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!"!  Emergence from general anesthesia and surgery may be accompanied by a number of physi-
ologic disturbances that affect multiple organ systems. Most common are postoperative nausea 
and vomiting (PONV), hypoxia, hypothermia and shivering, and cardiovascular instability.

!"!  In a prospective study of more than 18,000 consecutive admissions to the postanesthesia care unit 
(PACU), the complication rate was found to be as high as 24%. Nausea and vomiting (9.8%), the 
need for upper airway support (6.8%), and hypotension (2.7%) were the most common problems.

!"!  The most frequent cause of airway obstruction in the immediate postoperative period is the 
loss of pharyngeal muscle tone in a sedated or obtunded patient. The persistent effects of 
inhaled and intravenous anesthetics, neuromuscular blocking drugs, and opioids all contribute 
to the loss of pharyngeal tone in the PACU patient.

!"!  Pharyngeal function is not normalized until an adductor pollicis train-of-four (TOF) ratio is 
greater than 0.90.

!"!  The ability to strongly oppose the incisor teeth against a tongue depressor is a reliable indicator 
of pharyngeal muscle tone. This maneuver correlates with an average TOF ratio of 0.85 as op-
posed to 0.60 for the sustained head lift.

!"!  An estimated 8% to 10% of patients who undergo abdominal surgery subsequently require 
intubation and mechanical ventilation in the PACU. Respiratory failure in the immediate post-
operative period is often due to transient and rapidly reversible conditions such as splinting 
from pain, diaphragmatic dysfunction, muscular weakness, and pharmacologically depressed 
respiratory drive.

!"!  Although a combination of leads II and V5 will reflect 80% of the ischemic events detected on a 
12-lead ECG, visual interpretation of the cardiac monitor is often inaccurate. Because of human 
error, the American College of Cardiology guidelines recommend that computerized ST-segment 
analysis be used (if available) to monitor high-risk patients in the immediate postoperative period.

!"!  In one study, urinary retention was defined as bladder volume greater than 600 mL in conjunction 
with inability to void within 30 minutes and the incidence of postoperative urinary retention in 
the PACU was 16%. The most significant predictive factors were age older than 50 years, intraop-
erative fluid greater than 750 mL, and bladder volume on entry to PACU greater than 270 mL.

!"!  Perioperative attention to adequate hydration is indicated in any patient who has received an 
intravenous contrast agent. Aggressive hydration with a balanced crystalloid solution provides 
the single most effective protection against contrast nephropathy.

!"!  Rhabdomyolysis has been reported to occur in 22.7% of 66 consecutive patients undergoing 
laparoscopic bariatric surgery. Risk factors include increased body mass index (BMI) and dura-
tion of operation.

!"!  The incidence of postoperative shivering may be as high as 66% after general anesthesia. Iden-
tified risk factors include young age, endoprosthetic surgery, and core hypothermia.

!"!  Multiple studies across different surgical specialties in elective and emergency cases have 
shown that postoperative delirium is associated with worse surgical outcomes, increased hos-
pital length of stay, functional decline, higher rates of institutionalization, higher mortality, and 
higher cost and resource utilization.

!"!  PACU Standards of Care require that a physician accept responsibility for the discharge of 
patients from the unit (Standard V). This is the case even when the decision to discharge the 
patient is made at the bedside by the PACU nurse in accordance with hospital-sanctioned 
discharge criteria or scoring systems.

 

The postanesthesia care unit (PACU) is designed and staffed 
to monitor and care for patients who are recovering from 
the immediate physiologic effects of anesthesia and surgery. 
PACU care spans the transition from one-on-one monitor-
ing in the operating room to the less acute monitoring on 
the hospital ward or, in some cases, independent function of 

the patient at home. To serve this unique transition period, 
the PACU is equipped to resuscitate unstable patients while 
providing a tranquil environment for the “recovery” and 
comfort of stable patients. Its location in close proximity to 
the operating rooms facilitates rapid access to anesthesiolo-
gists for consultation and assistance.
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Admission to the Postanesthesia 
Care Unit
The PACU is staffed by specially trained nurses skilled in 
the prompt recognition of postoperative complications. On 
arrival to the PACU, the anesthesiologist provides the PACU 
nurse with pertinent details of the patient’s history, medical 
condition, anesthesia, and surgery. Particular attention is 
directed toward monitoring oxygenation (pulse oximetry), 
ventilation (breathing frequency, airway patency, capnog-
raphy), and circulation (systemic blood pressure, heart rate, 
electrocardiogram [ECG]). Vital signs are recorded as often 
as necessary but at least every 15 minutes while the patient 
is in the unit. Vital signs and other pertinent information 
are recorded as part of the patient’s medical record. Specific 
requirements and recommendations for patient monitoring 
and therapeutic intervention can be found in the Practice 
Standards and Guidelines drafted by the American Society 
of Anesthesiologists.!

The Standards for Postanesthesia 
Care

Practice Standards delineate the required obligation of 
minimal care in the clinical setting. As such, they serve as a 
threshold that can be exceeded when indicated by the clini-
cal judgment of the practitioner. The Standards for Postan-
esthesia Care are updated on a regular basis to keep up with 
changing practice parameters and technologic advances. 
The most recent revision published in 2009 is summarized 
here1:
  

 I.  All patients who have received general anesthesia, 
regional anesthesia, or monitored anesthesia care shall 
receive appropriate postanesthesia management.

 II.  A patient transported to the PACU shall be accompanied 
by a member of the anesthesia care team who is knowl-
edgeable about the patient’s condition. The patient shall 
be continually evaluated and treated during transport 
with monitoring and support appropriate to the patient’s 
condition.

 III.  Upon arrival in the PACU, the patient shall be reevalu-
ated and a verbal report provided to the responsible 
PACU nurse by the member of the anesthesia care team 
who accompanies the patient.

 IV.  The patient’s condition shall be evaluated continually in 
the PACU. The patient shall be observed and monitored 
by methods appropriate to the patient’s medical condi-
tion. Particular attention should be given to monitoring 
oxygenation, ventilation, circulation, level of conscious-
ness, and temperature. During recovery from all anes-
thetics, a quantitative method of assessing oxygenation 
such as pulse oximetry shall be employed in the initial 
phase of recovery.*

 V.  A physician is responsible for the discharge of the patient 
from the PACU.

  

*Under extenuating circumstances, the responsible anesthesiologist may 
waive the requirements marked with an asterisk (*): it is recommended 
that when this is done, it should be stated (including the reasons) in a 
note in the patient’s medical record.

Unlike Practice Standards, Practice Guidelines are not 
requirements. They are recommendations designed to 
assist the healthcare provider in clinical decision making. 
The ASA Practice Guidelines for Post Anesthetic Care are 
the result of a multiple-step process that incorporates input 
from three groups: (1) an ASA-appointed task force con-
sisting of private practice and academic anesthesiologists 
and epidemiologists, (2) PACU consultants, and (3) ASA 
members at large. The guidelines are based upon litera-
ture review, expert opinion, open forum commentary, and 
clinical feasibility. They recommend the appropriate assess-
ment, monitoring, and treatment of the major organ sys-
tem functions during recovery from anesthesia and surgery 
(Box 80.1).2!

Respiratory

Assessment of airway patency, respiratory rate, and oxygen 
saturation should be periodically performed. Particular attention 
should be given to monitoring oxygenation and ventilation.!
Cardiovascular

Heart rate and blood pressure should be routinely monitored. 
Electrocardiographic monitors should be immediately available.!
Neuromuscular

Assessment of neuromuscular function should be performed 
for all patients who received nondepolarizing neuromuscular 
blocking drugs or who have medical conditions associated with 
neuromuscular dysfunction (also see Chapter 43).!
Mental Status

Mental status should be periodically assessed.!
Temperature

Patient temperature should be periodically assessed.!
Pain

Pain should be periodically assessed.!
Nausea and Vomiting

Periodic assessment of postoperative nausea and vomiting should 
be routinely performed.!
Hydration

Postoperative hydration should be assessed and managed 
accordingly. Certain procedures may involve significant blood loss 
and require additional intravenous fluids management.!
Urine

Assessment of urine output and of urinary voiding should be per-
formed on a case-by-case basis for selected patients or selected 
procedures.!
Drainage and Bleeding

Assessment of drainage and bleeding should be performed peri-
odically as needed.

BOX 80.1 Summary of Recommendations 
for Patient Assessment and Monitoring in 
the Postanesthesia Care Unit

From Apfelbaum JL, Silverstein JH, Chung FF, et al. Practice guidelines 
for postanesthetic care: an updated report by the American Society of 
Anesthesiologists Task Force on Postanesthetic Care. Anesthesiology. 
2013;118:291–307.
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Early Postoperative Physiologic 
Changes

Emergence from general anesthesia and surgery may be 
accompanied by a number of physiologic disturbances that 
effect multiple organ systems. Most common are postopera-
tive nausea and vomiting (PONV), hypoxia, hypothermia 
and shivering, and cardiovascular instability. In a prospec-
tive study of more than 18,000 consecutive admissions to 
the PACU, the complication rate was found to be as high as 
24%. Nausea and vomiting (9.8%), the need for upper air-
way support (6.8%), and hypotension (2.7%) were the most 
common (Fig. 80.1).3

Over a 4-year period ending in 1989, 7.1% of the 
1175 anesthesia-related malpractice claims in the 
United States were attributed to recovery room inci-
dents.4 Despite the significant incidence of nausea and 
vomiting in the PACU, serious adverse outcomes cor-
relate more closely with airway/respiratory and car-
diovascular compromise. In 2002, airway/respiratory 
problems (183, 43%) and cardiovascular events (99, 
24%) accounted for the majority of 419 recovery room 
incidents reported to the Australian Incident Monitor-
ing Study database (Table 80.1).5 Similar data were 
obtained from the United States closed claims data-
base in 1989, in which critical respiratory incidents 
accounted for more than one-half of the recovery room 
malpractice claims.4!

Transport to the Postanesthesia 
Care Unit

Upper airway patency and the effectiveness of the patient’s 
respiratory efforts must be monitored when transporting 
the patient from the operating room to the PACU. Ade-
quate ventilation can be confirmed by watching for the 
appropriate rise and fall of the chest wall with inspiration, 
listening for breath sounds, or simply feeling for exhaled 
breath with the palm of one’s hand over the patient’s nose 
and mouth.

With rare exception, patients who undergo general anes-
thesia should receive supplemental oxygen during their 
transport to the PACU. In an observational study of 502 
patients admitted to the PACU, breathing room air during 
transport was the single most significant factor to correlate 
with hypoxemia (SaO2 <90%) on arrival. Other significant 
factors included elevated body mass index (BMI), sedation 
score, and respiratory rate.6
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Fig. 80.1 The overall complication rate in 18,473 consecutive patients entering a postanesthesia care unit (PACU) was 23.7%. Nausea and vomiting, the 
need for upper airway support, and hypotension were the most frequent individual complications. (From Hines HR, Barash PG, Watrous G, et al. Complica-
tions occurring in the postanesthesia care unit: a survey. Anesth Analg. 1992;74:503–509, with permission.)

TABLE 80.1 Primary Presenting Problem in 419 
Recovery Room Incidents Reported to Australian Incident 
Monitoring Study

Primary Presenting Problem No. (%)

Cardiovascular 99 (24)

Respiratory 97 (23)

Airway 86 (21)

Drug error 44 (11)

Central nervous system 32 (8)

Equipment 27 (6)

Communication problems 7 (2)

Hypothermia 6 (1)

Regional block problems 4 (1)

Inadequate documentation 4 (1)

Hyperthermia 3 (1)

Trauma 3 (1)

Dental problems 2 (0.5)

Renal 1 (0.2)

Skin 1 (0.2)

Blood transfusion 1 (0.2)

Facility limitations 1 (0.2)

Gastrointestinal problems 1 (0.2)

From Kluger MT, Bullock MF. Recovery room incidents: a review of the Anes-
thetic Incident Monitoring Study (AIMS). Anesthesia. 2002;57:1060–1066.
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Although the majority of otherwise healthy patients 
undergoing ambulatory surgery can be transported 
safely breathing room air, the decision to do so must be 
made on a case-by-case basis. In the ambulatory set-
ting, advanced age (>60 years) and weight (>100 kg) 
identifies adults who are at increased risk for oxygen 
desaturation when breathing room air on transport to 
the PACU.7 Hypoventilation alone may cause hypox-
emia even in healthy patients who undergo minor 
procedures.!

Upper Airway Obstruction

LOSS OF PHARYNGEAL MUSCLE TONE

The most frequent cause of airway obstruction in the imme-
diate postoperative period is the loss of pharyngeal muscle 
tone in a sedated or obtunded patient. The persistent effects 
of inhaled and intravenous anesthetics, neuromuscular 
blocking drugs, and opioids all contribute to the loss of pha-
ryngeal tone in the PACU patient.

In an awake patient, opening of the upper airway is 
facilitated by the contraction of the pharyngeal muscles 
at the same time that negative inspiratory pressure is 
generated by the diaphragm. As a result, the tongue 
and soft palate are pulled forward, tenting the airway 
open during inspiration. This pharyngeal muscle activ-
ity is depressed during sleep, and the resulting decrease 
in tone can promote airway obstruction. A vicious 
cycle then ensues wherein the collapse of compliant 
pharyngeal tissue during inspiration produces a reflex 
compensatory increase in respiratory effort and nega-
tive inspiratory pressure that promotes further airway 
obstruction.8

The effort to breathe against an obstructed airway is 
characterized by a paradoxical breathing pattern con-
sisting of retraction of the sternal notch and exaggerated 
abdominal muscle activity. Collapse of the chest wall and 
protrusion of the abdomen with inspiratory effort pro-
duces a rocking motion that becomes more prominent with 
increasing airway obstruction. Obstruction secondary to 
loss of pharyngeal tone can be relieved by simply opening 
the airway with the “jaw thrust maneuver” or continuous 
positive airway pressure (CPAP) applied via a facemask (or 
both). Support of the airway is needed until the patient has 
adequately recovered from the effects of drugs administered 
during anesthesia. In selected patients, placement of an oral 
or nasal airway, laryngeal mask airway, or endotracheal 
tube may be required.!

RESIDUAL NEUROMUSCULAR BLOCKADE

Postoperative residual neuromuscular blockade is unfor-
tunately very common (Box 80.2). The literature reports 
incidences between 20% and 40%9 and a recent study even 
found that 56% of patients had residual neuromuscular 
blockade upon arrival in the PACU.10 When evaluating 
upper airway obstruction in the PACU, the possibility of 
residual neuromuscular blockade should be considered in 
any patient who received neuromuscular blocking drugs 
during anesthesia.11,12 Residual neuromuscular blockade 

may not be evident on arrival in the PACU because the dia-
phragm recovers from neuromuscular blockade before the 
pharyngeal muscles do. With an endotracheal tube in place, 
end-tidal carbon dioxide concentrations and tidal volumes 
may indicate adequate ventilation while the ability to main-
tain a patent upper airway and clear upper airway secre-
tions remains compromised. The stimulation associated 
with tracheal extubation, followed by the activity of patient 
transfer to the gurney and subsequent encouragement to 
breathe deeply may keep the airway open during transport 
to the PACU. Only after the patient is calmly resting in the 
PACU does upper airway obstruction become evident. Even 
patients treated with intermediate- and short-acting neuro-
muscular blocking drugs may manifest residual paralysis 
in the PACU despite what was deemed clinically adequate 
pharmacologic reversal in the operating room.

