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For the Fearsome Foursome, of course….

Buon seme dà buoni frutti.
Italian Proverb

Ní neart go cur le chéile.
Gaelic Proverb
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Preface

The study of disease and the application of lifesaving inter-
ventions have undergone a meteoric rise in the mid-twentieth 
century. Many important events have contributed to this 
growth, the following three of which are noteworthy exam-
ples: (1) The polio epidemic triggered the widespread use of 
mechanical ventilators. (2) The standardization of transfusion 
and resuscitative protocols made survival from catastrophic 
injury possible. (3) Organ transplant became a real and sus-
tainable possibility for those dying of single organ dysfunc-
tion. For patients with organ failure, trauma, or severe 
infection who would have invariably succumbed to their ill-
ness, critical care medicine offered an opportunity to change 
that inevitable fate.

This book is a state-of-the-art reference for many of the 
challenges the modern practitioner faces today. The topics 
covered range from organ failure and transplantation to bio-
ethical challenges and how we die. Each chapter tells a story 
of a real patient. Though this book is by no means all encom-
passing, it aims to be broad, comprehensive, and accessible 
for critical care providers. It is the work of over two dozen 
authors from around the world with firsthand experience and 
expertise in their subspecialty.

Newark, NJ, USA Jennifer A. LaRosa
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 Case #1: Intracranial Hypertension

A 53-year-old female arrives in the emergency department 
(ED) intubated and sedated accompanied by EMS.  She is 
quickly examined by an emergency medicine resident while 
vitals and labwork are obtained. EMS report to the attending 
ED physician, who instructs the EM resident to order a STAT 
CT of the head without contrast.

Moments later the patient’s husband arrives in the ED 
critical care bay and begins to relay the events of the evening. 
He states that the patient had been in her usual state of 
health throughout the day and early evening. After dinner, 
the patient used the bathroom and returned complaining of a 
“terrible stabbing” headache. When the patient’s husband 
asked if it was a migraine coming on, she stated that it felt 
very different from her typical migraines and that it was the 

Chapter 1
Management of Intracranial 
Hypertension and Status 
Epilepticus
Christopher Begley and Debra Roberts
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worst headache of her life. She hoped it would improve with 
rest. While getting ready for bed, the patient complained of 
neck pain and then began to vomit. After several episodes of 
emesis, he escorted her to bed and left the room to get her 
some ginger ale at her request. When he returned he found 
her slouched over and unresponsive. He immediately called 
911. Upon arrival, EMS found the patient obtunded with 
minimal response to noxious stimuli. Given the concern for 
airway compromise, she was intubated at that time and trans-
ported to the hospital.

At this point the patient is transported to CT scan for the 
exam. The patient’s husband is asked to account for the 
patient’s past medical history. He relates the patient has a 
history of hypertension, kidney disease, and migraines. 
Although he does not know all the details, he states that 
when the patient was younger, the patient had a bad infection 
and since that time has only “one functioning kidney.” She 
follows with a kidney doctor and may need dialysis in the 
future. He thinks that her migraines have been overall well 
controlled over the past couple of years and rarely has a flare. 
He states that she is compliant with her medications for her 
blood pressure, but is not sure of the drug names. Other than 
her prescribed medications, she only takes a multivitamin and 
occasional over-the-counter medications for migraines. Her 
only surgical history is carpal tunnel release performed a few 
years ago. The patient is a former smoker who quit about 
5 years ago when she was diagnosed with hypertension and 
found to have kidney disease. She occasionally drinks alco-
holic beverages in social settings. He denies any illicit drug 
abuse. He states that both her parents are alive and knows 
that her father has high blood pressure and heart disease and 
her mother has problems with her thyroid.

The patient returns from the CT scanner to the ED, and a 
new set of vital signs are obtained, which are notable for 
blood pressure of 195/95. She is on minimal ventilator settings 
but is breathing over the ventilator with a respiratory rate in 
the mid-20s. The resident describes the physical exam find-
ings which were notable for a right pupil dilated to 6 mm and 

C. Begley and D. Roberts



3

non-reactive, with a left pupil that was 3 mm and reactive. The 
patient did appear to localize to noxious stimuli with ques-
tion of left upper extremity decerebrate posturing (extensor 
posturing) on exam when sedation was paused but otherwise 
did not follow commands or open her eyes.

CT scan was uploaded to the system and images were 
reviewed, see Fig.  1.1. It revealed extensive subarachnoid 
hemorrhage involving the basal cisterns with extension into 
the bilateral Sylvian and interhemispheric fissures. 
Additionally, there is developing hydrocephalus with ven-
tricular dilatation. Neurosurgery and the neurocritical care 
teams were consulted. As neurosurgery prepared to place an 
external ventricular drain (EVD) the plan was to administer 
hyperosmolar therapy given the concern for increase 
 intracranial pressure (ICP). The patient was given a bolus 
250 ml of 3% saline. Mannitol was avoided given her history 
of kidney disease. The EVD was successfully placed and 
revealed an ICP of 22  mmHg. Her body temperature was 
noted to be 38.2  °C, so an external cooling blanket was 
applied. The patient’s sedation was increased for agitation, 

a b

Figure 1.1 a) SAH in the lateral fissures (arrows). Dilated temporal 
horns of the lateral ventricles concerning for hydrocephalus (arrow-
heads). b) SAH in the Sylvian and interhemispheric fissures 
(arrows). Rounded lateral ventricles suggesting acute hydrocephalus 
(arrowheads)

Chapter 1. Management of Intracranial Hypertension 
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and she was placed on a continuous infusion of nicardipine to 
lower her blood pressure to a goal systolic BP 
(SBP)  <  160  mmHg, ensuring maintenance of her cerebral 
perfusion pressure (CPP) 50–70  mmHg. Shortly thereafter, 
her ICP improved to 14 mmHg.

CT angiography (Fig. 1.2) revealed an anterior communicat-
ing artery aneurysm without further extension of hemorrhage. 
The patient’s ICP again began to rise, hypertonic saline was 
again given as bolus, and sedation was increased. Her body 
temperature was now 37 °C. Despite aggressive management, 
her neurologic exam continued to decline, and she “blew” her 
right pupil, which was now 7 mm, irregular and non-reactive, 
with the left pupil 5 mm and non-reactive. Given the persis-
tently elevated ICP, despite CSF (cerebrospinal fluid) draining, 

Figure 1.2 Brain CT angiogram with contrast demonstrating ante-
rior communicating artery aneurysm (arrow)

C. Begley and D. Roberts
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sedation, normothermia, and hyperosmotic treatment, the 
decision was made to begin the patient on a pentobarbital infu-
sion. She was placed on continuous EEG to titrate the pento-
barbital to a burst suppression pattern which did result in 
reduction of her ICP. She was too sick to attempt to repair the 
aneurysm at this time. Hemicraniectomy was considered, but 
given the diffuse nature of the cerebral edema and hemor-
rhage, it was felt that it would be unlikely to resolve the condi-
tion. Unfortunately, the patient became increasingly 
hemodynamically unstable on the pentobarbital infusion and 
required vasopressor support. Her renal function continued to 
worsen which resulted in the need for renal replacement ther-
apy. A repeat CT scan showed large hypodense regions consis-
tent with multifocal cerebral infarctions. The patient’s family 
decided to transition the patient to comfort measures and the 
patient expired.

Increased intracranial pressure (ICP) often referred to as 
intracranial hypertension is broadly defined as an elevated 
ICP measuring greater than 20 mm Hg for at least 5 min. The 
consequences of increased ICP are potentially devastating 
and may result in cerebral ischemia, infarcts, or brain hernia-
tion as a result of decreased cerebral flow; therefore, it is 
essential that clinicians rapidly recognize increased ICP and 
manage it appropriately.

The clinical presentation of a patient with elevated ICP 
may initially be as subtle as drowsiness or slowness in follow-
ing commands, but often is more dramatic, including head-
ache, altered mental status and level of consciousness, 
agitation, and nausea with or without vomiting. As ICP 
increases and brain herniation progresses, the patient’s level 
of consciousness declines rapidly and they become comatose. 
Cranial nerve findings often begin with decreased pupil reac-
tivity and/or anisocoria. Midbrain ischemia is evidenced by 
mid-size, fixed pupils. Pupils may become pinpoint at the pon-
tine stage of herniation and finally will become large, irregu-
lar, and fixed at the medullary stage. Cough and gag will also 
be lost at the medullary stage. The motor portion neurologic 
exam will progress through stages of hemiparesis, decorticate 
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posturing (flexor posturing), decerebrate posturing, and finally 
flaccid quadriplegia. The classically described Cushing triad of 
hypertension, bradycardia, or irregular breathing may or may 
not be present and is usually seen later in the course of brain 
herniation.

Etiologies of acute elevations of ICP may include obstruc-
tive hydrocephalus, cerebral edema, and intra- or extra-axial 
mass lesions. In the patient described in the case above, we 
are given information in the history of present illness and 
clinical presentation that should provide the clinician with a 
narrowed differential diagnosis. The patient had complained 
of acute onset of a severe headache which was shortly there-
after followed by neck pain and vomiting. This a classic pre-
sentation for subarachnoid hemorrhage with increased ICP 
and should be at the top of the differential diagnosis. One 
could also consider another type of spontaneous intracranial 
hemorrhage, such as intraparenchymal or intraventricular 
hemorrhage. The abruptness of the symptoms should move 
other potential etiologies of increased ICP further down on 
the differential. Brain tumors, whether metastatic or primary 
would be less likely unless there was an acute hemorrhage of 
the mass lesion. Infectious etiologies also would be less likely 
given the acute onset and lack of prodrome. Non-infectious 
neuro-inflammatory disorders may be considered, but are 
less likely given the presentation, as are toxic and metabolic 
encephalopathies for that matter. There was no description of 
trauma, making traumatic subdural and epidural hemor-
rhages very unlikely. Acute ischemic stroke should be on the 
differential, and the initial work-up will be very much similar, 
with the non-contrast CT scan being the definitive test to 
determine presence of hemorrhage.

In our case, the ED team’s high level of suspicion for SAH 
leads to them ordering a non-contrasted CT of the head that 
revealed SAH.  The appropriate teams were consulted and 
management was emergently initiated. Here we will focus on 
the management of increased ICP as the detailed manage-
ment of SAH is beyond the scope of this chapter. The suspi-
cion for elevated ICP with early brain herniation was high 
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due to the prior complaint of headache, presence of projectile 
vomiting, and obtundation associated with lack of pupil reac-
tivity. The two most commonly used types of ICP measure-
ment devices are ventriculostomy catheters (also known as 
external ventricular drains or EVDs) and fiber-optic intrapa-
renchymal monitors (colloquially called “bolts”). Each device 
has pros and cons, but the EVD is considered the gold stan-
dard for measuring ICP and is typically the preferred device 
as it can be used as a therapeutic modality to drain cerebral 
spinal fluid (CSF). However, in order for the EVD to give 
accurate ICP measurement, it must be clamped to drainage 
so that CSF flows only to the pressure transducer, which will 
prohibit drainage of the CSF at that moment. Additionally, 
EVDs may be technically difficult to place if the ventricles 
are displaced or compressed by mass lesions. Regardless of 
the device chosen, it is important to consider the risks as both 
require invasive procedures. As such, the major risks involved 
are bleeding and infection as each device requires a burr hole 
and entering into the dura. EVDs are the more invasive pro-
cedure and carry a somewhat higher risk of infection and 
bleeding. The risk of ventriculitis was found to be 8.1% of 
patients with EVD placement based on a meta-analysis [1], 
whereas the risk of infection with an intraparenchymal moni-
tor has been shown to carry a risk of only 1.8% [2]. For EVDs 
the incidence of infection was reduced with use of catheters 
impregnated with antibiotics, but for each device, systemic 
antibiotics are typically not indicated. When placing an EVD, 
hemorrhages along the catheter tract are possible, but are 
thought to be symptomatic in less than 2.4% of cases [3]. The 
added advantage of draining CSF with EVD also makes for 
potential complications as over drainage may result in intra-
cranial hypotension, lateral ventricle effacement, formation 
of subdural hematomas or hygromas, and the potential to 
exacerbate midline shift in the presence of hemispheric mass 
lesions [4].

The consequences of elevated ICP can be devastating and 
management must be aggressive and timely. Beyond CSF 
drainage, there are numerous other potential management 
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techniques that are, in part, driven by the underlying etiology. 
Patients with elevated ICP are typically encephalopathic and 
usually require intubation and mechanical ventilation. It is 
important for providers to realize that in choosing ventilator 
settings, certain techniques may actually be detrimental in the 
setting of increased ICP. Hypoxia leads to further elevation of 
ICP; however, attempts to oxygenate with high positive end- 
expiratory pressure (PEEP) and large tidal volumes as well as 
elevated airway pressures may also lead to an increased 
ICP. A PEEP of 8 cmH2O or less is generally considered not 
to affect ICP, and much higher levels may be safely utilized if 
hypotension is avoided and cardiac output is maintained. If 
there is concern for PEEP’s effect on MAP and therefore 
CPP, monitoring of brain tissue oxygen tension and/or cere-
bral blood flow (CBF) may be utilized to assist with ventila-
tor and vasopressor/intravascular volume titration [5]. The 
effect of carbon dioxide on cerebral blood volume (CBV) 
and CBF) should be also recognized. Hypercapnea leads to 
cerebral vasodilation, which in turn causes increased CBV 
and CBF resulting in intracranial hypertension when intra-
cranial cranial compliance is low. This physiology led to the 
practice of utilizing a hyperventilation strategy of mechanical 
ventilation. Indeed, hyperventilation does lead to cerebral 
vasoconstriction and decreased CBV and CBF lowering ICP, 
but the effect is transient, and it is now recognized that pro-
longed or extreme hyperventilation may result in further 
cerebral ischemia. Thus the use of hyperventilation to lower 
ICP should be limited to management of acute elevations of 
ICP with evidence of impending brain herniation (blown 
pupil(s)) while more definitive treatments are being 
implemented.

After placing the patient on mechanical ventilation, it is 
important to maintain some level of sedation and analgesia 
as agitation, anxiety, and pain can all result in further eleva-
tion of ICP. The sedation level may be titrated to allow for 
monitoring of neurologic exam. However if the patient has 
refractory ICP elevation, “sedation holidays” can be extremely 
detrimental. It may be necessary to forgo neurologic exams, 
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focusing instead on ICP management and optimization of 
CPP. In these situations, monitoring the pupil exam via stan-
dard pupil checks or with the use of a pupillometer may be 
the best option. Proper positioning of the patient including 
elevating the head of the bed, midline positioning of the head, 
and avoiding internal jugular veins as site of central venous 
catheterization may facilitate adequate venous outflow and 
avoid additional elevation of ICP that can be easily avoided. 
If a patient requires a cervical collar, one should ensure that 
it fits properly but is not so tight as to impede venous 
drainage.

Cerebral perfusion pressure (CPP) is a surrogate measure-
ment of cerebral blood flow. It is calculated by taking sub-
tracting the ICP from the mean arterial pressure (MAP). If a 
patient is found to have a low CPP, then they are at greater 
risk of the consequences noted above. Guidelines vary as to 
CPP target, but in general they recommend maintaining the 
CCP between 50 and 80 mm Hg, with a target of about 60 mm 
Hg. It has been noted in patients with traumatic brain injury 
(TBI) that elevated CPP is detrimental and that the use of 
vasopressors to drive CPP greater than 80 mm Hg have been 
associated with increasing cerebral edema as well as lung 
injury [6].

Hyperosmolar therapy is utilized in the management of 
increased ICP by inducing an osmotic-driven fluid shift from 
the brain parenchyma into the plasma. This therapy can be 
especially beneficial when the etiology of the intracranial 
hypertension is secondary to cerebral edema but is less useful 
for intracranial hypertension associated with mass lesions. 
The two types of hyperosmolar therapy employed are hyper-
tonic saline and mannitol, both of which are reasonably effec-
tive at lowering ICP [7]. Hypertonic saline ranges in 
concentrations from 2% to 23.4% with expectant decreased 
ICP effects lasting from 90  min to 4  h. Concentrations less 
than 7.5% may be given through peripheral IV access, but it 
is strongly recommended that higher concentrations be given 
through central access. If giving 23.4%, one should note that, 
in addition to requiring central venous access, the dose 
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should be given over 5 min (typical dose is 30 mL) with close 
monitoring of blood pressure. Administering faster than this 
may result in decreased cardiac contractility. Additional cau-
tion should be taken in patients with heart failure or pulmo-
nary edema as hypertonic saline acts as volume expander and 
can worsen these conditions. Given its effects as a volume 
expander, hypertonic saline is preferred over mannitol for 
ICP management in acute trauma patients who have associ-
ated hemorrhage. The decision as to whether re-dosing 
boluses versus bolusing and placing the patient on a continu-
ous infusion of hypertonic saline remains controversial [8]. 
While on this therapy, serum electrolytes, most notably 
sodium must be frequently monitored. In patients who are 
hyponatremic at baseline, a rapid rise in serum sodium places 
the patient at risk of osmotic demyelination syndrome. For 
critically ill patients with neurological conditions, driving 
sodium levels to levels >160 mEq/L has been associated with 
worse neurologic outcomes in a retrospective analysis [9]. 
Furthermore, in patients whose sodium levels have been 
increased due to hyperosmolar therapy, caution must be 
taken in lowering sodium levels back down as fast of a correc-
tion may exacerbate cerebral edema and worsen intracranial 
hypertension.

Mannitol is the other option for hyperosmolar therapy for 
patients with elevated ICP. It is an osmotic diuretic excreted 
by the kidneys that must be avoided in patients with renal 
failure as drug accumulation will result in worsening cerebral 
edema. For this reason, the osmolar gap (measured serum 
osmolality  – calculated serum osmolality) which detects the 
presence of unmeasured osmoles (such as mannitol) should 
be monitored in patients who are receiving multiple boluses 
with the goal of keeping the gap below 15 to prevent mannitol 
accumulation and rebound intracranial hypertension [10]. For 
this reason, mannitol was avoided in our patient and hyper-
tonic saline was utilized. The dose of mannitol for increased 
ICP typically is 0.5–1.5 g/kg IV over 10–20 min, and effects of 
the diuretic last 90 min to 6 h. Unlike hypertonic saline, which 
may require central access at higher concentrations, mannitol 
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can be administered through peripheral IV access with the 
caveat that an inline filter is required to prevent crystal forma-
tion. Potential undesired side effects, aside from those already 
mentioned, include hypotension, hypovolemia, and several 
electrolyte abnormalities through large- volume osmotic diure-
sis. Electrolytes and volume status should be carefully moni-
tored and repleted as indicated.

It is well established that hyperpyrexia in patients with 
acute neurological insults result in prolonged hospital stay 
and increased mortality [11]. Additionally, fever results in 
vasodilation and increased cerebral metabolism, both of 
which may result in elevated ICP.  It is therefore prudent 
that targeted temperature management be implemented in 
the care of these patients. Common techniques to accom-
plish this include antipyretic pharmacotherapy as well as 
cooling devices. The role of induced hypothermia (32–35 °C) 
has been explored in patients with TBI, and although 
decreased ICP was observed, there was no improvement in 
outcomes [12]. Nonetheless, inducing hypothermia may be 
attempted in patients with elevated ICP not responding to 
other therapies. In patients subjected to targeted tempera-
ture management or therapeutic hypothermia, it is impera-
tive to monitor for shivering and aggressively treat if it 
occurs. Shivering, like fever, leads to increased cerebral 
metabolic rate and therefore may exacerbate ICP eleva-
tions. Shivering may be managed with antipyretics, opiates, 
propofol, or even paralytics in severe cases. The Columbia 
shiver protocol is often employed for the monitoring and 
management of shivering [13].

For patients in whom the above treatments have failed, 
initiation of barbiturate therapy, specifically pentobarbital, 
may be considered as a last-line medical treatment for their 
refractory intracranial hypertension. Commonly referred to 
as a pentobarbital coma because of the deep level of seda-
tion and long half-life of therapy (15–50  h), this therapy 
decreases the cerebral metabolic rate for oxygen, which con-
sequently results in decreased ICP [14]. In conjunction with 
ICP monitoring, continuous EEG is implemented to allow 
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for pentobarbital titration to a burst suppression pattern 
which attempts to prevent over-sedation. Pentobarbital is 
typically loaded at 10  mg/kg IV followed by a continuous 
infusion of 1–2  mg/kg/h and then titrated based on EEG 
findings. Beyond the undesired loss of meaningful neuro-
logic exam for several days, other adverse effects include 
hypotension and cardiac suppression which may require 
vasopressor support, hypothermia, predisposition to infec-
tions, and severe ileus [15].

Another potential option for the management of elevated 
ICP is surgical decompression. An extensive discussion of 
surgical decompression is beyond the scope of this chapter 
focusing on the medical approach in managing intracranial 
hypertension. What is necessary for an ICU provider to real-
ize is that neurosurgical consultation should me made early if 
increased ICP is suspected as was the case with our patient.

Take-Home Points

• Increased ICP is a medical emergency with poten-
tially devastating consequences including cerebral 
ischemia, herniation, and death.

• Neurosurgical consultation should be made early if 
intracranial hypertension is suspected for placement 
of ICP monitor devices and to evaluate the utility of 
surgical decompression.

• Initial management may include relatively simple 
interventions including optimizing patient position-
ing, sedation, fever avoidance, and minimization of 
potentially harmful ventilator techniques and 
settings.

• Hyperosmolar therapy is a staple of therapy for 
increased ICP, but the decision to use mannitol ver-
sus hypertonic saline should account for patient 
comorbidities.

• Barbiturates and induced hypothermia are potential 
options for refractory intracranial hypertension.
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 Case #2: Status Epilepticus

A 19-year-old male is brought to the emergency department 
by his college roommate and a friend from the nearby local 
university after the patient had what the roommate believes 
to be a seizure. The roommate describes that when he entered 
the dorm room the patient was on the ground with slight 
rhythmic jerking of his arms which would stop and then 
resume. They were unable to wake the patient, so they carried 
him to the car and drove him to the hospital. He states that 
he had last seen the patient about 2 h prior studying in the 
dorm room for a midterm exam. The roommate relates that 
he was aware that the patient had a seizure disorder but that 
up until this point in the year the patient had not had any 
seizures. The roommate hands the ED physician a bottle of 
lamotrigine, which he states the patient was very systematic 
in taking at the same times each day. When further questions 
are asked to the roommate, he is able to provide that the 
patient has been putting in long hours in the library and 
sleeping less over the last week while studying for exams. 
Additionally, he knows that the patient went to the student 
clinic a couple of days ago and was prescribed an unknown 
antibiotic “for a cold” and had been taking an over-the- 
counter medication for night cough and congestion. He 
denies that the patient uses illicit drugs or tobacco but admits 
that the patient will consume alcohol occasionally at parties 
but because of exams has not gone out socially in over a 
week. He is unaware if the patient has any other past medical 
or surgical history.

The patient’s vital signs were notable for temperature of 
38.3 °C and tachycardia with HR of 112, but otherwise unre-
markable. The remainder of the physical exam’s pertinent 
positives included bilateral left gaze deviation and a Glasgow 
Coma Scale (GCS) of 6. A peripheral IV was placed, and the 
patient was given 4 mg IV lorazepam as the ED team pre-
pared to intubate him. Labwork and blood cultures were col-
lected. Following administration of the lorazepam, there was 
no change in the patient’s GCS and gaze deviation persisted. 

Chapter 1. Management of Intracranial Hypertension 



14

An additional 4 mg of lorazepam was given IV, and the team 
proceeded with endotracheal intubation and the patient was 
placed on mechanical ventilation. The patient was taken 
immediately to the CT scanner for STAT non-contrast CT of 
the head. Both the neurology team as well as the neurocritical 
care team were consulted. CT of the head was negative for 
any acute intracranial processes (Fig. 1.3). Given concern for 
non-convulsive status epilepticus (NCSE), fosphenytoin was 
given at a loading dose of 20 mg/kg. Labwork revealed a mild 
leukocytosis on complete blood count. A complete metabolic 
panel revealed a mild acute kidney injury without significant 
electrolyte abnormalities or liver abnormalities. An arterial 
blood gas after intubation revealed only a mild metabolic 
acidosis, due to an elevated lactate. A urine toxicology screen 
was negative as was an ethanol level. A continuous electroen-
cephalogram (EEG) was ordered. Meanwhile, a lumbar 
puncture was performed, and cerebral spinal fluid (CSF) was 
sent for analysis. The patient was subsequently initiated on 
broad-spectrum antimicrobial coverage.

EEG showed the patient was indeed in NCSE despite 
having been loaded with fosphenytoin. Initial analysis of the 
CSF was not suggestive of infection. The patient was 
bolused with propofol and a continuous infusion was 

a b

Figure 1.3 a) Normal non-contrast head CT at level of thalamus. b) 
Normal non-contrast head CT at level of lateral venticles

C. Begley and D. Roberts



15

started. The patient’s hemodynamics tolerated escalating 
dose of the propofol, and cessation of seizure activity was 
seen on EEG.  He was continued on his home dose of 
lamotrigine and 300 mg daily of phenytoin. The patient was 
maintained on the propofol infusion for 24 h after seizure 
cessation and then gradually weaned off without recurrence 
of seizure activity. The patient was successfully extubated 
with good neurologic recovery.

Prior definitions of status epilepticus (SE) required that 
seizures continue or recur for greater than 30 min without a 
return to baseline mental status. Fortunately, recognition that 
prolonged time to treatment leads to an increased risk of 
refractory SE and puts the patient at increased risk for neu-
rologic injury, the definition was changed to greater than 
5 min of continuous seizure activity or frequently recurring 
seizures without returning to neurological baseline. SE may 
result in morbidity and mortality directly with neuronal cel-
lular injury resulting in neuronal loss and cell death, as well 
as indirectly via mechanisms such as aspiration, respiratory 
depression or arrest, and even cardiac arrest [16]. Convulsive 
status epilepticus (CSE) has an estimated mortality rate 
upwards of 22% and while non-convulsive status epilepticus 
(NCSE) is approximately 18% making both conditions neu-
rological emergencies [16, 17]. When a patient presents with 
generalized convulsions, the SE is easily diagnosed; unfortu-
nately, clinical manifestations may often be elusive. Signs may 
be as subtle as staring spells, gaze deviation, facial twitching, 
abnormal behavior, or encephalopathy. Studies examining 
the use of continuous EEG in encephalopathic patients in 
medical and surgical ICUs revealed non-convulsive seizures 
in 10% and 16%, respectively, with up to 5% of patients 
found in NCSE [18, 19].

Our patient was found with rhythmic activity of the 
extremities, but upon arrival to the ED, the only suggestion of 
seizure on clinical examination was gaze deviation. The dif-
ferential diagnosis of the underlying etiology associated with 
SE is broad. It is important for clinicians to realize that 
although determining the etiology may ultimately help to 
direct care, the initial goal is to abort the seizures; therefore 
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treatment should not be delayed while work-up of the seizure 
semiology is begun.

Treatment protocols and guidelines for SE go through 
three- to four-phase step-wise progressions which will be 
described here. It should be noted that data regarding the 
treatment approach is based on CSE and that recommended 
treatment for NCSE has been extrapolated from this data. 
Treatment should be initiated immediately when a seizure is 
recognized to reduce neuronal injury and improve overall 
neurologic outcomes. One study found that SE patients 
treated within 30 min of onset with a first-line antiepileptic 
agent versus patients treated greater than 2 h after onset had 
response rates and resolution of seizures in 80% vs. 40% of 
patients, respectively [20]. For patients in whom blood glu-
cose levels or alcohol consumption status is unknown, it is 
reasonable to give thiamine and dextrose while AEDs are 
being initiated.

First-line treatment for a patient with SE is a benzodiaz-
epine. Lorazepam has been shown to be effective as this 
initial agent at a dose of 0.1 mg/kg, up to 4 mg IV × 2 doses, 
when compared to phenytoin and phenobarbital [21, 22]. 
Midazolam given intramuscularly (IM) at a dose of 0.2 mg/
kg up to 10 mg has been shown to effectively terminate SE 
and may be more effective than lorazepam if the patient 
does not have IV access in the pre-hospital setting [23]. An 
additional advantage of midazolam when compared to loraz-
epam is that the former does not require refrigeration, which 
makes it an ideal option for first responders. Diazepam IV is 
another option, although data suggest that it may be less 
effective in terminating SE compared to other benzodiaze-
pines [22]. It is important to note that dosing of benzodiaz-
epines needs to be adequate in order to obtain SE cessation. 
Common side effects of this class of drugs are hypotension 
and respiratory suppression, so the clinician should be aware 
of these adverse effects; however, they should not be under-
dosed in order to avoid the possible requirement of intuba-
tion. In fact, it has been found that early and appropriate 
benzodiazepine  dosing decreased the risk of respiratory 
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failure requiring intubation which suggests that SE itself is a 
greater risk for respiratory failure than the side effect profile 
of the first-line treatment [20].

Despite the efficacy of benzodiazepines, many patients 
may continue with SE and will therefore require additional 
therapy. There are several pharmaceutical options that are in 
alignment with current guidelines, but most commonly 
administered second-line treatments consist of phenytoin and 
its water-soluble prodrug, fosphenytoin, as well as valproic 
acid. Phenytoin/fosphenytoin stabilizes neuronal membranes 
against hyperactivity by increasing efflux of sodium ions 
across cell membranes. Both are given as an IV load of 20 mg/
kg (fosphenytoin is measured as phenytoin equivalents 
(PE)), at a maximum rate of 50 mg/min for phenytoin and 150 
PE mg/min for fosphenytoin [24]. Among the side effects of 
phenytoin, the most significant are cardiac toxicity and hypo-
tension. For this reason, fosphenytoin is usually the preferred 
agent for loading doses as these side effects are less appreci-
ated and therefore can be loaded faster. Additionally, as phe-
nytoin is an inducer of the cytochrome P450 system and 
metabolized by the liver. It may still be loaded in liver failure 
patients in the acute SE setting, but is less optimal for longer- 
term management. Typically, free and total serum levels are 
obtained 3  h after loading, and the patient may be given 
another load if levels are low. However, as SE is a neurologi-
cal emergency, if seizures continue after the initial loading 
dose, additional therapy must be sought without delay.

Valproic acid is also commonly implemented as a second- 
line treatment strategy, with some data suggesting that it may 
actually have better efficacy when compared to phenytoin in 
treatment of SE [25, 26]. Valproate is thought to increase and 
enhance the action of GABA in the postsynaptic receptor 
sites. It is loaded at 20–40 mg/kg, and the dose may be given 
very rapidly, with rates up to 555 mg/min shown to be safe 
[27]. Although it lacks the cardiovascular adverse effects of 
phenytoin, the greatest concern when using valproate is hepa-
totoxicity and can cause fulminant liver failure in patients 
with a priori significant liver dysfunction. Further, it is a 
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known teratogen and should therefore be avoided in preg-
nant patients when possible.

Another potential second-line therapy for SE is levetirace-
tam [28]. Despite insufficient evidence, this medication is 
often given in the setting of SE in addition to either phenyt-
oin or valproate and recently has been added in the SE treat-
ment algorithm approach by a major societal guideline [24]. 
The mechanism of action involves both the inhibition of 
voltage-dependent N-type calcium channels as well as activ-
ity at the GABA receptor. The loading dose of levetiracetam 
is typically 60 mg/kg IV with a maximum of 4500 mg [24]. The 
paucity of data reporting significant adverse events is appeal-
ing, and perhaps why it is now commonly utilized in SE.

Although less often sought as the initial choice of second- 
line treatments, phenobarbital is also an option for attempt-
ing to abolish SE. It also works at the GABA receptor. For 
SE it is loaded at 20–30 mg/kg and infused at 50–100 mg/min. 
Hypotension and hypoventilation are the most detrimental 
side effects [22].

If seizures have not been terminated despite the first- and 
second-line therapies described above, the patient is termed 
to be in refractory SE. At this point there is no clear-cut evi-
dence in deciding therapeutic options, but continuous infu-
sions with propofol or midazolam are implemented, with 
pentobarbital infusion usually reserved for super-refractory 
patients [24]. If the patient has not yet been intubated and 
placed on mechanical ventilation, the patient will require 
such for these therapies in order to achieve the deep level of 
sedation or coma typically required to abort refractory 
SE.  All of these patients should be placed on continuous 
EEG if not already hooked up. The depth of sedation remains 
controversial, ranging from seizure suppression to burst sup-
pression, or even full suppression of the EEG. It is also not 
clear what the duration of suppression at the chosen level of 
sedation should be. Many would recommend continuing the 
infusion in addition to AED therapy for at least 24 h with a 
maximum 72 h prior to weaning. In weaning sedation, typi-
cally it is done slowly, and if the patient has recurrent seizure 

C. Begley and D. Roberts



19

activity, a different sedative, higher dose, or longer duration 
may be required. As noted in the discussion of increased ICP, 
side effects of this level of sedation are not inconsequential. 
Hypotension requiring vasopressors is not uncommon.

If SE continues despite titration of either propofol or mid-
azolam, the patient is considered to have super-refractory SE 
and will require a pentobarbital infusion, with the goal of 
inducing burst suppression pattern on EEG.  As with the 
above described infusions, the optimal duration of sedation is 
unknown, but the barbiturate infusion is typically continued 
for 24–72 h before an attempt at weaning is made. There are 
many side effects of barbiturate infusion including hypoten-
sion, ileus, risk of infection, and hypothermia. Hypothermia 
may actually be beneficial as therapeutic hypothermia has 
been shown to suppress seizure activity and is considered as 
a potential treatment in super-refractory SE [29].

Once SE is controlled, it is imperative to determine the 
underlying etiology. Among the most common causes of SE 
in a patient with known seizure disorder is discontinuation or 
non-adherence with antiepileptic drug (AED) therapy. Serum 
levels of many AEDs may be used to monitor adherence and 
help to titrate dosing. While these tests may assist with AED 
regimen titration, their utility in the acute setting is question-
able as results may take several hours to days to return. Even 
if a patient is compliant with AED therapy, breakthrough 
seizures are possible. Our patient was adherent with therapy, 
but he was noted to have ongoing sleep deprivation while 
studying for exams, which likely played a role in triggering 
this episode of SE.

Other potential causes of SE include alcohol consumption 
as well as illicit, over-the-counter, and prescribed drugs. Both 
consumption (acute or chronic) and withdrawal of alcohol 
may result in seizure activity. Our patient is described as a 
social drinker with no recent history of consumption making 
this less likely, and additionally alcohol level is negative. 
With regards to drug ingestion, it is important to obtain urine 
and possibly serum toxicology screens as this may suggest 
the etiology. Our patient had a negative toxicology screen. 
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The list of over-the-counter and prescription medications 
that are associated with seizures is quite long. Additionally, 
certain AEDs interact with medications resulting in altered 
metabolism of the AED which may precipitate seizures. 
In-depth discussion is beyond this chapter but needs to be 
considered in all patients taking AEDs. It is noteworthy that 
antibiotics may decrease seizure threshold. The most com-
mon culprits are penicillins, cephalosporins, carbapenems, 
and metronidazole. Our patient was on an unknown antibi-
otic prior to presentation, which may have contributed to the 
onset of his SE. Furthermore, he was taking over-the-counter 
night cough and congestion medications, many of which 
include diphenhydramine which is also known to decrease 
seizure threshold.

Infection and sepsis are known to be associated with sei-
zures and SE.  Our patient was described to have “a cold” 
prior to presentation. Proper work-up was performed in the 
assessment of our patient when blood and CSF cultures were 
obtained, followed by placing the patient on broad-spectrum 
antimicrobials. As noted above, evaluation of antibiotic 
choice may be necessary in knowing that certain medications 
may lower seizure threshold, yet this should not prohibit use 
of necessary agents. Our patient did not have evidence of 
central nervous system infection, but meningitis and enceph-
alitis should be considered in SE patients. While every patient 
does not necessarily require a lumbar puncture, it should be 
thoughtfully considered. Electrolyte disturbances may lead to 
seizure activity, with the most common being hypoglycemia, 
hyponatremia, hypocalcemia, and hypomagnesemia [30]. In 
our patient, mild acute kidney injury and a lactic acidosis 
were the only significant abnormalities. Lactic acidosis is a 
common lab finding in patients with CSE, and it will usually 
resolve rapidly with aborting SE and supportive care. An easy 
bedside or pre-hospital test that should always be performed 
is point-of-care glucose to evaluate for hypoglycemia which 
can be immediately intervened upon.

Other etiologies associated with SE include structural 
brain lesions including stroke, intracranial hemorrhage, 
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 traumatic brain injuries, and brain tumors. While a structural 
lesion seems less likely in our patient, it is important to rule 
out these etiologies as they may require additional urgent 
treatment. Obtaining an initial non-contrasted CT is ade-
quate in most cases and will help determine the need for 
further imaging. In our patient, the CT of the head was unre-
markable, so acute intracranial hemorrhage is ruled out, and 
significant trauma or large brain tumor are also unlikely in a 
patient with a normal head CT. If the patient has focal find-
ings on neurologic exam and/or EEG but a normal non- 
contrast head CT, MRI may be considered to further evaluate 
for structural lesion. In patients with known seizure disorder, 
extensive imaging is generally not warranted.

If the seizure is thought to be secondary to mass lesion, it 
may be very difficult to control. Primary brain tumors as well 
as metastases result in vasogenic cerebral edema which can 
exacerbate seizures. In these situations, steroids should be 
considered in addition to AEDs as they may assist in seizure 
termination owing to reduction of edema. Dexamethasone 
may be used, with a 10 mg IV loading dose followed by 4 mg 
every 6 h, until more definitive treatment of the tumor can be 
performed.

Take-Home Points

• Status epilepticus is a neurological emergency that 
must be treated immediately in order to prevent neu-
ron injury and apoptosis.

• Work-up for the underlying cause of SE should not 
delay the administration of pharmacologic therapies 
for treatment of seizures.

• The longer the time to first therapy administration, 
the more likely the SE is to be refractory.

• Fear of benzodiazepine-induced hypoventilation 
should not prevent therapeutic dosing of this drug 
class.
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 Case Presentation

The patient is a 63-year-old African American male  substance 
abuser with hypertension and a history of a myocardial 
infarction who presented to the emergency department with 
sudden onset of lower abdominal pain. The pain awoke the 
patient from sleep with the associated symptom of diaphore-
sis. At the time of presentation, the patient denied gastroin-
testinal or pulmonary symptoms. The patient’s previous 
surgical history included an exploratory laparotomy with 
colostomy and subsequent colostomy closure related to an 
abdominal stab wound.

Upon presentation to the emergency department, the 
patient was profoundly hypotensive with an intact airway and 
normal sensorium. A ruptured abdominal aortic aneurysm 
(AAA) with diffuse aneurysmal disease of the abdominal 
aorta and iliac arteries was diagnosed by CT of the abdomen 
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and pelvis. The patient was taken to the operating room 
emergently by vascular surgery via an open approach to the 
abdominal aorta due to the lack of suitability for an endovas-
cular approach. During the procedure, the left iliac vein was 
injured and repaired, leading to an increase in blood loss and 
hemodynamic instability. A bifurcated aortoiliac graft was 
used to repair the infrarenal aorta and iliac arteries with both 
internal iliac arteries ligated secondary to aneurysmal dis-
ease. Damage control was performed with the abdomen 
packed with laparotomy pads and temporarily closed with an 
open abdominal wound vacuum device (AbThera™, KCI). 
The patient was admitted to the medical- surgical intensive 
care unit (MSICU) for correction of hypothermia, acidosis, 
and coagulopathy. A total of 30  units of packed red blood 
cells and 15 units of fresh frozen plasma and platelets were 
used during the course of the operation.

The patient improved over the following 72 h with plans of 
removing abdominal packing and closure of the abdominal 
wall. General surgery was consulted for assistance given the 
complexity of the abdominal wall closure as well as the con-
cern for ischemic colitis secondary to bilateral iliac artery 
ligation. Upon the planned return to the operating room, the 
abdominal packing was removed and an ischemic left colon 
was encountered. A left colectomy was performed with cre-
ation of colostomy and Hartmann’s pouch; the abdomen was 
washed out and closed with a bridging biologic mesh 
(Strattice™, Lifecell) given the generalized edema of the 
abdominal wall and bowel. The patient was readmitted to the 
MSICU for postoperative management.

During the early postoperative period, the patient devel-
oped intra-abdominal sepsis with associated intra- abdominal 
abscesses related to a retroperitoneal cecal fistula arising 
from the inflammatory aneurysm sac. Because of the  concerns 
of exposed prosthetic graft, the patient was brought back to 
the operating room multiple times for drainage of abscesses, 
removal of mesh, and debridement of the abdominal wall, 
with eventual exclusion of the exposed prosthetic aortic graft. 
As the abdomen was left open, the patient developed a 
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 traumatic enteroatmospheric fistula that required compli-
cated wound care in order to prevent contamination of other 
abdominal contents.

The perioperative course was complicated by multisystem 
organ failure, including cardiovascular, respiratory, renal, and 
intestinal dysfunction. The primary MSICU intensivist team 
(pulmonary/critical care attending, fellows, medical residents) 
utilized consultations to general and vascular surgery, 
nephrology, infectious disease, hematology, dietary, physical 
therapy, enterostomal and wound care, and social work. The 
patient’s respiratory failure required eventual tracheostomy 
placement, and his cardiovascular failure required hemody-
namic support with vasoactive drips. His renal failure was 
managed with hemodialysis, while IVC filter and anticoagula-
tion was employed for deep venous thrombosis. Additionally, 
parenteral nutrition was initiated and continued for intestinal 
failure, and complex enterostomal and wound management 
was utilized for integumentary failure. Extensive emotional 
support was provided to the patient and his family, leading to 
close bonds between the caregivers, the patient, and family.

Over the course of 6  months, the patient’s multisystem 
organ failure is resolved with eventual cessation of ventila-
tory support, hemodialysis, and vasoactive support. 
Furthermore, enteral feeding was initiated, and his recovery 
was enhanced with physical therapy. Plans were made to 
repair the enteroatmospheric fistula and permanently close 
the abdominal wall. The abdominal wall was prepared with 
chemical component separation with injection of botulinum 
toxin into the oblique musculature. Once the patient was 
nearly independent, he was brought back to the operating 
room for the planned procedure. An extensive lysis of 
 adhesions, three small bowel resections, and a biologic 
 mesh- buttressed abdominal wall repair were performed. The 
patient was returned to the MSICU for further postoperative 
management.

During the early postoperative period, the patient devel-
oped a hemodynamically significant intra-abdominal bleed 
requiring blood transfusion. The hemorrhage was attributed 
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to early initiation of full anticoagulation for his history of 
deep venous thrombosis. Given his new fevers, significant 
pain of distention and pressure from the hematoma, conser-
vative measures to treat the patient failed. The patient was 
taken to the operating room for an abdominal washout with 
evacuation of hematoma complicated by a small bowel enter-
otomy. Postoperatively, the patient developed an intra-
abdominal abscess requiring percutaneous drainage and 
development of enterocutaneous fistula. Further multiorgan 
dysfunction occurred, necessitating intensive support. An 
additional 3 months was required in the MSICU, leading to 
resolution of sepsis and multisystem dysfunction with sponta-
neous closure of the enterocutaneous fistula. Ultimately, the 
patient has fully recovered and is back to most of all of his 
pre-hospitalization activities.

 Introduction

Several aspects of patient care that are crucial to the out-
comes in intensive care unit patients have been identified in 
the literature. These include the relationship between sur-
geon and patient, communication between physicians and 
care teams, specialty of intensivist, conflicts in management 
between surgeon and intensivist, and whether the ICU is 
closed or open. In the following discussion, the current litera-
ture will be reviewed for each issue and how each concept 
applies to the care of this complex patient.

 Surgeon-Patient Relationship

The surgeon-patient relationship has been built on a founda-
tion of trust and communication. It begins with a patient’s 
narrative of their personal and medical histories and culmi-
nates in a preoperative, operative, and postoperative treat-
ment plan. According to anthropologist Joan Cassell, the 
surgeon during this time maintains a “covenantal ethic” in 
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which they make a “promise to battle death on behalf of 
[their] patient” [1]. If a patient continues to trust and support 
a surgeon, the relationship will remain intact, and the 
patient’s recovery will continue to be a team effort.

A surgeon has a license to inflict penetrating trauma on a 
patient in order to aid the body in fighting disease. Because 
of this awesome privilege, surgeons are trained to take full 
ownership of the patient and, as a result, often take successes 
and failures personally. Emotional distress secondary to a 
feeling of personal responsibility for treatment errors has 
been linked to surgeon burnout and suicidal ideation in some 
cases [2, 3]. In fact, surgeons are less likely to consider with-
drawing life support after an operation when an error was 
directly implicated in an undesirable outcome [4]. The emo-
tional repercussions of a poor outcome on a surgeon can 
strain the surgeon-patient relationship on multiple levels. 
This increases the importance of communication between a 
patient and his or her surgeon. It is crucial to discuss potential 
complications of surgery and goals of care early.

 Communication

Communication between surgeon and intensivist has a sig-
nificant impact on the quality of patient care, and failures in 
communication are a common cause of medical errors [5–8]. 
It is imperative that the surgeon and intensivist collaborate 
throughout the patient’s course in the ICU to optimize the 
care of the patient [9]. Strategies that improve this  relationship 
consist of informing the ICU team preoperatively if the 
patient requires ICU admission and contacting the ICU 
immediately postoperative for a full debriefing about the 
procedure – including a discussion of concerns that the sur-
geon feels are germane to the outcome of the patient. As 
such, operative observation by ICU staff foster a better 
understanding of surgical procedures and the patient’s dis-
ease process as well as anticipating potential complications 
that may require rescue [9]. Throughout the postoperative 
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course, the surgery team and ICU staff need to discuss the 
goals of care frequently, and the daily plan needs to be com-
municated every morning [10]. Haas et al. have shown that 
one-on-one communication was the most favored mode for 
quality communication with teams preferring text messaging, 
email, or other direct messaging communication technology. 
These modes were preferred over written notes as the means 
of inter-team communication [11]. The most common factors 
causing conflict among ICU teams include communication 
gaps, personal animosity, and mistrust; to mitigate conflicts, 
cooperation is crucial, and the aforementioned informal 
 communication tactics foster better interdepartmental 
 relationships [12].

 Surgical vs. Medical Intensivist

As the elderly population continues to increase, it is antici-
pated that there will be a 46% shortage of intensivists by 
2030. The gravity of these statistics is highlighted by the fact 
that 54,000 lives could be saved annually if adequate inten-
sivist staffing could be immediately and effectively imple-
mented [13]. Currently, only 3% of US critical care is 
provided by a surgical intensivist [13]. This trend is antici-
pated to continue to decrease as only 50% of surgical critical 
care training programs fill all of their positions. Therefore, it 
is imperative that medically trained intensivists are prepared 
to care for surgical patients. The surgical patient does have 
similar needs to that of a nonsurgical patient requiring critical 
care services (i.e., invasive monitoring, nutrition, treatment of 
shock, and ventilator management). A surgeon managing 
surgical ICU patients has been shown to have its advantages. 
As the surgeon already has knowledge of surgical diseases 
and understands the principles of the specific operation, com-
munication is likely more efficient and effective between the 
operative and critical care surgeon. There have been some 
studies that suggest that surgical critical care patients cared 
for by surgical intensivists have better outcomes than patients 
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cared for by other intensivists. This is especially true in sur-
geon-led care for trauma patients [14]. It has not been shown, 
however, that the specialty of the intensivist effects the post-
operative survival of a non- trauma patient [15]. These results 
have been attributed to the fact that all ICU patients require 
similar care that is not entirely unique to surgical patients. In 
all likelihood, postoperative mortality in non-trauma patients 
cared for in a medical, surgical, or mixed ICU are not affected 
by the type of intensivist managing the patient [12].

 Conflict Between Surgeon and Intensivist

Strong evidence supports that closed ICUs decrease mortality 
and improve resource utilization as compared to open- model 
ICUs. Conflicts, however, arise between surgeons and inten-
sivists in 60% of closed units and 41% of open units [11]. 
Inherent to their training, surgeons and intensivists have dif-
ferent perspectives on patient ownership and scope of prac-
tice. Surgeons, in general, adhere to a preoperative contract 
that motivates them to be a patient advocate during the post-
operative period. The intensivist views a patient with limited 
functional status who requires abundant resources and consid-
ers how to adequately distribute these limited resources to 
optimize outcomes for all patients in the ICU. Understanding 
these different perspectives can allow for more direct com-
munication regarding specific goals of care.

Given the increased public and financial scrutiny sur-
rounding patient experience, the importance of effective 
communication between healthcare providers must be valued 
at a premium as it has been shown to be tied to patient expe-
rience [16]. According to Haas et al., lack of familiarity with 
colleagues is a major barrier to good communication. Having 
a good rapport between surgical and medical colleagues, 
communicating through informal rather than formal systems 
(i.e., texting or face-to-face vs. charting), and avoiding assump-
tions about others’ values or understandings based on profes-
sional stereotypes lead to better patient care and satisfaction. 
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It is well recognized that surgeons have a special relationship 
with their patients, but it is crucial that surgeons recognize the 
unique perspectives of their colleagues. Intensivist-led ICUs 
challenge a surgeon’s mentality that they have a “covenant to 
cure” [17] and are “entirely accountable for the outcomes of 
their patients” [18], but collaboration is much more effective 
than maintaining an ego. Surgeons can still maintain respon-
sibility of a patient’s care, but the ability to be humble and 
recognize the mortality benefits of a closed ICU model is 
imperative. Many of these conflicts are related to the emo-
tional intelligence of the practitioners caring for the patient. 
The Society of Critical Care Medicine recognizes the impor-
tance of emotional intelligence on the culture of care in the 
ICU and the effect it can have on patient outcomes [19]. 
Emotional intelligence training and the impact it may have 
on patient care is an emerging area of clinical interest.

 Closed vs. Open ICU

Patient’s survival is greatly impacted by high-quality support-
ive care postoperatively. Surgical critical care can be grouped 
into two broadly defined categories: an “open” ICU and a 
“closed” ICU [14]. In the former group, the surgeon is pri-
marily responsible for postoperative care in the ICU, where 
the unit serves as a location for advanced monitoring and 
organ support. This method meets the principles of the 
American College of Surgeons in which surgeons are respon-
sible for postoperative care of their patients. The surgeon 
concomitantly takes care of his/her critically ill patients while 
continuing with clinical obligations outside the ICU. The lat-
ter group is defined as an intensivist model of critical care 
delivery. The responsibility for delivery of intensive care is 
assumed by critical care physicians certified in one of the 
boarded specialties (i.e., internal medicine, anesthesiology, or 
surgery). In this model, the physician should have no other 
clinical care duties outside the ICU and is always available to 
the critically ill patient.
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The literature has shown reductions in hospital mortality 
by 30–40% in patients cared for in closed- or intensivist- 
model ICUs compared with an open unit. The closed ICU 
model has also been shown to decrease medical errors, 
decrease duration of mechanical ventilation, decrease length 
of stay, decrease readmission rates, and improve patient satis-
faction [20]. The Leapfrog Group, a consortium representing 
130 employers and 65 Fortune 500 companies that purchase 
healthcare for their employees, has made ICU physician 
staffing an important quality indicator for its beneficiaries as 
a result of this data [20]. Intensivists can be board certified in 
different backgrounds including pulmonary/critical care, gen-
eral surgery, and anesthesia and can staff several different 
types of ICUs (e.g., medical, surgical, mixed, cardiac, neuro-
surgery, etc.). Although the literature has reported better 
outcomes in a closed unit, it is uncertain whether specialized 
ICUs are needed for all types of patients [21].

 Discussion

Conflict resolution through effective communication was one 
the most important factors in the successful recovery of this 
patient. The patient had a prolonged hospital stay, a complex, 
variable treatment plan with multiple trips to the operating 
room, multiple care teams, and a changing clinical course 
which all relied on successful collaboration. The hopes of a 
recovery were often thwarted by clinical setbacks and overall 
deconditioning. However, the patient and the surgeon 
remained in constant communication throughout his ICU 
stay, fulfilling the implied contract between them. Naturally, 
the patient and his family became annoyed and depressed 
from time to time, but both the surgeon and intensivists 
helped provide psychosocial support. With growing emphasis 
placed on autonomy, the patient and his family were involved 
in every decision during his recovery.

Our patient was primarily cared for by four pulmonary/
critical care intensivists and their fellows with significant 
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input from the surgeon and surgical residents in a closed ICU 
model. The intensivists had no other clinical care duties out-
side the ICU, and they would alternate on a weekly basis. 
Liberal use of HIPAA compliant texting throughout the day 
and face-to-face conversations between members of the sur-
gical team and critical care team allowed the most informed 
decisions to be made daily.

One disadvantage of a closed ICU is the potential for 
inadequate patient handoff between intensivists. Critical 
information can be missed if the surgeon is not involved with 
the handoff. In an open ICU model, wherein the surgeon is 
the primary physician, this would typically not be a problem 
unless participating in a temporary coverage model as the 
surgeon rarely signs out the care of their patient. On the days 
where the ICU team would switch intensivists, personal com-
munication between the surgeon and intensivist was manda-
tory. The intensivists and surgical team had agreed upon 
defined roles in this case which made for a more smooth 
transition of care. The technical aspects surrounding the 
abdominal wound and enterocutaneous fistula were solely 
managed by the surgery team, while ventilator, fluid, and 
vasoactive pressor management were provided by the critical 
care team. This was made possible because of a strong, trust-
ing relationship built upon a foundation of effective 
communication.

Failures to exchange information appropriately can have 
disastrous consequences. After one of the patient’s many 
operations, the medical team initiated anticoagulation which 
likely contributed to the patient’s subsequent hemorrhage 
and need for an additional operation, which resulted in 
another enterocutaneous fistula. The surgeon wanted the 
anticoagulation to be held longer due to bleeding in the oper-
ating room, but this was not adequately communicated to the 
medical team. Despite an otherwise open and forthcoming 
relationship with the medical team, lapses in the transfer of 
information occurred; it is our duty to the patient, however, 
to prevent these instances from occurring frequently.
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One of our patient’s primary problems surrounded the 
surgical disease of an enterocutaneous fistula. Enteral fistulas 
are a vexing problem for both patients and surgeons. The 
complex issues of when to provide enteral or parenteral 
nutrition, the best way to control the fistula and provide skin 
protection, as well as the decision of when to operate are 
mostly in the purview of the surgeon. Enteral fistulas are 
commonly caused by events that occurred in an operation. 
These complications often evoke the nature of the “covenant 
to cure” between the surgeon and the patient. It is likely that 
a surgical intensivist would innately understand this problem 
more thoroughly than an intensivist from another discipline 
and perhaps offer a different treatment plan.

In our case, the ICU team planned to feed the patient 
enterally for the humoral benefits and to avoid line sepsis or 
hepatic dysfunction related to parenteral nutrition. A main 
priority of the ICU team is to avoid central line associated 
bloodstream infections (CLABSI) given its association with 
overall ICU and hospital quality. The surgeon firmly believed 
that an enteral feeding plan would have prevented spontane-
ous closure of the fistula, which in turn would mandate opera-
tive intervention. Given the high risk of operative 
complications, avoidance of additional surgery was a critical 
component to uphold his “covenant to cure.” After much 
discussion, the two teams accepted both issues as equally 
important resulting in a carefully negotiated settlement of 
when to enterally feed the patient.

The surgeon and intensivist can have different perspec-
tives on patient care as highlighted in this case. Surgeons, in 
general, feel they must adhere to an unspoken contract to 
advocate on behalf of their patient throughout their hospital 
course both pre- and postoperatively. Frequently, the inten-
sivist must take into consideration the role of resource alloca-
tion, which may come at odds with the surgeon’s contract with 
the patient. This patient was transferred out of the ICU ear-
lier than the surgeon preferred as the patient would receive a 
decrease in level of care on a medical-surgical floor rather 
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than the ICU.  Because of this, there was concern that the 
patient’s recovery would be stunted. Regardless of the sur-
geon’s preference, the intensivists downgraded the patient, 
and, ultimately, he did well. Despite the different perspec-
tives, the surgeon and intensivists understood one another, 
and their collaboration led to the patient’s recovery.

Regardless of the strategy, the goal for both surgeons and 
intensivists remains the same – focus on what is best for the 
patient. Creating a team with the surgeon and intensivists, 
surgical and medical residents, the patient, and his family that 
focused on the patient’s recovery was the keystone to his suc-
cessful discharge home. While the literature suggests that 
cohesive relationships built on a foundation of open commu-
nication between all members of healthcare teams are a req-
uisite for optimal care of the intensive care patient, further 
investigation of the impact that emotional intelligence train-
ing has on patient outcomes is needed.
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Key Points and Future Aims

• The number of patients undergoing heart transplan-
tation or implantation of a mechanical circulatory 
support system is increasing and will soon exceed 
10,000 patients annually in the United States.

• The basic post-operative critical care management of 
these patients must be understood by all intensivists 
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 Introduction

Heart transplant recipients and mechanical circulatory sup-
port device patients are among the most challenging cases 
encountered by the cardiac intensivist. Whereas the former 
have unique issues ranging from cardiac denervation and pri-
mary graft dysfunction to side effects of immunosuppression, 
the latter have parallel “pumps” with often unpredictable 
responses to alterations in preload, afterload, and contractility. 
As a result, standard post-operative medical interventions do 
not necessarily result in the expected responses in either 
population. Understanding the unique concepts related to the 
perioperative management of these patients is critical to 
ensuring good outcomes and avoiding foreseeable pitfalls.

[Note that many of the recommendations and suggestions 
in this chapter are based upon empiric observations and 
experience.]

 Case Presentation

A 67-year-old large hypertensive African-American male with 
a 10-year history of diabetes mellitus, chronic systolic heart 
failure due to coronary artery disease (with an ejection fraction 

as complications in these patients are common and 
may present in an atypical manner.

• Perioperative management is uniquely challenging, and 
the explanation for any unexpected change in clinical 
state needs to be identified rapidly and addressed effec-
tively to avoid morbidity and mortality.

• At present, much of the knowledge in this field is 
based on empiric observations and expert experi-
ence. The development of evidence-based treatment 
plans and protocols that may lead to more standard-
ized critical care management and better overall 
outcomes is ongoing.

M. J. Zucker and L. M. Jaffe



41

of 0.10), severe mitral regurgitation (MR), mild aortic insuffi-
ciency (AI), and stage 3 chronic kidney disease was listed for 
transplantation due to progressive clinical deterioration and 
the need for continuous intravenous milrinone as an outpa-
tient. He eventually presented to the medical center for worsen-
ing dyspnea on exertion, edema, and abdominal bloating with 
right upper quadrant discomfort and early satiety.

Upon arrival at the medical center, the blood pressure (BP) 
was 88/59 mmHg with a heart rate of 100 bpm. A pulmonary 
artery catheter was placed, and the right atrial (RA) pressure 
was 18  mmHg with a pulmonary artery (PA) pressure of 
38/26  mmHg and a pulmonary capillary wedge pressure 
(PCWP) of 25 mmHg. The cardiac index (CI) was calculated 
to be 1.4  l/m/m2 using the Fick equation. The sodium was 
129 mEq/dl, and the creatinine was 1.9 mg/dl. After discussion 
with the team, it was determined that the patient required 
urgent placement of a circulatory support device. Various 
options were entertained recognizing that identification of a 
donor organ in the short term was unlikely (due to the patient’s 
size), and he was therefore taken for implantation of a durable 
centrifugal left ventricular assist device (LVAD).

 Initial Considerations

The experienced heart failure clinician and/or cardiac inten-
sivist will immediately note preoperative areas of concern:

 1. The presence of a markedly elevated right atrial pressure 
(central venous pressure (CVP)) suggests that the patient 
is quite fluid overloaded. This places the patient not only at 
high risk of perioperative morbidity, mortality, and renal 
dysfunction but also at higher risk of post-LVAD right 
heart failure [1, 2].

 2. The patient’s hemodynamics are notable for two other 
validated predictors of right ventricular (RV) failure after 
LVAD insertion. First, the CVP/PCWP ratio is 0.72. A ratio 
of greater than 0.63 has been shown to be predictive of RV 
failure [3]. Second, despite the elevated PCWP, the patient’s 
RV is generating a relatively low systolic pressure of 
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38  mmHg, and the calculated RV stroke work index is 
reduced at 6.05 (normal 7.9–9.7) [4].

 3. With a diastolic BP of 59 mmHg and an assumed LV end 
diastolic pressure of 25 mmHg (using the wedge pressure 
as a surrogate), the pressure gradient across the valve dur-
ing diastole is only 34 mmHg as compared to a pressure 
gradient in a healthy individual of over 70 mmHg. Despite 
the low gradient, there is already mild aortic insufficiency.

 4. The baseline creatinine prior to surgical intervention is 
elevated. How much of the elevation is attributable to poor 
forward flow (type 1 cardiorenal syndrome) versus how 
much is due to intrinsic renal dysfunction or chronic post-
capillary renal congestion (type 2 cardiorenal syndrome) is 
unclear at this time but may become an issue later [5].

Implantation of the durable centrifugal pump proceeded 
uneventfully. An echocardiogram performed after device insertion 
demonstrated mild RV distention, but overall function of the right 
ventricle was considered to be “borderline adequate.” Bleeding 
concerns were relatively few, and the patient was transferred to the 
cardiothoracic ICU for further management. Initial BP was 
86/82 mmHg by arterial line with a heart rate of 86 bpm on vaso-
pressin two units per hour, norepinephrine 2 mcg/kg/min, and 
dobutamine 5 mcg/kg/min. The RA pressure was 14 mmHg and 
PA pressure 36/22 mmHg. The ventilator was set to a PRVC mode 
with a FiO2 of 0.70. The extremities were cool and edematous.

Approximately 4  hours later, the BP fell to 68/66  mmHg, 
and the right atrial pressure rose to 19 mmHg. The pump flow 
decreased to 3.2 lpm as compared to 4.1 lpm upon arrival in 
the unit. The urine output decreased to 20  cc per hour from 
50 cc per hour. Chest tube drainage was 475 ml since arrival 
but was slowing. The repeat hemoglobin was 7.2  mg/dl and 
creatinine 2.6 mg/dl.

 Post-operative Considerations

At this point, a number of issues have developed including 
anemia, hypotension, and worsening renal function. Each 
needs to be assessed and addressed.
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 1. The anemia is most likely due to intraoperative and early 
post-operative blood loss. Since the patient is a heart trans-
plant candidate, administration of blood products should 
be limited to the extent possible in order to avoid subse-
quent allosensitization which might complicate the identi-
fication of an immunologically compatible donor [6]. 
Nonetheless, the hemoglobin should probably not be 
allowed to drift much lower than 7 mg/dl. If blood products 
are required, the use of leukodepleted and perhaps washed 
and irradiated products should be entertained, although 
there is a paucity of data to support this practice [7].

 2. The etiology of the worsening renal function remains 
unclear, but the possibility of poor forward flow, even with 
an LVAD, must be entertained and investigated.

