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Anesthesia for ambulatory surgery
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Ambulatory anesthesia allows quick recovery from anesthesia, leading to an early discharge and rapid resumption of
daily activities, which can be of great benefit to patients, healthcare providers, third-party payers, and hospitals. Recently,
with the development of minimally invasive surgical techniques and short-acting anesthetics, the use of ambulatory sur-
gery has grown rapidly. Additionally, as the indications for ambulatory surgery have widened, the surgical methods have
become more complex and the number of comorbidities has increased. For successful and safe ambulatory anesthesia,
the anesthesiologist must consider various factors relating to the patient. Among them, appropriate selection of patients
and surgical and anesthetic methods, as well as postoperative management, should be considered simultaneously. Patient
selection is a particularly important factor. Appropriate surgical and anesthetic techniques should be used to minimize
postoperative complications, especially postoperative pain, nausea, and vomiting. Patients and their caregivers should
be fully informed of specific care guidelines and appropriate responses to emergency situations on discharge from the
hospital. During this process, close communication between patients and medical staff, as well as postoperative follow-
up appointments, should be ensured. In summary, safe and convenient methods to ensure the patient’s return to function

and recovery are necessary.
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Introduction

The rate of ambulatory surgery use has increased steadily due
to continued improvements in anesthesia techniques, such as
regional anesthesia, and the availability of ultrashort-acting an-
esthetics with reduced side effects. More appropriate ambulatory
discharge criteria and minimally invasive surgical techniques
have also increased the rate of ambulatory surgery use [1-3].
Consistent with these changes, the introduction of the concept
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of fast-track recovery in the early 1990s enabled quicker recov-
ery from anesthesia and thus a rapid resumption of daily activi-
ties and early discharge from the hospital [4,5]. Mortality and
major morbidity associated directly with ambulatory surgery
have a very low incidence [1] and there are several important
advantages of ambulatory surgery when compared to inpatient
surgeries, such as a lower rate of cancellations, and reductions in
waiting times, hospital costs, and the risk of nosocomial infec-
tion [6]. At first, ambulatory surgery went largely unnoticed, but
in the 1960s it started to gain prominence along with ambula-
tory anesthesia at general hospitals. In 1985, the Society of Am-
bulatory Anesthesia (SAMBA) was founded, and in 1995, the
International Association of Ambulatory Surgery (IAAS) was
established by surgeons, anesthesiologists, nurses, and hospital
managers [7]. Since then, the use of ambulatory anesthesia has
increased rapidly; now, 65-70% of all operations in the United
States are performed on an ambulatory basis [8].

For a successful ambulatory surgery, it is necessary that both
the patient and the procedure are appropriate for ambulatory
anesthesia. The advantages of ambulatory surgery disappear in
cases in which an emergency occurs or an unplanned hospital
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admission is required. Thus, patients intending to undergo an
ambulatory operation should consider the numerous potential
risks involved. The primary concern in ambulatory surgery is ul-
timately the patient’s health and the potential side effects. Thus,
when deciding on ambulatory surgery, it is important to evaluate
the patient’s overall condition, including their past medical his-
tory and family history, as well as the type of surgery. The choice
of anesthetic method is based on the operation, patient factors,
the anticipated degree of pain, and possible complications. How-
ever, considering that ambulatory surgeries involve discharge on
the day of the operation, recovery of the patient is perhaps the
most important factor in determining the method of anesthesia.
For successful ambulatory surgery, prophylactic and active treat-
ment should be performed to minimize complications, such
as postoperative pain, nausea, and vomiting, which may delay
discharge and increase the likelihood of unanticipated hospital
readmission during the perioperative period. This article will
discuss patient selection, anesthetic methods, and postoperative
management for effective ambulatory anesthesia.

Preoperative Anesthetic Assessment

Preoperative assessment of patients for ambulatory surgery
confers several advantages. First, surgery cancellations and de-
lays can be reduced [6,9-11]. Cancellation of surgery not only
increases time and monetary costs, but also increases the pain
of the patient. Second, a preoperative evaluation should improve
the patient’s condition and allows adjustment to improve suit-
ability for ambulatory surgery. That is, the patients condition
can be improved, in terms of suitability for ambulatory surgery,
by uncovering their health problems [12]. Third, effective evalu-
ations speed up the whole process, thus saving time [13].