Measurement of the train-of-four (TOF) ratio is a sub-
jective assessment that is often misleading when done by 
touch or observation alone. A decline in this ratio may not 
be appreciated until it reaches a value less than 0.4 to 0.5, 
whereas significant signs and symptoms of clinical weak-
ness persist to a ratio of 0.7.13 Pharyngeal function is not 
restored to normal until an adductor pollicis TOF ratio is 
greater than 0.9.14

In the anesthetized patient, a quantitative TOF mea-
surement showing a TOF ratio #0.9 is the most reliable 

Drugs

Inhaled anesthetic drugs
Local anesthetics (lidocaine)
Cardiac antiarrhythmics (procainamide)
Antibiotics (polymyxins, aminoglycosides, lincosamines [clindamycin],  

metronidazole [Flagyl], tetracyclines)
Corticosteroid agents
Calcium channel blockers
Dantrolene!
Metabolic and Physiologic States

Hypermagnesemia
Hypocalcemia
Hypothermia
Respiratory acidosis
Hepatic or renal failure
Myasthenia syndromes
Excessive dose of succinylcholine
Reduced plasma cholinesterase activity

Decreased levels
! "! !Extremes of age (newborn, old age)
! "! !Disease states (hepatic disease, uremia, malnutrition, plas-

mapheresis)
! "! !Hormonal changes
! "! !Pregnancy
! "! !Contraceptives
! "! !Glucocorticoids

Inhibited activity
! "! !Irreversible (echothiophate)
! "! !Reversible (edrophonium, neostigmine, pyridostigmine)
Genetic variant (atypical plasma cholinesterase)

BOX 80.2 Factors Contributing to 
Prolonged Nondepolarizing Neuromuscular 
Blockade
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indicator of adequate reversal of drug-induced neuro-
muscular blockade.13,15 Qualitative TOF measurement 
and 5-second sustained tetanus at 50 Hz are insensitive 
and will not allow detection of fade above an average TOF 
ratio of 0.31 ± 0.15; 5-second sustained tetanus at 100 Hz 
is unreliable.16 In an awake patient, clinical assessment 
of reversal of neuromuscular blockade is preferred to the 
application of painful TOF or tetanic stimulation. Clini-
cal evaluation includes grip strength, tongue protrusion, 
the ability to lift the legs off the bed, and the ability to lift 
the head off the bed for a full 5 seconds. Of these maneu-
vers, the 5-second sustained head lift has been considered 
to be the standard, reflecting not only generalized motor 
strength but, more importantly, the patient’s ability to 
maintain and protect the airway. However, studies have 
shown that the 5-second head lift is remarkably insensitive 
and should not routinely be used to assess recovery from 
neuromuscular blockade. The ability to strongly oppose the 
incisor teeth against a tongue depressor is a more reliable 
indicator of pharyngeal muscle tone. This maneuver corre-
lates with an average TOF ratio of 0.85 as opposed to 0.60 
for the sustained head lift.13 In a year-long study of 7459 
PACU patients who had received general anesthesia, Mur-
phy et!al. reported critical respiratory events (CREs) in 61 of 
them. These events occurred within the first 15 minutes of 
PACU admission, at which time a TOF ratio was measured. 
When compared with matched controls, these patients had 
a significantly lower TOF ratio (0.62 [+0.20]) compared 
to controls 0.98 [+0.07]).17 In a recent study, Bulka and 
associates were able to demonstrate that patients who had 
received neuromuscular blocking drugs, but did not receive 
reversal agents, had a 2.26 times higher risk of develop-
ing postoperative pneumonia compared to those who did 
receive reversal agents.18

When a PACU patient demonstrates signs and/or symp-
toms of muscular weakness in the form of respiratory dis-
tress and/or agitation, one must suspect that there could be 
a residual neuromuscular blockade and prompt review of 
possible etiologic factors is indicated (see Box 80.2). Com-
mon factors include respiratory acidosis and hypothermia, 
alone or in combination. Upper airway obstruction as a 
result of the residual depressant effects of volatile anesthet-
ics or opioids (or both) may result in progressive respira-
tory acidosis after the patient is admitted to the PACU and 
external stimulation is minimized. Simple measures such 
as warming the patient, airway support, and correction of 
electrolyte abnormalities can facilitate recovery from neu-
romuscular blockade. The approval of sugammadex in the 
United States by the FDA in December 2015 may have a 
major impact on residual paralysis in patients who were 
paralyzed with aminosteroid neuromuscular blocking 
drugs (sugammadex does not work with benzylisoquinolin-
ium neuromuscular blocking drugs). While reversal with 
neostigmine requires a baseline twitch response, and the 
duration until the patient has a TOF ratio of #0.9 is highly 
variable, sugammadex can be administered at any depth 
of neuromuscular blockade and most commonly produces 
full recovery within several minutes after administration. 
In a recent study, reversal with sugammadex resulted in a 
return of TOF ratio to greater than 0.9 within 5 minutes 
in 85% of patients with no twitches on TOF stimulation.19 
It is anticipated that the increased availability and use of 

sugammadex, as an alternative to neostigmine, will result 
in a decreased incidence of residual neuromuscular block-
ade in the PACU.!

LARYNGOSPASM

Laryngospasm refers to a sudden spasm of the vocal cords 
that completely occludes the laryngeal opening via force-
ful tonic contractions of the laryngeal muscles and descent 
of the epiglottis over the laryngeal inlet. It typically occurs 
in the transitional period when the extubated patient is 
emerging from general anesthesia yet not fully awake. 
Although laryngospasm is most likely to occur in the oper-
ating room at the time of tracheal extubation, patients 
who arrive in the PACU asleep after general anesthesia 
are also at risk for laryngospasm upon awakening, which 
is often triggered by airway irritants, such as secretions 
or blood. Treatment of laryngospasm involves removal 
of the stimulus (suctioning of secretions, blood) and the 
application of a jaw thrust maneuver with CPAP (up to 
40 cm water [H2O]) is often sufficient stimulation to break 
the laryngospasm. However, if jaw thrust maneuver and 
CPAP fail, then immediate skeletal muscle relaxation can 
be achieved with succinylcholine (0.1-1.0 mg/kg intra-
venously [IV] or 4 mg/kg intramuscularly [IM]). If these 
maneuvers fail, one should proceed with a full dose of an 
induction agent and intubating dose of a muscle relaxant 
to enable the practitioner to perform an emergent tracheal 
intubation; attempting to pass a tracheal tube forcibly 
through a glottis that is closed because of laryngospasm is 
not acceptable.!

EDEMA OR HEMATOMA

Airway edema is a possible surgical complication in 
patients undergoing prolonged procedures in the prone or 
Trendelenburg position, procedures involving the airway 
and neck (including thyroidectomy,20 carotid endarterec-
tomy,21 and cervical spine procedures22), as well as those 
in which the patient receives a large volume resuscitation. 
Although facial and scleral edema is an important physical 
sign that can alert the clinician to the presence of airway 
edema, visible external signs may not accompany sig-
nificant edema of pharyngeal tissue (see also Chapter 44). 
Patients who have had a difficult intraoperative intubation 
and/or airway instrumentation may also have increased 
airway edema from direct injury. If tracheal extubation is 
to be attempted in these patients in the PACU, then evalu-
ation of airway patency must precede removal of the endo-
tracheal tube. The patient’s ability to breathe around the 
endotracheal tube can be evaluated by suctioning the oral 
pharynx and deflating the endotracheal tube cuff. With 
occlusion of the proximal end of the endotracheal tube, the 
patient is then asked to breathe around the tube. Good air 
movement suggests that the patient’s airway will remain 
patent after tracheal extubation. An alternative method 
involves measuring the intrathoracic pressure required 
to produce a leak around the endotracheal tube with the 
cuff deflated. This method was originally used to evaluate 
pediatric patients with croup before extubation.23-25 When 
used in patients with general oropharyngeal edema, the 
safe pressure threshold can be difficult to identify. Lastly, 
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when ventilating patients in the volume control mode, 
one can measure the exhaled tidal volume before and after 
cuff deflation. Patients who require reintubation generally 
have a smaller leak (i.e., less percentage difference between 
exhaled volume before and after cuff deflation) than those 
who do not. A difference greater than 15.5% is the advo-
cated cutoff value for extubation of the trachea.26 The pres-
ence of a cuff leak demonstrates the likelihood of successful 
extubation, not a guarantee, just as a failed cuff leak does 
not rule out a successful extubation.27 The cuff leak test 
does not and should never take the place of sound clini-
cal judgment, as it is neither sensitive nor specific; it may 
be used as an adjunct to aid in providing another layer of 
guidance.

In order to facilitate the reduction of airway edema, one 
may sit the patient upright to ensure adequate venous drain-
age, and consider administering a diuretic and intravenous 
dexamethasone (4-8 mg every 6 hours for 24 hours), which 
may help decrease airway swelling.

External airway compression is most often caused by 
hematomas following thyroid, parathyroid, or carotid sur-
gical procedures. Patients may complain of pain and/or 
pressure, dysphagia, and can demonstrate signs of respira-
tory distress as the pressure from the expanding hematoma 
within the tissue can disrupt both venous and lymphatic 
drainage, both of which can further exacerbate airway 
swelling. Mask ventilation may not be possible in a patient 
with severe upper airway obstruction resulting from edema 
or hematoma. In the case of a hematoma, an attempt can 
be made to decompress the airway by releasing the clips or 
sutures on the wound and evacuating the hematoma. This 
maneuver is recommended as a temporizing measure, but 
it will not effectively decompress the airway if a significant 
amount of fluid or blood (or both) has infiltrated the tis-
sue planes of the pharyngeal wall. If emergency tracheal 
intubation is required, then ready access to difficult airway 
equipment and surgical backup to perform an emergency 
tracheostomy are crucial, as one should assume increased 
difficulty secondary to laryngeal and airway edema, pos-
sible tracheal deviation, and a compressed tracheal lumen. 
If the patient is able to move adequate air via spontaneous 
ventilation, then an awake technique is often preferred as 
visualization of the cords by direct laryngoscopy may not 
be possible.!

OBSTRUCTIVE SLEEP APNEA

Obstructive sleep apnea (OSA) syndrome is an often over-
looked cause of airway obstruction in the PACU, given that 
most patients are actually not obese and the vast majority of 
patients are undiagnosed at the time of surgery.28,29

It is well known that patients with OSA are at an 
increased risk of suffering from cardiopulmonary complica-
tions as compared to the general population not affected by 
OSA syndrome. Patients with OSA are particularly prone 
to airway obstruction and should not be extubated until 
they are fully awake and following commands.30,31 Any 
redundant compliant pharyngeal tissue in these patients 
not only increases the incidence of airway obstruction, 
but can also increase the difficulty of intubation by direct 
laryngoscopy.32,33 Once in the PACU, a patient with OSA 
whose trachea has been extubated is exquisitely sensitive to 

opioids and, when possible, continuous regional anesthesia 
techniques should be used to provide postoperative analge-
sia.34,35 Other opioid-sparing techniques should be utilized, 
such as scheduled acetaminophen, and use of nonsteroidal 
antiinflammatory drugs (NSAIDs) when not contraindi-
cated. One may also employ the use of ketamine, dexme-
detomidine, and clonidine, all of which can also decrease 
postoperative opioid requirements. Interestingly, benzodi-
azepines can have a greater effect on pharyngeal muscle 
tone than opioids, and the use of benzodiazepines in the 
perioperative setting can significantly contribute to airway 
obstruction in the PACU.8,36

Another strategy to employ when caring for a patient 
with OSA is to position them in either an upright (seated, 
reverse Trendelenburg) or semi-upright position when-
ever possible, as the supine position is known to worsen 
OSA.

In addition, the use of goal-directed fluid strategies should 
be utilized with consideration of lower salt-containing sub-
stances, as these patients are more prone to fluid shifts, 
which can worsen airway edema.

When caring for a patient with OSA, plans should be 
made preoperatively to provide CPAP in the immediate 
postoperative period. Patients should be asked to bring 
their own CPAP machines with them on the day of surgery 
to enable the equipment to be set up before the patient’s 
arrival in the PACU. Patients who do not routinely use 
CPAP at home or who do not have their machines with 
them may require additional attention from the respi-
ratory therapist to ensure proper fit of the CPAP deliv-
ery device (mask or nasal airways) and to determine the 
amount of positive pressure needed to prevent upper air-
way obstruction.37,38

In patients with OSA who are morbidly obese, immedi-
ately applying CPAP postextubation in the operating room 
rather than waiting to apply positive pressure in the PACU 
may offer additional benefits. In patients undergoing laparo-
scopic bariatric surgery, Neligan and colleagues compared 
the application of 10 cm H2O CPAP immediately postextu-
bation to instituting the same CPAP 30 minutes later in the 
PACU. When compared with matched controls, patients 
who received immediate CPAP demonstrated improved 
spirometric lung function (i.e., functional residual capac-
ity [FRC], peak expiratory flow [PEF], and forced expiratory 
volume [FEV]) at 1 hour and 24 hours postoperatively.38

Two large cohort studies demonstrated that patients 
with OSA who are not treated with positive airway pressure 
(PAP) preoperatively are at increased risk for cardiopulmo-
nary complications after general and vascular surgery and 
that PAP therapy was associated with a reduction in post-
operative cardiovascular complications. If the patient can 
tolerate PAP, and their surgical procedure is not a contra-
indication to its application, patients with OSA should use a 
PAP device postoperatively.!

Management of Upper Airway 
Obstruction

An obstructed upper airway requires immediate attention. 
Efforts to open the airway by noninvasive measures should 
be attempted before reintubation of the trachea. Jaw thrust 
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with CPAP (5-15 cm H2O) is often enough to tent the upper 
airway open in patients with decreased pharyngeal muscle 
tone. If CPAP is not effective, an oral, nasal, or laryngeal 
mask airway can be inserted rapidly. After successfully 
opening the upper airway and ensuring adequate ventila-
tion, the cause of the upper airway obstruction should be 
identified and treated. In adults the sedating effects of opi-
oids and benzodiazepines can be reversed with persistent 
stimulation or small, titrated doses of naloxone (0.3-0.5 µg/
kg IV) or flumazenil (0.2 mg IV to maximum dose of 1 mg), 
respectively. Residual effects of neuromuscular blocking 
drugs can be reversed pharmacologically or by correcting 
contributing factors such as hypothermia.!

Differential Diagnosis of Arterial 
Hypoxemia in the Postanesthesia 
Care Unit

Atelectasis and alveolar hypoventilation are the most 
common causes of transient postoperative arterial hypox-
emia in the immediate postoperative period.39 Clinical 
correlation should guide the workup of a postoperative 
patient who remains persistently hypoxic.40 Review of the 
patient’s history, operative course, and clinical signs and 
symptoms will direct the workup to rule in possible causes 
(Box 80.3).

ALVEOLAR HYPOVENTILATION

Review of the alveolar gas equation demonstrates that 
hypoventilation alone is sufficient to cause arterial hypox-
emia in a patient breathing room air (Fig. 80.2). At sea 
level, a normocapnic patient breathing room air will have 
an alveolar oxygen pressure (PAO2) of 100 mm Hg. Thus, 
a healthy patient without a significant alveolar-arterial 
gradient will have a Pao2 near 100 mm Hg. In the same 
patient, an increase in Paco2 from 40 to 80 mm Hg (alveo-
lar hypoventilation) results in a Pao2 of 50 mm Hg. Hence, 
even a patient with normal lungs will become hypoxic 
if allowed to significantly hypoventilate while breathing 
room air.

Normally, minute ventilation increases linearly by 
approximately 2 L/min for every 1-mm Hg increase in 
Paco2. In the immediate postoperative period, the residual 
effects of inhaled anesthetics, opioids, and sedative-hyp-
notics can significantly depress this ventilatory response to 
carbon dioxide. In addition to depressed respiratory drive, 
the differential diagnosis of postoperative hypoventila-
tion includes generalized weakness due to residual neuro-
muscular blockade or underlying neuromuscular disease. 
The presence of restrictive pulmonary conditions, such as 
preexisting chest wall deformity, postoperative abdominal 
binding, or abdominal distention, can also contribute to 
inadequate ventilation.

Arterial hypoxemia secondary to hypercapnia can be 
reversed by the administration of supplemental oxygen 
(Fig. 80.3)41 or by normalizing the patient’s Paco2 by 
external stimulation of the patient to wakefulness, phar-
macologic reversal of opioid or benzodiazepine effect, or 
controlled mechanical ventilation of the patient’s lungs.!

Right-to-left intrapulmonary shunt (atelectasis)
Mismatching of ventilation to perfusion (decreased functional 

residual capacity)
Congestive heart failure
Pulmonary edema (fluid overload, postobstructive edema)
Alveolar hypoventilation (residual effects of anesthetics and/or 

neuromuscular blocking drugs)
Diffusion hypoxia (unlikely if receiving supplemental oxygen)
Inhalation of gastric contents (aspiration)
Pulmonary embolus
Pneumothorax
Increased oxygen consumption (shivering)
Sepsis
Transfusion-related lung injury
Adult respiratory distress syndrome
Advanced age
Obesity

BOX 80.3 Factors Contributing to 
Postoperative Arterial Hypoxemia

(PB PH2O) 
RQ

PaCO2 40 mm Hg
21(760 47) 0.8   150 50 100 mm Hg

PaCO2 80 mm Hg
21(760 47) 0.8   150 100 50 mm Hg

alveolar oxygen pressure
Paco2 partial pressure of CO2 in arterial blood

fraction of inspired oxygen
PB barometric pressure
PH2O vapor pressure of water
RQ  respiratory quotient

PaCO2

40

80

PAO2

PAO2

PAO2
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FiO2
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Fig. 80.2 Hypoventilation as a cause of arterial hypoxemia. (From  
Nicholau D. Postanesthesia recovery. In: Miller RD, Pardo MC Jr, eds. Basics 
of Anesthesia. 7th ed. Philadelphia: Elsevier; 2018.)
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Fig. 80.3 Alveolar partial pressure of carbon dioxide (Pco2) as a function 
of alveolar ventilation at rest. The percentages indicate the inspired oxy-
gen concentration required to restore alveolar partial pressure of oxygen 
(Po2) to normal. (Adapted from Nunn JF. Nunn’s Applied Respiratory Physiol-
ogy. 6th ed. Philadelphia: Butterworth-Heinemann; 2005, with permission.)
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DECREASED ALVEOLAR OXYGEN PRESSURE

Diffusion hypoxia refers to the rapid diffusion of nitrous 
oxide into alveoli at the end of a nitrous oxide anesthetic. 
Nitrous oxide dilutes the alveolar gas and produces 
a transient decrease in Pao2 and Paco2. In a patient 
breathing room air, the resulting decrease in Pao2 can 
produce arterial hypoxemia while decreased Paco2 can 
depress the respiratory drive. In the absence of supple-
mental oxygen administration, diffusion hypoxia can 
persist for 5 to 10 minutes after discontinuation of a 
nitrous oxide anesthetic; therefore, it may contribute 
to arterial hypoxemia in the initial moments in the  
PACU.!

