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Sugammadex, a modified γ-cyclodextrin, is one of the drugs focused on in the anesthetic
field because it provides rapid and complete reversal from neuromuscular blockade (NMB)
by encapsulating rocuronium. Its introduction has revolutionized anesthesia practice because it is a safe, predictable, and reliable neuromuscular antagonist. Hence, its use has increased worldwide. Further, it has been in the spotlight for recovering from deep NMB in laparoscopic surgery and improving the surgical condition. Recently, studies have been conducted on the postoperative outcome after deep NMB and use of sugammadex in various
clinical conditions. However, with increase in sugammadex use, reports regarding its complications are increasing. Appropriate dosing of sugammadex with quantitative neuromuscular
monitoring is emphasized because under-dosing or over-dosing of sugammadex might be
associated with unexperienced complications. Sugammadex is now leaping into an ideal reversal agent, changing the anesthesia practice.
Keywords: Complications; Neuromuscular blockade; Review; Rocuronium; Sugammadex.

INTRODUCTION

CLINICALLY SPOTLIGHTED ADVANTAGES
OF SUGAMMADEX

Sugammadex, a modified γ-cyclodextrin, is a novel reversal agent with a selective binding capacity to steroidal
neuromuscular blocking drugs (NMBDs) such as rocuronium. It has been in the spotlight as a novel reversal agent
since discovery because of the quality of recovery from
neuromuscular blockade (NMB), which is rapid, reliable,
and less side effects [1,2]. In addition, it aids in optimizing
the surgical condition during laparoscopic surgery [3]. It
has been nearly 10 years since sugammadex was introduced clinically. Hence, the known benefits and new areas of interest in its clinical use are presented in this review.

Role of sugammadex in difficult airway management
Researchers developed the idea of using sugammadex
in the “cannot intubate, cannot ventilate” state because it
rapidly reverses NMB [4–6]. As the prescription guideline
represent that sugammadex can reverse successfully 3
min after rocuronium administration for the intubation
when it is used as 16 mg/kg, it could be one of the rescue
management in the emergency situation of airway management after use of rocuronium. However, many researchers have suggested that sugammadex cannot be a
part of the difficult airway algorithm and should not be
used as the “silver bullet” for difficult airway management, instead alternative strategies such as surgical air-

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © the Korean Society of Anesthesiologists, 2020
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way should be considered [7–10].

Effect of sugammadex on QTc
Conventional reversal with neostigmine and atropine is
associated with significant corrected QT (QTc) prolongation. On the contrary, sugammadex has nearly no effect on
QTc [11]; however, it has some effect on QT prolongation
[12]. In the case of Brugada syndrome, neostigmine or pyridostigmine can increase parasympathetic drive and lead
to bradycardia [13]. Hence, sugammadex seems to be an
ideal NMB reversal agent in Brugada syndrome.

Specific disease and sugammadex
Sugammadex provides rapid and reliable reversal from
NMB and therefore, it has been successfully introduced for
patients with neuromuscular disease or those with potential for postoperative respiratory dysfunctions such as
Duchenne muscular dystrophy [14], amyotrophic lateral
sclerosis [15], and myasthenia gravis [16–18]. In addition,
its introduction for short-term muscle relaxation during
electroconvulsive therapy (ECT) decreased the time to restoration of spontaneous ventilation and side effects of ECT
[19,20]. Hence, use of sugammadex as a safe NMB reversal
agent is expanding among patients with significant comorbidities.

USE OF SUGAMMADEX IN A SPECIAL
CLINICAL SITUATION
Optimal dose of sugammadex for an obese patient
It is well known that the appropriate dose of sugammadex is consistent with the NMB status, which is determined by neuromuscular monitoring. Under-dosing may
lead to residual NMB (RNMB), thus requiring an additional dose for complete reversal. However, the optimal
dose of sugammadex for obese patients is under debate.
Van Lancker et al. [21] compared the extubation time
among morbidly obese patients administered with different doses (set by real body weight, ideal body weight
[IBW], IBW + 20%, and IBW + 40%) of sugammadex and
concluded that a dose of 2 mg/kg of IBW + 40% resulted
in safe recovery from NMB. In addition, Llauradó et al.
[22] reported that sugammadex dose calculated by IBW is
insufficient for reversing both deep and moderate NMBs
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in morbidly obese patients. Badaoui et al. [23] reported
that the dose of sugammadex for the reversal of deep
NMB in the obese patient was 130–150% of weight based
dosage (4 mg/ calculated IBW). However, other researchers have questioned the methodology and results [24].
Sanfilippo et al. [25] reported that sugammadex doses
calculated based on only IBW are sufficient for rapid and
safe NMB reversal, with no RNMB. A recent study demonstrated that sugammadex dosed at 1.5 mg/kg of IBW successfully reversed moderate NMB in obese patients [26].
In addition, Duarte et al. [27] concluded that IBW can be
used to calculate the sugammadex dose to reverse moderate NMB in morbidly obese patients. However, despite
these controversies, sugammadex should be administered
based on the NMB status with quantitative neuromuscular monitoring before as well as after sugammadex administration [28].

Drug interaction with sugammadex
A concern that magnesium sulfate can affect rocuronium-induced NMB reversal with sugammadex existed because magnesium potentiates NMB [29]. However, a randomized study demonstrated that magnesium did not alter
the efficacy of sugammadex [30]. In addition, effective and
complete reversal of rocuronium-induced NMB with
sugammadex (2 mg/kg) was observed in a pregnant woman treated with magnesium (60 mg/kg) intraoperatively
[31]. Further, it was reported that pretreatment with magnesium did not significantly affect sugammadex reversal
time for moderate NMB [32]. In addition, magnesium did
not affect the reversal effects of sugammadex in animal
studies [33,34]. However, administration of magnesium after rocuronium-induced NMB reversal with sugammadex
may lead to recurarization, requiring continuous neuromuscular monitoring [35].
Sugammadex was developed from cyclodextrins, which
were used to dissolve steroids, and therefore, there were
concerns regarding interaction between sugammadex and
steroids. Recently, a study reported concerns regarding the
potential risk of contraception failure with estrogen or progestogen containing oral contraceptives after sugammadex
use [36]. According to in vitro studies, sugammadex may
bind to progestogen and therefore, progestogen exposure
would decrease after sugammadex use. Administration of a
bolus of sugammadex is considered equivalent to a missing dose of oral contraceptives. It is recommended that an
www.anesth-pain-med.org
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additional, non-hormonal contraceptive or alternative
birth control method should be used for 7 days after
sugammadex is administered to a patient taking an oral
contraceptive. However, clinical data related to pregnancy
is lacking. In animal studies, sugammadex did not affect
pregnancy or progesterone levels in pregnant rats in the
first trimester [37]. In addition, no changes in the clinical
course of pregnancy and no stillbirth or miscarriage were
noted. A randomized clinical study demonstrated that
sugammadex is not associated with adverse effects on steroid hormones such as progesterone and cortisol, except
for a temporary increase in aldosterone and testosterone
levels [38]. However, whether to include this matter in the
consent form is still under debate.

Can we use sugammadex in the patient with renal
failure?

www.anesth-pain-med.org

Failure of reversal, recurarization, and resensitization?
Sugammadex is considered as a novel and promising
drug for reversal of rocuronium-induced NMB. However,
some studies have reported delayed recovery with sugammadex, wherein time intervals after administration of
sugammadex (4 mg/kg) were reported to be 24.6 and 22.3
min until recovery of TOF ratio to 0.9 [47,48]. These unexpected long recovery times were often associated with inadequate neuromuscular monitoring and under-dosing of
sugammadex. In addition, they were associated with the
old age of patients, slow hemodynamic circulation, pulmonary disease, obesity, and renal failure in some cases [49].
However, cases of failure of sugammadex to reverse rocuronium-induced NMB have begun to be reported. Ortiz-Gómez et al. [50] reported a case of failure to reverse
NMB with a large dose of sugammadex (9.74 mg/kg). Further, they suggested that this might be an “extreme outlier” with a marked rightward shift of the dose-response
curve and there would be cases in which rapid reversal
cannot be achieved with sugammadex. Interestingly, Carollo and White [51] reported a case of recurarization after
administration of an adequate dose of sugammadex in an
8-month-old baby. Sugammadex was dosed at 4 mg/kg
for NMB reversal with a TOF count of 2 and reversal was
achieved rapidly; however, respiratory failure and a decline in the TOF response (TOF count: 2) were observed
during the recovery in the intensive care unit. Recently, a
report indicated that rescue administration of sugammadex (200 mg) after administration of neostigmine (50–70
mg/kg) for NMB reversal can result in a paradoxical reduction in the TOF ratio. This is because complete removal of rocuronium from the neuromuscular junction by
sugammadex may lead to a desensitized block, similar to
a phase-2 block, due to excessive intrasynaptic acetylcho-
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According to the prescriber’s information, because the
sugammadex–rocuronium complex is eliminated mainly
by renal excretion, severe renal failure is a contraindication. In a patient with creatinine clearance less than 30 mL/
min, urinary excretion of the sugammadex–rocuronium
complex was found to be reduced [39] and potential dissociation of the complex was noted. However, the recovery
time (train-of-four [TOF] ratio: 0.9) after using sugammadex (2 mg/kg) was not significantly different between patients with renal impairment and normal patients (0.9–2
min vs. 1.65 min) as well as no RNMB was noted [40]. According to a pharmacokinetic study, there are large differences in the pharmacokinetics of rocuronium and sugammadex between patients with severe renal failure and
healthy controls [39]. Lobaz et al. [41] reported that failure
of NMB reversal was successfully managed using sugammadex in an elderly patient with severe renal failure. Furthermore, in another patient with severe renal failure,
sugammadex was successfully used as a rescue following
prolonged NMB with recurarization [41]. In an animal
study, sugammadex rapidly and effectively reversed rocuronium-induced NMB in cats with both renal pedicles ligated [42]. A study reported that although sugammadex
could rapidly reverse NMB without recurarization in patients with renal failure, the urinary excretion of rocuronium and sugammadex was reduced and total plasma clearance was considerably lower in patients with renal failure
compared with controls [39]. Moreover, no clinical data on
long-term disposition of the sugammadex–rocuronium

complex, which is retained in the body of a patient with renal failure, are available. Thus, although the sugammadex-rocuronium complex is dialysable through high-flux
dialysis [43], the use of sugammadex in patients with severe renal failure should be carefully considered, with appropriate postoperative neuromuscular monitoring [44,45].
Recently, in an elderly patient with end-stage renal failure,
erratic infiltration of subcutaneous rocuronium was successfully managed with sugammadex and the duration of
action was sufficient to neutralize the ongoing absorption
of subcutaneous rocuronium [46].

Anesth Pain Med Vol. 15 No. 3

line made available after high-dose neostigmine administration [52].

Can we use sugammadex in rocuronium-induced
anaphylaxis?
In contrast to the anaphylaxis due to sugammadex,
Jones and Turkstra [53] suggested the possibility of using
sugammadex in the case of rocuronium-induced anaphylaxis. They suggested that the property of sugammadex to
encapsulate rocuronium can be a rationale for effectively
removing free rocuronium molecules from the circulation
and slowing down or halting the immunological process.
This suggestion was clinically applied by McDonnell et al.
[54]. They administered sugammadex (500 mg) to a patient with cardiovascular collapse due to an anaphylactic
reaction to rocuronium during anesthesia induction and
found that sugammadex improved the hemodynamic
state. Moreover, another case of rocuronium-induced
anaphylaxis with clinical improvement triggered by
sugammadex was reported [55]. However, it was believed
that sugammadex would not mitigate rocuronium-induced anaphylaxis because according to an in vitro study,
encapsulation of rocuronium by sugammadex does not
stop basophil activation by the rocuronium [56]. The antigenic portion of the rocuronium molecule containing the
ammonium group protrudes from the cyclodextrin host,
thereby exposing the ammonium group to the complementary immunoglobulin E (IgE) antibodies [56,57].
However, despite these debates, successful management
of rocuronium-induced anaphylactic reactions with
sugammadex has been continuously reported [58], even
in the case of refractory to conventional treatment [59].
According to the cutaneous model of anaphylaxis in rocuronium-sensitized patients, sugammadex was effective in
attenuating the type-1 hypersensitivity reaction triggered
by rocuronium [60]. In an animal study, the degranulation of mast cells in the rat liver, which were increased in
numbers by rocuronium, was mitigated by sugammadex
[61]. An intradermal injection of sugammadex and rocuronium, mixed in an equal molecular ratio, prevented rocuronium-induced IgE-mediated anaphylactic skin reaction [62]. These studies suggested that sugammadex may
be beneficial for treating rocuronium-induced anaphylaxis. However, not all patients with rocuronium-induced
anaphylaxis recovered rapidly with sugammadex. In addition, Raft et al. [63] reported that even large doses (14
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mg/kg) of sugammadex did not induce recovery from
anaphylaxis. Hakozaki and Murakawa [64] reported that a
low dose of sugammadex could not improve rocuronium-induced anaphylaxis. The overall risk-benefit ratio
seems to favor sugammadex administration in the rocuronium associated hypersensitivity with potentially
life-threatening consequences [65]. However, one should
be aware of the potential side effects of sugammadex,
sugammadex-induced anaphylaxis.

SIDE EFFECTS AND PRECAUTIONS OF
SUGAMMADEX USE
Hypersensitivity and anaphylaxis
Although hypersensitivity to sugammadex is a rare event,
the consequences can be serious, such as cardiovascular
collapse. Anaphylactic reaction associated with sugammadex was also reported in Korea [66], and now it is considered as an emerging trigger of perioperative anaphylaxis
[67]. A systematic review on hypersensitivity associated
with sugammadex suggests the possibility of hypersensitivity reaction and caution required during the critical 5-min
period immediately following the administration because
most of the cases have occurred within 5 min [68]. Moreover, a prompt treatment is required because it is not only
easier to manage but also presents a better prognosis than
a delayed treatment. However, because the biphasic anaphylactic attack can develop as a severe second attack,
closed monitoring is required [69]. Hypersensitivity to
sugammadex can be confirmed by an intradermal skin test
with a 1:100 dilution or a 1:1,000 dilution of sugammadex
[70–72]. The suggested investigative procedure is as follows: tryptase test of preoperative serum (at least one or
two samples after the onset of symptoms), skin test, and
immunoassay for sugammadex-reactive IgE antibodies
[73]. However, studies have revealed that hypersensitivity is
not always mediated with sugammadex-specific IgG or IgE
[74,75]. Recently, it has been reported that sugammadex-associated anaphylaxis is not induced by sugammadex
molecule alone but by the rocuronium and sugammadex
complex and sugammadex molecule [76,77]. Thus, anesthesiologists should take more precautions.

Acute coronary syndrome
One of the noteworthy side effects of sugammadex is
www.anesth-pain-med.org
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coronary vasospasm. Ko et al. [78] reported a case of coronary spasm in a patient with variant angina, which might
have been triggered by sugammadex. However, a recent
animal study suggested that sugammadex has no direct effect on the vascular tone [79]. Some researchers have
thought that the effect of sugammadex on the coronary artery is due to hypersensitivity reactions such as Kounis
syndrome [80,81]. Recently, a case of sugammadex-induced Kounis type III syndrome (hypersensitivity-induced
acute coronary stent thrombosis) was reported [81]. Hence,
anesthesiologists should consider acute coronary syndrome and should take precautions when using sugammadex for emergence from anesthesia.

Pulmonary complications after sugammadex use

Other potential risks of sugammadex
Other potential risks of sugammadex, such as severe bradycardia, interactions with steroids, coagulopathy, and
neuronal damage, are well described in a previous review
[86]. The review suggested that administration of supratherapeutic doses of sugammadex results in these complications and presence of excessive sugammadex molecules in
free-form might be associated with these risks.

RECENT CLINICAL INTERESTS
REGARDING SUGAMMADEX

Intraoperative neuromonitoring and sugammadex
These days, many surgical procedures require intraoperative neuromonitoring using a neural integrity monitor. In the
case of ear, nose, and throat surgery, facial or recurrent laryngeal nerve monitoring is required for NMB reversal and
sugammadex can be an option for the rapid and effective reversal from rocuronium-induced deep NMB [98–100].

Economic issue and under-dosing techniques of
sugammadex

Is deep NMB really beneficial?
Recently, benefits of using sugammadex have been queswww.anesth-pain-med.org

Although sugammadex is useful for the reversal of rocuronium-induced deep NMB and seems more reliable than
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Sometimes, the potency of sugammadex for rapid and
reliable NMB reversal results in unwanted events such as
pulmonary complications. Sugammadex has been reported to cause upper-airway obstructions such as laryngospasm or bronchospasm [82,83]. Suzuki et al. [84] reported
a case of negative pressure pulmonary edema after sugammadex administration which might have been caused by
increased upper airway collapsibility due to diaphragm-generated large inspiratory forces, decreasing pharyngeal patency. Eskander et al. [85] reported two cases of bronchospasm after coadministration of desflurane and sugammadex and suspected that desflurane-induced respiratory irritation may increase the risk of sugammadex-induced
bronchospasm.

tioned [87]. Most of the publications have presented limited
advantages of sugammadex such as improved surgical conditions. However, the long-term effects of deep NMB for the
surgical outcome or reduction in complication rates have
not been well established. Moreover, a recent study reported
no added benefit of deep NMB over moderate relaxation in
bariatric surgery [88]. Another study reported marginal improvement in surgical conditions with deep NMB in
low-pressure laparoscopic cholecystectomy [89]. Further,
deep NMB with lower intra-abdominal pressure were reported to provide few cardiopulmonary benefits during laparoscopic colorectal surgery [90]. Moreover, deep NMB did
not improve the surgical view during laparoscopic ventral
hernia repair and showed benefits only during suturing of
the hernial defect [91]. However, studies on post-surgical
outcomes are recent. Oh et al. [92] reported that deep NMB
not only improved the surgical condition but also reduced
postoperative pain in lumbar spinal surgery. Mulier and Dillemans [93] revealed that continuous deep NMB is an independent factor associated with fewer complications after
bariatric surgery. Kim et al. [94] reported that compared
with neostigmine, sugammadex may increase the quality of
physiological recovery in early postoperative periods after
ophthalmic surgery. Boon et al. [95] reported that compared
with use of low-dose NMBD, use of high-dose NMBD for anesthesia induction during retroperitoneal laparoscopic surgery and reversal with sugammadex showed a lower incidence of unplanned 30-day readmissions. Oh et al. [96] revealed that unplanned 30-day readmission after major abdominal surgery decreased with sugammadex use. Chae et
al. [97] indicated that reversal with sugammadex decreased
the incidence of delayed discharge.
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neostigmine, it cannot replace neostigmine because it is
expensive [101]. Interestingly, researchers are studying the
use of under-dose of sugammadex as a cost-effective strategy [102]. However, although no report on the sugammadex under-dosing method for rocuronium-induced NMB
reversal is available, some clinical trials have been reported. In addition, no study or evidence on the safety and
cost-effectiveness of the sugammadex under-dosing method has been reported. Moreover, based on dose-finding
studies, under-dosing of sugammadex is associated with
RNMB. A recent study revealed that elderly patients are at
greater risk for RNMB when low-dose sugammadex is administered [103]. Hence, sugammadex should be dosed
based on the quantitative analysis of neuromuscular monitoring [104].

Sugammadex defiantly decreased the postoperative
pulmonary complications
Recent multicenter trials revealed that sugammadex
defiantly decreased postoperative pulmonary complications in 45,712 adult patients undergoing noncardiac surgery [105]. The incidence of postoperative pulmonary
complications such as pneumonia, respiratory failure,
and pneumothorax was lower in the sugammadex group
than that in the neostigmine group (3.5% vs. 4.8%; odds
ratio, 0.70; 95% confidence interval, 0.63–0.77). Hence,
lower incidence of RNMB with sugammadex use can be
translated into lower incidence of postoperative pulmonary complications [106].

and should consider conditions or disease of the patient.
Primarily, an appropriate dose of sugammadex should be
determined based on quantitative neuromuscular monitoring. Under-dosing or over-dosing of sugammadex
should be avoided as it may lead to RNMB or other complications.
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Awake craniotomy is a gold standard of care for resection of brain tumors located within or
close to the eloquent areas. Both asleep-awake-asleep technique and monitored anesthesia
care have been used effectively for awake craniotomy and the choice of optimal anesthetic
approach is primarily based on the preferences of the anesthesiologist and surgical team.
Propofol, remifentanil, dexmedetomidine, and scalp nerve block provide the reliable conditions for intraoperative brain mapping. Appropriate patient selection, adequate perioperative
psychological support, and proper anesthetic management for individual patients in each
stage of surgery are crucial for procedural safety, success, and patient satisfaction.
Keywords: Awake craniotomy; Brain neoplasms; Conscious sedation; Craniotomy.

INTRODUCTION

cation between the surgeons and patients are important anesthetic considerations in this surgery, and are the key factors for successful awake craniotomy.

Awake craniotomy has been adopted for the surgical treatment of intractable epilepsy more than 100 years ago, and is
now considered as a gold standard of care for resection of
tumors, such as primarily gliomas, located within or close to
the eloquent areas (i.e., sensorimotor or language areas) of
the brain [1,2]. The modern awake craniotomy techniques
have evolved in combination with intraoperative neurophysiologic monitoring to identify the eloquent areas of the
brain. An optimal tumor resection is the maximal removal of
mass without any significant neurological deficit, such as
motor or language function damage, for most brain tumors.
The cortical mapping during awake craniotomy enables the
identification of cortical and subcortical networks for individual patients’ neurological functions. Compared with craniotomy under general anesthesia, awake craniotomy can
provide wider extent of tumor removal without postoperative neurologic deficits and improved survival rates of patients. Therefore, it is now considered as the treatment of
choice for surgery of brain tumor in the eloquent areas [3,4].
Smooth intraoperative emergence and adequate communi-

ANESTHETIC ADVANTAGES OF AWAKE
CRANIOTOMY
Awake craniotomy has several anesthetic benefits and
surgical advantages. Patients undergoing awake craniotomy can avoid general anesthesia-related procedures, such
as endotracheal intubation and mechanical ventilation.
General anesthesia-related hemodynamic and physiologic
disturbances are reduced, and postoperative pain, nausea,
and vomiting are reduced in awake craniotomy compared
with the craniotomy under general anesthesia [5,6]. The
surgical and anesthetic advantages of awake craniotomy
are listed in Table 1.
Generally, inhalational anesthetic agents are rarely used
in awake craniotomy, unless endotracheal intubation or
insertion of laryngeal mask airway are performed, and only
small dose of intravenous agents, such as propofol, is used
[7]. Analgesia during awake craniotomy is mainly achieved
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by the scalp nerve block with local anesthetic agents.
Therefore, hypotension associated with general anesthesia
is uncommon during awake craniotomy and subsequently,
vasopressors are used less than that during general anesthesia [8]. Hence, patient’s hemodynamic and physiologic
status can be more stable in awake craniotomy than that in
general anesthesia.
Possible adverse effect of general anesthetic agents, including inhalation anesthetic agents and opioids on cancer
prognosis, such as increased recurrence or metastasis after
the surgery, has been reported recently [9,10]. In contrast,
local anesthetics can directly inhibit some cancer cells
even though this effect seems agent specific [11]. However,
the impact of avoiding general anesthesia during awake
craniotomy on brain tumor prognosis has not been evaluated in prospective, randomized, and controlled trials.
Awake craniotomy is also associated with shorter hospital stay compared with the craniotomy under general anesthesia [12], potentially reducing the risks of hospital-acquired infection and deep vein thrombosis [13].

PREOPERATIVE PREPARATION
Awake craniotomy requires a highly cooperative patient
and an expert surgical team. Appropriate patient selection
and preparation are essential for the success of awake craniotomy. Preoperative airway evaluation should be performed
in all patients. Although a patient with a difficult airway or

Table 1. Advantages of Awake Craniotomy
Surgical aspects
Better preservation of motor & speech function
Shorter hospitalization
Reduced postoperative neurologic deficits
Improved survival
Anesthetic aspects
Less physiological disturbance
Avoidance of mechanical ventilation
Avoidance the adverse impact on immunity associated with general
anesthesia

obstructive sleep apnea is a poor candidate for awake craniotomy, but only the patient’s refusal is considered as an absolute contraindication for awake craniotomy [6].
Control of preoperative anxiety before awake craniotomy
is important and can be relieved by proper preoperative
counseling about the anesthetic and surgical procedures.
Therefore, preoperative consultation by anesthesiologist is
an important process [14,15]. The anesthesiologist should
outline the overall awake craniotomy procedures including
the positioning, scalp nerve block, the possible discomfort,
and the motor and language test. A good anesthesiologist-patient relationship is essential and the anesthesiologist should attempt to alleviate anxiety and discomfort of
the patient as much as possible to ensure the success of
awake craniotomy [15].