Patient selection

Most patients are eligible for ambulatory surgery unless
there is a specific reason for an overnight stay [14]. Recently,
patient choice has become an important factor because of the
complexity of ambulatory surgical procedures and the increased
incidence of comorbidities. Preoperative assessment and opti-
mization according to medical comorbidities are associated with
improved perioperative results.

Patient selection for ambulatory surgery depends on several
factors, including surgical, social, medical, and anesthetic fac-
tors.

Surgical considerations [14]

1. Ambulatory surgery should not carry a significant risk of
major complications (e.g., hemorrhage, cardiovascular in-

stability).
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. When opening the abdominal or thoracic cavities, mini-

mally invasive surgical techniques should be used.

. Postoperative pain should be controlled with oral analgesia

and regional or local anesthetic techniques.

. Patients should be able to resume normal functions (e.g.,

oral drinking) as soon as possible.

. Patients should be mobile to at least some extent before

discharge.

. Long-term professional care or observation after surgery is

not required.

. The anticipated degree of surgical trauma is more impor-

tant than the surgical duration.

. The surgeon should have sufficient experience with the

procedure and a low complication rate record.

Social considerations [14]

1

. Patients must understand the procedure and postoperative

care requirements and consent to the ambulatory surgery.

. When a patient is discharged to home, he/she should be

accompanied by a responsible adult who can take care of
them in the 24 h after surgery.

. It is essential for patients and caregivers to have easy access

to a telephone after discharge.

. Patients should not drive for at least 24 h after anesthesia

or sedation.

. It is also important to be within 1 h of emergency medical

services and to minimize pain.

. The patient’s home environment should be suitable for

postoperative care.

Medical considerations

1.

3.

Patient selection is based on the patient’s functional status
at the time of assessment and is not necessarily restricted
by age, body mass index (BMI), or American Society of
Anesthesiologists status [15-17]. While a high BMI is not
an absolute contraindication [18], obese patients may have
other medical problems, such as obstructive sleep apnea
(OSA) [19]. In the case of obese patients, the preopera-
tive assessment must be sufficiently thorough to identify
patients with obesity-related diseases and to exclude those
with severe coexisting diseases that may be better managed
in a hospital setting.

. Patients with chronic but stable illnesses prefer to be at

home, as this interferes less with their daily lives [15].
Patients with unstable medical condition, such as unstable
angina or poorly controlled diabetes, are not appropriate
for ambulatory surgery.
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Anesthetic considerations

In addition to a general medical assessment, there are also
specific areas that should be addressed, including anesthesia
history and postoperative nausea and vomiting (PONV) risk an
airway assessment should also be done.

Anesthetic history

It is important to investigate anesthesia-related problems,
such as suxamethonium (succinylcholine) apnea [20], malignant
hyperthermia and other related complications, and to check for
a family history of bad reactions and obtain relevant documents.
Such complications are not necessarily absolute contraindica-
tions, but additional preparation may be necessary if they are
present. There is a possibility of malignant hypersensitivity (<
1%) even after the administration of a trigger-free anesthetic
[21,22], postoperative temperature monitoring for at least 4 h is
recommended [23].

PONV risk

PONYV is the most common complication of anesthesia
and the risk varies greatly according to the anesthesia method.
In preoperative evaluations, it is useful to evaluate the risk of
PONV using the four Apfel risk factors (female gender, history
of PONV and/or motion sickness, non-smoking status, and
postoperative use of opioids) [24]. This makes it possible to clas-
sify patients into risk groups for better planning of anesthesia.

Airway assessment

To predict difficult airway intubation, a preoperative airway
examination should be done. Certain patient groups, such as
those with OSA and obesity, may be at higher risk for anesthe-
sia-related complications but appropriate patient and treatment
selection can prevent airway-related complications. Supraglot-
tic devices must be evaluated carefully to determine the role of
routine and emergency airway management in the ambulatory
setting [25].

