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Aggressive supportive care is the mainstay of
treatment provided to patients in the intensive
care unit (ICU). Basic aspects of care must be
reevaluated or adjusted to account for unique
aspects in the pathophysiology of the critically
ill poisoned patient. This may include the use of
gastrointestinal (GI) decontamination or the
administration of antidotes. This chapter dis-
cusses the initial management and resuscitation
of the critically ill poisoned patient. Subsequent
chapters describe therapeutic decisions unique to
particular drugs and xenobiotics and discuss spe-
cific antidotes in greater detail.

General Approach to Patient Data
for the Poisoned Patient

The organization of data may be problem based
(e.g., phenytoin overdose or hydrocarbon aspira-
tion) or system based (i.e., pulmonary, cardiovas-
cular, renal, or hematologic). The system-based
approach, typically used for critical care patients,
better organizes large quantities of data (e.g., liver
failure following acetaminophen ingestion caus-
ing coagulopathy, increased intracranial pressure,
and hepatopulmonary syndrome). For the toxicol-
ogy patient, substance-specific problems and ther-
apies should also be noted. The system-based
approach prevents important therapeutic and
organizational issues from being overlooked
(Table 1). The system-based approach clearly
identifies the number of organ system failures, a
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criterion used to determine the need for ICU
admission and to predict ICU mortality [1].

Patients with Toxicologic Exposures
Admitted to an Intensive Care Unit

The American Association of Poison Control
Centers (AAPCC) National Poison Data System
(NPDS) reported 101,141 exposure-related ICU
admissions (3.5% of all toxicant exposures and
16.5% of all exposures managed in a health-care
facility) in 2014 [2]. Of all the patients included in
the NPDS, 7% had medical outcomes classified as
“moderate” and 1% were classified as “major.”
For patients 20 years of age or older, 15% had
medical outcomes classified as “moderate” and
2% as “major.” Presumably patients with moder-
ate or major effects were more likely to require
admissions to the ICU. Moderate effect is defined
by AAPCC as the patient exhibiting signs or
symptoms as a result of the exposure that were
more pronounced, more prolonged, or more

Table 1 System-based approach to the poisoned intensive
care unit patient

General

Vital signs: current HR, BP, RR, temperature

Avoid giving vital sign ranges (e.g., “systolic BP ranging
from 50–180”), as this can be misleading and
counterinformative

State vital signs that are “abnormal” (e.g., fever spikes,
hypotension)

Input and outputs; weight

Cardiovascular

Cardiac biomarkers and ECG

Inotropes and vasopressors: dopamine, dobutamine,
norepinephrine, epinephrine, phenylephrine, glucagon,
high-dose insulin euglycemia

Advanced monitoring: CVP, PAP, PCWP, CO, SVR,
SvO2, stroke volume, IVC diameter and collapse, carotid
velocity time integral

Echocardiogram, MRI, CT

Pulmonary

Ventilator settings

Mode and rate, VT (tidal volume), PEEP, FiO2

Pressure support, if added to SIMVor CPAP modes

Report the patient’s actual RR, VT, and VE (minute
volume)

Airway peak and plateau pressures, auto-PEEP

Arterial blood gases: pH, PCO2, PO2, SaO2

Liberation parameters: NIF (MIP), rapid shallow
breathing index

Chest x-ray and CT findings

Gastrointestinal

Liver function tests, amylase and lipase, albumin

Abdominal ultrasound and CT findings

Bowel function/elimination

Renal

Electrolytes, BUN, creatinine, anion gap, osmolar gap

Infectious diseases

Maximum temperature (minimum temperature when
low), antibiotics (day number), positive cultures, cultures
outstanding

WBC and bands

Neurologic

Sedation and paralysis; analgesia

Electroencephalographic findings

Hematologic

Coagulation studies, platelet count, DIC information

Endocrine

Blood glucose

Corticosteroid levels and results of stimulation tests

ICU housekeeping

Stress ulcer and DVT prophylaxis

Nutritional support (tube feedings or TPN)

(continued)

Table 1 (continued)

Central venous and arterial catheters, intraosseous lines

Peripheral intravenous access

Toxicology

Toxin or drug exposed to and route of exposure

Ongoing diagnostic testing (e.g., follow-up renal
function, ECG)

Current gastrointestinal decontamination (e.g., whole
bowel irrigation)

Specific therapies or antidotes

BP blood pressure, BUN blood urea nitrogen, CO cardiac
output, CPAP continuous positive airway pressure,
CT computerized tomography, CVP central venous pres-
sure, DIC disseminated intravascular coagulation, DVT
deep venous thrombosis, ECG electrocardiogram, FiO2

fraction of inspired oxygen, HR heart rate, ICU intensive
care unit, IVC inferior vena cava, MIP maximum inspira-
tory pressure, MRI magnetic resonance imaging, NIF neg-
ative inspiratory force, PAP pulmonary artery pressure,
PCO2 partial pressure of carbon dioxide, PCWP pulmo-
nary capillary wedge pressure, PEEP positive
end-expiratory pressure, PO2 partial pressure of oxygen,
RR respiratory rate, SaO2 oxygen saturation in arterial
blood, SIMV synchronized intermittent mandatory ventila-
tion, SvO2 mixed venous oxygen saturation, SVR systemic
vascular resistance, TPN total parenteral nutrition, WBC
white blood cell count
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systemic in nature than minor symptoms. Exam-
ples include acid–base disturbances, high fever,
disorientation, hypotension responsive to treat-
ment, and isolated brief seizures. Major effect is
defined by AAPCC as the patient exhibiting signs
or symptoms that were life-threatening or resulted
in significant residual disability or disfigurement.
Examples include repeated seizures or status
epilepticus, respiratory compromise requiring
intubation, ventricular tachycardia, hypotension,
cardiac or respiratory arrest, esophageal stricture,
and disseminated intravascular coagulation.
Patients experienced major effects for less than
24 h 29% of the time, between 24 h and 3 days
34% of the time, and between 3 days and 1 week
19% of the time. Since 2000, cases with more
serious outcomes increased by 4.29% (95% CI
3.87–4.72%) per year. Some patients with less
pronounced effects were also admitted to the
ICU due to hospital requirements to admit all
suicidal patients to the ICU in order for them to
be closely monitored.

Initial Assessment

As with any unstable or critically ill patient, the
ABCs (airway, breathing, circulation) of basic life
support take priority (Level III recommendation).
In the poisoned patient, therapeutic interventions
and diagnostic evaluation often are initiated
simultaneously (see ▶Chap. 2, “The Diagnostic
Process in Medical Toxicology”). Findings on
physical examination often guide the initial ther-
apy. Airway patency and ventilatory drive fre-
quently are compromised in patients with
decreased mental status and may need immediate
intervention. The decision to administer certain
antidotes such as thiamine, glucose, naloxone,
flumazenil, and physostigmine is made early in
the diagnostic stage, generally before the patient is
admitted to the ICU. Although naloxone and
flumazenil may obviate the need for intubation
in selected patients, flumazenil should only be
cautiously administered to patients who may
have long-term benzodiazepine use or to patients
who have co-ingested a benzodiazepine and drugs
that lower the seizure threshold. The risk of a

flumazenil-induced seizure must be weighed
against complications occurring during intubation
(Level I recommendation). Further discussions of
benzodiazepine poisoning and the use of
flumazenil are found in ▶Chaps. 45, “Anxio-
lytics, Sedatives, and Hypnotics,” and ▶ 148,
“Flumazenil.” For further discussion about the
role of physostigmine, see ▶Chaps. 23, “Anti-
cholinergic Syndrome,” and ▶ 161, “Physostig-
mine”. Decisions regarding GI decontamination,
if any, which may include administration of
single-dose activated charcoal (AC) and whole
bowel irrigation (WBI) are also made early in
the patient’s course, likely before the patient
arrives in the ICU. Currently, there is no role for
gastric lavage. Diagnostic tests often need to be
repeated to follow the ongoing effects of the tox-
icant (e.g., acid–base status in ethylene glycol
ingestion) or to determine effectiveness of treat-
ment (e.g., electrocardiogram after administration
of sodium bicarbonate in patients with signs of
sodium channel blockade, such as after overdose
of tricyclic antidepressants [TCAs] or Type 1a or
1c antiarrhythmics, or trending of transaminases
following toxic ingestions of acetaminophen
[paracetamol]). Various types of toxicology labo-
ratory screening or quantitative testing often are
performed, and proper interpretation of the results
is essential to making appropriate therapeutic
decisions. Further information related to this
aspect of the care of poisoned patients can be
found in ▶Chap. 2, “The Diagnostic Process in
Medical Toxicology.” Although GI decontamina-
tion if used should be initiated in the emergency
department, the decision to continue GI decon-
tamination in the ICU is usually toxicant specific
and discussed later in this chapter.

Supportive Care Decisions

Airway Maintenance

The loss of airway-protective reflexes and concern
for aspiration or the presence of respiratory failure
dictates the need to secure the airway. Securing
the airway should be accomplished by tracheal
intubation as noninvasive ventilation is relatively
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contraindicated in patients with hemodynamic
instability, patients with inability to protect their
airway, and patients with a full stomach (including
pregnancy and obesity) [3]. Orotracheal intuba-
tion, if possible, is preferred over nasotracheal
intubation for many reasons. Nasotracheal intuba-
tion causes a statistically significant increase in
sinusitis [4–7], purulent and serous otitis [8],
ventilator-associated pneumonia [9], and sepsis
[10] and is technically more difficult compared
with orotracheal intubation. Typically only a 6.0-
or 6.5-mm endotracheal tube is used for
nasotracheal intubation. These narrow tubes
have increased airflow resistance compared with
the larger diameter tubes used for orotracheal
intubation. Airflow resistance increases after sev-
eral days of intubation as secretions harden inside
the tube and decrease the tube’s diameter
[11]. Increased airflow resistance can increase
respiratory workload significantly. Should bron-
choscopy be required (e.g., new infiltrates on
chest x-ray, mucus plugging, lung collapse), the
narrower, longer nasotracheal tube makes it more
difficult, if not impossible, to pass a flexible
bronchoscope.

An exception may be in patients with signifi-
cant caustic injuries and swelling where
nasotracheal intubation may be more practical
than orotracheal intubation. In addition in patients
with anticipated difficult airways, either
nasotracheal intubation or an “awake orotracheal
intubation” should be considered (Level III rec-
ommendation). Ingestion of caustic agents, with
concomitant injury to the respiratory tract and
oropharynx, requires special consideration in air-
way maintenance. Although airway obstruction is
rare in patients who ingest caustic agents [12],
airway patency is more at risk with the ingestion
of solid rather than liquid caustic agents
[13]. Only 11 of 33 children (33%) with either
acid or alkali ingestions required intubation
[14]. Seven children required immediate intuba-
tion for respiratory distress or airway obstruction,
and the other four had minimal or no respiratory
symptoms but were intubated after endoscopic
findings of supraglottic edema. Most intubations
after caustic ingestion can be done under direct
visualization using standard direct laryngoscopic

techniques. The equipment for alternative
methods of securing the airway (e.g.,
cricothyrotomy) should be in place before any
paralytic or induction agent is given, however, in
case the normal visual landmarks are obscured
and orotracheal intubation cannot be accom-
plished. In the 11 intubated pediatric patients
described above, no adverse consequences
occurred as a result of orotracheal intubation [14].

Most patients are successfully intubated using
a rapid sequence intubation (RSI) strategy which
includes a period of preoxygenation.
Preoxygenation prior to intubation assists in
avoiding hypoxemia during the apneic period of
RSI and decreases peri-intubation morbidity and
mortality [15] (Level II-3 recommendation).
However either due to an inability to adequately
preoxygenate the patient or concerns that the
patient may be difficult to intubate, strategies
aside from RSI should be considered (Level III
recommendation). While these strategies are well
described, they have not been studied in the poi-
soned patient.

Delayed sequence intubation (DSI) temporar-
ily separates the administration of the induction
agent from the muscle relaxant in order to allow
adequate preintubation preparation and
preoxygenation [16, 17]. In DSI, patients are
sedated with ketamine which causes dissociation
and sedation while allowing for adequate
preoxygenation before the administration of a
muscle relaxant. This strategy is particularly use-
ful in the delirious or agitated patient that cannot
otherwise be preoxygenated. In one observational
study, patients were induced with ketamine
(starting dose of 1 mg/kg titrated to adequate
sedation) and then preoxygenated for 3 min with
either a non-rebreather or positive pressure venti-
lation (NIPPV) prior to the administration of a
muscle relaxant [16]. Saturations increased from
89.9% prior to DSI to 98.8% afterward with an
average increase of 8.9% (95% CI 6.4–10.9%).
There were no complications and all patients were
successfully intubated, aside from two patients
that significantly improved and no longer required
intubation.