ANESTHETIC APPROACHES FOR AWAKE
CRANIOTOMY: OVERVIEW
Various anesthetic techniques may be useful for awake
craniotomy. Among them, there are two commonly used
anesthetic methods for awake craniotomy: monitored anesthesia care (MAC) and asleep-awake-asleep (AAA) technique [4–6]. The anesthesiologists should provide sufficient
sedation and analgesia during the initial craniotomy, a
rapid and smooth emergence of patients is required for intraoperative neurophysiologic test including motor and
language test, and brain mapping. After the tumor resection, sedation is often sufficient until completion of the
surgery. The overall stages of awake craniotomy and anesthetic techniques are presented in Table 2. The sedation
profile during the first stage of awake craniotomy, from
scalp incision to dura opening, plays a pivotal role in the
quality of intraoperative consciousness. The anesthesiologist should restore the consciousness of patient back to the
preoperative state for neurophysiologic tests and brain
mapping to be performed successfully.
In the MAC technique, adequate depth of sedation and

Table 2. The Stages of Awake Craniotomy and Anesthetic Options
Stages
Surgical procedure

Pre-awake stage
Craniotomy

Awake stage
Neurophysiologic monitoring
Brain mapping
Tumor resection

Post-awake stage
Closure

Anesthetic methods
AAA
MAC

GA (ETT or LMA)
MAC

Awake
Awake

GA or MAC
MAC

AAA: asleep-awake-asleep, GA: general anesthesia, ETT: endotracheal tube, LMA: laryngeal mask airway, MAC: monitored anesthesia care.
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ANESTHETIC APPROACHES FOR AWAKE
CRANIOTOMY: SEDATIVE COMPONENTS
A combination of propofol and remifentanil has been
considered as the standard protocol for sedation during
the first stage of awake craniotomy because of the ease of
use and reliability [6,20]. The propofol and remifentanil-based AAA technique allows a smooth emergence and
rapid recovery of consciousness for intraoperative neurophysiologic testing [21]. The main disadvantage of this approach is the potential risk of delirium on emergence before intraoperative neurophysiologic testing and brain
www.anesth-pain-med.org

mapping [6]. The propofol and remifentanil-based MAC
technique is associated with dose-dependent respiratory
depression, which can produce hypercapnia and subsequent brain edema. Therefore, achieving the optimal sedation level for an individual is crucial. Meanwhile, light sedation has the risk of causing accidental patient movement
and anxiety is likely. Generally, state of drowsiness but
readily responsive is considered as the optimal sedation in
awake craniotomy [6], and experienced anesthesiologists
are required to accomplish this balance in the complex setting of awake craniotomy. The electroencephalography-derived monitors, such as the electroencephalogram-derived
bispectral index, and target-controlled infusion of propofol
and remifentanil can be useful for this setting. The Schneider model is recommended for the target-controlled infusion of propofol in awake craniotomy for maintaining patients’ spontaneous ventilation [22].
Dexmedetomidine an alternative to propofol for the
MAC technique during awake craniotomy can also be
used. It is a selective alpha-2 agonist with sedative, analgesic, anxiolytic, and sympatholytic properties. The advantageous effects of dexmedetomidine, such as minimal effect
on neurophysiologic monitoring, stable hemodynamics,
and minimal respiratory depression, makes it suitable for
sedation during awake craniotomy [23]. In a recent study
comparing propofol-remifentanil and dexmedetomidine
during awake craniotomy in patients undergoing supratentorial tumor resection, dexmedetomidine provided comparable surgical environment in terms of quality of intraoperative brain mapping and efficacy of sedation, with less
respiratory adverse events compared with the propofol-remifentanil group [24]. Similarly, a retrospective cohort study including 55 patients demonstrated that dexmedetomidine and the scalp nerve block were used successfully in awake craniotomy without any urgent airway intervention or unplanned conversion to general anesthesia
[25]. Although high dose of dexmedetomidine may cause
bradycardia, significant inter-individual variability of the
sedative state, and a prolonged recovery from sedation after the cessation of infusion, such a high dose is not required during awake craniotomy. Moreover, it is especially
useful for high-risk patients or when prolonged duration of
surgery is anticipated [26].
Inhalational anesthetics, such as sevoflurane, are also
used for the AAA technique in awake craniotomy. However, these agents have the potential to increase intracranial
pressure and induce nausea and vomiting during awake
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spontaneous ventilation are maintained using low doses of
sedative agents to avoid a sudden recovery from asleep
state, which could be a risk factor for delirium on emergence and decrease neurophysiologic tests or brain mapping reliability. In contrast, the AAA technique uses higher
doses of sedative agents. The target depth of AAA technique ranges from deep sedation to general anesthesia using mechanical ventilation, commonly by a laryngeal mask
airway. The benefits of this technique as compared to the
MAC technique are better comfort and pain control for the
patient, and securing the patient’s airway during the first
stage of awake craniotomy. This approach is also advantageous for controlling brain swelling via hyperventilation
and prevention of accidental patient movements.
Although there are significant differences in these two
techniques, both the MAC and AAA techniques can be performed successfully in awake craniotomy and are found to
be safe [16]. In a recent retrospective analysis comparing
the MAC and AAA technique for awake craniotomy in a
single center, both the techniques were equally effective
and safe, and produced comparable perioperative outcomes, with a shorter duration of surgery in the MAC technique [17]. In another retrospective analysis comparing the
effectiveness of the MAC and AAA techniques in 64 patients undergoing supratentorial brain tumor resection, the
incidence of seizures and agitation were higher in the MAC
group than that in the AAA group. However, blood pressure
was higher and more antihypertensive treatment was required in the AAA group than that in the MAC group during
the neurophysiologic examination [18]. Therefore, with a
good cooperation among anesthesiologists, surgeons, and
neurophysiologists, the MAC technique can be performed
successfully with similar safety and comfort for the patients
compared to the AAA technique [19].
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stage. A new inhalational anesthetic, xenon has potential
advantages for awake craniotomy because of its neuroprotective properties and rapid emergence [27].

ANESTHETIC APPROACHES FOR
AWAKE CRANIOTOMY: ANALGESIC
COMPONENTS
The mainstay of analgesia for awake craniotomy is a regional block, and there are two main approaches: the regional scalp block along with incision line infiltration, and
the scalp nerve block for six nerves, which provide sensory
innervation to the scalp [28]. Adequate regional blocks
make the patient tolerable for the surgery and enables better patient satisfaction after surgery in terms of pain compared with general anesthesia. However, even when regional blocks are successfully performed, patients often experience and complain of pain during surgery. Usually,
these sensations are associated with manipulations of the
skull-base structures or traction of pain-sensitive intracranial structures [29]. Additional opioids may lead to poor
cooperation of the patient and reduced reliability of brain
mapping [6]. Adequate preoperative patient information
and preparation, expert anesthesiologists, and surgical
technique to avoid traction of pain-sensitive intracranial
structures are the cornerstone to improve intraoperative
pain management and ensure postoperative patient’s satisfaction.

COMPLICATIONS OF AWAKE
CRANIOTOMY
Seizures, hypertension, respiratory depression, nausea
and vomiting, and mild brain swelling may occur during
awake craniotomy [17]. Macroglossia [30] and accidental
intracerebral injection of local anesthetics during scalp
nerve block [31] have also been reported. Although complications during awake craniotomy are minor and easily
manageable, urgent intervention should be performed for
seizures and airway obstruction. A recent meta-analysis
demonstrated that failure of awake craniotomy, defined as
failure to achieve complete awake brain mapping occurs in
< 2% cases, and the incidence of adverse events, such as
seizures, conversion to general anesthesia, and new postoperative neurologic dysfunction, were similar between
the AAA and MAC techniques [2].
The frequency of seizures during awake craniotomy was
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reported to vary between 2.9 and 54% in a multicenter retrospective study of 823 cases of intraoperative brain mapping [32]. The main risk factors for intraoperative seizure
are history of preoperative seizure and frontal lobe tumors,
and preoperative antiepileptic medication does not reduce
the incidence of seizures [32,33]. Intraoperative seizures
mainly occur due to electrical cortical stimulation during
brain mapping, and the seizures can be easily controlled by
cortical surface irrigation with cold saline by the surgeon.
If this is ineffective, low doses of intravenous propofol can
be administered [6]. The efficacy of antiepileptic drugs for
intraoperative seizure prevention remains debatable. In a
systematic review, antiepileptic drug prophylaxis did not
show benefits of seizures prevention in brain tumor resection [34]. Another systematic review and meta-analysis reported that the efficacy of levetiracetam is superior to that
of phenytoin and valproate in terms of seizure prevention
[35]. However, evidence encouraging the routine use of antiepileptic drugs in awake craniotomy remains limited.
Airway obstruction is another serious complication encountered in awake craniotomy, but can be solved by simple intervention, such as jaw thrust and supplemental oxygen. In anticipation of airway emergencies, a full range of
airway equipment including laryngeal mask airway, video
laryngoscope, and endotracheal tube should be immediately available [6]. Moreover, it should be considered that
laryngeal mask airway insertion, or endotracheal intubation are difficult in patients with semi-lateral position
whose head is turned with a head frame.

FUTURE CONSIDERATIONS FOR AWAKE
CRANIOTOMY
Awake craniotomy may be considered not only in brain
tumor and epilepsy surgery, but also in other neurosurgical
procedures, such as cerebral aneurysm clipping and excision of arteriovenous malformations [36,37].
Awake craniotomy has been performed to minimize the
risk of motor and language function damage. However, an
increasing interest is seen in the adoption of awake craniotomy for brain tumors located in the non-dominant
hemisphere area, which is responsible for visuospatial and
social cognition. Preservation of such functions is important especially for patients with low-grade glioma to return
to their daily lives quickly after the surgery, and expect longer survival [38]. However, precise brain mapping of
non-dominant hemisphere functions is particularly diffiwww.anesth-pain-med.org
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Anesthesia for awake craniotomy is one of the most challenging fields for anesthesiologists. Awake craniotomy is
advantageous because it can perform extended range of
tumor resection with less risk of neurological deficits including motor and speech function damage, compared
with craniotomy under general anesthesia. Both the MAC
and AAA techniques are feasible and safe anesthetic techniques for awake craniotomy, and adequate regional block
is required for effective intraoperative pain control and
better patient satisfaction. Appropriate patient selection,
perioperative psychological support, and proper anesthetic
management for individual patients in each stage of surgery are crucial for procedural safety, success, and patient
satisfaction.
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Background: Postoperative delirium (POD) has an incidence rate of 9% to 41%. It is directly
linked to decreasing cognitive function, increasing length of hospitalization and cost, as well
as other complications and mortality. We aimed to assess the risk factors for POD among
elderly patients by analyzing data from those who underwent spinal surgery.
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Methods: This study included 446 patients aged 65 years or older who underwent spinal
surgery at our institution between March 2013 and May 2018. Data were collected retrospectively from the patients’ electronic medical records, and logistic regression was used to
identify the risk factors associated with POD. The diagnosis of POD was based on the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, and was made through consultation with a psychiatrist during postoperative hospitalization and before discharge.
Results: Seventy-eight (78/446, 17.4%) patients were diagnosed with POD. The most relevant risk factor for POD was preoperative cognitive dysfunction (odds ratio [OR], 4.37; 95%
confidence interval [CI], 1.60 to 11.93; P = 0.004), followed by emergency surgery (OR,
2.70; 95% CI, 1.27 to 5.74; P = 0.01), age (OR, 1.19; 95% CI, 1.13 to 1.26; P < 0.001), and
anesthesia time (OR, 1.01; 95% CI 1.00 to 1.01; P = 0.002).
Conclusions: Preoperative cognitive dysfunction, emergency surgery, age, and anesthesia
time were factors that affected POD occurrence after spinal surgery. Patients with such associated factors may be at a higher risk for POD when undergoing spinal surgery, and hence,
careful management may be necessary for these patients.
Keywords: Aged; Anesthesia, general; Delirium; Postoperative complication; Risk factors;
Spinal surgery.

INTRODUCTION

ticular, the frequency of spinal surgery in patients aged
over 65 years has increased from 0.9% in 2007 to 1.3% in
2013. Spinal-surgery-related costs are also high, ranking
fifth for hospitalization and sixth for outpatient care [1].
Postoperative delirium (POD) is one of the most common postoperative complications in elderly patients. Its incidence varies from 9% to 41%, depending on the type of
surgery or timing of POD assessment [2,3]. In Korea, Shin

With an increase in the global elderly adult population,
the number of surgeries being performed on elderly patients has been increasing. In Korea, the number of spinal
surgeries performed has increased over the years, from
110,000 in 2007 to 170,000 in 2013, and it is the fourth most
common surgery among 33 major single surgeries. In par-
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et al. [4] reported a POD incidence of 36.5% among elderly
( > 65 years old) patients undergoing gastrectomy. Other
researchers reported POD incidences of 21.4% among elderly ( > 70 years old) patients undergoing neurosurgical
surgeries [5], 22.7% among elderly ( > 65 years old) patients
undergoing cardiac surgery, and 6.7% among elderly ( > 60
years old) patients undergoing orthopedic surgery [6,7].
POD is associated with decreasing cognitive function, increasing hospitalization cost and duration, and increasing
complications and mortality [8,9]. Preventing POD, or reducing its incidence, is important for improving a patient’s
prognosis. POD is described as a multifactorial syndrome
[10]. Perioperative active control of these factors would be
the best way to improve outcome. For example, Marcantonio et al. [11] could lower the incidence of POD by conducting geriatric consultation according to their protocol
during the hospitalization period.
The known risk factors for POD include age [12], impaired functional status, preexisting dementia [13], and
preexisting cognitive impairment [14]. Because these risk
factors were determined on the basis of the analysis of various types of surgeries, questions remain about their generalizability and application to patients undergoing spinal
surgery. Only a few studies have focused on the spinal area
or risk factors for delirium following spinal surgery [9,15–
17].
Various studies have reported different incidences of
POD, and an important factor causing this difference is the
type of surgery [2–7]. Although these studies were conducted on similarly aged elderly patients (65 years or older), the
reported incidences of POD varied according to the type of
surgery, thus indicating the need for considering another
risk factor. Health insurance reports show that the frequency of spinal surgery is increasing in this age group, and as a
result of the rapidly increasing elderly population in Korea,
the frequency of POD among elderly patients who have
undergone spinal surgery is also expected to increase [1].
Since little research has been conducted on this patient
group, we performed this study with an aim of providing
evidence for their clinical care.
Moreover, most studies have analyzed only simple POD
incidence reports or the presenting general risk factors
from the surgeon’s perspective [9,18]. Therefore, we also
aimed to investigate the possibility of preventing or reducing POD incidence by exploring reversible risk factors from
the anesthesiologist’s perspective. In this study, we compared the characteristics of elderly patients with delirium
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after spinal surgery to those of normal patients. In addition,
we examined the risk factors contributing to POD to identify factors that can be adjusted during the perioperative period.

MATERIALS AND METHODS
After receiving approval from the Institutional Review
Board (no. SGPAIK 2018-08-023), this study was conducted
by retrospectively reviewing the electronic medical records
(EMRs) of 458 elderly patients who underwent spinal surgery at our institution between March 2013 and May 2018.
We included patients (1) who were 65 years and older
[16,18,19] (2) who had undergone spinal fusion surgery (3)
involving more than two segments (4) under general anesthesia. We excluded patients who had undergone more
than one surgery during hospitalization (n = 12). Therefore, the final study population included 446 patients.
Immediately before the surgery, intravenous glycopyrrolate (0.004 mg/kg) was administered as a premedication.
During the surgery, general anesthesia was maintained using volatile or intravenous anesthetics. Intravenous anesthetics were used when motor-evoked potential monitors
were employed. If postoperative intensive care unit (ICU)
admission was required, the patient was transferred immediately after surgery. For postoperative analgesia, fentanyl
(1 μg/kg) was routinely administered intravenously 15 min
before completing skin suturing. If a patient’s numerical
rating scale (NRS) score in the recovery room was more
than 5 points, he/she was given additional fentanyl (1 μg/
kg), and the process was repeated until the NRS score fell
below 4 points. Once the patient returned to the ward, patient-controlled analgesia (PCA; a mixture of nefopam hydrochloride [80 mg], ramosetron hydrochloride [0.6 mg],
and normal saline [88 ml]) was used for a maximum of 3
days. PCA was set up to enable a bolus shot (1 ml) with a
15-min lock-out time and a 1-ml/h basal rate.
The data were extracted from the EMRs generated at the
time of hospitalization. The data included demographic
data (age, sex, height, and weight), American Society of
Anesthesiologists physical status class, alcohol (frequency
per month) and smoking history (pack-year), various comorbidities (cardiac, pulmonary, renal, hepatic, neurologic, etc.), use of anticoagulants, preoperative laboratory test
results (hemoglobin, albumin, sodium, and creatinine levels), waiting days from admission to surgery, and the emergency status. Preoperative comorbidities and medication
www.anesth-pain-med.org
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Statistical analysis
The data were presented as the mean ± standard deviation or number of patients (percentage). Continuous-type
risk factors (e.g., days of hospital admission, age, body
weight, height, anesthesia time, or transfusion/bleeding
volume) were compared between the two groups by using
Student’s t -test or the Mann–Whitney U test, based on the
results of the Shapiro–Wilk normality test. The incidence of
mortality and comorbidities was compared between the
groups by using the chi-squared test.
A logistic regression analysis based on a binomial generalized linear model was performed to identify the risk facwww.anesth-pain-med.org

tors associated with POD. To identify significant independent risk factors for POD, univariate (cutoff value was P <
0.1) and multivariate logistic regression analyses were
used. Independent risk factors with P < 0.05 in the multivariate analysis were considered statistically significant.
For producing the final logistic regression model, the risk
factors were selected by weighting the clinical implication
rather than the statistical values. The C-statistic and Hosmer–Lemeshow goodness-of-fit test were used to assess
the fitness of the logistic regression model. All statistical
analyses were conducted using IBM SPSS Statistics for
Windows, Version 25.0 (IBM Corp., USA).

RESULTS
Of the 446 patients, 78 (17.4%) were diagnosed with POD.
The differences in patient characteristics, preoperative anesthetic evaluation data, and intraoperative factors between
the non-POD and POD groups are shown in Table 1. The
POD group showed older age (P < 0.001) than did the nonPOD group. The POD group showed a greater incidence of
comorbidities, including diabetes mellitus (P = 0.013), renal failure (P = 0.009), preoperative delirium (P = 0.009),
and preoperative cognitive dysfunction (P = 0.001). They
also had a significantly greater rate of emergency surgery (P
= 0.023) and more delayed surgery (P = 0.014). Moreover,
they showed lower preoperative hemoglobin level (P =
0.007), more frequent preoperative hyponatremia (P =
0.003), hypoalbuminemia (P = 0.002), and high serum creatinine level (P = 0.042). Total anesthesia time was also
longer in the POD group (P = 0.021).
The results of univariate logistic regression analysis are
presented in Table 2. As preoperative risk factors for POD,
the significant relevant factors were age (odds ratio [OR],
1.18; 95% confidence interval [CI], 1.12 to 1.25), emergency
surgery (OR, 2.27; 95% CI, 1.17 to 4.39), diabetes mellitus
(OR, 1.94; 95% CI, 1.17 to 3.20), renal failure (OR, 6.05; 95%
CI, 1.80 to 20.36), preoperative delirium (OR, 6.23; 95% CI,
1.63 to 23.77), and cognitive dysfunction (OR, 4.67; 95% CI,
1.83 to 11.91). The significant relevant factors in the preoperative laboratory data for POD were hemoglobin level
(OR, 0.80; 95% CI, 0.68 to 0.95), hyponatremia (OR, 2.68;
95% CI, 1.43 to 5.02), hypoalbuminemia (OR, 3.02; 95% CI,
1.55 to 5.88), and high level of serum creatinine (OR, 2.35;
95% CI, 1.10 to 5.03). Anesthesia time was a significant intraoperative factor (OR, 1.00; 95% CI, 1.00 to 1.01).
The most important risk factor as revealed by the com-

277

KSNACC

were assessed and verified using preanesthetic assessment
and consultation records.
Comorbidities were organized into independent risk factors according to cardiovascular (hypertension, angina,
ischemic heart disease, heart failure, cardiomyopathy,
valve disease, or arrhythmia), respiratory (chronic obstructive pulmonary disease, pulmonary edema, pleural effusion, atelectasis, or pneumonia), and hepatic (hepatitis or
liver cirrhosis) diseases. Patients with a present illness of
acute kidney injury or chronic kidney disease with or without dialysis before surgery were defined as having the risk
factor “renal failure.” Preoperative cognitive dysfunction
(dementia or Parkinson’s disease) and delirium were identified using psychiatric consultation records and medical
history. In addition, the duration of anesthesia (min),
events of hypothermia ( < 36.0°C), amount of intraoperative bleeding (ml), amount of infused fluid (ml), volume of
intraoperative blood transfusion (ml), and frequency of
pressor agent administration (5 mg bolus of ephedrine intravenously or 50 μg bolus of phenylephrine intravenously)
were explored. If a patient showed symptoms of delirium
after surgery during hospitalization, the attending physician consulted with a psychiatrist for the diagnosis and
treatment of POD. The psychiatrist made the diagnosis
based on the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition if a patient had any suspicious
symptoms, such as poor behavioral control, unawareness,
or decreased alertness. However, tools such as the Delirium Rating Scale-Revised-98 were not applied to assess the
severity of symptoms.
We also explored other postoperative outcomes related
to POD, including the rate of ICU admission, days of ICU
admission, days of hospital admission, and mortality.
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Table 1. Comparison of Demographics and Characteristics of Patients with/without Postoperative Delirium
Variable
Patient characteristic
Age (yr)
Sex (M/F)
Weight (kg)
Height (cm)
Smoking (pack-yr)
Alcohol drinking (d/mo)
Preoperative anesthetic evaluation
ASA class
  Class 1
  Class 2
  Class 3
  Class 4
Emergency surgery
Waiting days from admission to surgery
(more than 3 d)
Diabetes mellitus
Renal failure
Delirium
Cognitive dysfunction
Cardiac disease
Respiratory disease
Hepatic disease
Preoperative anticoagulant medication
Preoperative Hb (g/dl)
Hyponatremia
Hypoalbuminemia
High serum creatinine level
Intraoperative
Anesthesia time (min)
Surgery time (min)
Frequency of pressor agent use
Hypothermia ( < 36.0°C)
Intraoperative transfusion volume (ml)
Intraoperative bleeding volume (ml)
Total intravenous anesthesia technique

Non-POD (n = 368)

POD (n = 78)

P value

72.2 ± 4.9

76.4 ± 4.8

116 (31.5)/252 (68.5)

30 (38.5)/48 (61.5)

0.292

58.9 ± 8.8

57.0 ± 9.2

0.077

156.5 ± 8.3

155.7 ± 8.9

0.458

2.9 ± 14.3

3.2 ± 11.1

0.849

8.8 ± 9.3

15.6 ± 12.6

0.013

2 (0.5)

1 (1.3)

262 (71.2)

49 (62.8)

100 (27.2)

28 (35.9)

< 0.001

0.293

4 (1.1)

0

35 (9.5)

15 (19.2)

0.023

69 (18.8)

25 (32.1)

0.014

105 (28.5)

34 (43.6)

0.013

4 (1.1)

5 (6.4)

0.009

4 (1.1)

5 (6.4)

0.009

10 (2.7)

9 (11.5)

0.001

244 (66.3)

60 (76.9)

0.090

18 (4.9)

5 (6.4)

0.788

17 (4.6)

2 (2.6)

0.612

79 (21.5)

13 (16.7)

0.425

12.7 ± 1.5

12.2 ± 1.6

0.007

37 (10.1)

18 (23.1)

0.003

29 (7.9)

16 (20.5)

0.002

24 (6.5)

11 (14.1)

0.042

290.5 ± 78.8

319.0 ± 101.2

0.021

227.6 ± 83.9

245.2 ± 95.7

0.102

3.5 ± 3.2

4.5 ± 4.1

0.059

254 (69.0)

54 (69.2)

1.000

401.6 ± 493.1

420.4 ± 511.3

0.762

1,061.0 ± 953.1

1,062.8 ± 913.5

0.988

7 (1.9)

4 (5.1)

0.095

Values are presented as mean ± SD or number (%). POD: postoperative delirium, ASA: American Society of Anesthesiologists, Hb: hemoglobin.
Pressor agent: 5 mg bolus of ephedrine intravenously or 50 μg bolus of phenylephrine intravenously.

plete logistic regression analysis was preoperative cognitive
dysfunction (OR, 4.37; 95% CI, 1.60 to 11.93; P = 0.004).
Emergency surgery (OR, 2.70; 95% CI, 1.27 to 5.74; P =
0.01), age (OR, 1.19; 95% CI, 1.13 to 1.26; P < 0.001), and
anesthesia time (OR, 1.01; 95% CI, 1.00 to 1.01; P = 0.002)
were also associated with POD (Table 3).
Other postoperative outcomes related to POD are shown
in Table 4. The POD group showed a significantly higher
incidence of ICU admission (P = 0.003) and longer ICU
stay (P = 0.011) than did the non-POD group. They also
showed 0.6 times longer total hospital stay (mean days,
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25.7 days vs. 41.2 days) and 3.7% higher mortality (1.4% vs.
5.1%).