Special considerations
Elderly populations

As the general population ages and lifespans increase, the
number and severity of medical complications that require
cardiovascular drugs is also increasing [26]. However, age
alone should not be used to determine the appropriateness of
ambulatory surgery. Preoperative assessment should be done to
determine whether there are any exclusion criterion for ambula-
tory surgery. Older outpatients need more supervision after dis-
charge and social issues, such as patient independence, mobility,
and familial or social isolation, should be considered for this
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population. Postoperative cognitive dysfunction may be bet-
ter managed at home, in a familiar environment, to allow more
rapid discharge after ambulatory surgery [17].

Obstructive sleep apnea

Among patients with OSA, it is known that the risk of peri-
operative complications is high [27]. However, evidence from a
recent systematic review suggests that there is no increased risk
of morbidity or mortality in patients with OSA who undergo
ambulatory surgery [28]. Based on this evidence, a consensus
statement by the SAMBA, patients with a known diagnosis of
OSA who are typically undergoing continuous positive airway
pressure (CPAP) therapy, were optimized, and during the post-
operative period, a CPAP device can be used [29]. If OSA has
not been diagnosed, signs and symptoms should be checked for
during evaluations in groups at particular risk. The STOP-Bang
questionnaire helps in predicting the likelihood of OSA [29].
This instrument is a quick tool for evaluating undiagnosed OSA
patients and helps anesthetists prepare appropriate postopera-
tive monitoring and care regimens [29,30].

Intraoperative Anesthetic Management

No single anesthetic or method is appropriate for all ambu-
latory anesthesia cases. Thus, the patients preference, age and
physical condition, the surgeons requirements, the duration of
effect of the selected medication, and the degree of postoperative
nursing care required are considered in determining the most
effective and convenient anesthetic method and medication.
The choice of anesthetic method for ambulatory surgery should
also take into account the safety, quality, efficacy, medicine, and
equipment of the different methods. Furthermore, in general,
the anesthetic agents that are chosen are those with a rapid onset
of action and fast recovery time, and that do not cause problems
with respect to intraoperative control of consciousness and pain
relief, and have no other side effects. The choice of anesthetic
method depends on the type of surgery and the patient’s status.
Anesthesia for ambulatory surgery includes general and regional
anesthesia, local anesthesia, monitored anesthesia care (MAC),
or a combination of these methods.

General anesthesia

General anesthesia is the most common choice, because it
is safe, economical, easy to recover from, and familiar to most
anesthesiologists. The use of new anesthetics, such as propofol,
sevoflurane, and desflurane, allows for easier titration, early
awakening, and a reduction in the time required to meet post-
anesthesia care unit (PACU) discharge criteria [31-34]. How-
ever, the absence of analgesia during the postoperative period
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requires the addition of opioids, which carry risks of mental
obtundation and nausea.

Inhalational agents themselves carry a 20-50% risk of PONV
[35], which can be minimized by generous use of prophylactic
drugs [36]. The value of using of desflurane versus sevoflurane
remains open to discussion [37]. Although the clinical difference
between desflurane and sevoflurane is small, in some studies,
more rapid emergence from anesthesia was reported with des-
flurane [38]. Another study reported that in a desflurane group,
emergence from anesthesia was more rapid compared with a
sevoflurane group, but there were no significant differences be-
tween the two groups during the late recovery phase [39].

As an intravenous anesthetic, propofol shows a rapid rate of
metabolism, resulting in quick recovery from anesthesia with
few side effects [40]. Because of the low incidence of nausea and
vomiting, propofol is commonly used for anesthesia induction
and maintenance in ambulatory surgery.

Remifentanil is also useful during ambulatory surgery, be-
cause of its rapid onset and short duration of action, which leads
to rapid awakening and recovery from anesthesia [41]. Because
of the rapid analgesic offset of remifentanil, it may be necessary
to also use long-acting opioids or non-opioid analgesics to pro-
vide postoperative pain relief. The possibility that remifentanil
can induce acute tolerance and hyperalgesia after several hours
of infusion or repeated administration is still controversial [42].
Lenz et al. [43] reported that intraoperative remifentanil at high
doses (0.3-0.5 ug/kg/min) increased postoperative pain and
morphine consumption. Another study reported that remifent-
anil did not increase the frequency of PONV or the use of anal-
gesics after ambulatory surgery [44].