Another potential strategy is an “awake intu-
bation,” where the patient is given a light sedative
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such as ketamine but is mainly anesthetized with
local anesthetics prior to intubation [18, 19]. An
awake intubation can be attempted via direct visu-
alization or with the assistance of a fiberoptic
scope. This intubation strategy can be considered
in patients requiring urgent intubation, but that
may have a contraindication to receiving a seda-
tive and muscle relaxant that impairs their ability
to breathe. Patients with caustic injuries requiring
intubation due to concerns of airway deterioration
may be candidates for an awake intubation (Level
III recommendation).

Apneic oxygenation is used to extend the safe
apnea period beyond the time which can be
achieved with preoxygenation and should be con-
sidered regardless of the method of intubation [17,
20] (Level II-3 recommendation). Even without
respiratory effort, the pharynx can be filled with
oxygen using a high-flow nasal cannula and acts
as a reservoir [21]. During intubation, the aveoli
will continue to take up oxygen that then diffuses
into the bloodstream and prevents hypoxia.
Patients were preoxygenated, paralyzed,
intubated, and placed on a ventilator in one
study [22]. They continued to be oxygenated at
1.0 FiO2 but were not given any ventilation; no
patients developed saturations less than 98%
despite being paralyzed and not ventilated.

Respiratory Function

Adequacy of respiratory function must be
assessed immediately after the airway is secured.
The causes of respiratory failure can be divided
into four groups (Table 2), as follows [23]:

1. Hypoxemic (type I) respiratory failure arises
from the flooding or collapse of alveoli,
resulting in intrapulmonary shunting. Patients
are hypoxic but have a low or normal CO2

concentration.
2. Hypercapnic (type II) respiratory failure is

caused by inadequate alveolar ventilation
from either decreased respiratory drive or an
imbalance between respiratory load and respi-
ratory muscle strength. Patients will have ele-
vated CO2 concentrations and may be hypoxic.

3. Postoperative (type III) respiratory failure is
caused by pain leading to shallow breathing,
atelectasis, hypoxemia, and narcotic adminis-
tration to control pain, which further decreases
respiratory drive and worsens atelectasis.

4. Shock-related (type IV) respiratory failure is
caused by a combination of inadequate oxygen
delivery to respiratory muscles and increased
total-body metabolic demands.

Type I respiratory failure in the overdose
patient typically is caused by aspiration or agents
that cause the acute respiratory distress syndrome
(ARDS) (e.g., salicylates). Type II respiratory
failure can be caused by ingestion of drugs that
decrease respiratory drive (e.g., narcotic or other
sedative overdose) or cause respiratory muscle
weakness (e.g., botulism). Type IV respiratory
failure can be associated with any drug ingestion
that causes myocardial depression or shock, such
as calcium channel antagonists. Type III respira-
tory failure is not applicable to the overdose
patient. The type of respiratory failure may
change during a patient’s hospitalization. For
instance, patients may initiallly present with type
IV respiratory failure from cardiogenic shock. As
the patient’s hemodynamics improve, they may be
difficult to wean from the ventilator due to the
development of type II respiratory failure from
the accumulation of sedatives and analgesics
administered in the ICU.

The therapeutic approach to each type of respi-
ratory failure is determined by the underlying
pathophysiology. Type I respiratory failure is
treated with a high fraction of inspired oxygen
(FiO2) and the judicious use of positive
end-expiratory pressure (PEEP). Some focal
lung lesions, such as lesions from hydrocarbon
aspiration, may not be PEEP responsive, however.
In these situations, high levels of PEEP
(>10 cmH2O) may worsen the patient’s condition
by decreasing venous return (preload) and causing
hypotension. If patients have high FiO2 and PEEP
requirements and are developing ARDS, the use
of high-frequency oscillatory ventilation (HFOV),
while controversial, may be considered [24,
25]. HFOV is a mode of ventilation that delivers
small tidal volumes at high frequences in order to
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maintain alveolar recruitment while avoiding
injury from barotrauma [26]. Further details
regarding the pathophysiology and mangement
of ARDS can be found in▶Chap. 16, “Treatment
of Acute Respiratory Distress Syndrome in the
Poisoned Patient”.

When type II (hypercapnic) respiratory failure
is caused by decreased respiratory drive, minute
volume (VE) provided by the ventilator must be
sufficient to maintain alveolar ventilation. Respi-
ratory load and respiratory muscle strength are
connected inseparably. Bronchoconstriction and
increased secretions increase respiratory load.
Impaired neuromuscular transmission or respira-
tory muscle problems (e.g., botulism, myopathy,
or overuse fatigue) decrease respiratory muscle
strength. If respiratory load increases or strength
decreases to the point at which load is greater than
strength, type II respiratory failure ensues. Treat-
ment of increased respiratory load includes the

use of bronchodilators and frequent suctioning.
Muscle strength can be increased by treatment of
underlying causes and ventilator support until
respiratory muscle strength has returned. Therapy
for type IV respiratory failure is to provide venti-
latory assistance while treating the shock state.

The ventilator mode to be used is dictated by
the type of respiratory failure. In general, patients
with type I (hypoxemic) or type IV (shock) respi-
ratory failure should be managed with an assist/
control (A/C) or continuous mandatory ventila-
tion (CMV) mode, which decreases the patient’s
work of breathing (Level III recommendation).
Use of A/C or CMV decreases but does not elim-
inate respiratory muscle work and decreases the
patient’s oxygen and metabolic requirements. The
decreased oxygen requirement is particularly
important when oxygen transfer from the airways
to the blood is impaired (aspiration) or there is
inadequate oxygen delivery (shock). Type II

Table 2 Classification of respiratory failure

Type I: acute
hypoxemic
respiratory failure

Type II:
hypercapnic

Type III:
postoperative Type IV: shock

Pathophysiology Alveolar flooding
Alveolar collapse

Decreased
respiratory drive
Increased
respiratory
workload
Decreased
respiratory muscle
strength

Atelectasis (pain)
Decreased
respiratory drive
from analgesics
(narcotics)

Inadequate
respiratory muscle
perfusion with
increased
metabolic demands

Therapy High FiO2

PEEP
Decrease
pulmonary edema
Treat pneumonia

Wake up/allow
drugs to wear off
Bronchodilators
and suctioning
Increase respiratory
muscle endurance
Correct metabolic
abnormalities
Intubation or
NIPPV

Pain control
Chest physical
therapy
Elevate head of bed

Treat underlying
cause of the shock
state
Ventilator support

Overdose scenarios Hydrocarbon
aspiration,
salicylates

Sedative overdose
including narcotic
or
benzodiazepine
overdose
Bronchospasm
Botulism

Not applicable BB or CCA
overdose
Sepsis
Mitochondrial
inhibition

BB β-adrenergic blocking agents, CCA calcium channel antagonists, FiO2 fraction of inspired oxygen, NIPPV noninva-
sive positive pressure ventilation, PEEP positive end-expiratory pressure
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(hypercapnic) respiratory failure typically is seen
with drug-induced coma or paralysis and is man-
aged with either a CMV or a synchronized inter-
mittent mandatory ventilation (SIMV) mode
(Level III recommendation). If the drug-induced
coma or respiratory depression is from narcotics
or benzodiazepines, administration of naloxone or
flumazenil, respectively, will improve the
patient’s ventilatory function and can prevent the
need for intubation (Level II-3 recommendation).
The risks and benefits of administering naloxone
or flumazenil should be carefully weighed when
administering them to patients with chronic use of
either opioids or benzodiazepines. If the patient is
already intubated, naloxone or flumazenil should
generally be avoided. However in patients that
were intubated but known to have ingested opi-
oids or benzodiazepines, reversal agents may
allow the patient to be extubated sooner. In addi-
tion, these agents may be useful to reverse iatro-
genic sedation that prolongs the time that the
patient is intubated. Decreasing the duration of
time that the patient is intubated may decrease
ventilator-associated complications.

Patient workload in a patient-triggered SIMV
mode has been shown to range from 49% to 118%
of the workload expected from a spontaneously
breathing subject [27, 28]. This is important
because if the patient’s type II (hypercapnic)
respiratory failure is from muscular weakness,
the use of the SIMV mode can exacerbate the
muscular weakness and prolong time on the ven-
tilator. If there is increased respiratory load from
bronchoconstriction, care must be taken to avoid
air trapping within the lung. Commonly called
auto-PEEP, this dynamic hyperinflation of the
lung occurs when a breath is delivered to the
patient before the previous breath is completely
exhaled. Adverse effects of auto-PEEP include
hypotension, pulmonary barotrauma (e.g., pneu-
mothorax), and ARDS. Auto-PEEP can be mini-
mized by decreasing inspiratory time and
maximizing expiratory time (i.e., decreasing the
I:E ratio) and use of small tidal volumes (VT),
slow respiratory rates, and increased flow rates.
If the provider is concerned about air trapping and
auto-PEEP, they should check the plateau pres-
sure or the alveolar pressure; it should be below

30 cm H2O. If air trapping is present, the patient
should be immediately removed from the ventila-
tor and have their chest manually decompressed
before being placed back on the ventilator with
new settings.

When the patient has been intubated and initial
ventilator settings chosen, further information
may be obtained from serial arterial blood gas
measurements, bedside observations, and
patient–ventilator interactions. Arterial blood
gases (ABGs) assess the patient’s acid–base sta-
tus, arterial oxygenation, and ventilation. Venous
blood gases (VBGs) can also assess the acid–base
status and ventilation but not oxygenation. Initia-
tion of mechanical ventilation may cause rapid
deterioration in some poisoned patients if appro-
priate VE, PaCO2, and pH are not maintained.
Intoxicants such as salicylates, methanol, and eth-
ylene glycol produce severe, life-threatening aci-
dosis for which the patient naturally compensates
with a respiratory alkalosis. If the patient is well
sedated, paralyzed, or fatigued, he or she may not
be able to increase VE to compensate for a meta-
bolic acidosis. When the amount of VE set on the
ventilator is less than the VE the patient was
maintaining before intubation, significant
acid–base changes may occur and precipitate
disastrous events. Loss of compensatory respira-
tory alkalosis in salicylate intoxication causes
acidemia and further movement of salicylate into
the central nervous system that may precipitate
seizures and death. While intubation may still be
indicated, the physician must be vigilant in
adjusting the ventilator settings to maintain appro-
priate ventilation. In the setting of salicylate intox-
ication, for instance, the rate should be set to
match the patient’s peak respiratory rate. It is
important to monitor ABGs and make appropriate
ventilator changes to keep pH, PaCO2, and PaO2

in the desired ranges.
When determining the ventilator settings, a

lung protective strategy should be employed [29,
30]. Lung protective strategies prevent the devel-
opment of ARDS from barotrauma and oxygen
toxicity (Level II-2 recommendation). While
these strategies are commonly used in the ICU,
they have not been studied in the poisoned patient.
Many intoxicated patients are intubated for
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reasons other than for an acute lung injury (e.g.,
respiratory depression, altered mental status,
delirium). In these situations, the FiO2 should be
titrated down as long as the PaO2 remains greater
than 90 mmHg. The patient’s initial VT should be
set to 6 ml/kg and titrated based on their ABG and
oxygen saturation in order to avoid barotrauma
and toxicity from hyperoxygenation.

Frequent physical examination is necessary to
evaluate the patient’s comfort and interactions with
the ventilator. If the patient is not synchronizing
well with the ventilator, the cause of the patient’s
discomfort should be investigated. Ventilator set-
tings must be adjusted to stabilize and comfort the
patient rather than reflexively increasing sedation
or paralyzing the patient. In addition, it should be
ensured that the patient is receiving adequate anal-
gesia. The endotracheal tube and ventilator are
painful and most sedatives do not control pain.
With adequate analgesia, most patients remain
lightly sedated and synchronize well with the ven-
tilator. In addition to improving patient comfort,
proper administration of analgesics can decrease
the patient’s sedative requirement, preventing delir-
ium and other complications. Much information
can be obtained by observing the patient’s pattern
of breathing. Most ventilators display airway pres-
sure versus time and flow versus time waveforms.
Careful analysis of these waveforms yields impor-
tant clues as to the cause of the patient’s discomfort
[31].Waveform analysis is beyond the scope of this
chapter and can be achieved best with the help of
an experienced intensivist. Some maneuvers that
can make the patient more comfortable on the
ventilator include increasing VE (by increasing
VT, respiratory rate, or both), decreasing triggering
sensitivity or switching to flow triggering, and
increasing flow rates [28]. Other maneuvers
include treating pain, anxiety, and derangements
of gas exchange or respiratory mechanics
[31]. When these changes fail to match the venti-
lator to the patient, judicious use of sedation is
required. Paralysis in poisoned patients usually is
only reserved for specific indications (discussed
later).