DISCUSSION
In this study, the incidence of POD was 17.4%, and the
associated risk factors were preoperative cognitive dysfunction, emergency surgery, age, and anesthesia time.
POD was associated with increased mortality, higher incidence of ICU admission, and longer length of admission.
The incidence of POD in this study was similar to that
www.anesth-pain-med.org
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Table 2. The Results of Univariate Logistic Regression Analysis for Postoperative Delirium
Independent risk factors
Preoperative
Sex
Age
Weight
Height
Smoking
Alcohol drinking
Emergency surgery
Interval days from admission to surgery
Cardiac disease
Diabetes mellitus
Renal failure
Respiratory disease
Hepatic disease
Preoperative delirium
Preoperative cognitive dysfunction
Anticoagulant use
Preoperative Hb
Hyponatremia
Hypoalbuminemia
High serum creatinine
Intraoperative
Anesthesia time
Surgery time
Hypothermia
Intraoperative transfusion volume
Intraoperative total bleeding volume
Frequency of pressor agents administration

Estimate

Standard error

Wald

P value

Odds ratio

Lower 95% CI

Upper 95% CI

0.31

0.26

1.40

0.237

1.36

0.82

2.25

0.17

0.03

38.73

< 0.001

1.18

1.12

1.25

–0.03

0.01

3.15

0.076

0.98

0.95

1.00

–0.01

0.02

0.57

0.451

0.99

0.96

1.02

0.00

0.01

0.03

0.871

1.00

0.99

1.02

0.35

0.30

1.38

0.241

1.43

0.79

2.58
4.39

0.82

0.34

5.86

0.015

2.27

1.17

0.02

0.01

3.05

0.081

1.02

1.00

1.05

0.53

0.29

3.29

0.070

1.69

0.96

2.99

0.66

0.26

6.66

0.010

1.94

1.17

3.20

1.80

0.62

8.45

0.004

6.05

1.80

20.36
4.39

0.70

0.40

3.13

0.077

2.02

0.93

–0.61

0.76

0.65

0.421

0.54

0.12

2.40

1.83

0.68

7.18

0.007

6.23

1.63

23.77
11.91

1.54

0.48

10.4

0.001

4.67

1.83

–0.31

0.33

0.90

0.343

0.73

0.38

1.40

–0.22

0.09

6.70

0.010

0.80

0.68

0.95

0.99

0.32

9.53

0.002

2.68

1.43

5.02

1.10

0.34

10.5

0.001

3.02

1.55

5.88

0.86

0.39

4.87

0.027

2.35

1.10

5.03

0.00

0.00

7.24

0.007

1.00

1.00

1.01

0.00

0.00

2.61

0.106

1.00

1.00

1.01

0.01

0.27

0.00

0.971

1.01

0.60

1.71

0.00

0.00

0.09

0.762

1.00

1.00

1.00

0.00

0.00

0.00

0.988

1.00

1.00

1.00

0.25

0.25

0.95

0.331

1.28

0.78

2.09

Hb: hemoglobin, 95% CI: 95% confidence interval. Cut-off value of each risk factor for entering multivariate analysis from univariate analysis is P <
0.1.
Table 3. Final Logistic Regression Model for the Risk Factors of Postoperative Delirium in Elderly Patients after Spinal Fusion Surgery Using Independent
Risk Factors Obtained through Univariate Analysis
Independent risk factors
Preoperative cognitive dysfunction
Emergency surgery
Age
Anesthesia time

Estimate

Standard error

Wald

P value

Odds ratio

Lower 95% CI

Upper 95% CI

1.48

0.51

8.30

0.004

4.37

1.60

11.93

0.99

0.38

6.69

0.010

2.70

1.27

5.74

0.18

0.03

38.24

< 0.001

1.19

1.13

1.26

0.01

0.01

9.92

0.002

1.01

1.00

1.01

95% CI: 95% confidence interval. Cut-off value of each risk factor for entering multivariate analysis from univariate analysis is P < 0.1.

(11.8%) reported by Fineberg et al. [9] who evaluated the
risk factors for POD in 570,000 patients who underwent
lumbar decompression surgery or lumbar fusion. However,
Brown et al. [17] reported a much higher POD incidence of
40.5%. These differences in POD incidence seem dependent on the diagnostic methods used. Since our patients
were diagnosed via psychiatric consultations when symptoms developed, some patients with milder symptoms may
have been missed during this process. To provide accurate
diagnosis and appropriate treatment for POD, delirium
evaluation may need to be performed as a routine practice
in high-risk patients, and not just in symptomatic patients.
www.anesth-pain-med.org

The cause of delirium is multifactorial and has been attributed to numerous risk factors. Age is the most frequently identified risk factor for POD, and other risk factors include preexisting dementia, preoperative anemia, drug or
alcohol abuse, large intraoperative blood loss, duration of
surgery, general anesthesia, electrolyte imbalance, high
average pain, and frequent hypotension [9,15,16]. In this
study, we identified that preoperative cognitive dysfunction, emergency surgery, age, and anesthesia time were
significantly associated with POD (Table 3). Age is a known
factor closely related to the incidence of POD [15,20], and
in this study, the mean age of the POD group was signifi-
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cantly higher than that of the control group (76.4 years vs.
72.2 years; P < 0.001). Katznelson et al. reported that age
older than 65 years was associated with a threefold increased risk of POD [21]. The higher incidence of POD in
the elderly may be associated with increased comorbidities
as well as age-related neurobiological changes (e.g., reduced brain volume and weight, and decreased production
of cerebral neurotransmitters).
Prolonged anesthesia time can be interpreted as another
representation of the duration of surgery time, and it is a
known risk factor according to previous studies [15,16].
Prolonged surgery time may indicate more complex procedures with increased exposure to microemboli and the systemic inflammatory response [22].
Previous studies have shown that preoperative cognitive
dysfunction is highly relevant, but its incidence varies depending on the type of surgery [23,24]. In this study, cognitive dysfunction was evaluated across cases of preoperative
dementia, Alzheimer’s disease, and delirium. The cholinergic system and somatostatin are essential for normal
cognitive function, attention, and the sleep-wake cycle,
and their deficiency can cause dementia [25]. Therefore,
patients with dementia are more vulnerable to delirium.
The relationship between emergency surgery and POD is
still controversial. Ansaloni et al. [26] suggested that emergency surgery is related to POD, even though this was not
supported by multivariable analysis. Moreover, they reported a significantly higher (11%) incidence of POD in an
emergency setting, which was similar to our results (19.2%
vs. 9.2%, P = 0.023). They attributed this finding to the fact
that emergency surgery did not entail environmental conditions that made patients feel comfortable. However, Malik et al. [27], who assessed the risk factors for delirium in
cases of femoral fractures, reported higher POD incidence
in non-emergency surgeries. In emergency surgeries, the
risk factors for POD will be clear, as these surgeries can be
performed without treating various correctable risk factors.
However, this is difficult to interpret because the risk factors for POD have multiple causes, and non-drug treat-

ments, such as those for ensuring patient comfort, cannot
be completely excluded in an emergency situation. Therefore, further study is warranted on this point.
As is well known, POD has a significant effect on various
postoperative outcomes [17,28]. Patients with POD have 3.9
times higher mortality rates and 2.6 times higher rate of
ICU admission than do those without POD. Moreover, they
showed more prolonged ICU admission and hospital admission (Table 4). In other words, POD negatively contributes to the prognosis of patients and is closely related to increasing medical costs. Therefore, identifying the risk factors for POD is important.
The risk factors for POD identified in this study are similar to those reported previously; nonetheless, there are
some limitations to generalizing these results. This is because the study was conducted on patients from a single
medical institution in Korea. A comprehensive analysis of
patients from multiple centers will be needed in the future.
Another limitation is that patients with mild symptoms of
POD may not have been diagnosed because the attending
physician requested psychiatric consultation only if the patient had clear delirium symptoms. This has an advantage
in the analysis based on a solid diagnosis, but the low rate
of diagnosis may have affected the analysis of the association among risk factors. In addition, patients who showed
POD symptoms after discharge were not diagnosed and
might have been omitted. Lastly, the severity of delirium
could not be analyzed because the severity of delirium and
cognitive dysfunction was not classified. This is a drawback
of the diagnosis process. Patients with mild symptoms are
often excluded from the diagnosis process, and analysis of
the difference between risk factors and prognosis according to the severity of symptoms is not carried out. Therefore, to address these limitations, large-scale studies on
more patients are needed.
In summary, this study confirmed that preoperative cognitive dysfunction and age were associated with POD after
spinal fusion surgery, along with emergency surgery and
anesthesia time. Although cognitive dysfunction and age

Table 4. Major Postoperative Outcomes related Postoperative Delirium
Other outcomes
Incidence of ICU admission
ICU admission days (d)
Total hospital days (d)
Mortality

Non-POD (n = 368)
40 (10.9)
0.2 ± 0.9
25.7 ± 28.0
5 (1.4)

POD (n = 78)
19 (24.4)
0.7 ± 1.6
41.2 ± 71.1
4 (5.1)

P value
0.003
0.011
0.062
0.088

Values are presented as number (%) or mean ± SD. ICU: intensive care unit, POD: postoperative delirium.
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Background: During pediatric epilepsy surgery, due to low circulating blood volume, intraoperative bleeding can result in significant hemodynamic instability, thereby requiring meticulous hemodynamic and transfusion strategies. Knowing the source of bleeding during the
procedure would allow medical staff to better prepare the perioperative protocols for these
patients. We compared intraoperative bleeding between the first (involving skin to meninges) and second (involving brain parenchyma) stages of epilepsy surgery to investigate the
differences between various anatomical sites.
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Methods: We reviewed the electronic medical records of 102 pediatric patients < 14 years
old who underwent two-stage epilepsy surgeries during January 2012–December 2016. Invasive subdural grids were placed via craniotomy during Stage 1 and the epileptogenic zone
was removed during Stage 2 of the surgery. We compared the volume of intraoperative
bleeding between these two surgeries and identified variables associated with bleeding using multivariate regression analysis.
Results: Both surgeries resulted in similar intraoperative bleeding (24 vs. 26 ml/kg, P =
0.835), but Stage 2 required greater volumes of blood transfusion than Stage 1 (18.4 vs.
14.8 ml/kg, P = 0.011). Massive bleeding was associated with patients < 7 years of age in
Stage 1 and weighing < 18 kg in Stage 2.
Conclusions: The volume of intraoperative bleeding was similar between the two stages of
pediatric epilepsy surgery and was large enough to require blood transfusions. Thus, blood
loss during pediatric epilepsy surgery occurred at both anatomic sites. This indicates the necessity of early preparation for blood transfusion in both stages of pediatric epilepsy surgery.
Keywords: Blood loss, surgical; Blood transfusion; Epilepsy; Neurosurgery; Pediatrics.

INTRODUCTION

quiring blood transfusions due to their relatively low circulating blood volume [1,2]. Although operation duration
and patient age are known risk factors for the requirement
of intraoperative blood transfusion during pediatric crani-

Intraoperative bleeding during pediatric craniotomy is
challenging for anesthesiologists, with patients often re-
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otomy for brain tumor removal [1], there is little information on the main source and volume of intraoperative
bleeding. Thus, it is challenging for anesthesiologists to
know when and how rheological management strategies
should be applied in these patients. Understanding the
characteristics of intraoperative bleeding from different
anatomical sites during craniotomy would allow medical
staff to establish appropriate perioperative strategies.
For drug-resistant epilepsy, which comprises 20–30% of
childhood epilepsy cases, patients have the option of oneor two-stage epilepsy surgeries [3–5]. In contrast to onestage surgery, the main surgical sites for two-stage surgery
differ between the first and second stages. The first stage
involves the implantation of subdural and/or strip electrodes, and the procedures are mainly performed at the
scalp, soft tissue, cranium, and meninges. The second
stage is mainly performed at the brain parenchyma and involves removing the epileptic foci or the epileptic transmission pathways [5,6]. Therefore, two-stage epilepsy surgeries
could be good candidates for identifying the nature of intraoperative bleeding from different anatomical sites in
and around the brain.
In this study, we compared the intraoperative blood loss
between the first and second stages of epilepsy surgery to
investigate the bleeding properties of different anatomical
sites and identify the associated variables during pediatric
epilepsy surgeries.

MATERIALS AND METHODS
Ethics approval
This retrospective study was approved by the Institutional Review Board (no. 4-2017-1030) on December 15, 2017.
The requirement for written informed consent from patients was waived owing to the retrospective nature of the
study.

Patient population
We reviewed the electronic medical records of pediatric
patients (younger than 14 years) who underwent only twostage epilepsy surgeries between January 2012 and December 2016 at the university hospital. Patients were excluded
if they underwent any surgical procedures beyond subdural electrode implantation during the first stage or if they
underwent any operations due to complications or for oth-
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er reasons between the two stages.

Anesthesia
Anesthesia was induced with 2 mg/kg propofol (Fresofol
1% MCT, Fresenius Kabi Austria GmbH, Austria), 0.8 mg/
kg rocuronium (Rocumeron, Ilsung Pharmaceuticals Co.,
Ltd., Korea), and 0.5–1 µg/kg remifentanil (Ultian, Hanlim
Pharm. Co., Ltd., Korea). Subsequently, a radial artery
catheter was inserted, and an intravenous cannula (using a
20-G or larger catheter) was placed in the peripheral or
femoral vein. Anesthesia was maintained using sevoflurane
in oxygen/air (50%) and remifentanil (0.05–0.15 µg/kg/
min). Electrocardiography, pulse oximetry, invasive arterial blood pressure and esophageal temperature measurement, capnography, and gas analysis were performed as
standard monitoring. Allogeneic blood products were
transfused at the discretion of the neuroanesthesiologist in
charge of the patient, based on the patient’s intraoperative
hemoglobin level, volume of blood loss, hemodynamic status, and urinary output. After surgery, patients were extubated and transferred to the neurosurgical intensive unit.

Operation
An invasive subdural grid and/or strip electrodes were
placed via craniotomy during the Stage 1 surgery. Then,
electrocorticography was performed for approximately
7–10 days to identify the epileptic focus or epileptic transmission pathways in preparation of Stage 2 surgery. During
Stage 2, the intracranial electrodes were removed, and the
epileptogenic zone or pathway of epilepsy transmission
was resected.

Variables
Preoperative variables included demographics; anthropometric data; duration and type of antiepileptic drugs
(AEDs) received; skull thickness (largest cranial depth at
the craniotomy performed at Stage 1, as detected on computed tomography); and laboratory data before and after
each surgery, such as hematocrit value, platelet count, coagulation test results (prothrombin time [PT], international
normalized ratio [INR]), activated partial thromboplastin
time (aPTT), serum calcium level, and levels of other electrolytes (sodium, potassium, chloride, and phosphate).
Perioperative variables consisted of the volumes of intrawww.anesth-pain-med.org
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Assessment of blood loss
Blood loss (ml) was calculated using the following formulas [9]:
Estimated red cell volume (ERCV)lost = ERCVpreop + ERCVtransfused – ERCVpostop
ERCV = estimated blood volume (EBV) × hematocrit value / 100
The EBV (ml) was 80 ml/kg for infants younger than 12
months and 75 ml/kg for children older than 12 months.
The hematocrit value of the transfused packed red blood
cells (PRBC) was 60%.
ERCVtransfused = (PRBC [ml])transfused × hematocrit valuetransfused
PRBC / 100

culated using the above-mentioned formulas, and the differences between the two stages were analyzed. To identify
variables associated with the volume of intraoperative
bleeding, a multivariate linear regression model was used.
A multivariate logistic regression model was used to identify variables associated with the incidence of massive
bleeding. All preoperative variables (sex, age, height,
weight, body mass index, body surface area, skull thickness, duration of receiving AEDs, total grid area, hematocrit, calcium, platelet, PT, and aPTT) and operation duration were included in the regression analysis. The final linear and logistic regression models were determined using
backward selection among significant variables in the multivariate regression with the enter method. In this analysis,
the variables of height, body mass index, and body surface
area, which were strongly related to the weight of the pediatric patients, were excluded to reduce multicollinearity.
The optimal cut-off value of the logistic regression analysis
was calculated using the Youden index [10]. The predictive
performance of the final model was quantified by the area
under the curve with a 95% confidence interval. The Hosmer–Lemeshow test was used to assess goodness of fit for
the logistic regression model. Correlation analyses were
performed using the Pearson or Spearman methods. P value < 0.05 was considered to be statistically significant. All
analyses were performed using SPSS version 23.0 (IBM
Corp., USA) and MedCalc Statistical Software version
18.11.3 (MedCalc Software bvba, Belgium).

RESULTS
The EBV was calculated as follows:
EBVlost (ml/kg) = ERCVlost (ml) / [weight (kg) × hematocrit
valuepreop / 100]

Statistical analyses
All values are expressed as mean ± standard deviation,
median (1Q, 3Q), or number of patients (%). Normality was
tested using the Kolmogorov–Smirnov and Shapiro–Wilk
tests. Parametric data were analyzed using the paired t-test
(aPTT); nonparametric data were analyzed using the Wilcoxon signed-rank test (hematocrit, calcium, platelet, PT,
operation duration, fluid intake, urine output, blood loss,
and volume of transfusion). Categorical variables were
evaluated using the McNemar’s test (incidence of massive
bleeding). The volume of intraoperative bleeding was calwww.anesth-pain-med.org

During the study period, 109 pediatric patients (younger than
14 years) underwent two-stage epilepsy surgeries (Fig. 1). Of
these, four and three patients underwent subdural and epidural hematoma removal, respectively, between Stage 1 and
2. These patients were excluded, leaving a total of 102 pediatric patients (median age, 7.3 years) to be studied. Preoperative patient characteristics are presented in Table 1. The
Stage 2 surgeries included frontal, temporal, parietal, or/
and occipital lobectomy; amygdalectomy; callosotomy; or/
and lesionectomy. The total grid area (mm2) in Stage 1 was
112 (80, 128). Preoperative laboratory values and operative
data are presented in Table 2. None of the patients reported
elevated PT/aPTT or took anticoagulants.
There were no statistical differences in the volume of intraoperative bleeding (24 vs. 26 ml/kg, P = 0.835) or in the
incidence of massive bleeding (27% vs. 32%, P = 0.516) be-
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operative bleeding and blood transfusions, operation duration, and hematocrit value immediately after surgery. The
hematocrit level of the arterial blood gas test, conducted
after anesthesia and after surgery, was used to calculate the
volume of intraoperative bleeding. In Stage 1, total grid
area was selected for surgical extent. Total grid area was
defined as the sum of the area of the grid and that of the
strip electrodes implanted. The surgical type and extent required for Stage 2 were investigated. Loss of more than 50%
of the estimated blood volume was defined as massive
bleeding [7,8].

Anesth Pain Med Vol. 15 No. 3

tween the two surgery stages. Preoperative hematocrit values (%) and serum calcium levels (mg/dl) were lower in
Stage 2 than in Stage 1 (30.5 vs. 33.9, P < 0.001; 8.8 vs. 9.3, P
< 0.001). Preoperative PT (INR) was prolonged in Stage 2
The patients who underwent
the epilepsy surgery
(n = 192)

The patients patients <14
year of age who underwent
two stages of epilepsy
surgery (n = 109)

Excluded
• Age ≥ 14 years (n = 49)
• Patients who underwent
the single stage of epilepsy
surgery (n = 26)
• Patients who underwent
resection of a brain
parenchyma during the first
stage surgery (n = 7)
• Incomplete data (n = 1)
Excluded
• Patients who underwent
other surgical interventions
between the two stages
(n = 7)

Patients finally included
(n = 102)

compared to that in Stage 1 (1.07 vs. 0.98, P < 0.001). The
volume of blood transfusion (ml/kg) was higher in Stage 2
than in Stage 1 (18.4 vs. 14.8, P = 0.011). None of the patients received fresh frozen plasma or platelet transfusions.
Multivariate linear regression analysis showed that patient
weight and operation duration were associated with blood
loss during both surgery stages (Table 3).
The variables associated with massive bleeding in Stage
1 were age (cut-off value of 7.5 years) and PT (INR, cut-off
value of 0.96); in Stage 2, the associated variables were
weight (cut-off value of 18.1 kg) and PT (INR, cut-off value
of 1.12) (Table 4). Receiver operating characteristics curve
analysis of the aforementioned regression models predicted intraoperative massive bleeding with an area under the
curve of 0.803 (95% confidence interval, 0.712–0.875)
during Stage 1 and 0.778 (95% confidence interval, 0.682–
0.857) during Stage 2.
The duration of receiving AEDs was not correlated with
preoperative PT or aPTT (P = 0.335 and P = 0.962, respectively).

Fig. 1. Flow chart of the medical record screening process.

DISCUSSION

Table 1. Patient Characteristics (n = 102)
Variable
Male/Female
Age (yr)
Height (cm)
Weight (kg)
Body mass index (kg/m2)
Body surface area (m2)
Skull thickness (mm)
AED duration (mo)

Value
58/44
7.3 (4.2, 11.1)
122.0 (100.4, 143.8)
22.6 (16.3, 37.4)
16.0 (15.1, 18.6)
0.89 (0.68, 1.24)
11.0 (9.6, 14.0)
40.0 (19, 75)

Values are presented as number of patients or median (1Q, 3Q). AED:
antiepileptic drug.

For pediatric patients undergoing craniotomy, careful
planning of hemodynamic management and blood transfusion strategies is required to avoid hypovolemia. In this
study, we found that the volume of intraoperative bleeding
was comparable between the two stages (i.e., Stage 1 vs. 2,
involving the structures from the scalp to meninges vs. the
brain parenchyma) of pediatric epilepsy surgery; however,
Stage 2 required more blood transfusions than Stage 1.
Massive bleeding during the surgery was associated with

Table 2. Preoperative Laboratory Values and Operative Data (n = 102)
Variable
Preoperative hematocrit (%)
Preoperative calcium (mg/dl)
Preoperative platelet (103/µl)
Preoperative PT (INR)
Preoperative aPTT (s)
Operation duration (min)
Fluid intake (ml/h)
Urine output (ml/h)
Blood loss (ml/kg)
Percentage of blood loss relative to effective blood volume (%)
Transfusion of packed red blood cells by weight (ml/kg)
Massive blood loss

Stage 1 surgery
33.9 (31.8, 35.7)

Stage 2 surgery

P value

30.5 (28.2, 32.1)

< 0.001
< 0.001

9.3 (9.0, 9.6)

8.8 (8.5, 9.2)

274 (223, 328)

271 (213, 325)

0.98 (0.94, 1.02)

1.07 (1.01, 1.12)

< 0.001

33.9 ± 4.1

0.263

30.1 ± 3.9

< 0.001

200 (178, 235)

230 (200, 266)

< 0.001

371 (259, 514)

350 (263, 466)

0.074

84 (46, 113)

84 (58, 121)

0.073

24 (16, 38)

26 (13, 42)

0.835

39 (18, 59)

0.440

32 (21, 51)
14.8 (6.6, 21.7)
27 (27)

18.4 (10.4, 26.7)
32 (31)

0.011
0.516

Values are presented as median (1Q, 3Q), mean ± SD, or number of patients (%). PT: prothrombin time, INR: international normalized ratio, aPTT:
activated partial thromboplastin time, Massive blood loss: blood loss more than 50% of the estimated blood volume.
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0.002
0.003
0.024

1.098
3.772
2.126

3.538

11.698

6.581

13.334

–20.195

0.013

114.5

–386.4
0.550

1.196

4.208

752.694

1.653

3.032

–1.398

18.521

67.565

927.916

0.001

1.251

2.712

0.133

0.221

0.001

0.070

< 0.001

0.033

0.002

18.500
157.251

42.263

495.513

0.003

0.093

P value

–231.020

2.562

2.785

11.586

195.932

Beta

Stage 1 surgery

108.654

184.185

Beta

Univariate
SE

125.442

1.225

1.278

4.237

104.782

0.070

0.040

0.082

0.008

0.066

Multivariate
SE
P value

1.139

1.094

1.028

1.116

1.046

VIF

–12.667

1,163.843

–0.533

–8.367

3.828

1.791

390.445

23.364

5.154

9.300

2.543

–17.406

Beta

13.057

487.211

0.447

106.543

0.979

1.258

144.285

17.576

1.907

3.499

0.994

99.706

Univariate
SE

0.335

0.019

0.236

0.938

< 0.001

0.158

0.008

0.187

0.008

0.009

0.012

0.862

P value

3.855

7.712

Beta

Stage 2 surgery

0.977

3.377

< 0.001

0.025

Multivariate
SE
P value

1.010

1.010

VIF

< 0.001
< 0.001
0.031
< 0.001
0.009
0.104
0.905

0.966–0.989
0.865–0.961
0.935–0.979
0.669–0.981
0.004–0.191
0.964–0.995
0.735–1.029

0.978

0.912

0.957

0.810

0.027

0.979

0.870

0.934–1.165

0.515

0.997–1.006

0.598–202,647.3

1.001

348.162

1.043

0.751

0.268–2.588

0.832

0.458

0.072

0.514

0.986–1.016
0.993–1.014

1.001

1.003

0.001

0.456

P value

3,063.045

0.973

Odds ratio

Stage 1 surgery

0.571–3.481

1.410

Odds ratio

Univariate
95% CI

2.428–
3,864,500.378

0.961–0.986

Multivariate
95% CI

0.028

< 0.001

P value

1.053

190.973

1.001

1.440

1.009

0.987

0.043

0.785

0.963

0.922

0.982

0.900

Odds ratio

1.442–
25,300.156
0.940–1.180

0.997–1.005

0.591–3.506

1.000–1.019

0.974–0.999

0.008–0.241

0.650–0.949

0.944–0.983

0.880–0.965

0.972–0.992

0.385–2.104

Univariate
95% CI

0.373

0.035

0.623

0.422

0.047

0.035

< 0.001

0.012

< 0.001

< 0.001

0.001

0.808

P value

1,234.003

1.011

0.899

Odds ratio

Stage 2 surgery

2.504–
608,253.430

0.999–1.023

0.850–0.951

Multivariate
95% CI

0.024

0.061

< 0.001

P value

Massive blood loss, blood loss more than 50% of the effective blood volume; CI: confidence interval, BMI: body mass index, BSA: body surface area, AED: antiepileptic drug, PT: prothrombin time,
aPTT: activated partial thromboplastin time, INR: international normalized ratio.

aPTT (s)

Sex (male)
Age (mo)
Weight (kg)
Height (cm)
BMI (kg/m2)
BSA (m2)
AED duration (mo)
Skull thickness (mm)
Total grid size (mm2)
Operation duration (min)
Serum calcium (mg/dl)
Platelet (103/µl)
PT (INR)

Variables

Table 4. Logistic Regression Model for Variables associated with Massive Bleeding (n = 102)
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BMI: body mass index, BSA: body surface area, AED: antiepileptic drug, PT: prothrombin time, aPTT: activated partial thromboplastin time, INR: international normalized ratio, SE: standard error, VIF:
variance inflation factor.