VENTILATION-PERFUSION MISMATCH AND 
SHUNT

Hypoxic pulmonary vasoconstriction refers to the 
attempt of normal lungs to optimally match ventilation 
and perfusion. This response constricts vessels in poorly 
ventilated regions of the lung and directs pulmonary 
blood flow to well-ventilated alveoli. In the PACU, the 
residual effects of inhaled anesthetics and vasodilators 
such as nitroprusside and dobutamine used to treat sys-
temic hypertension or improve hemodynamics will blunt 
hypoxic pulmonary vasoconstriction and contribute to 
arterial hypoxemia.

Unlike a mismatch, a true shunt will not respond to 
supplemental oxygen. Causes of postoperative pulmonary 
shunt include atelectasis, pulmonary edema, gastric aspi-
ration, pulmonary emboli, and pneumonia. Of these, atel-
ectasis is probably the most common cause of pulmonary 
shunting in the immediate postoperative period. Mobili-
zation of the patient to the sitting position, incentive spi-
rometry, and PAP by facemask can be effective in treating 
atelectasis.!

INCREASED VENOUS ADMIXTURE

Increased venous admixture typically refers to low cardiac 
output states. It is due to the mixing of desaturated venous 
blood with oxygenated arterial blood. Normally, only 2% 
to 5% of cardiac output is shunted through the lungs, and 
this shunted blood with a normal mixed venous saturation 
has a minimal effect on Pao2. In low cardiac output states, 
blood returns to the heart severely desaturated. Addition-
ally, the shunt fraction increases significantly in condi-
tions that impede alveolar oxygenation, such as pulmonary 
edema and atelectasis. Under these conditions, mixing of 
desaturated shunted blood with saturated arterialized blood 
decreases Pao2.!

DECREASED DIFFUSION CAPACITY

A decreased diffusion capacity may reflect the pres-
ence of underlying lung disease such as emphysema, 
interstitial lung disease, pulmonary fibrosis, or primary 
pulmonary hypertension. In this regard, the differen-
tial diagnosis of arterial hypoxemia in the PACU must 
include the contribution of any preexisting pulmonary 
condition.

Finally, keep in mind that inadequate oxygen delivery 
may result from an unrecognized disconnection of the oxy-
gen source or empty oxygen tank.!

Pulmonary Edema

Pulmonary edema in the immediate postoperative 
period is often cardiogenic in nature, secondary to intra-
vascular volume overload or congestive heart failure. 
Other causes of noncardiogenic pulmonary edema, 
namely postobstructive pulmonary edema (secondary 
to airway obstruction), sepsis, or transfusion (transfu-
sion-related acute lung injury [TRALI]), may occur less 
frequently, but they must not be overlooked as a poten-
tial cause of pulmonary edema in the postoperative  
period.

POSTOBSTRUCTIVE PULMONARY EDEMA

Postobstructive pulmonary edema (also referred to as 
negative pressure pulmonary edema, NPPE) is a rare, but 
significant consequence of laryngospasm and other upper 
airway obstruction that may follow tracheal extubation 
at the conclusion of anesthesia and surgery. Laryngo-
spasm is likely the most common cause of postobstruc-
tive pulmonary edema in the PACU, but postobstructive 
pulmonary edema may result from any condition that 
occludes the upper airway.42-45 The etiology of NPPE 
is multifactorial, but is clearly correlated with the gen-
eration of exaggerated negative intrathoracic pressure 
attributable to forced inspiration against a closed glot-
tis. The resulting negative intrathoracic pressure aug-
ments blood flow to the right side of the heart, which in 
turn dilates and increases hydrostatic pressure gradient 
across the pulmonary vascular bed, promoting the move-
ment of fluid into the interstitial and alveolar spaces from 
the pulmonary capillaries. Negative inspiratory pressure 
will also increase left ventricular afterload, thus decreas-
ing the ejection fraction, which heightens left ventricular 
end diastolic pressure, left atrial pressure, and pulmonary 
venous pressure. This chain of events further escalates 
the development of pulmonary edema via increase of 
pulmonary hydrostatic pressures. Patients who are mus-
cularly healthy are at increased risk of postobstructive 
pulmonary edema secondary to their ability to generate 
significant inspiratory force.

The resulting arterial hypoxemia develops relatively 
quickly (usually observed within 90 minutes of the 
upper airway obstruction), and is accompanied by dys-
pnea, pink frothy sputum, and bilateral fluffy infiltrates 
on the chest radiograph. Treatment is generally support-
ive and includes supplemental oxygen, diuresis, and, in 
severe cases, initiation of positive-pressure ventilation. 
The general consensus of postoperative monitoring in 
these patients ranges anywhere from 2 to 12 hours. Res-
olution of NPPE typically occurs within 12 to 48 hours 
when recognized and treated immediately; however, if 
diagnosis and resulting therapy is delayed, mortality 
rates can reach 40%. Although it is quite uncommon, 
pulmonary hemorrhage and hemoptysis have been 
observed.!
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TRANSFUSION-RELATED ACUTE LUNG INJURY

The differential diagnosis of pulmonary edema in the 
PACU should include transfusion-related lung injury in 
any patient who intraoperatively received blood prod-
ucts.46-48 Transfusion-related lung injury is typically 
exhibited within 2 to 4 hours after the transfusion of 
plasma-containing blood products, including packed red 
blood cells, whole blood, fresh frozen plasma, or platelets. 
TRALI occurs when recipient neutrophils become acti-
vated by constituents of the donor blood products. These 
neutrophils then release inflammatory mediators which 
initiate the cascade of pulmonary edema and resulting 
lung injury via increasing the permeability of the pulmo-
nary vasculature. Given that presenting symptoms (sud-
den onset of hypoxemic respiratory failure) can appear 
up to 6 hours after the conclusion of the transfusion, the 
syndrome may develop during the patient’s stay in the 
PACU. The resulting noncardiogenic pulmonary edema 
is often associated with fever, pulmonary infiltrates on 
chest radiograph (without signs of left heart failure), 
cyanosis, and systemic hypotension. If a complete blood 
cell count is obtained with the onset of symptoms, then 
documenting an acute drop in the white blood cell count 
(leukopenia) is possible, reflecting the sequestration of 
granulocytes within the lung and exudative fluid.49,50

Treatment is supportive and includes supplemental oxy-
gen and diuresis. It is estimated that up to 80% of patients 
will recover within 48 to 96 hours. Mechanical ventila-
tion may be needed to support hypoxemia and respiratory 
failure. Vasopressors may be required to treat refractory 
hypotension.51,52

In past years, the lack of specific diagnostic criteria has 
resulted in the underdiagnosing and underreporting of this 
syndrome. Recently, a group of transfusion experts in the 
American-European Consensus Conference developed and 
implemented diagnostic criteria that have raised the aware-
ness of the syndrome (Box 80.4).51,53-56!

TRANSFUSION-ASSOCIATED CIRCULATORY 
OVERLOAD (TACO)

TACO may be difficult to distinguish from TRALI, how-
ever TACO should be highly considered in patients who 
have diminished cardiac function at baseline, renal insuf-
ficiency, and in surgical procedures where there is both 
rapid and large-volume fluid and blood product admin-
istration.57 Patients with TACO are essentially unable 
to manage the rate and/or volume of product received 
secondary to their underlying comorbidities, and tend to 
develop symptoms of respiratory distress, hypoxemia, and 
signs of left and/or right heart failure within 2 to 6 hours of 
the transfusion. TACO is commonly associated with physi-
cal manifestations of fluid overload and these patients fre-
quently are hypertensive during the onset of dyspnea. The 
chest radiograph may demonstrate findings of preexisting 
cardiac disease and a possible cardiogenic component, 
such as cardiomegaly and pleural effusions. Elevated lev-
els of BNP are suggestive of TACO. TACO and TRALI may 
indeed coexist. Treatment is mainly supportive and should 
focus on treatment of supplemental oxygen for hypoxemia 
and diuresis for acute volume overload. Positive pressure 
ventilation can be employed as well.!

Monitoring and Treatment of 
Hypoxemia

OXYGEN SUPPLEMENTATION

In the era of cost containment, it has been suggested 
that the routine delivery of supplemental oxygen to all 
patients recovering from general anesthesia is a costly 
and unnecessary practice.58 The argument against the 
use of routine oxygen supplementation relies on the fact 
that continuous pulse oximetry, now a PACU standard, 
readily identifies those patients who will require oxygen 
therapy.59 Supporting this argument is the observation 
that after general anesthesia a majority of patients do not 
become hypoxic (63% at threshold of Sao2 <90%, and 
83% at threshold of Sao2 <94%) when breathing room 
air in the PACU.59 Although the authors of this observa-
tional study predict that the elimination of routine oxygen 
supplementation in the PACU would result in significant 
cost savings, others assert that the economic benefit of 
limited oxygen therapy is likely to be offset by the cost of 
complications.60,61

Although the practice of providing prophylactic oxy-
gen therapy to all patients after general anesthesia is con-
troversial, most would argue that the benefits outweigh 
the risks. Even with oxygen supplementation, a signifi-
cant percentage of patients will become hypoxic at some 
point during their PACU stay.62,63 Russell and associates 
studied 100 patients who were transferred to the PACU 
breathing room air before receiving at least 40% oxygen 
by aerosol face tent in the unit.62 All patients had an Sao2 
greater than 97% before the 2-minute transport to the 
PACU. Fifteen percent of patients experienced transient 
desaturation on arrival in the PACU (<92% saturation 
for >30 seconds). This immediate desaturation corre-
lated positively with patient age, body weight, ASA clas-
sification, general anesthesia, and increased volume of 

 1.  Acute lung injury evidenced by:
 a.  Acute onset of signs and symptoms
 b.  Hypoxemia:
 i.  PaO2/FiO2 <300, or
 ii.  Room air SpO2 <90%, or
 iii.  Other clinical evidence of hypoxemia
 c.  Bilateral infiltrates on chest radiography without cardio-

megaly
 d.  No clinical evidence of left atrial hypertension
 2.  No preexisting acute lung injury before transfusion
 3.  Onset of lung dysfunction within 6 h of transfusion
 4.  No temporal association of onset to alternative causes of acute 

lung injury

BOX 80.4 Criteria for the Diagnosis of 
Transfusion-Related Acute Lung Injury: the 
American-European Consensus Conference 
Recommendations

Modified from Swanson K, Dwyre DM, Krochmal J, et al. Transfusion-
related acute lung injury (TRALI): current clinical and pathophysiologic 
considerations. Lung. 2006;184:177–185.

FiO2, Fraction of inspired oxygen; PaO2, Arterial oxygen pressure; 
SpO2, oxygen saturation by pulse oximetry.
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intravenous fluid greater than 1500 mL. An even larger 
percentage of patients (25%) desaturated 30 to 50 min-
utes later in their PACU stay despite prophylactic oxy-
gen administration. These later desaturations were more 
severe (71%-91%) and lasted longer (5.8 ± 12.6 min-
utes) than those that occurred on admission. Additional 
correlating factors included duration of anesthesia and 
female gender.

The safe practice of postanesthesia care without oxy-
gen supplementation requires ideal conditions at all 
times; that is, functioning oxygen delivery apparatus at 
every bedside as well as sufficient manpower for obser-
vation and immediate intervention. Gravenstein argues 
that this degree of vigilance is likely unrealistic and 
the risk of adverse outcome to even a small number of 
patients is unwarranted.64!

LIMITATIONS OF PULSE OXIMETRY

The ASA Standards for Postanesthesia Care require that 
patients be observed and monitored with “particular atten-
tion given to” both oxygenation and ventilation. The pulse 
oximeter is a standard monitor in the PACU for the detec-
tion of hypoxemia, but it does not reflect the adequacy of 
ventilation.65 Although several studies have demonstrated 
oximetry’s limited ability to detect hypoventilation in 
patients breathing room air,66,67 they confirm that it does 
not reliably detect hypoventilation in patients breathing 
oxygen.67 When monitoring ventilation in the PACU, pulse 
oximetry is not a substitute for close observation by trained 
personnel.!

Oxygen Delivery Systems

SUPPLEMENTAL OXYGEN

The degree of hypoxemia, the surgical procedure, and 
patient compliance determine the oxygen delivery sys-
tem of choice in the PACU. Regardless of the delivery sys-
tem, oxygen should be humidified in order to prevent the 
subsequent dehydration of the nasal and/or oral mucosa. 
Patients who have just undergone head and neck surgery 
may not be candidates for facemask oxygen because of the 
risk of pressure necrosis on incision sites and microvascu-
lar muscle flaps, whereas nasal packing prohibits the use 
of nasal cannulas in others. Face tent oxygen or blow-by 
setups are viable alternatives in cases in which tight-fitting 
masks and straps are contraindicated. In an elderly patient, 
or one who is at an increased risk of delirium, nasal cannula 
may be selected over a facemask, as long as their oxygen-
ation saturation levels are adequate.

Simple facemasks are generally used in the postopera-
tive setting in patients who are breathing spontaneously 
yet require a higher oxygen flow rate and/or concentra-
tion in order for them to maintain their oxygenation 
saturation. The practitioner should ensure the proper 
size, as the mask should fit comfortably over the patient’s 
nose and mouth. Oxygen flow rates should be at least 5 
L/min in order to preclude rebreathing of CO2. Nonre-
breather masks have traditionally been known to deliver 

the highest concentration (up to 95%) in spontaneously 
breathing patients.

The delivery of oxygen through a traditional nasal can-
nula with bubble humidifier is usually limited to a maxi-
mum flow of 6 L/min to minimize the discomfort and 
complications that result from inadequate humidification. 
As a general rule, each liter per minute of oxygen flow 
through nasal cannula increases the FiO2 by 0.04, with 6 
L/min delivering an FiO2 of approximately 0.44.

Until recently, maximum oxygen delivery to extubated 
patients required delivery by facemask through a non-
rebreather system or high-flow nebulizer. These systems 
can be inefficient, however, because of inadequate mask 
fit and/or high-minute ventilation requirements that 
result in significant entrainment of room air. The newer 
high-flow nasal cannula (HFNC) devices can comfortably 
deliver oxygen at 40 L/min, 37°C, and 99.9% relative 
humidity.68 The delivery of high-flow oxygen directly to 
the nasopharynx produces an FiO2 equal to that deliv-
ered by traditional mask devices. HFNC is an appropriate 
alternative in patients with hypoxemic respiratory failure 
without hypercapnia. In fact, the Vapotherm system has 
been shown to deliver a higher FiO2 than a nonrebreather 
mask at similar flow ranges (10-40 L/min). Unlike the 
nonrebreather mask, these devices deliver high-flow oxy-
gen directly to the nasopharynx throughout the respi-
ratory cycle.69,70 The efficacy of these devices may be 
enhanced by a CPAP effect resulting from the high gas 
flow.71

In a recent meta-analysis by Zhao et! al., it was con-
cluded that HFNC, when compared to conventional oxygen 
therapy systems, reduced the need for mechanical ventila-
tion72; however outcomes were similar when compared to 
noninvasive ventilation.!

CONTINUOUS POSITIVE AIRWAY PRESSURE

An estimated 8% to 10% of patients who undergo abdomi-
nal surgery subsequently require intubation and mechani-
cal ventilation in the PACU. As discussed earlier in this 
chapter, respiratory failure in the immediate postoperative 
period is often due to transient and rapidly reversible condi-
tions such as splinting from pain, diaphragmatic dysfunc-
tion, muscular weakness, and pharmacologically depressed 
respiratory drive. Readily reversible hypoxemia may be due 
to hypoventilation, atelectasis, or volume overload. The 
application of CPAP in this setting can potentially decrease 
hypoxemia as a result of atelectasis by recruiting alveoli. 
The resulting increase in functional reserve capacity may 
also improve pulmonary compliance and decrease the work 
of breathing.

A large percentage of patients who are obese and under-
going Roux-en-Y gastric bypass surgery have OSA and 
stand to benefit significantly from postoperative CPAP ther-
apy. Yet surgeons were initially hesitant to embrace this 
modality for fear that applying positive pressure to the air-
way would inflate the stomach and proximal intestine and 
result in anastomotic disruption. In a single-center study of 
1067 patients undergoing gastro-jejunostomy bypass and 
420 diagnosed with OSA, CPAP did not increase the risk of 
postoperative anastomotic leaks.73!
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NONINVASIVE POSITIVE-PRESSURE 
VENTILATION

Even with the application of CPAP in the PACU, a num-
ber of patients will require additional ventilatory sup-
port. Noninvasive positive-pressure ventilation (NIPPV) 
has been shown to be an effective alternative to endotra-
cheal intubation in the intensive care unit (ICU) setting. 
Although the use of NIPPV in both chronic and acute 
respiratory failure is well established, its application in the 
PACU is limited.