Circulation and Hemodynamics

After establishing an airway and supporting respi-
ratory function, the next priority is assessment of
circulatory status. In the poisoned patient, cardio-
vascular abnormalities commonly seen are hyper-
tension, hypotension, cardiac arrhythmias, or
conduction disturbances.

Hypertension
Elevated blood pressure in the poisoned patient
may or may not be the result of exposure to any
one of many substances (Table 3). Other causes of
elevated blood pressure should be considered and
include [1] withdrawal (i.e., benzodiazepine or
ethanol withdrawal); [2] the discontinuation of a
therapeutically prescribed medication, such as
clonidine or minoxidil, causing rebound hyper-
tension; and [3] inadequately treated or untreated
underlying hypertension.

Treatment of hypertension is determined by its
underlying cause. When hypertension is caused
by overdoses of drugs with direct adrenergic
activity, such as amphetamines, ephedrine, or
pseudoephedrine, direct vasodilators, such as
phentolamine or nitroprusside [32], may be
required (Level III recommendation). Other com-
monly used agents include short-acting
dihydropyridine calcium channel antagonists,
such as nicardipine and clevidipine. When hyper-
tension is caused by drugs with indirect adrener-
gic activity or by drug-of-abuse withdrawal,
sedation with benzodiazepines [33, 34] may be
the treatment of choice (Level II-2 recommenda-
tion). Pharmaceutical drug withdrawal can be
treated by the reinstitution of the causative agent
or use of another agent that attenuates the signs
and symptoms. The physiology and treatment of
withdrawal states are described in detail in
▶Chap. 27, “Withdrawal Syndromes”. Combin-
ing direct vasodilators, such as oral nifedipine or
parenteral nitroprusside, and sedatives may be
necessary in cases of severe hypertension
resulting from any cause. For sympathomimetic-
induced hypertension, such as seen with
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cocaine or amphetamines, administration of a
β-adrenergic blocker alone may cause unopposed
α-adrenergic stimulation and worsen hyperten-
sion (Level III recommendation). Large inges-
tions of α-2 agonists can initially cause
hypertension. However, this is temporary and the
patient is at risk of becoming hypotensive.
If hypertension from α-2 agonists is treated, only
short-acting agents that can be rapidly removed
(e.g., nicardipine, nitroglycerin) should be admin-
istered (Level III recommendation).

Hypotension and Shock
Shock is the inability to deliver oxygen at a cellular
level where the consumption of oxygen (VO2) is
greater than the delivery of oxygen (DO2) [35]. Clin-
ically, it appears as the constellation of hypotension,
tachycardia, decreased or altered mentation, and
oliguria or anuria. Laboratory values consistent
with dysfunction of aerobic metabolism include
hyperlactatemia and metabolic acidosis. Of patients
who receive fluid resuscitation for shock, 85% have
inadequate oxygen delivery to the tissues despite
normalization of vital signs and urine output, referred
to as cryptogenic shock [36]. Cryptogenic shock is
diagnosed by biomarkers such as serial lactic acid
concentrations and either ABGs or VBGs. The goal
of circulatory resuscitation is to return VO2 and DO2

to normal and not simply to “fix the vital signs.”
The initial assessment of the poisoned patient

in shock is to determine the physiologic cause of
the inadequate DO2. DO2 is the product of arterial
oxygen content (CaO2) and cardiac output (QT):

DO2 ¼ CaO2 � QT

CaO2 is determined primarily by hemoglobin con-
centration and saturation:

CaO2 ¼ 1:39 mL O2=g hemoglobinð
� g hemoglobin=dL � SaO2Þ
þ 0:0031 mL=dL=mmHg � PaO2ð Þ

Cardiac output (QT) is the product of heart rate
(HR) and stroke volume (SV):

Table 3 Common examples of toxicants causing
hypertension

Direct adrenergic agonists

Albuterol

Epinephrine

Ergotamines

Methoxamine

Midodrine

Phenylephrine

Indirect adrenergic agonists

Amphetamine and derivatives

Cocaine

Fenfluramine

Ketamine

LSD

Methylphenidate

Monoamine oxidase inhibitors

Phencyclidine

Serotonergic agonists

Mixed direct and indirect adrenergic agonists

α-2 agonists (initially and only temporarily)

Ephedrine

Ergotamine derivatives

Oxymetazoline

Phenylpropanolamine

Pseudoephedrine

Tetrahydrozoline

Anticholinergic agents

Atropine and derivatives

First-generation antihistamines

Tricyclic antidepressants

Other agents

Nicotine

Scorpion venom

Drug-of-abuse withdrawal

Benzodiazepines

Ethanol

Other sedatives or hypnotics

Pharmaceutical drug withdrawal

Clonidine (and other α-2 agonists)

Minoxidil

Propranolol

Metoprolol

Methyldopa

Benzodiazepines

LSD lysergic acid diethylamide, PCP phenylcyclohexyl
piperidine
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QT ¼ HR beats=minð Þ � SV mL=beatð Þ

SV is determined by left ventricular preload, con-
tractility, and afterload. Physiologic causes of
inadequate DO2 in the poisoned patient may be
the result of decreased hemoglobin concentration
or saturation, decreased left ventricular preload
(hypovolemia), decreased afterload (vasodila-
tion), or impaired cardiac contractility.

Interruption of oxygen use at the molecular
level is another cause of inadequate DO2 in the
poisoned patient. Specifically, abnormal hemo-
globins (i.e., methemoglobin, sulfhemoglobin, or
carboxyhemoglobin [37–39]) and toxins that dis-
rupt the mitochondrial electron transport chain
(e.g., cyanide, hydrogen sulfide, or sodium azide
[40–42]) prevent the use of oxygen at the molec-
ular level. Ineffective oxygen use may also occur
from the disruption of metabolic processes, such
as the uncoupling of oxidative phosphorylation
(e.g., salicylate and dinitrophenol ingestions). In
addition, impairment of the redox potential
(NAD:NADH) disrupts oxidative processes as
can occur from ethanol. Elevated plasma lactate
concentration accompanying a metabolic acidosis
is often a marker of these toxicities. It is a
by-product of anaerobic metabolism of glucose
when pyruvate is shunted to lactic acid [43].

Pyruvate þ NADH þ Hþ

, Lactate þ NADþ

Lactic acidosis develops from an inequality
between the production and breakdown of lactate,
which is normally cleared by the liver and kidneys
[44]. There are two forms of lactic acidosis as
classified by Cohen and Woods in 1976 (Table 4)
[45]. Type A lactic acidosis occurs from inade-
quate oxygen delivery [46]. While more common
than Type B, both can be present at the same time.
Carbon monoxide is an example of a toxicant
producing a Type A lactic acidosis. Type B lactic
acidosis occurs without evidence of poor tissue
perfusion or oxygenation and is classifed into
3 subtypes [47, 48]. Subtype B1 occurs with sys-
temic disease (e.g., malignancy, ketoacidosis);
type B2 is from medications, drugs, or toxicants;
and type B3 is from inborn errors of metabolism.

Examples of toxicants that produce a type B lactic
acidosis include uncouplers (e.g., salicylates,
dintirophenol), biguanides such as metformin,
and methanol. The normal plasma lactate concen-
tration is 0.5–1 mmol/L (4.5–9 mg/dl).
Hyperlactatemia is defined as a concentration
between 2 and 4 mmol/L (18–36 mg/dl) without
a metabolic acidosis, while lactic acidosis is
defined as a concentration greater than 5 mmol/L
(45 mg/dl) with a metabolic acidosis [47]. Mortal-
ity is increased nearly threefold when lactic aci-
dosis accompanies low-flow states with higher
lactate concentrations associated with worse out-
comes [49, 50]. A case–control study evaluated
serum lactate concentraiton in drug overdoses at
two urban teaching hospitals that were affiliated
with a regional poison center [51]. Controls
included consecutive drug overdoses admitted
over a 1-year period surviving until hospital dis-
charge. Cases were patients admitted over a
7-year period who died. The study consisted of
50 cases and 100 controls. The mean lactate con-
centration was 9.88 � 6.7 mmol/L (89 mg/dl) for
cases and 2.76 � 2.9 mmol/L (25 mg/dl) for
controls ( p < 0.001). A lactate concentration of
3.0 mmol/L (27 mg/dl) conferred a 15.8-fold
increase in odds of fatality ( p < 0.001). Serum
lactate concentrations were also evaluted in an
8-year retrospective review of all 110 β-adrenergic
antagonist overdoses admitted to an ICU
[52]. Serum lactate concentration (median
1.79 mmol/L; 10–90% percentiles 0.8–5.6)
(19 mg/dl [7.2–50.5]) was the most significantly
different parameter on admission between

Table 4 Causes of lactic acidosis

Hypoxic (Type A) Non-hypoxic (Type B)

Ischemia (e.g., cardiac
arrest)

Delayed clearance (e.g.,
hepatic dysfunction)

Global hypoxia (e.g.,
carbon monoxide)

Pyruvate dehydrogenase
dysfunction (e.g., thiamine
depletion)

Respiratory failure (e.g.,
asthma)

Uncoupling of oxidative
dysfunction (e.g.,
salicylates)

Regional hypoperfusion
(e.g., mesenteric
ischemia)

Accelerated aerobic
glycolysis (e.g., seizures)
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survivors and fatalities (p = 0.0008). Six patients
who presented with lactate concentrations
>6 mmol/L (45 mg/dl) had prolonged prehospital
cardiac arrests. Four patients died in the ICU
despite lactate concentrations under 3.0 mmol/L
(27 mg/dl). While a lactate>3 mmol/L (27 mg/dl)
was associated with a 5.4-fold increased odd of
mortality (OR 5.4, 95%CI 1.3–22.0), it only had a
sensitivity of 55%, specificity of 80%, positive
predictive value of 21%, negative predictive
value of 95%, and an accuracy of 78%. The
authors concluded that while serum lactate con-
centrations are useful, caution should be applied
when using them to predict final outcome.

Decreased hemoglobin concentration may be
the result of GI bleeding (e.g., gastric erosions
from iron or nonsteroidal anti-inflammatory drug
ingestion), intravascular hemolysis (e.g., arsine
gas exposure), decreased production (e.g., ben-
zene), or various chronic medical conditions
(e.g., renal failure or cancer). Hemoglobin con-
centration is easily measured, and the administra-
tion of blood products may be indicated while the
cause of the anemia is investigated. In acute
bleeds, hemoglobin concentrations can be initially
falsely elevated. While not studied in poisoned
patients, recent studies advocate for conservative
transfusion strategies in patients not in shock [53,
54]. When patients on anticoagulants are
hemorrhaging, they should be reversed. Vitamin
K antagonists (e.g., warfarin) can be reversed with
fresh frozen plasma (FFP) or prothrombin com-
plex concentrate (PCC). Advantages of PCC
include smaller volume and faster reversal.
Unfortuantely, it is more expensive and is associ-
ated with thrombotic complications [55]. Patients
on newer oral anticoagulants are more difficult to
treat as it is unclear if they can be reversed.
Dabigatran-related hemorrhage can be reversed
with idarucizumab [56, 57]. Other potential rever-
sal modalities include PCC and hemodialysis [58,
59]. While not currently approved, andexanet alfa
is being studied to reverse hemorrhage from factor
Xa inhibitors (e.g., apixaban and rivaroxaban)
[60]. A full discussion of the management of
significant bleeding from oral anticoagulants can
be found in ▶Chap. 68, “Oral Anticoagulants.”
Causes and treatment of decreased hemoglobin

saturation were addressed previously in the dis-
cussion of type I respiratory failure (see Table 2).

Hypovolemia in the poisoned patient may be
caused by GI losses (e.g., organophosphates,
cathartics, bleeding), renal losses (e.g., lithium or
diuretics), redistribution (e.g., caustic burns or
snake envenomations), or increased insensible
losses (e.g., fever from sympathomimetics or
salicylates). Signs of hypovolemia include dry
mucous membranes, narrow pulse pressure,
decreased urine output, and low cardiac output.
Certain vasodilated shock states, such as liver
failure from either acetaminophen overdose or
Amanita mushroom poisoning or thyroid storm
following thyroxine overdose, present with a clin-
ical picture more consistent with sepsis: hypoten-
sion, warm extremities, a wide pulse pressure, and
increased cardiac output.