Sex (male)
Age (mo)
Weight (kg)
Height (cm)
BMI (kg/m2)
BSA (m2)
AED duration (mo)
Skull thickness (mm)
Total grid size (mm2)
Operation duration (min)
Serum calcium (mg/dl)
Platelet (103/µl)
PT (INR)
aPTT (s)

Variables

Table 3. Linear Regression Model for Variables associated with Volume of Intraoperative Bleeding (n = 102)

Bleeding in pediatric epilepsy surgery
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low body weight or young age and elevated PT.
Timely preparation with adequate red blood cell volumes has been challenging for anesthesiologists in the
management of pediatric craniotomy. The study by
Schmotzer et al. [11] regarding preoperative red blood cell
preparation and utilization among pediatric surgical procedures revealed that the preparations of red blood cells
for such procedures were much higher than its actual usage for transfusions. Interestingly, in their study, neurosurgery had a relatively lower ratio of red cell preparation to
transfusion than other surgeries because intraoperative
transfusion events were highest in neurosurgery, including
epilepsy surgeries. However, Schmotzer et al. [11] did not
mention whether the epilepsy surgeries were one- or twostage surgeries; thus, the information regarding the anatomical source of bleeding or of the optimal timing for rheological management strategies in pediatric epilepsy surgeries could not be obtained. In our study, we observed
that the Stage 1 surgery can induce significant intraoperative bleeding, similar to levels seen in Stage 2. The significance of our finding was highly evident for massive bleeding; patient age < 7 years in Stage 1 and body weight < 18.1
kg in Stage 2 were significant variables in addition to prolonged PT. Thus, blood loss during pediatric craniotomy
occurred at both anatomical sites, from the skin to meninges as well as from the brain parenchyma. Therefore, we
recommend early preparation of red blood cells for transfusion in patients who are less than 7 years of age or weighing less than 18 kg.
Regarding the transfusion of red blood cells, we found
that Stage 2 required larger volumes of blood transfusion
than Stage 1, despite similar volumes of intraoperative
bleeding. This difference in the volume of blood transfusion between the two surgeries could be attributed to lower
hematocrit values and serum calcium levels and to prolonged PT (INR) and operation durations associated with
Stage 2 surgery. It is expected that young patients ( < 7
years) undergoing craniotomy could be vulnerable to hemodynamic instability before surgical manipulation at the
brain parenchyma begins. In a previous study, brain tumor
removal in children required 16 ml/kg of allogenic transfusion [1]. This is comparable to the amount of allogenic
transfusion required in epilepsy surgeries (14.8 and 18.4
ml/kg in the first and second stages of epilepsy surgery in
our study, respectively), despite the difference in the type
of surgery, underlying pathology, age distribution, etc. [1].
Considering the requirement for a larger volume of blood
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transfusion during two-stage epilepsy surgeries, a special
strategy—similar to that for pediatric cardiac surgery
[12,13]—may be needed to enhance hematopoiesis using
iron replacement or recombinant erythropoietin or to minimize intraoperative bleeding using antifibrinolytic agents
[14,15].
As a second purpose of this study, we looked for the variables associated with volume of intraoperative bleeding in
the first and second stages of surgeries. The duration of receiving AEDs and the skull thickness were statistically significant for Stage 1 only in the univariate analysis, but they
were insignificant in the multivariate analysis. Indeed, it is
uncertain whether AEDs thicken the skull and increase
bleeding tendency due to their effects on bone metabolism, bone matrix calcium, and platelet fraction [16,17]. Pediatric patients taking AEDs such as carbamazepine, phenytoin, and valproic acid have been shown to exhibit
thrombocytopenia and severe intraoperative bleeding [18–
20]. In addition, valproic acid and gabapentin are associated with acquired von Willebrand disease type 1, hypofibrinogenemia, decreased factor XIII, and abnormal platelet function [21–23]. However, Manohar et al. [24] failed to
demonstrate the effects of AEDs on perioperative blood
loss or coagulopathy. Besides this, the serum calcium level
is a key cofactor in the coagulation cascade [25,26]. A low
serum calcium level ( < 8.4 mg/dl) correlates with increased bleeding and higher 30-day mortality rate in patients with intracranial hemorrhage compared to those in
patients with normal serum calcium levels [27]. In the
present study, the serum calcium level was associated with
Stage 1 intraoperative bleeding only in the univariate analysis, but not in the multivariate analysis, and was not associated with intraoperative and massive bleeding during
Stage 2. In the multivariate regression analysis, the variables related to the volume of intraoperative bleeding in
the two-stage epilepsy surgeries were the operation duration and patient body weight, which were comparable to
the results reported previously [1].
Some limitations of our study should be acknowledged.
First, this retrospective observational study was conducted
at a single institute. Therefore, our results might not be applicable to patients from other institutes, given that surgical
variables differ among different institutes and medical environments. Second, we were not able to control the extent of
surgery in this study, despite having measured total grid size
for the size of surgical extent in Stage 1. During Stage 2, the
operation sites were too diverse to categorize and analyze.
www.anesth-pain-med.org
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Other surgical variables, such as procedural proximity to
vascularity at the surgical site, could be associated with intraoperative bleeding during craniotomy for epilepsy surgery, regardless of the stage. We could not measure these
additional variables owing to the retrospective nature of the
study. Third, participants were recruited over a long period
of time, during which the AED regimen may have changed.
Fourth, the Stage 2 surgeries were performed 7–10 days after
Stage 1, and the status of red cell mass as well as coagulation
profiles during Stage 2 were likely affected by the immediate
postoperative status of Stage 1.
In conclusion, the volume of intraoperative bleeding in
the first and second stages of two-stage epilepsy surgeries
was similar and significant enough to require blood transfusion. This indicates that the anatomical sites of intraoperative bleeding during pediatric epilepsy surgery were
both from the skin to the meninges as well as the brain parenchyma. Therefore, early preparation for blood transfusion is needed in pediatric patients undergoing the two
stages of epilepsy surgery, especially in patients who are <
7 years of age or weighing < 18 kg.
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Background: Tranexamic acid (TXA) is the most widely used hemostatic agent in surgical
patients. However, when used in a high dose, it could cause a seizure in the postoperative
period. The exact effector mechanism behind the seizure triggering remains unknown.
Therefore, the authors investigated the effects of TXA on the activity of glutamate transporter type 3 (excitatory amino acid transporter 3; EAAT3), which is the main neuronal glutamate transporter type.
Methods: EAAT3 was expressed in Xenopus laevis oocytes through mRNA injection. Oocytes
were incubated with diluted tranexamic acid for 72 h. Two-electrode voltage clamping was
used to measure membrane currents before, during, and after applying 30 µM L-glutamate.
Responses were quantified by integrating the current traces and reported in microcoulombs
(µC). Results were presented as mean ± SEM.
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Results: TXA (30 to 1,000 µM) significantly decreased EAAT3 activity. Our kinetic study
showed that Vmax was significantly decreased in the TXA group compared with the control
group (1.1 ± 0.1 vs. 1.4 ± 0.1 µC, n = 18–23, P = 0.043), but the Km did not significantly
change (12.7 ± 3.9 µM for TXA vs. 12.8 ± 3.8 for control, n = 18–23, P = 0.986).
Conclusions: Our results suggest that TXA attenuates EAAT3 activity, which may explain its
proconvulsant effect.
Keywords: Electrophysiology; Excitatory amino acid transporter 3; Glutamate plasma membrane transport proteins; Tranexamic acid; Xenopus laevis.

INTRODUCTION

only delay recovery but also have an adverse impact on the
patient’s outcome. It has been previously reported that the
TXA-induced seizure effector mechanism involves inhibitory
neurotransmitter inhibition through gamma-aminobutyric
acid (GABA) or glycine receptors [3]. However, unlike glial excitatory amino acid transporters (EAAT1 and EAAT2), which
usually regulate excitatory neurotransmitters, EAAT3, a major
neuronal EAAT, exists both in inhibitory and excitatory neurons, thereby regulating GABAergic neurotransmission

Tranexamic acid (TXA) is the most widely used hemostatic
agent in surgical patients, and it is known to induce hemostasis by binding to the lysine binding site of plasminogen, which
in turn decreases plasmin activity and lowers fibrin degradation. However, the TXA application may have side effects in
the central nervous system (CNS), such as inducing seizures
[1,2]. Seizures, caused by an intraoperative use of TXA, not
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through precursor glutamate uptake [4].
EAATs, also called glutamate transporters, are membrane
proteins that are present in neurons and glial cells in the
CNS [5]. Glutamate is a major excitatory neurotransmitter
with neurotoxic effect at high extracellular concentrations.
EAATs play a crucial role in transporting glutamates from
the extracellular space to inside the cell. EAAT dysfunction
leads to an extracellular glutamate accumulation, thereby
causing glutamate-induced neural damage or excitotoxicity,
associated with ischemic brain injury pathophysiology and
neurodegenerative diseases, such as amyotrophic lateral
sclerosis [6–8]. To date, there are five subtypes of EAATs.
EAAT3 is the major EAAT and is expressed in neurons [5].
This study aims at investigating the impact of TXA on
EAAT3 activity by measuring TXA-induced membrane potential changes using a two-electrode voltage clamp in a
Xenopus oocyte expression system, and to examine the
TXA effect patterns on EAAT3 through a kinetic study.

MATERIALS AND METHODS
Xenopus oocyte preparation and EAAT3 expression
studies
Fig. 1 shows a schematic diagram of the process of
EAAT3 expression. Xenopus laevis, a research model frog,
was managed in an independent water tank with
twice-weekly feedings. To obtain oocytes, 0.2% 3-aminobenzoic ethyl ester (Sigma, USA) was added to 500 ml of
water, in which the animal was subsequently immersed for
30 min, and once its response to the painful stimuli was
lost, the animal was placed on an ice bath in a supine position. A 0.5–1-cm incision was made in the lower lateral abdominal wall to obtain a part of the ovarian tissue, which
was immediately placed into a modified Barth’s solution
(NaCl 88 mM, KCl 1 mM, NaHCO3 2.4 mM, CaCl2 0.41 mM,
MgSO4 0.82 mM, Ca(No3)2 0.3 mM, gentamicin 0.1 mM,
HEPES 15 mM, pH 7.6). After removing the follicular layer,
the tissue was placed into an OR-2 solution (NaCl 82.5 mM,
KCl 2 mM, MgCl2 1 mM, HEPES 5 mM, collagenase type Ia
0.1%, pH 7.5), mildly shaken for two hours, then incubated
in modified Barth’s solution for storage at 16°C.
The EAAT3 cDNA was provided by Dr. Mattias A. Hediger
(Brigham and Women’s Hospital, Harvard Institute of
Medicine, USA), and it was subcloned into a commercial
vector (Bluescript-SKm). After a restriction endonuclease
(Not I) treatment, mRNA was prepared using a commercial
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kit (Ambion, USA). The mRNA quantitative analysis was
performed using a spectrophotometer. The obtained
mRNA (concentration: 30 ng/30 nl) was injected into the
oocyte cytoplasm using an automatic injector (Drummond
Nanoject, Drummond Scientific Co., USA).

Electrophysiological measurements
The experiment was conducted at 21–23ºC, considered as
room temperature. A single defolliculated oocyte was placed
in the recording chamber of a 2-electrode voltage clamp
(OC725-A, Warner Corporation, USA), and while perfusing
with Tyrode solution (150 mM NaCl, 5 mM KCl, 2 mM CaCl2,
1 mM MgSO4, 10 mM dextrose, 10 mM HEPES, pH 7.5), the
oocyte was pricked at the sides with the microelectrodes
connected to the voltage clamp to measure the membrane
potential. The membrane potential value obtained from the
voltage clamp was processed with the DAS-8A conversion
board (Keithley-Metrabyte, USA) and analyzed using the
Ooclamp software. All measurements were conducted at a
holding potential of –70 mV. Oocytes not showing a stable
holding current of less than 1 mA were excluded from the
analysis. The oocyte was then superfused with Tyrode solution-diluted L-glutamate for 20 s at 3 ml/min, and the membrane potentials were measured at 125 Hz for one minute.
We integrated the bell-shaped current trace to quantify the
response and describe the value as microCoulombs (μC),
which equates to the total amount of transported glutamate.
Each experiment was performed by using oocytes obtained
from at least three different Xenopus frogs.

Injection of various chemicals
To examine the effects of TXA on EAAT3 activity, we ex-

EAAT3 plasmid DNA
restriction
transcription

mRNA

microinjection

nucleus

mRNA in cytoplasm
translation
EAAT3

Fig. 1. The EAAT3 expression process. EAAT3: excitatory amino acid
transporter 3.
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Compared to the control group, the TXA exposure group
(30 µM) showed a significant reduction in the response to
10, 30, 100, and 300 µM L-glutamate except 3 µM L-glutamate (Fig. 3). A further analysis of the data demonstrated
that TXA significantly decreased Vmax (1.1 ± 0.1 µC for TXA
vs. 1.4 ± 0.1 µC for control; n = 18–23 in each group, P =
0.043). However, TXA did not cause a significant change in
Km value for EAAT3 in response to L-glutamate 12.7 ± 3.9
µM for TXA vs. 12.8 ± 3.8 µM for control; n = 18–23 in each
group, P = 0.986).

DISCUSSION
As an antifibrinolytic agent, TXA effectively promotes
hemostasis in surgical patients, but there have been concerns about its main adverse effect, namely postoperative
seizure. Such an effect has been frequently reported in car1.5

differences were analyzed with student’s t -test or one-way
analysis of variance (ANOVA). Post-hoc comparison was
performed with Bonferroni correction or Student-Newman-Keuls correction. Statistical differences were considered significant for P values < 0.05.

Oocytes injected with EAAT3 mRNA showed inward currents in response to the application of L-glutamate. In contrast to that, no membrane current changes were observed
in oocytes that were not injected with EAAT3 mRNA. No
membrane potential changes were observed when EAAT3
mRNA-not injected oocytes were exposed to TXA. Accordingly, all subsequent experiments were conducted only
with oocytes injected with EAAT3 mRNA.
Exposing the oocytes to various TXA concentrations
showed that TXA decreased EAAT3 activity in a dose-dependent manner (Fig. 2). In the kinetic study, we used the
lowest TXA concentration of 30 µM that significantly decreased EAAT3 activity.
www.anesth-pain-med.org
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Fig. 2. Changes in EAAT3 activity relative to tranexamic acid exposure
level. EAAT3: excitatory amino acid transporter 3. *P < 0.05 compared
with the control group (tranexamic acid concentration 0 μM).
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The response values were presented as mean ± SEM. As
the response values commonly vary depending on the oocyte batch, we obtained normalized data by dividing the
response values by the average value of the control group
in each batch for the dose-response study. Between-group
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Fig. 3. EAAT3 dose-response curve of for L-glutamate relative to
tranexamic acid presence. EAAT3: excitatory amino acid transporter
3. *P < 0.05 compared with control group (tranexamic acid
concentration 0 μM).
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posed oocytes to various TXA concentrations diluted in a
modified Barth solution (3, 10, 30, 100, 300, 1,000 µM) for
72 h and measured membrane potential changes after injecting an agonist (L-glutamate 30 µM). The control group
oocytes were incubated in a modified, non-TXA-containing Barth solution for 72 h before the response measurement. In this experiment, we used the agonist L-glutamate
to induce a glutamate transporter current through EAAT3.
In our previous study, we established that the EAAT3 response-triggering L-glutamate median effective concentration (EC50) is 27.2 µM [9], we thus used 30 µM of L-glutamate in this study. After computing responses at each TXA
concentration, we performed a kinetic study to compute
Km and Vmax by measuring response values in the control
group and the experimental group upon exposure to a TXA
concentration close to the half-maximal inhibitory concentration (IC50) using five different L-glutamate concentrations (3, 10, 30, 100, 300 µM).

Anesth Pain Med Vol. 15 No. 3

diac surgeries when a high TXA dose was used [10].
TXA-induced seizures occur within several hours of transferring the patient from the operating room to an intensive
care unit, a period characterized by a rapid decline of anesthetics with an anticonvulsant effect and high TXA concentration [11]. A recently published meta-analysis of 28 randomized controlled studies reported a high-risk ratio (6.67)
of postoperative seizure for using TXA during coronary artery bypass grafting [12].
No theory has been established for the CNS mechanism
underlying TXA-induced seizures. It has been reported that
TXA has an inhibitory effect on inhibitory neurotransmitter receptors GABA and glycine receptors, but its effect on
the excitatory glutamate neurotransmission has not been
reported yet. Particularly, EAAT3, a main glutamate neurotransmission-regulating EAAT, plays an important role in
maintaining GABA neurotransmission towards neurons by
providing the glutamate needed for GABA synthesis [4,13].
Therefore, studies on the effect of TXA on EAAT3 activity
would provide a key to understanding the effector mechanism of TXA-induced seizures.
Lecker et al. [14] established peak TXA concentrations at
1.9 ± 0.4 mM in the serum and 220.8 ± 116.7 µM in the cerebrospinal fluid in patients undergoing heart surgery using a cardiopulmonary bypass machine. Furthermore, in
the same study, the half-maximal inhibitory concentration
(IC50), measuring the TXA inhibition of glycine receptors,
was 1.1 mM.
In this study, TXA significantly decreased EAAT3 activity
at concentrations of 30, 100, 300, and 1,000 µM. Decreased
EAAT3 activity lowers glutamate uptake into neurons and
thus increases extracellular glutamate concentration,
which can explain the onset of seizures. In our previous
study, we observed that etomidate and estrogen (17-β-estradiol), which have a proconvulsant effect, also decreased
EAAT3 activity [15,16]. Moreover, the results of the kinetic
study shed light on how TXA alters EAAT3 activity. In other
words, considering that TXA significantly reduced Vmax but
did not significantly alter Km, it is appropriate to assume
that TXA causes dynamic changes, such as increasing the
number of available EAAT3 or its turnover rate, in the neuronal cell membrane as opposed to changing the affinity of
EAAT3 for glutamate.
The TXA-induced CNS hyperexcitation seems to be attributable to the so-called “disinhibition” that reduces neurotransmission [17]. Glycine receptors and GABAA receptors are some of the major inhibitory neurotransmission
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systems in the CNS. According to Furtmüller et al. [18],
while TXA does inhibit GABAA receptors, its IC50 is quite
high, at 7 mM. That is, although we could not calculate IC50
in the present study due to the atypical pattern of EAAT3
activity across varying TXA concentrations, the result that
EAAT3 activity was significantly decreased at concentrations of 30 µM or higher suggests that EAAT3 had significant responses to markedly lower TXA concentrations
compared to glycine or GABAA receptors. However, a comprehensive comparison is difficult due to the differences in
the experimental methods.
There are several methods of measuring glutamate transporter activity, and we chose electrophysiological measurement using a 2-electrode voltage clamp in the present
study. For this method, Xenopus oocytes from Xenopus
laevis frogs are essential. Xenopus oocytes are widely utilized in experiments using a voltage clamp, as they do not
contain endogenous receptors other than lysophosphatidate receptors, and receptor proteins can be expressed on
the cell membrane within a few days of injecting the DNA
or RNA of various receptors into the nucleus or cytoplasm.
In this study, we observed that TXA attenuates EAAT3
activity but could not identify its mechanism. It is possible
that TXA can affect EAAT3 activity through its impact on
enzymes that regulate intracellular signaling, such as protein kinase C (PKC) or phosphatidylinositol 3-kinase
(PI3K). We also observed in our previous studies that various anesthetics, hormones, alcohol, caffeine, and nicotine
alter glutamate transporter activity through the mediation
of PKC or PI3K [19–22]. However, we could not additionally
study PKC or PI3K in the present study due to inadequate
study conditions. Furthermore, we used normalized data
obtained by dividing each response value by the average of
the control for each oocyte batch instead of the raw data
when analyzing the results of the dose-response experiment. This is a common method in electrophysiological
experiments using the Xenopus oocyte expression system,
and we have used this method in our previous studies as
well [9,12,17–20,23,24].
In conclusion, we used the Xenopus oocyte expression
system and observed that TXA decreases the activity of glutamate transporter, EAAT3, presumably by increasing the
number of available EAAT3 or its turnover rate as opposed
to altering its affinity for glutamate. Additional studies are
needed to examine the underlying mechanism.
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Background: The purpose of this study was to investigate the degree of sedation and the
incidence of adverse effects resulting from various methods of administering the initial dose
followed by continuous infusion of dexmedetomidine (DEX) for sedation in elderly patients
undergoing spinal anesthesia.
Methods: In total, 72 patients aged over 65 years who were to be administered spinal anesthesia were randomly allocated into three groups. The initial doses were injected to the
groups as follows: group DD, DEX 0.5 μg/kg for 10 min; group MD, midazolam 0.02 mg/kg;
and group D, no initial dose. This was followed immediately by infusing a maintenance dose
of DEX 0.5 μg/kg/h to all groups.
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Results: The Bispectral index (BIS) in the D group was significantly higher than in the other
two groups. There were no significant differences in the Ramsay sedation scale (RSS)
among the groups. The RSS 3 level was reached in 10 min from the start of sedation in MD
and DD groups and in 20 min from the start of sedation in D group. Neither bradycardia nor
hypotension was observed in any of the groups.
Conclusions: Patients in all three groups reached the RSS 3 sedating-effect level. However,
the group that received continuous infusion only without the initial dose showed higher BIS
than the other two groups and reached the RSS 3 later. No adverse events were observed in
any of the groups.
Keywords: Dexmedetomidine; Elderly; Midazolam; Spinal anesthesia.

INTRODUCTION

the usual choice for urologic or lower-extremity surgeries.
Appropriate sedation during spinal anesthesia relieves patient’s anxiety and induces loss of harmful memories.
Dexmedetomidine (DEX) is a selective α2-adrenergic agonist that triggers sedative effects by acting on the locus ceruleus, and it has been used more commonly in recent

With advancements in medical sciences and the improved
quality of life in recent years, the elderly population is consistently increasing. As a result, the number of surgeries performed on elderly patients is also rising; spinal anesthesia is
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years. Some benefits of this agent include easy transition
from a sedated state to an alert state that facilitates patient’s cooperation during surgery, cardiovascular stability
with little respiratory depression, and a lower incidence of
delirium in elderly patients [1,2].
Regional anesthesia is beneficial since the patient remains conscious and breathes spontaneously, with normal
reflexes such as coughing being preserved. Although sedation is commonly induced during regional anesthesia, it is
important to ensure that the patient’s consciousness is
minimally diminished with no suppression of reflexes and
respiration. Monitoring of the level of sedation is crucial to
attain an appropriate sedation; the Bispectral index (BIS) is
widely used for this purpose. The BIS enables a quantitative monitoring of the level of sedation and hypnosis on a
scale from 0 to 100. The score of 70–90 indicates mild, and
the score of 60–69 indicates moderate sedation [3].
Aging decreases tissue elasticity that lowers electrical conduction in the heart and decreases response to receptor
stimulation. The diminished vascular elasticity increases the
risk of hypertension, ventricular hypertrophy, and heart failure [4]. Moreover, progression of aging disrupts ventilation
and perfusion balance that increases the vulnerability to hypoxia and provokes the sensitive responses to respiratory
depressants. Compared to younger patients, older adults’
brains are more sensitive to anesthetics and are susceptible
to unwanted hemodynamic variations [5]. For this reason,
selection of a proper sedative and the method of administration during regional anesthesia in elderly patients have become an important issue for anesthesiologists. In recent
years, DEX has been preferred as the sedative for regional
anesthesia in elderly patients but the effective concentration
of this agent for inducing sedation in elderly patients is yet
unknown. Occurrence of severe bradycardia triggered by excessive initial dose has been reported [6].
The purpose of this study was to investigate the degree of
sedation and the incidence of adverse effects resulting
from various methods of administering the initial dose followed by continuous infusion of DEX for sedation in elderly patients undergoing spinal anesthesia.

MATERIALS AND METHODS

can Society of Anesthesiologists physical status classification I–II, and were scheduled to undergo a closed peritoneal surgery at perineal region under spinal anesthesia. Patients with relative or absolute contra indications for spinal
anesthesia, including those with coagulopathy, skin infection, severe low back pain, or history of spinal surgery,
were excluded. Seventy-two patients were randomized to
three groups of 24 patients each. The author in charge of
patient randomization used computer-generated random
numbers with Microsoft Excel that were used to assign patients to study groups; he ensured that the patients entered
the operating room as randomized, administered the intervention, and supervised the overall process.
Upon arrival at the operating room, patient’s vital signs
were monitored using electrocardiography, non-invasive
blood pressure, and pulse oximetry. To monitor sedation,
BIS (BISTM Vista A-3000 monitor, Software version 3.20, Aspect Medical Systems, Inc., USA) and Ramsay sedation
scale (RSS) scores (Table 1) were checked [7]. All patients
were administered 5 ml/kg of plasma solution A in 1,000
ml (CJ Cheiljedang, Korea) prior to spinal anesthesia. Spinal anesthesia was performed with the patient in the lateral
decubitus position; a 25-gauge Quincke needle was inserted into the L3–4 or 4–5 vertebral interspace to administer
0.5% bupivacaine (Marcaine® Spinal Heavy 0.5%, AstraZeneca AB, Sweden). The dose of the bupivacaine was determined according to the patient’s age and height. The
patient was then turned to the supine position, and the
level of anesthesia was checked. While supplying oxygen at
2 L/min using a nasal cannula (Comfort Soft Plus® CO2
Sampling Nasal Cannula, Westmed Inc., USA), the patient’s
hemodynamic stability was confirmed. After changing the
patient to the lithotomy position, the corresponding sedatives were administered to each patients depending on
their group. This time point of administration was defined
as T0. Time points at 10 min, 20 min, 30 min, and 60 min
after the start of administration were defined as T10, T20,

Table 1. Ramsay Sedation Scale [7]
Score
1
2
3

This study was approved by the institutional-review
board of the authors’ affiliation (no. 2018-07-103), and a
written informed consent was obtained from all patients.
The study patients were aged 65 years or older and Ameri-
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4
5
6

Response
Patient is anxious and agitated or restless or both
Patient is co-operative, oriented, and tranquil
Patient responds to commands only
Patient exhibits brisk response to light glabellar tap or loud auditory stimulus
Patient exhibits a sluggish response to light glabellar tap or
loud auditory stimulus
Patient exhibits no response
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RESULTS
A total of 72 patients participated in the study, with 24 in
www.anesth-pain-med.org

each group (Fig. 1). There were no significant differences in
age, sex, height, weight, type of surgery, American Society
of Anesthesiologists physical status, and the level of spinal
anesthesia among the groups (Table 2).
Although the heart rate and mean arterial pressure tended to decrease during surgery, there were no significant
differences among the groups after initial sedation (Fig. 2).
Intra-operative bradycardia or hypotension did not occur
in any of the groups.
BIS tended to decrease over the duration of surgery, and it
significantly differed among the groups at T10 and T30. At
T10, BIS was significantly higher in the D group (82.0 ± 7.7)
than in the DD group (77.7 ± 5.5) and MD group (76.0 ± 5.5)
(P < 0.010). At T30, BIS was significantly higher in the D
group (76.6 ± 9.8) than in the DD group (71.8 ± 6.7) and MD
group (72.1 ± 7.1) (P < 0.023) (Fig. 3). There were no significant differences in RSS among the groups (Table 3). The DD
and MD groups reached the RSS 3 at T10, whereas the D
group reached the RSS 3 at T20.
There were no significant differences in oxygen saturation and ETCO2 among the groups (Fig. 4). Respiratory rate
did not significantly differ between the groups (Fig. 4). Hypoxia was not observed during surgery in any of the
groups. Nausea, vomiting, delirium, and abnormal violent
behaviors or movement also did not occur during or after
surgery in any of the groups.