 3. The worsening RA pressure coupled with tenuous preop-
erative state of the RV and the echo finding of mild RV 
distension and hypokinesis suggest that failure of the 
unsupported RV may be contributing to the poor forward 
flow. Potential etiologies include tamponade, changes in 
septal geometry due to LV unloading, primary RV dys-
function, and secondary RV dysfunction (due to an ele-
vated pulmonary vascular resistance or coronary disease 
involving the right coronary artery). A transesophageal 
echocardiogram in addition to continuous invasive hemo-
dynamic monitoring may provide additional insight. In 
particular, a TEE will help the physician assess the position 
of the interventricular septum and adjust LVAD RPM to 
ensure that the septum is midline.

The other challenge at this time is to decide whether to 
administer volume (including blood) to an already distended 
right ventricle or to administer diuretics. Both approaches are 
problematic. In the presence of a normally functioning 
LVAD, BP and forward flow are down because left-sided fill-
ing pressures are presumably down. Thus, the administration 
of volume would ordinarily be the proper intervention. 
However, additional volume may further distend the right 
ventricle making the need for a temporary right ventricular 
assist device more likely.
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Arguably, the treatment of choice at this moment would be 
to increase inotropes (to address any primary RV myocardial 
dysfunction) and perhaps introduce nitric oxide (to reduce 
RV afterload if there is evidence of an elevated pulmonary 
vascular resistance) [8]. As well, the introduction of isoproter-
enol to increase the heart rate or reprogramming the 
implanted ICD to atrial pace at 95–100  bpm might be of 
some incremental value, although the role of a faster heart 
rate in an LVAD patient is less well established than it is in a 
transplant patient [9].

After the dobutamine was doubled and isoproterenol 
added, the heart rate rose to 96  bpm, and hemodynamics 
improved sufficiently to permit the transfusion of two units of 
packed red blood cells (PRBC). On post-operative day num-
ber 1, the right atrial pressure was 14 mmHg, and the patient 
was successfully extubated, although he remained on fairly 
high doses of pressors and inotropes.

Thirty-six hours after leaving the OR, intravenous antico-
agulation was started with heparin at 500 units per hour with 
instructions to up-titrate to a target PTT of 60 s. Oral warfa-
rin was begun as well. Pressors and then inotropes were 
weaned over the next 3–4 days, and he was transferred to the 
step-down unit.

 Anticoagulation Considerations

Heparin or a derivative of heparin is often administered pre-
operatively to minimize the risk of intraventricular thrombus 
formation. Regardless of whether heparin was infusing pre-
operatively or not, it is normally administered in a fairly high 
dose during LVAD implantation. Once the LVAD has been 
successfully implanted and the flow generated by the device 
shown to be adequate, protamine is administered to reverse 
the effects of heparin.

During the early post-implant period, bleeding precludes 
the introduction of heparin or warfarin. At some point, how-
ever, anticoagulation must be started. Some centers proceed 
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directly to vitamin K antagonists, while others bridge with 
unfractionated heparin [10]. The use of direct oral anticoagu-
lants such as apixaban and rivaroxaban is not recommended 
[11]. Even with appropriate anticoagulation and acceptable 
pump output, device thrombosis can still occur.

The following should be considered with respect to the 
preoperative evaluation and post-operative management of 
all patients who are being anticoagulated early after surgery 
irrespective of whether that surgery is VAD placement or 
transplantation:

 1. The increased use of heparin prior to placement of a 
mechanical circulatory support device (or prior to trans-
plantation) has resulted in an increase in the frequency of 
heparin-induced thrombocytopenia [12]. The diagnosis of 
HIT is made by the clinical history, timing/duration of hep-
arin exposure, and measurement of antibodies to the Hep/
PF4 complex and confirmed by a serotonin release assay [13]. 
All thrombocytopenia, however, is not HIT.  Antibiotics, 
proton pump inhibitors, and pump-related consumption 
can all reduce platelet number. This is particularly true in 
the patient in whom an intra-aortic balloon pump was in 
place preoperatively.

 2. In some instances, patients do not have HIT but are  
known to be hypercoagulable for other reasons such as 
 antiphospholipid antibody syndrome, prothrombin gene 
mutations, and MTHFR mutations. These patients may be at 
an increased risk for pump thrombosis and need to be more 
aggressively anticoagulated and closely monitored [14].

 3. Patients with prior hematologic conditions that place them 
at a high risk for bleeding or clotting such as idiopathic 
thrombocytopenic purpura, factor V Leiden, and elevated 
factor VIII have significantly higher rates of early morbidity 
and mortality and require particularly close monitoring [15].

The patient was discharged to home on post-operative day 
number 22. LVAD parameters were all within normal limits at 
that time although pump output was slightly high at 6.9  lpm 
(normal 4–6  lpm). An echocardiogram obtained prior to 
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 discharge revealed mild RV distention and hypokinesis and 
mild to moderate aortic insufficiency with a mean arterial pres-
sure of 85 mmHg. Serum creatinine was 1.8 mg/dl.

 Additional Considerations

On first glance, the situation appears to be fairly stable. The 
BP is at target. The function of the right ventricle appears 
adequate. However, the unexpectedly high pump output can-
not be ignored. As noted, there was preoperative mild AI 
with a pressure gradient during diastole of 34  mmHg. 
Ordinarily, after LVAD placement, one can generally assume 
that the LV has been decompressed and that the LVEDP is 
nearly normal. Therefore, with a mean arterial pressure usu-
ally in the range of 85 mmHg, the pressure gradient across the 
valve is now 65–70 mmHg, nearly double to what it was pre-
operatively. Moreover, whereas the pressure gradient across 
the aortic valve in the non-LVAD patient is solely during 
diastole, in the LVAD patient (in whom aortic flow is con-
tinuous), there remains a pressure gradient even during sys-
tole. In addition, the LVAD inflow creates suction in the LV 
which can further contribute to the insufficiency [16]. The 
visible manifestation of this regurgitant flow is an increased 
calculated pump output as blood from the pump enters the 
ascending aorta and leaks back into the left ventricle creating 
a circulatory loop. This limits the effective forward flow and 
can ultimately lead to organ malperfusion and increased left 
ventricular diastolic pressures [17].

Four months after discharge, the patient develops recurrent 
shortness of breath and dyspnea. He is seen at the mechanical 
circulatory support clinic and admitted for further evaluation. 
Upon admission, device interrogation reveals consistently ele-
vated pump output and power. Measurement of serum LDH 
reveals no significant change from baseline. An echocardio-
gram again demonstrates mild RV distention and hypokinesis 
but now reveals moderate to severe aortic insufficiency. Prior 
to making any changes to the LVAD settings a PA catheter is 
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placed. The RA pressure was 13  mmHg, PA pressure 
44/25 mmHg, and PCWP was 23 mmHg. The mixed venous 
saturation was 48%, and the estimated Fick CI was 1.8 lpm/m2. 
The LVAD RPM was increased, but no change was noted in 
the mixed venous saturation. The case was presented to the 
team for further recommendations.

 Post-readmission Considerations

The stable LDH suggests that there is no pump thrombosis 
[18]. Hence, the logical conclusion is that the aortic insuffi-
ciency has become a significant problem. This is a well-known 
phenomenon in LVAD recipients and one that does not have 
an easy solution [16]. There are multiple reports describing 
the results of either replacing or oversewing the aortic valve. 
Outcomes have been mixed, and most surgeons are unenthu-
siastic about either approach [19]. For this reason, the best 
intervention for this problem in a transplant candidate is to 
proceed directly to transplantation assuming that the patient 
can be adequately supported during the waiting period.

As a result of the discussion with the team, it is agreed that 
transplantation represents the proper next step. Lab work is 
sent for immunologic assessment, and the patient is 
 allosensitized to multiple HLA antigens. Nevertheless, the anti-
body titers are relatively low, and it is decided that no preop-
erative desensitization therapy is needed. After 3 weeks in the 
cardiac care unit, a donor heart from a 42-year-old motor 
vehicle accident victim is identified. The patient has one donor-
specific antibody which is thought to not represent a contrain-
dication to proceeding, and he was taken to the operating room 
for LVAD explantation and cardiac transplantation approxi-
mately 6 months after placement of the LVAD. The interna-
tional normalized ratio (INR) at the time of transplantation 
was normal since anticoagulation had been maintained with 
heparin and aspirin.

The intraoperative course was challenging. Dense adhe-
sions were present making dissection difficult. The donor 
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heart was implanted after an ischemic time of 4 h. Diffuse 
bleeding was noted by the surgical team which did not 
respond well to standard measures including protamine. A 
massive transfusion protocol was initiated, and over eight units 
of packed red cells were administered in the operating room 
in addition to platelets, fresh frozen plasma, and cryoprecipi-
tate. Left ventricular function was adequate although not 
hyperdynamic. Right ventricular function, however, was poor. 
Two amps (20 mcg) of liothyronine were administered in 
addition to milrinone 0.5 mcg/kg/min, dobutamine 5 mcg/kg/
min, epinephrine 0.05 mcg/kg/min, and vasopressin two units 
per hour. After 7 h in the operating room, the patient was 
transferred to the cardiothoracic ICU.

Upon arriving in the ICU, the BP was 85/53 mmHg with a 
pulse of 105 bpm. The right atrial pressure was 18 mmHg, pul-
monary artery pressure 37/21  mmHg, and CI 2.5  lpm/m2. 
Drips were as described above. Urine output was 90  ml per 
hour, and chest tube drainage was significant at 200 per hour. 
The donor was known to be cytomegalovirus positive and the 
recipient cytomegalovirus negative; therefore, prophylactic 
intravenous ganciclovir was ordered to begin on post- operative 
day number 2.

 Posttransplant Considerations

Although there are significant differences in the management 
of heart transplant recipients as compared with the manage-
ment of patients after routine cardiac surgery, there are simi-
larities, as well. The great majority of patients are extubated 
on the first post-operative day. Although monitoring lines 
and Foley catheters are discontinued expeditiously, inotropic 
agents are withdrawn a bit more slowly due to the risk of late 
right heart dysfunction [20]. Line removal, as with all post- 
operative patients, is critically important in order to reduce 
the chances of a nosocomial infection induced by either 
indwelling catheters or monitoring devices.
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The above comments notwithstanding, there are a number 
of issues associated with heart transplant recipients that need 
to be specifically addressed:

 1. Right Heart Failure  – For multiple reasons including the 
presence of preoperatively elevated pulmonary vascular 
resistance (not infrequency exacerbated by intraoperative 
bleeding and the need for large amounts of blood prod-
ucts), the recently prolonged cold time and ischemic time, 
and the loss of sympathetic innervation, RV dysfunction 
has become a common post-operative challenge seen in 
these patients. Transplant registry data demonstrate that 
despite advances in perioperative management, RV dys-
function accounts for 50% of all cardiac complications and 
19% of all early deaths [21]. The following management 
points should be considered:

 A. As noted previously, a distinction needs to be made 
between right heart failure secondary to primary myo-
cardial right heart dysfunction (as a result of ischemia, 
primary graft dysfunction, or an air embolus down the 
right coronary artery) and right heart dysfunction due 
to an increased afterload (as a result of a chronically 
elevated pulmonary vascular resistance). In the first 
case, therapy is primarily directed toward improving 
contractility of the ventricle. In the second case,  therapy 
is directed toward both reducing ventricular afterload 
and improving contractility.

 B. The presence of normal pulmonary artery pressures 
does not rule out right ventricular dysfunction. 
Attention needs to be focused on the pulmonary artery 
(PA) pulse pressure (PAS-PAD) and the central venous 
pressure (CVP). Normally, in the perioperative period, 
the CVP should be less than 10–12 mmHg and the sys-
tolic PA pressure greater than 30–35 mmHg with a PA 
pulse pressure of at least 10–12 mmHg. A low PA pulse 
pressure and high CVP are often the first clue that the 
RV is struggling.
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 C. The donor right ventricle is frequently hypokinetic in 
the immediate post-operative period for the reasons 
noted previously. Contractility can be improved with 
isoproterenol at 2–4 mcg/min or with milrinone and/or 
dobutamine [22]. Of the two agents, milrinone may be 
the more effective medication, but it does cause more 
hypotension [23]. As such, the recommended loading 
dose of milrinone is not normally given. In the presence 
of renal insufficiency, the maintenance dose of milri-
none will need to be decreased. Dobutamine may cause 
tachycardia which, in and of itself, is not necessarily a 
problem for reasons described below.

 D. Empiric observations have suggested that intravenous 
T3 hormone (liothyronine) may also be used to 
improve cardiac contractility [24, 25]. The initial dos-
age is 0.2 mcg/kg administered as a bolus over 1 min. 
The use of dosages as high as 3 mcg/kg has been 
reported. A follow- up intravenous drip of 20–30 mcg 
over 24  h may be considered but is generally not 
needed. Thyroid hormone may increase myocardial 
oxygen demand (MVO2) and may also increase atrial 
and ventricular arrhythmias.

 E. For patients with increased RV afterload, nitroprusside 
can be used to lower pulmonary pressures and perhaps 
improve right heart function, but it may exacerbate 
intrapulmonary shunting and worsen hypoxemia [26]. 
Secondary hypoxic pulmonary vasoconstriction may in 
turn further worsen right ventricular function. For this 
reason, nitroprusside is not normally used in the post-
operative period.

 F. Inhaled prostacyclins  – epoprostenol (Veletri and 
Flolan) are used at many centers to reduce pulmonary 
resistance. However, both have alkaline pH values and 
may not be ideal for inhalation in certain patients. For 
this reason, nitric oxide (NO) remains the intervention 
of choice for afterload-mediated RV dysfunction. 
Unfortunately, the cost of the medication is substantial, 
and many medical centers are reluctant to use or even 
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acquire this agent. Although NO is most effective when 
RV dysfunction is secondary to an increased pulmo-
nary vascular resistance as compared to intrinsic RV 
myocardial dysfunction, distinguishing between the 
two etiologies is difficult. In fact, most of the time, both 
etiologies play a role. Thus, NO is often used in all cases 
of RV dysfunction.

 G. Regardless of the etiology of the right heart dysfunc-
tion. In the early post-operative period, maintaining 
the heart rate at approximately 100–110/min by either 
isoproterenol infusion or atrial pacing (if wires were 
placed) may be beneficial. This is particularly relevant 
in situations where the donor heart is a bit undersized. 
Heart rates up to 120  bpm are acceptable. Note that 
isoproterenol was commonly needed in the past when 
atrial-atrial anastomoses were performed (which 
resulted in sinus node dysfunction). Isoproterenol is 
less commonly needed now that the bicaval technique 
is used. In fact, in such patients, isoproterenol may 
result in a marked tachycardia, and caution is advised.

 H. In addition to inotropes or afterload-reducing agents, 
gentle diuresis should always be considered, but an 
echocardiogram should first be obtained to rule out 
tamponade. The challenge with administering diuretics 
is that in the presence of RV failure the systemic BP 
may be low due an inadequate filling volume. Thus, 
diuretics alone almost never adequately address the 
problem.

 I. Oral sildenafil was the first phosphodiesterase 5 (PDE- 
5) inhibitor used in patients with RV dysfunction due 
to pulmonary hypertension. It has proven to be quite 
an effective medication. Moreover, in addition to its 
pulmonary vasodilating effects, there are reports that it 
also increases contractility of the RV probably due to 
PDE-3 inhibition, as well [27]. However, not all studies 
have confirmed this finding [28].

 J. In certain circumstances, simply opening the sternum 
may be sufficient to address the RV dysfunction [29].
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 2. Hemodynamic Considerations – In general, the first 24–48 h 
is centered on right heart function, hemodynamic stability, 
and bleeding. All of these problems come together to cre-
ate one of the more common posttransplant issues – hypo-
tension. The following should be taken into account when 
addressing this issue:

 A. A stable systolic BP of >90–95  mmHg (or mean BP 
greater than 65–70 mmHg) is generally acceptable in 
the first 24 h post-operatively. Do not push fluids unless 
the CVP is <5–7 mmHg and even then only if the sys-
tolic BP is <85 mmHg.

 B. Persistent hypotension responsive to volume suggests 
intrathoracic bleeding. Chest tubes can clot, and the 
absence of bleeding from a chest tube can be mislead-
ing. If hypotension is unexplained or unresponsive to 
standard interventions, recheck the chest x-ray, rule out 
a pneumothorax, and consider transesophageal 
echocardiography.

 C. Vasoplegia defined as an inability to maintain a BP 
despite reasonable doses of vasopressors is being seen 
increasingly frequently possibly due to the increased 
number of patients undergoing cardiopulmonary 
bypass including those undergoing heart transplanta-
tion after medium- to long-term support with an LVAD 
[29, 30]. The reasons for this are not clear. Methylene 
blue (1.5 mg/kg IV over 20 min (up to a maximum of 
40 mg)) may be of some value in treating this condition 
if the patient does not respond to standard vasopres-
sors [31]. Preoperative amiodarone has been reported 
to be associated with hypotension that may be less 
responsive to pressors although this remains controver-
sial [32–34].

 D. For the better part of the past 15 years, vasopressin was 
the pressor of choice for hypotension. As compared to 
norepinephrine, vasopressin does not cause tachycar-
dia, increases renal blood flow and urine output (not 
seen with norepinephrine), and is effective even in the 
presence of hypoxia and/or acidosis. Unfortunately, the 
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cost of the medication increased significantly in 2014. 
In view of this, many centers advise introducing norepi-
nephrine first or if the patient has been started on vaso-
pressin attempt an early transition to norepinephrine. 
The role of intravenous angiotensin II has not been 
studied in this patient population.

 3. Post-operative Bleeding – With respect to bleeding, a num-
ber of pre-op considerations as well as post-op complica-
tions must be entertained.

 A. The target hemoglobin is 8 gm/dl during the first 36 h. 
In selected stable, non-bleeding patients, the hemoglo-
bin may be allowed to drift as low as 7.0–7.5 gm/dl after 
the first 36–48 h.

 B. In the past, preoperative, intraoperative, and immedi-
ate post-operative use of 5–10 gm of aminocaproic 
acid (Amicar) was used to reduce the incidence of 
bleeding by interfering with the fibrinolytic pathway, 
particularly in patients undergoing a second or third 
intrathoracic procedure. It is no longer routinely used 
but could represent an option for patients with consid-
erable bleeding.

 C. An activated clotting time (ACT) can be checked more 
quickly than a partial thromboplastin time (PTT), but 
they don’t always correlate.

 D. As a general rule, if the INR is 1.6 or less, the bleeding 
will probably not be corrected with fresh frozen plasma 
(FFP) alone.

 E. The use of cell saver blood (autologous blood transfu-
sion) may involve more heparin use and may worsen 
coagulopathy. Additional protamine can be used to 
mitigate this effect.

 F. Blood replacement therapy should be performed in 
accordance with the hospital’s center-specific massive 
transfusion protocol recommending the administration 
of a fixed ratio of PRBC to FFP to platelets.

[Experience gleaned from trauma units and the mili-
tary has taught us that blood components should be 
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replaced in a proper proportion. Guidelines differ with 
regard to the ideal ratio, but in general, it seems that a 
1:1:1 ratio of PRBC to FFP to platelets is simple and 
effective [35]. Isotonic crystalloid should not be used to 
replace volume as it causes dilutional coagulopathy. 
Low fibrinogen concentrations can be addressed with 
cryoprecipitate if the level is less than 150 mg/dl.]

 G. For persistent bleeding, the use of recombinant factor 
(rFactor) VIIa may be considered. rFactor VIIa in the 
presence of tissue factor will convert factors IX and X 
to factors IXa and Xa, respectively. Factor Xa will then 
convert prothrombin to thrombin which will convert 
fibrinogen to fibrin thereby forming a hemostatic plug. 
The surgical dose (which is much lower than the hemo-
philia dose) is 10 mcg/kg delivered as a bolus, and a sec-
ond dose may be required [36].

 H. Each institution will define what level of continued 
bleeding in the chest tubes justifies a return to the oper-
ating room. However, in general, more than 300  ml 
over 3 h or 400 ml over 4 h is probably an indication to 
return to the OR unless the bleeding appears to be 
slowing or there is a diffuse coagulopathy in which case 
the coagulopathy needs to be treated first.

 4. Renal Insufficiency  – Transplant recipients seem to be at 
increased risk for post-operative renal insufficiency due in 
part to the preoperative, low-output, diuretic-dependent 
state of the kidney which may be exacerbated by cardio-
pulmonary bypass and the use of multiple nephrotoxic 
medications including antibiotics and calcineurin inhibi-
tors such as cyclosporine and tacrolimus [37].

 A. Decreased urine output may be an early indication of 
cardiac tamponade or right heart failure.

 B. Early hemodialysis or continuous renal replacement 
therapy (CRRT) can be quite effective in preventing 
right heart distention and hyperkalemia in patients 
with renal dysfunction, anuria, or significant oliguria.

 C. Intravenous ganciclovir and acyclovir may cause crys-
talluria and secondary renal damage. Hydration and 
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alkalinization of the urine may be of some benefit. The 
infusion rate should be fairly slow.

 5. Fever and Leukocytosis – With respect to fever and leuko-
cytosis, the following should be remembered:

 A. A fever up to 101°F during the first 24–36  h is not 
unusual. After that, however, a fever of 101°F or greater 
should prompt a search for a cause. Of note, dexme-
detomidine, a sedative, can cause fever (as well as 
hypotension, hypertension, nausea, and bradycardia).

 B. Immunosuppressant medications such as anti- 
thymocyte globulin can cause fevers.

 C. It is difficult to differentiate leukocytosis from ubiqui-
tous steroid use from a leukocytosis triggered by infec-
tion or other inflammatory process. Empiric experience 
suggests that the white blood cell (WBC) count does 
not usually rise above the low 20,000  s from steroids 
alone. Any white count higher than that probably war-
rants further evaluation.

 D. It is not uncommon for the WBC count to increase, 
decrease, and then increase again approximately 7 days 
after transplant. This may simply reflect a stress 
reaction.

 6. Hematologic Abnormalities  – Multiple cytopenias can 
develop after heart transplantation from a number of 
etiologies.

 A. Leukopenia is most often drug related but can be sec-
ondary to severe infection and sepsis. Induction immu-
notherapy may lead to depressed WBC counts. Drugs 
commonly used after transplant such as mycopheno-
late mofetil, ganciclovir, and valganciclovir can also 
lower WBC counts.

 B. Anemia in the acute post-operative period is most 
often related to blood loss; however, renal dysfunction, 
vitamin or mineral deficiency, drug effects, and infec-
tions (especially viral) can result in prolonged anemia.

 C. Thrombocytopenia is relatively common after heart 
transplant and may be due to cardiopulmonary bypass 
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and the use of heparin products in the operating room. 
The medications noted above as causes of leukopenia 
can also cause thrombocytopenia.

 D. Pancytopenia post-operatively can be related to bone 
marrow suppression from medications, infection, or 
other highly inflammatory state. Pancytopenia should 
prompt a timely and careful investigation and may 
require bone marrow biopsy [38].

On the evening of the second post-operative day, the nurse 
reported that despite only a slight reduction in the intravenous 
medications, the BP had fallen to 84/58 mmHg, and the heart 
rate had fallen to 68 bpm. A 12-lead confirmed the loss of sinus 
rhythm and the appearance of a junctional tachycardia. The 
patient was asymptomatic. The medical team initiated atrial 
pacing at a rate of 100 bpm. Three hours later, the nurse called 
and informed the on-call physician that the patient had devel-
oped atrial fibrillation with a rapid ventricular response of 
138 bpm and requested directions.

 Posttransplant Arrhythmias

Arrhythmias are not uncommon in all post-cardiac surgery 
patients, but their management in the transplant population 
may be a bit different:

 1. Bradycardia in a transplant recipient cannot be treated 
with atropine due to vagal denervation of the allograft, and 
tachycardia including supraventricular tachycardias will 
not respond to vagal interventions.

 2. Atrial pacing and/or isoproterenol remains the treatment 
of choice for bradycardia.

 3. Atrial fibrillation and atrial flutter are common in the first 
couple weeks after surgery and probably do not indicate 
allograft rejection. New-onset atrial fibrillation beyond this 
period is concerning for rejection and/or allograft dysfunc-
tion and should prompt further evaluation including imag-
ing and endomyocardial biopsy [39].
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 4. Digoxin will not terminate atrial fibrillation in transplant 
recipients.

 5. The agent of choice for management of atrial fibrillation 
and/or atrial flutter is amiodarone (minimal interaction 
with immunosuppressive agents); however, use of prophy-
lactic amiodarone is not generally encouraged [40]. Be 
aware that amiodarone boluses may cause mild, transient 
hypotension.

 6. The use of atrial overdrive pacing to terminate atrial flutter 
is not advised although the arrhythmia can sometimes be 
terminated in this way.

 7. Intravenous verapamil or diltiazem is not usually the first 
choice of therapy but may be used cautiously for rate con-
trol of atrial flutter in selected patients.

After two boluses with intravenous amiodarone, the atrial 
fibrillation resolves, and the monitor reveals atrial pacing at a 
rate of 100 bpm. The following morning, an echocardiogram is 
obtained to assess allograft function. The right ventricle was 
mildly dilated and hypokinetic. Left ventricular function was 
likewise hypokinetic with an EF of 0.40–0.45 as compared to 
0.50–0.55 in the operating room at the time of transfer to the 
CT ICU.  The intravenous medications were left at the same 
dose. Serum troponin level was coming down as is normally 
noted in the post-operative period. The findings were discussed 
with the team. Concern was expressed about the significance of 
the donor-specific antibody.

 Allograft Dysfunction

One common risk affecting all transplant recipients is pri-
mary graft dysfunction (PGF) which reportedly accounts 
for about 40% of the early (<30 day) mortality [41]. Only 
recently has a definition been proposed for PGF [42]. 
A  full  description of the various subtypes is beyond the 
scope of this chapter. However, in most cases, the following 
are present:
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 1. Severe systolic dysfunction of one or both ventricles by 
direct observation in the operating room or by echocar-
diography during the first 24 h after transplantation

 2. Severe hemodynamic compromise (SBP < 90 mmHg and/
or CI < 2.2 lpm/m2) lasting for more than 1 h and requiring 
at least two intravenous inotropes at high dose or mechani-
cal circulatory support

 3. The absence of any other immunologic, technical, hemato-
logic, or pulmonary vascular cause for hemodynamic 
compromise

According to the definition above, the patient was not 
experiencing primary graft dysfunction since myocardial 
contractility was not severely decreased and the episode was 
not recognized during the first 24 h. The most likely expla-
nation in this scenario is delayed recovery of the allograft 
due to a prolonged ischemic time and the somewhat 
advanced age of the donor (40 years old). The most prudent 
course of action would be watchful waiting and frequent 
reassessment. The decreasing troponin levels are reassuring 
but non-specific [43]. Hence, the matter of allograft rejec-
tion remains a consideration. An endomyocardial biopsy at 
post-op day number 3 would likely demonstrate diffuse 
ischemic injury but no cellular rejection. Studies to identify 
antibody-mediated rejection will be hard to interpret as 
they are often abnormal during the first few post-operative 
weeks. Therefore, if there is true concern about rejection 
from the known donor- specific antibody, the use of intrave-
nous immunoglobulin with or without plasmapheresis might 
be worth considering. The use of high-dose steroids or ritux-
imab at this time would be premature and inappropriate 
without confirmatory evidence of antibody-mediated 
rejection.

An echocardiogram is repeated on post-operative day 
number 5. Right and left ventricular functions are normal. The 
drips are slowly weaned off. Despite the introduction of the 
calcineurin inhibitor the serum creatinine actually decreased 
to 1.4  mg/dl. The first endomyocardial biopsy on post- 
operative day 7 revealed no evidence of cellular rejection but 
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classical ischemic changes. The second endomyocardial 
biopsy on post- operative day 14 revealed no evidence of cel-
lular or antibody- mediated rejection, and the patient was dis-
charged home. All heart transplant patients are encouraged to 
enroll in a cardiac rehab program and return to work at 
6–8 weeks post-operatively.

 Conclusion

In the 1980s and 1990s, many of the problems described in 
this hypothetical scenario proved insurmountable. Fortunately, 
refinements in patient selection, surgical technique, and myo-
cardial preservation in association with effective antibacterial 
and antiviral agents, nitric oxide, and left and right ventricular 
assist devices have resulted in better overall survival rates. 
The most significant change, however, in the care of mechani-
cal circulatory support and transplant recipients however 
arguably came with the introduction of defined management 
protocols applied by well-educated teams and the under-
standing that early recognition and early intervention are 
critical to ensure acceptable outcomes.

Today, over 90% of heart transplant recipients are alive at 
1 year, and more than 50% are still alive after 13 years. As a 
result, heart transplantation is now the recognized treatment 
of choice for patients with end-stage heart failure.
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Objectives

 1. Brief description of trauma critical care in the emer-
gency room.

 2. Examine the decisions and course of damage control 
surgery and the challenges of treating multisystem 
trauma patients.

 3. Discuss damage control resuscitation of a trauma 
patient, including treatment of hypothermia, acidosis, 
and coagulopathy.

 4. Discuss management of an open abdomen.
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 Prehospital Course

The patient is a 59-year-old male who presented to the emer-
gency department after a motor vehicle accident. Prehospital 
providers reported that the patient was a restrained driver, 
and airbag deployment was noted. There was prolonged 
extrication time (>60  min) due to steering wheel intrusion. 
The patient had shortness of breath on scene and complained 
of back pain. Due to agitation and mental status changes, the 
patient was intubated for airway protection. His heart rate 
was 82 beats per min (BPM), and blood pressure was 
68/40 mmHg. The patient had a placement of two 18-gauge 
IVs and was given 3 liters of crystalloid fluids for hemody-
namic instability.

The presentation of this patient is typical for admissions to 
a level 1 trauma center. As the quality of prehospital treatment 
of trauma patients improves, the acuity of trauma admissions 
has increased immensely. This presents a unique challenge to 
the trauma providers as they need to make potentially lifesav-
ing decisions with incomplete and inaccurate information. For 
both the trauma surgeon and trauma ICU physician, the best 
approach is a broad differential diagnosis and preparation for 
the worse possible scenarios.

 Emergency Room Course

Following Advanced Trauma Life Support (ATLS) protocol 
[1], the patient was first evaluated with the primary survey.
Airway: Intubated with good end tidal CO2

Breathing: Bilateral breath sounds; O2 saturation 100%
Circulation: HR 87 BPM;
 BP 72/39 mmHg;

 Intact distal pulses
Disability:  GCS 3 – intubated; EMS reports that the patient 

has not moved his lower extremities
Exposure: No skin lacerations or abrasions
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Since he had already received >2 liters of crystalloid fluid, 
he was given two units of unmatched type O Rh negative 
packed red blood cells (pRBCs). As his age was suggestive of 
beta- blocker usage, he was given a dose of glucagon for beta- 
blocker reversal. This measure did not significantly increase 
his blood pressure. While the nursing staff was drawing labs 
and placing monitors, the trauma team completed the second-
ary survey, obtained initial chest and pelvic x-rays, placed 
femoral arterial and central venous introducer lines, and 
evaluated the patient with a focused assessment with sonog-
raphy for trauma (FAST) exam. Throughout the evaluation, 
the patient was maintained on strict spine precautions per 
ATLS protocol [1]. The chest x-ray showed good positioning 
of the endotracheal tube and was negative for injury. The 
pelvis x-ray was negative for pelvic fractures. The secondary 
survey was significant for sedated patient with pinpoint 
pupils and abdominal distention. Patient’s FAST exam was 
positive for pericardial fluid stripe and intra-abdominal free 
fluid. He was taken emergently to the operating room due to 
concern for both cardiac tamponade and intra-abdominal 
hemorrhage. The provider had noted that the patient’s heart 
rate remained very low which was inconsistent with cardiac 
tamponade and hemorrhagic shock.

A comprehensive discussion of the indications for the oper-
ating room for trauma patients is beyond the scope of this 
chapter. While hemorrhage in the most common cause of 
shock in trauma, the provider must keep in mind other causes 
of hypotension. For older patients, cardiogenic shock is often a 
factor. Evaluation by EKG or ultrasound evaluation of ven-
tricular function can help rule out massive myocardial infarc-
tion. In our case, the FAST exam was an expedient way to 
evaluate ventricular squeeze. Massive head trauma and spinal 
cord injuries are two other common causes of hemodynamic 
instability. Evaluation by imaging are often not feasible if the 
patient is unstable, but external signs of injury should prompt 
neurosurgical consultation and request for intracranial pres-
sure (ICP) monitoring. Lastly, the location of the hemorrhage 
needs to be determined prior to the OR. Hence, the use of chest 
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x-ray, pelvis x-ray, and FAST exam are essential for the evalu-
ation of the unstable trauma patient and operative planning.

 Past Medical/Surgical History

 1. BPH (benign prostatic hyperplasia)
 2. Depression
 3. Hyperlipidemia
 4. Hypertension
 5. OSA (obstructive sleep apnea) – on CPAP at home

 Home Medications

 1. Simvastatin (Zocor) 40 mg tablet
 2. Fenofibrate micronized (Lofibra) 134 mg capsule
 3. Doxycycline hyclate (Oraxyl) 20 mg capsule
 4. Losartan-hydrochlorothiazide (Hyzaar) 100–12.5  mg per 

tablet
 5. Fluoxetine (Prozac) 20 mg capsule

 Social History

 1. Former smoker with 45 pack-year history
 2. Occasional ETOH use
 3. Works as a pharmacist

The past medical and surgical histories are often unattain-
able during the initial emergency room evaluation. When 
 possible, trauma providers try to obtain a brief history by the 
AMPLE acronym: A, allergies; M, medications; P, past medical 
history; L, last meal; E, event history [1].
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 Admission Laboratory Results

Ref. range -
WBC 4.2–9.1 thou/uL 6.4

RBC 4.6–6.1 mil/uL 2.5 (L)

Hemoglobin 13.7–17.5 g/dL 8.0 (L)

Hematocrit 40–51% 25 (L)

Platelets 150–330 thou/uL 115 (L)

Ref. range -
Sodium, plasma 133–145 mmol/L 141

Potassium, 
plasma

3.4–4.7 mmol/L 4.3

Chloride, plasma 96–108 mmol/L 107

CO2, plasma 20–28 mmol/L 16 (L)

Anion gap, PL 7–16 18 (H)

UN, plasma 6–20 mg/dL 28 (H)

Creatinine 0.67–1.17 mg/dL 1.60 (H)

Glucose, plasma 60–99 mg/dL 266 (H)

Lactate 0.5–2.2 mmol/L 5.4 (HH)

Ref. range -
Protime 9.2–12.3 s 13.8 (H)

INR 1.0–1.2 1.2

aPTT 25.8–37.9 s 22.8 (L)

R Time 4.0–10.0 min 3.8 (L)
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Ref. range -

K Time 1.0–3.0 min 1.7

A Angle 53.0–73.0° 68.0

Maximum 
amplitude

50.0–72.0 mm 57.8

LY30 −0.1–7.5% 0.0

Coagulation 
index

−3.0–3.0 1.4

Admission laboratory values are often not useful in the 
acute trauma setting as they frequently do not reflect acute 
changes. In this particular case, the lab values were useful and 
quite clearly indicated blood loss that has been ongoing for 
some time. The patient’s thromboelastogram (TEG) values 
indicate mild hypercoagulopathy which is often seen as the 
initial laboratory values.

 Operating Room Course

The patient was taken emergently to the operating room for 
pericardial window and exploratory laparotomy. The anesthe-
sia team was present during the evaluation in the trauma bay 
and aware of patient’s instability. Massive transfusion proto-
col was initiated, alerting the blood bank to rapidly prepare 
coolers of blood products. The surgeon proceeded first with a 
surgical pericardial window. Upon opening the pericardium, 
relatively small amount of bloody fluid was evacuated. The 
pericardial sac was irrigated with warm saline and return of 
fluid was clear. More importantly, there was no major 
improvement in blood pressure with evacuation pericardial 
fluid, suggesting that cardiac tamponade was not a factor for 

Y. Qi



71

patient’s hypotension. The surgeon then moved onto explor-
atory laparotomy. The team evacuated approximately 1 liters 
of blood upon entrance to the abdomen; the abdomen was 
packed with laparotomy sponges in four quadrants. At this 
point, the surgical team alerted the anesthesia team and the 
intensive care team that this would likely be a damage control 
operation.

The most active bleeding was observed in the left upper 
quadrant. The spleen had multiple sites of injury, including at 
the splenic hilum. A splenectomy was performed with some 
difficulty due to patient’s large body habitus and a distended 
stomach that could not be decompressed with nasogastric 
tube. The remaining quadrants were then examined. A large 
parenchymal laceration was seen on the liver just adjacent to 
the falciform ligament fossa. The falciform ligament was 
taken down and used as a buttress, and the laceration was 
repaired with large chromic sutures. A large capsular disrup-
tion was seen over the dome of the liver; this was packed with 
hemostatic agent and two laparotomy pads. The small bowel 
was examined in its entirety as was the colon to ensure no 
enteric injuries.

During the operation, the anesthesia team had been work-
ing continuously to keep up with operative bleeding. In total, 
the patient received 15 units of pRBCs, 12 units of fresh fro-
zen plasma (FFP), 2 units of platelets, 1 unit of cryoprecipi-
tate, and 3 liters of crystalloid. They were able to “catch up” 
with resuscitation as indicated by the arterial blood gas 
results below. However, the patient began to have diffuse 
oozing on all raw surfaces, the team was concerned for 
trauma-induced coagulopathy. As no active vessel bleeding 
was observed, the decision was made to pack the abdomen 
with a temporary vacuum dressing and take the patient to the 
ICU for correction of coagulopathy and hypothermia.
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Initial arterial blood gas and final arterial blood gas values
Ref. range 9PM 10.30PM

pH 7.35–7.43 7.21 (L) 7.42

pCO2, 
arterial

36–46    mmHg 48 (H) 38

pO2, arterial 80–100  mmHg 197 (H) 395 (H)

CO2, ART 
(Calc)

21–28 mmol/L 21 25

HCO3, 
arterial

19–23 mmol/L 19 24 (H)

Base excess, 
arterial

−3–1 mmol/L −9 (L) 0

FO2 Hb, 
arterial

90–95% 98 (H) 99 (H)

For modern trauma surgeons, the treatment of severely 
injured patients (Injury Severity Score > 15) has been guided 
by the paradigm of damage control surgery (DCS). DCS has 
been defined as “planned temporary sacrifice of normal 
anatomy to preserve vital physiology” [2]. Although DCS was 
originally described as an approach to patients with acute 
abdominal injury, the principle has been extended to the treat-
ment of patients with vascular, thoracic, and orthopedic inju-
ries as well. The overarching theory of DCS is that severely 
injured patients are too sick to survive the time period and 
physiological challenge needed for definitive repair. By defini-
tion, the patient who undergoes DCS is on the verge of physi-
ological exhaustion. The three components of DCS are initial 
abbreviated laparotomy, ICU resuscitation, and subsequent 
reoperation for closure and definitive repair [3].

The trauma surgeon decides to perform DCS based on a 
number of factors (Table 4.1). Patients with high-energy blunt 
trauma, multiple torso penetrating trauma, hemodynamic 
instability, coagulopathy, and/or hypothermia on admission 
are much more likely to undergo DCS. Patients who are rec-
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ognized to have complex vascular injuries, multicavitary inju-
ries, or multiregional injuries are also best served by an 
abbreviated operation with an initial aim of controlling hem-
orrhage. Other indicators for DCS include acidosis, hypother-
mia, operative time greater than 90 min, ongoing coagulopathy 
as recognized by nonmechanical bleeding, and transfusion 
requirements of greater than ten units of packed red blood 
cells (RBCs) [4]. Early recognition of the need for DCS is 
essential for optimal team communication and favorable 
patient outcomes.

The operative goals of DCS are control of hemorrhage and 
gross contamination. The abdomen is opened with a generous 
midline incision. Hemorrhage control is gained with a variety 
of techniques depending on the type of injury, including 

Table 4.1 Damage control: key factors in patient selection
Conditions High-energy blunt torso trauma

Multiple torso penetrations

Hemodynamic instability

Coagulopathy and/or hypothermia

Injury 
complexes

Major abdominal vascular injury with multiple 
visceral injuries

Multicavitary exsanguination with 
concomitant visceral injuries

Multiregional injury with competing priorities

Critical factors Severe metabolic acidosis (pH <7.3)

Hypothermia (temperature <35 °C or <95 °F)

Resuscitation and operative time >90 min

Coagulopathy as evidence of nonmechanical 
bleeding

Massive transfusion (>10 units of packed red 
blood cells)

Adapted from Rotondo and Zonies [6]
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 packing, ligation, clamp application, and balloon catheter tam-
ponade. Once bleeding is controlled, attention is turned to 
control of contamination. The bowel is examined along its 
entire length; small defects are closed with simple suture clo-
sure, and larger defects are quickly resected with staplers. No 
reconstructive efforts are made. Bowel is left in discontinuity 
and vessels may be kept patent with temporary shunts. The 
abdomen is then rapidly “closed” with a vacuum-type 
abdominal dressing [5]. The abdominal dressing serves 
multiple purposes: (1) provides temporary abdominal coverage 
to allow for second-look surgery, (2) optimizes chances of 
eventual fascial closure by fully separating the abdominal 
contents from the abdominal wall and minimizing fascial 
retraction, (3) allows for means of continuous evacuation of 
fluid from the abdomen, and (4) allows for the expected 
expansion of bowel secondary to edema from fluid resuscitation.

 Trauma ICU Course

The ICU provider team was prepared to receive the patient 
with a pre-warmed room, hemodynamic monitoring tools, 
rapid infusion device, and additional nursing staff. Patient was 
transferred on ventilator support. His body temperature mea-
sured around 36°C in the operating room. In addition to 
increasing ambient room temperature, the patient was cov-
ered by a Bair Hugger forced-air warming system (3M, Saint 
Paul, MN). The IVF and blood products were warmed by the 
Level 1 ® H1200 infusion device (Smith Medical, Minneapolis, 
MN) prior to administration. He initially had acceptable sys-
tolic blood pressure around 110  mmHg. Soon after, the 
abdominal vacuum dressing volume output began to increase. 
The drainage appeared sanguineous and averaged 500–
1000 mL per hour. He continued to have hypotension requir-
ing blood products and low-dose vasopressors. His TEG 
results remained relatively normal, ruling out the possibility 
that hypercoagulability was the cause of rapid bleeding. After 
6 h of resuscitation and warming attempts, patient was taken 
back to the operating room for re-exploration.
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Postoperatively, the patient arrives at the ICU with ongoing 
resuscitation needs and multiple complicating factors. Damage 
control resuscitation (DCR) is the subsequent aspect of the 
damage control paradigm. DCR is a systematic approach to 
the management of the trauma patient with severe injuries that 
starts in the emergency room and continues through the oper-
ating room and the ICU (Fig. 4.1). In the simplest sense, the 
goal of DCR is to halt the lethal triad of the bleeding trauma 
patient: hypothermia, acidosis, and coagulopathy. When com-
bined with DCS, DCR has been shown to improve 30-day 
patient survival [6]. The five goals of DCR are (1) body 
rewarming, (2) correction of acidosis, (3) permissive hypoten-
sion, (4) restrictive fluid administration, and (5) hemostatic 
resuscitation [7]. Initial and recurrent communication between 
the surgeon and the intensivist is paramount for an efficient 
and successful resuscitation. The ICU team needs to compre-
hend the extent of injury, the overall stability of the patient, and 
extent of unresolved shock.

 Hypothermia

While there has been dozens of publications discussing the 
nuances of treating coagulopathy and acidosis, hypothermia 
has been a rare topic in the trauma literature. Perlman et al. 
recently produced a concise review of hypothermia and its 
treatment in the trauma setting [8]. Hypothermia for trauma 
patients is defined as mild hypothermia (34–36  °C, 93.2–
96.8 °F), moderate hypothermia (32–34 °C, 89.6–93.2 °F), and 
severe hypothermia (<32 °C, <89.6 °F), where normothermia 
is 37 ± 0.5 °C (98.6 °F). There are a number of risk factors for 
hypothermia, including high severity of injury (ISS  >  40), 
extremes of age, wet clothing, general anesthesia in the field or 
in hospital, intubation, infusion of cold IV fluids, skin and 
organ exposure, and prolong operations. Hypothermia in the 
trauma patient contributes to worse coagulopathy, worse meta-
bolic acidosis, and cardiac dysrhythmias and serious electro-
lyte disorders. Although hypothermia can have deleterious 
effects on a number of physiological processes, it is most 
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Injury

Pre-hospital care
(Less than 20 min)

Emergency room
(Less than 20 min)

Abbreviated surgical
procedure

(Less than 90 min)

Intensive care unit
(12–36 h)

Definitve surgical
procedure
(2–8 days)

Intensive care unit stay
(2–8 days)

Goal:

Goal:

Goal:

Goals:

Goal:

Goal:

Diuresis

Decrease fluid overload to allow:

Definitve surgical repair

Remove packing

Serial primary abdominal closures

Definitve surgical repair

1) Definitive abdominal closure

1) Resuscitate

2) Reverse the lethal triad of trauma

Reverse hypothermia

1) Control surgical bleeding

Mobilize promptly to OR/IR suite

Get the patient to the Trauma Center

“Scoop & Run”

Minimize fluid resuscitation

Prevent hypothermia

Allow permissive hypotension

Aim for 1:1:1 PRBC/FFP/Platelets ratio

Adminiser cryoprecipitate, if needed

Abdominal packing

Temporary abdominal closure

Allow permissive hypotension

Administer blood & blood products early

Minimize fluid resuscitation

Start Tranexamic acid

Start massive transfusion protocol

2) Control contamination

Reverse coagulopathy

Reverse acidosis

Support hemodynamics

2) Postoperative liberation from the ventilator

Figure 4.1 Damage control resuscitation goals and components. 
(Used with permission, Kaafarani and Velmahos [7])
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prominent as a contributor of trauma-induced coagulopathy. 
Platelets and clotting factor enzymes are optimally active at 
37 °C (98.6 °F). Platelet function is impaired between 33 and 
37 °C (91.4–98.6 °F). Temperatures below 33 °C (91.4 °F) also 
inhibit thrombin, glycoprotein Ib-IX complex, platelet aggre-
gation, and thromboxane B2 production. The prevention of 
hypothermia should be a priority for the prehospital and emer-
gency room providers, as it becomes more difficult to rewarm 
the trauma patient once heat is lost. When preparing for patient 
to arrive from the ED or OR, the ICU room temperature 
should be elevated with assumption that hypothermia will be 
present. There are a variety of methods to rewarm a cold 
patient. Perlman et al. suggested a temperature-guided proto-
col to rewarming using warmed IV fluids, warm blankets, and 
forced-air blankets as part of the ICU treatment.

 Acidosis/Circulatory Support

Although the patient will often arrive with central venous 
access, these lines are placed in the throes of initial ED resus-
citation and in subpar sterile conditions. It is advisable to 
replace central venous access within 24 h of ICU admission. 
The initial arterial blood gas values including pH, lactate level, 
and base deficit are helpful in determining the extent of perfu-
sion/oxygenation deficit. Volume loading is the mainstay of 
post-trauma circulatory support. Vasopressors should be used 
with extreme caution as they often compromise microvascular 
perfusion and mask ongoing hypovolemia and blood loss [9]. 
Rather than aiming for normal blood pressure (BP), there has 
been a growing practice of allowing for permissive hypoten-
sion in the approach to an acutely bleeding patient. Permissive 
hypotension targets for a lower than normal BP, usually a 
systolic blood pressure of 80–90  mmHg or a mean arterial 
pressure (MAP) of 50 mmHg. The idea is that by lowering BP 
goals and decreasing the volume of resuscitative fluid, one can 
decrease the incidence and severity of dilutional coagulopathy 
and avoid the theoretical “pop the clot” effect. The case excep-
tion to permissive hypotension is in the setting of neurogenic 
injury. Patients with concomitant spinal cord or brain injuries 
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may require vasopressor support to treat neurogenic shock or 
to maintain cerebral perfusion pressure; however, efforts need 
to be made to ensure adequate blood volume.

The finding of acidosis is a reflection of poor tissue perfu-
sion, and reversal of sodium bicarbonate has not been shown 
to improve clinical outcomes. Correction of the metabolic aci-
dosis is better achieved through aggressive blood and blood 
product resuscitation and/or vasopressor support until surgi-
cal control of hemorrhage is achieved, shock is reversed, and 
end-organ perfusion is restored.

 Coagulopathy

Trauma-induced coagulopathy (TIC) is attributed to one of 
the four basic mechanisms including (1) a qualitative platelet 
defect, (2) diffuse endothelial cell injury, (3) depletion of 
coagulation factors and platelets through hemorrhage and 
deposition into injuries, or (4) consumption of platelets and 
coagulation factors secondary to disseminated intravascular 
coagulation (DIC) or hyperfibrinolysis [10]. TIC is worsened 
by acidosis and hypothermia. Acidemia diminishes coagula-
tion factor enzymatic activity, depletes fibrinogen, and reduces 
the number of circulating platelets. Hypothermia is an inde-
pendent risk factor for death during hemorrhagic shock. 
Complicating matters still further, patients may manifest a clot-
ting issue initially but subsequently convert within hours to a 
hypercoagulable state and acquire risk for thromboembolic 
complications.

Prior to the implementation of damage control resuscita-
tion, severely injured patients received multiple liters of crystal-
loids and multiple units of pRBCs to maintain hemodynamics. 
The “unbalanced” fluid administrations in the bleeding trauma 
patient invariably led to depletion of coagulation factors, exac-
erbation of dilutional coagulopathy, and more bleeding. With 
the lessons learned from the military experience in the 1990s, 
the trauma community has produced multiple studies showing 
that decreasing use of crystalloid and an increased plasma to 
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RBC transfusion ratio have improved survival rates [11]. 
While the exact ratio of FFP to RBC is still being debated, it is 
now an accepted practice that large-volume blood transfusion 
necessitates a balanced product ratio. Once the patient is recog-
nized to having massive hemorrhage (fast rate of bleeding or 
requirement of more than ten units of blood), most centers 
now initiate the massive transfusion protocol (MTP). The 
details of the MTP vary with institutions; the basic tenants are 
protocol initiation by trauma, anesthesia or ICU team when 
large-volume hemorrhage is suspected, early and rapid type 
and cross of patient’s blood, initial transfusion of uncrossed 
O-negative units, and rapid and frequent delivery of cooler 
packs with set ratio of pRBC and plasma/cryoprecipitate/
platelets units [12].

Once the patient becomes relatively stabilized, massive 
transfusion protocol can be transitioned to a goal-directed 
therapy. However, conventional coagulation tests, like pro-
thrombin time and partial thromboplastin time, only describe 
isolated fragments of the hemostatic process and are poorly 
associated with bleeding and transfusion requirements. The 
platelet count itself does not reflect platelet function. Another 
problem with the conventional coagulation analysis is that the 
availability of the results is too slow to be of clinical relevance 
in the massively bleeding patient. Newer assays such as TEG 
(Haemonetics Corp., Braintree, MA) and ROTEM (Roche, 
Basel, Switzerland) assess the viscoelastic properties of coagu-
lation in whole blood under low-shear conditions. Viscoelastic 
assays can identify coagulopathies secondary to impaired 
thrombin generation. Importantly, these assays can differenti-
ate between low fibrinogen and reduced platelet function as the 
cause of impaired clot strength, as well as can identify systemic 
hyperfibrinolysis [13]. Based on the tracings of clot formation, 
providers are able to identify component deficiency and use it 
to guide product replacement during trauma resuscitation.

This case presents a good demonstration that aggressive 
warming, blood volume resuscitation, and treatment of acido-
sis should reverse the effects of the “lethal triad”; ICU interven-
tion would not be effective for ongoing mechanical bleeding. 
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Frequent communication between the surgical and ICU teams 
is paramount for making the timely decision to return to the 
operating room.

 Second Operating Room Course

Re-exploration of the abdomen simply required the removal 
of the vacuum dressing. As expected, a large quantity of clot 
and blood was encountered once the dressing was removed. 
After careful examination, the surgical team was able to 
locate a small vessel bleed along the tail of the pancreas. 
Once the bleeding vessel was ligated, the abdomen was again 
examined for additional bleeders. The injured areas of the 
liver appeared hemostatic, and the liver laparotomy pads 
were left in place. Three additional laparotomy pads were 
placed in the left upper quadrant in the splenic fossa and 
along the tail of the pancreas. The abdominal vacuum dress-
ing was placed. From arrival to the ICU to the completion of 
the second exploration, the patient required an additional 
12 units of pRBCs, 10 units of FFP, and 1 unit each of platelets 
and FFP.

Despite best clinical practices and diligent care, emergent 
reoperation is always a possibility. Unplanned return to the 
operating room usually occurs in three types of clinical sce-
narios: (1) ongoing bleeding, (2) missed enteric injury result-
ing in sepsis and shock, and, less frequently, (3) the 
development of abdominal compartment syndrome (ACS). If 
continuous mechanical hemorrhage is suspected, the surgeon 
and the ICU team must establish a transfusion threshold over 
a period of time as a trigger to return to the operating room. 
The close communication between ICU and surgical team is 
key for the immediate post-operative period. The goal of 
reoperation is to find the mechanical bleed or the source of 
contamination. Typically, the patient then returns to the ICU 
with an open abdomen and ongoing resuscitation needs as 
described above.
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 Subsequent Trauma ICU Course 
and Abdominal Closure

The patient returned to the ICU with stable hematocrit but 
continued to have need for low-dose norepinephrine drip for 
low BP and bradycardia. His abdominal drainage output 
slowed down, and the fluid appeared more serous. A formal 
bedside echocardiogram was performed shortly after surgery. 
It confirmed that he had good ventricular function.

The patient then completed his trauma evaluation by a 
tertiary survey, which includes a thorough physical exam, CT 
scans, and x-ray imaging, obtaining further details of the acci-
dent. After weaning from sedation, he was responsive and 
able to follow commands. It was immediately noted that the 
patient had loss of sensory and motor function in his lower 
extremities with high suspicion for spinal cord injury. The 
increased vagal tone from the spinal cord injury accounted 
for patient’s persistent bradycardia and hypotension.

Patient’s complete list of injuries:

 1. Grade V splenic laceration.
 2. Grade II liver laceration.
 3. Grade I pancreatic contusion.
 4. Complete three-column fracture-dislocation injury 

through the superior T3 vertebral level, with complete dis-
ruption of the facets and spinal canal. There was therefore 
presumed cord injury.

 5. Extensive fractures involving the bilateral ribs and fracture 
dislocation involving the upper thoracic spine.

 6. Left pubic symphysis fracture, left superior and inferior 
pubic rami fractures.

 7. Nondisplaced fracture of the left sacral ala.

Orthopedic surgery was consulted for his spine and pelvis 
fractures. They recommended non-operative management 
of his pelvis fractures and surgical fixation for the spine 
fracture when medically ready. During the first 10  days of 
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hospitalization, the patient returned to the OR multiple 
times for abdominal washouts and placement of a Wittman 
patch (Starsurgical, Burlington, WI) before his peritoneal 
cavity could be closed. The patient had placement of trache-
ostomy tube and gastrostomy feeding tube due to prolonged 
weaning from the ventilator and expected need for long-
term enteral feeding access. He was initially very sensitive 
to turns and position changes, with severe bradycardia 
despite inotropic drugs. Over the course of week, the vaso-
pressor drip was gradually weaned off and patient’s heart 
rate remained normal.

Once the resuscitation phase has been completed, the 
patient is typically taken back to the operating room with 
24–48 h for a second look and definitive repair surgery. The 
goals of the second-look surgery are to remove any surgical 
packing, anastomose any portions of resected bowel, repair 
laceration or install vascular grafts where temporary vascular 
shunts were placed, possible maturation of ostomy if indi-
cated, and strategic placement of surgical drains. In many 
instances, surgeons choose to leave the abdominal fascia 
open after this second-look surgery. In the past, fascia edges 
were sewn together under tremendous pressure in an effort to 
close the abdomen as soon as possible. This led to high inci-
dences of acute abdominal syndrome (ACS) after trauma 
laparotomies. Unrecognized ACS can be fatal, and its treat-
ment requires return trip to the operating room and opening 
the abdominal cavity to relieve the intra-abdominal 
hypertension.

The general accepted practice now is to test the tightness of 
the fascia and abandon efforts to close the abdomen if the 
edges do not come together easily. In cases where the fascia is 
closed, the surgical team would ask the anesthesia team to keep 
close eye on the peak inspiratory pressure (PIP). If a large 
jump in PIP is noted once the closure is complete, the surgeon 
may choose to remove some or all of the stitches as elevated 
PIP is indicative of intra-abdominal hypertension and possible 
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abdominal compartment syndrome. The abdomen is then 
dressed in a similar fashion to the first surgery. The commer-
cially available negative pressure devices seem to be favored, 
because they allow fluid collection into a designated canister 
and can facilitate fluid loss measurements. In addition, many 
surgeons would install commercially available devices that 
allow tension to be placed on the fascial edges, such as the 
Wittmann patch in conjunction with the vacuum dressing. 
These dressings are changed in the intensive care unit every 
2–3  days, and the Wittmann patch can be tightened during 
these sessions, bringing the fascia edges progressively closer as 
edema improves. The surgical team then determines the timing 
to return to the operating room for definitive closure. If fascia 
closure is no possible, most surgeons would utilize an absorb-
able mesh to bridge the defect and accept the large ventral 
hernia that will require eventual repair.

Patients should be monitored closely for fluid balance 
because patients with an open abdomen have increased fluid 
loss. These fluid losses may or may not need to be replaced 
based on the overall fluid status of the patient. An isotonic 
solution is commonly used for replacement. An open abdomen 
dressing does not necessitate antibiotic coverage unless there 
was concern of contamination during the surgery. Similarly, 
with a secure abdominal dressing, paralytic use is not neces-
sary. Paralytic use is reserved for a very edematous, swollen 
abdomens where excess abdominal pressure would put the 
patient at risk for evisceration. As with any critically ill patients, 
the nutritional status is of great concern. In the past, patients 
were started on parenteral nutrition with the assumption that 
the GI tract of an open abdomen would not tolerate tube feeds. 
Recently, studies have demonstrated that enteral feeds can be 
commenced within 36 h of completion of acute resuscitation. 
There were no differences between patients receiving enteral or 
parenteral nutrition in terms of ventilator days, length of stay, 
or mortality. There was a lower rate of ventilator-associated 
pneumonia in the tube feed group [14].
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 Epilogue

The patient had a long hospital course in the trauma ICU, 
complicated by many typical ICU patient issues such as vol-
ume overload, mucus plugs, large pleural effusions, hospital 
acquired pneumonia, and clinical depression. After many 
weeks, the patient was able to maintain on minimal trach col-
lar oxygen support and tolerating bolus gastric tube feeds. He 
was transferred to physical medicine and rehabilitation unit 
3 months after his motor vehicle accident.

 Summary

The severely injured trauma patient presents unique resuscita-
tion challenges to the ICU provider. These patients arrive on 
the units in varying degrees of stability. The intensivist must be 
prepared to provide massive resuscitative measures to treat 
severe physiological derangements. The surgeon and the 
intensivist must have an efficient and communicative relation-
ship to ensure the survival of these critically ill patients. The 
field of trauma surgery and trauma resuscitation has under-
gone tremendous change over the past few decades. The ICU 
provider is challenged to be more flexible and knowledgeable 
of the treatment paradigms of the trauma patient.
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 Case 1

 History of Present Illness

The patient is a 40-year-old woman with a history of alcohol 
abuse who presented to the emergency room with abdominal 
pain and fatigue progressively worsening over the past 3 days. 
The patient returned from the Bahamas 5 days prior to pre-
sentation where she endorsed drinking four mixed drinks per 
day along with taking large amount of acetaminophen for 
daily headaches. She complained of subjective fevers but 
denied chills, cough, chest pain, emesis, or diarrhea.
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 Past Medical History

Alcohol abuse
Methicillin-resistant Staphylococcus aureus (MRSA) liver 

abscess

 Physical Exam

On initial presentation, she was alert and answering ques-
tions appropriately. She was afebrile with a heart rate of 110 
beats per minute (BPM) and blood pressure of 98/60 mmHg. 
Notable findings on physical exam included mild tenderness 
to palpation in the epigastric region and right upper quad-
rant. The remainder of her exam was unremarkable.

 Laboratory Parameters and Diagnostic Testing

Her labs on presentation were notable for aspartate amino-
transferase (AST) 1450 Unit/L, alanine aminotransferase 
(ALT) 680 Unit/L, alkaline phosphatase 70 Unit/L, total bili-
rubin 5.1 mg/dL, international normalized ratio (INR) of 2.1, 
and acetaminophen level of 65 mcg/ml. The rest of her labo-
ratory testing including a basic metabolic panel (BMP) and 
complete blood count (CBC) were normal. A computerized 
tomography (CT) of her head did not show evidence of acute 
intracranial abnormalities.

 Differential Diagnosis

Her labs raise suspicion for acute liver injury. While alcohol 
abuse and acetaminophen overdose are at the top of our list 
as causes of direct liver injury, we should also consider acute 
viral hepatitis and Budd-Chiari syndrome as possible precipi-
tants. At this time, she does not appear to be in fulminant 
liver failure based on her mental status and synthetic func-
tion; however, the key is to closely monitor her over the next 
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several hours for changes in her mentation and liver function 
tests.

 Case Summary

She was admitted to the ICU and initiated on N-acetylcysteine 
infusion per protocol. Over the next 24 h, she was noted to 
have a significant decline in her mental status with inability 
to maintain eye contact and answer questions appropriately. 
An ultrasound of her liver with Doppler did not show evi-
dence of hepatic or portal vein thrombosis. She was noted to 
have significant worsening of her liver function tests and 
synthetic function as shown in Table 5.1. She was electively 
intubated and placed on mechanical ventilation for grade 3 
hepatic encephalopathy. Given the risk for developing intra-
cranial hypertension, the patient was initiated on hypertonic 
saline to achieve a serum Na level of 145–155 mEq/L. On day 
3 of admission, she was noted to be in anuric renal failure 
with ongoing fulminant liver failure. The patient was initiated 
on continuous renal replacement therapy and listed for liver 
transplantation. On hospital day 5, she received a suitable 
organ offer. A preoperative head CT did not demonstrate any 
evidence of cerebral edema. She subsequently underwent 
uneventful liver transplantation, without any intraoperative 
or postoperative complications. Her postoperative course 

Table 5.1 Summary of liver function tests, creatinine, and synthetic 
function
Parameters Initial 8 h 24 h 30 h
AST (U/L) 1450 5420 7819 8206

ALT (U/L) 680 2949 4502 5702

INR 2.1 5.6 7.9 9.9

Total bilirubin (mg/dl) 5.1 6.5 7.8 8.1

Creatinine (mg/dl) 0.99 1.64 2.71 3.32

Ammonia (umol/L) 65 299 600 490
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was characterized by the resolution of her multi-organ system 
dysfunction; of note, her encephalopathy resolved without 
any neurologic sequelae, and she was extubated on postop-
erative day 4.

 Case 2

 History of Present Illness

The patient is a 62-year-old male with a history of cirrhosis 
secondary to alpha-1 antitrypsin deficiency, who was 

Key Points

 1. Acute liver failure, previously known as fulminant 
hepatic failure, is defined as the development of 
hepatocellular dysfunction manifesting as coagulop-
athy and encephalopathy in patients without preex-
isting liver disease over a period of less than 6 months.

 2. Early recognition and close monitoring of liver func-
tion tests and mental status during the first several 
hours to days are of utmost importance.