Cardiac Dysrhythmias and Conduction
Abnormalities
Cardiac depression, dysrhythmias, cardiac con-
duction abnormalities, or a combination of all
three may cause shock from impaired cardiac
contractility. Impaired cardiac contractility may
be caused by β-adrenergic blocking agents or
cocaine-induced myocardial ischemia and mani-
fests as hypotension, narrow pulse pressure, low
cardiac output, jugular venous distention, a gallop
rhythm, and crackles in the lungs. Crackles are not
present on examination with patients in right heart
failure with preserved left ventricular function.

An electrocardiogram should be obtained in
poisoned patients to assess for dysrhythmias, car-
diac conduction defects, heart rate, and wave
intervals (PR, QRS, QT), which may give clues
as to the poison, the severity of the poisoning, and
the treatment (Level III recommendation). The
relationships between heart rate, QRS duration,
and possible causes are listed in Table 5. Specific
therapies are reviewed in ▶Chaps. 21, “Cardiac
Conduction and Rate Disturbances”, and ▶ 22,
“Toxicant-Induced Torsade de Pointes”, and in
chapters dealing with individual toxicants.

Torsades de Pointes, a form of ventricular
tachycardia associated with a long QT interval,
also may impair cardiac output. Although other
causes such as electrolyte abnormalties exist,
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torsades des pointes is often drug related. Medi-
cations that cause torsades des pointes, its patho-
physiology, and its treatment are reviewed in
▶Chap. 22, “Toxicant-Induced Torsade de
Pointes” and in Table 6.

Fluid Resuscitation
Fluid resuscitation of the poisoned patient must be
individualized. Many patients, especially patients
found in coma many hours after their ingestion,
are volume depleted (e.g., GI losses, fever, insen-
sible losses). Volume depletion usually is not the
acute cause of shock in poisoned patients but may
be a contributing cause. Shock may be caused by
vasodilation, myocardial depression, chemically
induced hemoglobinopathy, or a combination of
these. The usual approach of administering fluids
until clinical improvement (e.g., improved blood
pressure, mentation, adequate urine output) or
development of a complication (i.e., pulmonary
edema or worsening gas exchange) should be

Table 5 Examples of xenobiotic association between
heart rate and QRS duration

Heart rate
Narrow QRS
complex

Wide QRS
complex

Tachycardia α-Adrenergic
agonists

Aberrant
conduction

Amphetamines Antihistamines

Anticholinergic
agents

Cocaine

Theophylline Propoxyphene

Sodium channel
blockers

Thioridazine

Tricyclic
antidepressants

Bradycardia α-Adrenergic lytic
agents

β-Adrenergic
blocking agents

β-Adrenergic
blocking agents

Calcium channel
antagonists

Calcium channel
antagonists

Hyperkalemia

Cardiac glycosides

Ciguatoxin

Class Ia
antiarrhythmics

Sodium channel
blockers (open)

Tetrodotoxin

Table 6 Examples of toxic causes of torsades des pointes

Antiarrhythmics

Amiodarone

Flecainide

Ibutilide

Moricizine

Procainamide

Quinidine

Sotalol

Antibiotics/antifungals

Azithromycin

Ciprofloxacin

Erythromycin

Fluconazole

Gemifloxacin

Itraconazole

Ketoconazole

Levofloxacin

Moxifloxacin

Antipsychotics

Chlorpromazine

Haloperidol

Olanzapine

Paliperidone

Perphenazine

Prochlorperazine

Promethazine

Quetiapine

Thioridazine

Thiothixene

Trifluoperazine

Ziprasidone

Cyclic antidepressants

Amitriptyline

Amoxapine

Desipramine

Doxepin

Imipramine

Nortriptyline

Serotonin reuptake inhibitors

Citalopram

Escitalopram

Fluoxetine

Mirtazapine

Paroxetine

Sertraline

Venlafaxine

Miscellaneous

Arsenic

Astemizole

(continued)
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modified in the poisoned patient (Level III recom-
mendation). Initial resuscitation measures should
include the administration of intravenous crystal-
loid fluid, but when appropriate, vasopressor infu-
sion should be started early in the course of the
resuscitation. Vasopressors or inotropes may be
more appropriate than continued fluid administra-
tion in poisoned patients with a distributive shock
(e.g., from vasodilators) or cardiogenic shock
(e.g., from negative inotropes). Some patients
require the placement of a central venous catheter
to determine cardiac filling status and to optimize
fluid and vasopressor therapy. In addition, bedside
sonography is used to determine volume respon-
siveness and estimate cardiac contractility to fur-
ther guide resuscitation [61, 62].

The debate regarding the most effective fluid to
be used in the resuscitaiton of poisoned patients
parallels the debate in critical care medicine in
general [63–66]. The ideal fluid would have a
chemical composition similar to that of extracel-
lular fluid, would not accumulate in tissues, would
not cause adverse metabolic effects, and is cost-
effective [67]. Resuscitation fluids are broadly
categorized as either colloid or crystalloid solu-
tions. Colloids are suspensions of molecules
within a carrier solution that are relatively incapa-
ble of crossing the capillary membrane, while
crystalloids are ionic solutions that are freely per-
meable [67]. Fluids that provide oncotic pressure
(e.g., albumin, fresh frozen plasma, hetastarch)
and stay in the intravascular space longer than
crystalloids theoretically are preferred

[68]. However, current evidence does not demon-
strate improved clinical outcomes with colloids as
opposed to crystalloids; as such, crystalloids
should be used to resuscitate patients [69–71]
(Level I recommendation). The infusion of
packed red blood cells in patients with decreased
hemoglobin concentrations increases plasma vol-
ume, CaO2, and QO2. As previously discussed,
recent studies advocate for conservative transfu-
sion strategies in patients not in shock [53, 54].

Colloids can be divided into albumin and semi-
synthetic colloid solutions (hydroxyethyl starch
[HES] and succinylated gelatin). Multiple trials
have investigated albumin in the resuscitation of
critically ill patients. A meta-analysis by the
Cochrane Injuries Group compared albumin to
crystalloid solutions or fluids without albumin in
critically ill patients [66]. The analysis included
32 randomized controlled trials. In the study, albu-
min was associated with a significantly increased
rate of death (relative risk [RR], 1.68; 95% CI
1.26–2.23; p < 0.01). An updated meta-analysis
by the Cochrane Injuries Group in 2011 included
38 trials [72]. Albumin did not reduce mortality
with a pooled RR of death of 1.05 (95% CI
0.95–1.16). The Saline versus Albumin Fluid
Evaluation (SAFE) study was a blinded, random-
ized controlled study conducted in Australia and
New Zealand [73]. Nearly 7,000 patients in ICUs
in 16 different academic centers whom the
treating physician judged to require fluid resusci-
tation were included. Mortality was compared in
patients resuscitated with either 4% albumin or
normal saline. Once again, albumin did not
decrease mortality (RR 0.99; 95% CI 0.91–1.09;
p= 0.87). In addition, the number of patients with
new single-organ failure was similar between
groups (P= 0.85 by Fisher’s exact test). Albumin
also did not decrease death at 28 days in the sub-
groups of patients with severe sepsis (RR 0.87;
95% CI 0.74–1.02; p = 0.09) or trauma without
closed head injury (RR 1.00; 95% CI 0.56–1.79; p
= 1.00). The Colloids Versus Crystalloids for the
Resuscitation of the Critically Ill (CRISTAL) trial
was a multicenter, randomized clinical trial com-
paring crystalloids to colloids in patients with
hypovolemic shock in the ICU [69]. The amount
of fluid received and duration of treatment were at

Table 6 (continued)

Chloroquine

Cisapride

Cocaine

Diphenhydramine

Erythromycin

Indapamide

Methadone

Ondansetron

Organophosphates

Pentamidine

Terfenadine

Thallium
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the discretion of the treating physician. A total of
2,857 patients were enrolled. At 28 days, there
were 359 deaths (25.4%) in the colloids group
compared to 390 deaths (27%) in the crystalloids
group (RR 0.96; 95% CI 0.88–1.04; p = 0.26).

Hydroxyethyl starch solutions are the most
commonly used semisynthetic colloids and are
produced by hydroxyethyl substituion of amylo-
pectin obtained from sorghum, maize, or potatoes
[67]. Reduced concentrations (6%) of HES are
currently used due to safety concerns from con-
centrated (10%) HES. In a blinded, randomized,
controlled trial of 798 patients with severe sepsis
in Scandinavia, HES was associated with an
increase in mortality as compared to Ringer’s
acetate (RR 1.17; 95% CI 1.01–1.36; p = 0.03)
[74]. More patients also required renal replace-
ment therapy (RR 1.35; 95% CI 1.01–1.80;
p = 0.04). A secondary analysis of this data dem-
onstrated an increased rate of severe acute kidney
injury and the use of renal replacement therapy
within the first 5 days of treatment [75]. Given that
colloids are more expensive and are not shown to
improve outcomes, they cannot be recommended
for the resuscitation of most critically ill patients
(Level I recommendation). HES solutions should
no longer be used in critically ill patients (Level I
recommendation).

Crystalloids are used more frequently in poi-
soned patients because they are readily available,
are much cheaper, do not carry the risk of disease
transmission seen with blood products, and are as
effective as oncotic agents. While crystalloids
should be used to resuscitate poisoned patients,
practitioners should consider using a “balanced
fluid” resuscitation strategy (Level II-2 recom-
mendation). “Balanced fluids” contain organic
anions such as lactate and have a lower chloride
content more closely resembling the composition
of normal plasma [76]. In “balanced fluids,” the
difference between the strong cations and the
strong anions in the fluid will be between 24 and
28, which once dilutional changes are accounted
for is similar to plasma. Examples of “balanced
fluids” include lactated Ringer’s and PlasmaLyte;
chloride-rich solutions such as normal saline are
not balanced. To determine if a solution is bal-
anced, use the strong ion difference or SID and

compare it to a patient’s bicarbonate. If the SID is
less than the patient’s bicarbonate, the fluid will be
acidotic; if the SID is greater than the patient’s
bicarbonate, the fluid will be alkalotic. As an
example in normal saline, the difference between
the Na and Cl is 0 (154-154= 0). In a patient with
a normal bicarbonate concentration (24 mEq/L),
the bicarbonate is greater than the SID and so the
fluid will essentially be acidotic [77]. This is the
etiology of the non-anion gap metabolic acidosis
in patients that receive normal saline. In compar-
ison, lactated Ringer’s has a SID of 21, which is
much more similar to a patient’s normal serum
bicarbonate of 24 mEq/L and, therefore, much
less likely to cause a metabolic acidosis. The
topic of strong ion differences is reviewed in
greater detail in▶Chap. 15, “Acid–Base Balance
in the Poisoned Patient”.

Recent literature indicates that patients that
receive large volumes of “unbalanced solutions”
have increased morbidity and mortality, although
none of these trials have included poisoned
patients. A large retrospective cohort study com-
pared patients undergoing either elective or emer-
gent open general surgical operations that
received either NS or a balanced fluid the day of
the procedure [78]. Unadjusted inhospital mortal-
ity (5.6% CI 5.3–5.8 vs. 2.9% CI 2.0–4.2;
p< 0.001) and the number of patients developing
major complications (33.7 vs. 23%) were signifi-
cantly greater in the group that received NS com-
pared to the group that received balanced
crystalloids. After using propensity scoring to
correct for multiple variables, the difference in
mortality was no longer significantly different;
however, patients that received NS were 4.8
times more likely to require dialysis
( p < 0.001). Additionally, patients requiring
emergent general surgery showed an adjusted
odds of death nearly 50% less in the cohort that
received a balanced resuscitation compared to NS
(OR 0.51 CI 0.28–0.95). In a prospective, open-
label study of consecutive patients admitted to an
ICU, those that received balanced crystalloids had
a lower incidence of acute kidney injury (OR 0.52
CI 0.37–0.75; p < 0.001) and less need for renal
replacement therapy (OR 0.52 CI0.33–0.81;
p = 0.004) [79]. Septic patients also had a trend
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toward lower mortality when resuscitated with
balanced fluids as opposed to normal saline
(OR 0.78; 95% credibility intervals
0.58–1.05) [80].

Current evidence indicates that balanced crys-
talloid fluids should be administered for rapid
volume expansion during an acute resuscitation
of a critically ill patient. However, different fac-
tors need to be considered in regard to the admin-
istration of maintenance fluids in these patients.
While large amounts of crystalloid solution
containing high chloride concentrations are asso-
ciated with deleterious effects, this may not apply
to maintenance fluids, where much less volume is
administered. Maintenance fluids are used to pre-
serve the extracellular volume while maintaining
a normal electrolyte balance and preventing dehy-
dration [81]. In this context, fluids are either iso-
tonic (sodium concentration approximately equal
to plasma sodium concentration) or hypotonic
(sodium concentration is less than that of plasma).
Dextrose-containing solutions,while they may be
hyperosmolar, are not hypertonic as the glucose is
rapidly metabolized.

