prothrombin 
complex (PCC) provides the benefit of reversal 
while limiting volume administration that is 
associated with plasma reversal. This has been 
especially advantageous in high-risk reversal 
situations such as intracranial hemorrhage and 
intra- abdominal bleeding. The direct oral antico-
agulants (DOACs) reversibly inhibit coagulation 
factors. There are multiple agents available on 
the market, some of which have specific reversal 
agents, but not always readily available. Early 
consultation with pharmacy services is 
essential.

12.4.7  Infectious

The Surviving Sepsis Campaign defines sepsis 
as life-threatening organ dysfunction caused by 
a dysregulated host response to infection. Septic 
shock is a subset of sepsis with circulatory and 
cellular or metabolic dysfunction, associated 
with a higher risk of mortality. Patients with 
sepsis face a mortality rate of 25–30% and 
patients with septic shock face a 40–60% mor-
tality rate. Surgical patients make up one third 
of all sepsis cases, and the incidence of sepsis 
among patients undergoing emergency surgery 
is twice that of patients undergoing elective 
operations. Risk factors include male gender, 
age greater than 50  years, pancreatic or small 
intestine procedures, American Society of 
Anesthesiologists (ASA) physical status class 
3–5, and a partially or a totally dependent func-
tional status [25, 26].

Treatment and fluid resuscitation should begin 
immediately. The goal is to increase cardiac out-
put and improve end organ perfusion [27] 
(Fig. 12.2).

Obtain blood cultures and lactate levels, begin 
fluid resuscitation immediately and complete 
within 3  h. Empiric broad-spectrum antibiotics 
are started immediately to cover all potential 
pathogens. At least two sets of blood cultures 
(aerobic and anaerobic) should be taken prior to 
antibiotic therapy, but therapy should not be 
delayed in order to obtain cultures. Antimicrobial 
therapy should be narrowed once the pathogen 
and its sensitivities are identified or discontinued 
if no infection is established. Vasopressors should 
be started within the first hour to achieve a MAP 
of greater than 65 mmHg if blood pressure is not 
restored after initial fluid therapy. The SCCM 
recommends hydrocortisone 50 mg IV every 6 h, 
only in the case of vasopressor resistant shock 
[19].

O. Romeo et al.
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Fig. 12.2 Surviving Sepsis Campaign Guidelines for 
Management of Sepsis and Septic Shock [28] (Reproduced 
with permission from survivingsepsis.org. Copyright©2019 

the Society of Critical Care Medicine and the European 
Society of Intensive Care Medicine)

12 Principles of Perioperative Management in Acute Care Surgery
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Take-Home Messages
• Follow the ABC’s of resuscitation
• Early treatment of hemorrhagic shock 

with a balanced ratio of blood products
• Early implementation of Surviving 

Sepsis Campaign Bundle
• Timely implementation of the ARDS 

Network protocol

Dos and Don’ts

Dos
• Early establishment of definitive airway 

if indicated
• Early attention to heart rate, blood pres-

sure, respiratory rate, and mental status
• Prompt assessment of lactic acid, base 

deficit, pH, and TEG parameters
• Timely blood cultures and antibiotic 

therapy where applicable

Don’ts
• Delay in evaluation and care
• Over or under resuscitate as guided by 

trends in the endpoints of resuscitation
• Overlook adrenal insufficiency and 

blood glucose levels

Multiple Choice Questions

 1. Which of the following sedative agents 
has the adverse effect of hypotension 
and should not be used in patients with 
hemodynamic instability?

 A. Ketamine
 B. Etomidate
 C. Propofol
 D. Rocuronium
 2. Which of the following sedative agents 

causes adrenal insufficiency and should 
not be administered as a continuous 
infusion?

 A. Propofol
 B. Ketamine

 C. Midazolam
 D. Etomidate
 3. Renal replacement therapy is indicated 

in which of the following cases?
 A. Severe hypokalemia
 B. Severe metabolic alkalosis
 C. Severe metabolic acidosis
 D. Urine output <0.5 cc/kg/h
 4. Despite its variability, based on the 

patient’s preexisting conditions, urine 
output can serve as a clinical marker of 
end organ perfusion. The urinary output 
of the adult being resuscitated should 
reach:

 A. 0.5 cc/kg/h
 B. 1.0 cc/kg/h
 C. 0.75 cc/kg/h
 D. 0.25 cc/kg/h
 5. A 62  year old female recently diag-

nosed with breast cancer underwent 
port placement 3 days ago. The incision 
is erythematous and indurated. Her 
blood pressure is 90/60 mmHg, temper-
ature 100.5 °F, heart rate 95 bpm, respi-
rations 22. Fluid resuscitation should 
begin with:

 A. 50  cc/kg normal saline in the first 
5 h

 B. 30  cc/kg normal saline in the first 
5 h

 C. 30  cc/kg lactated ringers in the 
first 3 h

 D. 30 cc/kg colloid in the first 3 h
 6. An ICU patient requires fluid resuscita-

tion and shows little improvement after 
48  h. Which of the following parame-
ters suggests increased mortality?

 A. Increased urine output after 
resuscitation

 B. Elevated lactate levels
 C. Increased right ventricular end dia-

stolic volume index
 D. Base deficit of −4 mEq/L
 7. A 42 year old male involved in a motor 

vehicle collision is brought to the ED 
via ambulance. Over the course of the 
exam, you see increasing work of 
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