DISCUSSION
This study compared the level of sedation achieved by
continuous infusion of a usual dose of DEX in elderly patients undergoing spinal anesthesia, depending on whether a) a initial dose equivalent to the half of the usual dose is
used prior to continuous infusion, b) midazolam is used as
the initial dose, and c) continuous infusion is begun immediately without a initial dose. All three methods led to sedation equivalent to the RSS 3. However, the BIS was higher and took longer time to achieve RSS 3 in the continuous
infusion without the initial dose group compared to the
other two groups. Adverse events were not observed in any
of the three groups.
DEX is a selective α2-adrenergic agonist that acts on the
α2A and α2B subtypes. α2A receptors are mainly distributed in
the periphery, and they reduce norepinephrine secretion
in the synaptic terminal and decrease sympathetic nervous
activity. DEX induces sedative and analgesic effects by acting on α2B receptors present in the locus ceruleus and spi-
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T30, and T60, respectively.
The DD group, DEX (Precedex Premix, 4.72 µg/ml, Pfizer
Pharmaceuticals Korea, Korea) was given at the initial dose
of 0.5 μg/kg over 10 min, followed by continuous infusion
of DEX at 0.5 μg/kg/h. The MD group was given midazolam at the initial dose of 0.02 mg/kg, followed by continuous infusion of DEX at 0.5 μg/kg/h. The D group was given
a continuous infusion of DEX at 0.5 μg/kg/h without any
initial dose. Blood pressure, heart rate, oxygen saturation,
respiratory rate, BIS, RSS, and end-tidal CO2 (ETCO2) provided via a nasal cannula were measured at every stated
time point after T0.
During the surgery, awareness was defined as the values
of RSS being below 2 or of BIS being above 90. Hypoxia was
defined as the oxygen saturation < 90%, bradycardia as the
heart rate < 45 beats/min, and hypotension as the mean
arterial pressure < 60 mmHg were monitored. Further,
postoperative incidence of nausea, vomiting, delirium, and
abnormal violent behaviors and movements were noted
and assessed. Hypotension was treated with intravenous
infusion of 5 mg ephedrine and bradycardia with 0.5 mg
atropine. In case of hypoxia, breathing was assisted by
opening the patient’s mouth and extending the neck.
Sample size was calculated using the G*Power program
version 3.1.9.2 based on the Cohen’s formula. Yoon et al. [8]
reported a BIS difference of 11.8 between the DEX with
midazolam and DEX groups, with the standard deviation
set to 12. The sample size for each group was calculated to
be 21 for a two-tailed test at a significance of 0.05 and power of 0.8. Anticipating a 10% withdrawal rate, we recruited
24 participants for each group, for a total of 72 patients.
All statistical analyses were conducted using the SPSS
software (version 18.0, IBM Co., USA). Data were presented
as mean ± standard deviation or the number of patients.
When comparing patients’ characteristics between groups,
continuous data were analyzed with one-way analysis of
variance (ANOVA), and categorical data were analyzed
with chi-square test or Fisher’s exact test. Variations of
measures over time between groups were analyzed with
repeated-measures ANOVA. Variations over time within
groups were analyzed with repeated-measures ANOVA followed by post-hoc Bonferroni for continuous data. P values
< 0.05 were considered statistically significant.
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Enrollment

Assessed for eligibility (n = 72)

Excluded (n = 0)

Randomized (n = 72)

Allocation
Allocated to group DD (n = 24)

Allocated to group MD (n = 24)

Allocated to group D (n = 24)

Follow-up

Lost to follow-up (n = 0)

Lost to follow-up (n = 0)

Lost to follow-up (n = 0)

Analysis

Analysed (n = 24)

Analysed (n = 24)

Analysed (n = 24)

Fig. 1. Consolidated standards of reporting trials (CONSORT) flow chart of the study. A total of 72 patients (American Society of Anesthesiologists
physical status classification I-II, aged over 65 years) were randomly allocated into three groups. Group DD: initial dose of 0.5 μg/kg
dexmedetomidine + continuous infusion of 0.5 μg/kg/h dexmedetomidine. Group MD: initial dose of 0.02 mg/kg midazolam + continuous infusion
of 0.5 μg/kg/h dexmedetomidine. Group D: continuous infusion of 0.5 μg/kg/h dexmedetomidine without initial dose.
Table 2. Patient’s Characteristics
Variable
Age (yr)
Sex (M/F)
Weight (kg)
Height (cm)
Level of spinal anesthesia
Operation (TURP/TURB)
ASA physical status (I/II)

Group DD (n = 24)

Group MD (n = 24)

Group D (n = 24)

77.2 ± 8.1

74.5 ± 7.3

73.6 ± 7.1

0.231

23/1

23/1

19/5

0.080

65.4 ± 10.7

0.392

64.9 ± 10.8

68.3 ± 6.06

P value

167.3 ± 6.0

168.7 ± 5.4

166.9 ± 7.6

0.361

10.2 ± 0.7

10.4 ± 0.8

9.9 ± 0.5

0.063

20/4

21/3

18/6

0.701

3/21

8/16

5/19

0.211

Values are presented as mean ± SD or the number of patients. Levels of spinal anesthesia are presented as T8 = 8, L2 = 12 + 2, L4 = 12 + 4.
ASA: American Society of Anesthesiologists, TURP: transurethral resection of prostate, TURB: transurethral resection of bladder. Group DD: initial
dose of 0.5 μg/kg dexmedetomidine + continuous infusion of 0.5 μg/kg/h dexmedetomidine. Group MD: initial dose of 0.02 mg/kg midazolam +
continuous infusion of 0.5 μg/kg/h dexmedetomidine. Group D: continuous infusion of 0.5 μg/kg/h dexmedetomidine without initial dose. There
were no significant differences among the groups.

nal cord, while acting on α2B receptors present in peripheral-blood vessels induces vasoconstriction. Therefore, vasoconstriction and bradycardia can commonly occur early
after infusion of this drug, and hypotension can easily develop once sympathetic nervous activity is suppressed
[9,10]. The clinical using dose of DEX for sedation is known
to consist of a initial dose of 1.0 μg/kg over 10 min followed
by a maintenance dose of 0.4–0.7 μg/kg/h by continuous
infusion [11].
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Riker et al. [12] reported that after infusing DEX (0.2–1.4
μg/kg/h) or midazolam (0.02–0.10 mg/kg/h) for sedation
in patients receiving mechanical ventilation via endotracheal intubation, the incidence of delirium, tachycardia,
and hypertension was lower but that of bradycardia was
higher in the DEX group than in the midazolam group. In
another study that compared a group of patients receiving
a initial dose of 0.05 mg/kg of midazolam and a group of
patients receiving 1 μg/kg of DEX over 10 min for surgery
www.anesth-pain-med.org
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Group DD

90

Group MD

B

Group D

110
105

80

100

Mean blood pressure (mmHg)

85

75
70
65
60
55
50

Group MD

Group D

95
90
85
80
75
70

45
40

Group DD

KSAP

Heart rate (beats/min)

A

T0

T10

T20

T30

65

T60

T0

T10

Time point

T20

T30

T60

Time point

Fig. 2. Trends of heart rate (A) and mean blood pressure (B). Graphs’ values are presented as mean ± SD. Group DD: initial dose of 0.5 μg/kg
dexmedetomidine + continuous infusion of 0.5 μg/kg/h dexmedetomidine. Group MD: initial dose of 0.02 mg/kg midazolam + continuous infusion
of 0.5 μg/kg/h dexmedetomidine. Group D: continuous infusion of 0.5 μg/kg/h dexmedetomidine without initial dose. T0: start sedation, T10, 20,
30, 60: 10, 20, 30, 60 min after sedation. There were no significant differences among the groups at any time point.
100

Group DD

Group MD

Group D

95

*

Bispectral index

90

*

85
80
75
70
65
60

T0

T10

T20

T30

T60

Time point

Fig. 3. Trends of Bispectral index. Graphs’ values are presented as mean ± SD. Group DD: initial dose of 0.5 μg/kg dexmedetomidine +
continuous infusion of 0.5 μg/kg/h dexmedetomidine. Group MD: initial dose of 0.02 mg/kg midazolam + continuous infusion of 0.5 μg/kg/h
dexmedetomidine. Group D: continuous infusion of 0.5 μg/kg/h dexmedetomidine without initial dose. T0: start sedation, T10, 20, 30, 60: 10, 20,
30, and 60 min after sedation. Bispectral index in Group D was significantly higher than in the other two groups at T10 and T30. *P < 0.05.
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Table 3. Ramsay Sedation Scale
Time point
T0
T10
T20
T30
T60

Group DD (n = 24)

Group MD (n = 24)

1 (1, 1)

1 (1, 1)

Group D (n = 24)
1 (1, 1)

P value

3 (3, 3)

3 (3, 3)

2.5 (2, 3)

0.051

3 (3, 3)

3 (3, 3)

3 (3, 3)

0.568

3 (3, 3)

3 (3, 3)

3 (3, 3)

0.571

3 (3, 3)

3 (3, 3)

3 (3, 3)

0.358

0.281

Values are presented as median (1Q, 3Q). Group DD: initial dose of 0.5 μg/kg dexmedetomidine + continuous infusion of 0.5 μg/kg/h
dexmedetomidine. Group MD: initial dose of 0.02 mg/kg midazolam + continuous infusion of 0.5 μg/kg/h dexmedetomidine. Group D: continuous
infusion of 0.5 μg/kg/h dexmedetomidine without initial dose. T0: start sedation, T10, 20, 30, 60: 10, 20, 30, 60 min after sedation. There were
no significant differences among the groups.
Group DD

Group MD

Group D

B

Group MD

Group D

40

ETCO2 (mmHg)

SpO2 (%)

101

Group DD

100

99

98

35

30

25

T0

T10

T20

T30

T60

C
Respiratory rate (breath/min)

A

T0

T10

Time point

T20

T30

Time point

T60

Group DD

Group MD

Group D

24
22
20
18
16
14

T0

T10

T20

T30

T60

Time point

Fig. 4. Trends of oxygen saturation (SpO2) (A), end-tidal carbon dioxide (ETCO2) (B), and respiratory rate (C). Graphs’ values are presented as mean
± SD. Group DD: initial dose of 0.5 μg/kg dexmedetomidine + continuous infusion of 0.5 μg/kg/h dexmedetomidine. Group MD: initial dose of 0.02
mg/kg midazolam + continuous infusion of 0.5 μg/kg/h dexmedetomidine. Group D: continuous infusion of 0.5 μg/kg/h dexmedetomidine without
initial dose. T0: start sedation, T10, 20, 30, 60: 10, 20, 30, and 60 min after sedation. There were no significant differences among the groups at
any time point.

under spinal anesthesia demonstrated that the DEX group
showed a significantly lower heart rate and the midazolam
group showed a significantly lower mean arterial pressure
[8]. These results suggest that hemodynamic instability is a
major issue when using sedatives during spinal anesthesia
in elderly patients, who commonly suffer from cardiovascular comorbidities [5].
Yeom et al. [13] investigated the appropriate dose of DEX
by comparing three groups: a initial dose of 1.0 μg/kg
(based on actual body weight), 1.0 μg/kg (based on ideal
body weight), or 0.8 μg/kg (based on ideal body weight)
followed by continuous infusion of 0.5 μg/kg/h (based on
each corresponding body weight criterion). They observed
that an appropriate level of sedation was maintained in the
0.8 μg/kg (based on ideal body weight) group, and although the incidence of airway obstruction and bradycardia did not significantly differ between the three groups, a
total of eight patients developed bradycardia. Another recent study administered DEX at a initial dose of 1 μg/kg
over 10 min (based on the actual or ideal body weight) fol-

302

lowed by a maintenance dose of 0.5 μg/kg/h in patients
(average age, 40 years) who were undergoing surgery under spinal anesthesia. They observed that airway obstruction or coughing and the mean BIS at 30–50 min after sedation were lower than the target of 60–80; they reported that
the initial dose and maintenance dose of DEX induced excessive sedation and airway obstruction [14]. Therefore,
with reference to a report that a dose of 1 μg/kg induced
adverse events in general patients and to ensure safety, we
lowered the initial dose of DEX in patients aged 65 years or
older to 0.5 μg/kg that is equal to the maintenance dose.
DEX generates appropriate sedative effects without respiratory depression if used within the therapeutic dose
[15]. On the other hand, midazolam may induce hypoxia
and airway obstruction by reducing respiratory response
even in healthy adults [16]. In general, 0.05 mg/kg of midazolam is used for sedation in adults [17]. Yano et al. [18]
used midazolam for sedation during a colonoscopy procedure, specifically a dose of 0.05 mg/kg for patients under
the age of 60 and 0.025 mg/kg for patients aged 60 years or
www.anesth-pain-med.org
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groups, the score only differed by less than 6 points, and
the desired sedation was achieved in all three groups without substantial clinical differences.
During the present study, we recorded intra-operative
measurements every five minutes after the start of sedation; although hemodynamic instability was not observed,
the results were presented in 10-min or 30-min intervals
for conciseness. However, as instable vital signs can occur
at any point during a surgery, the uncertainty about hemodynamic instability occurring between the indicated time
points is one limitation of this study.
In conclusion, we achieved the desired sedative effect in
three groups of elderly patients undergoing surgery under
spinal anesthesia using a reduced initial dose of DEX or
midazolam or only maintenance dose of DEX without a
initial dose, with no significant differences in the heart rate
and mean arterial pressure among the three groups and no
occurrence of bradycardia or hypotension in any of the
groups. As the desired level of sedation was achieved and
continuously maintained in all three groups, these methods are believed to be hemodynamically safe and appropriate sedation methods for elderly patients.
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older. When the two groups were compared, the 60 years or
older group showed more frequently an oxygen saturation
below 95% despite being administered the lower dose.
Therefore, considering that our patients were more than
65-years old, we used the dose of midazolam reduced to
0.02 mg/kg for the safety reason. Another study reported
that a cumulative midazolam dose of 7 mg or higher in
adults aged 65 years or older led to abnormal behaviors
such as delirium, violent behaviors, and abnormal movement in about 10.2% of the patients [19]. In the present
study, respiratory depression was not observed during surgery, and oxygen saturation of 95–100% and ETCO2 of 26–
38 mmHg were maintained in all three groups. Further, abnormal behaviors did not occur; we presumed that this is
because additional midazolam was not administered beyond the initial dose and that a lower dose of 0.02 mg/kg
than the clinical sedation dose was used in consideration
of the old age of the patients.
As elderly patients were enrolled in this study, we compared three groups with a lower initial dose of 0.5 μg/kg
DEX, no initial dose of DEX, and lower initial dose of 0.02
mg/kg midazolam followed by a maintenance DEX dose of
0.5 μg/kg/h. After the administration of the sedative initial
dose, the three groups did not significantly differ in the
mean arterial pressure and heart rate and did not show hypotension or bradycardia during surgery. Further, sedation
was achieved in all three groups, though the time until sedation varied. The correlation of BIS and RSS has been reported by multiple studies. Bell et al. [20] reported that BIS
and RSS are substantially correlated and that a BIS of 87.2
and 80.9 corresponds to RSS 3 and 4, respectively. It has
been reported that the appropriate ranges of BIS and RSS
for intra-operative sedation are 60–80 and 3–4, respectively
[21]. In the present study, BIS was within 50–85 and RSS
within 3–4 achieved between 10–60 min after sedation in
the two groups that were given a initial dose. However, the
group that did not receive a initial dose had a BIS of between 65–90 and RSS of 3, indicating a relatively lower level
of sedation; none-the-less, a level of sedation needed to
continue the surgery was maintained in all three groups.
Our study involved elderly patients, and by lowering the
dose of the agents, we aimed to achieve mild sedation that
gives a sense of comfort during surgery without adverse
events such as bradycardia, hypotension, and hypoxia.
During surgery, all three groups showed a BIS level that indicated mild sedation. Although the continuous infusion
only group showed a higher BIS compared to the other two
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Background: As an anesthesia induced during cesarean section, spinal anesthesia is preferred over general and epidural anesthesia. This study aimed to review the trend of anesthetic methods for cesarean section based on data obtained from the Korean Health Insurance Review and Assessment Service from 2013 to 2018.
Methods: The anesthetic methods were analyzed in 753,285 parturients who underwent a
cesarean section in Korea from 2013 to 2018. We determined the association between
each anesthetic method and hospital type and maternal and fetal factors. We also evaluated whether the anesthetic method was associated with the parturients’ length of hospital
stay.
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Results: General anesthesia, spinal anesthesia, and epidural anesthesia were induced in
28.8%, 47.7%, and 23.6% of parturients from 2013 to 2018, respectively. Trend analyses
showed that spinal anesthesia increased from 40.0% in 2013 to 53.7% in 2018. The opposite trend applied to general anesthesia, decreasing from 37.1% in 2013 to 22.2% in 2018.
The factors that were significantly associated with the anesthetic method were parturient’s
parity, emergency condition, gestational age, and fetal weight. The type of hospital, parturient’s age, and multiple birth were also associated with the anesthetic methods. There was a
strong association between general anesthesia and hospital stay longer than 7 days.
Conclusions: Spinal anesthesia is currently the main anesthetic method used for cesarean
delivery, and the rate of spinal anesthesia is gradually increasing in Korea.
Keywords: Anesthesia, epidural; Anesthesia, general; Anesthesia, spinal; Cesarean section.

INTRODUCTION

formed as it may affect the potential complications for parturients and the fetus and the postoperative satisfaction.
General anesthesia induced during cesarean section may
result in difficulties in managing parturients’ airway, and
intravenous or inhalation anesthetics may affect the fetus.

In South Korea, the rate of delivery through cesarean
section reached 42.3% in 2018 [1]. The most suitable anesthesia must be induced when cesarean section is per-
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Moreover, considering that general anesthesia increases
wound infection and results in deep vein thrombosis and
anesthesia-related complications, this type of anesthesia is
generally avoided [2].
Although the anesthetic method should be selected according to the condition and requirement of each parturient, recently, induction of regional anesthesia when performing cesarean sections has been recommended considering the above mentioned reasons, unless any particular
contraindications are evident. Therefore, the majority of
cesarean sections are currently being performed under regional anesthesia. The use of general anesthesia has decreased significantly; it has been reported that only 3–4% of
elective cesarean sections and 14–19% of emergency cesarean sections in the United States were performed under
general anesthesia in 2011 [3]. In Germany, regional anesthesia is used most predominantly, with spinal anesthesia
accounting for 90.8% of cases [4]. Spinal anesthesia can
provide faster reaction time compared to epidural anesthesia, and it conveniently predicts the dermatomal level of
sensory block [5].
The rate of inducing regional anesthesia has recently increased in South Korea, but there are no accurate statistics on
the status of regional anesthesia used for cesarean sections.
This study aimed to examine the current status and changes
in the recent trends of anesthesia used in cesarean sections in
South Korea through the data claimed from the Korea Health
Insurance Review and Assessment Service (HIRA) from July
2013 to June 2018. This study also investigated the factors associated with the choice of anesthesia by analyzing other diagnostic codes included during the hospitalization of parturients who delivered via cesarean section and the information
of the hospital that performed the operations.

MATERIALS AND METHODS
Data sources and subjects
This study was approved by the Institutional Review
Board (no. 2019-10-009) and was analyzed using the parturients’ data claimed from the HIRA. The HIRA of Korea is a
national health insurance agency that contains all the information on cesarean sections performed in Korea, as it
covers every citizen, including Koreans, and a portion of
foreigners who resided in Korea for extended periods. Cesarean section is one of the seven disease groups charged
by the Diagnosis Related Group (DRG) since July 2013. All
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institutions have been claiming the DRG. The HIRA includes the International Classification of Diseases, 10th
edition, Clinical Modification-based diagnostic code and
the Korean Diagnosis Related Group 3.5 (KDRG 3.5)-based
DRG code. Moreover, the definition of a cesarean section
patient was based on the hospitalization charged by the
KDRG code O016-O017. We searched for and reviewed the
parturients with the code corresponding to the cesarean
section from the HIRA data from July 2013 to June 2018.

Medical utilization and resource of big data
There were a total of 795,369 cesarean sections performed from July 2013 to June 2018, but 2,409 cases without detailed medical examination summaries and 39,675
cases without anesthetic method records were excluded
(Fig. 1). The diagnosis and treatment codes of the parturients were assessed to identify the anesthetic methods, the
need for emergency cesarean sections, parity, and the
presence of multiple fetuses. The anesthetic method was
divided into general anesthesia (L1211, L1221), spinal anesthesia (L1213, L1223), and epidural anesthesia (L1214,
L1224). It was defined by searching for the anesthetic procedure code. Whether or not the emergency operation was
defined as the case of the appearance of the O821 code in
the diagnostic code of each hospitalization, the routine operation was defined as the case of the appearance of the
O820 code. The multiple fetuses was defined as the case of
the appearance of R4519 and R4520 in the code. The single
fetus was defined as the case of appearance of R4517,
R4518, and R4514. Gestational age was divided into a specific classification code (JT005, MT006), indicating the
number of gestational weeks. It was divided into 22 weeks
or less, 23–34 weeks, 35–36 weeks, and more than 37 weeks.
Fetal weight was separated in the case of a specific classification code (MS004), indicating the newborn weight, and
was categorized to less than 1,500 g, 1,500–2,499 g, and
2,500 g or more. The hospitalization period was divided using the number of hospitalization days of the specification.
Each subsection was categorized into groups, and data
were presented by number of parturients in each group. All
parturients remained anonymous.
Additionally, the size and location of the hospitals where
the cesarean sections were performed were also classified.
The sizes of the hospitals were classified according to the
Korean Medical Care Act. Hospitals with more than 30
beds were classified as hospitals, hospitals with less than
www.anesth-pain-med.org
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30 beds as clinics, hospitals with more than 100 beds and
more than seven medical departments as general hospitals, and hospitals with more than 20 medical departments
as tertiary care hospitals. Regional classifications were
based on areas of submitted claims and included the following divisions: Seoul capital area, Gyeongsang, Jeolla,
Chungcheong, Gangwon, and Jeju.