Traditionally, hypotonic solutions were admin-
istered to both adults and children [82, 83]. Iso-
tonic solutions were avoided due to concerns
for the development of volume overload,
hypernatremia, and hypertension. However,
hypotonic solutions cause hyponatremia, which
many critically ill patients are already at risk of
developing due to either dysregulation of sodium
and water homeostasis or medication-induced
syndrome of inappropriate antidiuresis. In addi-
tion to normal triggers for the release of arginine
vasopressin (AVP) such as hypovolemia and
hypotension, pain, stress, nausea and vomiting,
hypoxemia, hypercapnia, and hypoglycemia all
stimulate the release of AVP, which impairs excre-
tion of free water and causes hyponatremia
[84]. Hyponatremia affects approximately
15–30% of hospitalized patients and is generally
related to the administration of hypotonic fluids in
patients with elevated AVP concentrations [85,
86]. The development of hyponatremia is linked
to an increase in mortality [87].

Isotonic solutions are now recommended as
maintenance fluids in both adults and children

[88, 89] (Level I recommendation). While mainly
investigated in pediatrics, more than 15 random-
ized, prospective trials involving more than 2000
patients have evaluated the safety and efficacy of
isotonic fluids compared to hypotonic fluids as
maintenance fluids [81]. A meta-analysis involv-
ing nearly 1000 children associated hypotonic
fluids with a RR of 2.37 for the development of
mild hyponatremia (<135 mmol per liter) and a
RR of 6.2 for moderate hyponatremia
(<130 mmol per liter) [90]. A Cochrane review
compared the development of hyponatremia in
patients receiving maintenance fluids composed
of either isotonic or hypotonic solutions [91]. Ten
studies with a total of 1106 patients were included
in the review. Patients that received isotonic fluids
had a lower risk of developing hyponatremia com-
pared to those receiving hypotonic fluids (17%
vs. 34%; RR 0.48; 95% CI 0.38–0.60). Impor-
tantly, many of the studies followed patients for
less than 72 h, and patients with renal disease,
heart disease, or cirrhosis were often excluded.
In addition, the majority of patients were children.
While little information exists regarding the most
appropriate therapy in edematous states, isotonic
fluids at a restricted rate are recommended in these
patients [81].

Vasoactive Agents
The usual ICU approach to a patient with adequate
fluid resuscitation and inadequate cardiac contrac-
tility is the administration of dobutamine or nor-
epinephrine. However, the vasodilatory properties
of dobutamine may worsen hypotension in a
hypovolemic patient, which again stresses the
need for optimal fluid resuscitation. Although
norepinephrine increases mean arterial pressure,
the increased afterload produced by infusion of
norepinephrine may decrease cardiac output.
Dopamine is considered to be a third-line agent
for treating depressed cardiac contractility owing
to its mixed α- and β-effects and indirect mecha-
nism of action. However, it is still used in many
pediatric intensive care units. Dopamine stimu-
lates different adrenergic receptors at different
infusion rates: dopaminergic at 1–3 μg/kg/min,
β-adrenergic at 5–10 μg/kg/min, and
α-adrenergic at 10–20 μg/kg/min. Further,
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individual variability in response to dopamine
infusions precludes the ability to predict which
subset of adrenergic receptors is stimulated at a
given dose of dopamine in a specific individual.
Because part of dopamine’s vasopressor effect is
through the release of norepinephrine, dopamine
has decreased efficacy in norepinephrine-depleted
states, such as cyclic antidepressant toxicity
[92]. Due to this mechanism, many medical toxi-
cologists prefer the use of a direct-acting vaso-
pressor such as norepinephrine as first-line
treatment. If stimulation of β-receptors is desired,
dobutamine is theoretically advisable. Norepi-
nephrine is preferable to phenylephrine to stimu-
late α-receptors. Despite these considerations, the
agent of choice is the one that works best for the
individual patient and may not be predicted based
on the abovementioned theoretical consider-
ations. One multicenter, randomized trial com-
pared norepinephrine to dopamine in patients
with shock from multiple etiologies [93]. No dif-
ference in mortality was found between the two
agents, although dopamine was associated with a
greater incidence of arrhythmic events. No poi-
soned patients were included in the study.

There are very little data regarding the optimal
adrenergic vasoactive agents in poisoned patients
[94]. Case reports and retrospective case series
imply that TCA-related hypotension may be
more responsive to norepinephrine than dopamine
[95, 96]. In a dog model, TCA-induced hypoten-
sion was equally responsive to dopamine and
norepinephrine. Only high-dose dopamine infu-
sions of 15 μg/kg/min or higher (α-range) were as
effective, however, as low doses of norepineph-
rine (0.25 μg/kg/min) [97]. There is some evi-
dence that norepinephrine may be the initial
vasopressor of choice for TCA-induced hypoten-
sion [96]. In a retrospective analysis of 26 adults
with TCA-associated hypotension, all patients
responded to norepinephrine (n =11), while only
60% of patients adequately responded to dopa-
mine ( p-0.02). A single toxicology inpatient ser-
vice retrospectively reviewed their management
of 48 patients following an overdose of either
verapamil or diltiazem; 33 (69%) received a vaso-
pressor [98]. No patients died after vasopressors
were initiated, even though many patients

required high doses of vasopressors or multiple
vasopressors (median 2; range 1–5). While direct
comparisons between agents were not made,
vasopressor use was associated with good out-
comes with few ischemic complications.

Because of lack of data, the choice of pressor
must be made on clinical and theoretical grounds.
Contrary to some dogmatic beliefs, all vasopres-
sors can initially be administered peripherally
while central access is obtained [99]. Due to
familiarity, traditional practice, and the belief
that extravasation injuries from peripherally
administered dopamine are less severe than from
other vasopressors, dopamine is often the pre-
ferred agent in pediatric patients. Considerations
for different xenobiotics or toxicants are reviewed
in their respective chapters.

Nonadrenergic vasoactive drugs are an effec-
tive therapy for shock caused by β-adrenergic
blocking agents and calcium channel antagonists
(Level III recommendation). Glucagon stimulates
adenyl cyclase, which increases intracellular
cyclic adenosine monophosphate (cAMP)
through a nonadrenergic mechanism. The
increased cAMP causes an increase in intracellu-
lar calcium, which leads to positive chronotropic
and inotropic actions. Glucagon improves cardiac
index, urine output, and symptoms in patients
with chronic congestive heart failure
[100]. Numerous case reports and laboratory
investigations describe glucagon’s effectiveness
in reversing hypotension caused by overdoses of
β-adrenergic blocking agents and calcium channel
antagonists, although its mechanism of action
would seem to make its effectiveness in calcium
channel antagonists less likely than in overdoses
from β-adrenergic blocking agents
[101–104]. There are also reports of glucagon
reversing TCA-induced hypotension [105,
106]. In overdose patients, glucagon can be con-
sidered in hypotension unresponsive to the usual
pressors (Level III recommendation). A glucagon
dose of 5–10 mg administered intravenously over
10 min should be followed by a glucagon infusion
(3–15 mg/h). An antiemetic should be provided
with glucagon as it decreases lower esophageal
tone which causes emesis. Inamrinone, a phos-
phodiesterase type III inhibitor formerly known
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as amrinone, prevents the breakdown of intracel-
lular cAMP. Inamrinone administration has been
reported to reverse hypotension in overdoses of
calcium channel antagonists [107], chloroquine
[108], and propranolol [109]. It has also reversed
hypotension in calcium channel antagonist over-
doses in animals [110, 111]. Milrinone, another
phosphodiesterase type III inhibitor, was used in
the treatment of a patient with venlafaxine-
associated cardiomyopathy; this patient required
milrinone for 12 days in addition to multiple other
therapies [112]. Milrinone was also studied in a
dog model [113]. Because phosphodiesterase
inhibitors have direct peripheral vasodilatory
properties, however, further worsening of hypo-
tension may occur if the decrease in blood pres-
sure from vasodilation is greater than the increase
in blood pressure from improved cardiac output.
They should be used cautiously, if at all, with
continuous bedside monitoring.

More recently, high-dose insulin euglycemia
therapy (HIE) was used to treat hypotension and
cardiac dysfunction from β-adrenergic blocking
agents and calcium channel antagonists. In over-
dose, calcium channel antagonists decrease insu-
lin release from pancreatic β-cells, cause insulin
resistance in the myocardium, and change
myocyte metabolism from fatty acids to carbohy-
drates [114]. Under stressful conditions such as in
shock from both β-adrenergic blocking agents and
calcium channel antagonists, the myocardium
changes its preferred energy substrate from fatty
acids to carbohydrates [114, 115]. High-dose
insulin euglycemia therapy improves myocyte
use of carbohydrates as an energy source and,
therefore, increases cardiac contractility and
improves perfusion. In the laboratory, insulin
infusions increase myocardial contractility, possi-
bly through increases in intracellular calcium
[116]. Compared with calcium chloride, epineph-
rine, and glucagon, HIE decreased mortality in
dogs poisoned with verapamil [114, 116,
117]. In a swine model, HIE was more effective
than epinephrine and vasopressin, combined
[118]. An increasing amount of data supports the
efficacy of insulin in poisoning from β-adrenergic
blockers and calcium channel antagonists.
Insulin-glucose therapy improved hemodynamic

parameters in five patients with calcium channel
antagonist overdoses who were persistently hypo-
tensive despite multiple therapies (calcium, atro-
pine, glucagon, adrenergic agonists) [119]. All
five patients survived. A 60-year-old male
presented after ingesting 5.4 g of extended-release
diltiazem [120]. His shock resolved after receiv-
ing HIE. One patient received 6 U/kg/h for 5 h
with clinical improvement without experiencing
an adverse event [121]. In a review of 78 patients
with toxicity from either calcium channel antago-
nists or β-adrenergic blocking agents treated with
HIE, 88% survived [115]. High-dose insulin
euglycemia therapy was successfully used in
another case series in 11 of 12 patients; the single
fatality occurred in a patient 1 h after HIE
was discontinued in favor of vasopressor
therapy [122].

Based on current knowledge, insulin and glu-
cose infusion should be used in shock caused by
calcium channel antagonists and β-adrenergic
blocking agents that is unresponsive to fluid resus-
citation [123] (Level III recommendation). While
glucagon can be considered in shock from
β-adrenergic blocking agents in the author’s opin-
ion, many practicing medical toxicologists prefer
HIE or vasopressors, instead. The dosing of HIE
generally used is a bolus of 1 U/kg of regular
insulin with 0.5 g/kg of dextrose, followed by an
infusion of 1 U/kg/h of insulin titrated to effect.
There are reports of patients receiving infusions as
high as 22 U/kg/h [115]. To prevent hypoglyce-
mia, glucose infusions should accompany insulin
infusions. Plasma potassium concentrations
should be closely monitored while the patient is
receiving HIE. Consideration can be given to even
initiating HIE prior to other therapies such as
vasopressors. The clinical pharmacology of HIE
is discussed in▶Chap. 147, “Euglycemic Insulin
Therapy.” Its clinical use is discussed in greater
detail in chapters on specific agents.

Limited evidence also supports the use of
methylene blue in the treatment of shock from
calcium channel antagonists [124, 125]. In a sin-
gle case report, methylene blue was successfully
used in a mixed atenolol and amlodipine ingestion
[126]. Amlodipine stimulates the release of nitric
oxide, thereby causing vasodilation and
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worsening hypotension. Methylene blue acts as a
nitric oxide scavenger. In addition, it inhibits
nitric oxide synthesis and decreases the produc-
tion of cyclic guanosine monophosphate produc-
tion, which is generated by nitric oxide and
increases vasodilation. Given the limited experi-
ence with methylene blue, it should not be viewed
as a therapy to be used routinely in calcium chan-
nel antagonist toxicity. Based on current evidence,
the author recommends that it be used in cases of
refractory circulatory shock due to amlodipine
toxicity.

Calcium sensitizers (e.g., levosimendan) have
been proposed to treat shock from calcium chan-
nel antagonists. They act as inotropic agents and
increase the association of myosin and actin cross-
bridges while slowing down their dissociation rate
[127]. In patients with congestive heart failure,
they decrease afterload while increasing cardiac
contractility and output. Case reports describe
levosimendan reversing shock from calcium
channel antagonists [128–130]. However, the
overall evidence is still limited and these agents
are not currently available in the United States or
in many other countries.