In the past, the use of NIPPV was avoided in the immedi-
ate postoperative period because of the potential for gastric 
distention, aspiration, and wound dehiscence. These poten-
tial complications were especially true in patients who had 
undergone esophageal or gastric surgery. Careful consid-
eration of both the patient and the surgical factors must 
guide the decision to use noninvasive modes of ventilation 
in the PACU. Relative contraindications include hemody-
namic instability or life-threatening arrhythmias, altered 
mental status, high risk of aspiration, inability to use nasal 
or facial mask (head and neck procedures), and refractory 
hypoxemia.74,75

NIPPV can be delivered by facemask using the pressure 
support mode of a mechanical ventilator. Alternatively, 
the use of a biphasic PAP machine allows the delivery of 
positive pressure by either nasal cannula or facemask. An 
example protocol for instituting NIPPV in patients with 
acute respiratory failure is shown in Box 80.5.76

NIPPV should be considered postoperatively in patients 
with OSA, COPD, and cardiogenic pulmonary edema. 
Utilization of PPV postextubation in the immediate post-
operative periods may aid in the prevention of atelectasis 
as well as ensuing respiratory failure. There have been 
several studies that investigated the prophylactic use of 
NIPPV in the bariatric, general, thoracic, and vascular 
surgical populations. Despite the fact that there is lack 
of data demonstrating succinct results and large RCTs, 
NIPPV has shown to be beneficial in distinctive patient 
populations.77

Patients who are able to cooperate and tolerate PPV, as 
well as those with an intact mental status, moderate hyper-
carbia and academia (PaCO2 45-92, pH 7.1-7.35), and 
physiologic improvement within 2 hours are often associ-
ated with higher rates of success with NIPPV. Relative con-
traindications to PPV include copious secretions, lack of 
an intact mental status, cardiac or respiratory arrest, and 
those who are considered to be high aspiration risks or are 
unable to protect their airway.!

Hemodynamic Instability

Hemodynamic compromise in the patient in the PACU is 
exhibited in a number of ways—systemic hypertension, 
hypotension, tachycardia, or bradycardia—alone or in 
combination. Hemodynamic instability in the PACU has 
a negative impact on long-term outcome. Interestingly, 
postoperative systemic hypertension and tachycardia are 
associated with an increased risk of unplanned critical care 
admission and a higher mortality than hypotension and 
bradycardia.78

SYSTEMIC HYPERTENSION

Patients with a history of essential hypertension are at 
greatest risk for significant systemic hypertension in the 
PACU, especially if they did not take their morning anti-
hypertensive medications.79 Additional factors include 
pain (which is usually associated with tachycardia +/" 
tachypnea), nausea and vomiting, hypoventilation and 
associated hypercapnia, hypoxia, emergence excitement, 
anxiety, agitation, advanced age, urinary retention (sec-
ondary to large intraoperative administration of IV fluids), 
and preexisting renal disease (Box 80.6). One must also 
not forget the possibility of alcohol withdrawal (which can 
occur as early as 24 hours after the patient’s last alcohol 
consumption). Drug withdrawal must also be considered 
as a possibility; this can be secondary to $-blocker with-
drawal, or opioid or benzodiazepine withdrawal as well. 
Recent use/abuse of certain recreational drugs, such as 
cocaine, methamphetamines, or LSD/PCP can all pro-
duce exaggerated sympathetic states and patients under 
the influence of these will present with tachycardia and 
hypertension.

The surgical procedures most commonly associated 
with postoperative hypertension are carotid endarter-
ectomy and intracranial procedures. A significant num-
ber of patients, especially those with a known history of 
hypertension, will require pharmacologic blood pressure 
control in the PACU.!

 1.  Choose the appropriate patient, based on the surgical proce-
dure and the patient’s risk of aspiration, ability to protect his 
or her airway, and ability to comply with the mask fit.

 2.  Position the head of the bed at #45-degree angle.
 3.  Choose the correct size mask and connect mask to ventilator.
 4.  Explain the modality to the patient and provide reassurance.
 5.  Set initial ventilatory settings (CPAP, 0 cm H2O; pressure sup-

port, 10 cm H2O).
 6.  Gently hold mask on face until the patient is comfortable and 

synchronous with ventilation.
 7.  Apply wound care dressing on nasal bridge and other pres-

sure points.
 8.  Secure mask with head straps.
 9.  Slowly increase CPAP.
 10.  Adjust pressure support to achieve adequate tidal volumes 

and maximal patient comfort.
 11.  In patients with hypoxia, increase CPAP in increments of 2 to 

3 cm H2O until FiO2 is %0.6.
 12.  Avoid peak mask pressures >30 cm H2O.
 13.  Set ventilator alarms and apnea backup parameters.
 14.  Ask the patient and nurse to call for needs (e.g., repositioning 

mask, pain, discomfort) or if complications occur (e.g., respira-
tory difficulties, abdominal distention, nausea, vomiting).

 15.  Monitor with oximetry, and adjust ventilator settings after 
blood gas results.

BOX 80.5 Example Protocol for Instituting 
Noninvasive Positive-Pressure Ventilation in 
Patients with Acute Respiratory Failure

Modified from Abou-Shala N, Meduri U. Noninvasive mechanical 
ventilation in patients with acute respiratory failure. Crit Care Med. 
1996;24:705–715.

CPAP, Continuous positive airway pressure; FiO2, fraction of 
inspired oxygen.
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SYSTEMIC HYPOTENSION

Postoperative systemic hypotension may be character-
ized as (1) hypovolemic (decreased preload), (2) dis-
tributive (decreased afterload), (3) cardiogenic (intrinsic 
pump failure), and/or (4) extracardiac/obstructive.  
(Box 80.7).

Regardless of the type of shock the patient is in post-
operatively, the underlying cause must be identified 
and treated. Fluids, blood products, and vasopressors 
can be used as needed to restore intravascular volume 
and support adequate perfusion while the patient is 
being assessed or undergoing a subsequent therapeutic 
procedure.

Hypovolemic (Decreased Preload)
Systemic hypotension in the PACU is often due to 
decreased intravascular fluid volume and preload, 
and, as such, it responds favorably to intravenous fluid 
administration. Common causes of decreased intravas-
cular fluid volume in the immediate postoperative period 
include ongoing third-space translocation or loss of fluid, 
inadequate intraoperative fluid replacement (especially 
in patients who undergo major intraabdominal proce-
dures or preoperative bowel preparation), and loss of 
sympathetic nervous system tone as a result of neuraxial 
(spinal or epidural) blockade.

Patients who are in hypovolemic shock often have typi-
cal associated clinical characteristics including tachycar-
dia, tachypnea, hypotension, mottled skin (cool, clammy), 
venous collapse, decreased urine output, and altered men-
tal status. The amount of volume loss tends to dictate clini-
cal signs, as patients seem to be able to tolerate up to a 10% 
blood volume loss, with tachycardia being the only sign, 
whereas when patients lose around 40% of their total blood 
volume, clear signs of shock are evident (lactic acidosis, 
severe hypotension, reduced cardiac output).

Ongoing bleeding (hemorrhagic shock) should be ruled 
out in patients with hypotension who have undergone a 
surgical procedure in which significant blood loss was pos-
sible. Regardless of the estimated intraoperative blood loss, 
the measured blood loss may be inaccurate. If the patient is 
unstable, then hemoglobin can be measured at the bedside 
to eliminate laboratory turnover time. In addition, tachy-
cardia may not be a reliable indicator of hypovolemia or 
anemia (or both) if the patient is taking $-blockers or cal-
cium channel blockers. Non-hemorrhagic hypovolemia 
leading to hypotension can be a result of skin losses, espe-
cially in burn patients, and ascites, as in patients with liver 
failure or certain cancers (i.e., ovarian), GI fluid losses, sec-
ondary to vomiting and/or diarrhea and should be repleted 
with appropriate fluids as needed.

The potential for local anesthetic toxicity must be con-
sidered when assessing perioperative hypotension. Local 
anesthetics can become systemic secondary to accidental 
intravascular injection or following an overdose of injected 
medication +/" rapid absorption. Central nervous system 
signs, including tinnitus, confusion, altered mental status, 
and ultimately seizures may not always precede cardiovas-
cular collapse. Once recognized, benzodiazepines should be 
given to abate seizures and supportive therapy should be 
instituted immediately to support cardiovascular function. 
Lipid emulsion therapy (20%) should be initiated, starting 
with a bolus of 1.5 mL/kg IV over 1 minute followed by a 
continuous rate of 0.25 mL/kg per minute for 30 minutes. 
Repeated boluses can be given every 5 minutes if cardiovas-
cular collapse continues.!
Distributive (Decreased Afterload)
Distributive shock in the PACU may be the result of a num-
ber of physiologic derangements, including iatrogenic sym-
pathectomy, critical illness, allergic reactions, and sepsis. 
Iatrogenic sympathectomy, secondary to regional anes-
thetic techniques, is an important cause of hypotension 
in the perioperative period. A high sympathetic block (to 
T4) will decrease vascular tone and block the cardio-accel-
erator fibers. If not treated promptly, then the resulting 

Preoperative hypertension
Arterial hypoxemia
Hypervolemia
Emergence excitement
Shivering
Drug rebound
Increased intracranial pressure
Increased sympathetic nervous system activity

Hypercapnia
Pain
Agitation
Bowel distention
Urinary retention

BOX 80.6 Factors Leading to Postoperative 
Hypertension

Intravascular volume depletion
Persistent fluid losses
Ongoing third-space translocation of fluid
Bowel preparation
Gastrointestinal losses
Surgical bleeding

Increased capillary permeability
Sepsis
Burns
Transfusion-related acute lung injury

Decreased cardiac output
Myocardial ischemia or infarction
Cardiomyopathy
Valvular disease
Pericardial disease
Cardiac tamponade
Cardiac dysrhythmias
Pulmonary embolus
Tension pneumothorax
Drug induced ($-blockers, calcium channel blockers)

Decreased vascular tone
Sepsis
Allergic reactions (anaphylactic, anaphylactoid)
Spinal shock (cord injury, iatrogenic high spinal)
Adrenal insufficiency

BOX 80.7 Differential Diagnosis of 
Hypotension in the Postanesthesia Care 
Unit
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bradycardia in the presence of severe hypotension can lead 
to cardiac arrest even in young healthy patients.80 Vaso-
pressors, including phenylephrine and ephedrine, are phar-
macologic treatments of hypotension caused by residual 
sympathetic nervous system blockade.

Patients who are critically ill may rely on exaggerated 
sympathetic nervous system tone to maintain systemic 
blood pressure and heart rate. In these patients, even mini-
mal doses of inhaled anesthetics, opioids, or sedative-hyp-
notics can decrease sympathetic nervous system tone and 
produce significant systemic hypotension.

Allergic (anaphylactic or anaphylactoid) reactions may 
be the cause of hypotension in the PACU. In addition to the 
sometimes-profound hypotension, patients experiencing an 
allergic reaction/anaphylaxis often present with an associ-
ated rash/hives, bronchospasm/wheezing, stridor, and facial 
edema. Patients should be treated immediately, with prompt 
removal of the offending agent if known and still present, 
steroids (hydrocortisone or methylprednisolone), H1 and H2 
blockers, fluids, and vasopressors. Epinephrine is the drug of 
choice to treat hypotension secondary to an allergic reaction. 
Increased serum tryptase concentrations confirm the occur-
rence of an allergic reaction, but an elevated tryptase level 
does not differentiate anaphylactic from anaphylactoid reac-
tions. The blood specimen for tryptase determination must be 
obtained within 30 to 120 minutes after the allergic reaction, 
but the results may not be available for several days. Neuro-
muscular blocking drugs are the most common cause of ana-
phylactic reactions in the surgical setting followed by latex, 
antibiotics, and other rare substances (Table 80.2).81-83

If sepsis is suspected as the cause of hypotension in the 
PACU, then blood should be obtained for culture, and 
empiric antibiotic therapy should be initiated as soon as 
possible. Urinary tract manipulation and biliary tract pro-
cedures are examples of interventions that can result in a 
sudden onset of severe systemic hypotension secondary to 
sepsis. Although fluid resuscitation is the most important 
immediate intervention, pressor support is often required—
at least transiently. Norepinephrine is the pressor of choice 

in septic patients. Vasopressin deficiency has been shown 
to contribute to vasodilation in septic shock,84 and low-
dose vasopressin (0.01-0.05 unit/min) improves mean 
arterial pressure, decreases catecholamine vasopressor 
requirement, and may spare renal function in severe septic 
shock.85!
Cardiogenic (Intrinsic Pump Failure)
Significant cardiogenic causes of postoperative hypoten-
sion include myocardial ischemia and infarction, cardio-
myopathy, cardiac tamponade, and cardiac arrhythmias. 
The differential diagnosis depends on the surgical proce-
dure and the patient’s preoperative cardiac risk and medi-
cal condition. To determine the cause of the hypotension, 
central venous pressure monitoring, echocardiography, 
and, rarely, pulmonary artery catheter monitoring may be 
required.

Patients can have a similar clinical appearance to those 
in hypovolemic shock; however one of the cardinal signs 
here is indication of relative fluid overload/congestive heart 
failure, such as distended central and peripheral veins, evi-
dence of pulmonary edema, and a possible S3 heart sound 
on exam. These patients have elevated filling pressures in 
conjunction with reduced/impaired cardiac output. Cardio-
genic shock can ensue when greater than 40% of the myo-
cardium is damaged. Patients with underlying ischemic 
heart disease, especially if they are undergoing an emer-
gent or high-risk procedure, are notably at increased risk 
of experiencing an adverse cardiac event. It should also be 
noted that the mortality rate for those in cardiogenic shock 
is remarkably high, reaching up to 70%. Patients may 
require immediate postoperative placement of an intra-
aortic balloon pump (IABP), cardiac catheterization and 
stenting, echocardiography, or a surgical procedure for a 
mechanical/valvular abnormality.!
Extracardiac/Obstructive Shock
Impairment in diastolic filling which ultimately results in 
decreased preload can lead to shock if not promptly recog-
nized and treated. IVC compression (vena cava obstruc-
tion, intrathoracic tumors), tension pneumothorax, 
cardiac tamponade, constrictive pericarditis, and even 
PEEP/mechanical ventilation, can lead to diminished fill-
ing and compromise venous return. Intrathoracic tumors 
and tension pneumothoraces typically have similar clini-
cal presentations to those in hypovolemic shock secondary 
to obstruction of the great veins, namely tachycardia and 
hypotension, possibly with associated distended neck veins. 
Patients in tamponade are also tachycardic and hypoten-
sive; if they have indwelling invasive monitors, one typi-
cally can observe the “equalization of pressures” (increased 
and relatively equal LV and RV diastolic pressures, PAOP, 
CVP).

Acute pulmonary hypertension, pulmonary embolism, 
and aortic dissections result in impaired systolic contrac-
tion of the left and/or right ventricle secondary to increased 
afterload. These patients can present in either LV or RV fail-
ure, or even both.

Patients may need to undergo emergent needle thoracos-
tomy and chest tube placement for a tension pneumotho-
rax, a pericardiocentesis for tamponade, or thrombolysis/
embolectomy for a pulmonary embolism.!

TABLE 80.2 Drugs Involved in Perioperative 
Anaphylaxis

Substance

Incidence of  
Perioperative  
Anaphylaxis (%)

Most Commonly Associ-
ated With Perioperative 
Anaphylaxis

Muscle  
relaxants

69.2 Succinylcholine, 
rocuronium, atracurium

Natural  
rubber latex

12.1 Latex gloves, tourniquets, 
Foley catheters

Antibiotics 8 Penicillin and other 
$-lactams

Hypnotics 3.7 Propofol, thiopental

Colloids 2.7 Dextran, gelatin

Opioids 1.4 Morphine, meperidine

Other  
substances

2.9 Propacetamol, aprotinin, 
chymopapain, protamine, 
bupivacaine

From Hepner DL, Castells MC. Anaphylaxis during the perioperative period. 
Anesth Analg. 2003;97:1381–1395.
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Myocardial Ischemia: Evaluation 
and Treatment

Over 1 million people die every year after noncardiac sur-
gery, with myocardial infarction being the most common 
cardiovascular complication.86 The incidence of major 
adverse cardiac events depends on the number of inher-
ent patient risk factors. According to the Revised Gold-
man Cardiac Risk Index, the risk of an adverse cardiac 
event can be as high as 5.4% after noncardiac surgery in 
patients who possess three or more risk factors.87 Myocar-
dial ischemia is rarely accompanied by chest pain in the 
recovery room secondary to the fact that patients are still 
emerging from anesthesia in the immediate postoperative 
period and are also still under the influence of residual 
medication effects, especially analgesics. In a study by 
Mangano et! al., 94% of postoperative ischemic episodes 
were silent.88

EVALUATION

Patients who complain of chest pain in the recovery room 
should have a 12-lead ECG performed and a troponin level 
drawn. A physical exam and further workup, as indicated, 
should be done in order to rule out other causes for chest 
pain (e.g., pulmonary embolus, aortic dissection, tension 
pneumothorax, cardiac tamponade, esophageal rupture, 
etc.). ECG changes, such as ST-segment changes, may not 
necessarily represent myocardial ischemia (especially in 
younger patients with no known cardiac disease and no 
cardiac risk factors), however, should associated signs and 
symptoms point toward cardiac ischemia, further workup is 
certainly warranted.