 3. All patients should undergo diagnostic imaging with 
abdominal ultrasound with Doppler or abdominal 
CT/ MRI to assess patency of hepatic and portal 
veins, presence of ascites, and liver size.

 4. Hepatic encephalopathy (HE) is considered a pre-
cursor to the development of cerebral edema and 
intracranial hypertension (ICH) in these patients. 
Therapy for advanced HE in ALF (such as hyper-
tonic saline) should be targeted at mitigating the 
development of ICH.

 5. Early transfer to the nearest liver transplant center is 
recommended, given the potential for rapid deterio-
ration as in this case.
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 hospitalized for hematemesis. This was his fourth episode in a 
period of 2 months. Esophagogastroduodenoscopy (EGD) was 
performed which showed esophageal varices that were ame-
nable to banding. During this period, he received transfusion of 
blood products to maintain hemoglobin level > 7 gm/dl, octreo-
tide infusion, and proton pump inhibitor infusion. MELD 
score was 16.

 Past Medical History

 1. Alpha-1 antitrypsin deficiency
 2. End-stage liver disease
 3. Coronary artery disease

 Physical Exam

He was afebrile with a HR 110 bpm, BP 111/51. He appeared 
comfortable with no abdominal tenderness, distention, or 
fluid wave. The most notable finding on exam was gyneco-
mastia and spider nevi.

 Laboratory Parameters

After transfusion of two units of packed red blood cells, his 
hemoglobin was 6.7 gm/dl. Other notable labs included a 
serum creatinine of 1.12  mg/dl, total bilirubin of 3.8  mg/dl, 
and INR 1.39.

 Diagnostic Considerations

The patient continued to have recurrent episodes of signifi-
cant hematemesis along with confusion which required endo-
tracheal intubation and mechanical intubation. Given his 
recurrent bleeding that was refractory to endoscopic therapy, 
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a transjugular intrahepatic portosystemic shunt (TIPS) was 
performed by interventional radiology. In addition, an urgent 
liver transplant evaluation was initiated.

 Case Summary

Over the next few days, he continued to remain hypotensive 
requiring vasopressor support. He was initiated on broad 
spectrum antibiotic coverage despite no evidence of sponta-
neous bacterial peritonitis or other infectious etiology. During 
this time, his MELD continued to rise to 27 and eventually to 
40. He was deemed to be a candidate for liver transplantation 
after a review of his prior recent cardiopulmonary evaluation 
and was listed urgently for transplant. While awaiting trans-
plant, he developed type 1 hepatorenal syndrome (HRS) and 
anuric acute kidney injury (AKI) with an increase in his 
 volume status, hyperkalemia, and an anion gap metabolic 

Key Points

 1. In the setting of variceal bleeding that is refractory to 
endoscopic therapy, TIPS should be considered to 
achieve hemostasis.

 2. Type 1 hepatorenal syndrome (HRS) is characterized 
by a rapid and progressive decline in renal function, 
which can exacerbate preexisting metabolic acidosis 
and hypervolemia.

 3. The management of HRS is multifaceted, with liver 
transplantation being the ultimate cure. 
Pharmacologic interventions that can be considered 
prior to CRRT include octreotide and midodrine, ter-
lipressin, and norepinephrine.

 4. Continuous renal replacement therapy (CRRT) con-
tinues to remain an important option in patients who 
fail medical therapy and serves as a bridge to liver 
transplantation.
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acidosis. The patient was started on octreotide and midodrine 
without significant improvement. Continuous renal replace-
ment therapy (CRRT) was initiated, with a subsequent 
improvement in his acid base and volume status. Following a 
suitable organ donor offer, the patient underwent successful 
liver transplantation without any intraoperative complica-
tions. In the postoperative period, CRRT was discontinued 
after 10  days as the patient regained his intrinsic renal 
function.

 Case 3

 History of Present Illness

The patient is a 52-year-old lady with autoimmune cirrhosis 
and a MELD score of 17, who presents for a liver transplant 
evaluation. She complains of progressive dyspnea on exertion 
associated with palpitations, lower extremity edema, and 
near-syncopal events. No history of chest pain or cardiac 
events in the past. She is a never smoker.

 Past Medical History

 1. Autoimmune cirrhosis
 2. Gastroesophageal reflux disease

 Physical Exam

At her clinic visit, she has a heart rate of 110 bpm and blood 
pressure of 98/60 mmHg. Pertinent findings on exam include 
mild abdominal distention with a fluid wave, trace lower 
extremity pitting edema, and a pronounced P2 component of 
the second heart sound along with a faint holosystolic 
 murmur in the left upper sternal border.
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 Laboratory Parameters and Diagnostic Testing

Her labs were notable for a brain natriuretic peptide (BNP) of 
200 pg/ml, creatinine 1.20 mg/dl, bilirubin 2.0 mg/dl, INR 1.4, 
and sodium 135 mEq/L. Her echocardiogram showed evidence 
of normal left ventricular function, grade 1 diastolic dysfunc-
tion, elevated right ventricular systolic pressure of 68 mmHg, 
moderately dilated right ventricle, and moderately reduced 
right ventricular systolic function. Her chest radiograph showed 
cardiomegaly and enlarged pulmonary artery without any evi-
dence of pulmonary edema or pleural effusions.

 Differential Diagnosis

Based on her symptoms and echocardiogram, there is a high 
suspicion for pulmonary hypertension (PH). Two distinct 
types of PH are seen in cirrhotics – portopulmonary hyper-
tension and pulmonary venous hypertension. The gold stan-
dard for diagnosis is a right heart catheterization (RHC) to 
assess pulmonary hemodynamics, particularly the pulmonary 
artery wedge pressure (PAWP) to distinguish between the 
two forms.

 Case Summary

The patient underwent a RHC which showed a mean pulmo-
nary artery pressure of 54  mmHg, PAWP 6  mmHg, cardiac 
output 7  L/min, and pulmonary vascular resistance of 6.8 
Wood units. Her central venous saturation during the RHC 
was 58%. These RHC findings were consistent with a diagno-
sis of portopulmonary hypertension (POPH). Given her sig-
nificant symptoms with the near-syncopal episodes and low 
cardiac output, she was admitted to the ICU after the RHC 
and initiated on intravenous epoprostenol 2 ng/kg/min. Over 
the next few days, the epoprostenol was titrated up to a dose 
of 18 ng/kg/min with improvement in central venous  saturation 
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to 69%. The patient was discharged home with a Hickman 
catheter for continuous epoprostenol infusion and repeat 
right heart catheterization in 3 months.

 Case 4

 History of Present Illness

The patient is a 60-year-old male with end-stage liver disease 
secondary to Budd-Chiari syndrome and hepatocellular car-
cinoma who is postoperative day 1 from an orthotopic liver 
transplant (OLT). Patient was successfully extubated in the 
postoperative setting. He was noted to have mild abdominal 
tenderness and complained of nausea. No fevers or chills. 
Review of systems was otherwise unremarkable.

Key Points

 1. Portopulmonary hypertension (POPH), a rare subset 
of pulmonary arterial hypertension, is defined as the 
presence of portal hypertension with a mPAP 
≥25 mmHg, PAWP ≤15 mmHg, and PVR > 3 Wood 
units or 240 dyne/s/cm − 5 as measured during RHC.

 2. All cirrhotic patients undergoing evaluation for liver 
transplantation or those with worsening dyspnea on 
exertion undergo an echocardiogram to screen for 
pulmonary hypertension.

 3. Following a diagnosis of POPH on RHC, treatment 
includes oral or intravenous medications such as 
phosphodiesterase 5 inhibitors, endothelin receptor 
antagonists, and, in severe cases, prostacyclin recep-
tor agonists such as IV epoprostenol.

 4. The goal is to improve pulmonary hemodynamics to 
mPAP <35 mmHg and PVR < 3 Wood units prior to 
liver transplantation in order to minimize the intra-
operative risk of acute right heart failure.
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 Past Medical History

 1. End-stage liver disease secondary to Budd-Chiari 
syndrome

 2. Hepatocellular carcinoma
 3. Obstructive sleep apnea
 4. Gastroesophageal reflux disease

 Physical Exam

He was afebrile with a heart rate of 85 bpm, blood pressure 
135/87 mmHg, and breathing comfortably on 2 liters of sup-
plemental oxygen via nasal cannula. His physical exam was 
notable for mild tenderness to palpation around his incision 
site without significant drainage or bleeding. He was noted to 
have diminished bowel sounds, and the abdominal drain had 
serosanguinous drainage. The remainder of his exam was 
unremarkable.

 Laboratory Parameters

On postoperative day 1, his total bilirubin was 1.6  mg/dL, 
AST 2233 unit/L, ALT 2981 unit/L, and ALP 230 unit/L. His 
INR was noted to be 1.7 with elevation in white blood cell 
count to 16.3 /mcl. His hemoglobin level remained stable at 
10.1  g/dL.  An echocardiogram was obtained which showed 
normal left ventricular systolic function, grade 1 diastolic 
dysfunction, and normal right ventricular size and function.

 Differential Diagnosis

Common issues to be aware of in the immediate postopera-
tive period after liver transplantation are hemorrhage, vascu-
lar complications, allograft dysfunction, and cardiopulmonary 
complications. Given no significant changes in his hemoglo-
bin, there is a low concern for life-threatening abdominal 
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hemorrhage. Likewise, cardiopulmonary complications can 
be ruled out based on his vital signs and echocardiogram. The 
acute rise in his liver function tests is concerning for vascular 
complications such as hepatic artery thrombosis, which can 
be detected on ultrasound of the abdomen with Doppler or 
CT angiogram of the abdomen.

 Case Summary

A right upper quadrant ultrasound with Doppler was per-
formed which showed normal liver parenchyma without 
intrahepatic dilatation and mild perihepatic fluid. The hepatic 
and portal veins were patent with appropriate flow; however, 
the hepatic artery was not visualized, raising suspicion for 
hepatic artery thrombosis. A CT scan with angiogram of the 
abdomen was obtained which confirmed the diagnosis. The 
patient immediately underwent hepatic artery thrombectomy 

Key Points

 1. Thrombosis of the hepatic artery is one of the most 
frequent complications seen in the postoperative 
period, particularly in the pediatric population.

 2. Risk factors for the development of hepatic artery 
thrombosis include poor arterial flow, increased sinu-
soidal resistance, and stenosis of the anastomosis.

 3. Immediate complications include ischemia or necro-
sis of the allograft. In addition, since the hepatic 
artery is the sole arterial supply for the biliary system, 
long-term biliary complications characterized by dif-
fuse non-anastomotic biliary stricturing can be seen 
several weeks to months after the transplant.

 4. Thrombolysis and arterial thrombectomy are options 
in the acute setting which can be performed by inter-
ventional radiology or surgically. However, if this 
fails, urgent re- transplantation is required.
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with infusion of tissue plasminogen activator (tPa) into the 
hepatic allograft. After the procedure, patient continued to 
have sustained elevation in his liver function tests which was 
deemed due to massive hepatocellular injury in the setting of 
the hepatic artery thrombosis. At this point, he was re-listed 
as status 1 for liver transplantation and underwent re- 
transplantation 6 days later.
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 Case Study

History of present illness: FC is a 59-year-old 77-kg African- 
American male admitted to the intensive care unit (ICU) 
through the emergency department (ED) 6 days ago after he 
presented with 2  weeks of worsening shortness of breath, 
dyspnea on exertion, cough with production of yellow-green 
sputum, anorexia, and malaise. At the time of admission, he 
denied sick contacts but does report that he had a similar, 
self-limited illness about a month ago.

Review of systems on admission was positive for the following 
findings:

Intermittent palpitations with strenuous exertion
Difficulty sleeping with occasional night sweats and 

 periods of feeling very cold
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Past medical history:

Essential systemic hypertension ×14 years
Hyperlipidemia ×14 years
Benign prostatic hypertrophy ×3 years

Social history:

Tobacco use – started smoking cigarettes at age 20; smokes 
½ pack per day.

EtOH – patient reports 2–4 beers per night on weekend 
nights only.

The patient denies the use of illicit drugs now or ever.
He works as a driver and delivery representative for UPS.
He is married and has three children.

Family history:

 The patient reports that he was adopted as a baby and 
does not know any genetic family history. His children 
are 22, 17, and 13 years old and all are in good health.

Medications:

Lisinopril 20 mg PO QD
Atorvastatin  20 mg PO QD
Tamsulosin 0.4 mg PO QD

Hospital course: In the ED, the patient was intubated for 
both hypoxemia and hypercarbia, and vasopressors were 
started through a right internal jugular catheter after resusci-
tation with crystalloid for hypotension and organ hypo- 
perfusion. Strict intake and output measurements were 
noted, the latter through an intra-urinary catheter.

During the first 3 days in the ICU, he improved clinically. 
The mechanical ventilator was weaned to the following set-
tings with the associated ABG.

Volume-controlled ventilation:

• FiO2       0.6
• Tidal volume  450 mL
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• Respiratory rate   16 breaths per minute (no overdrive 
breathing triggered by the patient)

• PEEP      5 cmH2O

ABG: 7.38/45/62/28/96 reported as pH/PaCO2/PaO2/HCO3/
SpO2.

Maintenance intravenous fluids with electrolyte repletions 
were continued, and norepinephrine infusion was weaned 
down to 4 μg/min on ICU day #3 (from a peak of 24 μg/min). 
Extremities were warm with 2+ distal pulses, the patient was 
arousable and followed commands during a brief sedation 
vacation, and urine output was brisk.

Over the last 24 h, however, going from ICU day #5 into 
ICU day #6, the patient spiked a temperature of 39.6  °C 
(103.3 °F), he became restless and agitated with a blood pres-
sure dip to 73/44 (MAP 54) and a prolonged desaturation to 
an SpO2 of 78%. In response to these events, respiratory 
therapy was able to accelerate ventilation with the Ambu-bag 
and increase his SpO2 to 92%. Physical exam revealed tachy-
cardia with frequent premature atrial complexes, diffuse 
rhonchi bilaterally, warm extremities, faint distal pulses, and 
poor capillary refill. Ventilator support was augmented by 
increasing FiO2 to 1.00 and PEEP to10 cm H2O. Two addi-
tional liters of crystalloid were administered following which 
norepinephrine dose was increased to 20 μg/min to achieve a 
consistent MAP >65  mmHg. Urine output dwindled for a 
24-h output of 560 mL and a current rate of 3–5 mL/h.

Physical examination: On ICU day #6, current vital signs are 
as follows:

T – 39.6 °C (103.3°F)
BP – 93/42 (MAP 59) mmHg
HR – 117
RR – 16/22 (ventilator/patient overdrive)
HEENT: endotracheal tube in place measured at 20 cm at 

patient’s teeth, neck supple, shoddy anterior cervical 
lymphadenopathy

Cardiovascular: tachycardia, no murmurs or rubs
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Pulmonary: diffuse rhonchi throughout both lung fields, 
normal chest movement and excursion, diffuse percus-
sion dullness

Abdomen: faint bowel sounds, no organomegaly, or 
tenderness

Extremities: warm to touch, faint distal pulses, sluggish 
capillary refill, scant but notable mottling on both feet

Neurologic: sedated with little purposeful movement, even 
with reduced sedation

Pertinent laboratory values and radiographs:

Study ICU day #1 ICU day #2 ICU day #3 ICU day #4 ICU day #5 ICU day #6

WBC in 
__× 103MCL

16.4 14.4 11.5 15.5 22.1 33.8

Bands 11 6 6 3 22 38

Hemoglobin 
in G/DL

14.6 12.5 12.0 12.7 11.9 12.2

BUN & Cr 
in MG/DL

45 & 1.7 30 & 1.2 28 and 1.3 32 and 1.3 40 and 2.2 45 and 3.4

PaO2/FiO2 77/0.7 72/0.5 64/0.45 66/0.4 54/0.8 58/1.0

CXR RML 
consolidation

RML 
consolidation

Improvement 
in RML 
consolidation

Clearing 
RML 
consolidation

Diffusion 
bilateral air 
space disease, 
no lobar 
consolidation

Dense 
diffuse, 
worsening 
bilateral air 
space disease

Day #1 sputum culture and 1 out of 2 peripheral blood 
cultures grew Klebsiella pneumoniae. Initial broad-spectrum 
antimicrobials (maxipime and vancomycin) were de- escalated 
to piperacillin-tazobactam to which the Klebsiella was noted 
to be sensitive.

 Differential Diagnoses

This patient was admitted with a diagnosis of community- 
acquired pneumonia with acute respiratory failure and septic 
shock with end-organ dysfunction. He was appropriately 
resuscitated with intravenous fluids, broad spectrum antimi-
crobials, mechanical ventilation, and optimization of  end- organ 

J. A. LaRosa



105

perfusion. His improvement was marked by a reduced A-a 
gradient as well as reduced need for ventilator and vasopres-
sor support. This improvement was abruptly thwarted on days 
#5 and #6 when the patient became febrile and hemodynami-
cally unstable. Though the differential diagnoses for this dete-
rioration are broad, nearly every potential etiology falls into 
the category of hospital-acquired condition (HAC) or, more 
specifically, a HAC subset known as healthcare-acquired 
infections (HAIs). Potential HACs in this patient include the 
following:

• CAUTI Catheter-associated urinary tract infection
• CLABSI Central line-associated bloodstream infection
• VAE  Ventilator-associated event (ventilator- 

associated pneumonia)
• VTE  Venous thromboembolism

 Introduction

To Err is Human was published by the Institute of Medicine 
(IOM) in 1999 and catalyzed the study of reproducible and 
sustainable safety and quality and prevention of unintended 
harm in healthcare arenas [1]. This report estimated that as 
many as 98,000 US deaths occur annually as a result of prevent-
able medical harm. More recent figures have re- estimated this 
figure to be almost 4 ½ times higher with an annual death toll 
as high as 440,000, a figure that may contribute to 1/6 of all 
hospital deaths [2]. The National Patient Safety Foundation 
now reports preventable medical harm as the number one 
cause of death in the United States [3]. As impressive as these 
figures are, they are likely a mere fraction of the morbidity that 
occurs as a result of medical errors but is much harder to cap-
ture due to variability and inconsistency in reporting and attri-
bution. As many as 33% of patients are estimated to be the 
victims of some preventable harm during their hospital stay [4]. 
In addition to the massive human cost, healthcare expenditures 
have reached an all-time high with estimates at over $36 billion 
dollars spent on medical errors and adverse events together [5].
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Healthcare aims to provide evidence-based safe care that 
is consistent, predictable, reproducible, and sustainable. It 
sounds easy but it is not. Successfully translating these prin-
ciples to the bedside is constantly thwarted by variability, 
inconsistency, sloppiness, and ego. In 2006, Dr. Peter Pronovost 
and colleagues demonstrated, through their landmark 
Michigan Keystone Project, that a simple checklist could 
reduce their rates of CLABSI by as much as 66% [6].

Critical care units are ideal venues for studying these con-
cepts since they are inherently chaotic and house the most 
vulnerable patients, undergoing the most invasive diagnostics 
and therapeutics. A 1995 investigation by Donchin and 
colleagues found that nearly two errors per day occurred for 
every patient in the intensive care unit (ICU) [7]. The team 
introduced a real-time error-reporting system with notation of 
the following:

• Severity
• Body system
• Type of medical activity
• Date and time of discovery
• Identities of those who committed and discovered the 

error
• Presumed cause

Investigators concluded that a severe or potentially detri-
mental error occurred, on average, 1.7 times per day per 
patient. This study introduced an accurate and precise mea-
surement tool for collecting information about adverse 
events. Uncovering the reasons why such events occur is 
 critical to developing strategies and processes that reduce 
their recurrence.

Risk and harm rarely occur as the result of one single 
error. They occur when each and every barrier of protection 
has been violated at some level. This is known as the Swiss 
cheese model, and it has been used to describe the mecha-
nism of harm when each safety layer is breached, allowing 
harm a pathway directly to the patient [8].

Take the four stages of medication management, by way 
of example  – prescribing, transcribing, dispensing, and 
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administering. Each of the four steps has to be violated for 
harm to occur [9]. For example:

• The physician prescribes a medication using poor 
handwriting.

• The pharmacist transcribes it as he believes it is written 
but does not clarify.

• The pharmacy technician dispenses the medication even 
though it means splitting pills because he doesn’t want to 
bother the pharmacist with clarification.

• The nurse does not check the patient’s identification or the 
drug and dose before she administers it.

• The wrong patient gets the wrong medication at the wrong 
dose and dies.

If, at any step along this way, one or more individuals had 
followed their process precisely, an error would likely not 
have occurred. The Checklist Manifesto, published in 2009 by 
Dr. Atul Gawande, was the first earnest attempt to translate 
the rigorous and wildly successful use of the checklist as a 
safety tool in aviation to the practice of medicine [10]. Dr. 
Gawande notes, “the volume and complexity of what we 
know has exceeded our individual ability to deliver its bene-
fits correctly, safely, or reliably.” Healthcare providers are not 
asked or expected to remember everything all the time. We 
are, however, expected to follow protocols, to use job aides, 
and to perform consistently. These fundamental concepts 
make up the structure of high reliability organizations [11]. 
The remainder of this chapter will focus on the following two 
areas as they apply to quality and safety in critical care units.

• Reportable metrics
• Quality and safety basics

 Reportable Metrics

Healthcare costs in the US are currently funded via three 
sources. Out-of-pocket patient expense and insurance com-
pany reimbursements make up close to half of this cost. The 
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remaining 50% plus is absorbed by federal, state, and local 
governments [12]. Needless to say, this financial responsibility 
strongly incentivizes the government to consolidate services, 
mitigate risk, and avoid unnecessary cost. Hospital-acquired 
conditions (as listed in Table  6.1) are the natural starting 
place for such restrictions, and in 2008, the Centers for 
Medicare and Medicaid Services (CMS) included ten catego-
ries of hospital-acquired conditions (HACs) that were 
selected for HAC payment penalties [13]. Payment penalties 
for failure to prevent harm in these areas commenced on 
October 1, 2008. In addition to payment penalties, private 
organizations like The Joint Commission and The Leapfrog 
Group collect, assimilate, and analyze data from CMS [14]. 
They then publicize a score that reflects aggregated safety 
outcomes in each healthcare facility.

Hospital-acquired infections (HAIs) are a subset of HACs 
and are also exceedingly common in critical care settings. The 
National Quality Forum (NQF) estimates that as many as 
two million HAIs occur annually in the United States, 
accounting for an estimated 90,000 deaths [15]. A 2009 CDC 
study estimated costs associated with HAI at more than $5 
billion annually – greater than the cost of either diabetes mel-
litus with complications ($4.5 billion) or chronic obstructive 
lung disease ($4.2 billion) [16].

Patient safety indicators (PSIs) are another repository of 
reportable means of harm with considerable crossover with 
HACs and HAIs [17]. They are listed in Table 6.2. Like HACs, 
PSIs are based on documentation and coding data and are 
entirely retrospective. There are currently 25 PSIs, all of 
which are related to harm from or related to a surgery, inva-
sive procedures, or childbirth. Like HACs and HAIs, PSIs 
incur both considerable patient harm and financial penalties 
with CMS.

A comprehensive summary of all HACs (including HAIs) 
and PSIs is beyond the scope of this chapter. That said, the 
case study above represents harm that falls into the catego-
ries of HAC, HAI, and PSI.  Now that we appreciate the 
means and gravity of much healthcare-induced harm, it is 
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Table 6.1 CMS hospital-acquired conditions
Foreign object retained after surgery

Air embolism

Blood incompatibility

Stage III and IV pressure ulcers

Falls and trauma

  Fractures

  Dislocations

  Intracranial injuries

  Crushing injuries

  Burn

  Other injuries

Manifestations of poor glycemic control

  Diabetic ketoacidosis

  Nonketotic hyperosmolar coma

  Hypoglycemic coma

  Secondary diabetes with ketoacidosis

  Secondary diabetes with hyperosmolarity

Catheter-associated urinary tract infection (UTI)

Vascular catheter-associated infection

Surgical site infection, mediastinitis, following coronary artery 
bypass graft (CABG):

Surgical site infection following bariatric surgery for obesity

  Laparoscopic gastric bypass

  Gastroenterostomy

  Laparoscopic gastric restrictive surgery

(continued)
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Table 6.1 (continued)

Surgical site infection following certain orthopedic procedures

  Spine

  Neck

  Shoulder

  Elbow

Surgical site infection following cardiac implantable electronic 
device (CIED)

Deep vein thrombosis (DVT)/pulmonary embolism (PE) 
following certain orthopedic procedures:

  Total knee replacement

  Hip replacement

Iatrogenic pneumothorax with venous catheterization

Table 6.2 AHRQ patient safety indicators
PSI 02 Death rate in low-mortality diagnosis related groups 
(DRGs)

PSI 03 Pressure ulcer rate

PSI 04 Death rate among surgical inpatients with serious 
treatable conditions

PSI 05 Retained surgical item or unretrieved device fragment 
count

PSI 06 Iatrogenic pneumothorax rate

PSI 07 Central venous catheter-related blood stream infection 
rate

PSI 08 Postoperative hip fracture rate

PSI 09 Perioperative hemorrhage or hematoma rate

PSI 10 Postoperative acute kidney injury requiring dialysis

PSI 11 Postoperative respiratory failure rate

PSI 12 Perioperative pulmonary embolism or deep vein 
thrombosis rate
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imperative that we understand how to mitigate risk and pro-
vide predictable, comprehensive, and sustainable excellence 
in the care we provide.

 Quality: Six Sigma, CUSP, and Just Culture

“Variety is the spice of life,” said William Cowper in his 1785 
poem, “The Task.” While that may be true for matters of the 
heart (i.e., nonmedical matters), it is largely not so for the 
delivery of healthcare [18].

Table 6.2 (continued)

PSI 13 Postoperative sepsis rate

PSI 14 Postoperative wound dehiscence rate

PSI 15 Accidental puncture or laceration rate

PSI 16 Transfusion reaction count

PSI 17 Birth trauma rate – injury to neonate

PSI 18 Obstetric trauma rate – vaginal delivery with instrument

PSI 19 Obstetric trauma rate – vaginal delivery without 
instrument

PSI 21 Retained surgical item or unretrieved device fragment 
rate

PSI 22 Iatrogenic pneumothorax rate

PSI 23 Central venous catheter-related blood stream infection 
rate

PSI 24 Postoperative wound dehiscence rate

PSI 25 Accidental puncture or laceration rate

PSI 26 Transfusion reaction rate

PSI 27 Postoperative hemorrhage or hematoma rate

PSI 90 Patient safety for selected indicators

PSI Appendices
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Dr. David Shaywitz said in his 2009 op-ed piece in The 
Healthcare Blog, “Businesses have long known about the 
benefits of standardization  – lower costs, higher baseline 
quality — and have aspired to achieve it. The ability to make 
the same product in the exact same way every single time has 
contributed materially to the success of companies from 
McDonalds to Intel. The global adoption of the “Six Sigma” 
program, an initiative originally developed by Motorola to 
reduce variability and ensure consistency, is perhaps the most 
visible example of the value most industries place upon 
achieving uniformity” [19].

Similarly, Dr. Don Berwick of the Institute for Healthcare 
Improvement defines quality as encompassing six fundamen-
tal principles  – safety, effectiveness, patient-centeredness, 
timeliness, efficiency, and equity. Such delivery requires struc-
ture, process, and predictability [20].

 Six Sigma

W. Edwards Deming led one of the earliest and most robust 
efforts to define structure around improved efficiency, effec-
tiveness, and productivity in business venues. Deming was an 
engineer by trade and a proponent of the Shewhart cycle, a 
concept he morphed into the PDSA (plan-do-study-act) 
cycle. It is closely related to DMAIC (define, measure, ana-
lyze, improve, control), a similar (and some believe more 
practical) way to assess barriers and invoke sustainable 
change. In post-World War II Japan, Deming used these 
methodologies to guide the automobile manufacturing indus-
try out of utter ruin and into position as one of the world’s 
leaders in this field, a position they continue to hold even to 
today. Deming originally summarized these processes in 14 
key points and 7 deadly diseases, all of which, in aggregate, 
make up the backbone of the disciplines of Six Sigma and 
Lean Six Sigma [21]. They have been used in innumerable 
businesses, healthcare included, as a means to understand 
process failure and invoke and implement sustainable change. 
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Dr. John Haughom summarizes the five most applicable and 
relevant points related to healthcare [22]. They are:

• Quality improvement is the science of process 
management.

• If you cannot measure it, you cannot improve it.
• Managed care means managing the processes of care, not 

managing physicians and nurses.
• The right data in the right format at the right time in the 

right hands.
• Engaging the “smart cogs” of healthcare.

 CUSP

Another concise and deliverable means to understand this 
structure is the Agency for Healthcare Research and Quality’s 
(AHRQ) Comprehensive Unit-based Safety Program 
(CUSP) [23]. The program was originally developed and 
endorsed by Dr. Pronovost and the team and has become one 
of the leading platforms for safety structure worldwide. Initial 
CUSP efforts were directed at reducing rates of CLABSIs 
and CAUTIs, an effort that was not only successful but sus-
tainable. One such project, called On the CUSP: Stop BSI, 
reduced CLABSI in 44 US states by 40% and has saved an 
estimated 500 lives.

CUSP is one strategy to overcome these barriers and to 
effectively implement a sustainable safe culture. It is a long, if 
not, permanently ongoing, effort that focuses on the engage-
ment of both frontline and leadership staff, job prompts and 
checklists, performance improvement tools, learning from 
errors, and teamwork and patient/family engagement.

CUSP implementation occurs in three phases. They are 
pre-CUSP work, CUSP implementation, and post-CUSP 
work. Pre-CUSP work involves assembling a team, assigning 
roles and responsibilities, and engaging and including senior 
executives in promoting the mission. Pre-CUSP work also 
includes realistically assessing the current safety climate in 
your organization. This requires honesty and thoughtfulness 
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and must be free from blame. Though the results may be 
sobering, the purpose of engaging in CUSP is to identify, 
learn from, and overcome barriers to consistent excellence.

Steps 1–5 as noted in Table 6.3 summarize CUSP imple-
mentation. Considerably more detail as well as user-friendly 
toolkits can be found on the AHRQ website.

Post-CUSP work is the maintenance phase. Though we all 
want to achieve zero harm and consistent and sustainable 
quality, this process remains a lifelong journey and not a des-
tination. Ongoing vigilance of risk and a culture of always- 
asking- why are critical to ongoing success.

 Communication and Culture

The merits of Six Sigma, CUSP, and other safety and quality 
initiatives do not exist without communication and a fair and 
just culture. In Being Mortal, Dr. Atul Gawande writes, 
“Culture is the sum total of shared habits and expectations.” 
[24] Communities, families, hospitals, and even ICUs have 
personalities, biases, preconceived notions, and habits  – 
Cultures. How many times have you heard “That’s not the 
way we do it here” or “That’s just the way it’s always been?” 
Such statements are at the root of unit-based culture and can 
seem insurmountable.

In 2005, the AHRQ published “Silence Kills,” a terrifying 
missive that described several areas of poor performance in 
healthcare and the coercive enabling silence that allows them 
to go unchecked [25]. For example, 84% physicians and 62% 
nurses observed colleagues taking potentially harmful short-
cuts. Fifty-three percent of surveyed nurses felt reluctant to 
ask for help, and 83% reported peer complaints when asked 
to assist. Eighty-one percent of physicians and 53% of nurses 
had concerns about the competency of one of more peers 
with whom they worked. While these staggering statistics 
were a wake-up call about clinical competency, they also 
highlight a national (perhaps even international) culture 
where deficiencies are covered up, secrets are buried, and 
speaking up is discouraged. In the “Silence Kills” report, fear 
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of confrontation and/or retaliation was cited as a primary 
 factor for respondents’ silence.

In a 2015 online publication of The Joint Commission 
(TJC), the top three “most frequently identified root causes 
for Sentinel Events” (in order) were [26]:

Human factors
Leadership
Communication

Table 6.3 CUSP 5 steps
Step 1 (Educate Staff on the Science of Safety Training) The 
learning objectives include the following: (a) understand that 
safety is a property of the system; (b) understand the basic 
principles of safe design that include: standardize work, create 
independent checks (checklists) for key processes, and learn 
from mistakes; (c) recognize that the principles of safe design 
apply to technical as well as team work; and (d) understand 
that teams make wise decisions when there is diverse and 
independent input. A video presentation for this training is 
available at http://safetyresearch.jhu.edu/qsr.

Step 2 (Staff Identify Defects) Identify defects from incident 
reports, liability claims, sentinel events, and most importantly 
ask staff how the next patient will be harmed through a two- 
item written survey.

Step 3 (Executive Partnership) Partners a senior hospital 
executive with a unit to open lines of communication, improve 
frontline providers’ attitudes about leadership, educate leaders 
about the clinical issues and safety hazards, provide staff 
resources to mitigate hazards, and hold staff accountable for 
reducing patient risks.

Step 4 (Begin Learning from Defects) Staff use a practical 
yet valid tool to learn from defects by answering (1) what 
happened, (2) why it happened, (3) what you did to reduce risk, 
and (4) how do you know risks were actually reduced. Staff are 
encouraged to learn from at least one defect per month.

Step 5 (Implement Teamwork Tools) Provides tools to improve 
teamwork, communication, and other systems of work in the 
unit.
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Prior to this publication, communication was cited as the 
number one root cause identified for almost every Sentinel 
Event released by TJC.

After the disastrous events of September 11, 2001, New York 
City adopted a “see something, say something” campaign [27]. 
We have used this same slogan to encourage staff to share 
everything they see and to use this as the foundation for where 
we need to focus our process change. If staff feel that speaking 
up will lead to punitive measures, they will be forever silent. In 
his book “Safe Patients, Smart Hospitals,” Dr. Pronovost writes, 
“It has been shown in business meetings that once a person has 
been given the opportunity to speak, that person is more likely 
to speak up again during the meeting” [28].

In October of 1999, Dr. Lucian Leape of the Harvard 
School of Public Health spoke before a subcommittee of the 
US Congress and reported that “the single greatest impedi-
ment to error prevention is that ‘we punish people for making 
mistakes’” [29]. Two years later, David Marx, JD, reacted with 
a 28-page summary known as Patient Safety and the “Just 
Culture”: A Primer for Health Care Executives [30]. The fun-
damental tenet of this document is the same as the principle 
of negative reinforcement. If you shock a lab rat every time 
he eats a cookie, he will no longer try to eat the cookie. 
Similarly, if you punish employees for speaking up about 
potential risk in the workplace, they will fear retribution or 
retaliation and remain silent. A Just Culture, alternatively, is 
one in which speaking up is not only encouraged but lauded 
and harm is largely blameless to the individual with process 
and structure being the fundamental means of correction. 
Sadly, this chapter is being written 17 years after the introduc-
tion of this concept, and while it has enjoyed some success, it 
is far from being a ubiquitously accepted element of our 
healthcare culture.

 Summary

Critical care units are ideal for studying preventable harm. 
The patients they house are exceedingly vulnerable, undergo-
ing the most invasive and unpredictable therapies, and at risk 
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for the greatest unexpected and unintended harm. Fortunately, 
recent efforts have shed light on means to prevent such harm 
and to deliver sustainable, predictable, consistent care. Such 
delivery requires knowledge of process and structure, imple-
mentation of every-changing evidence-based practice guide-
lines, and a relentless commitment to ongoing vigilance with 
assessment, repair, and improvement of dynamic processes.
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Hospital-acquired infections are defined as symptomatic 
infections that result after hospitalization with no evidence 
that the infection was present or incubating at the time of 
admission to the acute care setting [1]. In 1992 it was esti-
mated that approximately two million patients per year 
develop an HAI, and approximately 90,000 of these patients 
die [2]. In 2014, an HAI prevalence survey estimated that 
there were 722,000 HAIs in US acute care hospitals. 
Additionally, about 75,000 patients with HAIs died during 
their hospitalizations. Approximately 35% of these infections 
occurred in the ICU setting [3]. These numbers suggest a 
recent decrease in the incidence of HAI. Unfortunately, the 
recent reductions in HAIs do not seem to have led to a pro-
portional reduction in mortality rates.

In the 2014 prevalence survey of HAIs, 49,900 ventilator- 
associated pneumonias, 35,600 catheter-associated urinary 
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tract infections, and 15,600 central-catheter-associated pri-
mary bloodstream infections can be attributed to US ICUs 
every year. The survey did not break down which of the 
157,500 surgical site infections, 80,400 Clostridium difficile 
infections, and 9700 MRSA bacteremias developed in the 
ICU, but clearly a sizeable proportion of them were of ICU 
origin [3].

Given the sheer number of ICU-acquired HAIs, how does 
an ICU physician identify whether they are dealing with a 
possible hospital-acquired infection and how are they best be 
avoided? The aim of the rest of this chapter will be to provide 
a review of the most recent NHSN criteria for defining the 
most common hospital-acquired infections. A case will be 
presented for each of the common infections, and the defini-
tions of a hospital-acquired infection will be reviewed and 
applied to the case following which a review of prevention 
bundles including a discussion of recent developments in 
prevention. Given the amount of focus on these infections in 
recent years, the goal is not to be comprehensive but rather 
to give an overview of these HAIs. The following HAIs will 
be reviewed in this chapter.

 1. VAE
 2. CAUTI
 3. CLABSI
 4. C. difficile

 Case 1

A 65-year-old male with a past medical history of type II 
diabetes and grade D COPD requiring home O2 presents 
with a COPD exacerbation. In the emergency room, the 
patient is intubated after noninvasion methods of ventilation 
fail. The patient is afebrile and is not producing large amounts 
of secretions. During her first 3 days intubated in the ICU, her 
minimum FiO2 is 0.40 and her minimum PEEP is 7. On days 
5 and 6 of admission, the patient develops a fever of 102.2 
and  is maintained on and FiO2 of 0.6 with PEEP of 10. 

C. A. Engell



123

The patient is started on broad-spectrum antibiotics. Purulent 
tracheal aspirate culture subsequently grew methicillin sensi-
tive Staphylococcus aureus.

 Reporting of Ventilator-Associated Events (VAE)

The above patient was diagnosed with a ventilator- associated 
pneumonia (VAP) by her clinical team. However, since 2013, 
the surveillance definition of VAP has been supplanted by 
VAE. The definition of VAE was first developed by a CDC 
Working Group composed of members of several stake-
holder organizations to address the limitations of the current 
ventilator-associated pneumonia definition [4]. The VAP 
definition used at the time was neither sensitive nor specific 
which had implications for surveillance and thereby preven-
tion [5, 6]. The inaccuracy of the surveillance measure made 
assessment of prevention strategies difficult. One of the dif-
ficulties with the VAP definition was the reliance on the chest 
X-ray interpretation and reporting which has an amount of 
subjectivity. The VAE surveillance definition algorithm 
implemented in the NHSN in January 2013 was designed 
based on objective, streamlined, and potentially automatable 
criteria that identify a broad range of conditions and compli-
cations occurring in mechanically ventilated adult patients 
[7]. The full classification is shown in Fig. 7.1 [8]. The VAEs 
are defined progressively from a ventilator-associated condi-
tion (VAC) based on changes in PEEP and FiO2 values and 
progressing through infection- related ventilator-associated 
condition (iVAC) to possible ventilator-associated pneumo-
nia based on increasing systemic and microbiologic features 
suggesting infection [8]. In our patient above, the increase 
from baseline in FiO2 by 0.2 or the increase in minimum 
PEEP from baseline would both have qualified the patient as 
a ventilator-associated condition. The fever would qualify the 
patient for an infection- related ventilator-associated condi-
tion. Once purulent secretion cultures resulted, it was possi-
ble to report the patient as an episode of possible VAP.
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 VAE

The incidence of ventilator-associated events has changed as 
the transition from the VAP definition to VAE definition has 
occurred. In 2012, VAP rates of 3.3 per 1000 ventilator days 
were reported in the United States [9]. In 2014, NHSN 
reported the incidence of VAE to be between 2% and 12% in 

Patient has a baseline period of stability or improvement on the ventilator, defined by ≥ 2 calendar days of stable or decreasing daily minimum*
FiO2 or PEEP values. The baseline period is defined as the 2 calendar days immediatedly preceding the first day of increased daily minimum PEEP or
FiO2.
*Daily minimum defined by lowest value of FiO2 or PEEP during a calendar day that is maintained for > 1 hour.

Ventilator-Associated Condition (VAC)

Infection-related Ventilator-Associated Complication (IVAC)

Possible Ventilator-Associated Pneumonia (PVAP)

After a period of stability or improvement on the ventilator, the patient has at least one of the following indicators of worsening oxygenation:
1) Increase in daily minimum* FiO2 of  ≥ 0.20 (20 points) over the daily minimum FiO2 of the first day in the baseline period, sustained for ≥ 2
    calender days.
2) Increase in daily minimum* PEEP values of ≥ 3 cm H2O over the daily minimum PEEP of the first day in the baselne period†, sustained for ≥ 2
    calendar days.
*Daily minimum defined by lowest value of FiO2 or PEEP during a calendar day that is maintained for > 1 hour.
†

Daily minimum PEEP values of 0-5 cm H2O are considered equivalent for the purposes of VAE surveillance.

On or after calendar day 3 of mechanical ventilation and within 2 calendar days before or after the onset of worsening oxygenation, the patient
meets both of the following criteria:

On or after calendar day 3 of mechanical ventilation and within 2 calendar days before or after the onset of worsening oxygenation, ONE of the
following criteria is met (taking into account organism exclusions specified in the protocol):

1)

2)

3)

Criterion 1: Positive culture of one of the following specimens, meeting quantiative or semi-quantiative thresholds as outlined in
protocol, without requirement for purulent respiratory secretions:

Criterion 1: Purulent respiratory secretions (defined as secretions from the lungs, bronchi, or trachea that contain ³ 25 neutrophils and
£10 squamous epithelial cells per low power field (Ipf,x100])† PLUS organism identified from one of the following speciments (to include
qualitative culture, or quantitative/semi-quantitative culture without sufficient growth to meet criterion #1):

†If the laboratory reports semi-quantitative results, those results must correspond to the above quantitative thresholds. See
additional instructions for using the purulent respiratory secretions criterion in the VAE Protocol.

•    Sputum

•    Endotracheal aspirate, ≥ 105 CFU/ml or corresponding semi-quantitative result
•    Bronchoalveloar lavage, ≥104 CFU/ml or corresponding semi-quantitative result

•    Lung tissue, ≥104 CFU/g or corresponding semi-quantitative result
•    Protected speciment brush, ≥103 CFU/ml or corresponding semi-quantitative result

•    Organism identified from pleural fluid (where specimen was obtained during thoracentesis or initial placement of chest tube
     and NOT from an indwelling chest tube)
•    Lung histopathology, defined as: 1) abscess formation or foci of consolidation with intense neutrophil accumulation in
     bronchioles and alveoli; 2) evidence of lung parenchyma invasion by fungi (hyphae, pseudohyphae or yeast forms); 3) evidence
     of infection with the viral pathogens listed below based on results of immunohistochemical assays, cytology, or microscopy
     performed on lung tissue

•    Diagnostic test for Legionella species
•    Diagnostic test on respiratory secretions for influenza virus, respiratory syncytial virus, adenovirus, parainfluenza virus,
     rhinovirus, human metapneumovirus, coronavirus

•    Endotracheal aspirate

•    Bronchoalveloar lavage

•    Lung tissue
Protected specimen brush

Criterion 3: One of the following positive tests:

1) Temperarture > 38°C or 36°C, OR white blood cell count ≥ 12,000 cells/mm3 or ≤ 4,000 cells/mm3.

2) A new antimicrobial agent(s) (see Appendix for eligible antimicrobial agents) is started, and is continued for ≥ 4 calender days.

AND

January 2018

Figure 7.1 Ventilator-associated events (VAE) surveillance algo-
rithm. (CDC [8] [cited 2018 Jan 12])
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different types of critical care units with VAEs meeting at 
least the iVAC definition comprising 30–40% of the VAEs 
which interestingly approximates the incidence of VAP in 
2012 [10].

Although VAE is now the CDC’s recommended surveil-
lance metric for ventilated patients in adult critical care units, 
the existing literature on VAP prevention is primarily based 
on traditional VAP definitions rather than VAE definitions. A 
guideline sponsored by the Joint Commission and American 
Hospital Association was published by the Society for 
Healthcare Epidemiology of America in 2014 [11]. Six major 
elements of VAP prevention were outlined in the document 
and are summarized below:

 Avoidance of Intubation If Possible

Use of noninvasive positive-pressure ventilation whenever 
feasible has been shown to decrease likelihood of intubation 
and thereby VAE [12]. Caution is recommended when con-
sidering NIPPV to manage patients with impaired conscious-
ness, acute lung injury, acute respiratory distress syndrome, 
severe hypoxemia, and severe acidemia [13].

 Minimize Sedation

Managing ventilated patients without sedatives whenever 
possible is recommended. Managing agitation by addressing 
its source and avoiding benzodiazepines can reduce duration 
of intubation [14]. Daily spontaneous awakening trials for 
patients without contraindications have been studied in two 
randomized controlled trials that showed a decreased net use 
of sedatives and a 2–4-day reduction in duration of mechani-
cal ventilation [15, 16]. Finally, spontaneous breathing trials 
have been associated with shorter intubation times especially 
when combined with awakening trials [17].
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 Maintain and Improve Physical Conditioning

Providing early exercise and mobilization has been associ-
ated with quicker extubation, decreased length of stay, and 
increased the rate of return to independent function in mul-
tiple studies [11]. Furthermore, early mobility programs may 
be cost-saving [18].

 Minimize Pooling of Secretions Above 
the Endotracheal Tube Cuff

Provide endotracheal tubes with subglottic secretion drainage 
ports for patients likely to require greater than 48 h or 72 h of 
intubation. A meta-analysis suggested that the use of endotra-
cheal tubes with subglottic drainage reduced VAP rates by 
55% while decreasing the mean ICU stay by 1.5  days [19]. 
However, reductions in duration of mechanical ventilation 
with subglottic secretion drainage appear to be limited to 
patients on a ventilator for more than 48–72 h [20]. Identifying 
the subset of patients requiring subglottic secretion drainage 
tubes can be tricky especially since extubating patients to place 
a subglottic secretion drainage tube is not recommended [11].

 Elevate the Head of the Bed

Elevating the head of the bed to 30–45° has been evaluated 
in three randomized controlled trials with only 387 patients 
in all [21–23]. Only one trial reported a significant 76% 
decrease in VAP rates [21]. However, a meta-analysis pool-
ing the three studies did find a significant impact on VAP 
[24]. Furthermore, enteral feeding in the supine position 
substantially increases the risk of developing VAP [21]. The 
guidelines note that there was insufficient data to determine 
the impact of head-of-bed elevation on duration of mechan-
ical ventilation or mortality, but given the simplicity, ubiq-
uity, minimal risk, lack of cost, and potential benefit of this 
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intervention, it should be classified as a basic practice while 
awaiting further data [11].

 Maintain Ventilator Circuits

Changing the ventilator circuit as needed rather than on a 
fixed schedule has no impact on VAP rates or patient out-
comes but decreases costs. The ventilator circuit should only 
be changed if visibly soiled or malfunctioning [11].

 Summary of VAE

Like all new surveillance definitions, the ability of the VAE 
surveillance definition to help reduce the incidence of VAE 
remains to be seen. It does appear that the new definition has 
succeeded in reducing the time need to collect data while at 
the same time increasing the objectivity of data collection 
[25]. As can be suspected from the guidelines which focus on 
interventions to reduce days of mechanical ventilation, it has 
been suggested that there should be direct focus on reducing 
days of mechanical ventilation instead of VAE [26].

 Case 2

A 53-year-old male with a past medical history of diabetes 
presents to the CCU after experiencing sudden retrosternal 
chest pain. After experiencing urinary retention, a urinary 
catheter is placed. The patient is diagnosed with NSTEMI. On 
hospital day 2, a cardiac catheterization suggests that the 
patient is a candidate for coronary artery bypass grafting which 
is completed on hospital day 4. On hospital day 5, the urinary 
catheter is removed and the patient voids successfully. On hos-
pital day 5, the patient starts to complain of dysuria and supra-
pubic tenderness. A urine analysis is  positive and reflex urine 
cultures show 100,000 colony forming units of E. coli.

Chapter 7. Surveillance and Prevention 



128

 Reporting of Catheter-Associated  
Urinary Tract Infections

The above patient was diagnosed with symptomatic catheter- 
associated urinary tract infection. This case was a hospital-
acquired infection. The CMS reporting requirements include 
two distinct types of hospital-acquired CAUTI to be reported, 
symptomatic CAUTI and asymptomatic CAUTI.  For the 
definitions below, all elements must be satisfied within a 
7-day infective window period comprising the diagnostic 
event day and 3 calendar days before and after the event [27].

 Symptomatic Catheter-Associated UTI [27]

All three criteria must be met:

 1. Patient had an indwelling urinary catheter that had been 
in place for >2 days on the date of event (day of device 
placement = day 1) AND was either still present for any 
portion of the calendar day on the date of event or removed 
the day before the date of event.

 2. Patient has at least one of the following signs or symptoms: 
(a) fever (>38.0 °C), (b) suprapubic tenderness, (c) costo-
vertebral angle pain or tenderness, (d) urinary urgency, (e) 
urinary frequency, and (f) dysuria.

 3. Patient has a urine culture with no more than two species 
of organisms, at least one of which is a bacterium of 
≥100,000 CFU/ml.

 Asymptomatic Catheter-Associated UTI [27]

All three criteria must be met:

 1. Patient with or without an indwelling urinary catheter has 
no signs or symptoms of symptomatic UTI.

 2. Patient has a urine culture with no more than two species 
of organisms, at least one of which is a bacterium of 
≥100,000 CFU/ml.
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 3. Patient has a positive blood culture with at least one 
matching bacterium to the urine culture. All elements of 
the ABUTI criterion must occur during the Infection 
Window Period.

 CAUTI

Approximately 12–16% of adult hospital inpatients will have 
an indwelling urinary catheter at some time during hospital-
ization [3]. For each day an indwelling urinary catheter 
remains, a patient has a 3–7% increased risk of acquiring a 
catheter-associated urinary tract infection (CAUTI) [28]. It is 
estimated that there are annually approximately 35,000 epi-
sodes of catheter-associated urinary tract infection in US 
ICUs [3]. The overall mortality rate associated with CAUTI 
has been calculated at around 3% [29].

In April 2013, the Centers for Disease Control and 
Prevention (CDC) released the National Healthcare Safety 
Network (NHSN) data summary report for 2011. The CAUTI 
pooled means for intensive care units (ICUs) ranged from 1.2 
per 1000 urinary catheter days in medical surgical ICUs to 
4.1  in burn ICUs. Non-ICU rates ranged from 1.3 to 1.5 per 
1000 urinary catheter days in medical, surgical, or medical sur-
gical units [29]. Although there has been modest improvement 
in CAUTI rates, progress has been much slower than other 
device-associated infections, such as central line-associated 
bloodstream infections (CLABSIs), where significant improve-
ment has been made. An estimated 17–69% of CAUTI may be 
preventable with implementation of evidence-based practices. 
This means that 380,000 infections and 9000 deaths related to 
CAUTI per year could be prevented [27].

 Prevention of CAUTI

CAUTI prevention is the cornerstone of reducing its associ-
ated cost, morbidity, and mortality. Considerable work has 
been done to clearly pinpoint which factors are most critical 
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for CAUTI reduction, and the findings are not yet entirely 
clear. What is well known is that minimization of urinary 
catheter use and early removal is the most effective tools for 
reducing CAUTI rates.

Although there are clear indications for the use of indwell-
ing urinary catheters, adherence to these guidelines are often 
lower than they should be [30]. There are a number of reasons 
for this discrepancy. Physician and nursing culture is foremost 
among these. A 2012 Scandinavian study revealed that early 
removal of urinary catheters after thoracic surgery did not 
result in a need for increased catheterization [31]. A 2011 
study revealed not only that urinary catheters were unneces-
sary for patients undergoing Caesarean section but also that 
there was no increased risk of urinary retention or intraop-
erative difficulties without their use [32]. As could be 
expected, the investigators did cite higher rates of urinary 
tract infections when catheters were used [32]. Despite these 
studies, a 2013 study still revealed that 26.1% of patients did 
not have an appropriate indication for their catheter [33]. In 
summary, urinary catheters are simply overused and are used 
many times for nonindicated reasons.

CAUTI prevention strategies must focus on clear indica-
tions for the insertion of a urine catheter, proper mainte-
nance while in use, and early catheter removal. However, 
adherence to these strategies appears to be variable. A 2009 
survey of 25 hospitals revealed that there does not seem to be 
one particular strategy that is being used by all hospitals. Of 
the hospitals surveyed, 9% used stop orders or discontinua-
tion reminders, 14% attempted the use of condom catheters, 
and 30% used bladder scanners to avoid reinsertion [34]. In 
2012, another study showed similar findings—9.5–12.4% of 
ICUs used nurse-driven removal protocols or reminders for 
discontinuation, 20% used condom catheters, and 25.9% had 
a policy related to the use of a bladder scanner [35]. 
Numerous guidelines have attempted to standardize strate-
gies for CAUTI prevention. A 2014 update of strategies for 
preventing CAUTI was published by the Society for 
Healthcare Epidemiology of America with sponsorship from 
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the Joint Commission and the American Hospital Association. 
It recommendations are summarized below [36]:

Provide appropriate infrastructure for preventing CAUTI
This broad recommendation is a reminder that appropriate 

resources need to be dedicated to preventing 
CAUTI. The necessary infrastructure includes but is not 
limited to providing hospital guidelines on placement, 
indication, and removal of catheters [37], availability of 
frontline staff trained in the aforementioned guidelines, 
adequate supplies for catheter placement, and a medical 
record documentation system that is capable of docu-
menting compliance with guidelines [38].

Perform surveillance for cauti
Utilization of the NHSN reporting mechanism for CAUTI 

is the most commonly used approach for surveillance of 
CAUTI. Hospitals can easily calculate their  standardized 
infection ratio for different target populations to evalu-
ate which areas need improvement.

Provide education and training
Educate healthcare personnel involved in the manage-

ment of urinary catheters and assess their competency 
in an ongoing manner. A 2012 study reported that 
through education and heightened surveillance, urinary 
catheter insertion could be reduced significantly from 
18.5% to 9.2% [39].

Use appropriate technique for catheter insertion
The following basic techniques should be employed: (1) 

Insert urinary catheters only when necessary. (2) 
Consider alternative methods for bladder management, 
such as intermittent catheterization or external collec-
tion devices. (3) Practice hand hygiene while managing 
urinary catheter. (4) Use aseptic insertion technique 
with catheter insertion. (5) Use sterile gloves, drape, 
sponges, antiseptic solution, and single-use packet of 
lubricant for insertion. (6) Use the smallest catheter as 
possible [36].
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Ensure appropriate management for maintenance of 
indwelling catheters

The following basic maintenance techniques should be 
employed: (1) Properly secure catheters to prevent ure-
thral trauma. (2) Maintain a sterile, closed drainage 
system. (3) Replace the catheter and collecting system 
when breaks in aseptic technique, disconnection, or 
leakage occur. (4) Collect necessary urine samples from 
sampling port with a sterile adaptor after cleansing port 
with disinfectant. (5) Obtain larger volumes of urine for 
special analyses aseptically from the drainage bag. (6) 
Maintain unobstructed urine flow. (7) Employ routine 
hygiene [36].

Championing a team and using hospital-specific pilots to 
implement recommendations are critical in the reduction of 
CAUTI rates. A 2013 study reported a 50% reduction in the 
use of urinary catheters and a 70% reduction in CAUTI rates 
by implementation of a nurse-driven protocol [40]. Similarly, 
another study reported that the use of a daily interdisciplin-
ary team to implement recommendations in a combined 
medical and surgical ICU could significantly reduce both 
catheter days (5304 vs 4541) and CAUTI rates (4.71 vs 1.98 
infections per 1000 ICU days) [41].

 Summary of CAUTI

CAUTI remains a challenging hospital-acquired infection. 
The surveillance definitions take into account that some 
patients may have clinically asymptomatic infection as well as 
symptomatic infection. There are no single factors responsi-
ble for CAUTIs, but they certainly do not occur in the 
absence of catheters. Though streamlining utilization, inser-
tion, and management of catheters through guideline- based 
practice may reduce CAUTI rates, reducing catheter use is 
probably the single most effective means of preventing 
CAUTI.
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 Case 3

A 63-year-old female is admitted to CCU on July 4 after hav-
ing a heart attack. A femoral central line was placed in the 
catheterization lab on the day of admission. On July 7, the 
patient’s central line was removed. On July 8, a blood culture 
was collected because she became confused and was having 
chills and a fever of 101. Blood cultures resulted E. faecalis. 
No other source of infection was identified.

 Reporting of a Hospital-Acquired Central-Line 
Bloodstream Infection (CLABSI)

The above patient was diagnosed with a hospital-acquired 
CLABSI. An NHSN defined CLABSI requires two main ele-
ments: (1) A laboratory confirmed bloodstream infection with 
a qualifying central line in place for over two calendar days 
before the positive culture AND (2) the qualifying central line 
must be in place on the date of culture or the day before the 
culture was drawn. In our patient above, the central line was 
present for 3  days. Though the culture was collected on the 
day after removal of the line, it still qualifies as a potential 
CLABSI. Since the infection cannot be attributed to another 
source, this infection was reported as a CLABSI [42].

 CLABSI

CLABSIs are a major source of morbidity and cost in modern 
hospitals. In US ICUs, the majority of patients have at least 
one central venous catheter (CVC), for a total of 15 million 
CVC days per year. It is thought that 80,000 CRBSIs occur in 
US ICUs each year. These episodes are independently associ-
ated with increased hospital cost and length of stay, but they 
have generally not been shown to independently increase 
mortality [43].
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 Prevention of CLABSI

Prevention of CLABSIs requires an interdisciplinary 
endeavor. Education, training, and staffing is paramount. 
Factors that have been associated with increased CLABSI 
rates include understaffing and lack of an effective educa-
tional program on insertion and maintenance of catheters 
[44]. Personnel with competency in CVC placement and 
maintenance should place and maintain CVCs. One study 
from 2014 revealed that electronic medical systems, standard-
ization of insertion kits, and simulation training, all reduced 
the rate of CRBSI [45].

Selection of catheters and sites are important in reducing 
the rate of CLABSIs. The decreased rate of infections from 
placement of short-term subclavian catheters should be 
weighed against the risk of pneumothorax, subclavian artery 
puncture, subclavian vein laceration, subclavian vein stenosis, 
hemothorax, thrombosis, and air embolism [46]. Although a 
meta-analysis from 2012 suggested that there was no differ-
ence in CLABSI rates between access sites in ICU patients, 
femoral vein access should be avoided in adult patients [47]. 
Subclavian vein access should be avoided in patients with 
advanced kidney disease and patients undergoing dialysis in 
order to avoid subclavian stenosis. When catheters are placed, 
ultrasound guidance should be used but only by those fully 
trained in its technique [48]. If a catheter is placed in an emer-
gency without strict adherence to aseptic technique, the cath-
eter should be replaced as soon as possible, at the most within 
48 h. Choice of catheter type is important. Since the infection 
risk increases with the number of ports or lumens, the clini-
cian should use the catheter type with the minimum neces-
sary number of lumens. When a catheter is no longer essential, 
it should be removed. The best way to avoid CLABSIs is to 
avoid unnecessary CVCs, which may include early fistula or 
graft placement in patients with chronic renal failure. Routine 
replacement of catheters is not recommended by the IDSA 
guidelines for prevention of catheter infections [46].

Hand hygiene and aseptic technique are vital in both inser-
tion and maintenance of catheters. Use of maximal sterile 
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barrier precautions, including a cap, mask, sterile gown, sterile 
gloves, and a sterile full-body drape, for the insertion of cath-
eters is recommended [49]. The insertion site should be pre-
pared with a 0.5% chlorhexidine preparation with alcohol 
before catheter insertion and during dressing changes [46].

Maintenance of catheter sites is part of the ongoing effort to 
prevent CLABSIs. After oozing has been controlled with gauze 
dressing, transparent dressing can used. The transparent dress-
ings should be changed every 7 days. If the dressing becomes 
damp, loosened, or visibly soiled, it should be replaced. Catheter 
sites should be monitored daily for evidence of infection which 
is made easier by transparent dressings [46].

In setting where the CLABSI rates remain a problem, 
chlorhexidine-impregnated sponge dressings can be used for 
temporary short-term catheters. Likewise, there may be a role 
for antimicrobial- or antiseptic-impregnated catheters and 
cuffs if standard prevention measures have been unsuccess-
ful. Antibiotic or antiseptic ointments, locks, and hub caps 
may play a role in select situations [46].

 Summary of CLABSI

The best way to avoid CLABSI is to avoid unnecessary use of 
catheters. Extensive IDSA guidelines for prevention of cath-
eter infections provide recommendations as summarized 
above to reduce the overall burden of infections. Since the 
introduction of CMS non-payment rules in 2008 led to the 
widespread adoption of the aforementioned recommenda-
tions, the incidence of CLABSI has been reduced by approxi-
mately half [50].

 Case 4

A 27-year-old woman with a past medical history of severe 
asthma is admitted to the ICU on December 24th after being 
intubated in the emergency room. She is febrile to 102.7 and 
is suspected of having pneumonia. Antibiotics are started on 
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admission. However, her chest X-ray shows no evidence of 
infiltrates, her influenza A antigen is positive, and her procal-
citonin is within normal limits. The patient is diagnosed with 
an asthma exacerbation and influenza. Antibiotics are discon-
tinued and the patient is extubated on the second day of 
admission. On December 26th, she has three watery bowel 
movements. A stool C. difficile pcr is ordered. However, a 
specimen is not sent until December 27 in the morning. The 
specimen is positive for C. difficile.

 Reporting of Hospital-Acquired Clostridium 
difficile Infection

The above patient was diagnosed with Clostridium difficile, 
and the episode was reported as hospital acquired. Hospital-
acquired Clostridium difficile infections are reported to 
NHSN as LabID events. LabID event reporting is based 
strictly on laboratory testing data without clinical informa-
tion allowing for much less labor-intensive tracking for C. 
difficile. (MRSA bacteremia is also reported as a LabID 
event.) The definition for hospital-acquired Clostridium dif-
ficile infection termed healthcare facility-onset is simply a 
specimen collected >3 days after admission to the facility (i.e., 
on or after hospital day 4) [51]. Whether or not the patient 
had diarrhea or other clinical signs of infection may be clini-
cally significant, but it is not significant when LabID events 
are used for reporting purposes. In our case above, the patient 
was diagnosed with suspected C. difficile on the third calen-
dar day of admission which was likely the first clinical day of 
C. difficile infection. However, the C. difficile pcr test was not 
sent until the fourth calendar day. The above case was classi-
fied as a hospital-acquired C. difficile infection. If the speci-
men had been sent on the third day, the infection would have 
been classified as a community-onset infection.
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 CDI

Clostridium difficile is an anaerobic, spore-forming bacillus 
that causes pseudomembranous colitis, presenting with diar-
rhea that often recurs and can progress to toxic megacolon, 
sepsis, and death [52]. It is estimated that there are upward 
toward 80,000 cases in acute care hospitals per year [3]. The 
average total cost for a single inpatient C. difficile infection 
(CDI) has been estimated at more than $35,000 and the esti-
mated annual cost burden for the healthcare system exceed-
ing $3 billion [53].