Lipid Emulsion Therapy
The administration of lipid emulsion therapy
(LET) is one of the most recent advances in the
care of the critically ill poisoned patient. Origi-
nally investigated as a treatment for patients with
local anesthetic toxiciy, it has since been used in
the management of toxicity from other xenobi-
otics [131]. Its mechanism of action is still not
fully understood. The most accepted theory is that
LET acts as a lipid sink and binds “lipid-soluble”
xenobiotics removing them from their site of tox-
icity [132]. While there are multiple successful
reports of LET reversing toxicity from lipophilic
xenobiotics (e.g., calcium channel antagonists
[133], tricyclic antidepressants [134]), there are
also reports of its effectiveness in reversing toxic-
ity from xenobiotics that are not lipophilic
[135]. Other potential mechanisms of action
include improving intracellular metabolism and
ion channel activation.

Lipid emulsion therapy was first used in
nonlocal anesthetic toxicity to resuscitate a

17-year-old with cardiovascular collapse follow-
ing an ingestion of bupropion and lamotrigine
[136]. Since then, there are many reports of LET
successfully reversing toxicity from multiple
agents (e.g., atenolol [135], diphenhydramine
[137], quetiapine [138], cocaine [139],
venlafaxine [140]). However, it is important to
recognize that these anecdotal reports cannot be
used to validate the efficacy of LET and are
undoubtedly vulnerable to publication bias as
unsuccessful use of LET in critically ill patients
is unlikely to be reported.

A case series from the Toxicology Investiga-
tors’ Consortium (ToxIC) identified nine patients
with presumed non-survivable cardiac toxicity
(either cardiac arrest or hypotension refractory to
vasopressors) that received LET [141]. Five of the
patients survived including two patients in cardiac
arrest; eighty percent of survivors were neurolog-
ically intact. Adverse effects associated with LET
include DVT, pancreatitis, and laboratory interfer-
ences [141, 142]. As such, there is still disagree-
ment as to if and when to administer LET. The
position of the American College of Medical Tox-
icology (ACMT) is that there is no standard of
care in regard to the use of LET, but if and when it
is administered, it should be as a 20% lipid emul-
sion as a 1.5 ml/kg bolus followed by an infusion
of 0.25 ml/kg/min [143] (Level III recommenda-
tion). LET is further discussed in ▶Chap. 152,
“Lipid Resuscitation Therapy” and in chapters
dealing with specific relevant agents.

Extracorporeal Membrane Oxygenation
In venoarterial extracorporeal membrane oxygen-
ation (ECMO), either the right atrium or ventricle
is cannulated. Hypoxic blood is pumped through
an oxygenator and returned to the systemic circu-
lation via a central arterial catheter. Extracorpo-
real membrane oxygenation is indicated in
poisoned patients in refractory shock that are fail-
ing conventional treatment [144] (Level III rec-
ommendation). There are multiple reports of
poisoned patients successfully resuscitated with
ECMO [145, 146]. In a retrospective review of
poisoned patients in arrest or shock, mortality was
improved in those that received ECMO (12/14)
compared to those that did not (23/48) (86%
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vs. 48%, p< 0.02) [147]. In many cases, poisoned
patients are ideal candidates for ECMO as they
tend to be otherwise healthy and are suffering
from a reversible illness. In these patients,
ECMO serves as a bridge until the toxic xenobi-
otic is metabolized or eliminated, at which time
the patient should regain normal cardiovascular
function. While adverse events are associated
with ECMO, recent advances in technology have
made this a more practical alternative during
emergency resuscitation of critically ill patients
[148]. The use of ECMO in poisoned patients is
further discussed in ▶Chap. 4, “Extracorporeal
Membrane Oxygenation and Cardiopulmonary
Bypass in the Poisoned Patient.”

Overdose and Cardiac Arrest

Few studies specifically address the issue of car-
diac arrest as a direct consequence of poisoning.
The AAPCC reported 1,835 exposure-related
fatalities in 2014 [2]. The fatalities involved single
substances in 42% of cases, two substances in
25% of cases, and three or more substances in
the remainder of cases. There were 88 deaths in
children (<20 years old), which was an 11.1%
decrease from the previous year in that popula-
tion; 16 deaths occurred in children less than
5 years old (1.4% of exposure-related fatalities).
Nearly 66% of fatalities occurred in patients
between 20 and 59 years of age. Only 2 deaths
occurred in a pregnant patient. A recent analysis
of data from the European Monitoring Centre for
Drugs and Drug Addiction estimated that there
were between 10,000 and 20,000 deaths a year
in Europe from opioids [149]. In 2011, the aver-
age mortality rate due to overdoses in Europe was
estimated at 18 deaths per million people aged
15–64 years old. Most countries reported an
increase in overdose deaths from 2003 until
2009, when the number of deaths began to
decline. Overall, there were approximately 6,500
overdose deaths reported in 2011. Over 19 years,
there were 118 cases of cardiac arrest from intox-
ication at the Vienna General Hospital
[150]. After resuscitation, 39 patients had a favor-
able outcome, defined as good neurologic

function or moderate disability on the Pittsburgh
Cerebral Performance Category. However nearly
a quarter of patients were arrested from opioid
intoxication and nearly a third of patients were
deteriorated and arrested in the hospital, so the
results may have limited external validity.
Autopsy findings revealed that only 76% of
older adults and 25% of young adults had athero-
sclerotic coronary artery disease as a cause of
cardiac arrest. This finding should influence the
medical management of drug-induced cardiac
arrest. Advanced Cardiac Life Support (ACLS)
algorithms [151] should be altered when cardiac
arrest, ventricular tachycardia, or ventricular
fibrillation is caused by drug overdose because
the mechanisms for these arrests are significantly
different from the cardiovascular events for which
ACLS protocols were created. Specific therapies,
such as sodium bicarbonate, glucagon, HIE, LET,
and ECMO should be considered. Tox-ACLS was
specifically developed to incorporate differences
in the resuscitation of the critically ill, poisoned
patient [152]. The management of acute coronary
syndrome with cocaine toxicity, cocaine-
associated dysrhythmias, and opioid-induced
respiratory failure with naloxone are examples of
important topics covered in Tox-ACLS. The post-
arrest management of these patients is discussed
in greater detail in▶Chap. 5, “Post-Resuscitation
Management of the Poisoned Patient.”

Invasive and Noninvasive
Measurements of Hemodynamic
Function

When patients are in shock, further information
should be obtained to guide the resuscitation.
Historically a pulmonary artery catheter (PAC),
or Swan-Ganz catheter, was placed. Data obtained
from a PAC includes central venous pressure,
right ventricular pressure, pulmonary artery pres-
sure, and left atrial pressure via the pulmonary
capillary wedge pressure. Other data that can be
obtained include oxygen saturation of mixed
venous blood (SvO2), thermodilution QT, sys-
temic and pulmonary vascular resistance, QO2,
shunt fraction (QS/QT), and VO2. However,
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noninvasive monitoring techniques and a lack of
an effect of PACs on outcome have sharply
curtailed their use in poisoned patients. Some
situations in which PACs may be useful are listed
in Table 7. Because most overdose patients leave
the ICU in 1–2 days, they rarely require a PAC and
their use has not been studied in poisoned patients.
The PAC may add useful data in some overdose
situations such as [1] assessment of left heart
filling pressures when persistent pulmonary
edema is present (e.g., hydrocarbon aspiration or
adult respiratory distress syndrome) and [2]
assessment of myocardial contractility (cardiac
output and stroke volume) to determine the sever-
ity of myocardial depression and efficacy of ther-
apy (e.g., calcium channel antagonist overdose).
Although several case reports describe the use of a
PAC in a calcium channel antagonist overdose
[101, 108, 153–155], no studies address either
the indications for placement or whether the infor-
mation obtained from the pulmonary catheter
changes the outcome in these patients.

There are risks associated with the insertion of
a PAC. Common complications include pulmo-
nary artery injury, valvular injury, endocarditis,
heparin-induced thrombocytopenia, catheter or
balloon embolization, pulmonary infarction, ven-
tricular arrhythmia, and cardiac perforation
[156]. In addition, PACs are technically

challenging to use [157–159]. Due to these limi-
tations, there is a shift toward using less invasive
and less challenging methods to monitor hemody-
namic function [160] (Level III recommendation).
As with PACs, these methods are not investigated
in poisoned patients. Arterial pulse contour and
pulse power analyses are less invasive alternatives
to measure cardiac output [161]. Lithium dilution
cardiac output (LiDCO PlusTM) uses these princi-
ples to estimate cardiac output [162]. Isotonic
lithium chloride is injected via a central or periph-
eral venous route to calculate cardiac output. The
lithium doses used are too small to cause any
pharmacologic effect. LiDCO was found to be
an effective alternative to PAC [163]. Other non-
invasive devices that provide similar information
include the PiCCO PlusTM and FloTracTM

[164]. These devices use different calibration
schemes to model the transfer of arterial pulse
presure to stroke volume. Doppler cardiac moni-
toring devices are alternatives that require neither
arterial or venous cannulation [165]. Esophageal
or transthoracic Doppler probes measure flow in
the descending aorta and estimate cardiac output.
These products suffer from technical limitations,
as probe position is crucial to obtaining accurate
measurements. In addition, basic central venous
catheters can measure central venous pressure and
SvO2 with fewer complications than PACs.

Bedside sonography is an even less invasive
alternative used to guide resuscitation. The rapid
ultrasound in shock (RUSH) protocol can deter-
mine the etiology of cardiovascular collapse
[62]. The RUSH protocol is an easily learned tech-
nique that involves assessing the heart (“the
pump”), inferior vena cava (IVC) and internal jug-
ular (IJ) (“the tank”), and arterial vessels such as
the aorta (“the pipes”). RUSH can exclude cardiac
tamponade, decreased cardiac contractility,
hypovolemia, hemothorax, pneumothorax, and
aortic aneurysm as the cause of shock. In addition,
a standard focused assessment in trauma (FAST)
exam is included to exclude hemoperitoneum as
the etiology of the hypotension.

Sonography also provides information about
left and right ventricular function, central venous
pressure, and fluid responsiveness. In addition to
excluding tamponade, cardiac sonography is

Table 7 Clinical uses of the pulmonary artery catheter

Determine etiology of shock state and assess efficacy of
therapy

Assess intravascular volume

Renal failure, hypovolemia

Assess cardiac contractility

Cardiac output, mixed venous saturation (i.e., efficacy
of therapy in CCA overdose)

Diagnosis of constrictive pericarditis or pericardial
effusion

Waveform analysis

Measurement of pulmonary artery pressure

Pulmonary hypertension

Determine PCWP in the setting of pulmonary edema

High pressure (CHF) versus low pressure (ARDS)
(i.e., hydrocarbon aspiration, toxic gas inhalation)

ARDS adult respiratory distress syndrome, CCA calcium
channel antagonist, CHF congestive heart failure, PCWP
pulmonary capillary wedge pressure
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useful to evaluate both left and right ventricular
function. Ventricles with good contractility will
have a large change in volume between systole
and diastole [166]. Motion of the anterior leaflet of
the mitral valve also assess contractility. In the
parasternal long axis, the anterior leaflet should
nearly touch the septum in diastole if the ventricle
is contracting normally. The normal ratio of the left
to right ventricle is 1:0.6. Right ventricular dilation
indicates increased pressure within the pulmonary
vascular circuit, such as with a large pulmonary
embolism or pulmonary hypertension, as the cause
of hypotension [167, 168]. Inferior vena cava mea-
surement is used to determine volume status and
fluid responsiveness; it also acts as a surrogate for
central venous pressure (CVP) [169]. The size and
change in size of the IVC during inspiration accu-
rately estimates CVP [170]. An IVC with a diam-
eter less than 2.1 cm that collapses more than 50%
correlates with normal CVP and volume respon-
siveness [171]. Serial measurements as oppposed
to a single measurment during the resuscitation are
recommended to more accurately guide volume
management [62]. The IJ can be used instead of
the IVC [172]. Common carotid velocity time inte-
gral (VTi) with passive leg raise (PLR) also mea-
sures volume responsiveness. In PLR, a patient’s
legs are raised 45� while their upper body is kept
horizontal, and the patient is assessed for changes
in stroke volume or cardiac ouput [173]. Carotid
artery flow velocity is measured with Doppler
sonography to determine VTi. The common
carotid artery’s diameter is measured using Dopp-
ler to evaluate the flow [174]. Increases in VTi
following PLR accurately predict volume respon-
siveness [175]. A 20% increase in VTi following
PLR predicted volume responsiveness with a sen-
sitivity of 94% and specificity of 86% [175]. This
topic is further discussed in ▶Chap. 14, “The
Assessment and Management of Hypotension and
Shock in the Poisoned Patient.”