Presently, myocardial ischemia after non-cardiac sur-
gery (MINS) has been established as an entity in itself. 
MINS is defined as elevated postoperative troponin levels 
without any clinical symptoms or any changes in the ECG, 
provided there is no other nonischemic cause for the ele-
vated troponin level (e.g., chronic troponin elevation, pul-
monary embolism, sepsis, rapid atrial fibrillation). Elevated 
troponin levels are independently associated with poor 
outcomes.89 An international prospective cohort study 
found that postoperative elevated troponin after noncar-
diac surgery was a strong independent predictor of 30-day 
mortality.90

The most recent guidelines established by the American 
Heart Association/American College of Cardiology (AHA/
ACC) recommend obtaining a troponin level for all patients 
who present with ECG changes suggestive of ischemia or 
exhibit typical ischemic chest pain after surgery. Further-
more, they recommend drawing serial troponin levels for 
stable patients after vascular or intermediate risk surgery.91 
A recent multicenter study investigated the association 
between postoperative high-sensitivity troponin (hsTnT) 
levels with myocardial injury and 30-day mortality after 
noncardiac surgery.92 The authors confirmed that post-
operative myocardial injury is most commonly silent, as 
93% of patients with MINS did not experience any symp-
toms. Furthermore, they found that elevated hsTnT levels 
without an ischemic feature in the first 3 days after noncar-
diac surgery were associated with a significantly increased 

30-day mortality. These newer studies may even warrant a 
more liberal approach to drawing postoperative hsTnT lev-
els in the PACU.!

TREATMENT

Once the diagnosis of myocardial ischemia/injury has been 
made, the primary surgical team should immediately be 
notified and a cardiology consult should be obtained.

After ruling out other life-threatening causes, the 
patients should receive oxygen, and blood pressure and 
heart rate should be controlled. If there are no absolute con-
traindications to their administration, the patient should be 
given nitroglycerin, a $ blocker, a statin, and aspirin. Pain 
and anxiety should be treated with an opioid and a ben-
zodiazepine, and anemia should be corrected, if present. 
One should be prepared for further decompensation of the 
patient and have a code cart readily available. Should the 
patient become hemodynamically unstable, echocardiog-
raphy may help in guiding next steps (e.g., placing an IABP, 
emergent interventions).

Depending on the acuity of the situation, further inter-
ventions like fibrinolysis, percutaneous coronary interven-
tion (PCI), or revascularization should be considered and 
discussed. However, since these patients just had surgery, 
there are conflicting goals in terms of postoperative bleeding 
versus coronary blood flow. A mutual approach between 
surgeon, cardiologist, anesthesiologist, and patient should 
be chosen to determine the best course of action.!

Cardiac Arrhythmias

Postoperative cardiac arrhythmias are frequently tran-
sient and multifactorial. Reversible causes of cardiac 
arrhythmias in the perioperative period include hypox-
emia, hypoventilation and associated hypercapnia, 
endogenous or exogenous catecholamines, electrolyte 
abnormalities, acidemia, fluid overload, anemia, and sub-
stance withdrawal.93

TACHYCARDIA

Common causes of tachycardia in the PACU include 
pain, agitation, hypoventilation with associated hypoxia 
and hypercapnia, hypovolemia, PONV, and shivering. 
Less common but serious causes include hemorrhage; 
cardiogenic, septic, or anaphylactic shock; pulmonary 
embolism; pneumothorax; thyroid storm; and malignant 
hyperthermia.

When evaluating postoperative tachycardia, the most 
important question is whether or not the patient is hemo-
dynamically stable. If the patient is stable, oxygen should 
be administered, a 12-lead ECG obtained, and the underly-
ing rhythm determined. Unstable patients typically present 
with a heart rate greater than 150 bpm, are hypotensive, 
and may exhibit other signs of decreased perfusion, for 
example, altered mental status, chest pain, or shock. These 
patients should undergo immediate synchronized cardio-
version. There are various different causes of tachyarrhyth-
mia in the PACU which warrant individualized approaches 
regarding the medications to administer and the energy 
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doses to use for cardioversion. A comprehensive overview 
can be found in the American Heart Association Guidelines 
Update for Cardiopulmonary Resuscitation and Emergency 
Cardiovascular Care 2015.94!

BRADYCARDIA

Bradycardia in the PACU is often iatrogenic. Drug-related 
causes include $-blocker therapy, anticholinesterase rever-
sal of neuromuscular blockade, opioid administration, 
and treatment with clonidine or dexmedetomidine. Proce-
dure- and patient-related causes include bowel distention, 
increased intracranial or intraocular pressure, hypoxia, 
hypothermia, hypothyroidism, and spinal anesthesia. A 
high spinal block can impede the cardioaccelerator fibers 
originating from T1 through T4, resulting in severe brady-
cardia. The ensuing sympathectomy and possible intravas-
cular fluid volume depletion along with decreased venous 
return can produce sudden bradycardia and cardiac arrest, 
even in young healthy patients.

When evaluating postoperative bradycardia, vital 
signs and hemodynamic stability should be immediately 
assessed. Underlying causes should be corrected, if pos-
sible. Asymptomatic bradycardia may not need to be 
treated at all, however, if the patient is unstable and hypo-
tensive, or shows signs of shock, altered mental status, 
ischemic chest discomfort, or acute heart failure, urgent 
intervention is indicated. According to the ACLS guide-
lines, first-line treatment is atropine IV. If this is ineffec-
tive, transcutaneous pacing or initiation of a vasopressor 
(dopamine, epinephrine infusion) is indicated. Eventually, 
expert consultation and transvenous pacing should be 
considered.94!

ATRIAL ARRHYTHMIAS

The most common atrial arrhythmia is atrial fibrillation, 
which affects approximately 4% of patients following major 
noncardiac surgery.95 The overall incidence of new postop-
erative atrial arrhythmias may be as high as 10% in this 
patient population. The incidence is even higher after car-
diac and thoracic procedures when the cardiac arrhythmia 
is often attributed to atrial irritation.96 The risk of postop-
erative atrial fibrillation is increased by preexisting cardiac 
risk factors, positive fluid balance, electrolyte abnormali-
ties, and oxygen desaturation.97 These new-onset atrial 
arrhythmias are not benign as they are associated with a 
longer hospital stay and increased mortality.98,99

Control of the ventricular response rate is the immedi-
ate goal in the treatment of new-onset atrial fibrillation. 
Hemodynamically unstable patients may require prompt 
electrical cardioversion, but most patients can be treated 
pharmacologically with an intravenous $-adrenergic 
blocker or calcium channel blocker.100 If hemodynamic 
instability is a concern, the short-acting $-blocker esmolol 
can be considered. Rate control with these agents is often 
enough to chemically cardiovert the postoperative patient 
whose arrhythmia may be catecholamine driven. If the goal 
of therapy is chemical cardioversion, an amiodarone load 
can be initiated in the PACU with the knowledge that QT 
prolongation, bradycardia, and hypotension may accom-
pany the intravenous infusion of this drug.!

VENTRICULAR ARRHYTHMIAS

Premature ventricular contractions (PVCs) and ventricular 
bigeminy commonly occur in the PACU. PVCs most often 
reflect increased sympathetic nervous system stimulation 
that may accompany tracheal intubation, pain, and tran-
sient hypercapnia. They commonly resolve on their own, 
but this can be facilitated by administering analgesics and 
ensuring proper ventilation. True ventricular tachycardia 
is rare and is indicative of underlying cardiac pathology. 
In the case of torsades de pointes (polymorphic ventricular 
tachycardia), underlying QT prolongation on the ECG may 
be intrinsic or drug related. The most commonly admin-
istered QT prolonging drugs in PACU are 5-HT3 receptor 
antagonists (e.g., ondansetron, dolasetron), haloperidol, 
droperidol, albuterol, methadone, and amiodarone. Treat-
ment with 1 to 2 g of magnesium IV over 5 minutes should 
be initiated and potentially repeated, if necessary.!

TREATMENT

Early postoperative arrhythmias often require immediate 
electrolyte correction as well as pharmacologic and non-
pharmacologic interventions.101 In general, the urgency 
of treatment of a cardiac arrhythmia depends on the physi-
ologic consequences of the arrhythmia, basically hypo-
tension, cardiac ischemia, or both. Tachyarrhythmias 
decrease coronary perfusion time and increase myocar-
dial oxygen consumption. Their impact depends on the 
patient’s underlying cardiac function, and they are most 
harmful in patients with coronary artery disease. Brady-
cardia has a more deleterious effect in patients with a fixed 
stroke volume, such as infants and patients with restrictive 
pericardial disease or cardiac tamponade. For the most part, 
treatment relies on identifying and correcting the underly-
ing cause (i.e., hypoxemia or electrolyte abnormalities).102 
The possible role of myocardial ischemia or the occurrence 
of pulmonary embolism must be considered when contem-
plating treatment options.!

Renal Dysfunction

The differential diagnosis of postoperative renal dysfunc-
tion includes prerenal, intrarenal, and postrenal etiologies 
(Box 80.8). Frequently, the cause of renal insufficiency in 
the postoperative period is multifactorial, with an intra-
operative insult exacerbating a preexisting renal insuffi-
ciency.103-106 In the PACU, diagnostic efforts should focus 
on the identification and treatment of the readily reversible 
causes of oliguria (i.e., urine output less than 0.5 mL/kg/h). 
For example, urinary catheter obstruction or dislodgment is 
easily remedied and often overlooked (see Box 80.8). When 
appropriate, one should confer with the surgical team 
regarding the details of the surgical procedure (urologic or 
gynecologic) to rule out anatomic obstruction or disruption 
of the ureters, bladder, or urethra.

Patient-related factors play a role in the development 
of acute kidney injury (AKI) in the postoperative period. 
Comorbidities, such as preexisting renal insufficiency 
(CKD), diabetes mellitus, hypertension, morbid obesity, his-
tory of steroid use, male sex, and old age, are a number of 
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issues that should be taken into account when determin-
ing whether a patient is at an increased risk of periopera-
tive renal dysfunction. In addition to nonmodifiable patient 
risk factors, the surgical procedure itself also comprises an 
independent risk factor in the development of perioperative 
renal dysfunction, with cardiac surgery, emergency sur-
gery, and “major” surgery (vascular, transplant, thoracic) 
all serving to increase the probability.

A number of perioperative events may alter renal perfu-
sion. Preoperative or intraoperative angiography can result 
in ischemic injury, secondary to renal vasoconstriction and 
direct renal tubular injury. Perioperative volume deple-
tion can exacerbate hepatorenal syndrome or acute tubu-
lar necrosis caused by sepsis. The surgical procedure itself 
can alter renal vascular patency, decreasing renal perfu-
sion. Finally, increased intraabdominal pressure (IAP) can 
impair renal perfusion.

Judicious intraoperative fluid management is of utmost 
importance both during the surgical procedure and in the 
postoperative period. Hemodynamics must be monitored 
to ensure that relative intravascular volume is sufficient to 
allow for tissue perfusion and avoidance of organ hypoxia 
and dysfunction. Crystalloid solutions are ubiquitous in 
the operating room and PACU. Balanced solutions (lac-
tated Ringers, Plasmalyte) may be superior to chloride-only 
containing solutions (NaCl), as hyperchloremia is associ-
ated with the development of AKI.107 A study published 
in Critical Care in 2014 revealed that chloride-liberal fluid 
administration was a risk factor in the development of post-
operative AKI in liver transplant patients.108 In general, 
hydroxylethyl starch solutions should be avoided, as there 
lacks any clear benefit to their use.109

A recent study published in Anesthesiology demon-
strated that the risk of developing postoperative AKI was 
increased when the MAP was less than 60 for greater than 
20 minutes or less than 55 for greater than 10 minutes.110 
As stated above, given the changes in renal autoregula-
tion that occur over time in patients with hypertension, 
MAP goals should be tailored to each patient. Vasopressors 

may be needed as an adjunct to fluid therapy in hypoten-
sive patients. To date, there is no evidence that one vaso-
pressor is superior to another. It should be noted that even 
though low-dose dopamine can increase urine output, it is 
no longer deemed to be renoprotective and is not endorsed 
as a treatment strategy in AKI. Furthermore, vasodilator 
therapy (fenoldopam, atrial natriuretic peptide) is also not 
recommended in AKI prevention or treatment.

OLIGURIA

Intravascular Volume Depletion
The most common cause of oliguria in the immediate post-
operative period is intravascular volume depletion. If the 
patient also demonstrates signs of hypovolemia, such as 
tachycardia and hypotension, a fluid challenge (500-1000 
mL of crystalloid) is usually effective in restoring urine 
output. A CBC should be drawn if ongoing surgical blood 
loss is suspected and repeated fluid boluses are required to 
maintain adequate urine output. Patients with a history 
of hypertension may require higher MAPs to produce ade-
quate urine. Their kidneys may not be perfused adequately 
with the standard “MAP > 65.” In this patient population, 
it is imperative to review their baseline blood pressures and 
target a MAP greater than 75 mm Hg to ensure renal perfu-
sion. Volume resuscitation to maximize renal perfusion is 
particularly important to prevent ongoing ischemic injury 
and the development of acute tubular necrosis. However, 
urine output does not predict the likelihood of developing 
postoperative AKI.

If a fluid challenge is contraindicated or oliguria persists, 
then assessment of intravascular fluid volume status and 
cardiac function is indicated to differentiate hypovolemia 
from sepsis and low cardiac output states. Fractional excre-
tion of sodium can be useful in determining the adequacy 
of renal perfusion, assuming that diuretics have not been 
given. However, the diagnosis of prerenal azotemia will not 
differentiate hypovolemia, congestive heart failure, or hep-
atorenal syndrome. Further evaluation with central venous 
monitoring or echocardiography, or both, may facilitate 
the differential diagnosis.!
Postoperative Urinary Retention
Postoperative urinary retention can cause bladder overdis-
tention and permanent detrusor damage. Ultrasonography 
can measure bladder volume and identify urinary retention 
in the PACU.111 Using this technique, Keita and associ-
ates attempted to identify patients at high risk by measur-
ing bladder volume in 313 adult inpatients on admission 
to and before discharge from the PACU. They collected 
data on age, sex, history of urinary retention, intraopera-
tive administration of anticholinergic agents, amount of 
intraoperative fluid administration, and intravenous use 
of morphine. Urinary retention was defined as bladder vol-
ume greater than 600 mL in conjunction with an inability 
to void within 30 minutes. In this study, the incidence of 
postoperative urinary retention in the PACU was 16%. The 
most significant predictive factors were age older than 50 
years, intraoperative fluid more than 750 mL, and bladder 
volume on entry to the PACU greater than 270 mL.112 This 
study argues for the use of ultrasound to identify patients at 
high risk for possible urinary retention.!

Prerenal

Hypovolemia (bleeding, sepsis, third-space fluid loss, inadequate 
volume resuscitation)

Hepatorenal syndrome
Low cardiac output
Renal vascular obstruction or disruption
Intraabdominal hypertension!
Renal

Ischemia (acute tubular necrosis)
Radiographic contrast dyes
Rhabdomyolysis
Tumor lysis
Hemolysis!
Postrenal

Surgical injury to the ureters
Obstruction of the ureters with clots or stones
Mechanical (urinary catheter obstruction or malposition)

BOX 80.8 Postoperative Oliguria
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CONTRAST NEPHROPATHY

Patients who have undergone angiography +/" intravas-
cular stent placement for carotid stenosis, thoracic and 
abdominal aortic aneurysms, peripheral vascular disease, 
and cerebral aneurysms are increasing in numbers in our 
PACUs. As a result, contrast nephropathy should always 
be considered in the differential diagnosis of postoperative 
renal dysfunction and prompt diagnosis is crucial, as con-
trast nephropathy, in general, is one of the reversible causes 
of postoperative AKI. The creatinine tends to increase 
within 24 to 48 hours following the administration of con-
trast media, however return to the patient’s baseline typi-
cally occurs within one week. Perioperative attention to 
adequate hydration is indicated in any patient who has 
received an intravenous contrast agent. Aggressive hydra-
tion with a balanced crystalloid solution is the single most 
effective means of protection against contrast nephropathy. 
Alkalinization of the urine with a sodium bicarbonate infu-
sion and Mucomyst are sometimes used as well; however, 
beneficial evidence of these therapies is lacking and not well 
established.113!