 Prevention of Hospital-Acquired Clostridium 
difficile Infections

Development of CDI can be thought of as a two-step process: 
(1) the patient needs to be susceptible to C. difficile, and (2) 
the patient needs to be exposed to the infectious spores of C. 
difficile. Prevention of CDI is aimed at mitigating the risk of 
these two steps occurring. In a 2014 update of practice strate-
gies to prevent Clostridium difficile infections [54], the 
Society for Healthcare Epidemiology of America reviewed 
the recommendations for prevention of CDI as shown below:

Encourage appropriate use of antimicrobials
Exposure to antibiotics has not been a risk factor linked to 

increased susceptibility to CDI. A major risk factor for 
hospitalized patients to acquire C. difficile is previous 
antimicrobial exposure [55]. Furthermore, multiple 
studies have demonstrated that outbreaks often abate 
with focus on, among other areas, antimicrobial utiliza-
tion [54]. Appropriate utilization includes both using 
antimicrobials for the appropriate indications as well as 
selecting the antibiotic with the least risk of increasing 
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susceptibility to CDI [56]. Choosing the appropriate 
treatment for CDI as well as discontinuing other antibi-
otics has been associated with decreased risk of recur-
rence [57].

Use contact precautions for infected patients and ideally 
single-patient rooms

To reduce the environmental burden of C. difficile spores 
and thereby risking infection of susceptible patients, 
contact precautions are recommended. Place patients 
with CDI under contact precautions to help reduce 
patient-to-patient spread of the organism. Contact pre-
cautions for CDI include gown and gloves in addition to 
CDC compliant hand hygiene upon exiting the room. It 
is important to maintain adequate supplies for contract 
precautions on each ward. Though this may sound like 
a simple task, it can in reality be a quite challenging 
task, and leaders, nurses, and physicians need to be 
engaged [54]. Continuing contact precautions for at 
least 48  h after diarrhea resolves has been recom-
mended; however, the ideal length of isolation is not 
known [58].

Ensure cleaning and disinfection of equipment and the 
environment

Directly reducing the environmental burden C. difficile 
spores by disinfection and cleaning prevents contami-
nation and potential exposure of susceptible patients. 
Almost all aspects of the patient environment have 
been documented to allow for colonization including 
patient rooms and the equipment used to provide care 
[59]. For disinfection of this environment, facilities 
should consider using household bleach or other prod-
ucts with sporicidal activity. The solution needs to have 
a contact time that meets manufacturers’ recommenda-
tions, and routine monitoring of adherence to cleaning 
protocols should be assessed regularly [54].

Implement a laboratory-based alert system
A patient with diagnosed but unrecognized CDI has the 

potential to contaminate the environment until isolated. 
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A laboratory alert system can ensure that this scenario 
does not occur. Once a diagnosis of C. difficile is made, 
alert system relying on telephone, pager, or electronic 
alerts should be sent to the provider and to the patient 
care area so that the patient can be placed on isolation. 
Clear protocols for the process should be available [54].

Monitor CDI rates
As the burden of CDI in a hospital increases, there is the 

potential risk for further increased transmission. 
Calculating CDI rates regularly at the unit and organi-
zational level can provide vital information for key 
stakeholders. This data will be necessary as outcome 
measures for the performance improvement necessary 
to bring down rates [54].

Education
Hospital leadership, healthcare providers, environmental 

services, patients, and families all should have educa-
tions on CDI.  This education should include risk fac-
tors, routes of transmission, local CDI epidemiology, 
patient outcomes and treatment, and prevention mea-
sures. Proper education may help to alleviate patient 
and family fears regarding being placed in isolation [60, 
61]. Information should be included about frequently 
asked questions such as the risk of transmission to fam-
ily while in the hospital and at home.

Measure compliance with CDC or WHO hand hygiene and 
contact precaution recommendations

Finally, patient-to-patient transmission of C. difficile is 
thought to occur primarily through contamination of 
the hands of healthcare providers. Unfortunately, base-
line hand hygiene adherence rates have been found to 
be approximately 40–60% in multiple studies [61]. 
Evidence- based recommendations for implementation 
of hand hygiene programs in healthcare settings have 
been published. Glove use upon entering rooms has 
been shown to be effective at preventing the transmis-
sion of C. difficile [61]. Given the lack of sporicidal 
effect of alcohol-based hand hygiene products com-
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pared with the relatively inefficient spore removal of 
handwashing, the proper way to perform hand hygiene 
is an area of controversy [54].

 Summary of CDI

Hospital-acquired CDI is diagnosed as a lab event. Any posi-
tive test for CDI after calendar day 3 of admission is defined 
as hospital acquired. In order to develop CDI, patients have to 
be susceptible to infection often due to antibiotic exposure, 
and they have to be infected by C. difficile spores either before 
or during hospitalization. The preventive measures aimed at 
reducing CDI rates are aimed at reducing the number of sus-
ceptible patients by reducing inappropriate antibiotic use or 
by reducing environmental spread of C. difficile spores.
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 Case Study

A 67-year-old man is brought to the emergency department 
by his wife for fever and flank pain for 24 h. He has a previous 
medical history of type 2 diabetes, gout, and recurrent neph-
rolithiasis. His medications include glyburide and allopurinol. 
He has no known allergy. On physical examination, the 
patient is confused and cannot answer questions appropri-
ately. His blood pressure is 85/40 mmHg and his heart rate is 
128 beats per minutes. His respiratory rate is 26/min with an 
oxygen saturation of 97% on 2 L/min nasal prongs. He is 
febrile at 38.8  °C.  He has costovertebral tenderness on the 
right. His extremities are warm with bounding pulses.

Laboratory studies show a white blood cell count of 
23,000/mm3, platelets of 98,000/mm3, creatinine of 256 
micromol/L, and lactate of 6.2 mmol/L. Urinalysis is positive 
for nitrite and numerous white blood cells. Chest x-ray is 
normal.
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 Diagnosis

The patient presents with hypotension and signs and symptoms 
compatible with an infection. The patient most likely has sepsis, 
and possibly septic shock, from a urinary tract infection.

Sepsis is a very common diagnosis. As many as 800,000 
cases of sepsis are admitted every year to American hospitals. 
This is comparable to the incidence of first myocardial infarc-
tions. The overall mortality is around 200,000 cases per year 
[1]. The incidence of septic shock seems to be increasing 
recently [2].

Sepsis is defined as life-threatening organ dysfunction caused 
by a dysregulated host response to infection according to the 
2016 Sepsis-3 consensus definition [3]. For clinical purposes, 
organ dysfunction is defined by an acute increase in SOFA score 
by 2 or more points. The baseline score can be assumed to be 
zero for patients with no known organ dysfunction.

Septic shock is a subcategory of sepsis with higher mortal-
ity and organ dysfunction. It can be defined as patient with 
sepsis with ongoing hypotension requiring vasopressors to 
maintain MAP greater than or equal to 65 mmHg and having 
a serum lactate equal or greater to 2 mmol/L despite adequate 
volume resuscitation. Mortality for patients with sepsis with-
out septic shock is around 10%, while the mortality for 
patients with septic shock is around 40%. The term “severe 
sepsis” which was in the old definition has disappeared in the 
new Sepsis-3 definition.

The previous definition of sepsis as the presence of a sus-
pected infection and two out of four systemic inflammatory 
response syndrome (SIRS) criteria has been abandoned.

The SIRS criteria were:

 1. Temperature >38 °C or <36 °C.
 2. Heart rate >90/min.
 3. Respiratory rate >20/min or PaCO2 < 32 mmHg.
 4. White blood cell count >12,000/mm3 or <4000/mm3 or 

>10% immature bands).

The SIRS criteria were thought to reflect an inflammatory 
reaction to an insult, but not necessarily a sign of a dysregu-
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lated response. It was found to be poorly sensitive. About 
12% of patients admitted to ICU in Australia and New 
Zealand with sepsis and organ dysfunction did not have at 
least two out of four SIRS criteria [4]. The old definition of 
sepsis using SIRS criteria was also found to poorly predict 
mortality compared to the Sepsis-3 definition.

Diagnosing sepsis and septic shock in a timely fashion is 
important so that treatment can be initiated early. A score 
that can be used outside of the intensive care unit is the quick 
SOFA (qSOFA) score. It has three components that are each 
allocated 1 point, and a score of 2 or more is considered 
positive:

• Respiratory rate ≥ 22/min.
• Altered mentation.
• Systolic blood pressure ≤ 100 mmHg.

Clinical presentation and investigation: The differential 
diagnosis of shock includes cardiogenic shock, obstructive 
shock, hypovolemic shock, and distributive shock (see 
Table  8.1). Septic shock is a form of distributive shock 
which is characterized by a loss of venous tone and 
peripheral resistance. Clinically, the patient with fluid-
resuscitated septic shock will present with tachycardia, 
tachypnea, and hypotension with a high or normal pulse 
pressure (systolic blood pressure at least double the dia-
stolic blood pressure). The skin is usually warm and 
extremities well perfused as opposed to the nondistribu-
tive types of shock. The pulse pressure can be low, and 
skin can be poorly perfused in case of very severe or un-
resuscitated septic shock or a mixed shock like a patient 
with superimposed hypovolemic elements (due to venous 
pooling) along with septic shock.

The presentation of septic shock frequently involves ele-
ments of other forms of shock. Hypovolemia is common 
given that patient often have diarrhea or decreased their fluid 
intake prior to coming to hospital. Sepsis-induced cardiac 
dysfunction is also very common. Other forms of distributive 
shock, including adrenal insufficiency and anaphylaxis, are 
not uncommon.
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Table 8.1 Classification of shock
1. Hypovolemic

   Hemorrhagic

   Fluid depletion (nonhemorrhagic)

   Interstitial fluid redistribution

    Thermal injury

    Trauma

    Anaphylaxis

   Increased vascular capacitance (venodilatation)

    Sepsis

    Anaphylaxis

    Toxins/drugs

2. Cardiogenic

   Myopathic

    Myocardial infarction

    Myocardial contusion (trauma)

    Myocarditis

    Cardiomyopathy

    Septic myocardial depression

    Pharmacologic

   Mechanical

    Valvular failure

    Hypertrophic cardiomyopathy

    Ventricular septal defect

   Arrhythmic

3. Extracardiac obstructive

   Tension pneumothorax

   Pulmonary embolus

   Cardiac tamponade

(continued)
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Post-fluid resuscitation, septic shock is hemodynamically 
characterized by a hyperdynamic circulatory profile, 
decreased systemic vascular resistance (<900 dynes per sec-
ond/cm5), normal or increased cardiac index (>4.2 L/min/m2), 
normal or decreased pulmonary capillary wedge pressure 
(<15  mmHg), and normal or high SvO2 or ScvO2 (>65 or 
70%). Before fluid resuscitation, however, severe septic 
shock may exhibit a hypodynamic profile similar to hypovo-
lemic shock with narrow pulse pressures and low central 
 filling pressures, cardiac output, and SvO2 with reduced 
 cardiac output.

Given that right heart catheterizations are used less often 
given their invasive nature and multiple studies showing 
absence of clinical benefit for their use, bedside ultrasonogra-
phy has emerged as a useful way of assessing shock in a non-
invasive way. Many clinicians now use it as part of their 
physical examination in critically ill patients. There have been 
several protocols (RUSH, ACES) on bedside ultrasonogra-
phy in undifferentiated shock [5, 6].

Table 8.1 (continued)

   Status asthmaticus/auto-PEEP

   Constrictive pericarditis

    Intrathoracic obstructive tumors (direct vena cava 
obstruction)

4. Distributive

   Septic

   Toxic shock syndrome

   Anaphylactic

   Neurogenic

   Endocrinologic

    Adrenal crisis
    Thyroid storm

Adapted with permission from Parrillo and Dellinger [21]
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On bedside ultrasonography, septic shock will classically 
present with normal heart function (although both increased 
and decreased contractility can be seen in some circum-
stances), small to normal inferior vena cava with normal 
inspiratory variation, and absence of bilateral B-lines in lungs 
(localized B-lines could point out to a diagnosis of pneumo-
nia). Cardiac output as measured by left ventricular outflow 
tract velocity time integral (LVOT VTI) method should be 
preserved or high in the majority of cases.

Laboratory results are useful to identify organ dysfunction. 
White blood cells can be either elevated or decreased. 
Elevation in creatinine, bilirubin, and INR and decrease in 
PaO2/FiO2 ratio and platelets are associated with organ dys-
function and worse outcomes and are included in SOFA 
score. Glucose is often elevated even in patients without dia-
betes. C-reactive protein is often elevated more than two 
standard deviations. Procalcitonin is elevated in bacterial 
sepsis, but its ability to differentiate between sepsis and other 
causes of SIRS is questioned [7].

Lactate is a very important laboratory test. An elevated 
serum lactate (>2 mmol/L) is associated with poor outcome. 
The pathophysiology of lactate elevation in septic shock is 
complex. While local or global tissue hypoxia can be respon-
sible, often, the rise in lactate can be due factors other than 
anaerobic metabolism. Impaired microcirculation, increased 
glycolytic flux through beta2-adrenergic receptor activation 
due to the activation of endogenous catecholamine systems, 
and decreased lactate clearance are other causes of increased 
lactate [8].

Nevertheless, failure to clear lactate despite fluid resuscita-
tion is part of the diagnostic criteria for septic shock and por-
tends a high mortality. Its use is therefore important in the 
initial evaluation of patients with potential sepsis or septic 
shock. Even in the setting of normal blood pressure, an elevated 
lactate (>4 mmol/L) is associated with a poor prognosis [9].

Collection of cultures from all potential sites of infection is 
important. If possible these cultures should be obtained prior 
to antimicrobials. Every patient with suspected sepsis or sep-
tic shock should get blood cultures from at least two sites 
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(including at least one peripheral site). Site cultures, including 
sputum, urine, cerebrospinal fluid, abscess, or pleural effu-
sion, should be obtained depending on the clinical picture 
and clinical suspicion.

Approximately one-third to one-half of sepsis patients do not 
have any positive culture. It is thus not absolutely necessary for 
the diagnosis, but it can help guide management and treatment.

 Management

The most important part of management of sepsis and septic 
shock is early recognition. Delayed recognition is frequent 
and leads to delay in treatment. The diagnosis of sepsis is 
primarily based on clinical criteria. The qSOFA score can be 
used to identify patients with infection at greater risk of poor 
outcome and does not require any laboratory test. The full 
SOFA score is more accurate at predicting mortality but 
requires laboratory tests. An elevated lactate is also useful in 
recognizing sepsis and potential septic shock.

Once the empiric diagnosis of sepsis is made, treatment 
should be rapidly instituted. It is useful to separate manage-
ment of sepsis in five different categories:

 1. Early antimicrobials.
 2. Hemodynamic management (fluid and vasopressors).
 3. Source control.
 4. Adjunctive therapies.
 5. De-escalation.

While they are discussed separated here, it is important to 
remember that in real life clinical environment, these things 
should be happening rapidly and simultaneously.

 Early Antimicrobials

Early administration of appropriate antimicrobials is a key-
stone of sepsis care. Several studies have shown that delays in 
administrating antimicrobials in septic shock are associated 
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with worse outcome. Each hour delay in antimicrobials in 
septic patient with hypotension was associated with a 7.6% 
decrease in survival [10]. These results have been validated in 
numerous newer studies [11].

When considering the delay in antimicrobials, it is impor-
tant to realize that there can also be a substantial delay 
between the time of the order to give the antimicrobials and 
the actual time it is administered. At least one study has 
shown that delay to be in the order of hours for various rea-
sons [12]. Every effort should be made to ensure that the 
antimicrobials are given as soon as possible. This requires that 
the doctors, nurses, and pharmacists are aware of the impor-
tance of giving antimicrobials early and good communication 
between different health-care professionals.

While it is critical to give antimicrobials early, the physi-
cian should ensure that the appropriate antimicrobials are 
given. This choice has to take into account the suspected 
anatomic site of infection, past medical history of the patient 
(including receipt of antimicrobials within the preceding 
3 months), and previous documented infection of the patient. 
Studies have shown that if inadequate antimicrobials are 
given initially, mortality increases in critically ill patients [13]. 
It is better to give broad-spectrum antimicrobials initially and 
narrow it down once the patient is more stable and/or an 
organism has been identified in culture.

Consequently, most patients with sepsis and septic shock are 
treated with a broad-spectrum beta-lactam such as piperacillin- 
tazobactam, ceftriaxone, ceftazidime, cefepime, or meropenem. 
Coverage for MRSA should be strongly considered if the 
patient has risk factors or if the local flora mandates. If the 
patient has pneumonia, atypical coverage particularly for 
Legionella should be initially considered. If the patient is 
immunocompromised in any way or has a health-care-associ-
ated infection, pseudomonas coverage should be included. 
During influenza season, patient presenting with respiratory 
symptoms and flu-like illness should generally also be covered 
with oseltamivir empirically until tests are negative.

Antifungal treatment should not be routinely used if risk 
factors are absent. If the patient has risk factors for invasive 
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Candida infection such as neutropenia, abdominal perfora-
tion, long-standing central venous access, chemotherapy, 
transplant, or total parenteral nutrition, it may be appropriate 
to consider the addition of an echinocandin (particularly for 
septic shock) pending culture results. If aspergillus is sus-
pected, such as a profoundly neutropenic patient with new 
lung opacities, empiric voriconazole or amphotericin B can 
be considered.

Another factor to consider when choosing empiric cover-
age of antimicrobials is whether one should double cover the 
most likely bacterial pathogens. While studies have failed to 
show benefit in sepsis of double coverage of the most likely 
organism, meta-analysis seems to show benefit for the sickest 
patients: the ones with septic shock [14]. The Surviving Sepsis 
Campaign Guidelines of 2016 thus permits the use of two dif-
ferent antibiotics of different mechanistic classes (e.g., a 
β-lactam with an aminoglycoside or a fluoroquinolone) to 
cover the most likely organism only in patients with septic 
shock [15].

Often multiple antimicrobials have to be given to cover 
multiple potential organisms. In this situation, it is preferable 
to start with the antimicrobial with the highest likelihood of 
covering the offending organism. This will often be a broad-
spectrum β-lactam which also has the advantage that they can 
be administered fairly rapidly.

When the frontline clinician is confronted with complex 
case and unsure of the correct empiric treatment, he should 
get an infectious disease or intensivist consultation as soon as 
possible as timely administration of the correct antimicrobi-
als is one of the most important things that need to be done 
in the care of septic patients.

 Hemodynamic Management

Shock and hypotension is often found in patient with sepsis. 
It is important to ensure that patients with sepsis and septic 
shock are adequately monitored. Peripheral venous access 
should be established. Arterial cannulation for accurate 
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blood pressure monitoring should be done in unstable 
patients. A urinary catheter should be inserted for adequate 
urine output monitoring. Vital signs should be taken fre-
quently, and the patient should be monitored in a resuscita-
tion room or the intensive care unit if they have septic shock. 
Intubation might be required for hypoxemia, increased work 
of breathing, or decreased level of consciousness.

Central venous cannulation should be performed for most 
patients who require vasopressor medications. While it is pos-
sible to give vasopressors peripherally for a short period of 
time, there is a risk of extravasation and soft tissue necrosis. 
Additionally, the central venous line can give useful informa-
tion such as the central venous pressure (CVP) and central 
venous oxygen saturation (ScvO2). Right heart catheteriza-
tion should be reserved only for cases where the diagnosis of 
distributive shock is in doubt or in mixed shock (for example 
septic and cardiogenic shock). It should not be a routine part 
of management of sepsis or septic shock.

Initial management of hypotension should almost always 
begin with fluid resuscitation. While there is no consensus on 
the amount of fluid needed, 30 mL/kg of crystalloid is a good 
starting point and is recommended by Surviving Sepsis 
Guidelines.

In 2001 a study showed that early management (<6 h post- 
presentation) with a protocol targeting a mean arterial pres-
sure ≥65  mmHg, CVP 8–12  mmHg, ScvO2  >  70%, and a 
hemoglobin of ≥90 g/L using fluids, vasopressors, blood trans-
fusion, and dobutamine had been shown to improve outcome 
in severe sepsis and septic shock. However, three more recent 
randomized controlled trials have shown that this protocol is 
not superior to standard treatment [16–19].

If the patient is still hypotensive after initial fluid resusci-
tation, the patient should be reassessed. Crystalloid infusion 
until a CVP of 8–12 mmHg is reached or based on dynamic 
assessment of fluid responsiveness is appropriate. Fluid 
responsiveness is defined as an increase in cardiac output by 
10–15% following a bolus of 500 mL of crystalloid. There are 
multiple ways of assessing fluid responsiveness, but a detailed 
discussion is beyond the scope of this chapter.
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Crystalloids, either balanced solutions such as ringers lac-
tate or normal saline, are the fluid of choice initially. Colloids 
have not been shown to improve outcome in sepsis, and 
starch solution seems to be associated with increase in renal 
failure and possibly mortality. Albumin has been shown to be 
safe with no increase in mortality. Its use might be indicated 
if several liters of crystalloid have already been given and the 
physician wants to minimize the amount of fluids given. But 
given the much higher cost of albumin, the risks of giving a 
blood products and lack of benefit, crystalloid remains the 
fluid of choice.

Once the physician has optimized preload and the patient 
is still hypotensive, the next step is to add vasopressors to 
maintain a MAP above 65  mmHg. Norepinephrine is the 
usual first-line vasopressor. It is an endogenous catechol-
amine with both powerful inotropic (cardiac alpha- and 
beta-1 receptors) and peripheral vasoconstriction effects 
(alpha-receptors). In a randomized controlled trial of shock, 
norepinephrine was found to have less side effects as com-
pared to dopamine (mostly tachyarrhythmia). Dopamine has 
thus generally fallen out of favor. Phenylephrine (alpha- 
receptors agonist) can be used if trying to avoid tachycardia.

Vasopressin has been used in sepsis usually as an add-on 
to norepinephrine at a low dose (2.4 unit/h). It acts to increase 
systemic vascular resistance through peripheral V1 receptors 
with no increase in heart rate. Use of vasopressin decreases 
the amount of norepinephrine given but does not seem to 
affect mortality.

Some international regions utilize epinephrine more fre-
quently. The main difference with norepinephrine is stronger 
activation of beta-1 and beta-2 receptors resulting in a stron-
ger inotropic and chronotropic effects. It is worth noting that 
epinephrine tends to increase lactate, glucose, and lower 
potassium through its beta-2 activity. A modest lactate rise 
might be due to epinephrine and not an inadequate 
resuscitation.

In cases where bedside ultrasonography, low ScvO2, or 
physical examination show that there is an element of low 
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cardiac output or sepsis-induced myocardial dysfunction, pure 
inotropes such as dobutamine or milrinone might be needed. 
There is no utility in increasing cardiac output to supraphysi-
ologic level as studies have failed to show any benefit of this 
strategy. The goal of inotropes should be to increase cardiac 
output to normal to normalize tissue perfusion.

Dobutamine is a beta-1 agonist with powerful inotropic 
and chronotropic but also peripheral vasodilatory effects. 
Milrinone is a phosphodiesterase inhibitor that acts by block-
ing the degradation of cyclic AMP. It also has inotropic and 
chronotropic with peripheral and pulmonary vasodilatory 
effects. Their effect on blood pressure is variable; sometimes 
the increase in cardiac output will offset the peripheral vaso-
dilatation, and the blood pressure will increase. Reduced 
blood pressure may result if the peripheral vasodilatation is 
more important and central venous pressures are low. The 
physician should be ready to increase other vasopressors 
when starting either dobutamine or milrinone in septic shock.

The usual MAP target of 65 mmHg can also be individual-
ized. A randomized controlled trial of MAP target in septic 
shock failed to show a benefit of MAP target higher than 
65  mmHg. A subset of patients with chronic hypertension 
showed a decreased acute kidney injury with the higher tar-
get. Similarly, a patient with signs of good perfusion (good 
mentation, capillary refill, urine output ≥0.5  mL/kg/h, and 
decreasing lactate) at lower MAP might benefit from a lower 
blood pressure target.

 Source Control

Several infections only need antimicrobials and hemody-
namic support, but there are also many who will not get bet-
ter unless the infectious burden is decreased with source 
control. Empyema, abscesses, cholangitis, ruptured intra- 
abdominal infections, obstructed urinary tract infections, or 
necrotizing fasciitis are examples of infections requiring 
source control. Antimicrobials penetration is often poor lead-
ing to bad outcome with antimicrobials alone. Depending on 
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the type and anatomical location of infection, source control 
can be done using surgery, chest tube, endoscopic retrograde 
cholangiopancreatography, or interventional radiology- 
guided drainage.

Studies have also shown that survival decrease with delay 
in achieving source control [20]. It is therefore important to 
aggressively look for source of infection that might need 
source control right away when the diagnosis of sepsis or 
septic shock is made. This will often require additional imag-
ing, such as ultrasound or CT scan. A target of 6–12  h to 
obtain definitive source control is reasonable.

All intravascular devices should be considered potential 
source of infection in a septic patients and, if feasible, should 
be removed as soon as possible.

 Adjunctive Therapies

Since sepsis is thought to be a dysfunctional host response to 
infection, there have been numerous pharmacological 
attempts to treat this dysfunctional host response. 
Unfortunately, the vast majority of these attempts have been 
unsuccessful. The most well-known is activated protein 
C. While an early study showed improved 28 days survival in 
the subgroup of patients with severe sepsis and septic shock, 
this result could not be replicated in a larger randomized 
controlled trial.

There is no evidence of benefit using early blood purifica-
tion techniques such as high-volume hemofiltration or hemo-
perfusion, plasma exchange, or coupled plasma filtration 
adsorption. The indication for renal replacement therapy is 
the same as for every other critically ill patient.

There is no role for targeting higher hemoglobin level in 
septic patients. The target is the same as for general ICU 
patients: ≥70  g/L although a higher hemoglobin target of 
90 g/L is appropriate for patients with septic shock (or those 
with concurrent acute coronary syndromes).

The only adjunctive therapy still being recommended is 
corticosteroids. They are recommended only in situation of 
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septic shock with hypotension despite fluids and vasopressors 
for more than an hour. However, they only reduce pressor 
requirements but do not appear to improve outcome. They 
should not be used in other less sick patients.

There are multiple potential adjunctive therapies being 
studied at this time, including esmolol, anticoagulants, and the 
combination of vitamin C, hydrocortisone, and thiamine. But 
the clinical utility of these therapies remains to be proven.

 De-escalation

Initial treatment of sepsis and septic patients include broad- 
spectrum antimicrobials and aggressive fluid resuscitation and 
vasopressors. Once patients have stabilized and start to improve, 
it is important to de-escalate to minimize harms. Antimicrobials 
should be narrowed based on culture or the most likely organ-
ism if culture negative. Antimicrobials may also be de-escalated 
on the basis of clinical improvement despite negative cultures. 
Duration of antimicrobial therapy should be no more than 
7–10 days except for certain circumstances.

Vasopressors should be decreased as the blood pressure 
tolerates.

Fluid administration should slow down as soon as the 
patient is deemed euvolemic. Once the sepsis resolves, 
patients often end up in fluid overload, and diuresis may be 
required.

Every line or catheter should be reassessed daily and 
removed as soon as safe. They are sources of infection and 
discomfort. If the patient is intubated, sedation should be 
minimized and spontaneous breathing trial done daily as 
soon as it is safe to do so.

 Case Conclusion

The patient was diagnosed with sepsis and possible septic 
shock. Piperacillin-tazobactam and vancomycin were admin-
istrated within 1  h of the clinical diagnosis. A bedside 
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 ultrasonography showed normal LV and RV function, no 
B-lines in the lungs, and a normal sized inferior vena cava but 
with greater than 50% inspiratory collapse.

30 mL/kg of crystalloid was given initially, but blood pres-
sure remained low and norepinephrine was started. Lactate 
was still elevated at 5.9  mmol/L after the fluid bolus thus 
confirming the diagnosis of septic shock. A radial arterial 
cannula, a central venous line, and a urinary catheter were 
installed. Further fluid was administrated based on a low 
CVP. The patient had to be intubated for progressive increase 
work of breathing and hypoxemia. Vasopressin was added 
when norepinephrine had to be increased to 0.3 mcg/kg/min. 
Hydrocortisone was also administered for ongoing hypoten-
sion. The patient maintained warm extremities, ScvO2 was 
76%, and bedside ultrasonography showed normal left ven-
tricular function so inotropes were not given.

Given the history of renal stone and the hemodynamic 
instability, the diagnosis of obstructed urinary tract infection 
was entertained. A CT scan showed an obstructed stone in 
the distal right ureter and signs of right-sided pyelonephritis. 
Urology was consulted, and the stone was removed with ure-
teroscopy 5 h after ED admission. Pus was seen coming out 
of the ureter following stone removal.

The patient improved once the obstruction was lifted. 
Culture showed pan sensitive Klebsiella pneumonia in the 
urine and blood. Antimicrobials were narrowed down to cip-
rofloxacin for 7  days. Vasopressor requirements decreased, 
lactate decreased to normal, and renal function eventually 
returned to normal after several weeks although the patient 
needed renal replacement therapy for 1 week due to oliguria 
and fluid overload. He was extubated on day 5 and dis-
charged home after 2 weeks.

Future Aims

• The optimal hemodynamic and fluid management 
strategy is still elusive. Early goal-directed therapy has 
been shown to not be better than usual management. 
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The decision to stop giving fluids is not yet defined. 
There are several studies showing harm of excess fluid 
administration. The patient should receive as much 
fluids as needed but not more; there is little agreement 
on what the amount is and how to individualize these 
decisions.

• The use of bedside ultrasound is growing as a tool to 
diagnose shock, assess fluid responsiveness, and 
monitor treatment response. Whether this will lead 
to better patient’s outcome remains to be seen.

• Studies of adjunctive therapies in sepsis: esmolol, 
anticoagulations, or the combination of vitamin C, 
hydrocortisone, and thiamine.

Key Points

• Sepsis is defined as life-threatening organ dysfunc-
tion caused by a dysregulated host response to infec-
tion. Organ dysfunction is defined as an increase of 
SOFA score by 2 or more (assume baseline SOFA = 0 
if no known organ dysfunction).

• Quick SOFA (qSOFA) is a quick screen to detect 
patients with potential sepsis. It is positive if two or 
more of the following are positive: (1) respiratory 
rate ≥22/min, (2) altered mental status, and (3) sys-
tolic blood pressure ≤100 mmHg.

• Septic shock is defined by hypotension requiring 
vasopressors and lactate greater than 2 mmol/L after 
adequate fluid resuscitation.

• Early adequate antimicrobials are extremely impor-
tant. Delays in antimicrobials administration have 
been shown to increase death.

A. Kumar and V. Tremblay



163

References

 1. Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo 
J, Pinsky MR.  Epidemiology of severe sepsis in the United 
States: analysis of incidence, outcome, and associated costs of 
care. Crit Care Med. 2001;29:1303–10.

 2. Kadri SS, Rhee C, Strich JR, Morales MK, Hohmann S, Menchaca 
J, et al. Estimating ten-year trends in septic shock incidence and 
mortality in United States academic medical centers using clini-
cal data. Chest. 2017;151(2):278.

 3. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, 
Annane D, Bauer M, et  al. The third international  consensus 
definitions for sepsis and septic shock (sepsis-3). JAMA. 
2016;315(8):801–10.

 4. Kaukonen KM, Bailey M, Pilcher D, Cooper DJ, Bellomo 
R. Systemic inflammatory response syndrome criteria in defin-
ing severe sepsis. N Engl J Med. 2015;372(17):1629–38.

 5. Atkinson PR, McAuley DJ, Kendall RJ, et  al. Abdominal 
and cardiac evaluation with sonography in shock (ACES): an 
approach by emergency physicians for the use of ultrasound 
in patients with undifferentiated hypotension. Emerg Med J. 
2009;26:87–91.

 6. Perera P, Mailhot T, Riley D, Mandavia D.  The RUSH exam: 
rapid ultrasound in SHock in the evaluation of the critically lll. 
Emerg Med Clin North Am. 2010;28:29–56, vii.

• Early source control in infections where it is required 
has also been shown to improve outcomes.

• Crystalloid administration, vasopressor administra-
tion, and sometimes inotropes are part of the hemo-
dynamic management. Resuscitation targets are 
usually MAP greater than 65 mmHg and normaliza-
tion of lactate.

• Corticosteroids can be added for vasopressors-
dependent septic shock.

Chapter 8. Sepsis and Septic Shock



164

 7. Tang BM, Eslick GD, Craig JC, McLean AS. Accuracy of pro-
calcitonin for sepsis diagnosis in critically ill patients: systematic 
review and meta-analysis. Lancet Infect Dis. 2007;7(3):210.

 8. Suetrong B, Walley KR.  Lactic acidosis in Sepsis : it’s not all 
anaerobic: implications for diagnosis and management. Chest. 
2016;149(1):252–61.

 9. Casserly B, Phillips GS, Schorr C, Dellinger RP, Townsend SR, 
Osborn TM, et al. Lactate measurements in sepsis-induced tis-
sue hypoperfusion: results from the surviving sepsis campaign 
database. Crit Care Med. 2015;43(3):567.

 10. Kumar A, Roberts D, Wood KE, Light B, Parillo JE, Sharma 
S, et  al. Duration of hypotension before initiation of effective 
antimicrobial therapy is the critical determinant of survival in 
human septic shock. Crit Care Med. 2006;34(6):1589–96.

 11. Seymour CW, Gesten F, Prescott HC, Friedrich ME, Iwashyna 
TJ, Phillips GS, et  al. Time to treatment and mortality dur-
ing mandated emergency care for sepsis. N Engl J Med. 
2017;376:2235–44.

 12. Kanji Z, Dumaresque C. Time to effective antibiotic administra-
tion in adult patients with septic shock: a descriptive analysis. 
Intensive Crit Care Nurs. 2012;28(5):288–93.

 13. Paul M, Shani V, Muchtar E, et al. Systematic review and meta- 
analysis of the efficacy of appropriate empiric antibiotic therapy 
for sepsis. Antimicrob Agents Chemother. 2010;54:4851–63.

 14. Kumar A, Zarychanski R, Light B, Parrillo J, Maki D, Simon D, 
et al. Early combination antibiotic therapy yields improved sur-
vival compared with monotherapy in septic shock: a propensity- 
matched analysis. Crit Care Med. 2010;38(9):1773–85.

 15. Rhodes A, Evans LE, Alhazzani W, et al. Surviving sepsis cam-
paign: international guidelines for management of sepsis and 
septic shock: 2016. Intensive Care Med. 2017;43:304.

 16. Rivers E, Nguyen B, Havstad S, et al. Early goal-directed therapy 
in the treatment of severe sepsis and septic shock. N Engl J Med. 
2001;345:1368–77.

 17. The Arise Investigators and Anzics Clinical Trials Grou. Goal-
directed resuscitation for patients with early septic shock. N Engl 
J Med. 2014;371:1496. https://doi.org/10.1056/NEJMoa1404380.

 18. ProCESS Investigators. A randomized trial of protocol-based 
care for early septic shock. N Engl J Med. 2014;371:1683–93.

 19. Mouncey PR, Osborn TM, Power GS, et  al. Trial of early, 
goal-directed resuscitation for septic shock. N Engl J Med. 
2015;372:1301–11.

A. Kumar and V. Tremblay

https://doi.org/10.1056/NEJMoa1404380


165

 20. Bloos F, Thomas-Rüddel D, Rüddel H, et  al. Impact of com-
pliance with infection management guidelines on outcome in 
patients with severe sepsis: a prospective observational multi- 
center study. Crit Care. 2014;18:1.

 21. Parrillo JE, Dellinger RP.  Critical care medicine: principles of 
diagnosis and management in the adult. 4th ed. Philadelphia: 
Elsevier; 2014.

Chapter 8. Sepsis and Septic Shock



167© Springer Nature Switzerland AG 2019
J. A. LaRosa (ed.), Adult Critical Care Medicine, 
https://doi.org/10.1007/978-3-319-94424-1_9

 Case Presentation

A 65-year-old male is admitted to the intensive care unit 
(ICU) from the catheterization laboratory (cath lab). Earlier 
in the day, he presented to the emergency department (ED) 
with crushing chest pain. His past medical history included 
hypertension (HTN), hyperlipidemia (HLD), and tobacco 
use. In the ED, his electrocardiogram (EKG) was positive for 
ST-elevation myocardial infarction (STEMI). He was taken 
to the cath lab for emergent percutaneous coronary interven-
tion (PCI). In the cath lab, the cardiologist successfully placed 
a stent to the culprit coronary lesion and restored blood flow. 
After completion, the patient was admitted to the ICU for 
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recovery. Upon arrival to the ICU, the patient was drowsy but 
oriented and chest pain free. The ICU team, consisting of a 
critical care registered nurse, respiratory therapist, and 
advanced practice provider (APP), assembled to receive sign 
out from the cath lab team. As the patient was being trans-
ferred from the transport bed into the ICU bed, he groaned 
loudly, clutched his chest, and became unresponsive. The 
hospital emergency response team “code blue” was activated, 
and the APP notified the critical care medicine (CCM) inten-
sivist of the situation. The CCM physician, not immediately 
available, directed the APP and ICU team to respond.

The ICU APP, recognizing a rhythm change to ventricular 
fibrillation, acted as the code team leader and initiated 
advanced cardiac life support (ACLS). As the critical care 
nurse determined no pulse and began cardiopulmonary 
resuscitation (CPR), the APP ran the ACLS algorithm, orga-
nizing the steps of CPR and defibrillation and directing the 
respiratory therapist to secure an advanced airway. The EKG 
technician was immediately called, and EKG confirmed an 
acute STEMI. As the team suspected, the newly placed stent 
to the left anterior descending coronary (LAD) was occluded. 
The swift action of the ICU team maintained successful 
rounds of CPR to ensure adequate blood flow to vital organs 
while notifying the cath lab team of an acute STEMI. With 
the assistance from the nursing staff, respiratory therapy, and 
APP, the acute signs of stent occlusion were immediately 
recognized, and rapid, high-quality ACLS enabled the patient 
to be resuscitated and transported back to the cath lab for 
repeat intervention.

 Discussion

Demand placed on our healthcare system due to an aging 
American population combined with an increase in patients 
seeking care is having a significant impact on how care is 
delivered to some of our sickest patients [1]. Additionally, 
a  shortage of intensivist-trained physicians and physician 
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 in- training work hour restrictions has influenced intensive 
care staffing models as physician groups struggle to stretch 
limited resources [2–5]. New and innovative changes in the 
care delivery model are necessary to maintain high-quality, 
cost- effective care. Specialty prepared nurse practitioners and 
physician assistants have become integral components to the 
care delivery model filling the provider shortage. Proper 
training and utilization are imperative in creating care teams 
who will perform to the top of their abilities. A well-trained 
APP working in an efficient staffing model can save health-
care systems and federal beneficiaries a significant amount 
each year [6]. Appropriate staff to patient ratios, specialty- 
trained personnel, specialized monitoring, and resources for 
continual care can provide an efficient care delivery model 
conducive to high-quality cost-effective care [7].

The term advanced practice provider (APPs) collectively 
refers to nurse practitioners (NPs) and physician assistants 
(PAs) both of whom have advanced training at the master’s 
or doctoral level. Relieving provider shortage in the ICU can 
be a challenge; however, most healthcare institutions have 
filled this gap with APPs. According to surveys from the 
American Academy of Physician Assistants (AAPA) and the 
American Association of Nurse Practitioners (AANP), more 
than 10,000 APPs practice in ICU settings [8, 9]. Additionally, 
APPs can provide high-quality care similar to care provided 
by physician residents [10]. The rising cost of healthcare, 
healthcare reform, and workforce demands have changed the 
healthcare landscape.

Critical care delivery models have evolved, and innovative, 
value-based models are emerging to fit the needs of critically 
ill patients. Current models include open or closed ICUs and 
24x7 intensivist staffing. Emerging innovative models include 
nightly coverage with telemedicine and utilizing APPs to fill 
intensivist shortages [11]. In an open ICU, the patient’s pri-
mary care physician, a hospitalist or another specialty physi-
cian, who is not critical care trained, assumes the role of 
managing physician. Closed ICUs employ a critical care spe-
cialist or intensivist as the managing physician. The Society of 
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Critical Care Medicine and the Leapfrog Group recommend 
a 24-h intensivist staffing model, but the ongoing shortage of 
trained intensivists limits the ability of hospitals to provide 
coverage [12–14]. Telemedicine can supply an intensivist- 
trained physician virtually to the bedside of many more 
patients compared to traditional staffing models. Benefits of 
electronic-ICU (e-ICU) or telemedicine include rapid inter-
vention on alarms and abnormal laboratory values resulting 
in faster initiation of lifesaving treatment [11]. Staffing APPs 
in-house, who are able to reach ICU patients within minutes 
and are able to discuss patient care issues virtually with an 
intensivist via the telephone or telemedicine, can provide a 
high-quality, value-based alternative care delivery model [15].

Evidence indicates that critically ill patients are better 
served in an ICU with high-intensity staffing [16]. A recent 
survey conducted by the Society of Critical Care Medicine 
Taskforce on ICU staffing investigated provider to patient 
ratios for APPs in the ICU. Mean provider to patient ratios in 
the ICU were 1:5 (range, 1:3 or 1:8) for both NPs and PAs. In 
units which utilized fellows and medical residents, the mean 
APP to patient ratio was 1:4 (range, 1:3 or 1:8) with additional 
provider to patient ratio increasing to 1:9 on the night shift in 
the ICU [17]. Appropriate staffing in the ICU is an area of 
investigation for maximizing ICU coverage. Several factors 
influence APP provider to patient ratios, including the num-
ber of ICU beds, ICU occupancy rate, provider shifts per day 
and per week, patients’ severity of illness, the level of care, 
and the clinical, research and teaching workload of the physi-
cian [18]. In other cases, some staffing models utilize APPs for 
procedural tasks only to relieve burden on physician 
workload.

Some examples of efficient staffing models can be seen in 
the figures below. Figure  9.1 represents a 20-bed intensive 
care unit in an academic institution. This unit staffs two APPs 
per day shift and two per night shift. During the day 4–6 
medical residents care for 12 patients. The 2-day shift APPs 
cover 4 patients each. At night, the APPs cover 10 patients 
each with in-house support from the medical  resident. The 
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critical care intensivist rounds in-house during the day and 
takes call from home. Figure 9.2 represents a 12-bed ICU in a 
community hospital. This unit staffs 2 APPs per day who 
cover 6 patients each and 1 APP at night who covers 12 
patients. The critical care intensivist is in-house during the 

APP 1 APP 2 APP 3 APP 4

Day
shift

Day
shift

Night
shift

Night
shift

Attending intensivst

Figure 9.1 Staffing models. Academic hospital with a 20-bed 
ICU. Two APP staff during both day- and nighttime shifts. Day APP 
ratio is 1:4, and night ratio is 1:10. Teaching team covers the other 12 
patients during the day with the attending. Attending intensivist cov-
ers 24  h of the day with home night call. Attending covers 7  day 
blocks, on average 7 weeks of the year. Fellows, if available, take first 
call at night. One resident is in-house at night

Day
shift

Day
shift

Night
shift

APP
1

APP
2

Attending intensivist eICU

APP
3

Figure 9.2 Staffing models. Community hospital with a 12-bed 
ICU.  Day APPs cover all 12 patients with a staffing ratio of 1:6. 
Night shift APP covers 1:12. Attending intensivist covers in-house 
during the day. The e-ICU serves as physician support during the 
night hours
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day and will not take call at night. In this scenario the night 
shift intensivist physician is covered by e-ICU. The addition 
of e-ICU frees up night call responsibilities of the attending 
on record.

For critical care staffing models to run efficiently, the APP 
should be highly trained in the specialty of critical care medi-
cine. While acute care nurse practitioners have education and 
training in acute illnesses, some may graduate with little expo-
sure to critically ill patients. Only a handful of acute care pro-
grams include critical care elective training. PAs receive 
general training in primary medicine with training for advanced 
responsibilities traditionally provided by the sponsoring physi-
cian. Both nurse practitioners (NPs) and physician assistants 
(PAs) graduate from an accredited program of study and must 
pass national certifying exams to obtain state licensure.

The general medical areas that comprise the scope of prac-
tice for APPs include primary roles in both admissions and 
discharges, as well as routine care at the bedside, including 
daily assessment, ordering medications, initiating treatments, 
and reviewing and interpreting, diagnostic and laboratory 
tests [19]. Additional work activity involves assessing and 
implementing nutritional support, providing family updates 
and counseling, and communicating with consultants [20]. The 
roles and responsibilities of APPs in the ICU setting include 
comprehensive management of the critically ill patient in 
group collaboration with physician intensivists [19]. Their role 
in the ICU includes initiation of appropriate treatments and 
medications using established protocols and practices as well 
as interaction with the multidisciplinary ICU team on rounds, 
consultation with other providers to  optimize care, communi-
cation with patients and families, and coordination of multi-
disciplinary care among admitting services, consultants, and 
the other members of the ICU team [21]. APPs can also be 
credentialed to perform a myriad of procedures. Some com-
mon procedures in which APPs can perform include arterial 
lines, central lines, thoracentesis, paracentesis, medical and 
surgical chest tube placement, and lumbar punctures. In many 
settings, APPs can manage the airway either by providing bag 
mask ventilation or inserting endotracheal tubes.
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After obtaining licensure and certification, additional train-
ing in specialty areas occurs during orientation or structured 
postgraduate residency and fellowship programs. APPs can 
provide high-quality, cost-effective care if given time to develop 
appropriate skillsets relevant to their specialty areas. However, 
during the practice transition year, many mistakes in patient 
care can occur due to lack of training and support for the new 
graduate provider. New graduates can face unorganized orien-
tation periods and experienced mentors lack the time to train 
due to growing clinical demands. Employers have also recog-
nized the liability new graduates bring, understanding that they 
need significant mentoring prior to autonomous practice. 
Orientation quality and structure can differ significantly within 
ones’ own institution as well as across the country. Harris 
reported inadequate and unorganized orientation leads to job 
dissatisfaction [22], while Bush reported increased job satisfac-
tion with completion of a postgraduate residency or fellowship 
program [23]. Evidence is emerging showing deficits in confi-
dence and competence during the first year after graduation 
for the student transitioning to the provider role [24]. To 
accommodate this void during the transitional year, many 
healthcare institutions have created postgraduate residency or 
fellowship programs [25]. New graduates are seeking out pro-
grams which offer specialty training in a structured and safe 
environment [26]. The first PA residency program originated at 
Montefiore Medical Center in 1971 [27]. In 2007, Community 
Health Center in Connecticut created the first nurse practitio-
ner residency [28]. New graduates who complete residency or 
fellowship programs are provided a robust training structure 
and a safe place to learn as well as a leadership curriculum in 
which to grow their skills. Over the last 10 years, postgraduate 
training for APPs has expanded at an exponential growth. In 
2011, the Emory Critical Care Center created a joint NPPA 
critical care program which received the nation’s first accredi-
tation for nurse practitioners from the American Nurses 
Credentialing Center as a practice transition program [29]. 
APP residency and fellowship programs fill the workforce void 
with highly qualified providers while also developing the next 
generation of provider leaders.
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Today, more than 100 APP residency or fellowship training 
programs successfully train the next generation of providers. 
Although more healthcare systems are implementing resi-
dency and fellowship programs, little evidence exists which 
supports these programs. Healthcare institutions appreciate a 
need for structured transition to practice and formal verifica-
tion of specialty-specific competency despite the deficit in 
evidence [26]. The cause of the deficit is multifaceted and can 
mostly be attributed to the low numbers of individuals com-
pleting these programs. Currently only a few studies exist to 
support postgraduate training for APRNs. The obvious gap in 
robust evidence supporting fellowship programs limits growth 
and validity. While we may see and feel the benefits at the 
bedside, healthcare institutions, academic programs of study, 
and government bodies struggle to financially support these 
programs. In 2010, the Institute of Medicine published 
 guidelines in the Future of Nursing Report which supported 
residency and fellowship training for APRNs. These recom-
mendations were upheld in the 2015 update [29, 30]. Despite 
recommendations, more research is needed to support this 
initiative.

APPs now work in a variety of ICU settings providing 
critical care services. Several studies support utilization of 
APPs within staffing models producing positive impacts on 
patient care management. APPs enhance patient care flow 
without altering patient outcomes or direct hospital costs. 
Implementing APP staffing models produces similar out-
comes to resident physician models, while other studies have 
shown improved clinical and financial outcomes for specific 
patient populations. Patient satisfaction, enhanced collabora-
tion, and communication in the ICU along with increased 
compliance with clinical practice guidelines are other positive 
outcomes associated with the APP workforce [20]. APPs are 
a viable alternative to traditional staffing models, providing 
safe and effective care in the critical care environment 
[20, 31–33].
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 Case Presentation

 Day 1

A 75-year-old male presents to the emergency department 
(ED) of an academic medical center with cough, fever, and 
shortness of breath. He became sick over the previous week. 
Symptoms markedly worsened over the past 2 days. He has a 
40 pack-year smoking history and moderate chronic obstruc-
tive pulmonary disease (COPD). He has hypertension and 
mild renal insufficiency. His medications include fluticasone/
salmeterol inhaler, albuterol inhaler, lisinopril, and metopro-
lol. His vital signs on arrival to the ED are blood pressure 
(BP) 85/60  mmHg, respiratory rate (RR) 26 breaths/min, 
heart rate (HR) 120 beats/min, and regular and temperature 
of 102 degrees F.

Initial labs reveal a white blood cell count (WBC) of 20,000/
microL with 20% bands, creatinine 1.8 mg/dL (baseline 1.3 mg/
dL), lactate 3.7  mmol/dL and chest x-ray (CXR) with right 
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middle lobe (RML) infiltrate. Oxygen (O2) saturation is 70%. 
Arterial blood gas (ABG) on 100% non-rebreather (NRB) 
mask is pH 7.45/PCO2 30 mmHg/PO2 65 mmHg/O2 sat 93%.

The ED attending spends 45  min assessing and treating 
this patient. He directs the intravenous fluid (IVF) and anti-
biotics. He calls the critical care medicine (CCM) attending to 
discuss the case and to request CCM admission.

A nurse practitioner (NP) who is part of the critical care 
provider group assesses and continues the treatment of the 
patient in the ED. The patient’s BP remains 85/60 mmHg, HR 
is 115 beats/min, and RR is 28 breaths/min and mildly 
labored. Two additional liters of IVF are administered. 
Repeat lactate is 3.5  mg/dL.  Urine output is 15  mL/h. 
Vancomycin and piperacillin/tazobactam have been adminis-
tered. The NP places a central line in anticipation of the need 
for pressors. Total time spent by NP assessing and treating the 
patient exclusive of time spent for the central line placement 
was 55 min. The patient is discussed with the CCM attending 
and admitted to the intensive care unit (ICU).

On arrival to the ICU, the patient is immediately evaluated 
by the critical care medicine (CCM) attending. The attending 
assesses the patient, reviews labs, and begins norepinephrine 
at 1 mcg/min intravenously (IV) and titrates this to a mean 
arterial pressure (MAP) of 65 mmHg. He boluses two more 
liters of IVF and assesses intravascular volume by bedside 
ultrasound (US). The patient becomes progressively tachy-
pneic using accessory muscles, and the patient is semi- 
electively intubated. Total time spent with the patient 
exclusive of the intubation was 45 min. The attending spends 
20 min updating the family in the waiting room prior to the 
family seeing the patient.

 Day 2

Overnight, the patient stabilizes, and the norepinephrine is 
slowly titrated down from a peak of 25 mcg/min to off. The 
patient appears euvolemic on exam. He is on mechanical 
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ventilation settings of volume control (VC) with RR set at 14 
breaths/min, tidal volume (TV) 550 mL, positive end expira-
tory pressure (PEEP) of 10  cm H2O, and 60% fraction of 
inspired O2 (FiO2). Chest x-ray (CXR) reveals mild pulmo-
nary edema on top of RML infiltrate. The patient’s ABG is 
pH 7.37, PCO2 40 mmHg, and PaO2 60 mmHg with O2 satura-
tion of 91%. The patient’s lactate has decreased to 1.9 mmol/L 
from a peak of 5.5  mmol/L the previous night. The CCM 
attending rounds on the patient with the ICU team. The 
CCM attending reviews the labs/data with the team and per-
forms an independent physical exam. The attending reviews 
the note written by a second year medical resident he is 
supervising which accurately summarizes the patient’s medi-
cal problems, how the patient is responding to therapy, and 
the plans for the day. The CCM attending reviews and cosigns 
the note stating that he has assessed and discussed the patient 
with the resident and that he agrees with the note written by 
the resident. He goes on to say that the patients BP is stabiliz-
ing and that the decreasing lactate suggests improving perfu-
sion of tissue and that the patient appears to be responding 
to the antibiotics.

Early in the afternoon, the patient develops tachycardia 
and hypotension with systolic blood pressure (SBP) in the 80s 
mmHg. IVF boluses of lactated ringers 30  mL/Kg x 2 are 
given with transient improvement in blood pressure. 
Electrocardiogram (EKG) reveals nonspecific ST-T wave 
changes. Repeat hematocrit (HCT) reveals a drop to 15%. A 
nasogastric (NG) tube is placed with return of 500  cc of 
bright red blood. The patient is started on IV Protonix drip 
and transfused with two units of packed red blood cells 
(PRBCs). The attending was at the bedside or on the floor 
reviewing tests on this patient for 35 min. The advanced prac-
tice provider (APP) was there for 30  min caring for the 
patient as well during the same time period. A gastrointesti-
nal service consult is called, and they perform upper endos-
copy on the patient. Severe gastritis with bleeding gastric 
ulcer with visible vessel is coagulated, and the bleeding stops. 
The patient stabilizes.
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 Day 3

The next day, the patient’s vital signs remain stable with HR 
90 beats/min, BP 120/80 mmHg, RR 18 breaths/min on 50% 
FiO2, and 8  cm H2O PEEP.  The patient’s HCT is 22%. 
Troponin T returns and is increased to 1.0  ng/mL.  Bedside 
echocardiogram (ECHO) reveals global mild-moderate 
hypokinesis with ejection fraction of 40%. A cardiology con-
sult is called. EKG remains with nonspecific ST-T wave 
changes. Cardiology makes the diagnosis of demand medi-
ated non-ST myocardial infarction (NSTMI). They recom-
mend to continue the patient’s ASA, low-dose beta-blocker, 
and statin.

 Days 4–13

Over the next 10 days, the patient’s condition changes mini-
mally each day. The patient meets oxygenation criteria to 
extubate but fails daily pressure support (PS) trials with rapid 
shallow breathing index above 100 each day.

The patient’s failure to wean to date is felt to be due to 
underlying COPD with recent pneumonia and sepsis compli-
cated by upper gastrointestinal bleed and NSTMI. A family 
meeting is held with wife and children at the patient’s bedside 
so that the patient can participate. Previously the patient had 
stated he didn’t want prolonged mechanical ventilation. After 
discussing for 90 min the risks and benefits of tracheostomy 
and prolonged wean with the patient and family, they decide 
to proceed with tracheostomy.

 Days 14–28

The patient makes slow progress with weaning after tracheos-
tomy and is transferred to a weaning unit.
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 Overview

This case illustrates the broad array of services that a critical 
care specialist provides. It describes scenarios in which billing 
codes for critical care, procedures, and evaluation and man-
agement should be used. Furthermore, the case involves criti-
cal care services provided by advanced practice providers 
(APPs) such as nurse practitioners (NPs) or physicians assis-
tants (PAs) as well as care provided by attendings while 
supervising residents or fellows. One must understand the 
billing of services under these situations as in order to docu-
ment, code, and bill accurately and appropriately.

In order to understand the billing, coding, and documenta-
tion, one must understand Current Procedural Terminology 
(CPT) and International Statistical Classification of Diseases 
and Related Health Problems (ICD) codes as well as relative 
value units (RVUs).

CPT codes are owned by the American Medical Association 
[1]. They are a series of numbers generally five numbers long 
that usually start with 99. They are used to identify services, 
procedures, and other diagnostic and treatment services per-
formed by physicians. CPT codes are used to communicate 
with third-party insurance payers.

ICD is a medical classification list by the World Health 
Organization [2, 3]. As the name implies, ICD assigns a num-
ber to describe each of the thousands of possible diseases. 
Currently, the United States uses a modification of ICD 
referred to as ICD-10-Clinical Modification or simply 
ICD-10-CM.

RVUs assign the value to the work required for different 
medical procedures and services [4]. RVUs are one part of 
the complicated reimbursement process, which also takes 
into account geographic differences in costs to provide ser-
vices that are used to determine an appropriate level of pay-
ment to the provider. RVUs are used by insurers to reimburse 
medical care fairly among different specialties. While private 
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payers vary in their reimbursement rates and policies, most 
are tied in some form to the Medicare system.

In order to follow the case discussion, one must under-
stand the basics of billing. Evaluation and management 
(referred to as E/M) describes a series of CPT codes that do 
not involve a procedure but rather account for physician time, 
intensity of service, and complexity of the evaluation and 
treatment. Providers are paid by insurance companies based 
on which CPT code is submitted. An ICD-10-CM code is 
attached to the CPT code to reveal the medical complaints 
and conditions addressed in the visit. This system is complex. 
The Centers for Medicare and Medicaid Services (CMS) pro-
mulgates documentation requirements for use with CPT 
codes [5]. Most insurers use these documentation require-
ments as well. The components of medical record documenta-
tion for E/M services include the reason for the encounter 
(history, physical examination, and prior diagnostic studies), 
assessment, clinical impression or diagnosis, and medical 
plan. However, documentation also entails time-based E/M 
codes for which the requirements for documentation and bill-
ing are different. Critical care codes are one example of time- 
based codes. It is the provider’s responsibility to ensure that 
the medical record supports the level of service reported to 
the payer. More information regarding requirements to meet 
E/M billing may be found here [6–8].

As stated above, critical care codes are time-based E/M 
codes. Critical care is defined as the direct delivery by a 
physician(s) of medical care for a critically ill or critically 
injured patient. A critical illness or injury acutely impairs one 
or more vital organ systems such that there is a high probabil-
ity of imminent or life-threatening deterioration in the 
patient’s condition. The use of critical care codes (CPT 99291- 
99292) requires a minimum of 30 min of care treating a criti-
cal illness using “using high complexity decision-making to 
assess, manipulate, and support vital systems to treat single or 
multiple vital organ system failure and/or prevent further 
life-threatening deterioration of the patient’s condition,” per 
CMS.  Documentation for each date and encounter must 
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accurately state the appropriateness of care and include the 
total time spent providing critical care. The critical and unsta-
ble nature of the patient’s condition should be accurately 
documented to support the medical necessity of the extended 
1:1 care. The complexity of the medical decision-making 
should be clear as well as the aggregate of the total time spent 
with the patient. Details of the requirements to bill critical 
care codes may be found here [5].

 Critical Care Billing, Coding, 
and Documentation: Case Discussion

 Day 1

This patient presents with signs and symptoms of pneumonia 
on top of having significant comorbidities of COPD, renal 
insufficiency, and hypertension. His vital signs (soft BP, ele-
vated HR and RR) as well as an elevated lactate and creati-
nine as well as hypoxia all support critical illness. Critical care 
codes are not site-specific. Critical care may be provided on 
the hospital floor, in the emergency department, in the post- 
anesthesia recovery room, or in other areas of the hospital. 
The ED physician spent 45 min evaluating and stabilizing this 
patient with IVF, oxygen, and antibiotics for pneumonia. One 
needs to spend at least 30 min doing so to bill the first hour 
of critical care (CPT 99291). Once a provider spends 75 min 
or more, subsequent half hours of critical care (CPT 99292) 
may be billed per the table (Table 10.1). If less than 30 min is 
spent caring for the patient, the appropriate E/M code must 
be billed.

The APP from the critical care medicine team is consulted 
and subsequently manages the patient in the ED. The patient 
remains critically ill and requires constant attention. The 
patient’s vital signs (HR, BP, and RR) and persistently ele-
vated lactate and low urine output all support the critical 
nature of this patient’s condition. This provider’s evaluation 
and management of this patient’s critical conditions requires 
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55 min of time. This qualifies for the first hour of critical care 
which will be reimbursed at 85% of the rate for physicians. 
This time will only be reimbursed if it is not concurrent with 
the ED physician’s critical care. That is, only one provider 
may bill critical care at a time even if two are at the bedside 
at the same time. Therefore, it is a good practice to not only 
document the total time but the exact time during the day 
that the critical care was provided to clearly demonstrate that 
critical care was provided at different times and was not 
“double billed.” The APP may also bill for the central line 
placed in addition to the critical care time spent caring for the 
patient. Critical care time is exclusive of procedures that may 
be billed separately (Table  10.2). Certain procedures are 
billed as part of critical care time and should not be billed 
separately (Table 10.3).

The patient is transferred to the ICU where the critical 
care attending evaluates and continues the stabilization pro-
cess for the patient. He starts a pressor to increase BP and 
perfusion. He continues volume boluses based on bedside US 
of the heart and inferior vena cava. Total time spent providing 
critical care services is 45  min. Routine updates of families 
(20  min in this case) are not counted as critical care time. 
Discussions with patients and/or families of critically ill 
patients leading to important goals of care or treatment deci-
sions may be included in critical care time [5].

Table 10.1 Critical Care billing code requirements by time
Total Duration Codes
Less than 30 min 99232 or 99233 or other E/M code

30–74 min 99291 x 1

75–104 min 99291 x 1 and 99292 x 1

105–134 min 99291 x 1 and 99292 x 2

135–164 min 99291 x 1 and 99292 x 3

165–194 min 99291 x 1 and 99292 x 4

194 min or longer 99291 x 1 and 99292 as appropriate
(per the above illustration)

M. J. Apostolakos



187

As the APP who billed earlier is in the same billing group 
as the attending, only one of them may bill the first hour of 
critical care. There is no split/shared billing for critical care. 

Table 10.2 Common procedures that may be billed separately from 
critical care codes (99291–99292)
Procedures CPT® codes
CPR (while being performed) 92950

Endotracheal intubation 31500

Central line placement 36555, 36556

Intraosseous placement 36680

Tube thoracostomy 32551

Temporary transvenous pacemaker 33210

Electrocardiogram interpretation  
and report only

93010

Elective electrical cardioversion 92960

Table 10.3 Services that are included in critical care codes (99291–
99292) and should not be billed separately
Procedures CPT® codes
Interpretation of cardiac output 
measurements

93561, 93562

Chest x-rays, professional component 71010, 71015, 71020

Blood draw for specimen 36415

Blood gases, data stored in computers 99090

Gastric intubation 43752, 91105

Pulse oximetry 94760, 94761, 94762

Temporary transcutaneous pacing 92953

Ventilator management 94002-94004, 94660, 
94662

Vascular access procedures 36000, 36410, 36415, 
36591, 36600
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One of them alone must meet criteria to bill the first hour of 
critical care. After that, the times may be added to bill the 
subsequent half hours of critical care. In this case, 55 min plus 
45 min is 110 min of critical care. Therefore the first hour of 
critical care (APP) and two subsequent ½  hours (CCM 
attending) may be billed (Table 10.1). In this case, the intuba-
tion may be billed separately from total critical care time. 
Critical care procedures may not be split/shared between 
APPs and attending physicians. Whoever performs the proce-
dures bills for the procedure.