Statistical analysis

RESULTS
Among the 753,285 cesarean sections included in this
study, there were 359,106 spinal anesthesia cases (47.7%)
and 177,494 epidural anesthesia cases (23.6%) that demonstrated regional anesthesia to account for a high proportion, and 216,685 cesarean sections (28.8%) were performed under general anesthesia (Fig. 1). Regarding hospi-

Changes in the anesthetic methods by time and
region
The rate of general anesthesia was observed to be steadily decreasing with time (P < 0.001) (Fig. 2). The decreased
portion was replaced by spinal anesthesia, and 53.7% of all
cesarean sections, which were more than half, were performed under spinal anesthesia in 2018 (P < 0.001). Additionally, the use of epidural anesthesia slightly increased,
from 22.9% in 2013 to 24.1% in 2018 (P < 0.001). Such national trends can be further broken down and examined in
detail by region and year (Table 2). In particular, the regions with low rates of general anesthesia use were
Chungcheong and Seoul capital areas, and the regions with
high rates of general anesthesia use were Jeju and Gyeongsang. In Jeju, the use of epidural anesthesia increased
steadily, reaching 41.4% in 2018, and epidural anesthesia
use also increased in Gyeongsang. The use of epidural anesthesia decreased in Seoul capital areas, but it did not appear to affect the national trend. Such regional characteristics were continuously observed, but the rate of general an-

795,369 cesarean deliveries in HIRA* from
2013.7 to 2018.6
42,084 cesarean deliveries excluded due to:
- Missing care history: 2,409
- Missing information for the type of anesthesia: 39,675
753,285 cesarean deliveries

216,685 (28.8%) under
general anesthesia

359,106 (47.7%) under
spinal anesthesia

177,494 (23.6%) under
epidural anesthesia

Fig. 1. Flow diagram of parturients who underwent a cesarean section. *Korean Health Insurance Review and Assessment Service.
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Statistical Analysis System (SAS) version 9.4 (SAS Institute, Inc., USA) was used for the statistics of the data preprocessing, and Statistical Package for the Social Sciences
(SPSS) version 12.0 (SPSS Inc., USA) was used for the statistical analyses of the processed results. Each subsection
was categorized, and all patients’ baseline characteristics
are expressed as numbers with percentages. The odds ratios were calculated using the Pearson’s chi-squared test to
analyze the independence of variables (region, hospital
sizes, parturients’ age, parity, gestational age, fetal weight,
emergency condition, hospital period). Linear-by-linear
association was used to determine the fluctuating trends of
anesthetic methods (type of anesthesia and regional trend,
hospital size, fetal weight). P values less than 0.05 were
considered statistically significant.

tal sizes, 46.1% of the total cesarean sections were performed predominantly in hospitals, followed by clinics
(35.7%), general hospitals (10.1%), and tertiary care hospitals (8.2%). The most common groups that received cesarean sections was 30–34 years (47.0%), primiparas (56.9%),
single fetuses (95.9%), and elective cesarean sections
(55.9%). The most common gestational age of the fetus was
more than 37 weeks (91.3%), and the most common weight
was greater than 2,500 g (95.6%). Most parturients had a
hospital stay of 4–6 days (55.8%) or 7–9 days (43.1%). The
region with the highest number of cesarean sections was
the Seoul capital area (49.6%) (Table 1).
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Characteristic
Year

Region

Hospital size

Age (yr)

Parity
Multiple gestation
Emergency state
Gestational age (wk)

Fetal weight (g)

Hospital stay (d)

Value (n = 5)
2013.7~

70,562 (9.4)

2014

151,556 (20.1)

2015

159,276 (21.1)

2016

155,075 (20.6)

2017

145,356 (19.3)

~2018.6

71,460 (9.5)

Seoul capital area
Gyeongsang
Jeolla
Chungcheoung
Gangwon
Jeju
Tertiary care hospital
General hospital
Hospital
Clinic
< 20
20 – 29
30 – 34
35 – 39
> 40
Primipara
Multipara
Singleton
Multiple gestation
Emergency
Elective
≤ 22
23–33
34–36
≥ 37
< 1,500
1,500–2,499
≥ 2,500
≤3
4–6
7–9
≥ 10

373,756 (49.6)
207,369 (27.5)
61,339 (8.1)
84,030 (11.2)
17,400 (2.3)
9,391 (1.2)
61,692 (8.2)
75,950 (10.1)
346,892 (46.1)
268,751 (35.7)

Spinal

Epidural

60
50
40

40.0
37.1

42.6
33.7

30
20

46.8

29.8

22.9

23.7

23.5

2013

2014

2015

49.8

26.7
23.5

52.4

53.7

23.9

24.1

23.7

22.2

2017

2018

10
0

2016
Year

Fig. 2. Trends in anesthetic methods of cesarean sections in the
Korean Health Insurance Review and Assessment Service, 2013–
2018. Values are expressed as percentages for each year. It shows a
pattern of decrease in general anesthesia and an increase in spinal
and epidural anesthesia over time (P < 0.001). Linear-by-linear
association test was used for trend analysis.

2,000 (0.3)
171,658 (22.8)
353,729 (47.0)
192,577 (25.6)
33,321 (4.4)
419,604 (56.9)
318,393 (43.1)

tals, and the percentage of general anesthesia decreased with
smaller hospital sizes (P < 0.001). Epidural anesthesia was
most frequently induced at the hospital level (Table 3).

Maternal factors

707,550 (95.9)
30,447 (4.1)
228,817 (44.1)
290,191 (55.9)
1,599 (0.2)
21,171 (3.0)
39,212 (5.5)
650,624 (91.3)
8,891 (1.2)
45,734 (6.2)
687,995 (95.6)
2,005 (0.3)
420,269 (55.8)
324,493 (43.1)
6,518 (0.9)

Values are expressed as number of parturients (%). When calculating
the percentage of each category, the missing data were excluded from
the evaluation. Data are obtained from the Korean Health Insurance
Review and Assessment Service, 2013–2018.

esthesia is decreasing in all regions (Table 2).

Hospital sizes
We found that the anesthetic methods for cesarean sections
were associated with differences in hospital size (P < 0.001).
The rate of general anesthesia was highest in tertiary hospi-

308

Proportion of anesthetic methods (%)

General

Table 1. Basic Characteristic of Study Population

The parturient’s age (P < 0.001) and parity (P < 0.001)
were also associated with the choice of anesthetic methods. Cesarean section was most common in the 30–34 yearold age group, and majority of the anesthesia induced in
this age group was regional anesthesia (Tables 1, 3). In particular, spinal anesthesia accounted for the highest percentage (47.6%). For parturients aged less than 20 years,
the use of general anesthesia was 40.4%, accounting for the
most commonly used method among the three anesthetic
methods. Multiparas received more spinal anesthesia compared to primiparas (44.1% vs. 52.2%, P < 0.001) (Table 3).

Fetal factors
In the multiple fetuses, the use of epidural anesthesia
decreased, and the use of general anesthesia and spinal
anesthesia increased (Table 3). There were significant differences in the choices for the types of anesthesia according to fetal gestational age (P < 0.001). Regarding the selected anesthetic methods, general anesthesia was mostly
preferred in 22–33 weeks (54.9%), and epidural anesthesia
was the least preferred (4.4%) (Table 3). If the gestational
age was higher or lower than 22–33 weeks, a biphasic pattern of decrease in the rate of general anesthesia and an inwww.anesth-pain-med.org
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Table 2. Temporal Changes in Anesthetic Methods for Cesarean Sections in Each Region of Korea
Year

Region
Seoul capital area

Gyeongsang

Jeolla

Gangwon

Jeju

2014

2015

2016

2017

28.9

26.9

24.1

20.5

18.0

2018
16.4

40.9

43.3

46.9

50.1

53.6

55.4

30.2

29.7

29.1

29.4

28.4

28.2

54.6

48.7

42.6

39.8

36.6

33.8

28.2

31.6

37.9

41.1

42.8

44.3

17.3

19.7

19.5

19.1

20.5

21.9

36.0

33.8

30.6

28.7

25.1

24.3

38.8

40.0

44.6

47.3

48.4

48.4

25.2

26.1

24.9

23.9

26.5

27.4

21.5

18.6

16.4

16.0

14.4

14.3

70.3

72.5

73.3

75.2

76.7

76.8

8.3

9.0

10.3

8.8

9.0

8.9

49.1

42.8

36.4

36.0

30.4

29.8

37.3

43.5

47.6

50.1

56.0

57.3

13.6

13.8

16.0

13.9

13.6

12.9

88.0

82.2

73.1

53.2

50.2

49.2

11.2

13.8

17.4

16.7

14.3

9.4

0.8

4.0

9.5

30.1

35.5

41.4

KSOA

Chungcheoung

General
Spinal
Epidural
General
Spinal
Epidural
General
Spinal
Epidural
General
Spinal
Epidural
General
Spinal
Epidural
General
Spinal
Epidural

2013

Values are expressed as a percentage of the anesthetic methods by region and year. General anesthesia decreased in all areas (P < 0.001). Spinal
anesthesia increased in all regions, except Jeju (P < 0.001). Epidural anesthesia use increased in Gyeongsang and Jeju (P < 0.001). Epidural
anesthesia use in Seoul capital area decreased over time (P < 0.001). Linear-by-linear association test was used for trend analysis. Data are
obtained from the Korean Health Insurance Review and Assessment Service, 2013–2018.

crease in the rate of epidural anesthesia were observed.
The fetal weight was also associated with the types of anesthesia. The percentage of general anesthesia increased
with smaller weight (P < 0.001). When the weight of the fetus was less than 1,500 g, the rate of general anesthesia was
57.4%, and even among the regional anesthetic methods,
epidural anesthesia was selected the least (2.9%) (Table 3).

Emergency states
Of the total cesarean sections, the percentages of emergency and elective surgeries were 44.1% and 55.9%, respectively (Table 1). The rate of general anesthesia use increased when emergency cesarean sections were performed (odds ratio, 1.147; 95% confidence interval, 1.133–
1.161; P < 0.001) (Table 3).

Hospitalization period
The study also confirmed the association between the
anesthetic method and the length of hospital stays. Among
the parturients who were hospitalized for 6 days or less, the
rate of spinal anesthesia was high (51.0%). General anesthesia was associated with hospital stay longer than 7 days
www.anesth-pain-med.org

(Table 3).

DISCUSSION
It is well known that inducing spinal anesthesia for cesarean sections is advantageous. Although there have been
skeptical opinions about spinal anesthesia in the past, including reports of low cord pH in fetuses born from spinal
anesthesia [6–8], several studies have been conducted on
the treatment of post-spinal anesthesia hypotension ever
since, and the complications of spinal anesthesia have
gradually decreased [9]. Additionally, a previous study has
identified the positive effect of administering intrathecal
opioids for postoperative pain [10,11], with high satisfaction as parturients were able to ambulate faster after the
operation when spinal anesthesia, rather than general anesthesia, was administered [12]. Spinal anesthesia is also
more economically beneficial compared to epidural anesthesia [13]. The interval from the operating room to the
skin incision was short in general anesthesia [14]. However,
continuing reports stating that general anesthesia has more
complications compared to regional anesthesia exist [2],
and the complications related to general anesthesia have
not decrease over time [9]. General anesthesia has longer
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Table 3. Factors associated with Anesthetic Methods for Cesarean Section
Variable
Region
Seoul capital area
Gyeongsang
Jeolla
Chungcheoung
Gangwon
Jeju
Hospital size†
Tertiary care hospital
General hospital
Hospital
Clinic
Age (yr)
< 20
20–29
30–34
35–39
> 40
Parity
Primipara
Multipara
Multiple gestation
Singleton
Multiple gestation
Emergency state
Emergency
Elective
Gestational age (wk)
≤ 22
23–33
34–36
≥ 37
Fetal weight (g)†
< 1,500
1,500–2,499
≥ 2,500
Hospital stay (d)
≤6
≥7

General anesthesia
(n = 216,685)

Regional anesthesia
Spinal anesthesia
Epidural anesthesia
(n = 359,106)
(n = 177,494)

Odds ratio (95% CI)*

P value*

Reference
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

83,817 (22.4)

180,923 (48.4)

109,016 (29.2)

Reference

88,053 (42.5)

78,549 (37.9)

40,767 (19.7)

2.553 (2.523–2.583)

18,282 (29.8)

27,406 (44.7)

15,651 (25.5)

1.469 (1.441–1.497)

13,975 (16.6)

62,381 (74.2)

7,674 (9.1)

0.690 (0.677–0.704)

6,453 (37.1)

8,486 (48.8)

2,461 (20.5)

2.039 (1.975–2.105)

6,105 (65.0)

1,361 (14.5)

1,925 (20.5)

6.427 (6.156–6.710)

27,246 (44.2)

32,681 (53.0)

1,765 (2.9)

2.300 (2.259–2.342)

25,833 (34.0)

41,627 (54.8)

8,490 (11.2)

1.499 (1.473–1.525)

94,840 (27.3)

140,742 (40.6)

111,310 (32.1)

1.094 (1.082–1.107)

68,766 (25.6)

144,056 (53.6)

55,929 (20.8)

Reference

807 (40.4)

776 (38.8)

417 (20.9)

1.745 (1.595–1.909)

51,367 (29.9)

78,089 (45.5)

42,202 (24.6)

1.102 (1.088–1.116)

98,819 (27.9)

168,275 (47.6)

86,635 (24.5)

Reference

55,281 (28.7)

95,353 (49.5)

41,943 (21.8)

1.039 (1.026–1.051)

10,411 (31.2)

16,613 (49.9)

6,297 (18.9)

1.172 (1.144–1.201)

124,079 (29.6)

184,912 (44.1)

110,613 (26.4)

1.068 (1.057–1.079)

89,836 (28.2)

166,194 (52.2)

62,363 (19.6)

Reference

203,809 (28.8)

334,692 (47.3)

169,049 (23.9)

0.814 (0.795–0.834)

10,106 (33.2)

16,414 (53.9)

3,927 (12.9)

69,167 (30.2)

101,587 (44.4)

58,063 (25.4)

1.147 (1.133–1.161)

79,547 (27.4)

139,858 (48.2)

70,786 (24.4)

Reference

787 (49.2)

419 (26.2)

393 (24.6)

2.623 (2.377–2.893)

11,623 (54.9)

8,611 (40.7)

937 (4.4)

3.294 (3.204–3.386)
1.395 (1.365–1.426)

13,339 (34.0)

19,834 (50.6)

6,039 (15.4)

175,556 (27.0)

313,111 (48.1)

161,957 (24.9)

Reference

Reference

5,099 (57.4)

3,538 (39.8)

254 (2.9)

3.497 (3.352–3.648)

17,778 (38.9)

22,414 (49.0)

5,542 (12.1)

1.654 (1.622–1.686)

191,086 (27.8)

328,042 (47.7)

168,867 (24.5)

Reference

99,539 (23.6)

215,235 (51.0)

107,500 (25.5)

0.563 (0.557–0.569)

117,146 (35.4)

143,871 (43.5)

69,994 (21.1)

Reference

< 0.001
< 0.001
< 0.001
Reference
< 0.001
< 0.001
Reference
< 0.001
< 0.001
< 0.001
Reference
< 0.001
Reference
< 0.001
Reference
< 0.001
< 0.001
< 0.001
Reference
< 0.001
< 0.001
Reference
< 0.001
Reference

Values are expressed as the number of parturients (%). When calculating the percentage of each category, the missing data were excluded from
the evaluation. CI: confidence interval. *The odds ratios of general anesthesia analyzed by the Pearson’s chi-squared test, with a P value threshold
of 0.05. †General anesthesia related to larger hospital size and smaller fetal weight, P < 0.001, determined by linear-by-linear analysis. Data are
obtained from the Korean Health Insurance Review and Assessment Service, 2013–2018.

postoperative hospital stays than regional anesthesia [15].
Therefore, regional anesthesia is preferred over general
anesthesia when performing cesarean section [16]. The
compilation of recent statistics on anesthetic methods for
cesarean section in Korea from 2013 to 2018 showed that
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the rate of spinal anesthesia is steadily increasing, and the
use of general anesthesia is decreasing. This may be due to
the increasing preference for spinal anesthesia in terms of
safety in accordance with the global trend. The area with
the highest number of cesarean sections was the Seoul
www.anesth-pain-med.org
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tuses. The percentage of general anesthesia use increased
with shorter gestational age and smaller fetal weight, which
may have occurred as majority of deliveries through cesarean sections before the fetus is mature are emergency cesarean sections.
Parturients who delivered via cesarean section under
general anesthesia were hospitalized for longer than 7 days
compared to parturients who received regional anesthesia.
The association between general anesthesia and extended
hospital stays is considered to be affected by both early
hospitalization for high-risk obstetric care before cesarean
section and by prolonged hospitalization due to complications after the cesarean section. To analyze the adverse effects related to anesthesia, the duration of postoperative
hospital stay in relation to the anesthetic method can be
investigated through future studies.
This study has some limitations. First, a multivariate
analysis was not performed in this study. The exact association between each factor and general anesthesia is unclear. Furthermore, the reasons for choosing cesarean section or anesthetic methods could not be clearly investigated as the analysis was derived from the data claimed from
the HIRA, rather than the medical records of parturients.
Second, the number of cesarean sections performed annually in each hospital is also an important factor that influences the decision regarding the anesthetic method and
anesthesia- related complications [18], but such data were
not obtained in this study. Anesthesiologists trained to induce an obstetric anesthesia are also significantly important factors that could reduce the unnecessary induction of
general anesthesia [19], but the presence or absence of the
anesthesiologist at each hospital was also not confirmed in
this study. Third, the association between the anesthetic
method and DRG payment system was not analyzed. The
entire study cohort in this study was using the DRG payment system. Therefore, further studies are required to
better understand the factors affecting anesthesia induction for cesarean sections in South Korea. Studies have reported that 44% of parturients in the United States who received general anesthesia had no indication for general
anesthesia [2]. Considering that the rate of general anesthesia use in Korea is significantly higher than that in the
United States, it can be assumed that general anesthesia
received by several parturients can be replaced by regional
anesthesia. Additional studies will be required for such investigations, and it will be necessary to perform such an
analysis in conjunction with the occurrence of anesthe-
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capital area (49.6%), presumably due to the concentration
of population in that area. Reductions in general anesthesia use were observed throughout South Korea, but the
specific proportions varied by regions. This is possibly attributed to several causes, such as differences in the number of medical institutions located in each region, hospital
size, parturients’ characteristics, and anesthesiologists’
preferences in the regions. However, it was difficult to accurately identify the exact cause of the regional differences
in the choice of anesthetic methods for cesarean section.
The rate of general anesthesia increased with the size of
hospitals, which was presumably due to the differences in
the characteristics of the parturients’ group. One tertiary
care hospital reported that 91.2% of cesarean sections were
performed under general anesthesia, with 71.4% of parturients in the high-risk groups, and 64.6% of cesarean sections were emergency operations [17]. A higher number of
pregnant women with greater risks and parturients with
existing systemic diseases were admitted to tertiary hospitals. Parturients in such conditions may be contraindicated
for regional anesthesia. Furthermore, parturients are often
admitted to the hospital through the emergency department in tertiary hospitals than the clinics, and the frequency of emergency cesarean sections may increase in tertiary
hospitals due to several variables including sudden changes in the fetus or the parturient’s condition. As the frequency of general anesthesia increases in emergency cesarean
sections, such aspects are suggested to have influenced the
increase in the rate of general anesthesia in large hospitals.
As general anesthesia results in higher cost and postoperative complications compared to regional anesthesia,
hospitals categorized as clinics may have been reluctant to
induce general anesthesia. Additionally, the potential risk
for fetal suppression, which may occur during general anesthesia induction, can also be the cause for small hospitals without onsite pediatricians to avoid performing cesarean sections under general anesthesia. Considering these
reasons, the proportion of parturients who were indicated
to receive general anesthesia was considered to increase in
larger hospitals.
Parturient’s parity also influences the choice of anesthetic method. The ratio of epidural anesthesia and general
anesthesia is higher in primiparas than that in multiparas.
This may be due to the conversion to cesarean section in
primiparas undergoing labor under the epidural analgesia.
Parturients with single fetuses had a higher percentage of
regional anesthesia use than parturients with multiple fe-

Anesth Pain Med Vol. 15 No. 3

sia-related complications.
In conclusion, the common anesthetic induced when
performing cesarean sections in South Korea is spinal anesthesia, and the rate of spinal anesthesia use is gradually
increasing. Furthermore, factors related to anesthetic
methods performed during cesarean section were identified to be significantly associated with the region, hospital
size, maternal age, parity, number of fetuses, gestational
age, fetal weight, need for emergency cesarean section,
and duration of hospital stays.
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Case Report

Successful management of uncontrolled
postpartum hemorrhage due to morbidly
adherent placenta with Resuscitative
endovascular balloon occlusion of the aorta
during emergency cesarean section
- A case report -
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Background: Morbidly adherent placenta (MAP) may cause life-threatening postpartum
hemorrhage (PPH) requiring massive transfusions. Furthermore, it could endanger the lives
of both mother and baby. Despite various efforts, such as adjuvant endovascular embolization and hysterectomy, massive PPH due to MAP still occurs and is difficult to overcome.
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Case: Herein, we described the case of a 40-year-old woman with placenta previa totalis
who experienced massive bleeding during a cesarean section. We used resuscitative endovascular balloon occlusion of the aorta (REBOA) and it improved the condition of the surgical field and the hemodynamic stability of the patient temporarily. The patient was successfully managed without further complications.
Conclusions: REBOA can be used as a rescue procedure for uncontrolled bleeding situations in patients with MAPs. Anesthesiologists should consider and recommend REBOA as
another resuscitative therapeutic option in the case of massive PPH.
Keywords: Balloon occlusion; Cesarean section; Placenta previa; Postpartum hemorrhage;
Resuscitation.

Morbidly adherent placenta (MAP), including placenta
accreta, increta, and percreta, is characterized by the abnormal invasion of placental tissue into the uterine wall
[1,2]. MAP occurs in 1 out of every 333–533 deliveries and
is a leading cause of postpartum hemorrhage (PPH) and
maternal mortality [3]. It is also associated with an increased risk of major hemorrhage and, thus, with poor maternal outcomes [2,4]. With the increase in the incidence of
cesarean sections, there has been an increase in the num-

ber of MAP cases as well [5,6].
Traditionally, hysterectomy following cesarean section is
usually indicated as the treatment option for patients with
MAPs. However, to minimize intraoperative hemorrhage
and facilitate surgery, some new treatment options have
been described, including ligation of the internal iliac artery or uterine artery and placement of a balloon catheter
in the iliac artery, uterine artery, or even in the aorta [7,8].
Despite efforts like these adjuvant strategies, massive

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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CASE REPORT
Written informed consent was obtained from the patient
for the presentation and publication of this case report.
A 40-year-old, 56-kg Korean woman (gravida 4, para 2)
was scheduled for an emergency cesarean section at 35
weeks and 3 days of gestation for preterm labor. Her medical history included one abortion and two prior cesarean
sections for placenta previa.
In the preoperative laboratory tests, her hemoglobin
(Hb) was 11.4 g/dl and platelet count was 247,000/μl. Other laboratory findings, including coagulation tests, were
within the normal range. On her ultrasound examination,
the placenta was suggestive of placenta previa totalis, with
possible placenta accreta (Fig. 1).
In the operating room, spinal anesthesia was performed
at the L3–4 intervertebral space of the patient. After con-

firming the spontaneous flow of cerebrospinal fluid, 10 mg
of 0.5% heavy bupivacaine and 10 μg of fentanyl were intrathecally injected using a 27-gauge (G) needle. The maximum sensory blockade level of anesthesia was T4. To prepare for arterial blood pressure monitoring, a 22 G angiocatheter was inserted into the right radial artery. Two 18 G
intravenous lines were secured in both arms.
Three minutes after starting the operation, a female baby
(2,590 g) was delivered with Apgar scores of 7 and 8 at 1
and 5 min, respectively. After the baby was delivered, the
patient’s blood pressure suddenly decreased to about
60/40 mmHg and her heart rate was 70 beats/min. Massive
bleeding was found in the surgical field. Her Hb level was
6.8 mg/dl at that time. The surgeon diagnosed the degree
of placental adhesion as percreta, which had invaded the
bladder and surrounding tissues. The bleeding was so extensive that the surgeon decided to perform a hysterectomy. Because of profound hypotension with a reduction in
consciousness, the anesthetic method was changed to general anesthesia. Tracheal intubation was performed to secure the airway with rapid sequence intubation. An additional intravenous line was secured at the right external
jugular vein, and rapid volume infusions and transfusions
were performed using a rapid blood infuser (FMS 2000®
fluid management system, Belmont Instrument Corp.,
USA). Despite attempts to ligate the uterine arteries, bleeding obscured the surgical field and resulted in further hemodynamic instability. The surgeon wished to perform a
uterine artery embolization for bleeding control but it was
difficult to maintain stability of the vital signs while transferring the patient to the intervention room. We, therefore,
decided to implement a REBOA in the operation room to

Fig. 1. Preoperative ultrasonography findings of the patient’s placenta indicating suspicious placenta previa with accreta.
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bleeding due to MAPs still occurs and is difficult to overcome.
Resuscitative endovascular balloon occlusion of the aorta (REBOA) is a minimally invasive procedure that introduces a balloon occlusion catheter into the aorta to achieve
endovascular aorta occlusion [9]. It is a life-saving procedure used to control bleeding and maintain blood pressure
temporarily in traumatic hemorrhagic shock. Recently, REBOA has been used in postpartum hemorrhage caused by
MAP and its efficacy has also been investigated [10]. However, no case of the use of REBOA to control bleeding in
PPH has been reported yet in Korea.
Here, we described a case where REBOA was used to
treat a life-threatening hemorrhage in a patient with MAP.

Anesth Pain Med Vol. 15 No. 3

prevent hypovolemic shock. The acute care surgeon accessed the left femoral artery for the REBOA using a
7-French sheath (standard kit, Terumo, Vietnam) and inserted a balloon catheter (occlusion balloon catheter, Tokai
Medical Products, Inc., Japan). After measuring the distance to the navel, 25 cm in this patient, they slid the balloon tip up to 25 cm from the punctured site and placed
the balloon approximately between the infrarenal aorta
and the bifurcation of the aorta. It was difficult to obtain
radiologic confirmation of the balloon position because of
the patient’s unstable vital signs. After balloon occlusion
was accomplished, the systolic blood pressure immediately improved from 65 mmHg to 100 mmHg and the surgical
field also improved (Fig. 2). REBOA was intermittently performed during the surgery and the balloon was sometimes
partially deflated to identify the focus of the bleeding.
During complete and partial inflation, ligation of both the
uterine artery and internal iliac artery were performed.
And the bleeding control was in progress by removing surrounding tissues where the placenta was invaded. The total
duration of the occlusion was 75 min (divided over several
occlusion times). The total operative time was 263 min and
the total anesthesia time was 290 min. The estimated
amount of blood volume lost was over 20,000 ml. Massive
transfusions, including 36 units of packed red blood cells,
26 units of fresh-frozen plasma, and 10 units of platelets
were administered.
Upon admission to the intensive care unit after embolization of the branch of the internal iliac artery, the patient was
hemodynamically stable without any inotropes or vasopres-

sors. No further transfusions were performed after surgery.
The patient’s Hb was 12.2 g/dl, platelets were 89,000/μl, and
prothrombin time (PT, international normalized ratio) and
activated partial thromboplastin time (aPTT) were 13.9 s
(1.23) and 39.1 s, respectively. The patient was extubated the
same day and the femoral artery sheath was removed the
next day. At postoperative day two, she was transferred to
the ward and subsequently discharged on day 15 without
complications. Neither the mother nor the baby experienced
any complications after discharge.