The recently introduced agent sugammadex binds directly
to steroidal non-depolarizing muscle relaxants, such as lipid-
soluble rocuronium and vecuronium, deactivating the drugs and
reversing the effects of muscle relaxation [45]. The effect of su-
gammadex is faster and stronger than that of anticholinesterase,
which indirectly reverses muscle relaxation through increasing
acetylcholine concentrations. Additionally, as there are no side
effects associated with parasympathetic nerve disorders due to
increased acetylcholine concentrations, concomitant use of anti-
cholinergic drugs is unnecessary [46]. Sugammadex is suitable
for use in ambulatory anesthesia because of its ability to reverse
rocuronium-induced neuromuscular blockade at any stage and
improve patient safety [47].

Regional anesthesia
The major types of regional anesthesia include peripheral
nerve blockade (with or without a continuous peripheral nerve

catheter) and neuraxial blockade [48]. Regional anesthesia can
avoid the side effects often caused by general anesthesia, such
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as nausea, vomiting, dizziness, residual muscle relaxation, and
aspiration pneumonia. Additionally, analgesic effects can onset
from the early postoperative period [48]. However, regional an-
esthesia requires more time to take effect, and in cases in which
the anesthesia is unsuccessful or incomplete, general anesthesia
is used. An anesthesia induction room, in which a nerve block
can be activated before surgery, can be of great help in opera-
tions [49,50]. Furthermore, the postoperative analgesic effect
is greater with supplementation by peripheral nerve block in
patients undergoing general anesthesia than with the use of lo-
cal anesthesia. Thus, the use of narcotic analgesics, and their
consequent side effects, can be reduced, leading to a more rapid
recovery [51]. However, when using central axonal block, ap-
propriate local anesthetics and anesthetic supplements should
be selected and administered at appropriate dosages to prevent
delays in the discharge of ambulatory surgery patients [52].

Monitored anesthesia care

MAC is a method in which patients are anesthetized by in-
travenous injection of analgesic and sedative drugs. Rather than
being used alone, MAC is often used in conjunction with local
infiltration anesthesia and peripheral nerve block. MAC can in-
crease patient satisfaction and shorten recovery times compared
with general anesthesia or neuraxial block [53,54]. Recently,
propofol, low-dose ketamine, and dexmedetomidine have been
used increasingly because they can reduce the incidence of re-
spiratory depression caused by sedative-analgesic use [55-57].
Because respiratory depression is caused by excessive sedation,
special attention must be paid to this possibility by the staff per-
forming ambulatory surgery.

Controversies in anesthetic methods

Total intravenous anesthesia (TIVA) versus inhalation
anesthesia

The advantages of TIVA versus inhalation anesthesia have
been discussed previously [58]. TIVA in ambulatory surgery is
advantageous due to rapid recovery, without agitation or behav-
ioral disturbances, and a low incidence of PONV. It also helps
to avoid environmental pollution, and excludes the possibility
of malignant hyperthermia. However, the literature provides no
compelling evidence for the advantages of one method or the
other in improving the recovery profile and cognitive function
[59,60].

General anesthesia versus regional anesthesia

Large-scale studies have shown that regional anesthesia has a
lower morbidity rate than general anesthesia [61-64]. However,
these large-scale studies have several drawbacks and the results
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are often difficult to generalize to other clinical settings. The
drawbacks are as follows [65]. First, little or no information is
included on the type of general anesthesia, or pain management
regime, or on the details of the regional anesthesia technique
used. Second, a potential selection bias can occur because the
comparison is not random. Third, no accurate data is provided
on treatment principles or pain control. These studies provide
no clear guidelines for selection of the optimal anesthesia meth-
od (general or regional).

Postoperative Anesthetic Management

For successful ambulatory surgery, postoperative pain, nau-
sea, vomiting, dizziness, and intestinal and bladder obstruction,
which may delay a patient’s discharge and increase the likeli-
hood of re admission, must be minimized. Pain and PONV, the
most common complications after ambulatory anesthesia and
surgery, are closely related. Excessive use of opioids to control
postoperative pain may cause PONV and pain itself is a risk fac-
tor for PONV. Thus, perioperative treatment to mitigate against
such complications is essential. The rate of unexpected hospi-
talization, which represents an important indicator of ambula-
tory surgery quality, is usually reported as 1-2% [66]. The most
common causes of such hospitalizations are pain, hemorrhage,
and the need to perform more extensive surgery than initially
planned [67,68].