 Day 2

The patient stabilizes overnight, and the overall condition has 
improved. Pressors have been weaned off, and oxygenation is 
improved. A medical resident is working with the team and 
sees the patient prior to rounding with the attending. During 
rounds, the patient is evaluated by the attending including 
physical examination, review of data, and discussion with the 
team. The attending reviews the residents note which accu-
rately summarizes the patient condition and plan. He states 
such and cosigns the note. He has spent a total of 23 min car-
ing for the patient. The totality of the note (resident and 
attending) may be used for billing. Based on the complexity 
of the care, if a detailed history or physical examination is 
performed, a high-level follow-up visit (CPT 99233) may be 
billed [7, 8]. As less than 30  min was spent caring for the 
patient, critical care may not be billed.

If an attending physician is working with a resident(s) and 
wishes to bill critical care, the teaching physician must meet 
the criteria for billing on their own. Time spent teaching must 
not be counted. Only time spent providing critical care 
together (or the attending alone) may be counted. A combi-
nation of the teaching attending and resident documentation 
may be utilized to support the critical care billing. However, 
the teaching physician’s medical record documentation 
must provide substantive information, including the following: 
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(1) the time the teaching physician spent providing critical 
care, (2) confirmation that the patient was critically ill during 
the time the teaching physician saw the patient, (3) what 
made the patient critically ill, and (4) the nature of the treat-
ment and management provided by the teaching physician.

Later in the day, the patient becomes critically unstable 
with what appears to be a gastrointestinal bleed. The patient’s 
drop in BP and HCT supports this. The patient’s attending 
and NP were at the bedside resuscitating the patient. The 
attending is there for 35 min, and the NP is there for 30 min. 
As they were there concurrently, only one may bill. As the 
APP is only reimbursed at 85% of the physician rate, the 
physician should be the one to bill for the time. This time may 
be billed in addition to the E/M code earlier in the day, as two 
separate services were performed. The patient stabilizes after 
being seen by the GI specialist, and the gastritis is actively 
treated.

 Day 3

The next day the patient remains stable. The CCM attending 
evaluated the patient with the APP who is in the same billing 
group. As opposed to critical care which cannot be split/
shared as far as billing goes, E/M codes may be split/shared by 
a physician and APP in the same group practice so long as the 
physician provides any “face-to-face” portion of the encoun-
ter. Their combined documentation must support the level of 
billing [7, 8].

 Day 4–13

From day 4 through 13, the patient is not critically ill. The 
appropriate E/M code should be chosen to bill each day. It 
should be noted for the family meeting that there are time- 
based E/M codes other than critical care codes. The E/M 
guidelines have a specific provision to allow physicians to use 
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time as the controlling factor to determine the level of care in 
certain circumstances. In these instances, the physician must 
spend the entire allotted time face-to-face with the patient, 
and at least half of that time must be used for “counseling and 
coordination of care.” If you choose to code based on time, 
you must record the duration of the encounter and also state 
that more than half the time was spent on counseling and 
coordination of care. In addition, the nature of the counseling 
and coordination of care must be documented [6–8]. If you 
code based on time, there are no specific documentation 
requirements for history, physical examination, and medical 
decision-making. It is recommended, however, that you 
record pertinent information about these items in the chart. 
It is essential to record the time spent. The 90 min spent dis-
cussing the tracheostomy with the patient and family should 
be billed using this method.

 Day 14–28

This patient remains stable with slow clinical improvement 
and weaning. Generally, E/M codes will be billed. One could 
consider ventilator management codes if the physician is only 
managing the ventilator. Two codes are used for ventilator 
management for inpatient services: 94002 and 94003. One 
code is for the day when the physician initiates ventilator 
management, and the second code is for a subsequent day. 
These codes have total RVUs of 2.43 and 1.76, respectively. 
These codes should be used when ventilator management is 
the only service provided by the physician. If the patient is 
not critically ill, this code or another E/M code should be 
utilized. If the physician is also providing other critical care 
services, he or she should bill only for the critical care [5]. The 
ventilator management codes are bundled into the critical 
care code 99291 and may not be reported (and will not be 
paid) separately. Ventilator management is also bundled into 
the other hospital E/M codes. The physician may not report 
and will not be paid for ventilator management and initial or 
subsequent hospital (E/M) visits on the same day. The  relative 

M. J. Apostolakos



191

RVUs and reimbursements for critical care, E/M, and ventila-
tor management codes are listed here (Table 10.4).

 Summary

Critical care physicians are drawn to their field to help 
patients and their families during life-threatening illness. 
Most critical care physicians are not formally trained on how 
to bill for services, and to some this may seem an unimportant 
issue. Billing for services to critically ill patients is complex 
but necessary for the successful practice of critical care. 
Knowing how to bill appropriately assures appropriate reim-
bursement for the important work critical care providers 

Table 10.4 Medicare reimbursement for medical care

Billing code RVUs
Medicare 
reimbursement

99291 (1st hour critical care) 6.26 $226

99292 (subsequent critical care) 3.16 $113

99231 (level 1 subsequent 
hospital care)

1.10 $40

99232 (level 2 subsequent 
hospital care)

2.03 $73

99233 (level 3 subsequent 
hospital care)

2.92 $105

99221 (level 1 admission history 
and physical)

2.87 $102

99222 (level 2 admission history 
and physical)

3.88 $138

99223 (level 3 admission history 
and physical)

5.71 $204

94002 (ventilator management, 
initial)

2.43 $87

94003 (ventilator management, 
subsequent)

1.76 $63
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perform. In order to do so, one must understand the environ-
ment they work in and thus the requirements for documenta-
tion, coding, and billing while working alone or with residents, 
APPs, and other consultants/physicians. Hopefully, this case 
study helps critical care providers do just that.
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 Introduction

Shock is present when the cardiovascular system is unable to 
maintain appropriate blood flow to vital organs. Inadequate 
tissue perfusion (tissue hypoperfusion) is defined by some 
combination of hypotension, oliguria, and elevated lactate 
and results in impaired delivery of nutrients to tissues, most 
notably, oxygen. Based on the type of shock, some combina-
tion of intravenous fluids (or blood), inotropic agents, and 
vasopressors are used to improve perfusion in such patho-
physiologic states. With the exception of hypovolemic shock, 
vasopressors are a key component of shock therapy. Even in 
hypovolemic shock, vasopressors may be initially required to 
maintain blood pressure during fluid and/or blood resuscita-
tion. Below, we present a case of shock and a practical 
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approach to management. At each stage of management in 
the case, we will pause to describe the reasoning and litera-
ture behind each clinical decision. We encourage the reader 
to answer each clinical question before moving forward.

 Case Presentation

A 67-year-old male presents to the emergency department via 
emergency medical services with the chief complaint of near 
syncope. His triage vital signs are as follows:

Heart rate (HR) 122 beats per minute (bpm), respiratory 
rate (RR) 32 breaths per minute, blood pressure (BP) 
72/44 mmHg, pulse oximetry 93% on room air, and tempera-
ture 101.7  F.  He has a past medical history of poorly con-
trolled hypertension, hyperlipidemia, and benign prostatic 
hypertrophy (urgency, frequency). Upon discussion with the 
family at bedside, the patient had been complaining of light-
headedness for 2 days.

On exam, the patient is slow to respond but oriented to 
person, place, and time. He has dry mucous membrane without 
lesions. He is tachycardic with clear and equal breath sounds 
bilaterally. His extremities are warm with capillary refill >3 s. 
His abdomen is moderately tender in the suprapubic region 
without rebound. No skin lesions are noted. He has 5/5 strength 
bilaterally with no dysmetria. He has no nuchal rigidity.

The patient is currently retired with no recent travel his-
tory. He has no recent hospitalizations and lives at home with 
his wife. He has taken no new medications recently.

Point-of-care testing reveals a normal glucose and a lactate 
of 5.1 mmol/L. Intravenous (IV) access is obtained, and labo-
ratory studies are sent.

You perform a focused bedside ultrasound assessment 
which shows a collapsible inferior vena cava (IVC) with 
 respirations, no free fluid at Morrison’s pouch, and an abdom-
inal aorta measuring 2.7 cm at maximum diameter. You note 
the right ventricle is not well visualized. The left ventricle has 
moderate depression in contractility. His records show a 
recent echocardiogram with normal left ventricular function.
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What is your differential diagnosis for his current 
condition?

The differential diagnosis for this patient should initially 
include all shock etiologies. The history is not consistent with 
anaphylactic, neurogenic, or hemorrhagic shock. This patient’s 
left ventricular function is depressed with a previous echocardio-
gram that was normal and could be seen with cardiogenic, septic, 
or anaphylactic shock. The hallmarks of distributive or vasodila-
tory shock include relative hypovolemia (venodilation), absolute 
hypovolemia (capillary leak), arterial vasodilation, and in some 
patients depression of cardiac contractility. Sepsis-induced car-
diomyopathy complicates over half of all sepsis cases [3].

A diagnosis of presumed septic shock is made. Blood cul-
tures are drawn, and broad-spectrum antibiotics are begun. 
Crystalloid in the form of lactated Ringers is ordered to be 
administered stat with a dose of 30 ml/kg over 30 min.

Complete blood count shows a leukocytosis of 22 K, with 
platelets of 110 103 /μL.

Basic metabolic panel is notable for a creatinine of 
2.2 mEq/L with a BUN of 43 mg/dL, bicarbonate of 15 mEq/L, 
and an anion gap of 20.

A chest radiograph is obtained and shows no acute pathology. 
Urinalysis is positive for ketones, leukocyte esterase, and nitrites. 
There are too numerous to count white blood cells present on 
microscopic exam. Urosepsis is now the presumed diagnosis.

A formal ultrasound is performed showing no hydrone-
phrosis or perinephric fluid collection.

Following the 30  ml/kg fluid bolus, the patient remains 
hypotensive with a mean arterial pressure (MAP) of 55 mmHg 
with continued delayed capillary refill.

You make the decision to start vasopressors to maintain 
end-organ perfusion.

Consider the following questions:

Within what time frame would you initiate vasopressors in 
a patient with persistent hypotension?

What is your MAP goal in general and specifically in a 
patient with a history of poorly controlled hypertension?

Which is your initial choice of vasopressor, and why?
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Will you delay vasopressor initiation for central venous 
catheter placement?

Does this patient require arterial line placement?

The Surviving Sepsis Campaign (SSC) has issued recom-
mendations regarding vasopressors in septic shock [1]. The 
choice of norepinephrine versus dopamine as the first-line 
vasopressor had once been an area of staunch debate. 
However, it has become standard practice to use norepineph-
rine as the first-line vasopressor to treat septic shock. When 
compared to dopamine, norepinephrine has demonstrated 
increased potency in achieving a MAP goal [4]. The superior-
ity of norepinephrine is due primarily to its relatively limited 
side effect profile without sacrificing efficacy when compared 
to alternative vasopressors. Norepinephrine typically does 
not produce significant tachycardia as its venoconstriction 
effect and associated stimulation of right atrial baroreceptors 
neutralize the beta-1 chronotropic stimulation. When com-
pared to dopamine, norepinephrine has a lower incidence of 
arrhythmic events [5, 6]. In a single meta-analysis, dopamine 
may have an increased relative risk of death when compared 
to norepinephrine [7]. This information has pushed norepi-
nephrine to the forefront as the preferred vasopressor. 
Dopamine has been relegated to a niche role as a vasopressor 
which will be discussed later.

Despite no head-to-head trials showing that norepineph-
rine is superior to epinephrine for the treatment of septic 
shock, norepinephrine is, in general, considered to have a 
more preferable side effect profile. Epinephrine has been 
associated with tachycardia, transient increase in insulin 
requirements, and elevated lactic acid levels as displayed in 
Fig. 11.1 [8]. Epinephrine, along with low-dose vasopressin, is 
considered the next drug of choice in septic shock patients 
that do not respond to norepinephrine.

Studies in septic shock have revealed low levels of circulat-
ing vasopressin, an unexpected finding as increased levels 
would be expected with hypotension, a stimulus for vasopres-
sin release [9, 24]. This argument for a relative vasopressin 
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Figure 11.1 Comparisons between epinephrine and norepinephrine 
on heart rate (top), arterial lactate (middle), and mean daily insulin 
dose (bottom). (Reprinted/adapted with permission from Springer; 
Myburgh et al. [8])
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deficiency has been made by some to support the use of low- 
dose vasopressin (up to 0.03–0.04  units per minute) as a 
physiologic replacement therapy in septic shock. The use of 
higher doses of vasopressin increases the risk of cardiac, digi-
tal, and splanchnic ischemia [10]. The VANISH trial used 
intermediate doses of vasopressin (up to 0.06 U/min) for the 
treatment of septic shock. The endpoint of this study was the 
incidence of kidney failure in septic shock. While no differ-
ence in kidney failure was demonstrated with the use of 
higher doses of vasopressin, the vasopressin group had a 
2.5% increased risk of adverse events (see more detailed 
discussion of vasopressin to follow) [11].

The timing of initiation of vasopressors is not addressed in 
the SSC guidelines. The Centers for Medicare and Medicaid 
Services (CMS) sepsis quality measures give positive credit 
for achieving a MAP of 65 mmHg or greater within the first 
6 h of diagnosis of septic shock and following 30 ml/kg crys-
talloid bolus. The classic teaching of “filling the tank” with 
fluid resuscitation prior to starting vasopressors is often the 
clinical approach. But this leaves the question: how long 
should a patient remain hypotensive prior to initiating vaso-
pressors? Recent studies have looked at early versus delayed 
vasopressor initiation without a clear answer to this question. 
In a retrospective review, Bai et al. displayed an increase in 
survival with early administration of norepinephrine. This 
study noted a 5.3% increase in mortality with each hour delay 
in starting a vasopressor [12]. Beck et  al. was able to show 
only a weak correlation between vasopressor delay and in- 
hospital mortality. The authors of this study note the effect to 
be driven by those patients with delays greater than 1 h [13]. 
Lastly a third retrospective review by Waechter et al. found 
the lowest mortality when vasopressors were initiated 1–6 h 
after the onset of shock and greater than 1 liters of IV fluids 
were completed [14]. Without clear randomized trials, it is not 
possible to give a definitive recommendation for timing of vaso-
pressors. However, the severity and duration of hypotension are 
assumed to drive end-organ injury. It is, therefore, a reasonable 
approach to begin vasopressors within the first 1–6 h of resusci-
tation to achieve an adequate MAP and perfusion. In patients 
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with profound hypotension or profound  symptoms of hypoten-
sion, the decision to begin earlier and in parallel with initial 
fluid resuscitation would seem appropriate.

The next decision after initiation of a vasoactive medica-
tion is what MAP target to choose. Persistent hypotension 
(MAP <60–65 mmHg) has been associated with worse out-
comes including increased risk of death [15]. In 2014, Asfar 
et  al. performed an open-label randomized controlled trial 
comparing a low-target MAP group (65–70 mmHg) to a high- 
target group (80–85 mmHg). There was no difference in 30- 
or 90-day mortality. The low-target group exhibited fewer 
arrhythmias (primarily atrial fibrillation). In patients with a 
history of chronic hypertension, targeting a higher MAP did 
decrease the incidence of increasing creatinine and the rate of 
renal replacement therapy from days 1 to 7. Overall, there was 
no difference in major adverse events between the two 
groups [16]. This literature can be interpreted in different 
ways. A higher MAP goal may be considered to be safe and 
useful in patients with chronic hypertension in the hope of 
decreasing renal compromise (subgroup analysis). Another 
view would consider the higher MAP goal to be equal to 
lower MAP goal with a higher risk of arrhythmia (primary 
analysis). The most recent SSC guidelines recommend a 
MAP goal of 65 mmHg [1]. A MAP goal of 65 mmHg should 
be considered in the majority of patients but customized to 
the individual based on end-organ perfusion and observed 
side effects.

After choosing initial vasopressor and MAP goals, we 
move to the decision of how to deliver the vasoactive medica-
tion. Is a central venous catheter (CVC) required to initiate 
therapy? How safe is a peripheral IV (PIV)? Classic teaching 
has included the need for a CVC for delivery of vasopressors. 
This general practice has been driven by numerous case 
reports of vasopressor extravasation and tissue injury. 
However, recent studies have called this classic teaching into 
question. In 2013 Ricard et al. randomized patients to receive 
CVC or peripheral venous catheters at the beginning of fluid 
resuscitation and concomitantly used for vasopressor admin-
istration. The authors of this study concluded CVC to be 
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superior to peripheral venous access, citing less major compli-
cations, including a 14% rate of extravasation in those patient 
receiving vasopressor through a peripheral IV. However, the 
majority of complications listed were erythema and difficulty 
with insertion or maintenance of the IV site. Location of 
peripheral access and clinical outcomes regarding tissue 
injury were not reported. Of note, approximately half of the 
peripheral venous access group from this study was transi-
tioned to a CVC [17]. In 2015, Cardenas-Garcia et  al. pub-
lished data on a 20-month period in which vasopressors were 
delivered via peripheral access. In this single site study, the 
authors noted extravasation in only 2% of patients and no 
tissue injury after a protocolized treatment including site 
checks every 2 h and phentolamine and nitroglycerine treat-
ment if extravasation was discovered. 13% of patients 
required transition to CVC placement. This study did not 
have a control group randomized to CVC only [18].

Extravasation of vasopressors is a real risk. But the sever-
ity and frequency of that risk are not fully clear. A systematic 
review by Loubani et al. in 2015 found 83.5% of all extravasa-
tion to have occurred in peripheral IV placement distal to the 
antecubital or popliteal fossae. The median time of adminis-
tration of peripheral vasopressors before local tissue injury 
was 24  h [19]. Therefore, it appears to be a reasonable 
approach to initiate vasopressors via peripheral access as to 
not delay treatment. Based on the above literature, a well- 
placed IV proximal to the antecubital fossa is preferred. This 
site should be checked at a minimum of every 2 h and used 
for less than 24 h. This may limit the need for CVC if vaso-
pressors can be weaned quickly with further resuscitation. We 
do not recommend extended use of peripheral IVs for vaso-
pressor infusion.

In a patient requiring vasopressors for shock, an arterial 
line should be placed when available. Large randomized trials 
comparing noninvasive versus invasive blood pressure moni-
toring are not available. However, smaller studies have shown 
the unreliability of noninvasive blood pressure monitoring in 
shock [20, 21]. The insertion and maintenance of arterial lines 
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have been shown to have a complication rate of less than 1% 
[22]. This limited complication risk and the unreliability of 
noninvasive monitoring lead to the recommendation for arte-
rial line use. An underestimation of MAP would lead to over-
use or excessive dosing of vasopressors.

We now return to our case.
Antibiotics and intravenous fluid resuscitation have been 

completed. Norepinephrine was initiated, but the patient 
continues to decline. He remains in shock with a norepineph-
rine dose of 50 ug/min and a MAP of 55 mmHg.

What is the maximum dose of first-line vasopressor before 
adding a second agent to either join or potentially replace 
norepinephrine based on response?

Which is your second agent of choice in this patient? What 
dose will you use?

As discussed previously, norepinephrine is recommended 
as the first-line vasopressor in septic shock primarily based 
on its relatively benign side effect profile. There is not a clear 
maximum dosage recommended prior to initiating a second 
vasopressor. The threshold for adding a second vasopressor 
varies by continent (higher doses used in some European coun-
tries when compared to the United States) and by individual 
preference. Case reports note a risk of extremity ischemia when 
the dose exceeds 1.2 ug/kg/min [23]. However the logic behind 
association of a dose threshold for extremity ischemia when 
higher doses of norepinephrine are being used to treat refrac-
tory “vasodilatory” shock seems flawed. The likely reason for 
the use of higher doses is the vasodilatory refractoriness and, 
in the presence of more intense vasodilation driving the higher 
doses, poorly linked to tissue ischemia from vasopressor dosing. 
In fact, we prefer the use of the term “poorly responsive” to 
norepinephrine when higher and higher doses are not achiev-
ing target MAP. We believe this is preferred over the frequently 
expressed “maxed out” on norepinephrine. One randomized 
controlled trial used a norepinephrine dose of 0.5  ug/kg/min 
as cutoff for “catecholamine-resistant” vasodilatory shock [10]. 
There does not appear to be a clear limit to norepinephrine. 
Authors of the SSC guidelines users’ guide have chosen a titra-
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tion to 35–90 ug/min as the cutoff [1]. Dosage limits should take 
into account an individual’s tolerance and response to further 
titration of norepinephrine. Maximum dosages should be low-
ered with the appearance of side effects such as arrhythmia.

When adding a second agent, it is most often a decision 
between low-dose vasopressin and epinephrine. With regard 
to septic shock, both are within the recommendations pro-
vided by the SSC to maintain an appropriate MAP.

Although low-dose vasopressin is not recommended as the 
initial agent in the treatment of septic shock, it can be added 
to norepinephrine when norepinephrine fails to achieve 
MAP target or as a norepinephrine-sparing agent once MAP 
target is achieved with norepinephrine alone (physiologic 
replacement logic).

While norepinephrine is the recommended first-line vaso-
pressor, both epinephrine and vasopressin have unique char-
acteristics making them useful as second-line agents.

Vasopressin is an endogenous vasopressor hormone which 
causes vasoconstriction by acting on V1 receptors on smooth 
muscle. It is a pure vasopressor with no cardiac effects except 
indirect stimulation of right atrial baroreceptors. At normal 
physiologic states, vasopressin levels are low. The VASST trial 
in 2008 compared norepinephrine to norepinephrine and 
vasopressin (0.01–0.03 U/min). This study showed no differ-
ence in mortality. It did demonstrate a “catecholamine- 
sparing” effect of vasopressin in which lower doses of 
norepinephrine were required. An a priori subgroup with less 
severe shock in this study did have a lower mortality (28-day 
mortality relative risk, 0.74 (95% CI, 0.55–1.01) P  =  0.05). 
This group was defined by requiring <15 ug/min norepineph-
rine at randomization [25]. Several earlier studies have shown 
decreased norepinephrine requirements and improved car-
diac output with the initiation of vasopressin in catecholamine- 
resistant shock [26, 27]. These studies included doses higher 
than recommended by the SSC. At higher doses there 
appears to be higher risk for cardiac, digital, and splanchnic 
ischemia [10]. Therefore a lower dose of up to 0.03  U/min 
(some would say 0.04  U/min) is recommended with higher 
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doses used only in salvage therapy (alternative agents have 
failed to achieve MAP target).

Epinephrine is a catecholamine vasopressor which acts on 
both alpha- and beta-receptors. This results in a higher MAP 
due to increased vascular tone and increased cardiac output. 
As noted previously, the main side effects of epinephrine 
include an increase in serum lactate and tachycardia making 
it a second-line agent behind norepinephrine [8]. However, 
these effects have not been shown to alter a patient’s clinical 
outcome. In 2008, Myburgh et  al. performed a prospective, 
double-blind, randomized controlled trial comparing the use 
of epinephrine to norepinephrine for patients in shock [8]. 
There was no difference in mortality between the two groups 
at 28 and 90 days. Specifically within a subgroup of patients 
diagnosed with sepsis, there was no difference in time to 
achieve goal MAP (>70 mmHg) or mortality. While no differ-
ence in primary or secondary endpoints was found, this study 
has been used to advocate for norepinephrine as the first-line 
agent due to its comparable efficacy and decreased side 
effects (Fig. 11.1).

The theoretical benefit of epinephrine over other vasopres-
sors in shock is based on the beta-receptor activity. Although 
norepinephrine is expected to raise cardiac output in septic 
shock, epinephrine is a more potent inotrope and should pro-
duce a greater increase in cardiac output in patients with sep-
sis-induced cardiomyopathy. In 2007, Annane et al. published a 
prospective, multicenter, randomized, double- blind study in 
330 patients with septic shock. This study compared epineph-
rine to norepinephrine plus dobutamine. There was no signifi-
cant difference in mortality at 28 days between the two groups. 
The epinephrine group did display lower arterial pH on days 
1–4 and an increased arterial lactate on day 1. These findings 
were hypothesized to be due to beta-2 stimulation of the 
NA + K ATPase pump in skeletal muscles rather than tissue 
dysoxia [28]. These transient laboratory values did not have a 
clear impact on clinical outcomes. Within 4 days, there was no 
difference in mortality, end-organ dysfunction, or hemody-
namic stability. The SSC does recommend the consideration of 
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dobutamine in patients who are believed to have been resusci-
tated to an adequate intravascular volume, have achieved tar-
get MAP, and yet have continued tissue hypoperfusion with 
clinical signs of low cardiac output (see discussion to follow).

The decision for which vasopressor to add to norepineph-
rine must be based on the efficacy and tolerance in the indi-
vidual patient. At this time there have been no randomized 
trials comparing vasopressin to epinephrine in patients cur-
rently on norepinephrine. Therefore both options remain a 
viable choice. Vasopressin appears to lower the norepineph-
rine requirement and may be especially useful in patients 
who do not tolerate a high dose of a catecholamine. 
Epinephrine may be most useful in those patients who 
require some inotropic and chronotropic support. This is 
especially helpful in those patients who display decreased 
cardiac output and would not tolerate the vasodilatory effects 
of an inotrope such as dobutamine.

We will return to our case.
Vasopressin is started at a dose of 0.03 units/minute. The 

patient has an initial improvement in blood pressure but 
again continues to decompensate with a MAP persistently 
below 65 mmHg. Epinephrine is added as the third vasopres-
sor agent. The patient’s blood pressure improves.

The nurse calls you to evaluate the patient. The monitor 
displays a narrow complex, irregularly irregular rhythm with 
a ventricular rate of 132. When the abnormal rhythm is pres-
ent, MAP decreases from 70 to 50 mmHg.

Would you make changes to your vasopressor regimen?
Phenylephrine, although not recommended for empiric 

therapy, has been used in the setting of serious physi-
ology altering vasopressor-induced tachyarrhythmias. 
Phenylephrine is a selective alpha-1 agonist with no effect 
on beta-receptors. It is a pure vasoconstrictor with no 
cardiac stimulation. Therefore, it should not produce 
 tachyarrhythmias. As a pure vasoconstrictor, it would be 
expected to decrease stroke volume and cardiac output, 
a less desirable effect. There has been limited data com-
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paring phenylephrine to other vasopressors. Morelli et  al. 
performed a prospective, randomized controlled trial com-
paring phenylephrine to norepinephrine as a first-line vaso-
pressor in septic shock. In this study, phenylephrine had 
similar effects on cardiopulmonary parameters. However, 
phenylephrine was less effective in treating hypotension as 
higher doses were required to maintain a goal MAP [29]. 
This study was limited in that it only enrolled 32 patients 
and measurements of cardiopulmonary parameters were 
only measured at 12  h via right heart catheterization. The 
SSC has recommended a limited use of phenylephrine in 
septic shock (not as empiric therapy but consideration in 
high cardiac output septic shock or when tachyarrhythmias 
are induced with norepinephrine or epinephrine) [1]. Based 
on the pharmacology of this medication, there may be a role 
for phenylephrine in this patient population, but there is no 
confirmatory data.

Not as it pertains to our patient but to the general 
population of patients with septic shock, what role does 
dopamine play in a patient with shock? What about a pure 
inotrope such as dobutamine?

Dopamine has a limited role in the treatment of septic shock. 
It has effect on both alpha- and beta-receptors similar to nor-
epinephrine and epinephrine. It has the added activity on dopa-
mine receptors which may alter renal and splanchnic perfusion. 
As discussed earlier, it has been replaced by norepinephrine as 
the first-line vasopressor for the majority of this patient popula-
tion. It has subsequently become a potential niche vasopressor 
for patients with septic shock, sinus bradycardia, and low risk 
for arrhythmia. There has been no randomized controlled trial 
using dopamine in this patient population. This thought is based 
on known pharmacology rather than study results. Low-dose 
dopamine does not benefit patients at risk for renal failure. In a 
multicenter, randomized, double-blind, placebo-controlled 
study, Bellomo et  al. showed no significant difference in sur-
vival, peak creatinine, or need for renal replacement therapy in 
patients receiving low-dose dopamine versus placebo [30]. 
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Therefore, the use of dopamine should be held for a specific 
patient population or a part of salvage therapy.

In patients with continued hypoperfusion despite improve-
ment of preload and MAP, inotrope support may be consid-
ered. This recommendation is based on limited data. As 
discussed prior, the randomized controlled trials comparing 
dobutamine plus norepinephrine to epinephrine alone did 
not show a difference in mortality [28]. Previous recommen-
dations for the use of dobutamine in the early resuscitation of 
septic shock were based on the Rivers et  al. early goal- 
directed therapy trial [31]. Dobutamine was added when 
there was persistently low ScV02  <  70% despite treatment 
with vasopressors, IV fluids, and in the presence of appropri-
ate hematocrit. Current recommendations favor considering 
adding dobutamine later in resuscitation as discussed above.

The patient is continued on norepinephrine and low-dose 
vasopressin. Given the development of a tachyarrhythmia, 
he is transitioned off epinephrine and started on phenyleph-
rine with elimination of his episodic tachycardic arrhyth-
mia. Repeat laboratory data returns showing a lactate of 
2.4  mmol/L and improving creatinine with adequate urine 
output of 0.75 cc/kg/h (target 0.5–1.0 cc kg). With continued 
antibiotic therapy, vasopressor support is titrated down over 
several days with improving hemodynamics. Although not 
evidence based, we withdraw phenylephrine first, then vaso-
pressin, and then norepinephrine. Some would reverse the 
order for the latter two vasopressors.

 Future Aims

The future of shock management involves earlier detection of 
end-organ dysfunction, monitoring of cardiovascular perfor-
mance, and pharmacologic and mechanical support. As newer 
noninvasive devices are developed, the reliability of these 
tools will need to be evaluated. While drug therapy most 
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often includes norepinephrine as the vasopressor of choice, 
literature comparing combination therapy of vasopressors is 
limited. Individualized treatment regimens and choices in 
drug and fluid delivery will likely be tailored to each patient 
based on physiologic makeup and response to therapy.

Angiotensin II (ATII) has been recently added to the list 
of FDA-approved vasopressors available in the treatment 
of distributive shock. ATII is a naturally occurring hormone 
which interacts with the renin-angiotensin-aldosterone sys-
tem (RAAS) causing both venous and arterial vasoconstric-
tion. It is a pure vasopressor. Recently, the ATHOS-3 trial 
randomized 321 patients with distributive shock to receive 
ATII vs placebo [32]. Prior to enrollment, patients were 
required to be receiving 0.2 μg/kg/min of norepinephrine or 
equivalent dose of another vasopressor. The primary outcome 
was MAP response defined as a MAP increase of 10 mmHg 
or at least 75 mmHg at 3 h. 69.9% of the ATII group versus 
23.4% of the control group reached this primary endpoint 
(Fig.  11.2). While secondary outcomes did show decreased 
all-cause mortality at days 7 and 28, these did not reach sta-
tistical significance [31]. Although the authors reported an 
improvement in the cardiovascular sequential organ failure 
assessment (SOFA) scores at 48 h without a difference in the 
total SOFA, this is somewhat misleading since this improve-
ment is achieved simply by giving a vasopressor to the active 
treatment group and a placebo to the control arm.

Criticisms of this study include a MAP goal higher than 
recommended for the general population, unclear fluid sta-
tus of the studied patient population, limited information 
regarding markers of end-organ perfusion such as lactate 
and urine output, and omission of cardiac output measures. 
As to the latter, it is likely important to avoid the use of this 
pure vasopressor in patients with low cardiac output since 
the only randomized controlled trial studying a pure vaso-
pressor in septic shock was associated with worse outcome 
with particular concern in the low cardiac output subgroup 
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(directly measured in this study) [33]. The primary composite 
endpoint of the ATHOS-3 trial focused on the achievement 
of MAP goal rather than patient-centered mortality. The 
small population also limits the safety data provided. In par-
ticular, the thrombotic risk reported by the FDA is not 
clearly displayed in this trial but is clearly enunciated on the 
FDA labeling which recommends the use of prophylaxis for 
blood clots. More studies will be needed to evaluate the pos-
sible mortality benefit or limitation of side effects using this 
new vasopressor agent. Having an additional vasopressor 
that works by a different mechanism will hopefully offer 
advantage in select patient populations.

A flow diagram has also recently been published as the 
authors’ recommendations on hierarchy and dosing of vaso-
pressors as the severity of septic shock increases (Fig. 11.3) [2].
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Figure 11.2 Comparison of ATII versus placebo on mean arterial 
pressure (MAP) in patients in distributive shock on vasopressors. 
(Reprinted/adapted with permission from New England Journal of 
Medicine Khanna et al. [32])
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Review Points

 1. Norepinephrine is the first-line vasopressor in septic 
shock.

 2. Low-dose vasopressin and/or epinephrine can be 
added as second-line agents.

 3. Dopamine and phenylephrine are niche vasopressors 
used in select situations.

 4. MAP goal of ≥65 is recommended but must be tai-
lored to the individual patient.

 5. Vasopressors should be started early after IV fluid 
resuscitation when MAP remains low.

 6. A peripheral IV above the antecubital fossa may be 
safe for initial resuscitation.

 7. The choice of vasopressor should be selected based 
on an individual patient’s response to treatment and 
side effects.

Vasopressor Use for Adult Septic Shock
(with guidance for steroid admininstration)

Initiate norepinephrine (NE) and titrate up to 35-90 µg/min
to achieve MAP target 65 mm Hg

MAP target
achieved

Continue norepinephrine alone or
add vasopressin 0.03 units/min
with anticipation of decreasing

norepinephrine dose

MAP target not achieved
and judged

poorly responsive to NE

MAP target
achieved

MAP target
not achieved

MAP target
achieved

* Consider IV steroid administration
** Administer IV steroids

*** SSC guidelines are silent on phenylephrine

Note: Consider dopamine as niche vasopressor in the presence of sinus bradycardia.
          Consider phenylephrine when serious tachyarrhythmias occur with
          norepinephrine or epinephrine

MAP target
not achieved

Add epinephrine up to
20 µg/min to achieve MAP

target**

Add phenylephrine up to
300 µg/min to achieve

MAP target***

Add vasopressin up to
0.03 units/min to achieve

MAP target*

Figure 11.3 An example of a vasopressor flow diagram. (Reprinted/
adapted with permission from Springer; Dellinger et al. [2])
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 Introduction

In 1968, an ad hoc committee of the Harvard Medical School 
concluded that death of the brain is sufficient criteria for 
determination of death of the person [1]. The chair of the 
committee, Henry Beecher, was an anesthesiologist at the 
Massachusetts General Hospital. Dr. Beecher and his col-
leagues on the committee were definitive in describing their 
purpose, namely, to “define irreversible coma as a new 
 criterion for death” [1]. Time and a review of Beecher’s 
archived papers would confirm that the ad hoc committee 
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had indeed been able to define irreversible coma [1], but 
identifying that status as a single criterion for death is a meta-
physical construct, not comprehensible by current applica-
tions of the scientific method.

One of the 13 committee members was the 1990 Nobel 
Laureate Joseph Murray, a surgeon who, in 1954, removed a 
kidney from a 23-year-old man and transplanted it into his 
monozygotic twin who was suffering from renal failure. Dr. 
Murray went on to perform the first cadaveric kidney trans-
plant in 1962 [2]. In their report, deliberately entitled “A 
Definition of Irreversible Coma,” the committee members 
state that there are two reasons to declare irreversible coma 
equivalent to death. Firstly, they say, there are burdens on the 
families and hospitals who care for these comatose patients. 
Parenthetically, they also state that the burden is great on 
patients who suffer permanent loss of intellect. They do not 
describe what burdens a person would suffer if they were 
permanently comatose, and the record provides no evidence 
as to what burdens they imagined such a patient could experi-
ence. Secondly, they claim that “obsolete criteria for the defi-
nition of death can lead to controversy in obtaining organs 
for transplantation” [1]. Given these facts, it is hard to assert, 
as many do, that the concept of brain death arose separately 
from the desire to transplant organs.

 Case Presentation

Henry I. Barnard is a 55-year-old man who presents to a hos-
pital in New Jersey to donate a kidney to his daughter who has 
been struggling with complications from type I diabetes melli-
tus for over two decades and has been dialysis dependent for 
2 years. He flew from Hawaii, where he lives, to New Jersey. 
There were many airline delays and he was traveling for over 
18 h. He did arrive 5 days before the operation, however, and 
seems well rested the morning of surgery. He  undergoes a 
donor nephrectomy, but during skin closure, he has an acute 
desaturation with a significant decrease in his end-tidal CO2. A 
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focused transthoracic echocardiogram reveals a mobile mass in 
his pulmonary artery, seen on a parasternal short-axis view. On 
an apical four-chamber view, a severely dilated right ventricle 
with reduced systolic function, a small but normal left ventricle, 
and septal flattening are found. Moments later he has pulseless 
electrical activity (PEA) with sinus tachycardia. Chest com-
pressions are started and epinephrine given. The ECMO team 
is notified, and he is started on VA-ECMO within 29 min from 
the time of his PEA arrest. A surgical embolectomy is per-
formed, and he is brought to the intensive care unit where he 
is weaned from VA-ECMO immediately with stable blood 
pressures without vasopressor support. Cannulas are removed 
first thing in the morning.

On postoperative day#1, the nurse informs the physician 
that Mr. Barnard is not responding to noxious stimuli. On 
evaluation, he is not on any sedative or narcotic medications 
and has not received any since the embolectomy 12 h earlier. 
His pupils are fixed and dilated, and he is breathing at the set 
rate on the ventilator. The physician confirms the nurse’s 
findings. She learns that no neuromuscular-blocking drugs 
have been given since the operation and documents that Mr. 
Barnard has a normal response to train-of-four testing. She 
documents his temperature at 37  °C.  When the physician 
notifies Mr. Bernard’s wife that she will be examining her 
husband to see if he is brain dead, she screams, “he can’t be 
brain dead,” and runs from the waiting room. The doctor 
begins her examination. She does not notice any response 
when she applies pressure to his temporomandibular joint. 
He has no cough or pharyngeal reflexes. Both his corneal and 
pupillary light reflexes are absent. There is an absence of 
ocular movements with oculocephalic testing. Finally, an 
apnea test is performed and is positive. The physician looks at 
her watch and declares Henry I. Bernard dead at 10:45 AM.

She finds his wife at the bedside of her daughter. They are 
alone. She explains the results of the testing and states that their 
husband and father are dead. They tell the doctor that Bernard 
became a Shintoist shortly after moving to Hawaii and objects 
to the use of brain criteria in the determination of death.
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 Assessment and Diagnosis

Mr. Bernard’s long plane ride and surgery set him up for a 
pulmonary embolus. The ECHO findings are confirmatory, 
and a Trendelenburg procedure (surgical embolectomy) is 
performed. He is expertly managed after the complication 
but nevertheless is suffering from a devastating neurologic 
injury.

Before brain death testing is begun, hypothermia (<36 °C) 
and hypotension (systolic blood pressure < 100 mmHg) must 
be corrected. It must also be determined that central nervous 
system medications and neuromuscular-blocking agents are 
not contributing to the neurologic findings. Once brain death 
is suspected, the family should be notified and apprised of the 
suspicion and need for further testing. All movements must 
be attributable to spinal cord function. The physician should 
look for any evidence of brainstem function. The patient can-
not have a cough or pharyngeal (a.k.a. gag) reflex. There can 
be no corneal or pupillary light reflexes. If it is safe to move 
the patient’s neck, they should also be tested for the oculoce-
phalic reflex (doll’s eyes). If it is not okay to move the 
patient’s neck, they should be tested for the oculovestibular 
(cold calorics) reflex. Tympanic membranes must be visual-
ized prior to performing cold calorics. If all these tests are 
consistent with brain death, an apnea test should be per-
formed. The apnea test is also a test of brainstem function. A 
rising carbon dioxide level should stimulate the respiratory 
center in the medulla and cause a respiratory effort. Since a 
rising carbon dioxide level will increase cerebral blood flow, 
in someone who potentially has raised intracranial hyperten-
sion, it should be the last clinical test performed.

A confirmatory test is not considered necessary but should 
be performed if any of the standard clinical tests cannot be 
done. An intracranial Doppler study, an electroencephalo-
gram, and a radionucleotide study are all reasonable options 
depending on institutional expertise and preference [3].

Once all clinical studies are complete, currently in 49 of the 
50 United States, the patient can be declared dead.
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 Law

There are five sources of law in the United States; constitu-
tional law, statutory law (or legislation), treaties, administra-
tive regulations, and common law (created by court decisions). 
The laws related to the determination of death are based in 
common law and codified through legislation. Legal determi-
nation of biological death is necessary for criminal law, dispo-
sition of property following death, loss of rights of the 
deceased, the creation of rights for survivors, and the disposi-
tion of human remains, including cadaveric transplantation, 
cremation, and burial. In the United States, state law pre-
scribes how death is determined and, after determination, 
what can be done with the body and by whom. An advantage 
of our federalist structure is the ability of states to craft legis-
lation to address specific needs and for states with similar 
needs to test a variety of solutions. This can also lead to ambi-
guity and variation in matters of great importance.

Many states enacted laws regulating organ donation 
before 1967  in response to cadaveric kidney and corneal 
transplantation. These laws relied upon the then-existing 
definition of death, the point at which the heart stops beating 
and respiration ends, and addressed issues around consent 
and authorization in decision-making. The medicolegal litera-
ture in 1967 includes a robust debate about the “brain death 
problem,” the term used to describe the idea proposed by 
some medical professionals that the cardiorespiratory defini-
tion of death attaches the time of death at a point too late for 
the purposes of heart transplantation [4].

In the 1960s, courts highly valued scientific consensus and 
testimony of such from the medical establishment. Dr. 
Beecher anticipated legal challenges to his ideas and consid-
ered Harvard legal scholar William J.  Curran an essential 
member of the Ad Hoc Committee. To change the legal defi-
nition of death, Curran advised demonstrating a new consen-
sus existed in the medical community that irreversible coma 
is death. One can argue the report caused the consensus it 
claimed.
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Two years following the release of the report, in 1970, 
Kansas adopted the first statute that defined death as either 
the absence of spontaneous respiratory and cardiac functions 
or the absence of spontaneous brain function [5]. In 1972, 
Alexander Capron and Leon Kass published “A Statutory 
Definition for the Standards for Determining Human Death: 
An Appraisal and a Proposal” [6]. In 1975, the Law and 
Medicine Committee of the American Bar Association 
(ABA) drafted the Model Definition of Death Act. By 1979, 
25 state legislatures passed related statutes.

The National Conference of Commissioners on Uniform 
State Laws (NCCUSL)  drafts a legislation for the purpose of 
promoting uniformity of law when desirable. State legisla-
tures may choose to adopt these uniform laws, adopt a modi-
fication, or ignore the proposal. In 1978, the NCCUSL 
created the Uniform Brain Death Act (UBDA) establishing 
that death is the “irreversible cessation of all functioning of 
the brain, including the brain stem.” The following year, 1979, 
the American Medical Association (AMA) created its Model 
Determination of Death Act. In 1980 the NCCUSL replaced 
the UBDA with the Uniform Determination of Death Act 
(UDDA) which includes the previous criteria, “irreversible 
cessation of circulatory and respiratory functions.”

Interestingly, in an acknowledgment of the various 
meanings of death, the NCCUSL does not consider the 
UDDA to be a definition of death. It expressly limits the 
scope to the medical determination of biological death. It 
is a general legal standard that relies on the medical pro-
fession to develop and maintain acceptable practices and 
criteria based on existing medical knowledge, diagnostic 
tests, and equipment. The NCCUSL also explicitly states 
that the UDDA is not limited to cases of organ donation 
and should remain independent from the Uniform 
Anatomical Gift Act. The AMA approved the UDDA in 
1980 and the ABA followed in 1981. In 1981, the US 
President’s Commission for the Study of Ethics Problems 
in Medicine and Biomedical and Behavioral Research 
endorsed the UDDA [7].
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In 1991, based on the work of the New Jersey (NJ) 
Commission on Legal and Ethical Problems in the Delivery 
of Health Care (the New Jersey Bioethics Commission), the 
NJ legislature enacted the NJ Declaration of Death Act. This 
Act models the UDDA language while also acknowledging 
the importance of religion around the concept of death. The 
Act explicitly denies the physician the ability to determine 
death based on neurological criteria when the physician “has 
reason to believe, on the basis of information in the individu-
al’s available medical records, or information provided by a 
member of the individual’s family or any other person knowl-
edgeable about the individual’s personal religious beliefs that 
such a declaration would violate the personal religious beliefs 
of the individual.” In such cases, the physician shall only 
declare death based on the cardiorespiratory criteria 
described in the Act.

A challenge for current practice is that the UDDA 
requires “… irreversible cessation of all functions of the 
entire brain stem…,” and medical guidelines measure the ces-
sation of some functions of the brain, while advances in criti-
cal care management support comatose patients longer than 
previously imagined possible. This results in cases where doc-
tors assert certainty in a diagnosis and the family disagrees, 
and continued medical interventions prevent circulatory 
death of the loved one, for years. Medical cases like this are a 
tragedy, for the family and for the medical profession. For 
example, in 2013, a 13-year-old girl, Jahi McMath, was pro-
nounced dead by neurologic criteria following surgery for 
sleep apnea, complicated by bleeding and airway obstruction. 
Her family moved her to New Jersey where she was kept on 
organ support until she was pronounced dead, 5 years later, 
using cardiorespiratory criteria. Before her death by cardio-
respiratory criteria, a neurologist ascertained that she no 
longer met death by neurologic criteria, and her family filed 
a lawsuit in California claiming that she was no longer dead. 
Legal cases, like the one pursued by Jahi McMath’s family 
could result in a decision concluding that the existing guide-
lines are insufficient to determine death by neurologic crite-
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ria [8]. In the end, the most important question may not be 
“What is death?” but instead be “What is the role of the doc-
tor in helping patients and loved ones cope with illness and 
legal death?”

 Ethics

Taking care of patients is a moral endeavor, and while ethics 
is a branch of philosophy, all of us must decide what is right 
and wrong as we make personal and professional choices. 
How ought clinicians think about moral issues? Medical 
school faculty teach the four principles of bioethics (auton-
omy, beneficence, nonmaleficence, and justice), but the prin-
ciples alone do not provide a process for resolving disputes. 
The principles provide language to facilitate communications 
about conflicts. Often, disagreements occur because of peo-
ple’s preference on different principles in a particular situa-
tion. For the sake of illumination, let’s say you are caring for 
a patient following a pancreaticoduodenectomy for pancre-
atic adenocarcinoma (T3N1M0) who has a pancreaticojeju-
nal leak resulting in adult respiratory distress syndrome and 
acute kidney injury. The family may weigh autonomy (albeit 
substituted) the most and argue for withdrawal of life support 
as what he would have wanted if he understood the circum-
stances; the surgeon may weigh beneficence the most and 
argue for continued life support because she believes that is 
best for the patient; the intensivist may weigh nonmalefi-
cence the most and argue for withdrawal of life support (the 
same outcome but for a different reason than the family); the 
nurse may weigh justice the most and argue that we should 
not use resources when there is so little hope of a good out-
come. These kinds of disagreements can occur in any bioethi-
cal dilemma. Of note, narrative ethics may facilitate a 
resolution process; it weighs the principles according to the 
values of the patient.

In the case of brain death today, however, principlism does 
not apply. The ad hoc committee redefined death; the medical 
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profession incorporated this diagnosis into their knowledge 
base and, with the help of the legal profession, created law. 
Today, if you transplant vital organs from one person to 
another before the donor is declared dead, it constitutes mur-
der. If you declare the donor dead first, you circumvent the 
murder problem. Some assert the “dead-donor rule” is neces-
sary for the doctor-patient relationship. Some imagine it reas-
sures donor and donor families of the integrity of the field of 
transplantation. The transplant community believes this rule 
is necessary for the expansion of transplantation, something 
the Harvard framers believed as well. Both of these proposi-
tions, along with the history of death declaration, warrant 
exploration.

Methods for death determination have evolved over time. 
Hippocratic tradition taught physicians to remove themselves 
from the care of patients when death was imminent leaving 
determination of death up to the family or lay practitioners. 
In ancient Rome, someone would call out a person’s name 
three times, and, if they didn’t answer, a finger would be 
amputated. If they didn’t bleed, then they were dead and 
could be cremated on the funeral pyre. “I am dead” written 
on a mirror with silver nitrate, an invisible compound, would 
become visible with putrefaction: Parlor trick or chemical test 
of death?

The most famous tale of star-crossed lovers, Romeo and 
Juliet, hinges on the fact that Romeo misdiagnosed Juliet’s 
death. Juliet, obviously the better student, got it right. At the 
end of King Lear, realizing his folly and, holding his dead 
daughter Cordelia in his hands, the King declares:

I know when one is dead, and when one lives.
She is dead as earth. Lend me a looking glass.
If that her breath will mist or stain the stone, why then she lives.
          -Act V, Scene III

In Elizabethan England, a stone was a mirror, and, 
although Shakespeare said it more eloquently, the tormented 
king was hoping for verification of end-tidal carbon dioxide.

The history of death determination does not instill confi-
dence and reveals reasons for public distrust. There was an 
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English nobleman in the fourteenth century who was so fear-
ful that the doctors of his day would misdiagnosis him as 
being dead that he left instructions for his executors to leave 
him unburied in bed for 40 days, and, if they still believed he 
was dead, then, and only then, they could bury him. 
Taphephobia was common during the Victorian era. 
Rendering this fear in 1844, Edgar Allan Poe published The 
Premature Burial. People, more afraid of being buried alive 
than being dead, would request that their hearts be pierced 
before burial. Safety coffins included air tubes; strings to ani-
mate above ground lanterns, bells, or flags; and spring-loaded 
lids for those interned in vaults. Academic awards were given 
to physicians who developed tools to inflict pain to confirm 
death with enough specificity to qualm the layperson’s 
fears [9].

In what may be an acknowledgment of the history of 
uncertainty and mistrust, the transplant community is often 
worried that discussions about death determination and the 
dead-donor rule will lead to fewer organs for transplantation. 
Frank discussions could, however, have the opposite effect. 
Some patients have expressed the desire to donate prior to 
the determination of death, and some physicians have advo-
cated for “imminent death” donation, a repeal of the dead- 
donor rule. At the same time, other patients continue to 
mistrust the medical profession and fear both premature 
death determination and premature organ retrieval. When we 
allow patients and families to decide to withdraw life- 
sustaining treatment, we could also allow patients and fami-
lies to make the decision for timing of organ retrieval. This 
approach (respect for autonomy through substituted 
 judgment) would likely increase the donor pool. It would also 
allow analgesia and sedation to people who meet the current 
brain death standard as well as people who currently are non- 
heart- beating donors whose more injured organs are not 
removed until after the person is pronounced dead by cardio-
respiratory criteria. Transplant surgeons sometimes claim that 
it would be unacceptable to remove an organ from a patient 
who still has a beating heart. Yet, this is exactly what surgeons 
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do in cases of transplantation following the diagnosis of death 
by neurologic criteria. The objection appears to be about 
physician expectations rather than the status of the organs.

In December 2018, the Harvard Brain Death criteria will 
turn 50 years old [1]. Assuming most students start medical 
school in their 20s, most doctors today were taught that there 
are two ways to declare someone dead. Although most peo-
ple are declared dead utilizing cardiorespiratory criteria and 
only a few specialists will ever declare someone dead by brain 
criteria, the phenomenon is accepted as part of the fabric of 
medicine. However, even though the report succeeded in 
changing medical practice and the law, the process did not 
respect the concerns of the public; and the laws, problemati-
cally, may not represent an ethical consensus of society. 1968 
was a different time than 2018, and it is doubtful that an ad 
hoc committee of any medical school could have such an 
influence on the creation of public policy and law today.

Henry Beecher’s approach was, at its core, a matter of 
beneficence. He and his colleagues believed expanding the 
definition of death was best for society: best for both the 
donor (who would not regain consciousness) and the recipi-
ent (who would benefit from the transplanted organ). It is 
important to apply ethical principles to the brain death con-
cept and avoid blind acceptance of the dogma because we are 
fearful of the consequences (a decrease in number of organs 
to be transplanted). This fear leads to a type of informal logi-
cal fallacy. Allowing patients and families access to a wider 
range of decisions, including donation following a decision to 
withdraw life support, could lead to more transplantable 
organs.

In 1968, it was not standard of care or routine medical 
practice to allow surrogate decision-makers to withdraw life- 
sustaining treatment from patients. If it had been, one can 
imagine the ad hoc committee taking a different approach, 
one that allowed for donation before withdrawal of life- 
sustaining treatment, once the patient or patient’s family 
made the decision to withdraw treatment. Today, law and 
medical practice support the right of the patient to make the 
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decision to withdraw life-sustaining treatment. It may be time 
to consider allowing patients, once they make that decision, 
to consider whether or not to donate prior to the cessation of 
life support.

The standard of care changes over time, with advances in 
technology and scientific understanding. The first heart trans-
plant occurred 8 months before the ad hoc committee pub-
lished their influential paper, and death determination 
required the heart had stopped. Christian Bernard may have 
gotten it right when he let his colleague and brother, Marius 
Bernard, stop the donor heart with a potassium injection 
rather than let the organ suffer the ravages of hypoxia. The 
donor, Denise Durvall, was hemorrhaging after she was hit by 
a drunk driver while walking across a busy street in Cape 
Town, South Africa. The cardiac transplant team had stopped 
breathing for her, and it was, in their minds, a simple choice: 
stop the heart and transplant a healthy organ or wait for the 
heart to stop and transplant an injured organ [10].

Patients and surrogate decision-makers have rights not 
recognized in 1968. It may be time to revisit death determina-
tion and organ donation in light of these rights and all the 
ethical principles (autonomy, beneficence, nonmaleficence, 
and justice).

 Management

Our patient is legally dead in all US states except New Jersey. 
So, in New Jersey, under these circumstances, physicians can-
not declare Mr. Barnard brain dead. Physicians can only 
pronounce Mr. Barnard dead utilizing cardiorespiratory cri-
teria. The physicians must, then, respectfully work with the 
patient’s family (the designated surrogate decision-maker) to 
determine the wishes of the patient with regard to any treat-
ment decisions. It is critical to consider that while this patient 
rejects the diagnosis of death by neurologic criteria, that fact 
does not inform the team about the patient’s beliefs about 
medical treatments that prolong life. The patient may desire 
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life prolonging medical treatments, or he may not. The family 
provided information about the patient’s values with regard 
to the determination of death. Now, the physician should 
determine what the family knows about the patient’s wishes, 
values, and beliefs about life and life-sustaining treatment 
under the current situation and demonstrate respect for those 
values and beliefs.
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 2. Nutrition support has evolved to nutrition “ther-
apy,” which is proactive and enterally delivered to 
maintain gut integrity, reduce inflammation, and 
preserve gut immunity.

 3. Due to the lack of a consensus definition of malnu-
trition, the quantity and timing of nutrition support 
therapy can be guided by identifying “nutritional 
risk,” which is the risk of having a poor outcome due 
to insufficient nutrition.

 4. NUTRIC and NRS-2002 scores can be used to iden-
tify nutritional risk in critically ill adults.

 5. Critically ill adult patients deemed to be high nutri-
tional risk may benefit from early and aggressive 
nutrition support therapy.

 6. In the absence of contraindications, the enteral 
route is preferred over the parenteral route.

 7. How quickly enteral nutrition should be advanced 
following initiation is unclear. Enteral nutrition con-
tribution to hyperglycemia, tolerance, and risk for 
refeeding syndrome should be considered when 
titrating enteral nutrition to goal.

 8. Emerging data suggests parenteral nutrition is a 
safe and feasible alternative when early enteral 
nutrition is contraindicated or not tolerated.

 9. Critical care survival has improved over the past 
30 years. As a consequence, survivors acquire loss of 
muscle mass leading to reduced physical function 
and quality of life. Therefore, optimizing protein 
may be of greater value, as compared to total calo-
ries. Observational data suggests protein at doses 
≥1.2  g/kg/day is associated with improved ICU 
outcomes.

 10. Clinicians should be aware of individual patient-, 
provider-, and institutional process-related barriers 
to delivering and optimizing nutrition support 
therapy.
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 Case Study

A 75-year-old man with a past medical history of diabetes, 
hypertension, and alcoholism is brought to the emergency 
department by his spouse for 3 days of increasing shortness 
of breath, sputum production, and fever. Last alcohol use was 
3 days ago.

Review of systems is positive for 20-lb weight loss over 
the past 2 months due to poor oral intake. Past surgical and 
family histories are unremarkable. Social history reveals 
drinking up to ten beers per day. There is no history of recre-
ational drug use, no recent travel, and no occupational 
exposures.

Vital signs: temperature 102°F, blood pressure 90/40 mmHg, 
respiratory rate 28, heart rate 110/min and regular, and oxy-
gen saturation 82% on room air. The body mass index (BMI) 
is 19.8 (72 inches tall and weighed 150 lbs).

The patient appears anxious and diaphoretic. A jugular 
venous distention is not visualized. Bitemporal wasting is 
present. The skin is warm and flushed. Pulses are bounding. 
There are rhonchi and bronchial breath sounds over the 
right axillae. The remainder of the examination is 
unremarkable.

Hematologic studies are significant for elevated white 
blood cell count to 20,000/hpf. Serum chemistry is signifi-
cant for potassium 2.9  mmol/L (normal range 3.4–
5.1 mmol/L), phosphate 1.5 mg/dL (normal range 2.5–4.5 mg/
dL), magnesium 1.0  mg/dL (normal range 1.6–2.6  mg/dL), 
bicarbonate 18  mmol/L (normal range 22–29  mmol/L), 
serum creatinine 2.5  mg/dL (normal range 0.50–1.10  mg/
dL), and lactic acid 5  mmol/L (normal range 0.5–
2.0 mmol/L). Serum albumin level is 2 g/dL (normal range 
3.8–5.0 g/dL).

Arterial blood gas shows pH of 7.32, partial pressure car-
bon dioxide of 40 mmHg, partial pressure oxygen of 80 mmHg, 
and oxygen saturation of 90% on 10 liters oxygen.

Chest radiograph shows right middle lobe opacity.
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 Our Diagnoses and Initial Management

 1. Acute hypoxemic respiratory failure secondary to community- 
acquired pneumonia

 A. Endotracheal intubation for acute hypoxemic respira-
tory failure

 2. Sepsis secondary to community-acquired pneumonia

 A. Intravenous fluid boluses 30  mL/kg for sepsis-related 
hypotension

 B. Blood and respiratory cultures
 C. Empiric antimicrobial therapy for pneumonia

 3. Acute kidney injury, likely prerenal from hypotension

 A. Obtain urine electrolytes, creatinine, and microscopy to 
evaluate for acute tubular necrosis

 4. Lactic acidosis, likely a combination of type A (from hypo-
tension) and B lactic acidosis (from sepsis and thiamin 
deficiency)

 A. Intravenous fluid resuscitation
 B. Intravenous thiamine

 5. Chronic alcohol abuse with multiple electrolyte deficiencies

 A. Monitor for alcohol withdrawal
 B. Supplement magnesium, phosphate, and potassium
 C. Thiamine and folic acid supplementation

 What Is the Role of Nutrition 
in Critical Illness?

The case highlights common conditions (sepsis and respira-
tory failure) which lead to critical illness. These conditions, 
along with circulatory shock, trauma, burns, and postopera-
tive states, induce metabolic stress [1]. Metabolic stress may 
increase activation of neuroendocrine, immune,  inflammatory, 
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adipokine, and gastrointestinal pathways, which can lead to 
energy substrate use, proteolysis, and anabolic resistance 
(Fig. 13.1) [2].

First, uncontrolled catabolism leads to a cumulative calo-
rie deficit. This negative energy balance has been associated 
with development of acute respiratory distress syndrome, 
renal failure, and pressure sores. Caloric deficits between 
4000 and 10,000 kcal have been associated with organ failure 
and prolonged hospital length of stay [1, 3]. Second, the meta-
bolic stress pathways increase proteolysis and the circulation 
of muscle-derived amino acids (AA). In one study, the rectus 
femoris cross-sectional area decreased by 12.5% by day 7 and 
17% by day 10 in critically ill patients [4]. Furthermore, criti-
cally ill patients are commonly immobilized with muscle 

Trauma

Stressor

Neuroendocrine Inflammatory/Immune

Uncontrolled
catabolism

Proteolysis

Adipokines

Resistance to
anabolic signals

GIT hormones

Infection

Figure 13.1 Triggers such as trauma, infections, respiratory failure, 
and burns activate the metabolic response to stress which culmi-
nates in uncontrolled catabolism and resistance to anabolic signals, 
leading to proteolysis
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 disuse. The combination of proteolysis, stress-mediated ana-
bolic resistance, immobilization, and muscle disuse acceler-
ates loss of muscle mass. Loss of lean body mass has been 
associated with muscle weakness, poor wound healing, 
mechanical ventilator dependency, and increased risk for 
nosocomial infection [5, 6]. Among critical illness survivors, 
loss of muscle mass has been associated with impaired physi-
cal functioning and mobility and reduced quality of life [7].

Traditionally, nutrition was considered a form of “support” 
to mitigate caloric deficits. Exogenous nutrient delivery via 
enteral or parenteral routes can provide sufficient calories, 
micronutrients, and antioxidants for energy substrate reple-
tion and maintenance of daily caloric balance. Today, nutri-
tion, particularly enteral nutrition (EN), is considered a form 
of proactive “therapy” and is prescribed [8]. Despite the para-
digm shift, numerous questions remain surrounding optimal 
timing and quantity, route (enteral, parenteral, or both), and 
composition of nutrition.

 How Much Nutrition Should I Start (If Any)?

How much nutrition should be provided during critical ill-
ness? The quantity of early nutrition remains a point of con-
tention. Some experts argue for “less is more,” even suggesting 
a brief period of starvation during the first week of critical 
illness [9]. Different “less is more” strategies have been rec-
ommended: hypocaloric feeding is reducing the nonprotein 
calories and maintaining optimal protein dose (currently 
recommended at 1.2–2.0 grams/kg/day), permissive under-
feeding is providing 40–60% caloric prescription, and trophic 
feeding is providing 10–20  mL/h EN to gain the non- 
nutritional benefits [7]. Hypocaloric and permissive under-
feeding have been studied in general critical care patient 
populations, while trophic feeding has been studied largely in 
patients with acute respiratory distress syndrome.

The argument for starvation hinges on the concept of pre-
serving autophagy, which serves two important functions. The 
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first is a system of “housekeeping” for cells undergoing oxida-
tive stress to “clean up” unfolded proteins, viruses, and bacteria 
[7]. The second is to provide a survival mechanism in which 
amino acids are recycled to make adenosine triphosphate 
(ATP) for energy and for protein synthesis [7]. Feeding is 
believed to suppress autophagy, and hence, some experts favor 
starvation [10]. Opponents suggest the benefit of autophagy 
may be operative early, peaking at 24 h, and therefore limited, 
in critical illness. Furthermore, in mild critical illness, autophagy 
may be beneficial. However, excessive autophagy, as observed 
in increasing severity of illness, may be detrimental, leading to 
cellular component degradation and cell death [11]. Identifying 
the transition point where autophagy converts from a homeo-
static mechanism to a pathologic one remains problematic.