INTRAABDOMINAL HYPERTENSION

Intraabdominal hypertension (IAH) should be consid-
ered in any patient with oliguria and a tense abdomen 
on examination after abdominal surgery.114,115 Elevated 
IAP can impede renal perfusion and lead to renal isch-
emia and postoperative renal dysfunction. Normal IAP 
in a patient who is not obese is approximately 5 mm Hg. 
Intraabdominal hypertension is graded into four catego-
ries: I: 12 to 15 mm Hg; II: 16 to 20 mm Hg; III: 21 to 
25 mm Hg; and IV: greater than 25 mm Hg. Abdominal 
compartment syndrome is defined as an IAP greater than 
20 mm Hg with or without an abdominal perfusion pres-
sure less than 50 mm Hg.116 Abdominal compartment 
syndrome (IAP usually >25 mm Hg) should be consid-
ered in patients with IAH that are exhibiting signs of new 
end organ dysfunction. In a prospective study of patients 
undergoing major abdominal surgery, intraabdominal 
hypertension accounted for 40% of new-onset renal 
insufficiency. In this study, postoperative renal impair-
ment was independently associated with four factors: 
hypotension, sepsis, older age, and increased abdominal 
pressure.117

Elevation of IAP impairs venous drainage from the kid-
ney, secondary to the increased vascular resistance that 
ensues when the renal vein is compressed. This cascade 
of events is responsible for the renal dysfunction that ulti-
mately arises. When IAP reaches 15 mm Hg, oliguria tends 
to develop, whereas anuria is not common until pressures 
reach approximately 30 mm Hg. Management and treat-
ment are mainly supportive (limiting extraneous fluids); 
however in severe cases, surgical decompression of the 
abdomen may be required.

Bladder pressure, an indirect assessment of IAP, should 
be measured in patients in whom intraabdominal hyper-
tension is suspected to ensure the initiation of prompt inter-
vention to relieve the pressure and therefore restore renal 
perfusion. Bladder pressure is measured at end expiration 

with the patient in the supine position and in the absence of 
abdominal muscle contractions. As with arterial pressure 
measurements, the transducer is placed in the midaxillary 
line.117!

RHABDOMYOLYSIS

Rhabdomyolysis may complicate the postoperative course 
of patients who have suffered major crush or thermal 
injury. Patients may complain of myalgias, abdominal 
pain, nausea, and weakness. Myoglobinuria may be pres-
ent and creatine kinase (CK) levels are elevated. The inci-
dence is also significantly increased in morbidly obese 
patients undergoing bariatric surgery. Rhabdomyolysis 
has been reported to occur in 22.7% of 66 consecutive 
patients undergoing laparoscopic bariatric surgery.118-121 
Risk factors include increased BMI and the length of the 
surgery. Patient history and the operative course should 
guide the decision to measure creatine phosphokinase 
in the PACU.119 Early, aggressive hydration to maintain 
urine output is the mainstay of treatment, as hypovolemia 
only serves to further intensify the impending renal fail-
ure secondary to renal ischemia and tubular obstruction 
from the heme casts. Electrolyte abnormalities, including 
hyperkalemia, hyperphosphatemia, and hypocalcemia 
must be detected and corrected immediately. Loop diuret-
ics can be used to flush the renal tubules and to avoid 
fluid overload. The infusion of mannitol to enhance the 
elimination of myoglobin casts from the renal tubules 
and bicarbonate to protect against myoglobin toxicity is 
commonly practiced but may not provide further ben-
efit. In a study of more than 2000 trauma patients with 
rhabdomyolysis, the infusion of bicarbonate and manni-
tol did not further decrease the incidence of acute renal 
failure.121 In severe cases, an attempt can be made to 
remove myoglobin by continuous renal replacement 
therapy. Unlike conventional hemodialysis filters that do 
not remove circulating myoglobin, high-flux membranes 
can be effective. Continuous renal replacement modes 
typically use high-flux membranes. Additionally, convec-
tion (i.e., the mechanism of solute removal in continuous 
hemofiltration) removes larger molecular weight solutes 
than diffusion (i.e., the mechanism of solute removal in 
conventional hemodialysis).122!

Postoperative Hypothermia and 
Shivering

Postoperative hypothermia, defined as a core tempera-
ture less than 36°C, is a detrimental and unpleasant 
condition that can occur after general and neuraxial 
anesthesia. According to the American Society of Anes-
thesiologists, the patient’s temperature should be mea-
sured within 15 minutes after anesthesia end time and 
ideally be at least 36°C.123 Postoperative shivering also 
often occurs after general and neuraxial anesthesia. The 
incidence of postoperative shivering may be as high as 
66% after general anesthesia.124 Identified risk factors 
include young age, endoprosthetic surgery, and core 
hypothermia.125
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MECHANISM

Postoperative hypothermia occurs secondary to heat loss 
during surgery. Underlying mechanisms are radiation, 
convection, evaporation, and conduction.126 Postopera-
tive shivering is usually, but not always, associated with 
hypothermia. Although thermoregulatory mechanisms 
can explain shivering in the hypothermic patient, a num-
ber of different mechanisms have been proposed to explain 
shivering in normothermic patients. One proposed mecha-
nism is based on the observation that the brain and spinal 
cord do not recover simultaneously from general anes-
thesia. The more rapid recovery of spinal cord function is 
thought to result in uninhibited spinal reflexes manifested 
as clonic activity. This theory is supported by the fact that 
doxapram, a central nervous system stimulant, is some-
what effective in abolishing postoperative shivering. Other 
proposed mechanisms include the action of kappa opioid, 
N-methyl-D-aspartate (NMDA), and 5-hydroxytryptamine 
receptors. The higher incidence of postanesthetic shivering 
in patients who receive high-dose remifentanil is thought 
to be by the same mechanism that causes hyperalgesia in 
these patients—sudden opioid withdrawal resulting in the 
stimulation of NMDA receptors.127 Additional support for 
this theory comes from the same authors who found that 
a small dose of intraoperative ketamine reduced the inci-
dence of remifentanil-induced postanesthetic shivering.128 
Tramadol, a weak µ-opioid receptor agonist, and norepi-
nephrine and serotonin reuptake inhibitor, has been shown 
to be effective in preventing postoperative shivering while 
also contributing to analgesia.129!

TREATMENT

Intervention includes the identification and treatment 
of hypothermia if present. Accurate core body tempera-
tures can be most easily obtained at the tympanic mem-
brane. Axillary, rectal, and nasopharyngeal temperature 
measurements are less accurate and may underestimate 
core temperature. Forced air warmers are used to actively 
warm the hypothermic patient. A number of opioids, 
ondansetron,130 clonidine,131 and ketamine132 have been 
shown to be effective in abolishing shivering once it starts. 
Of those, meperidine, 12.5-25 mg IV, is most commonly 
used in adults. The intraoperative infusion of dexmedeto-
midine has been shown to be an effective prophylactic 
measure.133!

CLINICAL EFFECTS

In addition to significant patient discomfort, so-called ther-
mal discomfort, postoperative shivering increases oxygen 
consumption, CO2 production, and sympathetic tone. It is 
associated with increased cardiac output, heart rate, sys-
temic blood pressure, and intraocular pressure. Patients 
who are hypothermic on arrival in the PACU should be 
actively warmed to avoid these immediate complications as 
well as delayed consequences of hypothermia. Mild to mod-
erate hypothermia (33°C-35°C) inhibits platelet function, 
coagulation factor activity, and drug metabolism. It exac-
erbates postoperative bleeding, prolongs neuromuscular 

blockade, and may delay awakening. Whereas these imme-
diate consequences are associated with a prolonged PACU 
stay,134 long-term deleterious effects include an increased 
incidence of myocardial ischemia and myocardial infarc-
tion, delayed wound healing, and increased perioperative 
mortality.!

Postoperative Nausea and 
Vomiting

Without prophylactic intervention, roughly one third of 
patients who undergo inhalational anesthesia will develop 
PONV (range, 10%-80%).135,136 The consequences of 
PONV include delayed discharge from the PACU, unantic-
ipated hospital admission, increased incidence of pulmo-
nary aspiration, and significant postoperative discomfort. 
The ability to identify high-risk patients for prophylac-
tic intervention can significantly improve the quality of 
patient care and satisfaction in the PACU. From a patient’s 
perspective, PONV may be more uncomfortable than post-
operative pain.

PREVENTION AND TREATMENT

Prophylactic measures to prevent PONV include modifica-
tion of anesthetic technique and pharmacologic interven-
tion. In a randomized controlled multicenter multifactorial 
trial, Apfel and associates studied the efficacy of six pro-
phylactic interventions in high-risk patients (PONV risk > 
40%).135 Interventions were both pharmacologic and tech-
nique related. Pharmacologic intervention included dro-
peridol, 1.25 mg; dexamethasone, 4 mg; or ondansetron, 
4 mg. Anesthetic intervention included propofol in lieu 
of volatile anesthetic, nitrogen in lieu of nitrous oxide, or 
remifentanil in lieu of fentanyl. More than 4000 patients 
were assigned to 1 of 64 possible combinations. The study 
found that each of the three antiemetics reduced the rela-
tive risk of PONV to the same degree (26%). Together, pro-
pofol (19% decrease) and nitrogen (12% decrease) reduced 
the relative risk of PONV to a similar degree.

Although prophylactic measures to prevent PONV are 
more effective than rescue measures, a subset of patients 
will require treatment in the PACU even after appropriate 
prophylactic treatment. There is no convincing evidence 
that any of the serotonin receptor antagonists commonly 
prescribed at this time are more effective than any others. 
Box 80.9 lists the different classes of antiemetic medications 
commonly prescribed for prophylaxis as well as treatment of 
PONV in the PACU. If an adequate dose of antiemetic given 
at the appropriate time is ineffective, simply giving more of 
the same class of drug in the PACU is unlikely to produce 
any significant benefit. Therefore, it is not recommended 
to redose any medication of the same class within 6 hours 
after the initial dose. Specific antiemetic medications such 
as scopolamine, dexamethasone, and aprepitant should not 
be redosed at all.136

The likelihood of a patient experiencing PONV depends 
on several risk factors and increases with the number of 
those factors that the patient possesses. Apfel et!al. identi-
fied female gender, non-smoker, history of PONV/motion 
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sickness, and the need for postoperative opioids as indepen-
dent risk factors. Their group has created a simplified risk 
score which predicts a likelihood to develop PONV of 10% 
for patients with no risk factor, 20% with 1 risk factor, 40% 
with 2 risk factors, 60% with 3 risk factors, and 80% with 
all four risk factors. More recently, the same author identi-
fied young age, defined as age below 50 years, as another 
independent risk factor for postdischarge nausea and vom-
iting.137 The Society of Ambulatory Anesthesia published 
“Consensus Guidelines for the Management of Postop-
erative Nausea and Vomiting,”136 which provides a great 
overview of the topic. The Prevention of PONV was added 
to the Physician Quality Reporting System of the Centers 
for Medicare and Medicaid Services. The goal is to give at 
least two different antiemetics to every patient older than 
18 years undergoing any procedure under inhalational 
general anesthesia, if they have at least three risk factors 
for PONV.138

Emend (aprepitant), a substance P/neurokinin 1 recep-
tor antagonist, may be effective in very high-risk patients 
and refractory cases. The recommended dose is 40 mg by 
mouth within 3 hours prior to anesthesia. Initial clinical 
trials have shown the drug to be effective for up to 48 hours 
after surgery.139!

Delirium

Postoperative delirium (POD) is defined as an acute and 
fluctuating alteration of mental state of reduced awareness 
and disturbance of attention. POD often starts in the recov-
ery room and can occur up to 5 days after surgery. One 
study found that many patients who were diagnosed with 
POD on the floor already had POD in the recovery room. 
The incidence of POD depends on peri- and intraoperative 
risk factors and is highly variable, for example, a meta-anal-
ysis of 26 studies of POD found an incidence ranging from 
4.0% to 53.3% in hip fracture patients.140 Multiple studies 
across different surgical specialties in elective and emer-
gency cases have shown that POD is associated with worse 
surgical outcomes, increased hospital length of stay, func-
tional decline, higher rates of institutionalization, higher 
mortality, and higher cost and resource utilization.141 It is 
important to distinguish between the hyperactive and the 
hypoactive subtype of delirium, since the latter may easily 
go unnoticed, be therefore untreated, and potentially linked 
to a worse outcome.142

RISK FACTORS

POD has been linked to multiple risk factors. These are com-
monly distinguished between predisposing factors (inher-
ent to the patient) and precipitating factors (triggering the 
onset of delirium). Major predisposing patient risk factors 
include (1) age greater than 65 years, (2) cognitive impair-
ment, (3) severe illness or comorbidity burden, (4) hearing 
or vision impairment, and (5) presence of infection.143 In 
the perioperative context, the performed surgical proce-
dure acts as a physiologic stressor with the extent of sur-
gery having a major impact on the likelihood of developing 
delirium. Risk assessment is a shared clinical responsibility 
and should ideally be implemented in a perioperative clini-
cal pathway.!

PROPHYLAXIS AND MANAGEMENT

Patients at high risk of POD should ideally be identified prior 
to entering the operating room by using a delirium risk 
screening tool. Patients who screen positive should poten-
tially go on a delirium reduction pathway to decrease their 
likelihood of developing delirium in the postoperative phase. 
Once in the recovery room, any deliriogenic medications 
should be avoided (e.g., anticholinergics, sedative-hypnot-
ics, meperidine), unless the specific needs for any of these 
medications outweigh their potential risks (e.g., benzodiaz-
epines for benzodiazepine or alcohol withdrawal).144 Simple 
measures, such as frequent reorientation, sensory enhance-
ment (ensuring glasses, hearing aids, or listening amplifi-
ers are available upon arrival in the PACU), pain control, 
cognitive stimulation, simple communication standards 
and approaches to prevent the escalation of behaviors, and 
keeping the patients in their circadian rhythm can decrease 
the incidence of developing POD by 30% to 40%.144 Screen-
ing for delirium in the PACU should be performed before 
the patient leaves the unit (e.g., with the Nursing Delirium 
Screening Scale or Confusion Assessment Method score). 

Anticholinergics

Scopolamine (1.5 mg) transdermal patch to a hairless area behind 
the ear before surgery (remove 24 h postoperatively)!

NK-1 receptor antagonist

Aprepitant (40 mg per os within 3 h prior to anesthesia)!
Corticosteroids

Dexamethasone (4 mg IV after induction of anesthesia)!
Antihistamines

Hydroxyzine (12.5-25 mg IM)
Diphenhydramine (25-50 mg IV)!
Phenothiazines

Promethazine (12.5-25 mg IM)
Prochlorperazine (5-10 mg IV)!
Butyrophenones

Droperidol (0.625-1.25 mg IV); monitor the ECG for prolongation 
of the QT interval for 2-3 h after administration; preoperative 
12-lead ECG recommended

Haloperidol (0.5-<2 mg IM/IV)!
Prokinetic

Metoclopramide (10-20 mg IV; avoid if any possibility of gastroin-
testinal obstruction)!

Serotonin Receptor Antagonists

Ondansetron (4 mg IV 30 min before the conclusion of surgery)!
Vasopressors

Ephedrine (25 mg IM, combined with hydroxyzine, 25 mg)

BOX 80.9 Commonly Used Antiemetics 
(Adult Doses)
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If prevention has failed and the patient screens positive, 
prompt evaluation of possible precipitating factors should 
occur. These include uncontrolled pain, hypoxia, pneu-
monia, infection (wound, indwelling catheter and blood 
stream, urinary tract, sepsis), electrolyte abnormalities, 
urinary retention, fecal impaction, medications, and hypo-
glycemia.141 Treatment of causative factors and symptoms 
has a major impact on reducing the duration of delirium 
and should therefore be initiated immediately. Generally, 
multicomponent nonpharmacologic interventions should 
be used for all delirious patients (e.g., frequent reorienta-
tion, calm environment, eliminating restraint use, familiar 
objects in the room, bringing glasses and hearing aids to the 
patient). Pharmacologic interventions should be reserved 
and only used in the lowest effective dose for agitated deliri-
ous patients when other interventions have failed and the 
patients pose a substantial harm to themselves or others. 
The medication of choice in this case is haloperidol starting 
at 0.5 to 1 mg IM/IV. Alternatively, atypical antipsychotics 
like risperidone, olanzapine, quetiapine, or ziprasidone can 
also be considered.141!