Postoperative pain management

Postoperative pain management, which is an integral facet of
successful ambulatory anesthesia, includes regional nerve block
and analgesic administration. The infiltration of local anesthet-
ics or nerve block at the surgical site at the conclusion of the
operation may reduce the dose of anesthetics and analgesics re-
quired thereafter [69]. Thus, the recovery time is shortened, and
anxiety or excitement in the recovery room due to pain can be
alleviated. Pain control following a successful surgical operation
increases the patient’s speed of recovery and return to activities
of daily living [70]. The use of non-steroidal anti-inflammatory
drugs (NSAIDs) alone is relatively ineffective in controlling se-
vere pain, while the use of narcotic analgesics alone may cause
various postoperative side effects, such as nausea, vomiting,
dizziness, and constipation. Multimodal or balanced analgesia
therapy, or the use of more than one pain relief method, can
increase analgesic effects while simultaneously reducing the side
effects associated with certain medications [71]. Thus, this mul-
timodal approach has become standard in pain control therapy
for ambulatory surgical operations [72]. Recently, larger-scale
procedures associated with severe postoperative pain, such as
laparoscopic nephrectomy, prostatectomy, shoulder and knee
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reconstruction, and hysterectomy, are increasingly being per-
formed on an ambulatory basis or with short hospitalization pe-
riods [73]. The perioperative use of multimodal analgesia thera-
pies with both narcotic and non-narcotic analgesics can increase
the speed of a patients quick recovery and improve satisfaction
rates.

Narcotic analgesics continue to play a prominent role in re-
lieving postoperative acute pain. However, as the frequency of
reports of minimally invasive surgery with relatively low post-
operative pain increases steadily, so too does the role of non-
narcotic analgesics as prophylactic agents [73]. Furthermore,
NSAIDs, acetaminophen, ketamine, alpha-2 agonists, and ga-
bapentin have been used increasingly in multimodal analgesia
therapies for postoperative pain control [74]. Ideally, a combina-
tion of these non-narcotic analgesics would be used to ensure
excellent pain relief and ultimately eliminate the use of narcotic
analgesics. Multimodal analgesia therapy minimizes postopera-
tive pain, reduces organ damage resulting from the use of nar-
cotic analgesics, and facilitates recovery from anesthesia; thus, it
has become an important element of ambulatory surgery.

Postoperative nausea and vomiting

While the frequency of nausea and vomiting varies, approxi-
mately 30-50% of patients report such symptoms [75,76]. Even
if other problems associated with surgery and anesthesia are al-
leviated, in cases of severe nausea or vomiting, patient discharge
may still be delayed and unexpected hospitalization may be
necessary. Despite the development of various new anti-emetics,
the incidence of nausea and vomiting due to patient, surgery,
and anesthesia-related risk factors remains high, at around 30%
[77]. Major risk factors for PONV include female gender, non-
smoking status, a history of nausea and vomiting after motion
sickness or surgery, and previous use of inhalation anesthesia or
narcotic analgesics [78]. For adults with more than two of these
risk factors, the administration of multimodal anti-emetics,
such as droperidol, dexamethasone, and ondansetron, is recom-
mended [79]. Treatment of PONV requires the administration
of antiemetic drugs of a different pharmacological class than the
initial prophylactic drugs, and low-dose 5-hydroxytryptamine
receptor antagonists are recommended unless prophylaxis is
indicated [80]. Furthermore, to reduce the risk of nausea and
vomiting, adequate use of propofol, fluid therapy, and minimi-
zation of narcotic analgesics during perioperative treatment are
also effective [81].