Five observational studies [12–16] and three small random-
ized controlled trials [17–19] (RCT) have shown clinical out-
comes are different when underfeeding is compared to full 
feeding in critically ill patients. Of these, two RCTs showed that 
underfeeding had lower mortality as compared to full feeding 
[17, 18]. One RCT showed a worse outcome (greater nosoco-
mial infections) with underfeeding [19]. These studies were 
methodologically limited, and inferences drawn from (the 
majority observational) studies should be made with caution.

Four RCTs have shown no differences in outcome between 
trophic EN versus full EN, hypocaloric EN versus full EN, 
and permissive underfeeding to full EN [20–23].

Clearly, no two ICU patients are alike. For example, an 
elderly patient with preexisting malnutrition due to multiple 
comorbidities admitted with respiratory failure requiring 
mechanical ventilation intuitively needs greater nutrition 
than a young athlete admitted after a motor vehicle accident. 
Identifying which patients will benefit from an aggressive 
nutrition prescription is key. All the aforementioned studies 
did not identify which patients would benefit from greater 
nutrition provision. Based on expert consensus, the 2016 
American Society of Parenteral and Enteral Nutrition 
(ASPEN) and Society of Critical Care Medicine (SCCM) 
nutrition support guideline recommends determining which 
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ICU patients would benefit from nutrition therapy by deter-
mining nutritional risk [8].

 What Is Nutritional Risk?

Malnutrition in the critically ill patient has been difficult to 
define which has led to a focus on which patients are at nutri-
tional risk. Nutritional risk is the probability of acquiring 
complications and other forms of adverse outcomes that 
might have been prevented by timely and adequate nutrition 
support [24]. Ideally, nutritional risk assesses for preexisting 
malnutrition and severity of acute illness. Identifying nutri-
tional risk (low or high) may assist in guiding the timing and 
aggressiveness of nutritional therapy.

How can the components of nutritional risk be identified? 
Anthropometric variables, such as recent weight loss, recent 
food intake, and body mass index (BMI) only take into 
account preexisting nutritional state and do not identify the 
severity of acute illness. In addition, these measures may be 
unavailable (e.g., mechanically ventilated and sedated 
patient) or inaccurate due to recall bias, as they may be self- 
reported. Furthermore, the “critical care obesity paradox” 
may disillusion clinicians into believing patients with a BMI 
>30 kg/m2 have improved critical care outcomes, as compared 
to those with a BMI <30 kg/m2 [25]. However, the BMI does 
not identify body composition, nor does it distinguish obesity 
phenotypes, such as sarcopenic (“loss of muscle mass and 
strength”) obesity, which may be more predictive of out-
comes. Biomarkers, such as albumin, prealbumin, and trans-
ferrin, have been utilized as surrogates for malnutrition; 
however, this misconception originated from erroneous 
descriptions of a malnutrition phenotype called kwashiorkor 
[26]. Albumin and prealbumin are not validated in critical ill-
ness for nutritional risk prediction and, overall, are poor 
measures of adequate nutrient intake and are very  nonspecific 
markers of malnutrition due to their negative acute phase 
properties (i.e., decreasing during acute illness). Screening 
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tools, such as the Malnutrition Universal Screening Tool, the 
Short Nutritional Assessment Questionnaire, and the 
Malnutrition Screening Tool, evaluate nutrition status and do 
not take into account severity of acute disease.

Over the past decade, scoring systems incorporating variables 
associated with preexisting nutritional status and acute illness 
have been developed to determine nutritional risk in critically ill 
patients. The Nutritional Risk Screening (NRS) 2002 is one such 
validated scoring system and identifies components of both 
nutritional status (0–3 points) and acute severity of illness (0–3 
points). An additional 1 point is added if the patient is greater 
than 70 years old. These scores are added together and if the 
score is ≥3, the patient is at nutritional risk [27].

More recently, Heyland et  al. developed and validated 
(in multiple cohorts) the Nutrition Risk in the Critically 
ill (NUTRIC) score (Table 13.1) [28]. NUTRIC identified 
six variables, assigning 0 to 2 points, associated with nutri-
tional risk, including age, Acute Physiology and Chronic 
Health Evaluation II (APACHE II) and Sequential Organ 
Failure Assessment (SOFA) scores, number of comor-
bidities, pre- ICU length of hospital stay, and interleukin-6 
level. Realizing not all medical centers can measure or 
have access to measuring an interleukin-6 level, a modi-
fied NUTRIC was developed and validated. A modified 
NUTRIC score ≥5 is associated with worse clinical out-
comes, including mortality and duration of mechanical 
ventilation, and these patients may benefit from an early 
aggressive nutrition prescription [29].

In fact, two prospective observational studies suggest 
patients at nutritional risk, as identified by NUTRIC score, 
who received early EN had better outcomes than those with 
low nutritional risk [30, 31]. More recently, observational 
studies using data from a multinational registry suggest 
patients with greater nutritional risk (NUTRIC ≥5) had 
improved outcomes with greater calorie and protein provi-
sion [32, 33].

Using validated scoring systems, identifying nutritional 
risk is prudent in determining which patients may benefit 
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from early and aggressive nutrition therapy and support. 
Once a patient is risk stratified, how does one determine the 
optimal route for delivering nutrition?

 Should I Start Enteral or Parenteral 
Nutrition (or Both)?

When a patient is deemed high nutritional risk and, therefore, 
may benefit from early initiation of nutrition, should they 
receive nutrition via an enteral route, parenteral route, or both?

Early EN is defined as feeding within 24–48 h, and barring 
any contraindications to using the gut is recommended over 

Table 13.1 The modified NUTRIC score excludes serum interleu-
kin- 6 value
Modified NUTRIC score variable Range Points
Age in years <50 0

50–75 1

>75 2

APACHE II score <15 0

15–19 1

≥20 2

SOFA score <6 0

6–9 1

≥10 2

Number of comorbidities 0–1 0

2+ 1

Hospitalization days before ICU admission 0–1 0

1+ 1

A total score of ≥5 identifies high nutritional risk
APACHE acute physiology and chronic health evaluation, 
ICU intensive care unit, SOFA sequential organ failure assessment
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early parenteral nutrition (PN) (Table  13.2) [8]. Meta- 
analyses comparing EN with PN showed reductions in 
 infectious complications and reduced length of hospital stay 
with EN [8]. EN, as opposed to PN, provides non-nutritional 
benefits. EN upholds the functional integrity of the gut and 
its functions, including maintaining enterocyte mass and 
function, preserving tight junctions and small bowel villous 
height, and supporting IgA-producing immunity [34]. 
Consider the consequences of absent intestinal lumen nutri-
ents: gut contractility would be reduced, and bacteria would 

Table 13.2 Recommendations for EN versus PN from major nutri-
tion support guidelines
Guideline Year Recommendation for EN vs PN
Canadian 
Critical Care 
Practice 
Guidelines

2013 When considering nutrition support 
for critically ill patients, we strongly 
recommend the use of EN over PN.

Society of 
Critical Care 
Medicine and 
American 
Society of 
Parenteral and 
Enteral Nutrition 
(ASPEN) 
Guidelines

2016 We recommend that nutrition support 
therapy in the form of early EN be 
initiated within 24–48 h in the critically 
ill patient who is unable to maintain 
volitional intake.

European 
Society of 
Enteral and 
Parenteral 
Nutrition 
(ESPEN) 
guidelines

2006 All patients who are not expected to 
be on a full oral diet within 3 days 
should receive EN. Although there 
are no data showing improvement in 
relevant outcome parameters using 
early EN, the expert committee 
recommends hemodynamically stable 
critically ill patients who have a 
functioning GI tract should be fed 
early with appropriate amount of EN.

EN enteral nutrition, GI gastrointestinal, PN parenteral nutrition
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be more likely to adhere to enterocytes, which would 
undergo contact- mediated apoptosis and consequently 
increase enterocyte permeability. Commensal bacteria would 
sense soluble compounds, such as catecholamines and ade-
nosine, and activate bacterial virulence genes to promote 
survival. The now dysbiotic bacteria would intercept host 
signals (via telesensing) to active macrophages and enhance 
inflammation, promote downstream organ dysfunction, and 
perpetuate multiple organ failure [35]. Furthermore, using 
the enteral route provides a conduit for potentially immune-
modulating agents and a means for stress ulcer prophylaxis 
(Table 13.3) [34, 36].

What is the role of PN? Three key questions are answered 
here: (1) When should exclusive PN be initiated in the criti-
cally ill patient with low nutritional risk? (2) When should 
exclusive PN be initiated for high nutritional risk? (3) When 
should supplemental PN be used? [37].

According to the 2016 ASPEN/SCCM guidelines, in 
patients with low nutritional risk, exclusive PN should be 
withheld for the first 7  days following ICU admission, par-
ticularly if early EN is not feasible [8]. In one RCT, exclusive 
early PN in adult ICU patients with a contraindication to EN 
showed no benefit [38].

In patients with high nutritional risk and EN is contraindi-
cated, the 2016 ASPEN/SCCM guideline recommends start-
ing PN as soon as possible following ICU admission [8]. Two 
meta-analyses comparing PN to standard therapy (i.e., no 
nutrition) in malnourished patients showed reduced compli-
cations with PN [39, 40].

In patients with high nutritional risk where EN is unable 
to meet ˃60% energy targets, supplemental PN is recom-
mended after 7–10 days. Initiating supplemental PN prior 
to 7–10  days has been shown to be met with worse out-
comes (EPANIC trial). Casaer et  al. showed increased 
infectious complications in those patients randomized to 
receive supplemental PN on ICU day 3, as compared to 
ICU day 8 [41].

Since publication of the 2016 ASPEN/SCCM guidelines, 
numerous RCTs have challenged the recommendation sug-
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gesting the superiority of early EN over PN in critical illness 
[42, 43]. Harvey et  al. conducted a multicenter pragmatic 
randomized controlled trial (CALORIES) of adults compar-
ing early EN to PN for up to 5 days and found no significant 

Table 13.3 Nutritional and non-nutritional benefits of early enteral 
nutrition
Nutritional and non-nutritional benefits of early enteral 
nutrition
Provision of micro-/macronutrients and antioxidants

  Decrease muscle and tissue glycosylation

  Increase mitochondrial function

  Increase protein synthesis

  Maintain lean body mass

  Enhance muscle function and mobility

Maintain gut integrity

  Decrease gut permeability

  Support commensal bacteria

  Promote insulin sensitivity

  Increase gut absorptive capacity

  Increase gut motility and contractility

Reduce inflammation

  Attenuate oxidative stress

  Reduce gut/lung axis of inflammation

Preserve and enhance immunity

  Maintain MALT tissue and increase secretory IgA

  Increase anti-inflammatory Th-2 response

  Modulate adhesion molecules to decrease macrophage and 
neutrophil transendothelial migration

Adapted with permission from Ref. [24]
IgA immunoglobulin A, MALT mucosal-associated lymphoid tissue, 
Th-2 type 2 helper cells
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difference in the primary outcome of all-cause 30-day mortal-
ity or secondary outcomes of infectious complications [42]. 
More recently, Reignier et al. conducted a multicenter prag-
matic randomized controlled trial (NUTRICEA-2) of adults 
comparing early EN to early PN in majority medical ICU 
patients with predominantly septic shock and found no dif-
ference in primary outcome of 28-day mortality. The EN 
group, as compared to the PN group, had higher cumulative 
incidences of vomiting, diarrhea, bowel ischemia, and acute 
colonic pseudo-obstruction [43].

Though CALORIES and NUTRICEA-2 were not pow-
ered for non-inferiority, the results of these trials are provoca-
tive and suggest early PN can be safely administered, even 
when early EN is not contraindicated, as in CALORIES, or 
may be contraindicated (due to shock), as in NUTRICEA-2. 
Furthermore, NUTRICEA-2 challenges the belief that EN 
provides non-nutritional benefits. However, it was full-dose 
EN that was associated with harm, and the benefit of trophic 
dose EN in shock remains unknown.

When nutrition is started, how fast should it be advanced? With 
EN, numerous factors must be considered, including initial 
EN tolerance, hyperglycemia due to endogenous glucose pro-
duction, and risk for refeeding syndrome [7]. First, patients 
with high nutritional risk may also be at greater risk for EN 
intolerance, including vomiting and mesenteric ischemia. 
Second, metabolic stress leads to hyperglycemia through glu-
coneogenesis and glycogenolysis. Adding exogenous glucose 
(via EN or PN) to endogenous glucose production increases 
hyperglycemia. Refeeding syndrome may be more prevalent 
than previously thought. According to the United Kingdom 
NICE guidelines, major risk factors for refeeding syndrome 
include poor oral intake for greater than the previous 10 days, 
low BMI (<16  kg/m2), unintentional weight loss of greater 
than 15% in the past 3–6 months, or low levels of potassium, 
phosphate, or magnesium before feeding [44]. These factors 
should be taken into consideration when advancing nutrition 
to goal [7].
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 What Is the Optimal Macronutrient?

Over the past 30  years, a better understanding of critical 
illness- related disease processes and improvements in 
management strategies and support systems have increased 
survival after critical illness [45]. Increased survival has 
been associated with acquired sarcopenia, impaired physi-
cal functioning, and a reduction in overall quality of life [4, 
46–49]. ICU-related risk factors for acquired sarcopenia 
include metabolic stress with anabolic resistance, sedation 
and immobilization, and inadequate nutrition. Emerging 
data suggest protein may be the most important compo-
nent of nutrition support, as opposed to total calories 
[29, 32, 33, 50, 51].

The 2016 ASPEN/SCCM guideline and recent international 
protein summit summary paper suggest providing 1.2–2.0 g/kg/
day protein for the general critical care patient [8, 52]. The 
recommendation is based on observational data suggesting 
improvements in nitrogen balance with at least 1.2  g/kg/day 
protein [53]. More recently, multiple observational data sug-
gest that achieving protein target during critical illness is asso-
ciated with improved ICU mortality [32, 33, 54–57]. In one 
study, Compher et al. demonstrated that each 10% increase in 
protein intake in high nutritional risk (defined by NUTRIC 
>5) patients resulted in a decrease in the odds of death by 6.6% 
in those who remained in the ICU for at least 4 days and 10.1% 
for those who remained for 12 days [32].

Five randomized controlled trials have compared high 
versus low protein in critically ill patients [58–62]. These are 
small studies with low methodologic quality, have heteroge-
neous populations, and report variable outcomes (such as 
handgrip strength or change in SOFA score). No study 
reported morality as a primary outcome. Before widespread 
implementation of guideline-based recommendations for 
protein dose can be made, a stronger evidentiary basis in the 
form of well-designed randomized controlled trials compar-
ing high to low protein is needed.
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Unfortunately, a large worldwide international survey sug-
gests critically ill patients around the world receive approxi-
mately 55% of prescribed protein (0.7  g/kg/day) [29]. 
Numerous reasons exist for patients not achieving protein 
targets. First, patient-related factors, such as nausea and vom-
iting, limit enteral delivery. Second, provider-related factors 
such as the perception of intolerance (e.g., what constitutes 
high gastric residual volume), a belief that greater protein is 
harmful in various ICU-related conditions such as acute kid-
ney injury, and current calls for permissive underfeeding may 
inadvertently limit protein provision. Third, process-related 
factors, such as delays in initiating and advancing nutrition, 
and ICU-specific barriers, such as withholding or interrupting 
nutrition for procedures, may limit achieving protein pre-
scription goal [63].

Strategies to increase protein delivery include providing 
supplemental protein (packets) enterally, using a high- protein 
enteral formula (newer formulas contain 35–37% of calories 
from protein), implementing novel enteral feeding strategies 
(such as volume-based feeding), and using parenteral amino 
acids (AA) [29].

 Our Assessment of Nutritional Risk 
in Our Patient

Our patient is a 75-year-old man with a past medical history 
of diabetes, hypertension, and alcoholism admitted for respi-
ratory failure and sepsis secondary to community-acquired 
pneumonia.

The patient’s history of poor oral intake and weight loss 
suggests pre-hospitalization malnutrition. Age, comorbidities, 
and severity of current illness leading to critical illness make 
our patient high nutritional risk (NUTRIC score ≥5), sug-
gesting he may have poor outcomes due to a lack of nutrition 
or insufficient nutrition. The patient also has major risk fac-
tors for refeeding syndrome.
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 Our Management Strategy for Nutrition 
in Our Patient

High nutritional risk suggests the patient will benefit from 
early nutrition. However, the patient’s preexisting malnutri-
tion (history of poor oral intake and weight loss) and signifi-
cant electrolyte depletions put the patient at risk for refeeding 
syndrome, which may limit early aggressive nutrition.

The patient has no reported contraindications for EN, 
which include hemodynamic instability requiring escalating 
vasoactive support, vomiting, ileus, active gastrointestinal 
bleed, and bowel ischemia. Therefore, EN is recommended 
using a standard (isocaloric) formula with a goal calorie pre-
scription of 25 kcal/kg/day and at least 1.2 g/kg/day protein. 
EN would be started through a nasogastric tube at an initial 
rate of 10–20 mL/h and titrated to goal slowly while monitor-
ing for refeeding syndrome. Serum phosphate, potassium, and 
magnesium should be checked frequently for repletion. Since 
the protein goal will not be achieved using a trophic EN rate, 
additional enterally delivered supplemental protein (packets) 
can be added.

If the patient does not tolerate EN, early exclusive PN has 
been demonstrated to be safe and efficacious for calorie 
provision.
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 Introduction

Endotracheal intubation in critically ill patients can be diffi-
cult and associated with significant morbidity and mortality 
[1–3]. Patients have underlying life-threatening pathology, 
may be hypoxemic and hypotensive, and may not tolerate 
induction and neuromuscular blockers well. Intubations in 
the ICU may differ vastly from intubations in the operating 
room which are often elective and performed in a controlled 
setting by trained anesthesiologists. Incidence of difficult 
intubation in the ICU as reported in literature ranges from 
1% to 23% depending on the definition of the difficult intu-
bation and center [4–7].
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The field of airway management has undergone a revolu-
tion in the last several decades with the development of vast 
array of airway devices and algorithms. Supraglottic airways 
(i.e., laryngeal mask airways) have firmly established their 
role as a rescue device, and widespread use of indirect laryn-
goscopy in the form of video laryngoscopes has improved 
first-time success of endotracheal intubation. In this chap-
ter, we will discuss some of the more advanced airway man-
agement techniques that an intensivist may need to utilize 
in the ICU.

 Case Presentation

The patient is a 65-year-old man with a medical history sig-
nificant for thoracoabdominal aneurysm, coronary artery 
disease (history of left anterior descending artery stent 
placed 2 years previously for angina, normal ejection fraction, 
asymptomatic), chronic obstructive pulmonary disease (no 
home oxygen, on ipratropium/albuterol combination inhaler, 
current smoker with a 40-pack year smoking history), and 
obesity (height 70 inches, weight 125 kg, BMI 39.5 kg/m2). The 
thoracoabdominal aneurysm was found incidentally on com-
puted tomography scan of the abdomen obtained 2  years 
previously on work-up for upper abdominal pain. He was 
followed with serial ultrasounds and presented for elective 
repair when the maximum diameter of the aneurysm exceeded 
5 cm. Lung isolation was achieved using a 41 French double- 
lumen endotracheal tube. Intubation was moderately difficult 
requiring two attempts by an experienced anesthesiologist 
with only arytenoid cartilage visible during direct laryngos-
copy. The total procedure length was 8 hours with an aortic 
cross clamp time of 90 minutes. Intraoperatively, he received 
12 liters of isotonic crystalloid fluid, 8  units of packed red 
blood cells, 3 units of fresh frozen plasma, and a dose of plate-
lets. The estimated blood loss was 2 liters and the urine out-
put was 3 liters. At the conclusion of the procedure, the 
patient was left intubated due to the need for ongoing 
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mechanical ventilation in the setting of a prolonged, high 
blood-loss surgical procedure which required a large-volume 
administration of crystalloid and blood products intraopera-
tively. It was also recognized that the patient would likely 
have an ongoing inflammatory response due to the long aor-
tic cross clamp time. The double-lumen tube was left in place 
due to concerns for the safety of the patient when replacing 
the double-lumen tube with a conventional single-lumen 
endotracheal tube. At that point, the patient had marked 
facial edema and probable airway edema. As noted previ-
ously, the patient was moderately difficult to intubate by an 
experienced laryngoscopist when he had no edema. The 
patient was admitted to the ICU, and over the following 
16 hours, he required an additional 10 liters of isotonic crys-
talloid fluid due to a significant systemic inflammatory 
response. The following morning, he remained obtunded with 
significant ventilator requirements (fraction of inspired oxy-
gen 60%, PEEP 10  cm H2O). He had thick secretions that 
were being inadequately suctioned due to small lumens of the 
double-lumen tube. On exam, he had severe anasarca with 
marked edema of the face, lips, tongue, chest/abdominal walls, 
and extremities. The impression was that he would require 
mechanical ventilation for a minimum of 7–10 days.

He requires replacement of the double-lumen tube with a 
conventional single-lumen endotracheal tube due to pulmo-
nary toilet requirements and the need for prolonged mechan-
ical ventilation. What are the options for managing the airway 
of this patient?

 Recognizing the Difficult Airway

It is important to recognize the potential for a difficult airway 
in order to best prepare for airway management. This should 
always begin with careful evaluation and planning. 
Identification of difficult airway management remains chal-
lenging, but several patient factors that would suggest poten-
tial airway management difficulty include:
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 1. Mallampati Classification of III or IV.  Patients with 
Mallampati Scores of III and IV Are Predictably more 
Difficult to Intubate than Patients with Mallampati Scores 
of I or II (Table 14.1).

 2. Short thyro-mental distance. A thyro-mental distance less 
than 3 fingerbreadths (approximately 3  cm) suggests an 
anteriorly placed larynx that may be difficult to visualize 
using direct laryngoscopy.

 3. Limited mouth opening. Inter-incisor distance of less than 
3 fingerbreadths (3 cm) with the mouth fully open.

 4. Limited head and neck movement. Neck extension could 
be limited by disease (arthritis, ankylosing spondylitis, 
prior fusion) or trauma (neck immobilized to protect 
against spinal cord trauma).

 5. Obesity.
 6. Large volume of airway secretions.
 7. Blood in the airway.
 8. History of difficult intubation. This is the most specific indi-

cator of a difficult airway. Unexpected difficult intubations 
are often the most difficult to manage since preparations 
for a difficult intubation have not been made. It is impor-
tant to question the patient and/or family and scan the 
medical record to determine if the patient has had a diffi-
cult intubation in the past. Similarly, it is important that 
providers who have encountered difficult intubations ade-
quately document the event and inform the patient and 
family.

Table 14.1 Mallampati classification for mouth opening
Mallampati 
classification Visualization
Class I Soft palate, fauces, uvula, tonsillar 

pillars

Class II Soft palate, fauces, uvula

Class III Soft palate, uvular base

Class IV Hard palate only
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 9. Syndromes with associated airway abnormalities (i.e., 
Pierre Robin, Treacher Collins, Downs, Goldenhar, etc.).

 10. Tumors/lesions involving upper airway structures includ-
ing the tongue, oral cavity, tonsils, larynx, etc.

 11. Tumors/lesions involving the trachea.
 12. Marked edema of the face, tongue, and/or airway.

 Independent Risk Factors for Difficult 
Mask Ventilation

The ability to predict difficulty of bag-mask ventilation is as 
important as identifying factors for difficult intubation [8]:

 1. Presence of beard
 2. BMI > 26 kg/m2

 3. Lack of teeth
 4. Age > 55 years
 5. History of snoring

 Airway Management

The goal of respiratory support is to enable the patient to 
adequately oxygenate and ventilate. Patients with mild to 
moderate pulmonary insufficiency may need only supple-
mental oxygen and an ability to clear secretions on their own 
to achieve this goal. Patients with respiratory failure either 
due to general anesthesia or disease often require positive 
pressure ventilation and supplemental oxygen (mechanical 
ventilation) to achieve these goals. Most often, an endotra-
cheal tube is placed in order to protect the airway from aspi-
ration while providing optimal mechanical ventilation. 
Endotracheal tubes enter the patient via the mouth (oral 
endotracheal tube) or nares (nasal endotracheal tube) or 
directly into the trachea through the neck (tracheostomy 
appliance). For the purpose of this chapter, we will refer to 
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the process of securing the airway with an endotracheal tube 
as airway management.

When placing patients under general anesthesia for surgi-
cal procedures, airway management is determined by surgical 
factors and patient factors. Surgical factors are numerous and 
include procedure duration, procedure site, positioning, and 
laparoscopic versus open procedures. Patient factors include 
the predictors of difficult airway discussed previously as well 
as comorbid conditions including gastroesophageal reflux 
disease, esophageal achalasia, and baseline pulmonary dis-
ease. For elective operations, patients are usually breathing 
comfortably and can be preoxygenated. Preoxygenation 
removes the 79% nitrogen from the functional residual 
capacity of the lungs which maximizes the amount of time 
available for intubation. In addition, the option usually exists 
to cancel the procedure before induction of anesthesia if air-
way management is deemed too risky or to abort the proce-
dure if attempts to secure the airway after induction are 
unsuccessful. Consideration can be made for using an alter-
native means of securing the airway, such as an awake intuba-
tion technique with flexible fiber-optic bronchoscopy. There 
are society guidelines, such as the American Society of 
Anesthesiologists difficult airway guidelines [9], which help 
with this decision-making (Fig. 14.1).

In the ICU, the option to abort attempts to secure the air-
way or to perform an awake intubation is usually not avail-
able due to respiratory distress or ventilator dependence. The 
goal in airway management should always be to not make the 
respiratory status of the patient worse. While this concept 
seems to be self-evident, there are often many good argu-
ments to make adequate airway access better. At that point 
the risks and benefits of changing the airway must be care-
fully considered.

In the example noted in the case presentation, even a large 
double-lumen tube (41 French) is difficult to manage long- 
term. Exact dimensions vary by manufacturer, but each 
lumen of the 41 French double-lumen tube is small with an 
inner diameter of 4.6 to 5.4 mm. It has a maximal outer diam-
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eter of 14.3–14.9 mm. A 39 French double-lumen tube has a 
maximal outer diameter of 14.2–14.4  mm. Compare these 
dimensions with those of an 8.0 single-lumen endotracheal 
tube which has an inner diameter of 8.0  mm and an outer 
diameter of 11 mm. Therefore, it is more difficult to suction 
secretions from a patient with an appropriately sized double- 
lumen tube due (39 or 41 French) compared to a patient with 
a convention, 8.0 single-lumen endotracheal tube. In addition, 
compared to a single-lumen tube, the larger diameter of the 
double-lumen tube increases the probability of glottis injury 
especially when endotracheal intubation is required for a 

Airway approached by 
nonsurgical intubation

Invasive airway access*

Succeed* Fail

Cancel case Consider feasibility 
of other options

Invasive 
airway 
access

Awake intubation
Intubation attempts after 

induction of general anesthesia

Initial intubation
attempts successful

Initial intubation
attempts unsuccessful

From this point onwards 
repeatedly consider the

advisability of:

1) Returning to 
spontaneous 
ventilation

2) Awakening the 
patient

3) Calling for help

Nonemergency pathway

Intubation unsuccessful, mask 
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ventilation inadequate
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Call for help

Inadequate or not feasible

Figure 14.1 Modified from Apfelbaum et  al. [9]. Please refer to 
Apfelbaum et al. for more details
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prolonged period of time. Suboptimal pulmonary toilet and 
increased risk for glottis injury are both good arguments to 
switch from a 39 French or 41 French double-lumen tube to 
an 8.0 single-lumen tube. However, exchanging an endotra-
cheal tube in this situation can be challenging and quite risky.

The safest way to manage this airway would have been 
placing a conventional single-lumen tube preoperatively and 
isolating the lung using a bronchial blocker. No endotracheal 
tube exchange would have been required. Unfortunately, 
lung isolation may be less than ideal for surgical exposure. 
Also, bronchial blocker placement can sometimes be chal-
lenging. Both could preclude using a conventional, single- 
lumen endotracheal tube for the procedure. Another option 
would be exchanging the tube in the operating room prior to 
transfer to the ICU. In this case, the tube would be exchanged 
in the relatively controlled environment of the operating 
room by an anesthesiologist with extensive airway expertise 
with ready availability of a surgeon for a surgical airway. Also, 
predictably, there would likely be less facial and airway 
edema immediately postoperatively than 12–24  hours later 
after an additional large volume of IV fluid. This stresses the 
importance of communication between the anesthesiology 
team and ICU team which would have ideally started before 
the surgical procedure.

As alluded to earlier, airway management outside of the 
operating room or procedure site tends to be more difficult 
due to a variety of reasons. Most times, airway management 
is not elective. The patients usually have not been fasting. In 
the critical care setting, they tend to have an ileus. They are 
therefore at increased risk for aspiration. Furthermore, respi-
ratory distress and underlying disease reduce the number of 
options. The factors noted previously that are associated with 
difficult intubations are more prevalent in the ICU popula-
tion than in the general population. Staff of the ICU should 
be prepared for the urgent need for airway management at all 
times. This includes having supplemental oxygen, suction, 
equipment for bag-mask ventilation, laryngoscopes, endotra-
cheal tube sizes in a variety of sizes, endotracheal tube stylets, 
induction medications, a carbon-dioxide detection device, 
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appropriate monitors, and backup equipment all readily 
available. Backup equipment could include cricothyroidot-
omy kits, laryngeal mask airways, video laryngoscopes, airway 
exchange catheters, and tracheal bougies.

In addition to always being prepared for urgent/emergent 
airway management, anticipating the need for airway man-
agement in the near future is critical. Ideally, airway manage-
ment is done during normal waking hours when staff members 
with airway management experience are readily available. 
Furthermore, if an airway is anticipated to be particularly 
challenging, surgical backup should be arranged for in 
advance. If the need for special equipment is expected, that 
equipment could be obtained in advance.

The general approach to airway management is as 
follows:

 1. The patient is preoxygenated and is monitored with the 
standard monitors at minimum. This includes ECG, nonin-
vasive blood pressure measurements, and pulse oximetry. 
Mask assist ventilation is provided if necessary.

 2. The patient is induced. Induction agents are determined by 
the patient’s clinical status and are beyond the scope of this 
chapter. Chemical paralysis will most likely facilitate intu-
bation but should be used with caution. Succinylcholine 
can lead to hyperkalemic cardiac arrest and is associated 
with malignant hyperthermia. The risk for hyperkalemia is 
higher in the ICU population than in the general popula-
tion. In addition, the risk of being unable to ventilate the 
patient after paralysis must be considered. The 
 non- depolarizing neuromuscular blocking agents in the 
past were not immediately reversible. Recently, the FDA 
has approved sugammadex, a novel drug which binds 
rocuronium and vecuronium and can rapidly reverse neu-
romuscular blockade. Sugammadex may not be readily 
available at all centers.

 3. Once induced, there should be multiple options for airway 
visualization and endotracheal tube placement. For most 
cases, direct laryngoscopy can be used. If unsuccessful, con-
sideration for a second attempt can be made. Our practice 
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is to limit attempts by any one individual on the team for 
any particular method to two. Thereafter, either a different 
individual should attempt airway placement or a different 
technique should be used. The intent is to minimize failed 
intubation attempts and the associated morbidity. 
Morbidities include injuries associated with hypoxia, inju-
ries to the airway, and worsening airway edema. The differ-
ent options will be discussed.

 4. After placing the airway device, successful placement 
should be confirmed by checking for end-tidal carbon 
dioxide. Proper positioning is assessed by auscultation and 
chest X-ray.

There are a number of devices available to provide ade-
quate oxygenation and ventilation. A secure airway is consid-
ered to be a tube positioned in the trachea. Most commonly 
oral endotracheal tubes or tracheostomy appliances are used 
to secure the airway. Endotracheal tubes are placed using the 
following methods:

 1. Direct laryngoscopy: This is the most commonly used 
method for endotracheal tube placement. Laryngoscopes 
are relatively inexpensive but require a significant amount 
of experience for facile use. Patient positioning is 
important.

 2. Video laryngoscopy: Video laryngoscopy has revolution-
ized airway management. These items vary somewhat by 
manufacturer. There are some video laryngoscopes which 
use traditional laryngoscope blades such as Macintosh and 
Miller blades. This allows trainees to perform traditional 
direct laryngoscopy or video laryngoscopy while the 
instructor assesses their performance on a monitor. The 
instructor can provide verbal feedback and/or indirect 
assistance with external manipulation of the airway. The 
GlideScope is a video laryngoscope manufactured by 
Verathon. The GlideScope blade is curved but has more 
angulated tip than the Macintosh blade. This may allow for 
better visualization of an anteriorly positioned larynx than 
would be possible with a Macintosh or Miller blade. In our 
experience, successful intubation is more likely achieved 
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using the rigid, curved, endotracheal tube GlideRite stylet. 
This is due to the ability to better direct the endotracheal 
tube tip toward the entrance to the larynx. The GlideRite 
stylet is also manufactured by Verathon. Video laryngos-
copy has greatly reduced the incidence of prolonged intu-
bation attempts at our institution.

 3. Flexible bronchoscopy: Performance of awake fiber-optic 
bronchoscopy (Fig. 14.2) is probably the gold standard for 
a difficult intubation. The airway can be made insensate 
using topical local anesthesia and/or nerve blocks. Only a 
moderate amount or no IV sedation is needed. The airway 
can then be secured with the patient awake and spontane-
ously breathing, thus eliminating the risk of airway loss 
while securing the airway. Unfortunately, this method is of 
little or no use in noncooperative patients or in patients 
with respiratory distress. Asleep, fiber-optic bronchoscopy 
can be used but can be less than ideal in patients with mar-
ginal oxygenation (high A-a gradient) or in patients with a 
large volume of secretions.

 4. Lighted stylet: The lighted stylet (light wand) is a flexible 
stylet with a very bright light source at its tip (Fig. 14.3). 
This is an indirect intubation technique where the endotra-
cheal tube is positioned while assessing the brightness of 
the stylet tip under the skin and is performed with the 
patient under general anesthesia. This has been very help-
ful in situations where neck movement needs to be 

Figure 14.2 Karl Storz fiber-optic bronchoscope
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 minimized and where movement with coughing could be 
detrimental. We find this most useful for patients with 
unstable cervical spine injuries. This technique does require 
a significant amount of practice. Also a very dark room in 
required. Ambient light at any level, such as through a 
shaded window, makes this technique very difficult.

 5. Airway exchange catheter: Use of an airway exchange cath-
eter (Fig.  14.4) is one of our preferred techniques when 
replacing an appropriately placed endotracheal tube in a 
perceived challenging airway. This technique is used if the 
current tube is damaged, is blocked with secretions, or is 
inappropriate for the clinical situation. Inappropriate endo-
tracheal tubes include conventional, single-lumen tubes 
that are too small or double-lumen tubes.  Limitations to 
this technique include an exchange catheter that is too large 
to pass through the preexisting endotracheal tube or too 

Figure 14.3 Light wand lighted stylet by vital signs

Figure 14.4 Cook airway exchange catheter (11 French, 100 cm)
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small for the replacement endotracheal tube. It is some-
times difficult or impossible to remove an endotracheal 
tube over an exchange catheter that is too large while keep-
ing the exchange catheter in the trachea. Similarly, if the 
exchange catheter is too small or not rigid enough, the new 
endotracheal tube may get snagged on an airway structure, 
such as a vocal cord, which could leave the patient with no 
airway. An additional potential complication is airway 
trauma passing the exchange catheter too deep into the air-
way. Cook produces a number of airway exchange catheters 
of varying diameters and lengths. Exchange catheters 
designed for double-lumen tube replacement have a flexi-
ble tip and are relatively rigid. The flexible tip lowers the 
risk of deep airway trauma. The increased rigidity reduces 
the risk of displacement of the catheter from the trachea 
during exchange of the endotracheal tube.

 6. Intubating laryngeal mask airway (LMA): Endotracheal 
tubes can be passed through a conventional LMA or an 
LMA designed specifically for this purpose. This allows for 
easier oxygenation and ventilation of the patient between 
intubation attempts. If the LMA is properly positioned, a 
relatively small (6–6.5 mm internal diameter) endotracheal 
tube can then be passed blindly or over a flexible broncho-
scope into the trachea through the LMA airway tube. 
Some LMAs are manufactured specifically for this purpose 
(Fig. 14.5). Limitations to this technique include the small 

Figure 14.5 Disposable air-Q intubating laryngeal mask. Different 
sizes of the air-Q (left), picture of an endotracheal tube through the 
inner lumen of the air-Q (right)
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endotracheal tube size needed to pass through an LMA 
and the difficulty in properly positioning a laryngeal mask 
airway in patients with difficult airway anatomy.

 7. Retrograde wire intubation: This technique requires a per-
cutaneous puncture through the cricothyroid membrane 
and passing a wire blindly into the hypopharynx, through 
the pharynx and then out the mouth. An airway exchange 
catheter is then passed over the wire followed by passing 
an endotracheal tube into the trachea over the exchange 
catheter. The most common indications include unstable 
cervical spine, fracture of the mandible, upper airway mass, 
and inability to visualize vocal folds due to blood, secre-
tions, or anatomic variations. Commercial kits are available 
(Fig. 14.6).

 The Difficult Airway Response Team

Some institutions, including the authors’, have a Difficult 
Airway Response Team (DART). This multidisciplinary team 
which includes anesthesiologists, otolaryngologists, trauma 
surgeons, and emergency medicine physicians is for patients 

Figure 14.6 Cook retrograde intubation set
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with known difficult airways or those who have failed stan-
dard attempts at intubation. This team provides around-the- 
clock coverage in the hospital and has the ability to obtain an 
emergent surgical airway if needed. At the University of 
Rochester, this team was developed under the direction of 
Dr. Zana Borovcanin. Figure 14.7 illustrates two carts that are 
emergently brought to any DART activation at our 
institution.

 A Reasonable Approach

A reasonable approach to the case presented at the begin-
ning of the chapter is as follows. Using an 11 Fr, 100 cm long 
soft-tipped Cook catheter specifically designed for double- 
lumen endotracheal tubes, the 41 French double-lumen 
 endotracheal tube could be replaced with an 8.0 mm inner 
diameter conventional endotracheal tube. The patient should 
be ventilated on 100% oxygen for several minutes prior to 

Figure 14.7 University of Rochester Medical Center carts. Mobile 
Difficult Airway Response Team cart (left), mobile emergency surgi-
cal airway cart (right)
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the exchange attempt to maximize the time available to 
make the exchange. The exchange should be planned for 
during the workday with provisions made for surgical 
backup. In addition, backup airway equipment including 
conventional laryngoscope, video laryngoscope, and LMA 
should be on hand. The patient should be appropriately 
sedated for the procedure. It would be reasonable to chemi-
cally paralyze the patient for the procedure to facilitate the 
exchange. A successful approach for us is performing the 
endotracheal tube exchange either under direct vision using 
direct laryngoscopy or using the video laryngoscope. This 
facilitates passage of the new tube. It also provides for 
proper laryngoscope position and airway visualization if the 
exchange catheter unintentionally or intentionally comes 
out of the trachea. If this were unsuccessful, intubation using 
direct laryngoscopy, video laryngoscopy, or flexible fiber-
optic bronchoscopy could be attempted. The patient could 
be oxygenated and ventilated between attempts using bag-
mask ventilation or a laryngeal mask airway. Intubation 
through the LMA could also be considered but would 
require exchange of the small conventional endotracheal 
tube for a larger tube in the future. Lastly, a surgical airway 
could be placed if all attempts failed or the patient became 
hemodynamically unstable or hypoxic. This could include 
either an emergent open tracheostomy or percutaneous 
cricothyroidotomy.

 Summary

The best approach to management of a difficult airway in the 
ICU is prevention and adequate preparation. Ideally, the 
patient comes to the ICU from the operating room with an 
endotracheal tube that can be used for the duration of the 
patient’s time on mechanical ventilation or until it is replaced 
with a tracheostomy appliance via a tracheotomy. If a non-
intubated patient with a difficult airway has pending respira-
tory failure, the planning done far in advance of the event is 
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very important. This includes having oxygen, suction, induc-
tion medications, endotracheal tubes, airway equipment, and 
trained personnel ready and available. It is important to have 
a flexible approach to managing a challenging airway. This 
includes quickly moving to alternative options if the initial 
technique is not successful and having a relatively low thresh-
old to proceeding to a surgical airway especially if the patient 
is unstable.
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 Case Summary

A 68-year-old woman with multiple medical problems pres-
ents to the emergency room. She was transported via EMS 
from her skilled nursing facility with a 1-day history of altered 
mental status, chest pain, hypotension, and fevers. She was 
discharged to the skilled nursing facility 4 weeks previously 
following a 1 week hospital stay for non-ST elevation myo-
cardial infarction (NSTEMI) that required percutaneous 
coronary intervention with stent placement, as well as acute 
on chronic renal insufficiency from which her creatinine had 
returned to her baseline of 2.2 at the time of discharge.

Review of her records reveals a past medical history of 
chronic respiratory failure requiring 2 liters via nasal cannula, 
chronic renal insufficiency, anemia of chronic disease, 

Chapter 15
Hemodynamic Monitoring: 
What’s Out There? What’s 
Best for You?
Heath E. Latham

H. E. Latham  
Division of Pulmonary and Critical Care Medicine, Department 
of Internal Medicine, The University of Kansas Medical Center,  
Kansas City, KS, USA
e-mail: hlatham@kumc.edu

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-94424-1_15&domain=pdf
mailto:hlatham@kumc.edu


268

congestive heart failure with a reduced ejection fraction of 
35% by echo 1 month prior, diabetes mellitus type II with a 
recent Hgb A1c of 8.2%, and morbid obesity with a BMI of 
36  kg/m2. She is a lifelong non-smoker and recently retired 
from the food service industry. She is a widow with the death 
of her husband a year ago. She was living independently previ-
ous to her recent hospitalization, but her family was concerned 
with her ability to care for herself. Her family history is 
remarkable for cardiac disease in both parents and her brother.

On evaluation in the emergency department, she appears 
ill and is somnolent but arouses to her name and is able to 
answer simple questions. She reports feeling fatigued with 
increased shortness of breath and non-radiating chest dis-
comfort along her sternum with mild nausea. These symp-
toms were present when she awoke this morning. She was 
told she had a fever by one of the techs at the nursing facility 
but denies chills or sweats. She reports taking all her medica-
tions which include metoprolol, amlodipine, insulin glargine, 
insulin aspart, furosemide, atorvastatin, clopidogrel, and aspi-
rin. She denies cough or abdominal pain. She has lower 
extremity edema which she reports as being chronic and 
stable.

On examination, the temperature is 38.3  °C, the blood 
pressure 82/45  mmHg, the pulse 92 beats per minute, the 
respiratory rate 22 breaths per minute, and the oxygen satura-
tion 95%, while the patient is breathing 8 liters by nasal cannula. 
Her oral mucosa appears dry and is without lesions. Her body 
habitus does not allow assessment of JVD. Her heart sounds 
are distant but normal. There are decreased breath sounds in 
the bases but no appreciable rales or wheezes. There is dull-
ness to percussion in the bilateral bases. Her abdomen is 
obese, soft, and without distention or tenderness to palpation. 
She has 1+ bilateral lower extremity edema to the mid-shins. 
Her skin is without rash and is warm to the touch peripher-
ally. There are no neurologic deficits.

Laboratory examination is shown in Table 15.1 and is per-
tinent for a white blood cell count of 16 per mm3 with a left 
shift, hemoglobin of 8.4 g/dL, carbon dioxide of 18 mmol/L, 
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Table 15.1 Laboratory data

Variable
Ref. 
range Admission

Previous 
discharge

Hemoglobin (gm/dL) 13.5–16.5 8.4 7.8

Hematocrit (%) 40–50 25.2 23.4

Platelet count (K/uL) 150–400 173 125

White blood cells 
(K/uL)

4.5–11.0 16.0 7.5

Segmented neutrophils 
(%)

41–77 72 52

Absolute neutrophil 
count (K/uL)

1.8–7.0 15.04 4.05

Bands (%) 0–10 22 2

Lymphocytes (%) 24–44 5 40

Monocytes (%) 4–12 1 6

Sodium (mmol/L) 137–147 146 137

Potassium (mmol/L) 3.5–5.1 4.0 3.8

Chloride (mmol/L) 98–110 112 108

CO2 (mmol/L) 21–30 18 23

Blood urea nitrogen 
(mg/dL)

7–25 64 42

Creatinine (mg/dL) 0.4–1.24 2.90 2.20

Glucose (mg/dL) 70–100 235 184

Albumin (g/dL) 3.5–5.0 3.8 3.1

Calcium (mg/dL) 8.5–10.6 9.8 8.6

Total bilirubin (mg/dL) 0.3–1.2 1.2 0.8

Total protein (mg/dL) 6.0–8.0 7.2 6.5

AST (u/L) 7–40 35 18

(continued)
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creatinine of 2.9 mg/dL, glucose of 235 mg/dL, and lactic acid 
of 3.2  mmol/L.  Her urinalysis is positive for 2+ glucose, 1+ 
protein, nitrites, and 2+ leukocytes. Electrocardiogram reveals 
sinus rhythm with early repolarization and flattening of the 
T-waves in the lateral leads. A portable chest X-ray reveals 
small lung volumes with stable small bilateral effusions and 
cardiomegaly when compared with prior imaging.

 Differential Diagnosis

This 68-year-old woman with multiple medical problems 
including a recent history of NSTEMI with cardiomyopathy 
presents with shock. Shock is defined as a state of life- 
threatening acute circulatory failure secondary to one or more 
of four mechanisms [1, 2]. All categories of shock should be 
considered time-sensitive medical emergencies requiring 
focused investigation to identify the etiology and prompt 
intervention in order to limit the consequences of shock-
induced global tissue hypoxia [3]. The three leading consider-
ations for this patient’s shock would be distributive shock due 
to a septic source, obstructive shock due to acute pulmonary 
embolism (PE) or pericardial tamponade, and cardiogenic 
shock with her recent history of NSTEMI and coronary stent 

Table 15.1 (continued)

Variable
Ref. 
range Admission

Previous 
discharge

ALT (u/L) 7–56 42 21

Alk phosphatase (u/L) 25–110 105 80

Lactic acid (mmol/L) 0.5–2.0 3.2

Troponin I (ng/mL) 0.0–0.05 0.09

pH-arterial 7.35–7.45 7.34

pCO2-arterial 35–45 37

pO2-arterial 80–100 68
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placement. There are no signs of blood loss or history to sup-
port significant volume loss, making hemorrhagic and hypovo-
lemic shock unlikely etiologies for her hypotension.

The clinical picture is most supportive of distributive shock 
from a septic source. She has four out of four criteria for the 
systemic inflammatory response syndrome. In particular, she 
has a leukocytosis with left shift and fever, with findings on the 
urinalysis concerning for a urinary tract infection. She is warm 
to the touch peripherally which is most consistent with a dis-
tributive form of shock and less consistent with cardiogenic, 
obstructive, or hypovolemic shock. With her recent history of 
NSTEMI and stent placement, stent occlusion and cardio-
genic shock must be considered. She does report a non-radiat-
ing chest pain. Her ECG does have flattening of T-waves, but 
no acute ST-segment changes that would support a stent 
occlusion. Her troponin is only mildly elevated and in con-
junction with the T-wave changes likely reflects global tissue 
ischemia as a result of the shock. Additional diagnostic testing 
of her hemodynamics is important to further evaluate for pos-
sible cardiogenic shock as well as obstructive shock.

Obstructive shock from pericardial tamponade or acute PE 
should be considered but are less likely causes of this patient’s 
shock. It is possible the patient could have a pericardial effu-
sion secondary to a pericarditis as the cause of her chest pain 
and fever with resultant tamponade causing her shock, but 
this is less likely compared to septic shock. She does have dis-
tant heart sounds, but this is likely related to her morbid obe-
sity and less likely a sign of tamponade. The ECG is without 
findings of low voltage or electrical alternans. Although a 
specific finding, the absence of electrical alternans does not 
rule out the presence of a pericardial effusion or tamponade. 
In addition, the CXR does not demonstrate abnormalities of 
the cardiac silhouette suggesting the development of pericar-
dial effusion. Worsening hypoxemia and non-specific chest 
pain with a relatively unchanged CXR does raise the suspi-
cion of an acute pulmonary embolism as a cause of obstruc-
tive shock. She was hospitalized 4  weeks prior which does 
increase her risk of DVT and PE, but her lower extremity 
edema is chronic, bilateral, and symmetric without pain. 
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There are other diagnoses that are more likely which makes 
DVT and PE less likely in this case. Additional diagnostic 
noninvasive testing and evaluation of hemodynamics will rule 
both forms of obstructive shock as a contributing factor.

 Treatment and Management I

The treating physician favors the diagnosis of septic shock 
from a urinary source, and treatment is initiated with appro-
priate intravenous antibiotics and initial fluid resuscitation per 
the Surviving Sepsis Guidelines [4]. As the initial fluid bolus is 
delivered to the patient, additional hemodynamic monitoring 
should be considered to assess for volume responsiveness to 
guide further volume resuscitation. Objective assessment for 
volume responsiveness is critical to the care of shock patients 
as only 50% of patients in shock benefit from volume chal-
lenges [5–8]. Hemodynamic monitoring allows for objective 
assessment of the cardiovascular system response following 
volume infusion to improve stroke volume and enhance the 
delivery of oxygen to tissues in order to meet the metabolic 
demand which distinguishes fluid responders from non-
responders [9, 10]. Depending on institutional resources, 
monitoring strategies range from simple bedside examination 
to advanced technologies, although assessment of changes in 
dynamic variables such as stroke volume is favored over static 
measures such as CVP or IVC compressibility [4].

 Clinical Parameters for Assessing for Volume 
Responsiveness

For the remainder of this chapter, we will reference the assess-
ment of fluid or volume responsiveness with regard to various 
hemodynamic monitoring devices or techniques. Evaluating for 
fluid responsiveness is important to determine whether or not 
an individual patient is on the ascending portion of the Frank-
Starling curve and therefore could benefit from increased 
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cardiac output and oxygen delivery following a fluid bolus [11, 
12]. Fluid given to the nonresponsive patient will contribute to 
third spacing, and a growing body of literature raises concerns 
of volume overload in the critically ill patient contributing to 
morbidity and mortality [6, 13–16]. Understanding key clinical 
principles in which dynamic measures are obtained is essential 
to ensure any hemodynamic monitoring device or technique is 
used and interpreted accurately. There are three main principles 
to consider when assessing for fluid responsiveness: [1] utilizing 
the heart-lung interaction to evaluate variability indices, [2] 
direct assessment of stroke volume or a surrogate of stroke 
volume that is not dependent on the heart-lung interaction, and 
[3] knowledge of the source of a volume challenge.

Assessment of volume responsiveness utilizing the heart- lung 
interaction is dependent on the physiologic effects of positive-
pressure ventilation on cardiac preload and afterload with resul-
tant breath-to-breath variation in systolic blood pressure, pulse 
pressure, stoke volume, and arterial flow velocity [17]. During 
the inspiratory phase of a ventilated breath, the rise in pleural 
pressure results in a rise in right atrial pressure and impedes fill-
ing of the right side of the heart and pulmonary arteries. 
Simultaneously, there is transient increased filling of the left side 
of the heart that maximizes stroke volume from the left ventricle 
at the end of the breath. The impeded filling of the right side of 
the heart and pulmonary arteries transits the lungs to the left 
heart over three to four cardiac cycles to produce the stroke 
volume at the end of the expiratory phase of the respiratory 
cycle [18, 19]. The more volume deplete the patient, the greater 
the impact of the positive-pressure ventilation on the right heart 
filling and the greater the variability in the stroke volume from 
breath to breath. This variation is the principle by which pulse 
pressure variation (PPV), systolic pressure variation, (SPV), and 
stroke volume variation (SVV) are used to determine volume 
responsiveness (Fig. 15.1) [17, 20, 21]. In order to maximize the 
accuracy of the heart-lung interaction to predict fluid respon-
siveness, several parameters must be met. First the patient must 
be passively ventilated either as the result of paralysis or deep 
sedation. Second, the tidal volume delivered must be at least 
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8 mL/kg to optimize the respiratory effect on cardiac physiology 
[22]. Finally, the patient must be in normal sinus rhythm as an 
arrhythmia induces variation in the stroke volume regardless of 
the respiratory cycle. Additional factors such as a heart rate-to-
respiratory rate ratio greater than 3.6 and lung compliance 
greater than 30 ml/cmH2O are also important to ensure accuracy 
of any device or technique taking advantage of the heart-lung 
interaction [23].

Multiple devices and techniques are capable of direct 
measurement of stroke volume, estimating stroke volume, 
or measuring a surrogate of stroke volume. Measurement of 

Passive  mechanical ventilation
Tidal volume ³ 8 ml/kg

Sinus rhythm

Cardiac index

≥2.5 

l/min/m2

SVV/PPV*

>10%

Fluid bolus

SVV/PPV#

<10%

Vasopressors

<2.5
l/min/m2

SVV/PPV*

>10%

Fluid bolus

SVV/PPV#

<10%

Vasopressor/
inotropes

Figure 15.1 Resuscitation algorithm for shock based on assessment 
for breath-to-breath variations in stroke volume (SVV) or pulse pres-
sure (PPV). * indicates volume responder and likely to benefit from 
additional volume resuscitation. # indicates volume non-responder 
and unlikely to benefit from additional volume resuscitation
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stroke volume is not dependent on the heart-lung interac-
tion and can be performed whether or not the patient is 
passively mechanically ventilated as outlined above or 
spontaneously breathing with or without mechanical venti-
lation. The assessment for change in stroke volume is not 
made breath to breath as with the heart-lung interaction but 
made following a volume challenge with either 500 mL of 
crystalloid infused in less than 30 min or by a surrogate of 
volume challenge with a passive leg raise (PLR) (Fig. 15.2). 
The PLR serves as a reversible fluid challenge of approxi-
mately 350  mL of blood from the lower extremities of a 

Cardiac
index

≥2.5 

l/min/m2

Fluid bolus
or

PLR

SVI/CI*
>10%

Fluid bolus

SVI/CI#

<10%

Vasopressors

<2.5 

l/min/m2

Fluid bolus
or

PLR

SVI/CI*

>10%

Fluid bolus

SVI/CI#

<10%

Vasopressors/
inotropes

Figure 15.2 Resuscitation algorithm for shock based on evaluation 
of changes in stroke volume (SVI) or cardiac index (CI) following 
fluid challenge or passive leg raise (PLR). * indicates volume 
responder and likely to benefit from additional volume resuscita-
tion. # indicates volume non-responder and unlikely to benefit from 
additional volume resuscitation
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patient that is transitioned from a semi-recumbent position 
to supine with elevation of the legs to 45° for 3 min [5].

 Bedside and Biomarker Assessment 
of Volume Responsiveness

Thorough clinical evaluation of the critically ill patient is 
essential to developing an adequate plan of care. Routine 
observations of blood pressure, capillary refill, urine output, 
and laboratory values including lactate and central venous 
oxygen saturations (ScvO2) are typically obtained in the shock 
patient. Evaluating for changes in blood pressure following 
fluid challenge is better than nothing, but too many variables 
contribute to blood pressure or pulse pressure making them 
unreliable as predictors of volume responsiveness in the criti-
cally ill patient [24, 25]. Similarly, ScvO2 can be a useful indica-
tor of inadequate tissue perfusion, but a reduced stroke 
volume is only one of several variables that can contribute to 
a low ScvO2 [26]. As a result, ScvO2 is a poor marker for 
 hemodynamic monitoring and volume resuscitation, particu-
larly in the patient presented above with septic shock [27–30]. 
Lactate may also be an indicator of poor tissue perfusion in 
shock, but similar to ScvO2, lactate is affected by several other 
variables [31]. However, lactate-guided resuscitation demon-
strated reduced mortality in patients with septic shock com-
pared to other markers of perfusion mentioned above 
[32–34]. Therefore, if resources are limited to clinical assess-
ment and serial laboratory studies, guided resuscitation via 
lactate levels is the most evidence-based surrogate of tissue 
perfusion [4].

End-tidal carbon dioxide (ETCO2) is easily monitored 
with continuous waveform capnography devices and often 
available on intubated patients in the ICU.  An increase of 
greater than 5% in the ETCO2 following a PLR or fluid bolus 
over 30 min in a passively ventilated patient is a reliable pre-
dictor of volume responsiveness [35, 36]. However, the use of 
ETCO2 to predict fluid responsiveness has not been assessed 
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in the non-intubated patient, and thus may not be as appli-
cable to the critically ill population as other devices and 
techniques described later in this chapter. As the patient 
presented above is spontaneously breathing, this technique 
could not be applied even if ETCO2 is monitored.

 Central Catheter-Based Hemodynamic 
Monitoring

Central venous pressure (CVP) can be measured via a pres-
sure transducer connected to any central line with the tip 
resting at the junction between the superior vena cava and 
right atrium [7, 37–39]. The CVP may be a marker of right 
ventricular function, but this static pressure is influenced by 
multiple factors including vascular tone, intrathoracic pres-
sure, ventricular compliance, and cardiac chamber size mak-
ing it a poor marker of volume responsiveness [40–44]. Even 
when evaluating the ability of respiratory variation in the 
CVP to predict volume responsiveness, the CVP is a poor 
predictor of fluid responsiveness [45]. In early publications 
of the Surviving Sepsis Guidelines, fluid resuscitation guided 
by CVP was recommended in patients such as the one pre-
sented in this chapter [46]. Multiple studies evaluating the 
ability of CVP to predict fluid responsiveness in patients 
with severe sepsis or septic shock do not support volume 
resuscitation guided by CVP; and therefore, it is no longer 
recommended as a hemodynamic monitoring tool for this 
purpose [3, 4, 47, 48].

Similar to CVP, utilization of the static pressures and vol-
umes obtained via a pulmonary artery (PA) catheter is not 
reliable to determine fluid responsiveness or guide volume 
resuscitation in the patient with shock [21, 44, 49, 50]. 
However, PA catheters are capable of accurately estimating 
the stroke volume (SV) or cardiac output (CO) and their 
associated indices [51]. When a PA catheter is in place, 
changes in the SV or CO following fluid challenges or 
changes in vasoactive and inotropic medications can be used 
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to guide shock therapy. Patients with acute coronary syn-
drome or congestive heart failure with cardiogenic shock may 
benefit from therapy guided by the use of the PA catheter 
[52–54]. However, cardiac measurements produced by a PA 
catheter can be obtained by echocardiography as well as 
other newer technologies, and the use of PA catheters in the 
cardiac and postsurgical cardiac ICUs is likely to continue to 
decrease [55–57]. The utilization of the PA catheter in the 
management of the critically ill patient with hypovolemic 
shock, septic shock, or acute respiratory distress syndrome 
does not improve mortality, shorten length of stay, or reduce 
cost [58–61]. As a result of these studies that do not demon-
strate benefit combined with the risk of complication associ-
ated with PA catheters, the use of PA catheters has declined 
substantially throughout intensive care units [57, 62]. 
Therefore, in the septic patient presented in this chapter, 
there is no indication to float a PA catheter to assist in the 
management of her shock.

 Ultrasonography

Bedside ultrasonography (US) in the emergency room and 
the ICU is increasingly used in the critically ill patient as a 
pluripotential diagnostic tool, and the ability of intensivists 
and emergency medicine physicians to competently acquire 
and interpret US images to guide therapy in this patient 
population has been demonstrated in multiple studies [63–
69]. The use of US to assess the shock patient is particularly 
useful as it allows quick assessment for biventricular size and 
function, pericardial disease, pulmonary parenchymal abnor-
malities, or pleural abnormalities such as effusions or pneu-
mothorax [70–75]. In the patient above, bedside thoracic 
ultrasound reveals a depressed left ventricular function con-
sistent with her known cardiomyopathy. There is no evidence 
of pericardial effusion or right ventricular dilation or dys-
function. She did not have any parenchymal B-lines along the 
anterior thoracic wall making pulmonary edema a less likely 
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cause to her acute on chronic hypoxemic respiratory failure 
and cardiogenic shock an unlikely primary contributor to her 
shock state on presentation. There are small bilateral effu-
sions consistent with her chest imaging. A quick assessment 
of her bilateral lower extremities did not reveal any evidence 
of DVT, and with the normal appearance of her right ventri-
cle, obstructive shock due to pulmonary embolism is essen-
tially ruled out [76]. At this point, the leading consideration 
of septic shock due to a urinary source is supported by the 
negative findings on the bedside ultrasound. After the patient 
is given 30  mL/kg of crystalloid per the Surviving Sepsis 
Guidelines, she remains in shock, and additional evaluation 
for fluid responsiveness can be assessed with bedside ultra-
sound [4].

Point-of-care ultrasound can assess for volume 
responsiveness via both static and dynamic measures. 
Echocardiography can measure LV end-diastolic area, RV 
end-diastolic volume, LV ejection time, and the ratio of 
pulsed Doppler transmitral flow to mitral annular veloc-
ity in early diastole. When these parameters are assessed 
for change in a passively ventilated patient, they are poor 
predictors of fluid responsiveness [49, 77–80]. Therefore, the 
static measures obtained via ultrasonography are no bet-
ter than the static measures obtained via central catheters 
discussed above. The diameter of the IVC can be measured 
via bedside ultrasound and serves as a surrogate of the right 
atrial pressure [81]. When assessed as a marker of fluid 
responsiveness, IVC minimum or maximum diameter alone 
at end expiration in a passively ventilated patient is not an 
accurate predictor of fluid responsiveness [82].

Dynamic measures obtained via ultrasound are deter-
mined via variations in IVC diameter or Doppler-derived 
changes in arterial blood flow. In a passively ventilated 
patient, the variation in IVC diameter between end inspira-
tion and end expiration can be used to accurately predict 
volume responsiveness [82, 83]. This technique to assess for 
fluid responsiveness has been validated in multiple studies. 
However, care must be taken to ensure no spontaneous 

Chapter 15. Hemodynamic Monitoring



280

respiratory effort is applied by the patient and tidal volumes 
are sufficiently above 8 mL/kg to ensure the accuracy of IVC 
variation to detect fluid responsiveness. Doppler-derived 
changes in arterial blood flow can be assessed at the LV out-
flow track, carotid artery, femoral artery, or descending aorta 
and serve as a surrogate for stroke volume. These measure-
ments are assessed prior to a fluid challenge or passive leg 
raise and reassessed following the challenge for changes in 
stroke volume in order to determine fluid responsiveness. 
When used in this manner, assessment for changes of arterial 
blood flow via Doppler-derived devices is accurate to predict 
volume responsiveness [77, 84–89].

Point-of-care ultrasonography is a useful tool for both 
diagnosis of shock and to monitor treatment response. 
Additional training is needed to acquire the knowledge and 
skills for image acquisition and interpretation to allow for the 
competent application of bedside ultrasonography and 
Doppler-derived assessments described above. The learning 
curve is steep but achievable by many learners [68, 90]. As the 
patient above is spontaneously breathing without the aid of 
mechanical ventilation, the use of bedside ultrasonography to 
assess for alterations in breath-to-breath IVC diameter indi-
ces is not adequate to determine volume responsiveness. 
However, Doppler-derived assessment for changes in arterial 
blood flow at any of the sites mentioned above could be per-
formed before and after volume challenge with crystalloid or 
a passive leg raise. In this case, a PLR is favored over a vol-
ume challenge due to her significant cardiomyopathy and the 
desire to avoid fluid overload.