Sedation and Paralysis

When a patient is intubated and is in the ICU,
sedation and analgesia are important to minimize
discomfort. Some patients have vivid recall of

events that occurred in the ICU [176]. These
events (discomfort, being in unfamiliar surround-
ings, invasive procedures performed by total
strangers) are terrifying because the patient’s con-
sciousness is clouded from illness and partial
sedation; in fact, inadequate sedation and analge-
sia can lead to post-traumatic stress disorder
(PTSD) [177]. At the same time, excess sedation
causes delirium, with some literature associating it
with distress and PTSD [178, 179]. Worse yet is
being paralyzed without adequate sedation or
analgesia and being unable to communicate
[180]. For overdose patients, the patient’s under-
lying emotional instability may complicate man-
agement further (see ▶Chap. 6, “Psychiatric
Issues in the Critically Poisoned Patient”).

Patients intubated due to their toxicologic
exposure may be agitated and require sedation.
Until recently, this was typically achieved via
benzodiazepine administration (continuous infu-
sion or intermittent, around-the-clock dosing)
or by continuous propofol infusion, with greater
than 80% of critically ill patients sedated with
one of these agents [181]. The α-2 agonist
dexmedetomidine is now being used either in
addition to these agents or replacement of them
(Level I recommendation). A multicenter, ran-
domized, double-blind trial compared midazolam
or propofol to dexmedetomidine in intubated
patients and was found to be non-inferior in
maintaining light to moderate sedation [182]. It
did reduce the duration of intubation compared to
midazolam ( p= 0.03) but not propofol (P= .24).
As dexmedetomidine is unlikely to cause respira-
tory depression, it can be used with noninvasive
positive pressure ventilation [183]. However, this
is controversial and one randomized, double-
blind, placebo-controlled pilot study did not
find that it improved tolerance to noninvasive
ventilation [184]. Recent trials in patients with
sedative-hypnotic withdrawal indicate that
dexmedetomidine may be a useful adjunct; how-
ever, more studies are required to determine its
safety and efficacy in this population [185,
186]. Dexmedetomidine was administered to
22 poisoned patients who were intubated in an
ICU [187]. Most patients (77%) required addi-
tional sedatives or analgesics and five patients
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suffered adverse events. Further studies are
needed to determine the role of dexmedetomidine
in poisoned patients.

Continuous infusion provides a constant serum
drug concentration and decreases the chance of
the patient awakening or becoming agitated [188,
189]. Continuous sedative infusions of benzodi-
azepines and propofol, compared with intermit-
tent dosing, prolong ventilator time and ICU time,
however, as a result of overmedication [190]. For
poisoned patients, as for all ICU patients, analge-
sia is as important as sedation. Neither benzodi-
azepines nor propofol provide analgesia, which
is problematic as the endotracheal tube is a
significant source of pain and discomfort
[191]. Dexmedetomidine may provide analgesia
in addition to sedation via receptors in the spinal
cord [187]. Narcotic analgesics, such as fentanyl
and morphine, may decrease the pain and discom-
fort patients experience from intubation, having
invasive devices in place, and an inability to
move. Combining narcotics with sedative-
hypnotics decreases the amount of sedative-
hypnotics required for comfort [192]. Simulta-
neous administration of opioids and propofol
may cause hypotension, especially if large doses
are used. Caution is warranted in patients who are
poisoned by cardiovascular agents and therefore
prone to hypotension.

Lorazepam and propofol are commonly used
sedatives in the ICU. Continuous infusion of
midazolam, compared with continuous infusion
of propofol or lorazepam, lengthens time until
the patient is awake and extubated after sedation
has been stopped [193–195]. In critically ill
patients, the midazolam half-life and volume of
distribution are increased [196]. The half-life is
prolonged further in renal failure [197]. In addi-
tion, sedation with midazolam may lead to higher
rates of PTSD compared to other sedatives
[179]. Benzodiazepines can also cause delirium
[198], which is an independent predictor of death
and prolonged ICU length of stay [199]. Infusions
of propofol for greater than 48 h are associated
with propofol infusion syndrome (PRIS)
[200]. PRIS is a syndrome of refractory bradycar-
dia, metabolic acidosis, rhabdomyolysis, hyper-
lipidemia, and fatty liver; patients can even

develop myocardial failure or cardiovascular col-
lapse. Patients sedated with dexmedetomidine and
other α-2 agonists develop bradycardia and hypo-
tension. Haloperidol is also used as an adjunctive
therapy for sedation. Independent of which seda-
tive agents are used, daily interruption of sedation
to assess the patient’s neurologic status shortens
the duration of mechanical ventilation and ICU
length of stay [201].

Analgesia-based sedation or analgosedation is
another option in the intubated patient [198, 202]
(Level II-2 recommendation). Here, the primary
objective is to control pain with an analgesic and
only administer a sedative-hypnotic if necessary
[203]. Analgosedation was demonstrated to be as
effective as a sedative-hypnotic approach while
reducing the dose of administered sedatives.
Patients treated with analgosedation were able to
be weaned from the ventilator sooner and had
shorter ICU lengths of stay compared to standard
management [204]. Just as with sedative-
hypnotics, dosing of analgesics may need to be
adjusted due to altered pharmacokinetics in criti-
cally ill patients [205].

In postoperative patients, the use of topical
anesthetics to the pharyngeal, laryngeal, and tra-
cheal mucosa statistically decreased the amount of
sedation required [206]. As patients begin to
regain consciousness and experience discomfort
from the endotracheal tube, the use of topical
anesthetics may relieve discomfort without
requiring consciousness-altering medications.
This may also be true of nonsurgical, intubated
patients. Topical anesthetics must be administered
judiciously because overzealous administration
may cause significant methemoglobinemia and
local anesthetic systemic toxicity.

In the overdose patient, sedation is often less
problematic as patients are often intubated due to
taking central nervous system depressants and can
usually be extubated within 24 h. Overdose
patients with depressed mental status may not
require sedation if they were intubated due to
their depressed mental status and inability to pro-
tect their airway. When the clinical effects of the
overdose begin to resolve, either further sedation
or ventilator liberation must be performed. In
these situations if additional sedation is required,
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intermittent administration of fentanyl (or another
short acting opioid) or an infusion of
dexmedetomidine, combined with the use of top-
ical anesthetics, may be the best choice (Level III
recommendation). This combination avoids
oversedation and allows for continuous assess-
ment of the patient’s mental status and other clin-
ical signs and symptoms indicating that the patient
is ready to be liberated from the ventilator. Ben-
zodiazepines, propofol, or dexmedetomidine can
always be added to opioids if further sedation is
required. Many patients, especially those
presenting following polypharmacy overdoses,
are delirious or have a fluctuating level of alert-
ness. They may benefit from small amounts of
sedation, until enough of the substances have
worn off for them to be extubated. In general if
the patient is sufficiently awake and can protect
their airway, rapid ventilator liberation and
extubation is appropriate. For otherwise healthy
overdose patients, extubation usually can be
accomplished safely without a “wean from the
ventilator.”

Neuromuscular blocking agents (NMBAs)
should be used in only two circumstances in the
poisoned patient: [1] in patients who, despite ade-
quate sedation, still have a high oxygen demand
owing to the work of respiratory muscles and [2]
in patients poisoned with xenobiotics such as
strychnine (Level III recommendation). Normally,
about 5% of oxygen consumed by the body (VO2)
is used by the respiratory muscles. In critically ill
patients, this can be 25% or greater
[207]. Although therapeutic paralysis decreases
VO2, it has been shown that administering an
NMBA to patients who are adequately sedated
does not decrease VO2 further [208]. Critically
ill patients who have received NMBAs may
develop persistent muscular weakness after dis-
continuation of the NMBA [209–211], even after
short-term or intermittent NMBA administration
[212]. The effect may last for weeks or months.
The presence of renal dysfunction allows for the
accumulation of active metabolites from some
NMBAs (e.g., vecuronium). Addition of steroids
(e.g., in patients with either upper airway obstruc-
tion or lower airway bronchospasm) increases the
risk and severity of prolonged muscular weakness

[209]. NMBAs should be administered only if the
patient can benefit from decreasing VO2 require-
ments. NMBAs should never be used to control an
agitated patient. The cause should be investigated
and treated (e.g., increase sedation or analgesia,
change the vent settings), which will likely
improve the agitation without the need for
NMBAs. Paralysis should not be used as a puni-
tive intervention or to absolve the physician from
the need to sedate an agitated patient. A poisoned
patient seldom requires the use of an NMBA,
unless adult respiratory distress syndrome, sepsis,
hyperthermia from severe neuromuscular agita-
tion (e.g., severe serotonin syndrome), or a toxi-
cant such as strychnine is part of the clinical
picture.

Ventilator Liberation

When the patient begins to show improvement,
the issue of ventilator liberation arises. Liberation
is a more desirable term, and a better mind set,
than weaning for discontinuing ventilatory sup-
port. Weaning implies a gradual withdrawal of
ventilator support, and most poisoned patients
do not need to be “weaned” from the ventilator.
Of 456 patients evaluated for participation in a
trial designed to compare ventilator modes during
liberation, 347 (76%) were liberated after an ini-
tial 2-h, spontaneous-breathing T-piece trial
[213]. These findings have been confirmed in
other studies [214]. As many overdose patients
are intubated due to agitation or decreased mental
status, most can be extubated as soon as their
mental status improves and do not require a for-
mal wean (Level III recommendation).

The conditions that led to the patient’s being
intubated and ventilated need to be resolved. In
the case of overdoses, most respiratory failure is
type II (hypercapnic) from decreased mental sta-
tus and respiratory drive.When the patient regains
his or her respiratory drive and the ability to
protect their airway, ventilator liberation should
proceed rapidly. If type I (hypoxemic) respiratory
failure was involved, adequate oxygenation on
40% FiO2 and PEEP of less than 5 cmH2O should
be present before liberation is attempted [215]. In
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type IV (shock) respiratory failure, the patient
should be hemodynamically stable and metabolic
abnormalities corrected. If type II (hypercapnic)
respiratory failure from respiratory muscle weak-
ness has complicated the clinical course, libera-
tion may require a more thoughtful approach,
which is outlined subsequently.

Indices previously used to determine whether
respiratory muscle strength was adequate for lib-
eration have included a negative inspiratory force
less than �20 cm H2O, respiratory rate less than
35 breaths/min, VT greater than 5 mL/kg, VE less
than 10 L, and forced vital capacity greater than
10 mL/kg [216, 217]. All of these parameters are
moderately sensitive but poorly specific
[218]. Their utility in the overdose or poisoned
patient population has not been evaluated.

The rapid shallow breathing index (RSBI) was
developed to assist in the bedside assessment of
patients who are potentially ready for ventilator
liberation [219]. The RSBI quantifies what we
intuitively know about patients’ breathing pat-
terns: patients who take deep breaths at a slow
rate are ready for ventilator liberation, whereas
patients breathing rapidly are unlikely to be suc-
cessfully liberated. The RSBI is performed while
the patient is spontaneously breathing for 1 min
without any ventilator assistance. The respiratory
rate is divided by the spontaneous VT in liters.
Patients with an RSBI greater than 105 are at risk
of failing ventilator liberation. The RSBI is highly
sensitive (0.97) and moderately specific (0.64) in
medical ICU patients [219]. Further studies have
shown a sensitivity and specificity equal to the
original study when the RSBI is performed after
30 min of spontaneous breathing [220]. The RSBI
is valid in surgical patients, as well [221]. Analysis
of patients failing liberation with RSBIs less than
100 found that most fail due to new problems
unrelated to the original process that caused
them to be intubated, such as new-onset conges-
tive heart failure, upper airway obstruction, and
aspiration [222]. The utility of the RSBI in over-
dose or poisoned patients has not been studied.

Questions may arise about which ventilator
mode to use during ventilator liberation. As men-
tioned previously, the SIMV mode can increase
the work of breathing. For the general ICU

population, once-daily trials of spontaneous
breathing lead to extubation three times faster
than SIMV and two times faster than pressure
support ventilation [214]. It is not known whether
this applies to toxicology patients.

If there is concern that the patient may not be
ready for ventilator liberation, a simple five-step
procedure can be followed:[218].

1. Ensure all underlying abnormalities that led to
intubation are corrected.

2. Assess the RSBI. If the RSBI is greater than
105, therapy to decrease respiratory workload
and increase respiratory muscle strength
should be employed.

3. For patients with an RSBI less than 105, per-
form a 2-h spontaneous breathing trial (SBT).
This is accomplished by placing the patient on
a T-piece or on continuous positive airway
pressure with minimal or no pressure support.

4. Evaluate the patient during the SBT. Failure of
a SBT manifests as diaphoresis, tachypnea,
desaturation, tachycardia, hypotension, or
arrhythmias.