DISCUSSION
PPH remains a major cause of maternal mortality and
morbidity, so immediate awareness and quick and active
efforts are needed to reduce poor outcomes [11]. This case
demonstrated the successful resuscitation of a patient with
life-threatening massive hemorrhage due to a MAP using
REBOA. In our case, bleeding control was difficult and
uterine artery embolization could not be performed immediately in the operating theater, so the REBOA helped
maintain the blood pressure and save time transferring to
the intervention room for further treatment.
Massive bleeding is a challenge to all involved medical
staff, especially to the anesthesiologist who is monitoring
the patient’s vital signs. Sometimes we anesthesiologists
are faced with more bleeding than expected. Our patient
had some risk factors associated with massive bleeding, including older age, a history of previous cesarean sections,
and multiple parities. Therefore, we conducted arterial
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Fig. 2. Flow chart of the patient’s blood pressure and heart rate during surgery.
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choice. Even if the routine use of REBOA is difficult due to
these limitations, we consider it a meaningful temporary
technique for patients with uncontrolled massive PPH
during surgery, such as in our case.
As a principal medical staff member responsible for
monitoring the patient’s vital signs during surgery, anesthesiologists should be actively involved in decision-making and the operative plan. When we are faced with the unexpected situation of uncontrolled bleeding with a MAP,
we should be able to consider and propose REBOA.
In conclusion, REBOA can be used as a rescue maneuver
to decrease bleeding and improve the condition of the surgical field during an emergency PPH. We used REBOA in a
patient with life-threatening PPH and it improved the patient’s vital signs and the condition of the surgical field
temporarily. The patient was then managed successfully
without further complications. Therefore, even though
there are several limitations to the procedure, we recommend considering REBOA when faced with uncontrolled
bleeding due to severe MAP.
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Case Report

Spinal anesthesia for urgent Cesarean section in a
patient with uncontrolled hyperthyroidism due to
Graves’ disease
- A case report Sangyoong Park, Soron Choi, Joonho Jeong, and Jeongho Kim
Department of Anesthesiology and Pain Medicine, Dong-A University College of
Medicine, Busan, Korea

Background: Effective treatment of Graves’ disease during pregnancy is important because
uncontrolled hyperthyroidism is associated with increased fetal and maternal morbidity and
mortality. While there have been case reports of patients with Graves’ disease who failed to
achieve euthyroid state during pregnancy, anesthesiologists rarely encounter patients with
uncontrolled hyperthyroidism undergoing urgent Cesarean section.
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Case: A 31-year-old pregnant patient had uncontrolled hyperthyroidism due to Graves’ disease despite medical treatment. Her signs and symptoms suggested fetal distress and aggravation of the disease, leading to hospitalization. After a failed induction for vaginal delivery, an urgent Cesarean section was performed under spinal anesthesia via an interlaminar
approach using 9 mg of 0.5% heavy bupivacaine and 20 μg of fentanyl. It resulted in successful delivery, with no perioperative complications for the mother and neonate.
Conclusions: This case demonstrates that spinal anesthesia may provide clinical stability to
patients with uncontrolled hyperthyroidism undergoing urgent Cesarean section.
Keywords: Cesarean section; Emergencies; Hyperthyroidism; Spinal anesthesia.

Hyperthyroidism is defined as an excessive production
and release of thyroid hormone by the thyroid gland, resulting in inappropriately high serum levels and an accelerated metabolic state [1]. Hyperthyroidism in women of
childbearing age is most commonly due to Graves’ disease
(GD), which occurs in 0.4–1.0% of women before pregnancy and in approximately 0.2% of women during pregnancy
[2]. Given the complexity surrounding thyroid physiology
and thyroid illness during pregnancy, the effective treatment of GD during pregnancy is challenging, but is vital for
the health of the mother and the fetus [2]. Poor control of
hyperthyroidism is associated with pregnancy loss, pregnancy-induced hypertension, prematurity, low birth

weight, intrauterine growth restriction, still birth, thyroid
storm, and maternal congestive heart failure [2].
We describe the case of a patient who failed to achieve
euthyroid state despite perinatal care for GD and underwent urgent Cesarean section (C-section) with spinal anesthesia for delivery.

CASE REPORT
Informed consent was obtained from the patient for the
publication of this report.
A 31-year-old patient with a gestational age (GA) of 16
weeks and 6 days visited the Obstetrics-Gynecology outpa-
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tient clinic at our hospital due to uncontrolled hyperthyroidism. Thyroid function tests (TFTs) revealed a thyroid-stimulating hormone (TSH) level of < 0.04 μlU/ml
(normal range: 0.3–4.1 μlU/ml), a free thyroxine (FT4) level
of 10.14 ng/dl (normal range: 0.78–2.0 ng/dl), and a TSH
receptor antibody (TRAb) level of 107.4 IU/L (normal
range: 0–14 IU/L). The patient had become pregnant in
2018 while taking methimazole (MMI) for GD, which was
diagnosed in 2012. After she became pregnant, the medication was switched to propylthiouracil (PTU), but severe
emesis gravidarum interfered with proper ingestion. After
visiting our clinic, the patient underwent a series of laboratory tests while taking MMI at 20 mg daily (Table 1), which
was increased to 40 mg daily at GA 22 weeks and 2 days
due to a consistently high FT4 level. However, despite the
increased dosage, the TFTs remained abnormal and the
patient complained of palpitation and anxiety, resulting in
a second dose increase to 60 mg of MMI daily and the addition of 6.25 mg of carvedilol at GA 28 weeks and 2 days.
Subsequently, she maintained a FT4 level of < 3.0 ng/dl
(normal range: 0.93–1.7 ng/dl), systolic blood pressure (BP)
of < 150 mmHg, and heart rate (HR) of < 100 beats/min at
follow-up examinations. At GA 35 weeks, decreased fetal
movements were observed and her systolic BP increased
and remained at > 150 mmHg with complaints of palpitation, anxiety and depressive mood, which led to her hospi-

talization. The patient also showed minimal variability
during prenatal nonstress testing and was not reactive to
fetal acoustic stimulation tests while taking oral MMI (60
mg daily), propranolol (120 mg daily), and 3 drops of Lugol’s solution (LS) three times daily. At GA 35 weeks and 6
days, the patient still complained of the above-mentioned
symptoms and had generalized edema on examination.
Subsequently, labor induction for vaginal delivery was
commenced; however, the induction attempt failed and an
emergency C-section was scheduled for non-reassuring fetal status based on the results of a nonstress test showing
persistently minimal fetal heart rate variability. Blood test
results showed a TSH level of < 0.005 μIU/ml, triiodothyronine (T3) level of 2.18 ng/ml (normal range: 0.8–2.0 ng/
ml), FT4 level of 3.18 ng/dl, and TRAb level of 55.0 IU/L
(normal range: 0–14 IU/L). There were no abnormal findings on chest radiography or transthoracic echocardiography; electrocardiogram (ECG) showed sinus tachycardia.
On the day of surgery, the patient was orally administered 20 mg of MMI, 3 drops of LS, and 40 mg of propranolol preoperatively. She was also intravenously administered
2 mg of dexamethasone and a nasogastric (NG) tube was
inserted for further administration of anti-thyroid agents.
Since the patient refused premedication or anxiolytics, a
preoperative consultation was done to reduce the patient’s
anxiety; this involved detailed explanations about the an-

Table 1. Results of Serial Thyroid Function Tests
Gestational age

FT4 (ng/dl)

T3 (ng/ml)

6.59

5.93

22 wk and 2 d

6.49

> 6.51

25 wk and 1 d

4.24

3.05

28 wk and 2 d

> 7.77

5.70

2.80

3.75

3.84

5.11

3.49

3.84

35 wk and 5 d

3.18

2.42

35 wk and 6 d

2.80

2.18

POD 0
POD 1

3.03

1.82

2.57

1.88

POD 2
POD 3
POD 14

2.18

1.85

2.17

1.75

2.43

3.38

18 wk and 6 d

32 wk and 2 d
34 wk and 0 d
34 wk and 2 d

TSH (μIU/ml)
< 0.005

< 0.005
< 0.005
< 0.005

< 0.005

Progress note
MMI dose was escalated from 20 mg to 40 mg
MMI dose was escalated from 40 mg to 60 mg
6.25 mg of Carvedilol was newly prescribed

MMI 60 mg, Carvedilol 6.25 mg
MMI 60 mg, Propranolol 120 mg, Lugol solution 9
drops, Dexamethasone 6 mg
The day of the surgery
Results are preoperative
Results are postoperative
MMI 60 mg, Propranolol 120 mg, Lugol solution 9
drops, Dexamethasone 6 mg
MMI 30 mg, Propranolol 80 mg
MMI dose was escalated from 30 mg to 40 mg
Propranolol 80 mg

TSH: thyroid stimulating hormone (normal range, 0.27–5.2 μIU/ml), FT4: free thyroxine (normal range, 0.93–1.7 ng/dl), T3: triiodothyronine (normal
range, 0.8–2.0 ng/ml), MMI: methimazole, POD: postoperative day.
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for 20 min without complications; she was subsequently
transferred to the general ward.
For postoperative pain control, intravenous patient-controlled analgesia (IVPCA) was applied after surgery and the
patient needed no other rescue analgesia. The IVPCA was
prepared at a total volume of 100 ml by mixing fentanyl 30
μg/kg and ramosetron 0.6 mg in normal saline, of which
the baseline infusion rate, bolus demand dose, and lockout time were 1 ml/h, 1 ml, and 10 min, respectively.
Meanwhile, MMI (60 mg daily), Propranolol (120 mg daily), 3 drops of LS (thrice daily), and dexamethasone (6 mg
daily) were administered up to postoperative day (POD) 2.
From POD 3, the dosage of MMI and propranolol was decreased to 30 mg and 80 mg daily, respectively. In the laboratory test results, TFT showed improvement in T3 to 1.75
ng/ml (normal: 0.8–2.0 ng/ml) and FT4 to 2.17 ng/dl (normal: 0.93–1.7 ng/dl). The patient was discharged on POD 4
without any perioperative complication. The neonate also
underwent a series of evaluations, due to prematurity and
maternal Graves’ disease, including TFT, skull X-ray, kidney ultrasonography, spinal cord ultrasonography, neurosonography, and echocardiogram. TFT revealed that the
neonate had a euthyroid state and the other fore mentioned tests showed no abnormal findings.

DISCUSSION
Gestational transient thyrotoxicosis (GTT) is the most
common cause of thyrotoxicosis during pregnancy, affecting 2–3% of the European pregnant population. The FT4
level in GTT patients usually normalizes at a GA of 14–18
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Fig. 1. Perioperative systolic arterial blood pressure (sABP) and heart rate (HR). The patient’s sABP and HR before and after intrathecal injection
are shown. Note that the sABP remained stable, and even decreased following the intrathecal injection. HR remained relatively stable throughout
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esthetic and surgical methods. Subsequently, the patient
was transferred to the operating room with prepared MMI
and PTU in powder form and LS. Basic monitoring, including BP, HR, ECG, and pulse oximetry was applied. The initial vital signs were as follows: BP 136/76 mmHg, HR 97
beats/min, oxygen saturation (SpO2) 95%, and body temperature 37.0°C.
After verifying the patient's information, arterial and
central venous catheters were inserted. While maintaining
the right lateral decubitus position, spinal anesthesia was
performed via an interlaminar approach at the L4–5 level.
Cerebrospinal fluid was checked, after which 9 mg of 0.5%
heavy bupivacaine and 20 μg of fentanyl were injected into
the subarachnoid space. Approximately 5 minutes later, a
sensory block up to the T6 level was confirmed and a
C-section was successfully performed, resulting in the delivery of a female baby who weighed 2.7 kg at birth with
Apgar score of 9 and 10 at 1 and 5 min, respectively. Time
between skin incision and delivery was about 3 min and
the total operation time was 30 min. Anxiolytics were not
used throughout the surgery according to the patient’s
wish. The patient’s vital signs before spinal anesthesia administration were maintained as follows: BPs of 140–
162/69–95 mmHg, HRs of 85–103 beats/min, and SpO2s of
96–100%. From the start of anesthesia until completion of
the operation, the vital signs were maintained at BPs of 98–
131/50–69 mmHg, HRs of 92–95 beats/min, and SpO 2 of
100% (Fig. 1). Blood loss was 300 ml, urine output was 350
ml, and 2,000 ml of crystalloid solution was administered
intravenously during the procedure. The patient was transferred to the post-anesthesia care unit, where she stayed
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weeks, and a short-term follow-up observation period
without anti-thyroid agent usage is recommended. When
evaluating these patients, clinicians should carefully consider the differential diagnosis of hyperthyroidism in pregnancy. In such cases, GD can be differentiated from GTT
based on a positive test result for TRAb [3]. In the present
case, the patient was determined to have hyperthyroidism
caused by GD because she was being treated for diagnosed
GD prior to her pregnancy and her TRAb level was 107.4
IU/L (normal range: 0–14 IU/L) at the time of her first visit
to the hospital.
Due to rare congenital anomalies that may occur from
maternal use of MMI during embryogenesis [3], it is recommended that PTU should be used during the first trimester and that patients should subsequently be switched
to MMI during the second trimester. The patient in the
present case had uncontrolled hyperthyroidism due to hyperemesis gravidarum on her first visit to our hospital at
GA 16 weeks and 6 days. The patient reported that she had
been unable to properly eat and ingest her medications because of vomiting, resulting in weight loss of 5 kg in 3
weeks. Fortunately, from that point onwards, nausea and
vomiting improved without any specific treatment. She was
prescribed 20 mg of MMI daily by the endocrinologist at
our hospital, which was increased due to persistent hyperthyroidism in serial laboratory testing; however, despite the
increased dose, the patient experienced only a partial response to treatment and a euthyroid state could not be
reached. Linardi et al. [4] reported a case of a patient with
resistant thyrotoxicosis, in which drug malabsorption, antidrug antibodies, rapid drug metabolism, and impaired intrathyroidal drug accumulation and action were suggested
as possible mechanisms. In that case, thyrotoxicosis was
well-controlled with 30 mg of a corticosteroid (prednisolone) and the maximum dose of carbimazole [4]. In the
present case, the patient was administered 6 mg of dexamethasone intravenously to limit the peripheral conversion of thyroid hormone. This was in addition to the following oral medications prescribed by the endocrinologist:
MMI for inhibiting thyroid hormone synthesis; beta-blocker for controlling hypermetabolic symptoms and blocking
the peripheral conversion of inactive T4 to the active form
of T3; and LS for blocking the release of stored thyroid hormone from the thyroid gland [1,2].
When uncontrolled hyperthyroidism persists, it may be
severely exacerbated by surgery or by the disease itself.
Such exacerbations are referred to as “thyroid storm,”
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which can be life-threatening. A thyroid storm is characterized by hyperpyrexia, tachycardia, and striking alterations
in consciousness, and it cannot currently be diagnosed by
laboratory testing [5]. In such cases, anti-thyroid agents are
generally administered orally, but they may also be administered rectally [6]. There are even case reports of intravenous administration of MMI [7]. Since oral administration
was the only option at our hospital, MMI, LS, and steroids
were prepared for oral administration through the NG tube
during the surgery. Meanwhile, the arterial catheter and
central venous catheter were inserted for continuous arterial blood pressure monitoring and management in case of
thyroid storm, which may require hemodynamic monitoring, aggressive volume resuscitation and medical treatment with multimodal approach [1,8].
Anesthetic management of hyperthyroidism should focus on perioperative control of sympathetic stimulation, so
that cardiovascular side effects are not manifested. Additionally, early detection of thyroid storm should also be
taken into consideration due to the possibility of rapid deterioration within days or hours [8]. General anesthesia is
often selected as the anesthetic method for patients with
uncontrolled thyrotoxicosis requiring urgent surgery because it provides adequate sedation and minimal fluctuations of hemodynamic parameters. Moreover, propofol and
remifentanil are believed to provide benefits to patients
with thyrotoxicosis by lowering their BPs and HRs [9,10].
However, when performing general anesthesia, irritation
caused by the endotracheal tube during induction and
emergence may result in a dramatic sympathetic stimulation and resultantly increases in HR and BP. Furthermore,
even during the maintenance phase, surgical manipulations with insufficient depth of anesthesia may also stimulate the sympathetic nervous systems of patients [11].
Neuraxial anesthesia may be a suitable alternative for
patients with uncontrolled thyrotoxicosis since it can lower
BP and HR through a sympathetic block, reduce adverse
effects caused by histamine secreted in response to neuromuscular blocking agent administration, and provide adequate postoperative pain control. Moreover, considering
that symptoms are an important component in the diagnosis of thyroid storm, maintaining consciousness has an advantage for early detection. However, cases involving the
onset of thyroid storm before induction have been reported
[12]. Additionally, psychological factors in the patient, including anxiety and agitation during the processes of applying the neuraxial anesthesia and performing the surwww.anesth-pain-med.org
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gery, may lead to a thyroid storm. We chose neuraxial anesthesia as the anesthetic method after consultation with
an obstetrician and with the expectation that pain control
and changes in hemodynamic parameters would be beneficial to the patient. Accordingly, we obtained patient consent after providing sufficient explanation regarding anesthesia.
Considering that surgeries and severe emotional stress
are known precipitating events of thyrotoxic storm, shortening the time required for anesthesia and surgery was
thought to be important to prevent such a catastrophic
event [11,12]. In this respect, epidural anesthesia was not
considered as an optimal method because of its slower onset of blockade and failure rate compared to spinal anesthesia or combined spinal-epidural anesthesia (CSE) [13].
Additionally, spinal anesthesia could be a better alternative
to CSE due to the shorter time needed to perform the procedure, although it is doubtful whether the statistical difference reported in various studies would be clinically
meaningful [14]. On the other hand, postoperative analgesia was another important consideration. A systematic review that compared epidural analgesia (EA) with IVPCA
for postoperative analgesia following intra-abdominal surgery in adults reported a small improvement in pain scores
in the postoperative phase with an increased rate of failure
to establish the allocated technique successfully when using EA [15].
For the following reasons, we chose spinal anesthesia for
the anesthetic method. The patient had elevated BPs
during induction, but stable BPs and HRs were observed
from the confirmation of the sensory block to the completion of the surgery (Fig. 1). Moreover, there were no significant complications in either the patient or neonate before
discharge
In conclusion, the anesthetic management of the urgent
C-section, can be complicated by uncontrolled hyperthyroidism despite aggressive medical treatment. Our case
demonstrates that spinal anesthesia could be a proper anesthetic method in such cases and may provide clinical
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Background: Perioperative cardiac arrest has been studied in many countries but few related studies have been conducted in Korea. Previous studies were not applicable to rural hospitals due to differences in the demographics between the regions. In the present study, the
incidence, mortality, and related factors of perioperative cardiac arrest in a hospital in
Youngdong province were analyzed and compared with previous research.
Methods: A retrospective study was conducted from the January 1, 2012, to December 31,
2018, on patients who underwent both anesthesia and surgery in our hospital. Patients who
received local anesthesia were not included in the study. The collected data included the
patient characteristics, anesthesia methods, the American Society of Anesthesiologists
physical status, surgical department, emergency status, traumatic status, pre- and post-cardiac arrest medical records, and patient outcomes.

Conclusions: The incidence and mortality of perioperative cardiac arrest in our hospital
were higher than those in a recent study in Seoul, demonstrating a regional gap in Korea.
Keywords: Anesthesia; Heart arrest; Incidence; Mortality; Resuscitation.

INTRODUCTION

tion [1–5]. Even though it is difficult to compare those data
accurately because of heterogeneous research methods,
the incidence of perioperative cardiac arrest tended to decline over time as countries developed [1,3,6].
Chang et al. [7], Choi et al. [2], and Lee et al. [8] reported
studies of perioperative cardiac arrest in Korea. Each study,
however, was either a study conducted for a long time ago

Fortunately, the perioperative mortality rate is low, but
death remains the most serious complication caused by
surgery [1]. According to studies released after the 2000s,
the incidence of perioperative cardiac arrest was 0.5 to 96.4
per 10,000 anesthesia cases, which showed a wide varia-

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Results: A total of 57,746 patients received anesthesia and underwent surgery during the
study period, and 28 patients (4.85 per 10,000 anesthesia cases) received cardiopulmonary cerebral resuscitation (CPCR) during or within 24 h of surgery. Eight patients survived
and twenty patients died (3.46 per 10,000 anesthesia cases). There were three anesthesia-related arrests and all of these patients survived. When limiting the analysis to patients
with intraoperative CPCR, the incidence and mortality were 1.56, and 1.39 per 10,000 anesthesia cases, respectively.
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[7], conducted at a single large hospital in a capital city
(Seoul) [2], or targeted on children only [8]. One study [2]
performed in relatively recent years had advantage that
targeted all age groups. However, since it was conducted at
a large hospital in Seoul, the results may not apply to general hospitals in rural areas. Because the demographic
characteristics and patient populations of different cities
are expected to differ from each other, the present study
analyzed the data collected from Gangneung Asan hospital
located in Youngdong province. We evaluated the incidence and the mortality rate of perioperative cardiac arrest
and related factors. Lastly, the data were compared with
the previous study conducted in Seoul, and we investigated
whether there was a regional gap in the incidence and
mortality rate of perioperative cardiac arrests.

MATERIALS AND METHODS
The present study was approved by the Institutional Review Board (IRB) of our hospital (no. GNAH 2019-07-010).
It was conducted on patients who underwent both anesthesia and surgery together from January 1, 2012, to December 31, 2018. After extracting a group of patients with
cardiopulmonary cerebral resuscitation (CPCR) codes in
their medical record, the patients who received CPCR
within 24 h after surgery were selected for the study. A total
of 57,746 patients who received anesthesia and surgery
were registered during the study period. Perioperative cardiac arrest was defined as a condition in which CPCR was
performed during surgery or within 24 h of surgery. CPCR
was defined as the performance of either closed-chest
compressions or open cardiac massage. Cases in which
CPCR was performed prior to entering the operating room
(OR) or the cardiac arrest occurred prior to the induction
process in OR were excluded. Patients with missing anesthesia records or with written “Do not resuscitate” instructions prepared before surgery were also excluded.
The emergency status, traumatic status, surgical duration, onset of cardiac arrest, the pre-and post-cardiac arrest
medical records, and data including the characteristics of
patients, surgical departments, anesthesia methods, American Society of Anesthesiologists physical status (ASA PS)
classification, and comorbidity status of the selected patients were evaluated. By reviewing the anesthesia records,
the intubation status before entering the OR, endotracheal
tube (ETT) maintenance on leaving the OR, arterial cannulation, central venous cannulation, and information on

326

epinephrine injections during surgery were collected. The
surgical duration was defined from the start of anesthesia
to the end of anesthesia according to the anesthesia records, and the regular working hours were defined from 8
a.m. to 6 p.m. on weekdays. The duration of CPCR was divided into two groups by 10 min (within 10 min or more
than 10 min) because the likelihood of a favorable functional recovery significantly decreases when the duration
of CPCR is longer than 10 to 15 min [9]. The survival was
defined as the patient was finally resuscitated for 48 h after
surgery. Variations between demographics and the incidence of cardiac arrest or between demographics of the
two hospitals [2] were compared using χ2 tests. Other statistical analyses for survival rate were performed using
Fisher’s exact test. All statistical analyses were conducted
using IBM SPSS Statistics Subscriptions for Microsoft Windows 64-bits Build 1.0.0.1327 (IBM Co., USA). A P value below 0.05 was considered statistically significant.

RESULTS
A total of 57,746 patients who received anesthesia and surgery at the same time were enrolled, 43,583 underwent general anesthesia, 11,926 underwent spinal anesthesia, 2,013
underwent peripheral nerve blocks, 145 underwent epidural
anesthesia, 58 underwent monitored anesthesia care, and 21
underwent combined spinal-epidural anesthesia. The characteristics of the anesthetized patients are shown in Table 1.
A total of 28 cases of perioperative cardiac arrest occurred during the 7-year retrospective study period. Of the
28 CPCR cases, 20 patients (71.4%) died and eight patients
(28.6%) survived. The incidence of perioperative cardiac
arrest was 4.85 per 10,000 anesthesia cases, whereas the
mortality was 3.46 per 10,000 anesthesia cases. The incidence of CPCR was significantly different by age (P =
0.021), ASA PS classification (P < 0.001), or elective/emergency surgery (P < 0.001). Males showed higher CPCR incidence than females (5.18 vs. 4.52 per 10,000 anesthesia
cases), but there was no significant difference (P = 0.851).
When the ASA PS classification increased, the incidence of
CPCR tended to increase. The survival rate was significant
for elective/emergency surgery (50% /12.5%, P = 0.044).
The rate of survival was higher in patients who were not
intubated before entering the OR (33.3%) or were extubated when leaving the OR (62.5%) compared to patients who
were already intubated before entering the OR (14.3%) or
were still intubated when leaving the OR (15%) (Table 2).
www.anesth-pain-med.org
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Table 1. Incidence and Characteristics of 57,746 Anesthetized Patients
Characteristics
Age (yr)
< 65
≥ 65
Sex
Male
Female
ASA PS class
I
II
III
IV
V
VI
Other
Elective surgery
Yes
No
Trauma
Yes
No

Cardiac arrests (n = 28)
Incidence
(per 10,000)

Total anesthesia
(n = 57,746)

Survival/Cardiac arrest

40,852 (70.7)

3/14 (21.4)

3.42

16,894 (29.3)

5/14 (35.7)

8.29

28,979 (50.2)

5/15 (33.3)

5.18

28,767 (49.8)

3/13 (23.1)

4.52

21,914 (37.9)

0/1 (0)

0.46

28,308 (49.0)

5/11 (45.5)

3.89

4,681 (8.1)

3/10 (30)

21.36

376 (0.7)

0/4 (0)

106.38

27 (0)

0/2 (0)

740.74

1 (0)

-

-

2,439 (4.2)

-

51,158 (88.6)
6,588 (11.4)

P value* for
incidence

P value† for
survival

0.021‡

0.678

0.851

0.686

< 0.001‡

-

-

-

-

6/12 (50)

2.36

< 0.001‡

0.044‡

2/16 (12.5)

24.29

-

0/8 (0)

-

8/20 (40)

-

-

0.063

-

Values are presented as number (%). ASA PS: American Society of Anesthesiologists physical status. *Statistical analysis was conducted using χ2
test. †Statistical analysis was conducted using Fisher’s exact test. ‡P value < 0.05, statistically significant.