 Arterial Pressure Waveform Analysis

Multiple devices utilize arterial pressure waveform analysis 
to estimate stroke volume and therefore cardiac output as 
well as various other parameters such as PPV, SVV, extravas-
cular lung water index, global end-diastolic volume, pulmo-
nary blood volume, and systemic vascular resistance index. 
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These measurements are used to determine fluid responsive-
ness and a patient’s systemic and pulmonary vascular compli-
ance and volume status [20, 91, 92]. These devices require the 
placement of an arterial catheter by which the device utilizes 
a proprietary algorithm to analyze the pressure waveform on 
the principle that pulse pressure is directly proportional to 
SV and inversely related to vascular compliance in order to 
continuously estimate the stroke volume [93]. Some devices 
are auto-calibrating while others require dilution methods for 
calibration [94]. The accuracy of any device utilizing arterial 
pressure waveform analysis may be affected by over- or 
under-dampening of the arterial waveform as well as the 
presence of significant aortic regurgitation.

The FloTrac/Vigileo™ device is an auto-calibrating device 
that utilizes a standard peripheral arterial catheter to con-
tinuously estimate SV/CO via pulse contour analysis. The 
proprietary algorithm assumes a patient’s vascular compli-
ance and elastance based on age, height, sex, and weight. 
Accuracy of the device is primarily dependent upon whether 
or not the systemic vascular resistance is being altered by 
vasoactive agents due to the dependence of the device on 
algorithmic assumption of vascular compliance [95–97]. 
Therefore, the device may be less accurate when vasopressors 
are used.

The lithium dilution cardiac output (LiDCO™) monitor is 
based on the lithium dilution method to estimate cardiac 
output. The device requires a standard peripheral arterial 
catheter and a central venous catheter. A small concentration 
of lithium chloride is injected intermittently to determine 
vascular compliance and calibrate the device [98]. This mea-
surement in combination with arterial waveform analysis 
allows for continuous monitoring of stroke volume and car-
diac output. The device must be calibrated at least once daily 
and if there is a suspected change in vascular compliance. 
There is an updated version of LiDCO™ named LiDCOrapid™ 
that is auto-calibrating similar to the FloTrac/Vigileo™ 
device and as a result has the same limitations in patients 
administered vasoactive drugs [99].
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The pulse index continuous cardiac output (PiCCO™) 
monitor is based on the thermodilution method to estimate 
cardiac output. This device requires a femoral arterial cathe-
ter and a central venous catheter. The device is calibrated by 
standard thermodilution techniques and continuously moni-
tors cardiac output via arterial pressure waveform analysis. 
As with the other pressure waveform analysis devices, the 
accuracy of the PiCCO™ device is dependent on the stability 
of vascular compliance and therefore requires frequent cali-
bration to reliably predict stroke volume [99, 100].

The clinical application of all these devices has been evalu-
ated in multiple settings from the operating room to the 
intensive care unit with mixed results on the ability of these 
devices to predict fluid responsiveness and guide care of the 
critically ill [101–106]. In the patient above, she is likely to 
require arterial catheter placement for continuous blood 
pressure monitoring while vasopressors are titrated for opti-
mization of the mean arterial pressure. One of the arterial 
waveform analysis devices could be utilized for hemody-
namic monitoring, but utility of SVV to guide volume 
 management would be inaccurate as the patient is spontane-
ously breathing. The devices could be used to assess for 
changes in stroke volume following either PLR or volume 
challenge to determine fluid responsiveness and guide vol-
ume resuscitation while keeping in mind the potential inac-
curacy of the device and need for recalibration with changes 
in vascular compliance as vasoactive drugs are titrated.

 Bioreactance

The noninvasive cardiac output monitoring (NICOM™/
Starling™) devices utilize bioreactance-based technology to 
continuously monitor cardiac output. Four electrodes are 
placed on the anterior thorax, and each electrode injects a 
high-frequency current into the chest and simultaneously 
assesses for changes in the time it takes for the current to 
traverse the thorax, known a phase shift. Phase shift is 
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primarily effected by blood flow through the aorta, and via a 
proprietary algorithm, the measurement of change in phase 
shift serves as a surrogate for stroke volume [107]. The device 
provides hemodynamic parameters of stroke volume, cardiac 
output, and total peripheral resistance (TPR) which is a mea-
sure of vascular tone. Clinical applications have been evalu-
ated in the emergency department, operating room, and ICU 
to assess the ability of the device to evaluate fluid responsive-
ness and guide volume management [88, 108–112]. The accu-
racy of the device is affected when there is significant aortic 
regurgitation or thoracic aneurysms, the presence of ventricu-
lar assist devices or balloon pumps, or excessive cautery in 
the operating room. Also, electrode adherence to the skin is 
limited to 72 h or by excessive moisture on the skin.

In the patient presented above, the bioreactance device 
could be used in the emergency room to assess the baseline 
hemodynamic parameters. In particular, the SV and CO as 
well as the total peripheral resistance could be used to assist 
in diagnosing the cause of shock. One expects the SV and CO 
to be low in this patient due to the known cardiomyopathy, 
and the presence of a low TPR would support distributive 
shock as the major contributor in this case. Then fluid respon-
siveness could be assessed by evaluating for a change in the 
stroke volume following a fluid challenge or PLR.  Again, 
PLR would be favored in this patient with cardiomyopathy. If 
the patient were fluid responsive, then additional fluid 
boluses should be given until there is no longer evidence of 
volume responsiveness. If the patient’s shock resolved using 
the bioreactance device, her resuscitation is delivered in a 
completely noninvasive fashion, even without the need for an 
arterial catheter.

 Fingertip Monitoring Devices

Another form of completely noninvasive hemodynamic 
monitoring devices are those that utilize technology to assess 
variations in pulse at the fingertip to estimate cardiac output. 
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There are three technologies currently available, plethysmo-
graphic waveform analysis, estimated continuous cardiac 
output (esCCO™) monitoring, and ClearSight™ monitor-
ing. Of these technologies, plethysmographic waveform 
analysis has been around the longest and takes advantage of 
data derived from a simple pulse oximeter (Masimo Corp., 
Irvine, CA) to measure the maximal and minimal plethysmo-
graphic waveform amplitudes over a given period of time 
and calculates the percentage of difference between the two, 
termed pleth variability index (PVI) [113]. In a passively 
ventilated patient with at least a tidal volume of 8 ml/kg, PVI 
does predict fluid responsiveness [114–116]. The accuracy of 
PVI is dependent on adequate peripheral perfusion which 
may be affected by hypothermia, shock, vasoactive drugs, 
and the site of measurement [117, 118]. All these limitations 
can frequently be encountered in the care of a critically ill 
patient.

The esCCO™ device estimates cardiac output by measur-
ing the pulse wave transit time or time taken for blood from 
the heart to reach the fingertip which is determined as the 
time between the peak of the ECG R-wave and the oximeter 
pulse wave rise point seen at the fingertip of the device. 
Various studies have reported inconsistent results with most 
reporting poor reliability, precision, and correlation when 
compared to established methods of cardiac output monitor-
ing [119–124]. In addition, the esCCO™ device is subject to 
all the same perfusion limitations listed above.

Finally, the ClearSight™ device continuously measures 
blood pressure, CO, SVV, and PPV via an inflatable finger 
cuff. It is subject to the same limitations as the previously 
discussed fingertip monitoring devices, and as a result the 
evidence is inconsistent regarding its reliability, especially in 
patients with poor peripheral perfusion, hypothermia, and 
peripheral edema [125–127]. As the patient presented above 
is critically ill with shock, peripheral edema, and likely poor 
peripheral perfusion due to underlying vascular disease, none 
of the fingertip monitoring devices are appropriate to use in 
the assessment of her hemodynamics.
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 Treatment and Management II

Once the diagnosis of septic shock is determined and the 
patient is given appropriate antibiotics and a 30  ml/kg 
infusion of crystalloid, she remains hypotensive with a 
MAP less than 65. An arterial line is attempted in the 
radial artery; but due to her peripheral vascular disease, 
there is difficulty cannulating the artery. Therefore, an 
arterial pressure waveform device is not able to be used to 
assess for further fluid responsiveness. Bedside Doppler-
derived techniques are appropriate to pursue in this spon-
taneously breathing patient, but the physician caring for 
the patient is not trained in assessing stroke volume or 
surrogates of stroke volume via Doppler- derived tech-
niques. Therefore, volume responsiveness is assessed with 
a bioreactance device and PLR. The patient demonstrates 
a 24% improvement in SV following the PLR. Additional 
fluid boluses of crystalloid are infused over 30  min with 
assessment for change in SV following each bolus. The 
patient receives an additional 1.5 liters of crystalloid before she 
is no longer fluid responsive. Following this resuscitation, 
her MAP is greater than 65 and her lactic acid improves to 
1.8  mmol/L.  She does not require initiation of vasopres-
sors, and her oxygen requirement and creatinine return to 
baseline over the next 48 h.

 Conclusion

The care of the critically ill patient in shock is increasingly 
complex due to the presence of multiple comorbidities, as in 
the case presented here. There can be multiple potential fac-
tors contributing to the shock, and utilization of hemody-
namic monitoring devices, when coupled with patient history, 
physical assessment, standard labs, and diagnostic imaging, is 
essential to elucidating the shock etiology and guiding vol-
ume resuscitation. There is increasing evidence that volume 
overload may contribute to adverse outcomes, and utilizing 
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the technologies described here, with the knowledge of 
potential device limitations, will help ensure fluids are deliv-
ered in a judicious manner.
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 Part A: Case Presentation

A 34-year-old woman with ulcerative colitis has been receiv-
ing treatment with infliximab for 2 years. Her bowel symp-
toms have been under reasonable control, but a year ago 
she developed evidence of advanced sclerosing cholangitis. 
She presents now with cough, rigors, and pleuritic chest 
pain, and a chest X-ray shows right lower lobe pneumonia. 
She is admitted to the ICU with hypotension. She remains 
hypotensive after 2 liters of Ringer’s lactate and is started on a 
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norepinephrine infusion. Shortly after the ICU admission, 
she vomits a basin full of bright red blood.

On exam she has findings of consolidation in the right lung 
base, her extremities are warm, she is jaundiced, and she has 
tense ascites and spider nevi. Lactate is 4.3 mmol/L; venous 
oxygen saturation is 73%.

Her complete blood count shows white blood cells 2.2 × 
109/L, hemoglobin 81 g/L, mean corpuscular volume (MCV) 
99  fL, platelets 106 × 109/L, international normalized ratio 
(INR) 2.2, activated partial thromboplastic time (aPTT) 44 s, 
and fibrinogen 0.9 g/L.

 Differential Diagnosis and Assessment

This is a complex patient with multiple factors that may be 
contributing to her abnormal blood counts and coagulopathy. 
She has a pertinent background of liver disease, a back-
ground of immunosuppression and presents with both sepsis 
and bleeding. We would consider the differential diagnosis of 
each of her major issues.

Shock: She appears to have vasopressor-dependent shock. 
Hypovolemic shock due to her gastrointestinal bleed should 
be excluded; however, following fluid resuscitation, should 
her blood pressure remain low, septic shock becomes a strong 
consideration. She has no cardiac history, is young and well 
perfused, and has a normal venous oxygen saturation; cardiac 
or obstructive shock are unlikely. Management of septic 
shock is beyond the scope of this review.

Prolonged INR: She has multiple possible causes for 
coagulopathy (see Box 16.1):

• Vitamin K deficiency due to malabsorption related to her 
biliary tract disease, possibly exacerbated by antibiotics or 
poor diet if she has been avoiding green vegetables 
because of her colitis

• Hemodilution
• Synthetic failure due to liver disease
• Disseminated intravascular coagulopathy (DIC) due to 

sepsis
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Her fibrinogen is low, which shows that the coagulopathy is 
not solely due to vitamin K deficiency, and moreover it is lower 
than could readily be entirely explained by hemodilution at this 
point. The fibrinogen level does not distinguish between the 
other possibilities, liver failure and DIC. The INR greater than 
2.0 with a fibrinogen of 0.9 g/L suggests that multiple coagulation 
factor deficiencies exist, which can only be corrected with plasma.

With sepsis as a predisposing factor, the findings of throm-
bocytopenia, a prolonged prothrombin time, and a reduced 
fibrinogen suggest DIC [1]. A factor VIII level can be useful 
to distinguish liver disease from DIC, as the FVIII will be 
elevated in the former and consumed in the latter. Note that 
the FVIII level is raised in both inflammatory liver disease 
and in infection, so in this patient even a value in the lower 
normal range will indicate consumption.

Thrombocytopenia: Multiple factors may contribute to 
thrombocytopenia in this case:

• Sequestration due to portal hypertension and congestive 
splenomegaly, consequent to her liver disease

• Deficiency of thrombopoietin due to liver synthetic failure
• Hemodilution
• Sepsis
• DIC

While there are many other potential causes of thrombo-
cytopenia (e.g., immune thrombocytopenia, drug-immune 

Box 16.1. Differential Diagnosis of Coagulopathy in 
Critical Care
• DIC
• Liver failure
• Hemodilution (during massive transfusion)
• Vitamin K deficiency
• Anticoagulants
• Artifactual: heparin contamination of sample, lupus 

anticoagulant, etc.
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reactions, thrombotic thrombocytopenic purpura (TTP) (see 
Box 16.2)), Occam’s razor suggests they are unlikely to be 
factors here. If the platelet count deviates strikingly from the 
clinical trajectory, however, one must be prepared to recon-
sider a broader differential diagnosis [2].

Box 16.2: Differential Diagnosis of Thrombocytopenia 
in Critical Care

Common causes

• Sepsis
• Disseminated intravascular coagulation
• Consumption (in major trauma)
• Dilution (with massive transfusion)
• Myelosuppressive chemotherapy
• Mechanical circulatory support devices (e.g., intra-

aortic balloon pump, extracorporeal membrane 
oxygenation)

Less common but important causes of thrombocyto-
penia that should not be missed:

• Heparin-induced thrombocytopenia
• Hemophagocytic syndrome

Uncommon causes of thrombocytopenia that 
develop during ICU admission:

• Drug-induced thrombocytopenia (other than hepa-
rin or cytotoxic chemotherapy)

• Leukemia, myelodysplasia, aplastic anemia, etc. 
(unless abnormalities were already present before 
ICU admission)

• Thrombotic thrombocytopenic purpura
• Immune/idiopathic thrombocytopenia
• Posttransfusion purpura
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To the extent that the thrombocytopenia is due to hyper-
splenism, little can be done; recovery of transfused platelets 
will be poor because they too will be sequestered (Fig. 16.1).

Thrombocytopenia is highly prevalent in septic shock. 
Multiple pathophysiological processes may contribute (see 
Fig.  16.2) [2]. Consideration of these mechanisms suggests 
hypotheses about treatments that would plausibly be benefi-
cial, but to date no specific treatments are known to improve 
the thrombocytopenia of sepsis. A recent analysis of the time 
course of thrombocytopenia in sepsis has illustrated that we 
cannot expect the platelet count to recover while the patient 
remains on vasopressors, and indeed the platelet count does 
not typically start to recover for approximately 2 days after 
vasopressor infusions stop (see Fig. 16.3) [3].

Tissue
factor

Coagulation
cascade

Thrombin

Fibrinogen

Fibrin

Fibrin

tPA

Plasminogen Plasmin

FDPs

Bleeding

Platelets Microvascular
thrombosis

+

Figure 16.1 Pathophysiology of disseminated intravascular coagu-
lation: DIC is a clinical/pathological syndrome of uncontrolled and 
delocalized thrombin generation followed by uncontrolled plasmin 
activation, leading both to microvascular (and sometimes macro-
vascular) thrombosis and to diffuse bleeding

Chapter 16. Bleeding and Thrombosis in the ICU



304

 Management of Bleeding

She is actively bleeding, so the coagulopathy must be cor-
rected. Initial management will be similar regardless of the 
results of these investigations. Because there may be a com-
ponent of vitamin K deficiency, empiric replacement with 
10 mg of intravenous vitamin K is appropriate, but this should 
not delay plasma replacement. One liter of plasma should 
raise her fibrinogen by approximately 1 g/L, will replenish all 
other coagulation factors, and is expected to decrease her 
INR, though it will not correct fully. Further replacement 
should be guided by laboratory testing. Prompt turnaround of 
conventional hematologic and coagulation tests (platelets, 
INR, aPTT, fibrinogen) can adequately inform blood product 
administration. Point-of-care tests (e.g., thromboelastography 

Thrombin
/ DIC

Complement
activation

Histone
release

ADAMTS13
depletion

Hemophagocytosis

Figure 16.2 Mechanisms of thrombocytopenia in sepsis. Multiple 
mechanisms have been proposed to contribute to the thrombocy-
topenia of sepsis. The relative contribution of each potential 
mechanism may vary among patients and within a given patient 
over time. DIC, disseminated intravascular coagulation
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(TEG) or rotation thromboelastometry (ROTEM)) can also 
be used to guide blood product transfusion, but have mostly 
been studied in operative settings or in the management of 
trauma [4], and have not been conclusively demonstrated to 
improve clinical outcomes in patients admitted to an ICU. If 
she has DIC, she will require ongoing replacement until the 
underlying driver of the DIC (in this case, sepsis) is corrected. 
A diagnosis of DIC increases her risk of mortality approxi-
mately twofold [5]. If the coagulopathy is due to liver failure, 
the correction achieved with plasma replacement will be 
transitory. Repeated dosing may be needed, until bleeding is 
controlled.

While coagulopathy and thrombocytopenia should be cor-
rected (to the extent possible) in a bleeding patient, this 
should not distract from the need to identify the site of bleed-
ing and achieve local hemostatic control. In this woman, 
urgent upper endoscopy is required to distinguish whether 
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Figure 16.3 Time course of thrombocytopenia in septic shock. 
Mean platelet count (and 95% confidence interval) in patients with 
septic shock who developed thrombocytopenia after ICU admis-
sion. Time axis is anchored to the day that vasopressors were discon-
tinued (day 0). Only data for survivors are included
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the bleeding is due to esophageal varices or portal gas-
tropathy or to peptic ulceration, superficial erosions, telangi-
ectasias, or other causes. It is worth commenting that 
hemostatic function probably plays relatively little role in the 
cessation of bleeding from varices, which is largely deter-
mined by hemodynamic forces.

If severe bleeding continues and repeated red cell transfu-
sions are required, there is evidence that outcomes are better 
if the hospital deploys a massive transfusion protocol, to 
ensure that supply keeps up with demand, that appropriate 
monitoring occurs, and that red blood cells, plasma, and plate-
lets are given in an appropriate ratio to avoid dilutional 
coagulopathy and thrombocytopenia [6].

Factor VIIa is not recommended. Other than in hemo-
philia, when studied in randomized trials, it has failed to 
improve outcomes in coagulopathic bleeding and increases 
the risk of thrombosis [7]. Prothrombin complex concentrates 
do not contain all the missing factors (especially Factor V) 
and, except in the context of warfarin reversal, should not be 
used. Fibrinogen concentrates may have a role, especially if 
the patient has volume overload, but we prefer plasma as it is 
the only product containing all the factors.

Use of tranexamic acid is controversial. The fundamental 
pathophysiology of DIC is overwhelming activation of coag-
ulation, usually due to delocalized expression tissue factor, 
and exhaustion of regulatory mechanisms, including tissue 
factor pathway inhibitor, protein C, and antithrombin (see 
Fig.  16.1). This leads to widespread thrombin generation 
and fibrin deposition throughout the microvasculature. 
Delocalized and excessive plasminogen activation is driven 
by the excess of fibrin, which then results in fibrinolysis, 
consumption of clotting factors, and bleeding [1]. Tranexamic 
acid effectively inhibits plasmin generation and fibrinolysis, 
and should be effective in reducing bleeding, but since 
thrombin generation is then unopposed, it risks converting 
the DIC to a thrombotic phenotype.

In critically ill patients with thrombocytopenia, when 
platelets should be given is also a matter of clinical judgment, 
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informed by a paucity of high-quality trial data. Although 
considerable practice variability exists, by extrapolation 
from practice in the care of hematological malignancies, 
prophylactic transfusion when the platelet count falls below 
10 × 109/L is recommended [8, 9]. This extrapolation, how-
ever, may not be valid; in patients admitted to medical- 
surgical ICUs, thrombocytopenia is frequently multifactorial, 
and may be accompanied by acquired platelet dysfunction, 
but also increased platelet turnover. For bleeding patients 
with severe thrombocytopenia, there is consensus that 
platelet transfusion should be given but little consensus of 
what the target platelet count should be. Most authorities’ 
suggestions fall in a range between 50 and 100 × 109/L, 
depending on the severity or location of bleeding. In practice 
it is often hard to maintain levels that high with transfusion 
in such patients. We have provided some suggested target 
platelet counts previously [2].

For our patient, plasma transfusion certainly takes prior-
ity over platelet transfusion unless her platelets fall much 
more.

 Part B: Case Presentation, Continued

The patient described in Part A is treated with broad- 
spectrum antibiotics to cover respiratory pathogens; the 
regimen is subsequently tailored when blood and sputum 
cultures grow Streptococcus pneumoniae. Mechanical venti-
lation is provided because of hypoxia and metabolic acido-
sis. The patient’s coagulopathy improves with plasma. 
Upper GI endoscopy reveals a bleeding varix that is suc-
cessfully clipped. She has no further bleeding. Vasopressors 
are weaned off after 4 days and the patient is extubated on 
day 5.

On day 6 she develops worsening hypoxemia and tachy-
cardia. A portable chest X-ray shows improvement of her 
pneumonia. A CT pulmonary angiogram demonstrates bilat-
eral segmental pulmonary emboli.
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The patient’s hemoglobin is stable at 78 g/L. Platelets are 
60 × 109/L.  They had fallen progressively over the first 
4  days after admission but have been stable for the past 
2 days. INR is 1.3, and the aPTT is 32 s.

 Differential Diagnosis and Assessment

Although the patient is improving, she has a new, life- 
threatening, thrombotic event. Despite thromboprophylaxis, 
venous thromboembolism (VTE) has been shown to occur in 
approximately 6% of patients admitted to general medical-
surgical ICUs [10]. Risk factors associated with thrombosis in 
critically ill patients include [11, 12]:

• Inflammation.
• Immobility.
• Use of vasopressors.
• Presence of central venous catheters.
• Increased body mass index.
• Platelet transfusion.
• Heparin-induced thrombocytopenia (HIT) is not com-

mon, occurring in approximately 0.3–0.6% of general 
medical- surgical ICU patients [10]. The onset of the fall in 
platelet count due to HIT is characteristically 5–12  days 
after exposure to heparin and can be associated with 
venous and sometimes arterial thrombosis due to platelet 
activation [13].

In this case presented, additional prothrombotic consider-
ations may be present:

• Inflammatory bowel disease has been shown to be an 
independent risk for thrombosis in epidemiological 
studies.

• While reduced synthesis of coagulation factor is expected 
with hepatic dysfunction, the production of endogenous 
anticoagulant proteins is also reduced. Therefore, 
patients cannot be assumed to be protected from throm-
bosis despite elevation in the INR.
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Other risk factors for thrombosis in critically ill patients 
could include [11]:

• Antiphospholipid antibody syndrome
• A personal or family history of venous thromboembolism
• End-stage renal disease
• Mechanical circulatory support
• Microangiopathic hemolytic anemia (e.g., thrombotic 

thrombocytopenia purpura, DIC)
• Malignancy
• Trauma and major surgery

Our patient has several risk factors for thrombosis, but 
inflammation, immobility, the presence of a central venous 
catheter, and recent use of vasopressors are likely the major 
contributors. Hemorrhage itself adds further risk. The DIC 
appears to have resolved with treatment of her sepsis. The con-
tribution of inflammatory bowel disease or hepatic dysfunc-
tion to her thrombotic propensity is possible. Given the early 
onset of the fall in platelet count, a fall of less than 50% from 
baseline, and the presence of an alternate cause of thrombocy-
topenia (i.e., sepsis), HIT is not suspected [14]. As we’ve shown 
above, in sepsis, recovery from thrombocytopenia typically lags 
behind clinical recovery. Using a 4 T score would help confirm 
the low pretest risk probability of HIT in this patient.

 Management of Thrombosis

A new diagnosis of segmental or main pulmonary artery 
embolus, or proximal deep venous thrombosis, requires 
urgent therapeutic anticoagulation. For this patient, we favor 
the use of intravenous unfractionated heparin, for several 
reasons:

• It has a short half-life, so it can be interrupted briefly if 
needed for procedures.

• An antidote (protamine) is available if she has bleeding, 
for which she remains at elevated risk.

• Its clearance is not altered by renal dysfunction.
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The conventional dosing for unfractionated heparin is 
an 80  units/kg bolus followed by an infusion at 18  units/
kg/h to achieve an aPTT of 1.5–2.5× that of the normal 
baseline. For this patient, we would adhere to this dosing, 
but given the presence of thrombocytopenia, we would 
empirically consider reducing the bolus dose by 25%. Prior 
to the use of therapeutic unfractionated heparin, a base-
line aPTT should be obtained. If the baseline aPTT is pro-
longed, monitoring using anti-Xa levels should be 
considered. Low molecular weight can also be considered 
in a stable patient without renal dysfunction and risk fac-
tors for hemorrhage and who is not on vasopressor agents; 
absorption from subcutaneous injections may be impaired 
during shock [15]. Direct oral anticoagulants (DOACs) are 
not recommended due to variable gut absorption of oral 
medications in critical illness and the potential for renal 
dysfunction.

The presence of thrombocytopenia can complicate the use 
of therapeutic anticoagulants. While we acknowledge that 
good studies are lacking, it is commonly accepted that a plate-
let count of 50 × 109/L or greater permits the use of full-dose 
anticoagulation. Inferior vena cava (IVC) filters should only 
be used if full-dose anticoagulation is prohibitively risky; in 
this case, we would insert a filter only if the heparin infusion 
had to be stopped, either for bleeding or for a surgical inter-
vention [16]. The patient with a platelet count between 30 and 
50 × 109/L who requires therapeutic anticoagulation provides 
a challenge to the treating intensivist. In that setting, a 
retrievable IVC filter plus a reduced dose of unfractionated 
heparin, targeting an aPTT of 45–60 s, could be considered. 
Prophylactic dose unfractionated heparin plus a retrievable 
IVC filter may need to be considered for patients with a 
platelet count less than 30 × 109/L.

Systemic thrombolysis for the treatment of pulmonary 
embolus is considered only for patients with hypotension 
due to pulmonary vascular obstruction. In patients with sub- 
massive pulmonary embolism, systematic thrombolysis 
results in earlier hemodynamic improvement but causes 
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increased major bleeding with uncertain difference in mor-
tality [17]. We would be further dissuaded from thrombolysis 
in this patient because of her recent major hemorrhage.

 Outcome

The patient clinically improved on unfractionated heparin. 
After 5 days of treatment, she was on 2 liters of oxygen via nasal 
prongs with an oxygen saturation of 98%. Due to concerns 
regarding oral absorption, on the medical ward, the patient 
transitioned first to therapeutic LMWH for 4 additional days. 
Prior to discharge, she was prescribed a direct oral anticoagu-
lant to complete a 3-month course of therapeutic anticoagula-
tion, as is appropriate for a provoked pulmonary embolus.

Key Points

• Multiple causes of both bleeding and thrombosis 
may coexist in a critically ill patient. Arriving at the 
causes(s) of each requires the integration of a 
patient’s past history, present illness, and the results 
of laboratory testing.

• Management of DIC is to treat the underlying dis-
ease and to manage either bleeding or thrombosis if 
present.

• Multiple mechanisms for thrombocytopenia in the 
ICU can be present. Although drugs are often sus-
pected, they are rarely the cause.

• In septic shock, platelet recovery lags behind clinical 
recovery.

• Plasma is the product of choice for bleeding in the 
setting of DIC or liver failure.

• In the setting of acute venous thromboembolism, 
effective anticoagulation is the priority. An IVC filter 
should only be used if anticoagulation is 
contraindicated.
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 Case Presentation

 History of Present Illness (HPI)

A 31-year-old nulliparous female at 41-week gestational age 
(WGA) with a past medical history of asthma and prior 
appendectomy presented to obstetric triage for fetal heart 
rate monitoring. There have been no complications during 
the course of the pregnancy, and the patient has received 
all recommended prenatal care. The fetal heart rate 
 monitoring showed the fetus to be in good condition with 
appropriate heart rate variability and normal motion on ultra-
sound. Near the conclusion of the monitoring, the patient 
experiences tachycardia, tachypnea, and complains of dys-
pnea as well as severe chest pain radiating to her back.  
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On further history, the patient has noted increasing fatigue 
but denies breathlessness on exertion or at rest. She denies 
fever, chills, nausea, vomiting, cough, headache, change in 
vision, or abdominal pain. She denies leaking of amniotic 
fluid. The critical care service was consulted to assistance in 
further diagnosis and management.

 Past Medical and Surgical History

Childhood asthma without recurrence in adulthood
Status post appendectomy (12 years old)

 Family and Social History

The patient is the only child of two living parents who are 
healthy, without medical comorbidities. She has never 
smoked or used illicit drugs and is currently abstinent from 
alcohol during pregnancy. She has continued to work during 
pregnancy as an air traffic control manager. She lives with 
her husband and 3-year-old daughter who are both described 
as healthy with no recent symptoms. There is a dog in the 
home which is fully vaccinated.

 Physical Examination

Vital Signs Heart Rate (HR), 135; Respiratory Rate (RR), 
24; Oxygen Saturation, 96% on room air; Blood Pressure, 
110/50; Temperature, 98.6.

General The patient is supine, alert, oriented, with mildly 
labored breathing.

Head, eyes, ears, nose, throat: Normal oral mucosa, anic-
teric sclera, no rhinorrhea, tympanic membranes are clear.

Neck Supple, non-tender.

Chest Elevated respiratory rate at 24, no accessory muscle 
use. The patient is able to speak in full sentences.
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Cardiovascular Heart rate 135, regular, no murmur. Radial 
and dorsalis pedis pulses intact bilaterally.

Abdomen Gravid, non-tender abdomen, fundal height 
appropriate.

Extremities Bilateral lower extremity pitting edema to mid 
shin. Hands and feet warm and well perfused.

Neurologic The patient is alert, fully oriented. She has no 
facial droop, a conjugate gaze, and symmetric pupils. Her gait 
is normal.

 Ancillary Studies

Portable chest X-ray: The trachea is midline, no infiltrates 
noted, no pneumothorax, normal mediastinal morphology, 
normal diaphragm, no bony changes. Radiology interpreta-
tion is no acute changes.

 Differential Diagnosis

The differential diagnosis of a pregnant patient presenting 
with dyspnea, tachycardia, hypertension, and fatigue with 
normal chest radiography is challenging. Due to the changes 
observed in the normal physiology of pregnancy, the find-
ings in this patient may be expected. Or, more worrisome, 
they may mask underlying serious pathology. Please review 
Fig.  17.1 to review some of the normal changes in physiol-
ogy of pregnancy and compare them with the expected 
changes a clinician might find when diagnosing respiratory 
or cardiac pathology. As you can see, there is significant 
overlap in the symptoms and signs observed in normal preg-
nancy and cardiopulmonary pathology.

Based on the patient’s history of presenting illness, medi-
cal and surgical history, physical examination, and review of 
the obtained studies, the leading differential diagnoses 
include dyspnea of normal pregnancy, asthma, respiratory 
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infections, pre-eclampsia, acute coronary and vascular syn-
dromes, peripartum cardiomyopathy, amniotic fluid embo-
lism, and pulmonary embolism [1, 4, 5].

 Dyspnea of Normal Pregnancy

The physiology of pregnancy creates increased demand on 
the respiratory system. This is a result of hormonal factors, 
increasing metabolic demand over the course of pregnancy 
and during labor, and changes in maternal abdominal and 
thoracic anatomy (see Fig. 17.2).

Comparing blood gas values between pregnant patients 
and nonpregnant patients also demonstrates the changes in 
respiration which are normal (see Table  17.1). Specifically, 
pregnant patients experience a respiratory alkalosis compen-
sated by a metabolic acidosis with renal wasting of bicarbon-
ate. When the pregnant patient cannot meet these demands, 

Physiologic
changes in
pregnancy

Pathologic
respiratory
physiology

Tachypnea
Tachycardia

Dyspnea on exertion
Lower ext. edema

Increased MV
Decreased SVR

Increased airway edema
↓Immunity

↑Work of breathing

↓PACO2
Changes in lung volumes Wheezing

pulmonary edema

↓PAO2

Figure 17.1 Overlap in signs and symptoms of respiratory changes 
in pregnancy and pathologic respiratory states [1–3]. PaCO2 Partial 
pressure of arterial carbon dioxide, PaO2 partial pressure of arterial 
oxygen, MV minute ventilation, SVR systemic vascular resistance
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the sensation of dyspnea develops. Over the course of gesta-
tion, the proportion of patients reporting dyspnea increases, 
with over 60% of women reporting the symptom in the latter 
weeks of pregnancy [8]. When considering this diagnosis, it is 
important that other physical exam findings as well as the 
clinical history are congruent. In this patient’s case, the 

Metabolic rate increases
by 15%

Causes of increased respiratory drive in pregnancy

Late term decrease in
FRC, RV, and TLC

Increase in VT and MV
Late term dyspnea

on exertion

Decreased colloid
osmotic pressure

Increase in O2
consumption by 20%

Figure 17.2 Causes of increased respiratory drive in pregnancy [2, 
6, 7]. FRC Functional reserve capacity, RV residual volume, TLC 
total lung capacity, VT tidal volume, MV minute ventilation

Table 17.1 Arterial blood gas measurements in pregnancy from 
Hegewald 2011 (used with permission) [47]
Arterial blood gas changes in pregnancy

ABG measurement Nonpregnant
First 
trimester

Third 
trimester

pH 7.40 7.42–7.46 7.43

PaO2 (mmHg) 93 105–106 101–106

PaCO2 (mmHg) 37 28–29 26–30

Serum HCO3 
(mEq/L)

23 18 17
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 sensation of dyspnea and changes in vital signs all had a sud-
den onset which would not be typical in dyspnea of normal 
pregnancy. Further, while tachycardia and tachypnea are 
noted in pregnancy, the degree of elevation raises concern 
requiring further investigation.

 Asthma

As asthma has increased in prevalence, so too has the preva-
lence of women with asthma who become pregnant [9]. 
Patients with a history of obstructive lung disease such as 
asthma may have an exacerbation driven by  nonadherence to 
maintenance medications, respiratory tract infections, or 
environmental irritants. Further, women with poorly con-
trolled asthma who become pregnant are at higher risk of 
complications such as pre-eclampsia, preterm delivery, and 
infants small for gestational age [10]. There is significant vari-
ability in how pregnancy affects women with asthma. Patient 
reported data and asthma diaries demonstrate that the pro-
portion of women whose asthma worsened, was unchanged, 
or improved is grossly equal [11]. In this case, the patient has 
dyspnea, but lacks some of the other typical clinical features 
of an asthma exacerbation such as wheezing or cough. The 
rapidity of unprovoked symptoms is also somewhat inconsis-
tent with an acute asthma exacerbation in a patient whose 
childhood lung disease has been quiescent.

 Pneumonia and Respiratory Infections

Pneumonia is a leading cause of death related to non- 
obstetric infections in pregnant women [12]. The infectious 
causes of pneumonia are no different than the nonpregnant 
population with Streptococcus pneumoniae and Haemophilus 
influenzae leading followed by atypical species [13]. Pregnant 
women are at higher risk to develop pulmonary infections 
due to alterations in immune response, increased lung water, 
and increased incidence of aspiration during delivery [13–15]. 
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In pregnant women, influenza represents a special category 
of respiratory infection. The 2009 H1N1 influenza pandemic 
disproportionately affected pregnant women and resulted in 
higher maternal mortality [16]. Pneumonia places the mother 
and fetus at risk with associated increases in pre-eclampsia, 
decreased Apgar scores, and low birthweight [17]. In this case, 
the lack of fever, cough, or radiographic findings as well as 
the quick development of symptoms makes pneumonia or 
respiratory infection less likely.

 Pre-eclampsia

Pre-eclampsia is characterized as a syndrome of new-onset 
hypertension (SBP ≥ 140, DBP ≥ 90) with associated organ 
dysfunction characterized by either proteinuria, maternal 
organ dysfunction (new elevation in creatinine, neurologic 
symptoms, hematologic changes), or uteroplacental dys-
function [18]. The majority of women who present with pre- 
eclampsia are asymptomatic, but those who present with 
chest pain or dyspnea are at higher risk for adverse mater-
nal outcomes [19]. In this case, the patient lacks the cardinal 
feature of hypertension making this diagnosis unlikely.

 Acute Coronary and Vascular Syndromes

The majority of pregnant women do not have the traditional 
risk factors for ischemic cardiac or vascular disease. However, 
as obesity and advanced maternal age have become more 
prevalent and more women with chronic medical condi-
tions become pregnant, the rates of coronary heart disease, 
congenital heart disease, valvular heart disease, and vascular 
injuries during pregnancy have also increased [20]. Maternal 
mortality data shows that cardiac causes of death are the most 
common cause of mortality indirectly related to pregnancy 
[21]. Unsurprisingly, women who have previously suffered 
an acute cardiac syndrome (ACS) or have known coronary 
artery disease are at higher risk of maternal morbidity [22]. 
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Beyond atherosclerotic cardiac ischemia, there are a number 
of other causes of myocardial infarction such as spontaneous 
coronary thrombosis, coronary arterial spasm, increased myo-
cardial demand, and anemia [23]. Once evidence of ACS has 
been established, identifying the underlying cause and then 
managing the patient appropriately is paramount.

Other causes of acute chest pain and dyspnea include 
spontaneous coronary artery dissection (SCAD) and aortic 
dissection. Review of coronary angiogram databases shows 
SCAD to be on the order of 0.07–1.1% in all patients (not 
specifically pregnant patients). When truly spontaneous 
SCAD is separated from SCAD associated with atheroscle-
rotic disease, there is a predominance of female sex (2:1) 
and a strong association with the peripartum period [24]. 
Thought leaders have proposed that the true incidence of 
SCAD related to pregnancy is underestimated [24, 25].

Aortic dissection, while rare, continues to be reported as a 
cause of pregnancy-related morbidity and mortality [21, 26]. 
The synthesis of risk factors from pregnancy and the patient 
(connective tissue diseases, hypertension, etc.) is felt to 
strengthen the association between aortic dissection and 
pregnancy. Because it can present with a variety of symptoms 
(intrathoracic, intra-abdominal, neurologic), aortic dissection 
is challenging to diagnose. When it does occur, aortic dissec-
tion carries a significant burden of maternal and fetal mortal-
ity [27].

A hallmark of women who died from acute coronary syn-
drome and acute vascular injury is that their chest pain and 
dyspnea were not sufficiently evaluated [21, 28]. Therefore, 
it is important that the treating clinician respect these dis-
ease entities and assess for them when appropriate. 
Considering this patient, she does not have significant risk 
factors as she is a non-smoker and not obese and has no 
cardiac or hypertension history and no familial cardiac his-
tory. However, in view of the chest pain with dyspnea and 
hypoxia, evaluating the patient for coronary ischemia would 
still be prudent. Similarly, regarding aortic or vascular dissec-
tion, she lacks nearly all of the most common risk  factors, 
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including any evidence of connective tissue diseases such as 
Marfan or Ehlers-Danlos syndromes.

 Peripartum Cardiomyopathy (PPCM)

PPCM has been recognized since the 19th century and is 
broadly described as heart failure associated with preg-
nancy without familial or genetic causes. Research into 
PPCM has yielded various definitions, the most recent com-
ing in 2010 from the Heart Failure Association of the 
European Society of Cardiology Working Group on PPCM:

PPCM is an idiopathic cardiomyopathy presenting with heart 
failure secondary to left ventricular systolic dysfunction towards 
the end of pregnancy or in the months following delivery, where 
no other cause of heart failure is found. It is a diagnosis of exclu-
sion. The left ventricle may not be dilated but the ejection fraction 
is nearly always reduced below 45% [29].

This definition recognizes that while PPCM tends to occur 
in the later months of pregnancy, it is not exclusive to that time 
frame. PPCM has been described in the second trimester and 
as late as 6 months following delivery. Further it requires that 
investigations for other causes have been undertaken without 
result. The reported incidence of PPCM is variable in 
developed countries with reports of a frequency as high as 1 in 
1000 births to 1 in 4000 births (United States, South Africa). 
Certain locations, namely, Haiti, show a frequency as high as 
1  in 300 births [29, 30]. The etiology of PPCM is not well 
known. It is thought to involve factors secondary to 
predisposing hemodynamic changes such as pre-eclampsia or 
hypertension, inflammation, the interaction between 
gestational hormones and vasculature, as well as genetics 
[29–31]. Leading risk factors for PPCM include age greater 
than 30, black race, and preexisting hypertension or pre-
eclampsia. The presentation of PPCM is variable in terms of 
both timing during pregnancy and the nature and severity of 
symptoms. In general, the symptoms are similar to other 
causes of heart failure and include bilateral lower extremity 

Chapter 17. Diagnosis and Management



324

swelling, dyspnea, orthopnea, and chest pain [32]. More severe 
cases may include hypoxia and low output cardiac failure with 
shock [30]. In the described patient, the time course (sudden, 
occurring over a few minutes) would be atypical, but this 
diagnosis warrants investigation given her symptoms, physical 
findings, as well as age.

 Amniotic Fluid Embolism (AFE)

AFE is a feared complication of pregnancy with the hallmarks 
of acute dyspnea, hypoxia, coagulopathy, hypotension, and 
shock occurring in the context of labor, delivery, or maternal 
trauma. Despite being rare, AFE carries a high rate of mater-
nal mortality [33]. Originally, based on identification of amni-
otic debris within the pulmonary arteries during autopsy, it 
was thought that the etiology was due to maternal exposure to 
antigens within the amniotic fluid and obstruction of the pul-
monary circulation due to debris [34]. This was challenged 
following the advent of the pulmonary artery catheter when 
evidence of fetal amniotic material was identified within the 
pulmonary circulation but without symptoms consistent with 
AFE [35]. As further experimental and pathologic data have 
been obtained, it appears that AFE occurs following disrup-
tion of the maternal-fetal barrier with extravasation of fetal 
and infectious tissue into the maternal circulation. In suscep-
tible patients, this creates a cascade of pro-inflammatory sig-
naling (similar to the systemic inflammatory response 
syndrome, SIRS) resulting in hemodynamic changes as well as 
hemostatic changes [35]. This patient has no history of trauma 
and is not in labor, making AFE unlikely.

 Pulmonary Embolism (PE)

Thrombotic pulmonary embolism represents approximately 
10% of the maternal mortality burden in the United States 
[36, 37]. Some countries, such as the United Kingdom, have 
been successful in reducing the maternal mortality rate due 
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to PE [21]. The reduction in mortality observed is not sec-
ondary to a reduction in the rate of venous thromboembo-
lism (VTE). Indeed, the rate of VTE complicating 
hospitalizations for delivery has increased from 0.81 to 1.39 
for every 10,000 births (data from 1998 to 2009) [38].

During the course of pregnancy, the risk for VTE increases 
and spikes in the immediate postpartum period. The likeli-
hood of VTE returns to baseline approximately 4 weeks fol-
lowing delivery [39]. The VTE risk increases as the components 
of Virchow’s triad (hypercoagulability, venous stasis, and 
vascular damage) come together with advancing gestational 
age. In the pregnant patient, the balance of hemostasis favors 
clot formation as a result of increased prothrombotic factors, 
decreased inhibitory factors, and impaired blood clot dissolu-
tion [40–42]. Blood flow within the venous system slows as a 
result of venodilation and decreased maternal physical move-
ment [43–46]. During delivery, vascular injury is more likely 
to occur resulting in activation of the extrinsic clotting path-
way. The result of this combination of changes is an increased 
risk of DVT and PE.

When a PE does occur, the spectrum of signs and symptoms 
ranges from mild with minimal clinical changes to severe with 
profound instability and even cardiac arrest. As previously 
discussed, some of the changes seen in PE (sensation of 
dyspnea, chest pain, tachycardia, dependent extremity swelling) 
overlap with physiologic alterations normal in pregnancy. The 
patient in the clinical vignette has many of the symptoms and 
signs seen in PE and should undergo further testing to either 
eliminate or establish this diagnosis.

 Diagnosis

The differential diagnosis for the constellation of chest pain, 
dyspnea, hypoxia, tachycardia, and fatigue in a patient at 41 
WGA is broad. The physical exam and history are able to nar-
row the differential somewhat to include dyspnea of  normal 
pregnancy (a diagnosis of exclusion), acute coronary and 
vascular syndromes, PPCM, and PE. Additional clinical data 
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can be useful to further assess the patient and come to the 
correct diagnosis.

 Blood and Serum Testing

Arterial Blood Gas (ABG): ABG analysis allows for evaluation 
of the patient’s oxygenation, ventilation, and acid-base status. 
Certain respiratory diseases may also increase the gradient 
between the alveolar and arterial oxygen tension, indicating a 
possible defect in diffusion, ventilation-perfusion (VQ) mis-
match, or right-to-left shunting. Unfortunately, ABG is not 
sensitive nor specific for the leading diagnoses in this case. The 
maternal ABG differs in significant ways from the ABG 
obtained from a patient who is not pregnant (see Table 17.1), 
and it is important to be knowledgeable about the differences.

Two particular areas to monitor in the pregnant patient are 
oxygenation and appropriate ventilation. Normoxia in a 
pregnant patient is vital to support fetal oxygenation. In 
many disease states, an intensivist may be somewhat tolerant 
of mild degrees of hypoxia. This is not the case in the preg-
nant patient, and she may require higher degrees of support 
to maintain appropriate fetal oxygen delivery. Pregnant 
patients whose PaCO2 “normalizes” may actually be demon-
strating respiratory fatigue and possible impending respira-
tory failure. It should be noted that for many applications, 
venous blood gas (VBG) testing is an acceptable alternative 
to ABG, except for assessment of arterial oxygenation [48, 
49].

Brain Natriuretic Peptide (BNP): BNP and atrial natri-
uretic peptide (ANP) are hormones released as a result of 
myocyte stretch. A rise in these hormones results in vasodi-
lation, inhibition of the renin-angiotensin-aldosterone signal-
ing, and increased natriuresis [50, 51]. Both BNP and 
N-terminal-proBNP (NT-proBNP, released after cleaving 
from a BNP precursor) can be measured [52]. BNP is mildly 
elevated compared to nonpregnant controls during preg-
nancy but is below the thresholds used in BNP testing [51]. 
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Elevations in BNP are consistent with the diagnosis of 
PPCM and heart failure [53–56]. BNP also predicts a higher 
risk for worsened clinical course and outcome in PE [57–59].

Troponin: Troponins are a family of proteins almost exclu-
sively found in cardiac myocytes which can be measured in 
the serum following cardiac injury. The time course of tropo-
nin rise is variable across different assays, but it is usually 
detectable 2–4  h after injury. Because of this delay, when 
cardiac injury is otherwise apparent (by history, exam, or 
echocardiogram), appropriate treatment should begin imme-
diately rather than wait for the result of serial troponin test-
ing. It should also be noted that a number of nonischemic 
cardiac and noncardiac causes are associated with elevation 
in troponin [60]. Regarding PE, troponin elevation has been 
associated with worsened clinical course and outcome [61]. In 
this patient, because the differential diagnosis includes acute 
cardiac injury, cardiomyopathy, and pulmonary embolism, 
initial testing with a troponin assay is warranted to poten-
tially identify a cause of her symptoms as well as to risk 
stratify her course.

D-Dimer: The use of D-dimer (a product of the breakdown 
of cross-linked fibrin by plasmin) to diagnose VTE in preg-
nancy is confounded by the increasing levels of D-dimer noted 
during gestation [62, 63]. Thought leaders in the diagnosis and 
management of PE have advocated “trimester- adjusted” 
D-dimer levels as a way to improve the sensitivity and specific-
ity of D-dimer testing for VTE and reduce the amount of 
maternal and fetal radiation exposure [64]. This represents an 
active area of research and practice development, but there are 
no specialty guidelines supporting this approach.

 Electrocardiogram (ECG)

Electrocardiography is perhaps the most common study used 
to assess adult patients with chest pain, syncope, dyspnea, and 
hemodynamic and metabolic changes. While there are classic 
findings of pathology (such as ST segment elevation in myo-
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cardial infarction), these are often insensitive and significant 
disease can be evident with subtle findings. In the case of 
PPCM, the most common ECG finding is sinus tachycardia 
and nonspecific changes [30]. Similarly, in PE, the classic find-
ing of S1Q3T3 (deep S-wave in I, Q wave in III, inverted T-wave 
in III) is present in only 12% of patients, and the ECG is nor-
mal in 23% of cases [65, 66]. Despite these issues, obtaining an 
ECG early in the patient’s course is advisable as specific 
changes, when present, can expedite appropriate therapy.

 Duplex Ultrasound (US)

Duplex US of the lower extremities is an attractive test in 
assessing the patient with potential VTE and PE because, 
unlike CT angiogram or ventilation-perfusion scanning, it 
does not require ionizing radiation and can be performed by 
an appropriately trained clinician at the point of care. Most 
VTE in pregnancy begins in the lower extremities. Provided 
the patient is experiencing signs or symptoms in the lower 
extremities, assessment with duplex US is a reasonable 
place to begin the workup in order to avoid unnecessary 
radiation [43, 67]. Limitations of duplex US include its 
dependence on patient habitus and operator expertise. 
Further, duplex is less sensitive to pelvic vein DVT. If there 
is significant suspicion for VTE (either DVT or PE), further 
testing is required.

 CT Angiogram (CTA)

CTA of the chest is a useful test to assess for PE, aortic dis-
section, and other lung pathology. At many hospitals, CTA 
may be more available than other testing modalities like 
ventilation-perfusion (VQ) scan or echocardiography, allow-
ing for more rapid diagnosis of PE. In considering radiation, 
fetal exposure to radiation is lower with CTA than VQ scan. 
However, maternal radiation exposure is higher than VQ 
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scan [67]. Overall, the American College of Obstetricians and 
Gynecologists makes this recommendation regarding radia-
tion exposure:

With few exceptions, radiation exposure through radiography, 
computed tomography (CT) scan, or nuclear medicine imaging 
techniques is at a dose much lower than the exposure associ-
ated with fetal harm. If these techniques are necessary in addi-
tion to ultrasonography or MRI or are more readily available for 
the diagnosis in question, they should not be withheld from a 
pregnant patient [68].

There is concern that changes in maternal anatomy and 
physiology raise the likelihood of nondiagnostic CTAs, in 
some series significantly [69–71]. The use of intravenous 
iodinated contrast required in CTA in pregnant or nursing 
mothers has been investigated and has not been found to 
be harmful. However, it should only be used when needed 
[68, 72, 73]. In this patient’s case, due to the severity of her 
pain and consideration of vascular catastrophe, using a 
CTA to assess for PE and dissection would be reasonable. 
The use of CTA versus VQ scanning in pregnant patients 
remains an area of debate.

 Ventilation-Perfusion (VQ) Scan

If pulmonary embolism is the leading diagnostic consider-
ation and the patient’s chest X-ray is normal, the American 
Thoracic Society guideline recommends the use of VQ scan 
over CTA [67]. The Royal College of Obstetricians and 
Gynaecologists gives CTA and VQ scan equal consider-
ation [74]. The American College of Obstetricians and 
Gynecologists does not make a recommendation of CTA 
versus VQ scan, but does note that fetal radiation exposure 
is low with both [75]. VQ scanning may have a limited avail-
ability at some institutions, making a CTA more expedient 
for diagnosis.
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 Transthoracic Echocardiogram (TTE)

Echocardiography can be useful in initial diagnosis or, follow-
ing diagnosis, in risk stratification and prognostication. In 
assessment for PPCM, pulmonary embolism, and vascular 
injury, TTE provides significant information. Clinicians with 
appropriate point-of-care ultrasound (POCUS) echocardiog-
raphy training can assess global cardiac function and activity, 
estimate ventricular function, and identify a pericardial effu-
sion [76]. Being able to evaluate these aspects of cardiac func-
tion can significantly help in narrowing the differential 
diagnosis of a patient presenting with dyspnea, chest pain, 
tachycardia, and hypoxia. More advanced ultrasonographers 
can examine cardiac function in greater detail including valvu-
lar function, evidence of right heart strain, and wall motion 
abnormalities. It should be noted, however, that 2011 guide-
lines endorsed by several multispecialty societies recommend 
against the use of POCUS echocardiography in the diagnosis 
of PE [77]. Following a diagnosis of PE, echocardiography is 
useful in assessing right heart function and is part of the defini-
tion of submassive PE [77, 78]. TTE has a role to play in the 
diagnosis of vascular dissection, particularly when CTA is 
unavailable. Findings of aortic valve dysfunction, pericardial 
effusion, bicuspid aortic valve, and a proximal aortic intimal 
flap can indicate an aortic dissection. TTE does not have good 
sensitivity for dissection, but because it can identify other con-
ditions and potentially reveal impending catastrophe, it is still 
important in the assessment of the patient with chest pain [79].

 Further Diagnostic Patient Data

In this patient, a CTA of the chest was obtained which dem-
onstrated a pulmonary embolism in the right pulmonary 
artery and no dissection. In addition, an echocardiogram was 
obtained which showed a mild degree of right heart strain. 
Her troponin-T was measured as normal, but a BNP was 
measured as 1000 ng/mL. Taken together with the  previously 
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discussed history and clinical data, the patient was diagnosed 
with a pulmonary embolism.

 Treatment and Management

Diagnosis and treatment are not sequential, but rather paral-
lel courses of action. While identifying the underlying cause 
of the patient’s symptoms and hemodynamic changes, the 
treating clinician must also provide supportive care. Once the 
underlying cause of the patient’s condition has been identi-
fied, in this case having a PE, then diagnosis- specific manage-
ment can begin. Treating PE is an active area of research with 
standard therapies as the norm and emerging therapies 
becoming more available.

 Standard Therapies

 Supportive Critical Care in the Obstetric Patient

When treating a pregnant patient with sudden hemodynamic 
and respiratory changes, it is vital that the bedside team be 
familiar with general principles of caring for the critically ill 
obstetric patient. This topic warrants dedicated review (see 
References) but the guiding principles will be discussed here 
[6, 80, 81].

Critical care of the pregnant patient requires a multi-
disciplinary team working with a systematic mindset. The 
individual patient’s circumstances will direct which specific 
resources are needed, but broadly speaking the team should 
involve intensivists, obstetricians with expertise in maternal-
fetal medicine, neonatologists, pharmacists, nurses from both 
critical care and obstetric disciplines, and social work [6]. 
Further, it is important that the team collaborate and interact 
before a patient-specific crisis to facilitate communication, 
to preplan logistics, and to discuss common scenarios which 
require collaboration. The need to transfer a pregnant patient 
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to a higher level of care is governed by gestational age, the 
threshold of fetal viability of the local institution (and receiv-
ing centers), and overall critical care and obstetric capabilities. 
If there is suspicion for concerning pathology, prioritizing the 
patient’s airway, breathing, and circulation continues to hold 
true. The patient should be placed on telemetry monitoring 
and have regular blood pressure and vital signs taken, and 
IV access should be established. Depending on gestational 
age, fetal monitoring should also be employed. Guntupalli 
and colleagues have proposed a five-step approach to con-
ceptualizing critical illness in pregnancy which is useful when 

Table 17.2 Steps to managing critical illness in pregnancy from 
Guntupalli 2015 (used with permission) [80]

Steps Rationale
Step 1 Is this a medical or 

obstetric disorder?
Many obstetric disorders mimic 
medical disorders

Treatment of the two differ 
completely

Specific treatment available 
for many medical disorders; 
drugs of choice may differ in 
pregnancy

Delivery may halt progression 
of most obstetric disorders but 
only few medical disorders

Step 2 Is there failure 
of multiple organ 
systems?

Almost all patients will have 
organ dysfunction

Kidney injury, 
thrombocytopenia, and 
coagulopathy are commonest

Support failing organ systems

Fetal well-being and safety 
assume importance in 
selecting treatment options 
and targets
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Table 17.2 (continued)
Steps Rationale

Step 3 Is there a risk to 
the mother and 
fetus if pregnancy 
is continued?

Maternal outcomes are better 
in some specific disorders if 
delivery is hastened; these 
should be identified.

Fetal well-being is closely 
monitored

Maternal survival takes 
precedence over fetal survival

Step 4 If delivery is 
to be hastened, 
vaginal delivery 
or Cesarean 
section? General 
or neuraxial 
anesthesia?

The decision-to-delivery time 
with mode of delivery and type of 
anesthesia and their associated 
risks must be balanced with the 
benefits

Step 5 What needs to be 
done to optimize 
patient for 
delivery?

Timely achievement of specific 
targets

Hemodynamics, 
oxygenation, seizure control, 
thrombocytopenia, and 
biochemical and coagulation 
parameters must be optimized to 
ensure safe delivery

encountering these difficult scenarios [80] (Table 17.2).
There are idiosyncrasies in caring for the critically ill preg-

nant patient. In considering airway management, pregnancy 
predicts a more challenging airway both anatomically and 
physiologically. This is a result of upper airway edema, 
decreased functional residual capacity, increased oxygen con-
sumption, and lower tolerance of hypoxia from a maternal 
and fetal perspective [82]. The maternal Mallampati score 
worsens during gestation as well as from predelivery to post-
delivery [3, 83]. Finally, it is important to respect the increased 
risk of aspiration in the pregnant population as a result of 
decreased lower esophageal sphincter tone and delayed gas-
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tric emptying and other factors [81, 84]. Because of the 
importance of appropriate oxygen delivery to the fetus, it is 
important to maintain a PaO2 of greater than 70 mmHg (or 
an oxygen saturation greater than 95%).

When managing the pregnant patient with shock, ana-
tomic and physiologic factors continue to be important to 
consider. Left lateral positioning is recommended to relieve 
aortocaval compression, and intravenous access above the 
diaphragm is preferred in case of compression of the great 
vessels of the abdomen by the uterus [85]. While dopamine, 
dobutamine, norepinephrine, and epinephrine have been 
associated with decreased uterine blood flow, the priority of 
resuscitation remains with the mother, and these agents 
should not be withheld if needed. Provided time allows, it is 
important to focus on positioning and volume expansion 
prior to initiation of vasoactive agents [6].

The disposition of pregnant patients requires thoughtful 
consideration. The threshold to admit to an ICU should be 
lower in pregnant patients as they require closer monitoring 
and potentially urgent interventions. The maternal and fetal 
intolerance of hypoxemia necessitates a high degree of respi-
ratory support, and the multidisciplinary nature of critical 
care lends itself to benefiting the patient. The question of 
transferring the patient will depend on the patient’s condi-
tion, the interventions required, the fetal gestational age, and 
the local gestational age threshold for fetal viability. If at all 
possible, the patient should be at an institution where both 
the needs of the mother and fetus can be met.

 Anticoagulation

The mainstay of VTE treatment is anticoagulation. As men-
tioned previously, the balance between thrombosis and 
thrombolysis is altered in pregnancy to favor clot formation. 
Anticoagulation mitigates this by preventing further clot for-
mation and tipping the balance to favor endogenous throm-
bolysis. In the antepartum period, unfractionated heparin 
(UFH) and low-molecular weight heparin (LMWH) are the 
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favored agents due to their efficacy, reversibility, and lack of 
teratogenicity. Further neither UFH nor LMWH cross the 
placenta [75]. The American College of Obstetricians and 
Gynecologists (ACOG) does not recommend a specific 
agent, but the American Society of Hematology and the 
Royal College of Obstetricians and Gynaecologists from the 
United Kingdom recommend LMWH over UFH [74, 86]. 
Warfarin and other vitamin K antagonists (VKA) are not 
recommended during pregnancy (particularly the first trimes-
ter) due to teratogenicity [87]. Postpartum, however, warfarin 
is acceptable as it is not excreted in breast milk [87]. Direct 
oral anticoagulants such as rivaroxaban or apixaban are not 
recommended at any time during pregnancy or in breastfeed-
ing mothers due to concerns of placental transmission and 
excretion in breast milk [88, 89].

The timing of initiation of full anticoagulation is depen-
dent on the patient’s risk for VTE and the treating clinician’s 
index of suspicion. In cases with high pretest probability for 
VTE, empiric anticoagulation while the diagnosis is being 
investigated is recommended given the potential for rapid 
deterioration [74, 86, 90]. Certainly, once the diagnosis is 
established and there are no overt contraindications, thera-
peutic anticoagulation should begin immediately. The most 
complicated management of anticoagulation occurs during 
the peripartum period. Here, concerns of worsening VTE are 
balanced with needs for neuraxial anesthesia, concern for 
maternal hemorrhage, and potential need for caesarian sec-
tion. ACOG suggests consideration of transitioning patients 
taking LMWH to UFH in the last month of pregnancy, 
owing to the shorter half-life of UFH.  Regarding epidural 
anesthesia, the American Society of Regional Anesthesia 
recommends withholding therapeutic LMWH for 24 h prior 
to placing an epidural catheter [91]. Guidance is less clear 
in patients using therapeutic UFH, and the recommenda-
tion is to assess the risk for bleeding on an individual basis 
[91]. Anticoagulation is maintained from the time of diag-
nosis through delivery and should be continued for at least 
3 months; including at least 6 weeks postpartum treatment 
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as this is the highest risk period for VTE in mothers [74, 87]. 
Guidance for prevention of VTE is beyond the scope of this 
chapter, but further information is available [92, 93].

 Massive Pulmonary Embolism

Pulmonary embolisms associated with hemodynamic insta-
bility or severe respiratory distress and hypoxia are classi-
fied as massive PEs. Massive PE can also present as a 
cardiac arrest. In addition to standard critical care and anti-
coagulation described above, massive PE requires emer-
gent clot disruption to relieve right heart strain and improve 
cardiac and pulmonary physiology. In adults, the recom-
mendation to administer systemic thrombolysis in the set-
ting of massive PE is clear, and meta-analysis has shown 
an all-cause mortality benefit [94–96]. The most recent 
American College of Chest Physician guidelines list preg-
nancy as a relative contraindication for thrombolytic therapy 
[94]. However, when the life of the mother is at stake, clini-
cians should consider the emergent use of systemic throm-
bolytics [43, 97]. The literature base supporting the use of 
systemic thrombolytics is growing, but remains confined to 
case reports and small case series [98–101]. Caution 
should be used when evaluating this literature given the 
bias toward reporting positive results. The small body of lit-
erature limits knowledge regarding maternal and fetal risk 
following systemic thrombolysis. The chief maternal risk fol-
lowing thrombolysis is major bleeding, including intracranial 
hemorrhage (ICH). In the general population under 65 years 
of age, major bleeding complicates thrombolysis for mas-
sive PE in approximately 3% of cases.[95]. Studies examin-
ing ICH as a result of thrombolysis for pulmonary embolism 
do not stratify the risk by age (advanced age being the larg-
est risk factor for ICH), but meta-analysis estimates place 
the incidence at 1.5% of cases. Maternal hemorrhage with 
thrombolysis has been reported as more frequent, upwards 
of 8% [102]. However this data was reported in an era 
where streptokinase was used instead of tissue plasminogen 
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activator (tPA). tPA has been associated with less  hemorrhagic 
complications because it has a higher affinity for plasmino-
gen associated with fibrin; this is more likely to occur at 
the site of active clot [103]. Regarding fetal risk, the data 
remains poor, but there is an estimated 6% rate of prema-
ture delivery and 6% rate of pregnancy loss [103]. Even 
though this data was published in 2002, it continues to be 
cited in the most recent guidelines [97, 104]. Because 
thrombolysis for submassive PE in the nonpregnant popu-
lation is an active area of research and controversy, the use 
of thrombolysis in the absence of hypotension or severe 
respiratory distress in the pregnant patient is not recom-
mended [97, 105, 106].