Emergence Excitement

Persistent POD should not be confused with emergence 
“excitement,” a transient confusional state that is associ-
ated with emergence from general anesthesia. Emergence 
excitement is common in children, with more than 30% 
experiencing agitation or delirium at some period dur-
ing their PACU stay. It usually occurs within the first 10 
minutes of recovery but can have onset later in children 
who are brought to the recovery room asleep. The peak 
age of emergence excitement in145 children is between 
2 and 4 years. Unlike delirium, emergence excitement 
typically resolves quickly and is followed by uneventful 
recovery.146

In children, emergence excitement is most frequently 
associated with rapid “wake up” from inhalational anesthe-
sia. Although it has also been reported after isoflurane147 
and, to a lesser extent, halothane148 anesthesia, it is most 
often associated with the less-soluble vapors sevoflurane149 
and desflurane. Several studies suggest that the incidence 
of emergence excitement is more a reflection of the anes-
thetic agent used rather than the rapidity of emergence.150 
In studies comparing sevoflurane and propofol, propofol 
resulted in a much smoother awakening than sevoflurane 
despite rapid emergence. Furthermore, delaying emer-
gence by a slow reduction in the inhaled concentration 
of sevoflurane did not reduce the incidence of emergence 
excitement.151

In addition to rapid emergence, the literature supports 
a number of possible etiologic factors, including intrinsic 
characteristics of the anesthetic, postoperative pain, type 
of surgery, age, preoperative anxiety, underlying tempera-
ment, and adjunct medications. Awareness of these con-
tributors allows one to identify and treat children who are 
at increased risk.146

Simple preventative measures should be taken to treat 
children at risk. These include reducing preoperative anxi-
ety, treating postoperative pain, and providing a stress-free 

environment for recovery. Medications that have been 
used to prevent and treat emergence agitation/delirium 
in children include midazolam,152 clonidine,153-155 dex-
medetomidine,156,157 fentanyl,158,159 ketorolac,160 and 
physostigmine.161 In children, the most common preop-
erative anxiolytic, midazolam, has produced conflicting 
data. Although midazolam is generally associated with a 
decrease in the incidence and duration of POD, not all stud-
ies are in agreement. In studies in which it has not been 
shown to be beneficial, it is unclear whether midazolam is 
an independent factor or merely a reflection of other preop-
erative variables.162

The incidence of emergence excitement in adults is sig-
nificantly less than in children. It is estimated to be between 
3% and 4.7%.163 One study found that significant surgical- 
and anesthesia-related risk factors included preoperative 
medication with midazolam (OR 1.9), breast surgery (OR 
5.2), abdominal surgery (OR 3.2), and, to a much lesser 
extent, length of surgery.163!

Delayed Awakening

Even after prolonged surgery and anesthesia, a response to 
stimulation in 60 to 90 minutes should occur.164 If emer-
gence has not taken place at that point, it is important to 
consider multiple different reasons as the possible under-
lying cause. Residual drug effects are the most frequent 
cause of delayed emergence and may occur after too much 
anesthetic has been given or in a patient who is susceptible 
to the side effects of certain medications due to age, under-
lying disease, or metabolic derangements. The most com-
mon drugs to consider are benzodiazepines, opioids, and 
neuromuscular blocking drugs, however, after a very long 
anesthetic, propofol and volatile anesthetics can also cause 
a delay in emergence. Furthermore, acute alcohol or illicit 
drug intoxication can be other culprits. Another often over-
looked drug effect is the central anticholinergic syndrome 
(CAS). Several drugs used during anesthesia can block the 
central cholinergic neurotransmission and therefore delay 
the wakeup.165 Metabolic disturbances such as hypother-
mia (<33°C), electrolyte imbalances (e.g., hyponatremia, 
hypercalcemia, hypermagnesemia), hypo- or hyperglyce-
mia, as well as underlying metabolic diseases (e.g., liver, 
kidney, or thyroid abnormalities) can delay emergence after 
anesthesia. Finally, neurologic complications such as cere-
bral hypoxia, seizures (with consecutive postictal state), ele-
vated ICP, as well as any intracerebral event (hemorrhage, 
thrombosis, embolus) should be considered.166,167

In any patient who presents with a delayed emergence, 
airway, breathing, and circulation should be assessed. It 
is important to confirm that all anesthetic agents are dis-
continued (including residual agents left in the IV tub-
ing). The patient’s body temperature should be checked 
upon arrival in the PACU and if hypothermia is present, 
the patient should be actively rewarmed. A cardiopulmo-
nary as well as a neurologic exam (including pupils, cough 
and gag reflex, motor/strength) should be performed. The 
use of a neuromuscular transmission monitor (TOF, ide-
ally TOF-R) is instrumental in detecting residual neuro-
muscular blockade, which should be reversed (with either 
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neostigmine/glycopyrrolate or sugammadex). If a residual 
opioid effect is suspected, naloxone in small increments 
(40 µg every 2 minutes up to 200 µg) can be titrated to 
effect. Equally, if a residual benzodiazepine effect is sus-
pected, flumazenil in 0.1 to 0.2 mg increments every 1 
minute up to 1 mg can be titrated to effect. A blood glu-
cose level should be checked and hypoglycemia should 
be treated with dextrose, whereas hyperglycemia can be 
treated with insulin as needed. An ABG and electrolyte 
panel should be obtained. CO2 narcosis can be treated with 
hyperventilation (and potentially intubation), and electro-
lyte disturbances should be corrected. If none of the above 
interventions yields any suspicious results, CAS should 
be considered and physostigmine 1 to 2 mg IV could be 
administered. At the same time, it is important to rule out 
any cerebrovascular accident by consulting neurology 
and obtaining a stat head CT. If the patient still does not 
emerge, admission to the ICU for further monitoring and 
serial exams should be initiated.!

Discharge Criteria

Although specific PACU discharge criteria may vary, 
certain general principles are universally applicable  
(Box 80.10).2 To summarize, a mandatory minimum stay 
in the PACU is not required. Patients must be observed 
until they are no longer at risk for ventilatory depression 
and their mental status is clear or has returned to baseline. 
Hemodynamic criteria are based on the patient’s baseline 
hemodynamics without specific systemic blood pressure 
and heart rate requirements. An assessment and written 
documentation of the patient’s peripheral nerve function 
on discharge from the PACU may become useful informa-
tion should a new peripheral neuropathy develop in the 
later postoperative period.

POSTANESTHESIA SCORING SYSTEMS

In 1970, Aldrete and Kroulik developed a postanesthe-
sia scoring system to monitor recovery from anesthe-
sia. The original Aldrete score assigned a number of 0, 
1, or 2 to 5 variables: activity, respiration, circulation, 
consciousness, and color. A score of 9 out of 10 was con-
sidered adequate for discharge from the PACU.168 Over 
the years, this system has been modified to keep up with 
advances in technology and anesthesia practice, includ-
ing the expansion of ambulatory surgery. In 1995, pulse 
oximetry replaced visual assessment of oxygenation and 
additional assessments were added to accommodate 
patients undergoing ambulatory surgery (Tables 80.3 
and 80.4).169

With the increase in number and complexity of outpa-
tient surgeries, discharge criteria have been amended by 
various authors to include assessment of home readiness. 
The resulting PADSS, or postanesthesia discharge scor-
ing system, continues to evolve. It was initially based on 
five criteria: vital signs, ambulation and mental status, 
pain and nausea/vomiting, surgical bleeding, and fluid 
intake/output. The current version has been modified to 
separate pain and nausea/vomiting and to eliminate the 
need to urinate before discharge.170-174 In the ambulatory 

 1.  Patients should be alert and oriented or mental status returned 
to baseline.

 2.  A minimum mandatory stay is not required.
 3.  Vital signs should be stable and within acceptable limits.
 4.  Discharge should occur after patients have met specified  

criteria.
 5.  Use of scoring systems may assist in documenting fitness for 

discharge.
 6.  The requirement to urinate before discharge and drink and 

retain clear liquids should not be part of a routine discharge 
protocol, although these requirements may be appropriate for 
selected patients.

 7.  Outpatients should be discharged to a responsible adult who 
will accompany them home.

 8.  Outpatients should be provided with written instructions 
regarding postprocedure diet, medications, activities, and a 
telephone number to call in case of emergency.

BOX 80.10 Summary of Recommendations 
for Discharge

Modified from American Society of Anesthesiologists Task Force on Pos-
tanesthetic Care. Practice Guidelines for Postanesthetic Care: a report 
by the American Society of Anesthesiologists Task Force on Postanes-
thetic Care. Anesthesiology. 2002;96:742–752.

TABLE 80.3 Criteria for the Determination of Discharge 
Score for Release from the Postanesthesia Care Unit

Variable Evaluated Score

ACTIVITY

Able to move four extremities on command 2

Able to move two extremities on command 1

Able to move no extremities on command 0

BREATHING

Able to breathe deeply and cough freely 2

Dyspnea 1

Apnea 0

CIRCULATION

Systemic blood pressure %20% of the preanesthetic  
level

2

Systemic blood pressure is 20% to 50% of the  
preanesthetic level

1

Systemic blood pressure #50% of the preanesthetic  
level

0

CONSCIOUSNESS

Fully awake 2

Arousable 1

Not responding 0

OXYGEN SATURATION (PULSE OXIMETRY)

Greater than 92% while breathing room air 2

Needs supplemental oxygen to maintain saturation 
>90%

1

Less than 90% with supplemental oxygen 0

Modified from Aldrete JA. The postanaesthesia recovery score revisited. J Clin 
Anesth. 1995;7:89–91.
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surgery setting, postoperative pain is the most signifi-
cant cause of delayed discharge and unplanned hospital 
admission. In an effort to improve patient satisfaction and 
timely discharge, Chung and associates identified a subset 
of high-risk patients who are likely to benefit from intense 
prophylactic analgesic therapy. This study of 10,008 con-
secutive ambulatory surgical patients found that the inci-
dence and intensity of postoperative pain increased with 
increasing BMI and duration of anesthesia. Orthopedic 
and urologic procedures were the most significant surgi-
cal factors.175

PACU Standards of Care require that a physician 
accept responsibility for the discharge of patients from 
the unit (Standard V).1 This is the case even when the 
decision to discharge the patient is made at the bedside 
by the PACU nurse in accordance with hospital-sanc-
tioned discharge criteria or scoring systems. If discharge 
criteria are to be used, they must first be approved by 
the department of anesthesia and the hospital medical 
staff. A responsible physician’s name must be noted on 
the record.!

Infection Control

Limitations in space,161 staffing,176,177 and time contribute 
to the transmission of infectious organisms in the PACU. 
The PACU is typically an open unit without physical bar-
riers between bed stations, however many units, such 
as those at Massachusetts General Hospital (MGH), have 
transitioned to individual rooms with doors. There are also 
a number of both positive and negative pressure specific 
rooms. Nurses and respiratory therapists simultaneously 
care for more than one patient, and admissions to the unit 
are transient with a length of stay measured in hours rather 
than days. Infection control monitoring can be difficult, 
as an infection that is transmitted as a result of a lapse in 
proper infection control in the PACU might not be identified 
by routine monitoring until days later on the inpatient unit.

Standard precautions, which are known as the abso-
lute minimum method of infection control, should always 
be followed when encountering each patient.178,179 Hand 
hygiene, which encompasses washing the hands with an 
antimicrobial soap or the use of alcohol-based hand rub 
(ABHR), is the single most important and effective com-
ponent of preventing contamination between patients 
and should be employed both before and after patient con-
tact.180,181 Proper hand hygiene is required even if the 
caregiver is wearing gloves. The installation of bedside alco-
hol-based cleansers increases compliance of hand hygiene 
among heathcare workers in the ICU.182-185 Although no 
equivalent study has been conducted in the PACU, the unit 
is similar to the ICU in workload and intensity of patient 
care. The Centers for Disease Control and Prevention’s 
Guideline for Hand Hygiene in Health-Care Settings recom-
mends that an “alcohol based hand rub [be made] available 
at the entrance to the patient’s room or at the bedside, in 
other convenient locations, and in individual pocket-sized 
containers to be carried by [healthcare workers] HCWs.”186 
Although the convenience of appropriately placed alcohol-
based cleansers is expected to improve hand-cleansing 
compliance, no follow-up studies in the PACU have been 
published.

With these limitations in mind, it is not surprising that 
the PACU has been described as the “weakest link” in the 
chain of care that bridges the sterile technique practiced in 
the operating room with infection control protocols practiced 
on the surgical unit. Despite an awareness of the factors that 
increase the risk of infection in the PACU, no studies have 
addressed the problem until recently. A study of hand cleans-
ing during postanesthesia care documents the poor compli-
ance of PACU nurses with this standard infection control 
procedure.182,187 In this observational study of 3143 patient 
care activities, the average compliance with hand cleansing 
was only 19.6% on patient admission to the unit and 12.5% 
in patients already admitted to the unit. In this study, the 
intensity of patient care activities was an independent pre-
dictor of noncompliance; that is, the greater the workload, 
the less likely the nursing staff would comply with infection 
control measures. Additional independent factors included 
patients of advanced age (65 years and older) and those 
recovering from clean surgery (i.e., surgical sites in which the 
respiratory, alimentary, and urinary tracts are not entered) 
and clean-contaminated surgery (i.e., surgical sites in which 

TABLE 80.4 Criteria for Determination of Discharge 
Score for Release Home to a Responsible Adult

Variable Evaluated Score*

VITAL SIGNS (STABLE AND CONSISTENT WITH AGE AND PREANES-
THETIC BASELINE)

Systemic blood pressure and heart rate within  
20% of the preanesthetic level

2

Systemic blood pressure and heart rate 20% to  
40% of the preanesthetic level

1

Systemic blood pressure and heart rate >40% of  
the preanesthetic level

0

ACTIVITY LEVEL (ABLE TO AMBULATE AT PREOPERATIVE LEVEL)

Steady gait without dizziness or meets the  
preanesthetic level

2

Requires assistance 1

Unable to ambulate 0

NAUSEA AND VOMITING

None to minimal 2

Moderate 1

Severe (continues after repeated treatment) 0

PAIN (MINIMAL TO NO PAIN, CONTROLLABLE WITH ORAL  
ANALGESICS; LOCATION, TYPE, AND INTENSITY CONSISTENT  
WITH ANTICIPATED POSTOPERATIVE DISCOMFORT)

Acceptability:

Yes 2

No 1

SURGICAL BLEEDING (CONSISTENT WITH THAT EXPECTED FOR THE 
SURGICAL PROCEDURE)

Minimal (does not require dressing change) 2

Moderate (up to two dressing changes required) 1

Severe (more than three dressing changes required) 0

*Patients achieving a score of at least 9 are acceptable for discharge.
Modified from Marshall SI, Chang F. Discharge criteria and complications after 

ambulatory surgery. Anesth Analg. 1999;88:508–517.
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respiratory, alimentary, genital, or urinary tracts are entered 
under controlled conditions without unusual contamina-
tion). As expected, compliance was best in patients with con-
taminated or known infected wounds.

There are three primary modes of transmission of infec-
tious agents: contact (direct or indirect), droplet, and air-
borne. The most common way pathogens are transmitted 
is via contact. In direct contact, organisms are transmitted 
directly from one person to another usually via blood or 
bodily fluids. Contact Plus (IE: C difficile infections) requires 
the healthcare worker to both wash their hands and use 
ABHR. Droplet transmission occurs when the source 
coughs or sneezes and usually requires relatively close 
contact for the other person to become infected as droplets 
(large particle, >5 mm) do not remain suspended in the air 
for greater than three feet. Airborne transmission occurs 
when small particle droplets (<5 mm) are disseminated 
into the air, can remain there for longer periods of time, and 
have the ability to travel further as compared to large par-
ticles. Patients with known or suspected airborne infections 
should be placed in negative pressure rooms. Healthcare 
workers are required to wear N95 masks when they are 
caring for a patient with tuberculosis (Table 80.5).!

Postoperative Management 
of Patients Undergoing 
Transcatheter Aortic Valve 
Replacement and Transcatheter 
Mitral Valve Repair

Transcatheter aortic valve implantation (TAVI) was first 
described in 2002 and was touted as a less invasive surgical 
option in those with severe aortic stenosis when compared 
to the classic approach of an aortic valve replacement. In 
brief, this procedure involves the deployment of a pros-
thetic valve within the native, stenotic aortic valve via a 
catheter that is inserted into the femoral, iliac, or subcla-
vian artery. Classically, these patients have been admitted 
to an ICU postoperatively; however, as the volume of these 
patients increases and with continued advances in surgical 
technique, many patients are now extubated in the operat-
ing room and have ICU lengths of stay less than 24 hours  

(Table 80.6).188 Given the ever-expanding need for ICU 
beds, some of these patients are now brought to the PACU 
to recover. We have recently developed a pathway at MGH 
designed for specific patients to recover in the PACU, instead 
of going to the cardiac surgical ICU (SICU). Currently, we 
are relatively selective with regard to the specific patients 
we recover in the PACU and those who will be admitted to 
the ICU postoperatively.

Patients who undergo TAVIs are typically older and have 
a significant number of comorbidities, including coronary 
artery, peripheral vascular, and/or cerebrovascular dis-
ease, as well as COPD and pulmonary hypertension.189,190 
For the purpose of this chapter, only the immediate postop-
erative issues that are most commonly encountered in the 
PACU will be described. For a comprehensive review of ICU 
care following TAVI, please see chapter 54.