Recovery

The process of recovery from anesthesia can be divided into
three stages: early, middle, and late [3,66]. Early recovery refers
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to the period between awakening from anesthesia and restora-
tion of protective reflexes and motor capacity. Up to this point,
the patient remains in the PACU, where vital signs and oxygen
saturation are monitored. If necessary, oxygen, analgesics, and
anti-emetics can be administered. Most hospitals that conduct
ambulatory surgery have step-down units or ambulatory surgi-
cal units that assist patients in the middle stages with prepara-
tion for discharge. Patients in the middle recovery phase stay
in step-down units and are nursed in resting chairs. They are
considered ready for discharge when they are capable of walk-
ing, drinking, and urinating. Transfer decisions from the PACU
to the step-down unit commonly follow evaluations done using
the modified Aldrete scoring system [82] or White’s fast-track
criteria [83]. Limitations of the modified Aldrete score include
that it does not address pain, nausea, or vomiting, which are
common side effects of a PACU stay [82]. The modified Aldrete
score is also not ideal for determining fast-tracking bypass in
ambulatory settings or patients undergoing regional anesthesia
[48]. When a simple operation is performed using short-acting
anesthetics, such as propofol, sevoflurane, or desflurane, there
are many cases in which the patient recovers consciousness, reg-
ular breathing, and stable vital signs in the operating room. The
use of a cerebral monitoring device, such as the bispectral index,
may be advantageous, with the early aim being to help titration
toward a lower anesthetic dose [84,85]. In such cases of early
recovery, a fast-tracking method that involves directly moving
the patient to the step-down unit without passing through the
PACU can be applied to reduce medical expenses. White’s fast-
track criteria are used to evaluate the decision to admit a patient
into a step-down unit without going through the PACU [83].
The more recently introduced ‘WAKE’ score includes not only
the modified Aldrete score (maximum score = 10), but also “zero
tolerance” criteria to assess post-operative pain, PONV, tremors,
itching, and orthostatic symptoms (dizziness, hypotension) [86].
The WAKE score appears more suitable for the evaluation and
rapid follow-up of outpatients who have undergone regional
anesthesia, general anesthesia, or MAC [48]. The late recovery
period refers to the period prior to a patient being able to return
to work and daily life, after all functions have recovered fully
post discharge. For a safe discharge, the patient must have stable
vital signs and show restoration of full orientation. Furthermore,
the patient must be able to walk without dizziness and have little
to no pain, nausea, vomiting, or surgical-site bleeding. When
the patient has completed the second recovery phase, the Post
Anesthesia Discharge Scoring System may be used to decide
whether or not they can be discharged from the hospital [87]. In
US and Canadian hospitals, to return home, all outpatients who
receive sedative or analgesic medications must have be escorted
by a responsible adult [66]. A responsible adult escort must be
provided with printed instructions, including detailed informa-
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tion regarding precautions, guidelines, and the medical person-
nel to contact in case of an emergency [14]. During this process,
close communication between patients and medical staff, as well
as postoperative follow-up appointments, should be ensured.

Pre-discharge controversies

Mandatory oral intake may not be warranted because it
can cause nausea and vomiting and may unnecessarily delay
discharge [14,66]. Patients at low risk, such as those who have
no urinary retention and have not undergone hernia or urol-
ogy surgery, can be discharged home without urination. They
should be instructed to return to the hospital if they cannot void
within 6-8 h after returning home [66]. However, it should be a
requirement for patients at high risk of urinary retention (such
as those undergoing anorectal surgeries and lower limb joint ar-
throplasty, and those with benign prostatic hyperplasia) to void
prior to discharge and display a residual volume < 300 ml, as
measured by ultrasound of the bladder [66].

Conclusions

Developments in medical technology have resulted in a rapid
increase in the use of ambulatory surgery. The use of fast- and
short-acting anesthetics, analgesics, and muscle relaxants, as
well as improved brain monitoring techniques, have reduced an-
esthetic complications during recovery. Additionally, improve-
ments in surgical techniques have allowed surgeons to perform
more invasive surgical procedures and complex medical proce-
dures on an ambulatory basis. When deciding on ambulatory
surgery, it is important to select the type of surgery only after
evaluating the patient’s overall condition, including any past
history and family history. The choice of anesthesia technique
according to the patient’s condition and type of surgery is an
important factor affecting recovery and discharge. Postoperative
complications, such as pain, nausea, and vomiting are common;
they can delay recovery and the possibility of readmission is
high if they are present. Thus, a multimodal and prophylactic
approach to prevent postoperative complications should be
planned to enable early discharge and return to daily life. To op-
timize the patient’s status, active cooperation among the patient,
the patient’s family, nurses, surgeons, and medical staff, includ-
ing anesthesiologists, is required.
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