 Future Directions

Catheter-directed thrombolysis and extracorporeal mem-
brane oxygenation (ECMO) push therapy for massive pul-
monary embolism forward. In patients who are not 
candidates for systemic thrombolysis (such as those with 
active, life- threatening bleeding or have an absolute contra-
indication to systemic thrombolytics), catheter-directed 
therapy may be employed. Further, in cases of massive pul-
monary embolism refractory to thrombolysis or in patients 
for whom thrombolysis is not an option, extracorporeal 
membrane oxygenation (ECMO) has been used for mater-
nal support.

 Catheter-Directed Thrombolysis (CDT)

CDT uses percutaneous vascular technology and interven-
tional techniques to treat PE locally. Through mechanical 
clot disruption (such as suction, fragmentation, or ultra-
sound), local delivery of thrombolytics, or a combination of 
the two, CDT is thought to provide benefits similar to sys-
temic thrombolysis with a lower risk of major bleeding. The 
disadvantages to CDT include the additional risks of 
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percutaneous vascular access, potential for endovascular 
 damage or perforation, and the additional lead time required 
to mobilize an interventional radiology or cardiology team to 
provide the therapy. Further, the specific risks of each 
modality of CDT vary with technique, equipment, and 
experience [107]. The studies of CDT are small and often 
have no pregnant patients in them, or pregnant patients are 
actively excluded [108, 109]. The only prospective trial of 
CDT included 59 patients in comparison to the 1775 
prospectively studied patients for systemic thrombolysis [95, 
109]. However, the results regarding efficacy and safety of 
CDT in the general population are promising, and registry 
data shows favorable outcomes compared to systemic 
thrombolysis [110, 111]. As this technology matures and 
becomes more readily available, it may become the frontline 
therapy for massive PE in the pregnant patient.

 Extracorporeal Membrane Oxygenation (ECMO)

ECMO can be employed purely for support of oxygenation 
and ventilation as well as circulatory support. In the veno-
venous (VV) configuration, deoxygenated blood is removed 
from the venous system via a central vein, oxygenation and 
ventilation occur via an oxygenator, and oxygenated blood is 
returned with relatively low pressure the vena cava for circu-
lation by the heart. When circulatory support is required in 
addition to oxygenation and ventilation, the centrifugal pump 
driving the ECMO circuit is adjusted to meet the desired 
output. Rather than returning to a vein, the blood is returned 
to an arterial catheter placed proximally for perfusion of the 
body. This is venoarterial (VA) ECMO. Once only found in 
highly specialized centers and only implemented in the oper-
ating room, ECMO technology has become more portable 
and cannulation more widely taught. As a result, ECMO can 
now be initiated in a critical access hospital to stabilize a 
patient for return to a tertiary center. Internationally, ECMO 
is being initiated, in selected cases, prehospital for refractory 
cardiac arrest. In the United States, ECMO use increased by 
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over 400% between 2006 and 2011 and  continues to grow 
[112]. A full overview of ECMO is beyond the scope of this 
article, but there are further resources available for a more 
robust review [113, 114]. Case reports discussing ECMO 
support of pregnant patients had been sporadic until the 
2009 H1N1 influenza epidemic when many more patients 
were placed on ECMO circuits due to ARDS. Several case 
series were published, and in a meta- analysis including 5 
publications (for a total of 39 patients), the overall maternal 
survival rate for those requiring ECMO for H1N1 influenza 
was 75% with a 70% fetal survival rate [115]. VA ECMO 
would be the primary modality for maternal support as a 
result of cardiogenic shock and respiratory failure from 
massive pulmonary embolism. Descriptions of maternal 
and fetal survival following ECMO support for pulmonary 
embolism are generally favorable, but there is concern for 
publication bias. The primary complications of ECMO are 
related to bleeding, due to anatomic factors of cannula-
tion and the required anticoagulation while on circuit. The 
overall complication rate varies by ECMO modality (VV 
versus VA) and setting. It is also confounded by differences 
in reporting. Estimates of significant bleeding complications 
for ECMO range between 40% and perhaps up to 70% 
[113]. Because of this, ECMO remains limited to the most 
serious cases of maternal respiratory and hemodynamic 
distress.

 Case Summary

The patient received therapeutic anticoagulation with 
LMWH and close monitoring in the ICU.  Gradually, her 
symptoms and vital signs returned to their pre PE baseline. 
Prior to a planned delivery, she was transitioned to a hepa-
rin infusion which was stopped just prior to labor induction 
to facilitate placement of epidural anesthesia. She delivered 
a healthy baby girl and was discharged in good condition to 
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home where she completed 3  months of anticoagulation 
therapy.
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 Case Part 1

A 44-year-old woman presents to the emergency department 
with a chief complaint of dyspnea and fever which developed 
over the course of 3 days. Associated symptoms include rhi-
norrhea, sore throat, nonproductive cough, noisy breathing, 
and sensation of chest tightness. On presentation she is most 
anxious about her breathing which she describes as “diffi-
cult.” Her past medical history is notable for obesity, HTN, 
type 2 diabetes, and seasonal allergies. She works in a printing 
shop, smokes 1/2 PPD of cigarettes, reports occasional social 
alcohol consumption, and denies any history of drug use. Her 
family history is notable for breast cancer in her mother and 
childhood asthma in a sister. Current medications include 
lisinopril, metformin, atorvastatin, and Tylenol. Vitals show T 
39.2 C, HR 116, BP 132/84, RR 28, and SpO2 92%. On exam, 
she is moderately dyspneic with conversation and appears 
tired but is alert, with yellow nasal congestion, erythematous 
posterior OP, 2+ tender cervical LAD bilaterally, tachypneic 
with decreased air movement bilaterally, diffuse expiratory 
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wheezing and prolonged exhalation, tachycardic with regular 
rhythm without murmur, warm and well perfused with 
flushed appearance, with no peripheral edema. Initial labs are 
notable for BUN 32, Cr 1.5, WBC 17 with 70% neutrophils, 
and PLT 480. A VBG shows 7.24/58/40/18, with a lactate of 1.3. 
PA, and lateral chest X-ray shows mild bilateral perihilar 
cuffing without focal infiltrate.

Respiratory failure is a common reason for critical care 
evaluation and ICU admission and invokes a broad differen-
tial. Respiratory failure is commonly categorized into four 
“types” – hypoxemic, hypercapnic, postoperative, and respi-
ratory failure due to shock [1]. There is frequently overlap 
among the various types of respiratory failure, but it is impor-
tant to recognize all the contributing etiologies to respiratory 
failure in each case in order to identify and reverse all 
pathologies.

This patient presents with dyspnea associated with abnor-
mal ventilation, including wheezing with diminished air 
movement on exam and acute hypercapnia on venous blood 
gas: this is a case of type 2 (hypercapnic/ventilatory) respira-
tory failure. In this case, the clinical exam suggests impaired 
ventilation, occurring at the level of the small airways. Similar 
hypercapnic respiratory failure can develop due to impair-
ment in ventilation at any level within the respiratory tract 
and in some cases can develop in the setting of normal venti-
lation due instead to an acute ventilation-perfusion (VQ) 
mismatch such as with acute pulmonary artery obstruction 
associated with a pulmonary embolism.

The most common causes of type 2 respiratory failure are 
asthma exacerbation and COPD. In this case, the exam find-
ings indicate a process of diffuse airway narrowing leading to 
wheezing, most consistent with lower airway bronchoconstric-
tion. Without a prior diagnosis of asthma or COPD and in the 
setting of risk factors for both (allergies and family history of 
asthma being risk factors for asthma and tobacco exposure 
being the major risk factor for COPD), it may be difficult to 
immediately distinguish between an acute asthma and COPD 
exacerbation. Her response to therapy and clinical course, and 
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ultimately pulmonary function testing after she has returned 
to her respiratory baseline, will assist with distinguishing 
between an underlying diagnosis of asthma and COPD.

If the patient did not have exam findings consistent with 
diffuse small airway airflow obstruction, the level of concern 
for alternative diagnoses would rise. Hypoventilation second-
ary to narcotic substance abuse is an increasingly common 
etiology of type 2 respiratory failure presenting to the ED as 
well as onset of type 2 respiratory failure during a hospitaliza-
tion, and it should be suspected in the setting of decreased 
respiratory effort and somnolence on exam. This diagnosis is 
often confirmed by response to a trial of narcan therapy, with 
improvement in respiratory effort and mental status after 
narcan often significant enough to avoid intubation for their 
respiratory failure. Obtundation from other ingestion, injury, 
or syndrome may present similarly but would be unrespon-
sive to narcan and require additional evaluation for determi-
nation of diagnosis and effective management.

Additional life-threatening causes of acute ventilatory 
dysfunction including pulmonary embolism, acute airway 
obstruction such as from a foreign body aspiration, acute 
diaphragm or respiratory muscle weakness, and pneumotho-
rax. For an alert patient with diminished respiratory capabil-
ity despite apparent good effort, diaphragm injury such as 
from spinal cord injury and viral or idiopathic phrenic nerve 
dysfunction can all present with type 2 respiratory failure in 
the setting of additional associated exam findings. Although 
many patients presenting with pneumothorax have a clini-
cal history of trauma or predisposing factor such as Marfan 
syndrome or history of prior spontaneous  pneumothorax, 
an asymmetric pulmonary exam with absent breath sounds 
on one side of the chest in any patient with acute respira-
tory changes should raise concern for the possibility of a 
pneumothorax. In cognitively intact adults, a history of a 
foreign body aspiration is typically available at the time of 
presentation; however in a patient with altered cognition, 
particularly if there is clinical suspicion for risk for aspira-
tion, an asymmetric respiratory exam, upper airway stridor, 
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and occasionally central airway or asymmetric wheezing 
could be concerning for foreign body aspiration with air-
way obstruction. If there is clinical uncertainty regarding 
obstructed airway vs pneumothorax contributing to absent 
breath sounds on exam, a chest X-ray demonstrating air 
within the thoracic cavity or hyper-expansion of one side 
or portion of the lung with or without a radiopaque foreign 
body can be confirmatory for pneumothorax or foreign body 
airway obstruction, respectively; if there is a high suspicion 
for either of these diagnoses in a clinically unstable patient, 
it is advisable to intervene clinically without waiting for 
confirmatory imaging, as this may be lifesaving particularly 
in the case of a tension pneumothorax. Often in the absence 
of focal exam findings to explain dyspnea with hypercapnia, 
and especially if a patient reports sudden onset or accompa-
nying chest pain, pulmonary embolism should be considered. 
If considering pulmonary embolism in your differential, it is 
helpful to use the Wells criteria to assist with risk-stratifying 
your patient before choosing to proceed with a diagnostic 
evaluation for possible PE.

The broad differential for hypercapnic/ventilatory respira-
tory failure is often narrowed by clinical history and exam, 
and management may be focused once a thorough clinical 
evaluation has been completed and the diagnosis is deter-
mined. Asthma and COPD exacerbations are clinical diagno-
ses, and while chest imaging with chest X-ray is often 
obtained in the evaluation of acute dyspnea, clinical imaging 
is neither required nor confirmatory for these diagnoses. 
Chest imaging including chest X-ray, chest CT, or CT angio-
gram is often obtained in order to exclude an alternative 
cause for the patient’s presentation and is frequently pursued 
in the absence of clinical history or findings consistent with 
asthma or COPD. Regardless of the etiology, a blood gas may 
differentiate between respiratory distress due to difficulty 
with work of breathing and type 2 respiratory failure associ-
ated with insufficient ventilation which would be identified 
based on respiratory acidosis with elevated PCo2 and associ-
ated acidosis on blood gas. A venous blood sample, preferably 
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a central venous blood sample, is sufficient for the assessment 
of ventilation, although an arterial blood gas may alterna-
tively be used in a patient with no central access.

Once identified, management of type 2 respiratory failure 
should be tailored both to the etiology of hypercapnic/
hypoventilatory respiratory failure, with, for instance, alb-
uterol, ipratropium, steroids, and magnesium for an asthma 
exacerbation and to support of the ventilatory distress or 
impairment associated with the presentation. Respiratory 
support of ventilation in an alert patient is commonly pro-
vided with noninvasive positive pressure ventilation 
(NIPPV), specifically bi-level positive airway pressure 
(BIPAP), which provides mechanical assistance with effort 
of ventilation and which has the benefit of being easy to 
wean or interrupt in addition to being much more tolerable 
for many patients than traditional invasive ventilation. In the 
case of contraindications to NIPPV including a high risk for 
aspiration (particularly due to altered mental status), physi-
cal inability to wear a BIPAP mask due to abnormal facial 
structure, recent surgery or some overlying skin conditions, 
patient anxiety or intolerance to BIPAP, or inability to main-
tain effective ventilation while on BIPAP, the more tradi-
tional invasive ventilation with endotracheal intubation and 
mechanical ventilation may be required. A variety of modes 
of mechanical ventilation may be successfully used to treat 
hypercapnic/ventilatory respiratory failure which will not be 
outlined in depth here, but it is worth recalling that ventila-
tion is determined primarily by tidal volume and respiratory 
rate [2]. The mainstay of ventilatory support for respiratory 
failure is volume-cycled, assist-control ventilation, in which 
providers can optimize expiratory time and enhance patient 
synchrony with the ventilator. In particular, modes which 
minimize exhalation such as APRV should be avoided for 
respiratory failure due to air trapping such as respiratory 
failure from asthma or COPD.

High-flow nasal cannula has recently come into vogue as a 
method of providing respiratory support and may be helpful 
for a patient experiencing type 2 respiratory distress associated 
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with increased work of breathing; however it does not pro-
vide as much support as NIPPV with BIPAP, and ventilation 
cannot be adequately measured or ensured while on HFNC; 
therefore HFNC is not a preferred method of assisting venti-
lation in a patient with hypercapnic/hypoventilatory respira-
tory failure in the acute setting but may be better used as a 
method for weaning ventilatory support once their acute 
respiratory failure has been addressed. It is important to note 
that methods of respiratory support targeting oxygenation, 
specifically including nasal cannula, ventimask, non-rebreath-
ers, and continuous positive airway pressure (CPAP), are 
ineffective alone in the management of type 2 respiratory 
failure as they do not support ventilation and may mask a 
patient’s respiratory decline.

Long-term management for patients experiencing type 2 
respiratory failure should include risk-factor modification 
to minimize the risk of recurrent respiratory failure. This 
may include intensified medical management of asthma 
with emphasis on implementation of an effective asthma 
action plan early in any future asthma exacerbations, or 
tobacco cessation counseling, medical management of nico-
tine addiction, and pulmonary rehab for patients with 
COPD.  In some cases patients presenting with apparent 
acute type 2 respiratory failure may have some degree of 
untreated chronic hypercapnic respiratory failure to address 
particularly those with severe COPD or neuromuscular 
weakness. This should be assessed after they have returned 
to their previous baseline function but before they are dis-
charged from the hospital, with additional blood gas testing 
demonstrating chronic hypercapnia. In these cases manage-
ment with chronic  noninvasive ventilatory support such as 
nocturnal BIPAP, or in severe cases and if maximal support 
is desired by the patient, tracheostomy, and home chronic 
ventilation in the case of neuromuscular disease, may be 
considered. Pulmonary consultation during their hospital-
ization and outpatient pulmonary clinic follow-up is impor-
tant for patients who have experienced hypercapnic/
hypoventilatory respiratory failure to help modify their 
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disease course and optimize outpatient management in 
order to avoid recurrence of respiratory failure.

 Case Part 2

AD, our 44-year-old patient, does well with BIPAP support 
and responds to treatment with prednisone and bronchodila-
tor therapy for suspected asthma exacerbation associated 
with a viral respiratory tract infection and is weaned off of 
respiratory support and discharged home within a few days. 
She re-presents to the ED 1 week later complaining of wors-
ening cough productive of thick yellow sputum, dyspnea with 
minimal exertion, pleuritic chest pain, fatigue, and recurrent 
fevers. Her medical history and exposures are unchanged. 
This time, vitals show T 40.3 C, HR 135, BP 92/45, RR 30, and 
SpO2 78% on room air which improves to 90% on 50% ven-
timask. On exam, she is ill appearing, flushed and fatigued, 
oriented to person and place but not date, with tacky mucous 
membranes, clear nares, tachypneic and speaking in short 
sentences with decreased breath sounds in the right lower 
lung field, diffuse inspiratory crackles and no wheezing, 
tachycardia with regular rhythm and no murmur, with a soft 
and non-tender abdomen, and no peripheral edema or 
extremity tenderness. Labs are notable for BUN 45, Cr 2.7, 
WBC 17 with 86% neutrophils and 12% bands, and PLT 130. 
An ABG shows 7.45/24/50/16, with arterial lactate of 2.8. PA, 
and lateral chest X-ray shows a dense, focal consolidation in 
the right lower lobe and diffuse fluffy infiltrates scattered 
throughout all lobes.

Although AD’s chief complaint of dyspnea and fever is the 
same as with her first presentation, her second presentation 
differs significantly from her prior illness. Her respiratory 
distress is now associated with hypoxia, and her arterial blood 
gas demonstrates significant hypoxia, particularly notable as 
it was obtained while she was on a 50% ventimask, as well as 
a respiratory alkalosis developing in the setting of increased 
work of breathing and elevated minute ventilation. In con-
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trast to her first presentation, this is hypoxic, or type 1, respi-
ratory failure. As you will recall, type 2 respiratory failure is 
hypercapnic/ventilatory respiratory failure and may present 
with normal or only mild abnormalities in oxygenation, type 
3 respiratory failure may be hypoxic but is secondary to post-
operative atelectasis, and type 4 respiratory failure is second-
ary to shock (which is not present here). If she had a 
concurrent asthma exacerbation leading to hypercapnic 
respiratory failure in addition to her hypoxic respiratory fail-
ure, as many patients with underlying obstructive lung dis-
ease do, that could be referred to as a mixed (type 1 and type 
2) respiratory failure.

The differential for type 1 or hypoxic respiratory failure is 
quite broad and includes many infectious and noninfectious 
processes. AD presents with many symptoms of acute infec-
tion including fever, tachycardia, leukocytosis, bandemia, ill 
appearance, and purulent mucous production with a focal 
infiltrate on her chest imaging concerning for infectious pro-
cess including bacterial pneumonia. AD has risk factors for 
bacterial pneumonia as her recent viral illness places her at 
risk for development of a secondary bacterial pneumonia 
during the 1–2 weeks after a viral respiratory illness, as do her 
recent hospitalization and her suspected underlying lung dis-
ease (either asthma or COPD.) In the setting of presentation 
with sepsis and acute respiratory failure, pneumonia must 
remain high on the differential until there is diagnostic cer-
tainty in a noninfectious source for the respiratory disease. 
Additional infectious concerns for acute type 1 respiratory 
failure include viral pneumonia, which can mimic a bacterial 
process with a focal infiltrate on chest imaging or present 
with more diffuse interstitial or inflammatory changes, and 
atypical pneumonias including legionella and mycoplasma 
which can also present with sepsis, rapid progression, and 
consolidative lung findings. In cases of more indolent devel-
opment or the presence of an immunocompromised host, 
fungal infections including invasive aspergillus, histoplasma 
and cryptococcal infection, and mycobacterial infections 
including Mycobacterium avium complex and tuberculosis 
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should also be considered. A common pneumonia mimic is 
aspiration pneumonitis, which may or may not be followed by 
development of true bacterial aspiration pneumonia and in 
either case may lead to prolonged and recurrent respiratory 
distress. There are rare, noninfectious pulmonary processes 
which may also present in a similar fashion to acute bacterial 
pneumonia including hypersensitivity pneumonitis and 
eosinophilic pneumonia; however infectious processes should 
be comprehensively excluded prior to proceeding with evalu-
ation or treatment for these pulmonary zebras.

Patients presenting with hypoxic respiratory failure with-
out symptoms of acute infection, often with chest imaging 
concerning for alternative explanations for hypoxia or with 
illness refractory to treatment for initially suspected infec-
tious process, may exhibit a variety of other structural, 
obstructive, infiltrative, or alveolar filling processes, or 
increasingly significantly, inflammatory lung diseases includ-
ing acute respiratory distress syndrome. Unlike in the case of 
hypercapnic respiratory failure, chest imaging may be partic-
ularly useful in their evaluation and is often necessary in 
order to prioritize a differential and decide on a rational 
management approach. Lung masses may be suspected based 
on chest X-ray imaging and are often best clarified on chest 
CT imaging, with hypoxic respiratory failure often resulting 
from post-obstructive pneumonia or atelectasis distal to a 
solid lung mass associated with airway compression from the 
mass and/or due to a large volume of lung destroyed by a 
mass or masses. Absence of lung aeration due to a pleural 
effusion(s) significant enough to cause hypoxia can be easily 
visualized with chest X-ray or bedside ultrasound, typically 
presenting without mediastinal shift, while mucous plugging 
of medium to large airways leading to hypoxia from associ-
ated atelectasis will demonstrate collapsed lobar or periph-
eral lung regions with absence of aeration and mediastinal 
shift toward the affected side of the chest. Diagnosis of many 
less common infiltrative processes such as sarcoidosis, bron-
chiolitis obliterans, vasculitic lung diseases, or  bronchoalveolar 
carcinoma will rely heavily on unusual imaging findings such 
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as tissue infiltration along airways and diffuse pulmonary 
nodules as well as clinical suspicion based on the presence of 
specific risk factors for disease or associated clinical findings, 
and patients will carry a heavy burden of disease before 
developing hypoxic respiratory failure. More chronic inflam-
matory lung diseases are often known based on prior chest 
imaging, although acute flares of ILD can present with acute 
inflammatory changes on a background of chronic fibrotic 
disease. Alveolar filling processes may be focal such as from 
focal pulmonary bleeding often presenting as hemoptysis 
with hypoxia, perhaps from a lung mass or a pulmonary AVM 
or infectious irritation of the airways, or diffuse such as from 
diffuse alveolar hemorrhage, pulmonary edema including 
from CHF exacerbations, pulmonary contusions, or drowning 
injury, or in the case of another pulmonary zebra, pulmonary 
alveolar proteinosis.

Management of hypoxic respiratory failure relies on treat-
ment or reversal of the underlying process, as well as respira-
tory support during the course of illness. In the case of a 
suspected infectious process, early antibiotics targeted to the 
identified infectious process are a mainstay of therapy. 
Testing including sputum bacterial culture and gram stain, 
evaluation for viral respiratory pathogens, and frequently 
urine antigens for legionella and pneumonia may confirm an 
infectious etiology although they are often less than 100% 
sensitive due to sampling error and limitations in detecting all 
relevant infectious pathogens. Unfortunately, the serum bio-
marker procalcitonin has not been validated in the diagnosis 
of infection in the critically ill patient and should not be inde-
pendently used to guide decisions regarding treatment of 
possible infectious process, although some data suggest that 
in a recuperating patient, a declining procalcitonin may be 
used to assist with decisions regarding completion of shorter 
rather than longer antibiotic courses. In cases of suspected 
unusual pulmonary infections where a pathogen has not been 
identified, additional diagnostic testing may be pursued with 
bronchoscopy for biologic specimens through  bronchoalveolar 
lavage, bronchial brushings, or transbronchial biopsy. 
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Diagnostic bronchoscopy, which may be performed by a pul-
monary trained physician and by many critical care trained 
physicians, is typically reserved for cases involving a high 
suspicion for fungal or other unusual infections, complicated 
infections occurring in immunocompromised patients, or 
when there is a high suspicion for a noninfectious process, 
and it is deemed important to exclude infection before pro-
ceeding with immunosuppressive or other involved treat-
ment. Bronchoalveolar lavage may also be diagnostic for 
diffuse alveolar hemorrhage. Therapeutic bronchoscopy by 
an interventional pulmonologist may be considered in cases 
where a pulmonary lesion such as a mass or foreign body is 
causing respiratory failure due to airway obstruction or for 
evaluation and treatment of focal airway bleeding contribut-
ing to respiratory failure.

The initial goals of respiratory support include both alle-
viation of hypoxia and support for increased or inadequate 
work of breathing. In an awake patient without severe dis-
tress, CPAP therapy provides a quantifiable and titratable 
amount of positive end-expiratory pressure which serves to 
both recruit additional alveolar lung capacity and improve 
oxygen delivery across the pulmonary alveolar space, while 
allowing for escalation of the inspired fraction of oxygen up 
to 100%, and is often used first in the setting of escalating 
respiratory support in an ICU patient with hypoxic respira-
tory distress. Many patients requiring some lower levels of 
positive pressure support may benefit from high-flow nasal 
cannula which can be delivered at flow rates of up to 50 LPM 
with FiO2 approaching 80–90%, and many patients feel less 
claustrophobic and experience less skin irritation and 
improved communication with care teams while on HFNC 
compared with CPAP. HFNC is limited in its ability to deliver 
PEEP relative to CPAP, and PEEP cannot be quantified 
while on HFNC. For patients whose oxygen requirement 
remains high (such as greater than 60%) while on CPAP at 
escalated levels despite initial treatment to stabilize disease 
who have unable to tolerate coming off of CPAP even briefly 
such as for medication administration, who have worsening 
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mental status. Who are at risk for aspiration or emesis. or who 
have persistent hypoxia or are developing hypercapnic respi-
ratory failure despite addition of BIPAP to support ventila-
tion while receiving PAP therapy, intubation and full 
mechanical ventilation for definitive control of their respira-
tory status and high levels of respiratory support should be 
considered.

Benefits of intubation and full mechanical ventilation 
include definitive control of oxygenation without periods of 
interruption of PEEP; definitive control over minute ventila-
tion and airway pressures, often allowing for escalation of 
PEEP beyond levels at which CPAP may be tolerable; and 
ability to provide sedation, minimize oxygen consumption by 
alleviating work of breathing, and if necessary proceed to 
paralysis for refractory hypoxia. With this approach, the tox-
icities associated with persistent lung and systemic hyperoxia 
including lung scarring and chronic respiratory insufficiency 
and increased mortality may be minimized [3]. Generally 
acceptable oxygenation goals for an acutely ill patient vary 
based on the presence of known chronic lung disease such as 
COPD or interstitial lung disease as well as the severity of 
illness and relative risk of increased oxygenation support. 
Goal peripheral oxygen saturations in a patient with COPD 
are typically >88%, while we often target a goal peripheral 
saturation of 94–96% corresponding with PaO2 on ABGs 
between 70 and 90 in a patient with presumably healthy lung 
function at baseline. In respiratory failure requiring intuba-
tion, arterial blood gas PaO2 in the 60s may be tolerated if 
there is increased concern for long-term harm in maintaining 
FiO2 greater than 60% or in increasing airway pressures due 
to risk of barotrauma. Intubation also allows for improved 
airway clearance compared with CPAP therapy where PEEP 
is applied without access for endotracheal suctioning of 
secretions. An important benefit of intubation includes more 
accurate monitoring and improved control over air flow and 
airway pressures, beneficial data for which is best established 
in the setting of ARDS as detailed below.
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The most common inflammatory lung disease confound-
ing acute respiratory failure stemming from many sources 
and independently responsible for acute hypoxic respiratory 
failure in patients with many initially non-pulmonary ail-
ments, which is a significant contributor to morbidity and 
mortality in the ICU, is most certainly ARDS, or acute respi-
ratory distress syndrome. ARDS was first described in 1967 
[4]; however increasingly robust data has been published on 
best practices for management of ARDS with a goal of mini-
mizing mortality and pulmonary morbidity for survivors, and 
it is important for any provider taking care of critically ill 
patients to be well versed in diagnosis and best-practice man-
agement of this process. ARDS is best defined by the Berlin 
criteria as acute onset (within 7 days) of respiratory inflam-
matory disease with impaired oxygenation and bilateral pul-
monary opacities on chest imaging not better explained by 
heart failure, attributable to an inflammatory response trig-
gered by an acute medical condition [5]. Specific diagnostic 
criteria include a calculated ratio of pulmonary arterial oxy-
gen concentration from an arterial blood gas to inspired frac-
tion of oxygen (PaO2/FiO2) of less than 300, measured while 
on a PEEP of 5 or greater. While ARDS can be stratified to 
mild, moderate, or severe based on PaO2/FiO2 ratios of 200–
300, 100–200, and <100, practically, consideration for possible 
ARDS should be given early in any significant acute respira-
tory illness with respiratory insufficiency or failure. Given the 
long- term ramifications of lung damage associated with 
ARDS, any patient suspected to be developing ARDS can be 
managed under the general principles of ARDS care until 
ARDS has been excluded. These principles include minimi-
zation of barotrauma utilizing sedation combined with low 
tidal volume ventilation when intubated, avoidance of oxy-
gen toxicity as outlined above, utilization of paralysis and 
prone positioning to optimize oxygenation while providing 
supportive care, and adherence to evidence-based limitations 
on the use of late steroid therapy and benefits of early 
ECMO in refractory ARDS.
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The best data supporting the use of low tidal volume venti-
lation (LTVV) stems from a study demonstrating dramatically 
improved mortality and a shorter duration of respiratory fail-
ure performed by The Acute Respiratory Distress Syndrome 
Network and published in the New England Journal of 
Medicine in 2000 [6]. In this study a tidal volume of 6 ml/kg of 
ideal body weight or lower was targeted in order to minimize 
plateau pressures on the ventilator, with a goal of maintaining 
them below 30. As plateau pressures reflect pressure experi-
enced at the level of the alveoli, this approach acts through 
reducing repetitive elevation of pressure in the inflamed alveo-
lar and interstitial space. It is important to recognize that pla-
teau pressures can only be adequately measured in a patient 
who is breathing passively on the ventilator and may be inac-
curately measuring low in a patient with very stiff, non-com-
plaint lungs who continues to actively breathe in with a 
negative inspiratory force while on the ventilator. Plateau pres-
sures should be followed closely after intubation when intuba-
tion medications create a window of time with respiratory 
paralysis, with escalation of sedation as compliance with the 
ventilator is achieved, and with initiation of paralysis if that is 
indicated. Given the ability to minimize barotrauma by lower-
ing tidal volumes while maintaining adequate ventilation by 
concurrently increasing the respiratory rate and accepting 
permissive hypercapnia and recently published data demon-
strating no benefit for high-frequency oscillatory ventilation 
compared with conventional ventilation in ARDS, there is no 
longer a role for implementing oscillator-based ventilation for 
most severe hypoxic respiratory failure in the adult ICU [7].

There are two roles for instituting medical paralysis in the 
setting of ARDS, and this tool is most effective if imple-
mented early in the course of ARDS. In a patient with pro-
found hypoxia and high oxygen requirements, paralysis with 
continuous neuromuscular blockade such as with atracurium 
or cisatracurium infusions can decrease oxygen consump-
tion, thereby improving sustained oxygenation of vital 
organs while allowing providers to avoid oxygen toxicity 
(again, with a goal of maintaining an FiO2 of less than 60% 
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in the setting of acute lung inflammation). The second, and 
perhaps most important reason for paralyzing a patient with 
ARDS for long-term outcomes, is the ability to adequately 
control ventilation with dedicated attention to maintaining 
ventilatory compliance and achieving low tidal volume ven-
tilation in an effort to minimize airway pressures and subse-
quently avoid barotrauma. Best practice is to optimize all 
other approaches to ARDS ventilatory management includ-
ing escalated sedation in the first 12–24  h of respiratory 
failure and then move to paralysis if you are unable to 
achieve adequate supportive care within 24 h. After imple-
mentation, most patients benefit from remaining paralyzed 
for 2–3  days or longer while allowing time for ARDS to 
peak, with paralysis lifted when signs of improvement in 
oxygenation and lung compliance are seen [8].

After paralysis, two additional steps may be helpful for 
refractory hypoxia. Prone positioning can substantially 
improve oxygenation in ARDS by shifting the gradient of 
blood delivery. It should be approached in a methodical man-
ner to minimize risk for extubation or dislodgment of lines 
during proning and requires adequate staffing to assist with 
the physical turning of the patient but is otherwise a low-tech 
intervention with a significant return. To be most effective, 
the prone position should be maintained for 16 h of the day, 
with a daily return to supine positioning to allow for attention 
to skin care and other patient needs. ECMO may also be 
employed in the setting of ARDS to provide adequate oxy-
genation and ventilation if a patient fails conventional venti-
lator strategies; however this should be considered as a 
bridge through an acute illness, or in rare cases of complex 
lung disease, a bridge to transplantation, and should not be 
used in the setting of irreversible lung disease unless trans-
plantation is being actively pursued. In the CESAR study, 
investigators demonstrated that transfer of patients with 
severe but potentially reversible respiratory failure despite 
optimal conventional management to a center with ECMO 
capabilities improved survival without severe disability [9]. 
This study did exclude patients who required very high FiO2 
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or PEEP for more than 7 days, and given this we would rec-
ommend starting discussions regarding potential need for 
ECMO early in cases of severe ARDS.

There are two strategies for treating ARDS for which 
there is limited or conflicting data. Flolan, a nebulized form 
of the vasodilator epoprostenil, can be effectively used to 
improve oxygen delivery in some patients with ARDS 
through focused vasodilatation of the pulmonary vasculature. 
It has a good safety profiles and is worth trying in the setting 
of refractory hypoxia or high oxygen requirements, but there 
is as yet no evidence that it improves clinically significant 
outcomes for patients with ARDS. Contrastingly, there is 
evidence that initiation of intravenous steroid therapy in 
ARDS, which had been hypothesized to reduce inflammation 
and improve long-term pulmonary recovery, significantly 
increases mortality, risk for infection, and recurrent respira-
tory failure in patients with ARDS [10]. The evidence of harm 
is most compelling when steroids were started more than 
14  days into an ARDS course, and we therefore strongly 
advise against the use of steroid therapy for late ARDS and 
do not recommend routine empiric therapy with steroids for 
ARDS at any stage based on the current literature.

In cases of type 1 or hypoxic respiratory failure, the impor-
tance of attentive supportive care while treating the underly-
ing process cannot be overstated. Although respiratory 
support with mechanical ventilation can be lifesaving for 
many of our critical care patients, the downstream complica-
tions of positive pressure mechanical ventilation can lead to 
long-lasting pulmonary dysfunction including weakness and 
lung scarring. Many patients require substantial time for pul-
monary recuperation following cases of severe respiratory 
failure or prolonged ventilation. Transition from traditional 
endotracheal intubation to tracheostomy can be considered 
early for patients who are likely to require a lengthy period 
of respiratory support and/or prolonged wean off of the ven-
tilator and may help with active rehabilitation. Many patients’ 
oxygen requirement may persist after cases of severe ARDS 
due to lung scarring, although with time a substantial number 
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of patients discharged on home oxygen may also be able to 
wean off of this. Patients with any residual pulmonary disease 
such as an oxygen requirement will also benefit from outpa-
tient pulmonary follow-up after discharge.

AD’s second presentation is clinically concerning by his-
tory and exam for secondary bacterial pneumonia after a 
recent viral illness, with severity of illness, degree of hypoxia, 
and bilateral infiltrates all concerning for development of 
ARDS in the setting of pneumonia. In her case, she would 
likely benefit from a lung protective strategy starting with 
intubation and low tidal volume ventilation with minimiza-
tion of barotrauma and oxygen toxicity as outlined above.

 Summary

Respiratory failure is a heterogeneous diagnosis, and a struc-
tured approach involving differentiation into type 1 vs type 2 
respiratory failure, a broad differential narrowed based on a 
thorough clinical evaluation and history as well as response to 
treatment, and close attention to changes in your patient in 
response to respiratory support are all critical to successful 
management of respiratory failure in the ICU. Differentiating 
between a need for ventilatory support versus enhanced oxy-
gen support can assist with triaging patients in need of critical 
care evaluation or treatment to the timely support they need. 
In many cases, the foundation of management of respiratory 
failure is supportive care while allowing time for treatment or 
resolution of an underlying pulmonary insult, and this is a criti-
cal period during which adherence to best practices in respira-
tory support can minimize mortality and optimize long-term 
pulmonary outcomes. There have been many unexpected find-
ings in research into respiratory failure including ARDS, and 
the importance of following evidence-based recommendations 
in order to avoid iatrogenic harm while treating respiratory 
failure cannot be overstated. Exciting new research continues 
to expand our capabilities in this field and enhance respiratory 
outcomes for our critically ill patients each year.
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 Introduction

The approach to the hypotensive, bradycardic patient in the 
toxicologic setting can be complex, especially when the sub-
stance is unknown. The differential diagnosis is broad, but the 
approach to each patient remains the same.

 Case Study

A 63-year-old female with a past medical history of hyper-
tension, dementia, and depression presents to the emergency 
department with hypotension and bradycardia. The patient 
was “found down” outside her home by her husband who 
endorses that she has a history of suicide attempts in which 
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she intentionally ingested several doses of her medications 
at once. He does not know her medications. Up until this 
point in time, the patient was in her usual state of health.

Vital Signs
BP: 70/40, HR 45, rr 15, and SpO2 96%
Fingerstick glucose: 200

Medications: unknown at this time
Past medical history: HTN, dementia, and depression
Past social history: previous history of recreational sub-

stance abuse
Past surgical history: none

Physical Exam
General appearance: somnolent, unable to answer ques-

tions, and minimally responsive to noxious stimuli.
Head: atraumatic and normocephalic.
Eyes: conjunctivae and corneas clear, 3 mm PERRL brisk, 

EOM’s intact, and sclerae normal.
Ears: external inspection of the ears shows no 

abnormality.
Nose: normal.
Mouth: mucous membrane moist.
Neck: neck supple, no adenopathy, thyroid symmetric, nor-

mal size.
Heart: bradycardic rhythm, regular rate, no gallops, rubs, or 

murmurs.
Lungs: clear to auscultation and normal respiratory rate.
Abdomen: BS normal, abdomen soft, non-tender, no pal-

pable bladder, no masses or organomegaly.
Skin: skin texture, turgor normal, no rashes or lesions, and 

axilla WNL.
Neuro: +2 patellar reflexes bilateral symmetrical, no clo-

nus, and no rigidity.
Mental Status: unable to be assessed.
Musculoskeletal: no signs of trauma.

An EKG was obtained and is shown below (Fig. 19.1).
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EKG

Labwork
WBC 7.3, RBC 4.15, Hgb 12.8, and Hct 38.9
MCV 93.8
PLT 195

Na 128, K 4.9, Cl 110, and CO 20
BUN 15, Cr 1.38, and GFR 48
Glucose 141
Ca 8.6 and Mg 1.4

AST 204, ALT 162, and ALP 96
Protein 5.6, Tbili 0.8, and albumin 3.3
Lipase 45

Digoxin level undetectable

ABG 7.35/30/80/21 on RA

ETOH < 10
APAP < 10
ASA < 4

Figure 19.1 Sinus bradycardia 53, PR 108, QRS 116, QTc 493
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Urine Drug Screen:

Barbiturates: negative
Benzodiazepines: negative
Cocaine: negative
Opiates: negative
Amphetamine: negative

Toxicologic Differential Diagnosis of Hypotension  
and Bradycardia
 1. Calcium channel blockers
 2. Beta-blockers
 3. Digoxin
 4. Alpha-2 antagonists
 5. Opiates
 6. Sedative/hypnotics
 7. Organophosphates/carbamates/cholinergic drugs

Calcium channel blockers (CCB) are classically divided 
into two major categories: dihydropyridines and nondihy-
dropyridines. When evaluating an overdose, it can be impor-
tant to recognize the subtle differences between the two. The 
nondihydropyridines, such as diltiazem and verapamil, block 
the myocardial and smooth muscle L-type calcium channels, 
leading to hypotension and bradycardia through vasodila-
tion and impaired cardiac conduction. Dihydropyridines, 
such as amlodipine, felodipine, nicardipine, and nifedipine, 
preferentially block the L-type calcium channels in the vas-
cular smooth muscle, which leads to vasodilation. However, 
unlike the nondihydropyridines, these drugs do not depress 
myocardial electrical conduction. Though uncommon, in the 
setting of an overdose and even at therapeutic doses, the 
vasodilation may lead to reflex tachycardia [1]. The key point 
here is that even if a patient presents with profound hypo-
tension and tachycardia, the patient may still have taken a 
CCB.  It is also important to note that many intentional 
ingestions involve more than one substance, which may alter 
a patient’s “toxidrome,” leading to a mixed clinical 
presentation.
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Hyperglycemia may be noted on labwork. Insulin release 
is mediated by calcium entry into the pancreatic beta cells via 
L-type calcium channels. CCBs will not only target cardiac 
and smooth muscle but will also target the cells in the pan-
creas, blocking insulin release, ultimately leading to elevated 
blood glucose.

β-blockers (BB) act on the beta-receptors, preventing nor-
epinephrine and epinephrine from binding to the receptor. 
This leads to decreased production of cAMP in the cardiac 
myocyte and limits the calcium influx through L-type calcium 
channels. As with CCBs, this results in myocardial depression 
and decreased cardiac contractility. Because of the patho-
physiologic similarities to CCBs, a BB overdose is generally 
treated in the same way as a CCB overdose.

Of note, certain beta-blockers have additional concerns 
from a toxicologic standpoint.

Propranolol works through two different mechanisms: as a 
beta-receptor antagonist and as a membrane depressant via 
the sodium channel blockade. This can lead to ventricular 
tachyarrhythmias [2]. Propranolol is also known to be lipid 
soluble and can easily cross the blood-brain barrier, increas-
ing risk for CNS depression and seizure [3].

Sotalol is a type III antiarrhythmic well established in lit-
erature to prolong the QT interval and can lead to torsades 
de pointes [4].

Hypoglycemia may or may not be observed in an over-
dose. It has been described in children and diabetics, though 
is less in adults. It is classically thought that hypoglycemia is 
facilitated through the blunting of sympathetic hypoglycemic 
symptoms, such as tremors, sweats, and tachycardia [5].

 Digoxin

Digoxin is a cardiac glycoside that has been used in the treat-
ment of atrial fibrillation and heart failure. It increases 
 contractility by increasing cytosolic calcium. Digoxin and 
other cardiac glycosides bind and block the Na+/K+ ATPase 
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transporter on the extracellular membrane, leading to 
decreased Na +  transport out of the cell and decreased K+ 
into the cell. The increased concentration of intracellular 
Na + allows for extracellular Na + to be pumped into the cell 
via the Na+/Ca2+ channel, while intracellular Ca2+ is pumped 
out. The increased calcium leads to further Ca2+ release from 
the sarcoplasmic reticulum during systole, increasing cardiac 
contractility.

It is worth noting that while we are discussing the hypoten-
sive, bradycardic patient, digoxin toxicity can cause any type 
of change in both heart rate and cardiac rhythm. EKG find-
ings can include PVCs, sinus bradycardia, atrial fibrillation, 
and ventricular tachycardias [6].

The clinical appearance of a patient with a digoxin over-
dose generally begins with GI symptoms – nausea, vomiting, 
and abdominal pain. Severe toxicity can lead to CNS symp-
toms – somnolence, confusion, lethargy, headache, and hallu-
cination. Classically, patients have also described “yellow 
halos” in their fields of vision [7].

Potassium must be monitored in an overdose. As digoxin 
blocks the Na+/K+ pump, extracellular potassium increases. 
Hyperkalemia will further hyperpolarize myocardial conduc-
tion tissue and increases AV nodal block. The degree of 
hyperkalemia is a prognostic indicator of mortality [8].

In the undifferentiated hypotensive, bradycardic patient, a 
serum digoxin should be obtained; however, levels may be 
falsely elevated depending on when the last dose of digoxin 
was taken. After peak absorption, digoxin is then redistrib-
uted into the body stores. Blood concentrations taken prema-
turely (<6 h after last dose) are difficult to interpret and will 
not reflect complete redistribution levels. Because levels may 
be falsely elevated, it is important to assess how the patient 
clinically appears.

The indications for giving the antidote, digoxin-specific 
antibody fragments (digibind/digifab), are based on the 
patient’s clinical picture and the following:

 1. Cardiac arrest
 2. Hemodynamic instability
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 3. Any life-threatening dysrhythmia
 4. K+ > 5.0 in acute toxicity
 5. Serum digoxin level  >  10  nmol/L measured more than 

6  h after ingestion in an acute ingestion regardless of 
symptoms

 6. Acute ingestion of >10 mg in an adult (4 mg in a child)
 7. Ingestion of non-pharmaceutical cardiac glycoside (e.g., as 

found in plants like foxglove and oleander, animals like the 
Bufo species toad, herbal preparations and traditional cul-
tural medicines like Chan Su)

For elevated digoxin levels <10 nmol/L, treating with anti-
dote must be weighed against the clinical picture and the 
patient’s need for digoxin [9]. If the patient is not severely ill, 
ascertain why the patient was started on digoxin. Once the 
antidote has been given, digoxin levels can no longer be accu-
rately measured until the digibind-digoxin complex has been 
eliminated. Digoxin assays are unable to accurately measure 
digoxin levels for 3  weeks, rendering it difficult to restart 
patient on therapy and properly dose the patient [10]. Also 
consider the high medical cost of the antidote.

Calculating the dose of digifab needed is unreliable if time 
of ingestion is unknown as measured serum digoxin level may 
not reflect the steady-state (postdistibutional) serum 
concentration.

Treatment is as follows [11]:

Acute toxicity:

• Known dose:

• Dose (number of vials) = total ingested (mg) × 0.8 (bio-
availability of tablet preparation) ÷ 0.5 of digitalis 
bound/vial

• Unknown dose:

• Give five vials initially if the patient is hemodynami-
cally stable

• Give ten vials initially if the patient is hemodynamically 
unstable
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• Repeat doses of five ampoules should be given every 
30 min until reversal of digoxin toxicity is achieved

• In cardiac arrest give 20 vials (760 mg)

Chronic digoxin toxicity:

• Known level: number of vials required =  (serum digoxin 
concentration – ng/L × (weight – kg) ÷ 100

• Empiric dosing: give one to three vials, can be re-dosed 
after 30 min and titrated to clinically effect.

Note that if a patient is ill due to ingestion of non- 
pharmaceutical cardiac glycoside (found in plants and ani-
mals), the digoxin level should not be used to estimate dosing. 
Treat with empiric dosing.

 Alpha-2 Agonists

Clonidine, tizanidine, guanfacine, methyldopa, and dexme-
detomidine are centrally acting alpha-2 adrenergic agonists. 
They reduce sympathetic outflow to the CNS, leading to a 
decrease in blood pressure, heart rate, and vascular tone. In 
an overdose, these agents can cause a prolonged CNS 
depression and, occasionally, hypothermia. Note that alpha 
agonism will lead to pinpoint/constricted pupils, often lead-
ing to the misdiagnosis of an opioid toxicity. Respiratory rate 
may be depressed, but unlike in an opiate toxicity, this gener-
ally responds well to external stimuli (auditory or tactile).

Naloxone has been used in high doses (4–10 mg) for reversal 
with variable response [12]. The mechanism behind increased 
blood pressure, heart rate, and level of arousal after naloxone is 
not well defined but is thought to relate to the modulation of 
CNS sympathetic outflow by endogenous CNS opioids [13].

The following substances may cause bradycardia and occa-
sionally hypotension and can be peripherally regarded when 
thinking about the hypotensive, bradycardic patient. When 
considering the hypotensive, bradycardic patient, CCBs, BBs, 
alpha-2 agonists, and digoxin should be first on the differential 
diagnosis.
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 Opioids

Although uncommon, narcotics can cause varying degrees of 
hypotension (generally orthostatic) and bradycardia. 
Methadone in particular has been shown to have calcium 
channel antagonism [14, 15].

 Sedative/Hypnotics

Benzodiazepines, barbiturates, baclofen, GHB, sodium oxy-
bate, and carisoprodol (SOMA) are all examples of sedative- 
hypnotics that can lead to hypotension and bradycardia.

Though their exact mechanisms vary, simplistically, these 
medications involve agonism of the GABA-A or GABA-B 
receptor and can clinically present as decreased mental status, 
respiratory depression, and bradycardia.

Flumazenil has been used for iatrogenic and pediatric ben-
zodiazepine overdoses. It is generally not recommended to 
give flumazenil in an adult who potentially is benzodiazepine- 
dependent due to the precipitation of withdrawal. 
Benzodiazepine withdrawal is not benign and can lead to 
seizures, hypertension, tachycardia, hallucinations, psychosis, 
and coma. Once flumazenil is administered, the specific bind-
ing site for benzodiazepines is blocked. Should the patient 
experience seizures, the patient will not be able to respond to 
benzodiazepines [16]. It is worth noting that barbiturates, 
while also GABA-A agonists, bind to a separate site on the 
GABA receptor and could potentially be used in a seizing 
patient unresponsive to benzodiazepines.

GHB is a GABA-B agonist that has historically been abused 
by bodybuilders for its supposed anabolic properties. It is also 
known to be used as a recreational substance or for facilitation 
of physical/sexual assault. Ingestion can cause deep sedation, 
bradycardia, and coma, sometimes requiring intubation. The 
classic presentation is of a patient who presents comatose and 
is intubated for airway protection. Ninety minutes later, the 
patient abruptly awakens and self-extubates [17].
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 Organophosphates/Carbamates

Organophosphates and carbamates are compounds often 
found in insecticides and agents of warfare.

In the body, acetylcholine is a neurotransmitter that func-
tions in multiple ways. It is used at the neuromuscular junc-
tion to activate skeletal muscles, used as a neurotransmitter in 
the autonomic nervous system, and also used as a neurotrans-
mitter in the CNS in both the parasympathetic and sympa-
thetic nervous system.

Organophosphates and carbamates inhibit the enzyme 
cholinesterase, which is the enzyme breakdown acetylcholine. 
This leads to an excess of acetylcholine at nerve synapses and 
neuromuscular junctions, which results in overexcitation of 
acetylcholine receptors. This is better known as a cholinergic 
crisis, which can manifest as nausea, headache, shortness of 
breath, rhinorrhea, salivation, diaphoresis, confusion, bron-
chorrhea, muscle fasciculations, seizure, diarrhea, paralysis, 
and coma.

Because acetylcholine functions as a neurotransmitter for 
both the sympathetic and parasympathetic nervous systems, 
a patient with a severe overdose may present with auto-
nomic instability. Parasympathetic stimulation commonly 
predominates, which manifests as hypotension, bradycardia, 
and miosis. A patient may have a mixed picture as the sym-
pathetic stimulation leads to tachycardia, hypertension, and 
mydriasis [18].

There are also cholinergic agents to keep in mind, such as 
donezepil (Aricept), physostigmine, neostigmine, rivastigmine, 
and galantamine.

Depending on type and route of exposure, treatment 
involves decontamination (skin and mucous membranes) and 
provider protection with chemical-protective clothing.

Atropine addresses the life-threatening muscarinic symp-
toms including bradycardia, hypotension, bronchorrhea, and 
bronchospasm. It should be given in escalating doses, starting 
at 2–5 mg IV, and titrated every 5–10 min until patient’s secre-
tions and clinical picture improve.
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Pralidoxime is used in the setting of an organophosphate 
(OP) overdose to reactivate cholinesterase enzymes; how-
ever, based on route of exposure, type of OP (some organo-
phosphates may quickly irreversibly bind to cholinesterase), 
this may or may not be helpful in an overdose. It is most 
helpful in an OP overdose when given as early as possible. 
It is not typically given with carbamates.

Pralidoxime should be given as a loading dose (30–
50 mg/kg, total of 1–2 g in adults) over 30 min, followed by 
a continuous infusion of 8–20  mg/kg/h (up to 650  mg/h) 
[19].

 Plants, Herbs, and Animals

As providers are exposed to different cultures, it is worth 
briefly noting that there are many plants (e.g., oleander, fox-
glove), traditional medicinal preparations (e.g., aconite in 
Chinese herbal preparations), and diet (e.g., shellfish poison-
ing/toxic fish poisonings) that can cause hypotension and 
bradycardia [20, 21]. Obtaining a comprehensive history may 
be crucial to identifying the patient’s source of exposure once 
the patient has been stabilized.

 Management of the Acutely Ill, Hypotensive, 
Bradycardic Patient

 1. Establish and maintain the patient’s airway.
 2. Place patient on cardiac monitor and place pacer pads.
 3. Obtain adequate intravenous access. Establish central 

access if anticipating need for multiple pressors, large 
amounts of fluid, and high concentration solutions like 
D20W.

 4. Send CBC, BMP, LFTs, ETOH, ASA, and APAP. If undif-
ferentiated, it is reasonable to add a digoxin level.

 5. If patient presents within 1–2 h after ingestion, consider 
aggressive early decontamination. For example, in the 
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case of CCB/BB overdose, the severity of toxicity can be 
profound, and the benefit to decontamination is great:

 (a) If the patient is alert and able to maintain an airway, 
consider giving activated charcoal.

 (b) If patient is intubated, consider giving activated char-
coal and performing gastric lavage.

 (c) If the patient has taken sustained release tablets or if 
bezoar formation is suspected, whole bowel irriga-
tion may also be considered. Note that a negative CT 
does not rule out a bezoar [22].

 6. Assess volume status:

 (a) Bedside US can be utilized to assess ejection fraction, 
ventricular wall movement, and IVC collapsibility.

 (b) Give IV fluid bolus in the absence of fluid overload.

 7. Atropine

 (a) Inhibits the effects of vagal stimulation, which can 
temporarily reverse AV nodal blocks, leading to an 
increased electrical conduction and increased heart 
rate.

 (b) Given the relative ease of access to atropine, it is a 
reasonable medication to try. In severe antihyperten-
sive overdose, however, it is usually not successful.

 (c) Dose: 0.5 mg–1 mg IV q 3–5 min; max 3 mg total.

 8. Intravenous calcium

 (a) If the patient is known to have taken a CCB, the the-
ory behind giving intravenous calcium is competitive 
antagonism and peripheral vascoconstriction. Note 
that calcium chloride contains three times the amount 
and has potential to be venosclerotic.

 (b) If the patient is known to have taken digoxin, it may 
be prudent to avoid giving calcium; however, this 
stems from older animal models that showed an 
increase in digoxin toxicity when calcium was given. 
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The theory behind this being calcium may lead to an 
irreversible noncontractile state, due to impaired dia-
stolic relaxation from calcium-troponin C binding. 
The human evidence for developing cardiac tetany or 
a “stone heart” is poor [23]. IV calcium should not be 
withheld from a critical patient if it may prove 
beneficial.

 (c) Dose: calcium chloride 1 g IV or calcium gluconate 3 g 
IV with goal serum calcium 12-13 mg/dL.

 9. Pressors

 (a) Norepinephrine/epinephrine

• In regard to dopamine: dopamine receptor selec-
tivity is poor, and its mechanism of action is indi-
rect and less predictable than that of norepinephrine. 
Dopamine preferentially binds to dopamine 
receptors which may cause hypotension at low 
doses. It then converted to NE and stimulates the 
release of NE. If a patient is already on NE, add-
ing dopamine does not necessarily confer 
increased pressor support. Additionally, the 2016 
Cochrane review of vasopressors for hypotensive 
shock noted increased arrhythmogenicity with 
dopamine.

 (b) Vasopressin does not act on adrenergic receptors and 
may be added if there is no response to norepineph-
rine/epinephrine.

 (c) In a patient with poor cardiac contractility, also con-
sider dobutamine and phosphodiesterase III inhibi-
tors (inamrinone, milrinone, and enoximone).

 10. Give antidote if indicated

 (a) Digifab for digoxin (see above digoxin section for 
dosing)

 (b) Naloxone

• 4–10 mg IV for clonidine
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 11. Glucagon

 (a) A reasonable therapy to start, especially if suspecting 
a beta-blocker overdose.

 (b) Glucagon stimulates adenyl cyclase via G proteins, 
resulting in increased intracellular cyclic AMP which 
in turn leads to stimulation of muscle contraction, 
resulting in positive inotropic and chronotropic 
effects, similar to beta-agonists [24].

 (c) Dose: 5–10 mg IV bolus and watch for response within 
5 min. Glucagon may be re-dosed. If clinical response 
is noted, patient should immediately be started on a 
glucagon infusion at response dose per hour.

 (d) Note that glucagon may cause nausea and emesis, 
which may compromise the patient’s airway.

 12. High-dose insulin euglycemia therapy (HIET)

 (a) Pathophysiology

• The myocardium uses free fatty acids for energy 
but in a shock state will use insulin. In a CCB over-
dose, patients become hyperglycemic and insulin 
resistant. The heart enters a metabolic stress state 
but is unable to utilize glucose. Without the needed 
energy, myocardial depression and hypotension 
ensue [25]. HIET promotes uptake of glucose and 
facilitates oxidation and clearance of metabolic 
“stress state” by-products, including lactic acid and 
end products of glycolysis [26].

• Insulin has also been shown to provide inotropy as 
demonstrated in animal studies [27].

 (b) Labwork

• Frequent glucose checks are necessary, and serial 
electrolytes need to be monitored. Hypokalemia 
due to insulin-mediated intracellular shifting can 
be supplemented with IV potassium; however, it is 
important to remember that patient’s total body 
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potassium is not depleted. When HIE is stopped, 
potassium will shift out of the cells.

 (c) Dosing

• Start insulin as soon as possible as it will take time 
to see clinical effect (approximately 20–30  min). 
Bridge with pressors as needed.

• Bolus 1 IU/kg insulin with or without 25 g dextrose 
bolus

 1. Avoid insulin bolus if glucose <150
 2. Avoid dextrose bolus if glucose >400

• Start 1–2  IU/kg/h drip with goal blood glucose of 
100–250

 1.  Perform glucose checks q30 minutes until blood 
glucose is stable, and then space to 1–2 h

 2.  Check potassium levels q1 hour, and replete 
when K < 2.5 mEq/L

 (d) Goals of treatment

• Therapy should be guided by patient’s hemody-
namic status. A HR > 50 and MAP > 65 is a reason-
able goal.

• HIET is stopped after vasopressors have been 
weaned. The approach to cessation of HIET is not 
well defined as some physicians advocate a slow 
taper, while others advocate for abruptly cessation 
to allow for self- tapering of insulin from insulin 
release of body lipid stores [28].

• We recommend weaning insulin infusion 0.5  U/
kg/h every 2–4  h once vasopressors have been 
stopped. Closely monitor glucose and electrolytes 
during the weaning process and for 24 h after dis-
continuation of insulin infusion.

If the above steps have not led to adequate control of the 
patient’s clinical presentation, consider the following:
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 13. Other pressors

 (a) Methylene blue

• The suspected mechanism of action of methylene 
blue is inhibition of the enzyme nitric oxide syn-
thase, which ultimately prevents the smooth mus-
cle dilation [29].

• This will turn the patient blue and will interfere with 
colorimetric lab testing like CO-oximetry and also 
lead to inaccurate readings on pulse oximeter [30].

 (b) Hydroxocobalamin

• The suspected mechanism of action is the seques-
tration and subsequent depletion of nitric oxide in 
vascular endothelium preventing vasodilation 
[31].

• It changes colors of body fluid to a dark-wine 
color, which can interfere with colorimetric meth-
ods used in laboratory measurements such as 
aspartate aminotransferase, total bilirubin, creati-
nine, magnesium, and serum iron [32]. It also may 
interfere with CO- oximetry testing of carboxyhe-
moglobin, methemoglobin, and oxyhemoglobin.

• Depending on the hemodialysis machine, hydroxo-
cobalamin may trigger the blood leak alarm on a 
dialysis circuit due to its color. When it crosses the 
semipermeable membrane, some machines have 
been known to terminate dialysis because it inter-
prets the presence of hydroxocobalamin as in the 
dialysate [33].

 14. Lipid emulsion therapy

 (a) The exact mechanism for intralipid therapy is not 
completely understood, but it is thought that once 
intralipid is circulation, the emulsion extracts lipo-
philic drugs, preventing them from distributing into 
the serum [34]. The evidence of lipid emulsion ther-
apy comes from the treatment of local anesthetics, 
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such as lidocaine and bupivacaine; however, further 
investigation is underway to assess benefit in other 
lipophilic medications.

 (b) Medications that are thought to have had some ben-
efit include amlodipine, verapamil, bupropion, 
carvedilol, cyclic antidepressants, diphenhydramine, 
flecainide, metoprolol, organophosphates, proprano-
lol, quetiapine, and timolol [35, 36].

 (c) Pitfall: It is important to draw labs such as ABG, 
CBC, electrolytes, triglycerides, and serum drug con-
centrations prior to dosing as intralipid will interfere 
with these lab tests once administered.

 (d) Note: It is contraindicated in use in patients with 
severe egg or soybean allergy.

 (e) Using intralipid is not without risk:

• Hypertriglyceridemia, acute pancreatitis, cholesta-
sis, and increased risk of infection have been 
described [37].

• Fat overload syndrome is a well-known complica-
tion of intravenous lipid emulsion therapy, directly 
relating to the rate of administration of infusion. 
As this is a relatively novel therapy, the upper lim-
its of infusion rates and dose are not defined. The 
syndrome is characterized by headaches, fever, 
anemia, jaundice, hepatosplenomegaly, respiratory 
distress, ARDS, and DIC [38].

 (f) Dose: 1.5  mL/kg as an initial bolus followed by 
0.25 mL/kg/min for 30–60 min.

 (g) If considering extracorporeal membrane oxygenation 
(ECMO), note that intralipid may potentially create 
problems, including clogging and cracking in an 
ECMO circuit [39]. To this point, if a patient is already 
actively receiving ECMO, it may not be salient to start 
intralipid. Conversely, failed intralipid therapy should 
not stop a provider from starting ECMO.

 15. Nonpharmacologic therapies [40]
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 (a) Temporary cardiac pacing can be considered but usu-
ally unsuccessful in treating the severely ill, poisoned 
patient.

 (b) Dialysis: antihypertensive agents are poorly dialyzed, 
though some studies have shown that atenolol, ace-
butolol, and sotalol may have some clearance through 
dialysis [41]. This may or may not translate to better 
clinical outcomes and should only be considered if 
pharmacologic therapies have been exhausted.

 (c) Intra-aortic balloon pump/left ventricular assist 
device/VA ECMO

• Mobilize these therapies early if the patient is 
severely ill.

 Case Conclusion

The patient’s husband was able to find his wife’s medication 
list, which included diltiazem. The patient received IV fluids, 
atropine, pressors, and glucagon (with no effect) and ulti-
mately was placed on HIET with full recovery.

Key Points

 – The undifferentiated toxicologic hypotensive bra-
dycardic patient has a wide differential diagnosis. 
Obtaining a comprehensive history is important 
and may help further guide management, but in 
the critically ill patient, starting the algorithm may 
help attain hemodynamic stability.

 – Given the elevated morbidity and mortality of 
calcium channel and beta-blocker overdoses, con-
sider early aggressive decontamination.

 – In the undifferentiated patient, a digoxin level 
should strongly be considered.
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