As with any cardiac procedure, the postoperative period 
may be complicated by neurologic issues (pain, altered 
mental status, cerebrovascular accident), cardiac issues 
(hemodynamic instability, arrhythmias, ischemia), and 
vascular access issues (bleeding). The average age at MGH 
of patients who undergo TAVI is 82, and the average age 
was 83 in the PARTNER trial.189 POD is a well-known 
complication in older individuals undergoing cardiac 
surgery188 and POD is associated with increased ICU and 
hospital length of stay, as well as increased mortality. Pre-
ventative measures to help reduce delirium, such as fre-
quent reorientation, natural light, minimizing lines and 
tubes, and promoting a normal sleep-wake cycle should be 
utilized as often as possible. ICU stay is an independent risk 
factor for delirium, and simply bypassing the ICU via recov-
ering in the PACU and discharging the patient to the floor 
may help decrease the incidence of delirium in this patient 
population. If necessary, the use of antipsychotics may be 
used to treat delirium, however many are associated with 
QT prolongation which can predispose this already fragile 
patient population to arrhythmias. Dexmedetomidine may 
be used to prevent delirium, however its associated hypo-
tension and bradycardia may require intervention with 
regard to vasopressor support. When managing postop-
erative pain, every attempt to minimize narcotics should 
be undertaken, as narcotics are associated with increased 
delirium in the elderly. At MGH with TAVIs via the femoral 
route, we have found that patients do not often complain of 
severe pain and are easily managed with acetaminophen 

TABLE 80.5 Infectious Agent Precautions

Droplet Precautions Airborne Precautions

Neisseria meningitides  
(meningitis)

Tuberculosis (TB)

Group A Streptococcus Varicella virus (chickenpox)

Rubella (German measles) Variola virus (smallpox)

Mumps virus Influenza A

Corynebacterium diphtheria 
(pharyngeal diphtheria)

Hemorrhagic Fever viruses (Ebola, 
Marburg, Lassa)

Bordetella pertussis (whooping 
cough)

Rubeola virus (measles)

Yersinia pestis (pneumonic  
plague)

SARS

TABLE 80.6 Massachusetts General Hospital’s 
Indications for Admission to the Intensive Care Unit After 
Transcatheter Aortic Valve Implantation

Preoperative Intraoperative

Transapical approach
Transaortic approach
Need for preoperative hemody-

namic support
Emergency case
Pulmonary artery catheter needed 

postoperative
Preoperative significant delirium
Significant pulmonary  

hypertension
High-grade coronary artery 

disease

Expected postoperative intuba-
tion

Unexpected placement of a PA 
line

Hemodynamic instability
Conditions requiring close moni-

toring (pericardial fluid, aortic 
injury)

Ischemia
Significant arrhythmia
Suspected complete heart block 

without adequate safe pacing

PA, Pulmonary artery.
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and occasional low-dose fentanyl. These patients also 
require close monitoring —hence monitoring in the PACU 
for mental status changes with frequent performance of 
neurological exams, as the risk of stroke is the highest 
within the first 24 hours post-TAVI neurological event 
should be immediately evaluated.191,192 These embolic 
events are most likely embolic secondary to the nature of 
the procedure and likelihood for embolization of calcium 
and microthrombi.

After undergoing a TAVI, the ejection fraction and car-
diac output will increase. These changes are generally well 
tolerated. Pacing wires are used intraoperatively to allow 
for rapid ventricular pacing during valve deployment. 
These wires may be left in postoperatively in patients who 
either go into complete heart block and have not had a 
permanent pacemaker (PPM) placed intraoperatively. The 
PARTNER trial demonstrated that patients who undergo 
TAVI are more likely to require PPM placement than those 
who undergo surgical aortic valve replacement.193,194 
New-onset atrial fibrillation is also a common occurrence 
post-TAVI, however most patients are not anticoagulated 
given they will be started on dual antiplatelet therapy and 
the known association with increased risk of bleeding and 
even death.195,196

Vascular access site complications are a familiar occur-
rence following TAVI and can include retroperitoneal hem-
orrhage, arterial dissection, or pseudoaneurysm formation. 
Removal of arterial sheaths requires proper technique and 
includes the application of pressure at the insertion site for 
an appropriate amount of time.188

The first procedure involving transcatheter mitral valve 
repair (with the MitraClip) was performed in 2003. Mitra-
Clips are a minimally invasive alternative to open valvu-
lar surgery in those who suffer from mitral regurgitation. 
The number of these procedures performed at MGH is less 
than the patients who undergo TAVI, however, within 
the last year we have started to recover these patients 
in the PACU as well. Postoperative complications to be 
aware of are similar to TAVIs. Bleeding is one of the most 
common adverse events197,198 and ample pressure must 
be applied when the femoral venous catheter is removed. 
These patients commonly have atrial fibrillation, neces-
sitating anticoagulation therapy, which only serves to 
further amplify the risk of bleeding, and not only from the 
vascular access site (i.e., GI hemorrhage). Patients who 
are not on anticoagulation therapy will typically receive 
dual antiplatelet therapy for one month postprocedure.199 
Fortunately, pericardial tamponade remains a rare occur-
rence, as does the risk of clip migration and partial clip 
detachment.197,198

It appears as though patients who undergo both TAVI 
and MitraClip procedures can recover in the PACU. Care-
givers must be aware of, and remain mindful of, potential 
procedural complications.!

Immediate Postoperative Care of 
Craniotomies

In many institutions, it is the standard of care to admit 
patients to the neurosurgical intensive care unit (NICU) 
after any type of craniotomy. However, it has never been 
shown that this improves patients’ outcomes and lately 

several authors have questioned this approach. The num-
ber of NICU beds is limited and certain patients may not 
require this elevated level of acuity, such as those who 
undergo minor craniotomies.200 Instead, the patients 
are admitted to the PACU and after they meet discharge 
criteria, are transferred to a lower acuity ward (neuro-
surgical transitional care unit [NTCU]). This approach 
may decrease the average hospitalization length of these 
patients and also provide substantial cost savings.201 The 
goal is to reduce the demand for NICU beds and allocate 
resources more effectively to those for whom they are 
appropriate.

This is an evolving issue and obviously local conditions 
and policies have to be taken into account. First and fore-
most, the neurosurgeons have to agree to have their patients 
on this pathway. Furthermore, clear criteria for patients to 
get on this pathway have to be developed. Currently, at Uni-
versity of California, San Francisco (UCSF), we use a “Safe 
Transition Pathway” where we apply several criteria to 
determine whether or not a patient can safely bypass the 
ICU. Besides taking type of surgery, patient’s age, comor-
bidities (especially those that would warrant postoperative 
ICU level of care), the duration of the procedure, and the 
estimated blood loss (EBL) during surgery into account,202 
we also only consider tumors below a certain size eligible 
for our pathway at UCSF. Furthermore, in order to remain 
on this pathway, no adverse intraoperative events should 
occur and the patient should have had an uneventful rou-
tine intubation and extubation.203 There should not be any 
concerns regarding bypassing the NICU from the surgical 
and anesthesia teams during the debriefing at the end of 
surgery.

Patients on this pathway need some closer attention in 
the PACU. During the sign-out, the baseline neurologic 
examination prior to surgery should be conveyed to the 
PACU team (e.g., motor function, any deficits, patient 
conversant), as well as anticipated or expected deficits 
given the location of the procedure. Explicit hemody-
namic goals should be clarified, especially upper limit for 
SBP or MAP, since even minor bleeding can have devas-
tating consequences. Drugs to treat postoperative hyper-
tension are either labetalol or a nicardipine infusion, 
since these medications do not increase cerebral vasodila-
tion. A pupillary exam should be performed upon arrival 
in PACU, with the goal to rule out significant anisocoria 
or a unilateral, fixed, dilated pupil. Bilateral miosis is not 
uncommon and may be attributed to intra- and postop-
erative opioid administration. During the PACU stay, the 
head of the bed is typically elevated to promote cerebral 
venous drainage. Significant neck manipulation should 
be limited, since this can impair venous drainage. Air-
way obstruction and apnea should be avoided, since an 
increase in PaCO2 will cause cerebral vasodilation and 
increase the intracerebral pressure (ICP). For the same 
reason oxygenation should be maintained, since hypox-
emia will also increase the ICP. Coughing and bucking is 
best avoided, too, since they can also cause acute eleva-
tion of the ICP.

Common issues that can arise in the PACU in this patient 
population include altered mental status, which warrants 
frequent reassessment and examination, especially for any 
motor deficits. Seizures can be observed even in previously 
healthy patients without a history of epilepsy, since the 
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surgical manipulation of the brain and dura are highly 
irritating and do increase the risk of these occurring. The 
clinician’s primary focus should be on terminating the 
seizures with IV benzodiazepines (lorazepam, midazolam) 
and maintaining a patent airway. Endotracheal intuba-
tion should be considered if protection of the airway in the 
postictal state is not possible in order to avoid hypercarbia 
and hypoxia. This would obviously require the patient to 
be transferred to the NICU. Nonsurgical causes for a sei-
zure (e.g., hypoglycemia or electrolyte imbalance) should 
always be considered and ruled out. In terms of postop-
erative pain, headaches and neck pain are not uncom-
mon after craniotomies, although the pain is usually not 
severe. Acetaminophen and low-dose opioids should be 
the first choice of analgesics. NSAIDs should be used either 
with caution or not at all in the acute postoperative set-
ting, since they can cause intracerebral bleeding. The pri-
mary surgical team should always be consulted before the 
administration of any NSAIDs. Finally, PONV can occur 
in this patient population as well and should be treated 
aggressively since retching and vomiting can cause a tran-
sient increase of the ICP.

The patients will typically stay in the PACU until the 
routine criteria for transfer to the NTCU are met and they 
will continue to be monitored and examined very closely 
and should have telemetry and continuous pulse oximetry 
ordered.!

Potentially Devastating Visual 
Complications

CORNEAL ABRASIONS

Corneal abrasions (CAs) are the most common ophthalmic 
injury in the postoperative period with an incidence rang-
ing from 0.17% to 44%.204 Many CAs are secondary to 
mechanical trauma and patients often complain of blurry 
vision, tearing, redness, photophobia, and foreign body sen-
sation in the eye. Corneal epithelial cells are self-regenerat-
ing, and therefore CAs tend to resolve quickly with limited 
treatment and long-term complications are uncommon. 
However, the injury is unexpected, painful, and anxiety-
inducing for the patient. Statistically significant risk fac-
tors include age, general anesthesia, greater average EBL, 
eyes taped during surgery, prone position, Trendelenburg 
position, and supplemental oxygen on the way to and 
in the PACU.204 Minor CAs do not necessarily need to be 
evaluated by an ophthalmologist; several institutions have 
developed treatment protocols in conjunction with their 
ophthalmology department. According to these protocols, 
minor CAs can usually be treated by anesthesiologists, who 
can diagnose them and initiate a pre-established treatment 
regimen. However, should the patient have any vision loss, 
change in visual acuity, severe or uncontrolled pain, a his-
tory of refractive eye disease, a large or complicated abra-
sion or a foreign body, an ophthalmology consult should 
immediately be initiated. If the patients receive the pre-
established treatment regimen, their symptoms should be 
resolved by the next morning, which can be confirmed with 
a follow-up phone call; otherwise they should be evaluated 
by an ophthalmologist.204,205!

POSTOPERATIVE VISION LOSS

Postoperative vision loss (POVL) is a rare but devastat-
ing complication after anesthesia. The etiology is mul-
tifactorial (e.g., CA, ischemic optic neuropathy [ION], 
cerebral vision loss, central retinal artery occlusion, and 
several other less common causes) and POVL can occur 
after any surgical procedure. However, there seems to be 
an increased incidence after spinal fusions and cardiac 
surgeries. ION is the most common cause of permanent 
POVL and accounts for 89% of POVL following prone 
spine surgeries.206 The incidence of ION has decreased by 
over 50% from 1.63/10,000 (1998–2000) to 0.6/10,000 
(2010–2012).207 Risk factors for ION have been identified 
and include: male gender, obesity, use of Wilson frame, 
long surgery/anesthesia (>6.5 hours), high EBL (>45% 
of estimated blood volume), and lower percent colloid 
administration.208,209 If POVL is suspected, immediate 
ophthalmologic consultation should be sought. However, 
the long-term outcome of this complication is unfortu-
nately usually poor.210!

Future Considerations

INTENSIVE CARE

In recent years, the demand for ICU beds has increased sig-
nificantly within the United States and Europe. Because the 
PACU possesses the equipment and expertise to monitor, 
ventilate, and resuscitate patients recovering from general 
anesthesia, it has become the logical choice to provide care 
for critically ill patients for whom ICU beds are not avail-
able.211 Although it is now common to care for critically ill 
patients in the PACU, the maintenance of quality patient 
care continues to challenge hospital administrators and 
staff.212

One obstacle to efficient ICU care in the PACU is the 
diversity of physician coverage required. Whereas the 
proximity of the operating room and the patient popu-
lation recovering from anesthesia dictate that an anes-
thesiologist be the responsible physician for the majority 
of patients in the unit, nonsurgical ICU patients often 
require physician coverage by specialists who are unfa-
miliar with the unit and whose practices are located in 
distant areas of the hospital. As a result, PACU nurses 
must identify and contact physicians with whom they 
rarely interact.

Physician coverage (who will be primarily responsible 
for patient care—internist, anesthesiologist, or surgeon), 
privacy for family visitation (lack of space in a traditionally 
open unit), infection control (the proximity of patient beds 
and rapid turnover of patients), and nursing competencies 
(ongoing ICU training of staff) are some of the challenges 
facing the PACU today.213 In a study of 400 ICU overflow 
patients admitted to the PACU in the United Kingdom, Ziser 
and colleagues identified insufficient medical and nurs-
ing coverage, inadequate communications, and visiting 
facilities for patient’s families as the most significant prob-
lems facing the unit. The ICU patients in this study were 
on average 53 years of age with a mean length of stay of 
12.9 hours. Seventy percent were mechanically ventilated, 
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77.8% required invasive monitoring, and 4.5% died in the 
PACU while awaiting placement in the ICU. The busiest 
hours of admission were 1 am to 11 am.214

In an effort to ensure the quality of patient care in the 
PACU, the professional societies responsible for the delivery 
of care in the unit have collaborated to develop standards 
for the care of ICU overflow patients. The “Joint Position 
Statement on ICU Overflow Patients” issued in 2000 is 
the result of this collaboration. It specifically requires that 
PACU staffing meet the nursing staffing ratios and compe-
tencies required in the critical care units.215

The Joint Position Statement reproduced here recom-
mends that the following criteria be met:
  

 "  It must be recognized that the primary responsibility for 
Phase 1 PACU is to provide the optimal standard of care 
to the postanesthesia patient and to effectively maintain 
the surgery schedule.

 "  Appropriate staffing requirements should be met to 
maintain safe, competent nursing care of the postanes-
thesia patient as well as the ICU patient. Staffing criteria 
for the ICU patient should be consistent with ICU guide-
lines and based on individual acuity and needs.

 "  Phase 1 PACUs are by their nature critical care units 
and as such should meet the competencies required for 
the care of the critically ill patient. These competencies 
should include, but are not limited to, ventilator man-
agement, hemodynamic monitoring, and medication 
administration, as appropriate to their patient popula-
tion.

 "  Management should develop and implement a compre-
hensive resource utilization plan with ongoing assess-
ment that supports the staffing needs for both the PACU 
and ICU patients when the need for overflow admission 
arises.

 "  Management should have a multidisciplinary plan to 
address appropriate utilization of ICU beds. Admission 
and discharge criteria should be utilized to evaluate the 
necessity for critical care and to determine the priority of 
admission.
  

In addition to increasing the acuity of patient care in the 
PACU, the shortage of ICU beds has encouraged the de-
escalation of care in selected patient populations. Postop-
erative patients who were historically admitted directly to 
the ICU from the operating room for intensive or specialized 
monitoring have had successful recovery by routine post-
operative care in the PACU. Examples include postoperative 
craniotomy,216 liver transplantation,217,218 and cardiac 
surgery patients. The neurosurgical group at the Univer-
sity of Florida has shown that uncomplicated craniotomy 
patients can be safely cared for in the PACU at a significant 
savings of hospital-days and cost without increased morbid-
ity or mortality.187 Likewise, the trend to early extubation 
of liver transplant patients in the operating room has led 
to the successful uncomplicated recovery of these patients 
in the PACU. Finally, in an effort to protect ICU bed avail-
ability and reduce the number of cardiac surgery cancella-
tions, a group in Melbourne established a cardiac surgery 
recovery unit within the PACU.219 Each of these examples 
requires adequate space and specialized nursing skills to be 
successful.!

OUTPATIENT PROCEDURES

Finally, the PACU has responded to the economic restric-
tions that currently limit hospital resources by accommo-
dating the performance of simple outpatient procedures 
(see Chapter 72).220 The PACU is uniquely equipped to care 
for patients who are undergoing noninvasive and mini-
mally invasive procedures such as electroconvulsive ther-
apy,221,222 cardioversion,223 epidural blood patch,220 and 
liver biopsy.220 Ambulatory patients undergoing such pro-
cedures can be admitted directly to the PACU for the proce-
dure and discharged to home after a brief recovery period. 
In order to do so, the PACU must be appropriately staffed 
and scheduled so as to not interfere with routine operat-
ing room scheduling and postoperative recovery. Electro-
convulsive therapy is somewhat unique in that it requires 
general anesthesia that is delivered by an anesthesia care 
practitioner. Typically these are short procedures that can 
be scheduled before the routine operating room cases. One 
successful electroconvulsive therapy program schedules 
the procedure at 5:30 am with nurse-to-patient ratio of 2:1 
and estimated PACU length of stay of 2 hours.222!

Summary

The PACU is more than a postanesthesia observation unit. 
It is unique in its ability to support the care of patients of all 
ages and in every stage of illness. Since its inception more 
than 50 years ago, the PACU has proved to be an exception-
ally adaptable unit that is equipped to meet the demands of 
an evolving healthcare system.
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