5. If the patient tolerates a 2-h SBT, he or she is
ready to be liberated from the ventilator.

Ventilator liberation does not imply that
extubation should be performed, just as an inabil-
ity to protect the airway does not imply respiratory
failure. Other factors need to be considered, espe-
cially in cases of upper airway injury such as
following a caustic injury. Bedside assessment of
airway adequacy may be determined by endotra-
cheal tube “cuff leak.” The cuff-leak test can be
performed in one of two ways. The first is to
disconnect the patient from the ventilator, deflate
the endotracheal tube’s cuff while it is still in
place, occlude the end of the tube, and listen for
air passing around the tube. The second is to leave
the endotracheal tube connected to the ventilator,
deflate the cuff, and measure the difference
between the VT delivered by the ventilator and
the VT returned to the ventilator. If there is a leak,
the delivered VT will be greater than the returned
VT. Prospective evaluation of 72 patients with
upper airway obstructions using the first method
led to successful extubation in 89% of patients
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with a cuff leak [223]. Using the second method,
patients who did not develop stridor on extubation
averaged 360 mL cuff leak with average VT of
650 mL [224]. Patients who did develop stridor,
given the same average VT, had cuff leaks of only
180 mL. These data, along with direct visualiza-
tion of the upper airway, can assist the clinician in
deciding whether patients with upper airway
obstruction are ready for extubation.

Ancillary Issues in the Intensive Care
Unit Management of Poisoned
Patients

Certain management issues need to be addressed
in all patients who enter the ICU. Any patient who
is critically ill, is intubated, or has a PAC requires
a daily chest x-ray. New findings are discovered in
15–45% of daily chest x-rays [225–228], 8% had
findings of “major” clinical significance (e.g.,
pneumothorax, improperly positioned endotra-
cheal tube), and 42% of these findings (3.3% of
total) were not suspected previously from bedside
assessment [229].

Critically ill, poisoned patients are at increased
risk of GI bleeding. Of ICU patients, 75% have
endoscopic evidence of gastric mucosal injury by
18 h after admission, with 5% of patients devel-
oping overt bleeding [230]. GI bleeding prophy-
laxis should be started on admission to the ICU
and can be achieved best through the use of
histamine2-receptor antagonists or proton-pump
inhibitors [231] (Level I recommendation).

Poisoned ICU patients are at risk for venous
thromboembolic disease if they have a prolonged
course requiring them to remain in bed. Approx-
imately 33% of all ICU patients develop
ultrasonographically detectable DVTs despite
receiving prophylaxis. Meta-analyses show that
the use of heparin or pneumatic compression
stockings decreases the incidence of DVT by at
least 50% [232]. DVT prophylaxis should be ini-
tiated with unfractionated heparin, low-
molecular-weight heparin, or compression
devices as soon as the patient is admitted to the
ICU if a prolonged stay is anticipated (Level I
recommendation).

The goal of nutritional support is to meet the
patient’s nutritional needs without overfeeding.
This may be difficult because critically ill patients
can be catabolic with a negative nitrogen balance.
Exact caloric requirements can be determined
through indirect calorimetry (“metabolic cart”).
Overfeeding should be avoided because excess
carbohydrates can lead to increased carbon diox-
ide production, which leads to higher minute ven-
tilation needs. The increased ventilation needed to
blow off the excess carbon dioxide may prevent
liberation from the ventilator. Enteral feedings,
which help maintain integrity of the gut’s mucosal
barrier, are preferred over the parenteral route. If a
prolonged stay is anticipated, feedings optimally
should be initiated within the first 24 h after
admission. If ventilator liberation is anticipated
within the first 24–48 h, as is typical of many
poisoned patients, enteral feedings are not
necessary.

Gastrointestinal Decontamination

Gastrointestinal decontamination, once a main-
stay in the management of the intoxicated patient,
has greatly fallen out of favor. It is generally
relegated to patients that present very early (less
than an hour after their ingestion) or for those
patients who took a very large or dangerous over-
dose, where an antidote does not exist (e.g., verap-
amil) (Level III recommendation). While once
common, the administration of syrup of ipecac
or the performance of gastric lavage should not
be done, and administration of even single-dose
activated charcoal (AC) is now rare. Intuitively GI
decontamination should decrease absorption of
many xenobiotics. However, its use is not associ-
ated with improved patient-centered outcomes
(e.g., mortality, length of stay) [233–235].

If GI decontamination is attempted, it should
be done as early as possible in the patient’s treat-
ment to have any chance of being beneficial. If it is
preformed, this should occur in the emergency
department, shortly after the patient arrives; the
patient is very unlikely to benefit from decontam-
ination started in a delayed fashion, such as in the
ICU. However, patients who ingest sustained
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release preparations, have heavymetals in their GI
tract, or are body packers may benefit from whole
bowel irrigation (WBI) (Level II-3 recommenda-
tion). In addition if the patient has a bezoar, GI
decontamination may be beneficial.

Activated charcoal is produced in a two-step
process, starting with pyrolysis of various carbo-
naceous materials. It is then treated at high tem-
peratures with oxidizing agents such as steam or
carbon dioxide that “activate” it and increase its
adsorptive capacity. Activated charcoal adsorbs
many xenobiotics but does not adsorb metals or
strongly ionized substances. In addition, it should
not be administered to patients with caustic inju-
ries, as it will obscure landmarks during the
endoscopy. Serious adverse events include chem-
ical pneumonitis following aspiration, peritonitis
if it is administered to a patient with perforation of
their GI tract, and pseudo-obstruction in patients
with an ileus or obstruction. In their most recent
position statement, the American Academy of
Clinical Toxicology (AACT) and the European
Association of Poisons Centres and Clinical Tox-
icologists (EAPCCT) compared 122 studies in
human volunteers [235]. There was a large
amount of variability in the types of xenobiotics
ingested, the amount of xenobiotic ingested, and
the amount of charcoal administered. While
absorption was decreased when AC was adminis-
tered within 30 min, the mean reduction was only
16%when administered two hours after the inges-
tion. Studies of AC in patients with ingestions are
difficult to interpret as they include patients
receiving multiple types of decontamination in
addition to AC or have serious methodological
or statistical flaws. Merigian et al. investigated
the outcome of 451 asymptomatic patients who
received either 50 g of AC or no treatment and did
not find a statistically significant change in clini-
cal outcomes between the groups [236]. Buckley
et al. conducted a retrospective, non-randomized
study on 981 consecutive patients admitted fol-
lowing acetaminophen overdoses [237].Activated
charcoal was administered in 36% of patients and
39% of patients were not decontaminated.
Patients that received AC were significantly less
likely (odds ratio 0.36) to have acetaminophen
concentrations in the probable or high-risk portion

of the nomogram. However, the mean time to
presentation in the no treatment group was
385 min versus 135 min in the treatment group.
If AC is administered, it should be dosed at 1 g/kg
if the dose is unknown or in a 10:1 ratio of AC to
xenobiotic if known; most adults receive approx-
imately 100 g of AC. Administration of a cathartic
with AC is controversial. The current position of
the AACT does not support the routine use of
activated charcoal, even though benefit cannot
be excluded if AC is administered more than one
hour after the ingestion [235] (Level I recommen-
dation). AC may be considered in patients that
present within one hour of a toxic ingestion,
which would still exclude its use in patients after
they are admitted to the ICU. Multidose activated
charcoal (MDAC) is used to enhance the elimina-
tion of various xenobiotics. Multidose activated
charcoal may benefit patients at risk from delayed
absorption due to ingesting delayed release prod-
ucts or if they ingested xenobiotics that cause
pylorospasm or bezoar formation, such as salicy-
lates [238]. In these scenarios, MDAC prevents
absorption of the xenobiotic. Patients that ingest
xenobiotics that undergo enteroenteric or
enterohepatic circulation may also benefit from
MDAC. In enterohepatic circulation, absorbed
substances are secreted into the bile and then
into the small intestine before being reabsorbed.
In enteroenteric circulation, absorbed substances
are secreted into the intestine before being
reabsorbed. By administering MDAC, charcoal
can adsorb xenobiotics that are secreted into the
intestine before being reabsorbed, thereby
enhancing elimination. In these scenarios, the
xenobiotic has already been absorbed so MDAC
is not being used for the purpose of decontamina-
tion but as an adjunct to increase elimination by
preventing reabsorption. Both animal and human
data demonstrate that MDAC increases xenobi-
otic elimination [239–241]. However, MDAC has
not been shown to decrease morbidity or mortality
[242]. MDAC is generally administered at a dose
of ½ gram/kg following the initial standard dose
of charcoal. In pediatric patients, the dose may
need to be decreased. Cathartics should not be
administered with MDAC as repeated dosing
causes electrolyte disturbances and dehydration.
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Multidose activated charcoal may be administered
every four hours. However, the timing of MDAC
administration is patient and provider specific.
Multidose activated charcoal should be withheld
in patients with altered mental status and an
unprotected airway, GI tract obstruction or disrup-
tion, and an ileus. Currently, the AACT/EAPCCT
only recommends the administration of MDAC in
patients who have ingested life-threatening
amounts of either carbamazepine, dapsone, phe-
nobarbital, quinine, or theophylline [243] (Level
II-3 recommendation). Xenobiotics whose elimi-
nation may be increased by MDAC are discussed
in their respective chapters.

Over the last 10–20 years, the use of gastric
lavage has drastically decreased due to concerns
that complications from the procedure outweigh
any benefit. Given the real risks associated with it,
the AACT and EAPCCT do not recommend the
use of gastric lavage [234]; in situations where a
clinician believes lavage may be appropriate,
either AC or supportive care should be considered
instead (Level II-2 recommendation).

Whole bowel irrigation prevents absorption by
attempting to enhance the flow of xenobiotics
through the gut. In order to achieve this, a naso-
gastric or orogastric tube must be placed. Large
amounts, approximately 1–2 l/h, of osmotically
balanced polyethylene glycol solution (PEG) are
administered until the patient has at least two
clear, liquid stools. Unlike other forms of GI
decontamination, WBI may be started or contin-
ued in the ICU. Patients that have ingested
sustained release preparations may be candidates
for WBI in order to prevent delayed absorption;
this is also why WBI may be considered in
patients with bezoars. If patients are suspected of
ingesting metals and have radiopaque foreign
bodies on imaging, WBI may prevent absorption,
as AC will not adsorb metal. Lastly, body packers
are traditionally treated with WBI. Body packers
internally smuggle large amounts of packets in
order to smuggle narcotics. Should a packet leak,
each one has a potentially lethal amount of drug in
it. There are multiple retrospective case studies
and cohorts in body packers that received WBI
[244–246]. Interpretation of some of the literature
is limited due to patients either refusing to drink

the PEG solution or WBI not recorded as being
completed. While efficacy of WBI is difficult to
interpret, no adverse events were reported in these
studies; however, aspiration has been reported
with WBI [247, 248]. In body packers, WBI
should be initiated in order to remove the packets
as soon as possible, given the life-threatening risk
associated with even a single packet leaking. Con-
traindications include patients with an ileus or
obstruction or an injury to their GI tract. While
there are multiple reports suggesting that WBI can
assist with the passage of tablets or packets, there
is no evidence to support that WBI improves
clinical outcomes [249]. The AACT and
EAPCCT do not routinely recommend the use of
WBI, but it can be considered in select situations
(Level II-2 recommendation).

Antidotes

Most poisoned patients can be treated with stan-
dard supportive care, as detailed earlier. In certain
instances specific therapy or antidotes are
required. Specific therapies are described in sub-
sequent chapters dealing with specific substances.
Properties of specific antidotes are described in
chapters at the end of the book. Some antidotes
that may be administered in the ICU are listed in
Table 8.

Table 8 Examples of antidotes that may be used in
the ICU

Toxin/poison Antidotes

α-2 agonist (clonidine,
guanfacine, guanabenz,
tizanidine, methyldopa)

Naloxone

Acetaminophen N-acetylcysteine

Anticholinergic agents Physostigmine

Benzodiazepines Flumazenil (with caution)

β-Adrenergic blocking
agents

Glucagon

Lipid emulsion therapy

Black widow
envenomation

Latrodectus antivenin

Botulism Botulin antitoxin

Calcium channel
antagonists

Calcium

Glucagon

(continued)
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Subspecialty Care

In the United States, medical toxicology is a rec-
ognized subspecialty by the American Board of
Medical Specialties. There are currently 500–600
board-certified practicing medical toxicologists in
the United States. These individuals have the
greatest experience in the care of critically poi-
soned patients. When available, on-site or
telemedical consultation is recommended. In
some areas highly specialized regional poison
treatment centers have been established to which
critically poisoned patients might be transferred.
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