Characteristic
Intubation before entering OR
Yes
No
Intubated state when leaving OR
Yes
No
Arterial cannulation
Yes
No
Central venous cannulation
Yes
No
Intraoperative epinephrine usage
Yes
No
Type of anesthesia
General anesthesia
Spinal anesthesia
Other

Patients (n = 28)

Survival (n = 8)

P value*
0.633

7

1 (14.3)

21

7 (33.3)

20

3 (15)

8

5 (62.5)

22

5 (22.7)

6

3 (50)

19

4 (21.1)

9

4 (44.4)

11

2 (18.2)

17

6 (35.3)

27

8 (29.6)

1

0 (0)

0

0 (0)

KSCVA
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0.022†

0.311

0.371

0.419

1.000

Values are presented as number (%). OR: operating room. *Statistical analysis was conducted using Fisher’s exact test. †P value < 0.05, statistically
significant.
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The survival rate was significantly different by intubation
state when leaving the OR (P = 0.022).
Among five patients who received CPCR for less than 10
min, four patients achieved survival (80%), whereas only four
patients achieved survival among the 23 patients (17.4%)
who received CPCR for more than 10 min (Table 3). The most
common event leading to perioperative cardiac arrest was
hypovolemic shock (28.6%, eight cases), followed by septic
shock (21.4%, six cases), cardiogenic shock (17.9%, five cases), and respiratory arrest (14.3%, four cases). The rate of survival decreased in the order of cardiogenic shock (80%, four
of five CPCR cases), respiratory arrest (75%, three of four
CPCR cases), septic shock (16.7%, one of six CPCR cases) and
hypovolemic shock (0%, 0 of eight CPCR cases). When the
surgical duration was short, the rate of survival tended to increase. There was, however, no significant difference between
surgical duration and the survival rate (P = 0.727). The caus-

es of cardiac arrest were divided into anesthesia-related (3/3
cases, survival/CPCR cases), surgery-related (1/4 cases), patient-related (4/20 cases), and others (0/1 case). The survival
rate was significantly different by the duration of CPCR (P =
0.015), the event leading to cardiac arrest (P = 0.001), and the
cause of cardiac arrest (P = 0.036).
Among three anesthesia-related CPCR cases, two cases
were caused by respiratory arrest occurring after the intravenous administration of pethidine, and one case was caused
by stress-induced cardiomyopathy (SCMP) after the induction of general anesthesia. All perioperative CPCR and anesthesia-related CPCR cases are summarized in Tables 4 and 5,
respectively.
The CPCR cases were divided into groups based on the
age of 65, and the related factors were analyzed (Table 6).
The older aged group showed higher survival rates than
the other patients (35.7% vs. 21.4% respectively). The older

Table 3. Characteristics of CPCR and Surgery in CPCR Cases
Characteristic
Time of cardiac arrest
Working hours
Non-working hours
Intraoperative CPCR
Yes
No
Duration of CPCR (min)
≤ 10
> 10
Event leading to cardiac arrest
Hypovolemic shock
Septic shock
Cardiogenic shock
Respiratory arrest
Other
Department of surgery
Thoracic surgery
Otolaryngology
General surgery
Neurosurgery, obstetrics and gynecology, orthopedics, urology
Duration of surgery (h)
< 1.5
1.5–3
>3
Cause of cardiac arrest
Anesthesia-related
Surgery-related
Patient-related
Unknown

Patients (n = 28)

Survival (n = 8)

P value*

12

3 (25)

1.000

16

5 (31.3)

9

1 (11.1)

19

7 (36.8)

5

4 (80)

23

4 (17.4)

8

0 (0)

6

1 (16.7)

5

4 (80)

4

3 (75)

5

0 (0)

3

2 (66.7)

1

1 (100)

13

5 (38.5)

11

0 (0)

4

2 (50)

11

3 (27.3)

13

3 (23.1)

3

3 (100)

4

1 (25)

20

4 (20)

1

0 (0)

0.214

0.015†

0.001†

0.083

0.727

0.036†

Values are presented as number (%). CPCR: cardiopulmonary cerebral resuscitation. *Statistical analysis was conducted using Fisher’s exact test. †P
value < 0.05, statistically significant.
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aged group had a lower proportion of trauma patients
(14.3% vs. 42.9%), emergent surgery (42.9% vs. 71.4%), intraoperative CPCR cases (21.4% vs. 42.9%), and a higher
proportion of shorter duration CPCR (28.6% vs. 7.1%).
For comparison with previous studies conducted in

Seoul [2], we analyzed the characteristics of the surgical
patients at the two hospitals and the results are shown in
Table 7. A total of nine cases of intraoperative cardiac arrests occurred in our hospital, and one patient survived
(the incidence and mortality were 1.56 and 1.39 per 10,000

Table 4. Characteristics of Perioperative Cardiac Arrest Patients
Age (yr)

Sex

ASA PS

1

85

2

84

3

43

4

82

5

61

6

27

7

11

8

69

9

82

10

70

11

46

12

66

13

82

14

76

15

62

16

69

17

3

18

82

19

2

20

63

21

57

22

33

23

33

24

69

25

85

26

48

27

60

28

67

F
F
F
M
M
M
F
M
F
F
M
F
M
F
F
M
M
M
M
F
M
F
M
M
M
F
M
F

3
2
3
2
1
5
2
2
3
2
3
3
2
2
4
3
2
2
4
3
4
2
3
2
4
3
5
3

Surgical
procedure
Emergency
Elective
Emergency
Elective
Elective
Emergency
Elective
Elective
Elective
Elective
Elective
Emergency
Elective
Elective
Emergency
Emergency
Emergency
Emergency
Emergency
Emergency
Emergency
Emergency
Emergency
Elective
Emergency
Elective
Emergency
Emergency

Surgery

Department

Total colectomy
TKR Lt.
Emergency C/S
AVR with CABG
Lap-cholecystectomy
Explorative thoracotomy
T&A, systrunk surgery
DP & splenectomy
Cystectomy
Lap-cholecystectomy
KT, recipient
I&D, thigh, Rt.
DG
Reversal of Hartmann's operation
Primary repair, stomach
Explorative laparotomy
Coil embolization, Craniectomy
SB R&A
Craniotomy
Hartmann's operation
Craniotomy
Emergency C/S
Decompressive C/E
PLF L1-5, PLIF L2-4
SB R&A
MVR
Splenectomy
Emergency C/E

GS
OS
OBGY
TS
GS
TS
ENT
GS
URO
GS
GS
OS
GS
GS
GS
GS
NS
GS
NS
GS
NS
OBGY
NS
OS
GS
TS
GS
NS

Event leading to
arrest
Septic shock
Unknown
Amniotic fluid embolism
Rt. heart failure
DIC
Hypovolemic shock
Respiratory arrest
Hypovolemic shock
Hypovolemic shock
AMI
Respiratory arrest
Septic shock
SCMP
Septic shock
Septic shock
Septic shock
Brain stem failure
Respiratory arrest
Cardiogenic shock
Septic shock
Hypovolemic shock
PTE
Hypovolemic shock
Respiratory arrest
Hypovolemic shock
Cardiogenic shock
Hypovolemic shock
Hypovolemic shock

Outcome
Died
Died
Died
Survival
Died
Died
Survival
Died
Died
Survival
Survival
Died
Survival
Died
Died
Survival
Died
Survival
Died
Died
Died
Died
Died
Died
Died
Survival
Died
Died

ASA PS: American Society of Anesthesiologists physical status, TKR: total knee replacement, C/S: cesarean section, AVR: aortic valve replacement,
CABG: coronary artery bypass graft, Lap: laparoscopic, T&A: tonsillectomy & adenoidectomy, DP: distal pancreatectomy, KT: kidney transplantation,
I&D: incision & drainage, DG: distal gastrectomy, SB R&A: small bowel resection & anastomosis, C/E: craniectomy, PLF: posterior lateral fusion,
PLIF: posterior lumbar interbody fusion, MVR: mitral valve replacement, GS: general surgery, OS: orthopedics, OBGY: obstetrics and gynecology, TS:
thoracic surgery, ENT: otolaryngology, URO: urology, DIC: disseminated intravascular coagulation, AMI: acute myocardial infarction, SCMP: stressinduced cardiomyopathy, PTE: pulmonary thromboembolism.
Table 5. Adverse Events in Anesthesia-Related Cardiac Arrest
No Age (yr)
82

Sex
M

ASA PS

1
2

46

M

3

3

82

M

2

2

Emergency
Diagnosis
Surgery
Yes
Impending stran- SB R&A
gulation
No
ESRD
KT, recipient
No

AGC

DG

Cause
Before CPCR, IV pethidine 25 mg was injected postoperatively at ICU
Before CPCR, IV pethidine 25 mg was injected postoperatively at ICU
After an induction and intubation, a total
of 500 μg of phenylephrine was administered for 10 min due to low blood
pressure. Sudden cardiac arrest occurred afterward.

Comorbidity
COPD

Outcome
Survival

HTN

Survival

A-fib

Survival

ASA PS: American Society of Anesthesiologists physical status, ESRD: end-stage renal disease, AGC: advanced gastric cancer, SB R&A: small bowel
resection & anastomosis, KT: kidney transplantation, DG: distal gastrectomy, CPCR: cardiopulmonary cerebral resuscitation, IV: intravenous, ICU:
intensive care unit, COPD: chronic obstructive pulmonary disease, HTN: hypertension, A-fib: atrial fibrillation.
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Table 6. Analysis of CPCR Cases Subgrouped by Age 65
Age (yr)
< 65 (n = 14)
≥ 65 (n = 14)

Survival (n = 8)

Trauma

Emergency surgery

Intraoperative CPCR

3 (21.4)

6 (42.9)

10 (71.4)

6 (42.9)

CPCR duration, ≤ 10 min
1 (7.1)

5 (35.7)

2 (14.3)

6 (42.9)

3 (21.4)

4 (28.6)

Values are presented as number (%). CPCR: cardiopulmonary cerebral resuscitation.
Table 7. Comparison of Surgical Patient Characteristics between Hospital in Youngdong Province and Seoul
Characteristics
Incidence of CPCR (per 10,000 anesthesia)
Mortality (per 10,000 anesthesia)
Age (yr)
< 65
≥ 65
Sex
Male
Female
ASA PS class§
Low (I–II)
High (III–V)
Elective surgery
Yes
No

‡

1.56

0.66

1.39‡

0.21

P value†
-

40,852 (70.7)

365,236 (79.8)

< 0.001∥

16,894 (29.3)

92,293 (20.2)

28,979 (50.2)

213,372 (47)

28,767 (49.8)

244,157 (53)

50,222 (90.8)

424,378 (92.8)

5,084 (9.2)

32,809 (7.2)

51,158 (88.6)

439,383 (96)

6,588 (11.4)

18,146 (4)

Hospital in Youngdong (n = 57,746)

Hospital in Seoul* (n = 457,529)

< 0.001∥

< 0.001∥

< 0.001∥

Values are presented as number (%). CPCR: cardiopulmonary cerebral resuscitation, ASA PS: American Society of Anesthesiologists physical status.
*Collated data derived from a previous study [2]. †Statistical analysis was conducted using χ2 test. ‡Values are presented when the analysis was
limited to patients with intraoperative cardiac arrest. §Values are presented when the analysis was limited to patients with ASA PS classification I–V.
∥
P value < 0.05, statistically significant.

anesthesia cases, respectively). There were significant differences between the two hospitals in the factors of age,
sex, ASA PS classification, and the proportion of elective
surgery (P < 0.001).

DISCUSSION
For the past fifty years, the incidence and mortality of
perioperative cardiac arrest have decreased worldwide, although the average ASA PS classification has increased [1].
Improvements in patient safety, advancements in patient
care, surgical techniques, anesthetic methods, multiple
guidelines and healthcare team training have all contributed to the decrease in incidence and mortality [1,2]. But
there are only a few studies on this topic in Korea.
According to the study in Seoul [2], the reported incidence and mortality rate of perioperative cardiac arrest
were low, at 0.66 and 0.21 per 10,000 anesthesia cases, respectively. The study was the largest retrospective study on
this subject in Korea, but it was limited to subjects with intraoperative cardiac arrests during non-cardiac surgeries.
Therefore, the study had a risk of underestimating the
perioperative incidence and mortality rate in Korea.
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The incidence of perioperative cardiac arrest is affected
by the proportion of elderly patients, sex, the ASA PS classification, comorbidities (sepsis, trauma, multi-organ failure, etc.), emergency surgery, surgical technique, the
length of surgery, and the anesthesia method [2,4,5,10]. It
is known that an elderly age increases the risk of perioperative cardiac arrest [5,11] and decreases the survival rate
[12]. In the present study, age divided below or above 65
years, was significantly related to the incidence of cardiac
arrest, but not related to the survival rate. The survival rate
of the elderly group was higher than that of the other group,
which might have been due to the lower number of patients with trauma, emergency, and short duration of CPCR
(Table 6).
Male sex is regarded to increase the incidence of perioperative cardiac arrest [5,10]. Our study showed a higher incidence of cardiac arrest in the male group, but the difference
was not significant. A high ASA PS classification and emergency surgery have been reported as risk factors for perioperative cardiac arrest, and are the predictive factors for mortality after cardiac arrest [5,13]. In the present study, perioperative cardiac arrest occurred more in patients with higher
ASA PS classifications and in the emergency surgery group.
www.anesth-pain-med.org
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(29% vs. 70%, respectively).
There were three anesthesia-related cardiac arrests in
this study (Table 5). Two cases were caused by respiratory
depression after postoperative pethidine administration in
the intensive care unit. In a comparative study with tramadol [19], pethidine showed a significant suppression on the
respiratory rate and reductions in the 1-min ventilation
volume. Respiratory suppression usually occurs within 24
h of surgery and even though it is usually preventable, 77%
of patients who experience it suffer fatal complications,
such as death or serious brain damage [20]. Even though
respiratory suppression by opioids is rare in patients with
ASA PS classifications from 1 to 3, attention should be paid
to patients who are very young, obese, have sleep apnea, or
have ASA PS classifications of 4 or 5 [21].
The other case was caused by SCMP. In that case, the
preoperative echocardiogram performed two days before
the surgery revealed non-valvular atrial fibrillation with a
normal left ventricular ejection fraction (LVEF) of 68%. After induction and intubation, a total of 500 μg of phenylephrine was administered for 10 min. Then, sudden cardiac arrest occurred. SCMP was clinically suspected according to the intraoperative echocardiogram that showed a
decreased LVEF (50%) and apical akinesia. Coronary angiogram performed after the ROSC showed normal coronary arteries. SCMP may occur due to physical stress, emotional stress, catecholamine excess, and other critical conditions [22]. It is difficult to determine the exact cause, but
in this patient, the administration of phenylephrine could
have triggered the SCMP.
Three to 23% of SCMP is reportedly caused by surgery, and
approximately 17% of the SCMP patients in hospitals had
general anesthesia within the past week [23]. The incidence
of SCMP in the hospital has been underestimated. However,
SCMP can occur after any kind of surgery. Given this, anesthesiologists should become more familiar with the symptoms, diagnosis, and treatment of SCMP. In the event of an
unexpected cardiovascular collapse, not only acute coronary
syndrome but also SCMP should be suspected.
When limiting the analysis in this study to intraoperative
CPCR cases only, the incidence and mortality were 1.56
and 1.39 per 10,000 anesthesia cases, respectively (one survival case of nine intraoperative CPCR). The rates were still
higher than those of the Seoul study [2] (0.66 vs. 1.56, 0.21
vs. 1.39 per 10,000 anesthesia cases, respectively). The authors inferred that the difference was attributable to the
demographic characteristics of the cities where the hospi-
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Table 2 shows that the postoperative maintenance of the
ETT was significantly associated with low survival rates (P
= 0.022). This is because the ETT would be maintained in
patients with poor test values, such as arterial blood gas
analysis during surgery, and ETT maintenance itself might
adversely affect to vital organs like lungs.
When comparing the groups divided by a CPCR period of
10 min, the survival rate was four times higher in the short
CPCR time group than in the other group (80% vs. 17.4%, P
= 0.015). A systemic review of seven CPCR studies [14] reported that neurologic outcomes might be more favorable
when the CPCR duration is shorter. Our result is consistent
with a previous study that reported that the CPCR method
currently in use was the most effective in the first 10 to 15
min and after 15 min, the possibility of achieving the resuscitation of spontaneous circulation (ROSC) with a good
functional recovery declined to less than 2% [9].
Hypovolemic shock was the most common event leading
to cardiac arrest and showed the lowest survival rate. It is
known as a major factor for cardiac arrest and occurs frequently in traumatic patients [15]. In the present study,
emergency surgery was performed because of trauma in
six out of eight patients with hypovolemic shock (75%). In
the patients who received traumatic emergency surgery of
the abdomen, brain, heart, or musculoskeletal system,
blood loss caused changes in the ASA PS classification. Because blood loss is usually associated with high morbidity
in trauma patients, excessive intraoperative bleeding may
increase the incidence of cardiac arrest. Also, if shock occurred prior to surgery due to excessive bleeding, the relative risk of cardiac arrest rose to 2.62 [4].
According to previous studies, the incidence of anesthesia-related cardiac arrest is 0.5 to 3.35 per 10,000 anesthesia cases [5,10,16]. In this study, the incidence of anesthesia-related cardiac arrest was 10.7% (three of 28 CPCR cases) and 0.52 per 10,000 anesthesia cases. An et al. [17] reported a 4.3% rate of anesthesia-related cardiac arrests in
patients with non-cardiac surgery, whereas Newland et al.
[13] and Sprung et al. [18] reported similar incidences
(10.4% and 10.8%, respectively), consistent with the present study. The study conducted in Seoul [2] also showed a
similar incidence of anesthesia-related cardiac arrest
(13.3%). Mortality in anesthesia-related cardiac arrest has
decreased over time [1]. The present study showed a low
mortality rate in anesthesia-related cardiac arrest (0%). Ellis et al. [10] suggested that anesthesia-related cardiac arrest had lower mortality than other factor-related arrests
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tals are located. Despite the worldwide improvement in
perioperative mortality over time, the degree of improvement shows regional differences correlated with the country’s Human Development Index. This may be due to the
fact that developed countries have been investing in medical care systems, and/or developing countries have higher
rates of trauma/emergency surgery and advanced disease
[6]. If inter-regional differences exist in one country, regional gaps in perioperative cardiac arrest rates may occur.
The proportion of elderly patients aged 65 or more who
underwent surgery in our hospital was significantly higher
than that of the hospital in Seoul (29.3% vs. 20.2%, P <
0.001) (Table 7). As of 2017, the proportion of the elderly
population aged 65 or more in Gangwon-do was 17.5%,
which is the fourth-highest by city and district units in Korea [24]. However, the ratios in Seoul and Gyeonggi-do are
lower than the national average of 13.7%, which account
for 13.3% and 11.1%, respectively. These demographic
characteristics have led to differences in the groups of patients visiting each hospital.
Considering that the incidence of perioperative cardiac
arrest is affected by the proportion of the elderly population
[2,5] and the prevalence of chronic disease tends to increase
with higher age, the variation in patient age at the two hospitals is expected to affect the incidence of perioperative cardiac arrest. Also, the ratio of emergency surgery was significantly higher in our hospital than in the study in Seoul
(11.4% vs. 4%, P < 0.001) (Table 7). Given that emergency
and traumatic surgery led to a higher incidence of and mortality from perioperative cardiac arrest than scheduled surgeries and non-traumatic surgery [5], this difference could
have a significant effect on the incidence and mortality of
perioperative cardiac arrest in our hospital.
When the surgical patients of the hospitals were divided
into two groups according to ASA PS classifications (Low: I–
II, High: III–V), the proportion of the higher ASA PS group in
our hospital was significantly higher than in the hospital in
Seoul (9.2% vs. 7.2%, P < 0.001). This result is presumed to
be due to the higher average age and the higher rate of
emergency surgery of our surgical patients. As mentioned
above, high ASA PS classification increases the incidence of
cardiac arrest, and it may be the cause of the difference in
perioperative cardiac arrest rates between the two hospitals.
In conclusion, the incidence and mortality rate of perioperative cardiac arrest were 4.85 and 3.46 per 10,000 anesthesia cases, respectively, and the results showed a regional gap in perioperative cardiac arrest rates in Korea. The re-
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sults could be attributed to the differences in the patients
who underwent anesthesia and surgery, whose composition differed from that of the urban population. Further research should be conducted on the regional inequality of
perioperative cardiac arrest rates from various regions.
Also, policies and public resource allocation to reduce the
regional gap in perioperative cardiac arrest rates should be
implemented.

CONFLICTS OF INTEREST
No potential conflict of interest relevant to this article
was reported.

AUTHOR CONTRIBUTIONS
Conceptualization: Hong-Seuk Yang. Data acquisition:
Hyun-Soo Kim. Formal analysis: Young-Mu Kim, Jae-Ho
Lee. Supervision: Jin Sun Kim. Original draft: Young-Mu
Kim. Review & editing: Hong-Seuk Yang, Jin Sun Kim,
Young-Mu Kim.

ORCID
Young-Mu Kim, https://orcid.org/0000-0002-0286-1010
Jae-Ho Lee, https://orcid.org/0000-0002-2965-5794
Hyun-Soo Kim, https://orcid.org/0000-0001-6817-7214
Jin Sun Kim, https://orcid.org/0000-0002-3753-2997
Hong-Seuk Yang, https://orcid.org/0000-0003-2023-8705

REFERENCES
1. Bainbridge D, Martin J, Arango M, Cheng D; Evidence-based
Peri-operative Clinical Outcomes Research (EPiCOR) Group.
Perioperative and anaesthetic-related mortality in developed
and developing countries: a systematic review and meta-analysis. Lancet 2012; 380: 1075-81.
2. Choi YJ, Han SU, Woo S, Ro YJ, Yang HS. Perioperative cardiac
arrest in 457,529 anesthetized patients at a single teaching hospital in Korea: a retrospective study. Anesth Pain Med 2014; 9:
144-51.
3. Vane MF, do Prado Nuzzi RX, Aranha GF, da Luz VF, Malbouisson LMS, Gonzalez MMC, et al. Perioperative cardiac arrest:
an evolutionary analysis of the intra-operative cardiac arrest
incidence in tertiary centers in Brazil. Braz J Anesthesiol 2016;
66: 176-82.
4. Siriphuwanun V, Punjasawadwong Y, Lapisatepun W, Charu-

www.anesth-pain-med.org

Perioperative cardiac arrest

luxananan S, Uerpairojkit K. Incidence of and factors associat-

14. Welbourn C, Efstathiou N. How does the length of cardiopul-

ed with perioperative cardiac arrest within 24 hours of anes-

monary resuscitation affect brain damage in patients surviving

thesia for emergency surgery. Risk Manag Healthc Policy 2014;

cardiac arrest? A systematic review. Scand J Trauma Resusc

7: 155-62.

Emerg Med 2018; 26: 77.

5. Braz LG, Módolo NS, do Nascimento P Jr, Bruschi BAM, Casti-

15. Toledo FO, Gonzalez MM, Sebbag I, Lelis RG, Aranha GF, Tim-

glia YMM, Ganem EM, et al. Perioperative cardiac arrest: a

erman S, et al. Outcomes of patients with trauma and intraop-

study of 53,718 anaesthetics over 9 yr from a Brazilian teaching

erative cardiac arrest. Resuscitation 2013; 84: 635-8.

hospital. Br J Anaesth 2006; 96: 569-75.
6. Braghiroli KS, Braz JRC, Rocha B, El Dib R, Corrente JE, Braz

16. Zuercher M, Ummenhofer W. Cardiac arrest during anesthesia.
Curr Opin Crit Care 2008; 14: 269-74.

MG, et al. Perioperative and anesthesia-related cardiac arrests

17. An JX, Zhang LM, Sullivan EA, Guo Ql, Williams JP. Intraopera-

in geriatric patients: a systematic review using meta-regression

tive cardiac arrest during anesthesia: a retrospective study of

analysis. Sci Rep 2017; 7: 2622.

218,274 anesthetics undergoing non-cardiac surgery. Chin

7. Chang SC, Chung KS, Lee SH. Statistical analysis of the postoperative mortality. Korean J Anesthesiol 1976; 9: 107-11.

Med J 2011; 124: 227-32.
18. Sprung J, Warner ME, Contreras MG, Schroeder DR, Beighley

8. Lee JH, Kim EK, Song IK, Kim EH, Kim HS, Kim CS, et al. Criti-

CM, Wilson GA, et al. Predictors of survival following cardiac

cal incidents, including cardiac arrest, associated with pediat-

arrest in patients undergoing noncardiac surgery: a study of

ric anesthesia at a tertiary teaching children’s hospital. Paedi-

518,294 patients at a tertiary referral center. Anesthesiology

atr Anaesth 2016; 26: 409-17.

2003; 99: 259-69.

9. Reynolds JC, Frisch A, Rittenberger JC, Callaway CW. Duration

19. Tarkkila P, Tuominen M, Lindgren L. Comparison of respiratory

of resuscitation efforts and functional outcome after

effects of tramadol and pethidine. Eur J Anaesthesiol 1998; 15:

out-of-hospital cardiac arrest: when should we change to novel
therapies? Circulation 2013; 128: 2488-94.

64-8.
20. Lee LA, Caplan RA, Stephens LS, Posner KL, Terman GW, Voepel-Lewis T, et al. Postoperative opioid-induced respiratory

Mercer DW, et al. Anesthesia-related cardiac arrest. Anesthesi-

depression: a closed claims analysis. Anesthesiology 2015; 122:

ology 2014; 120: 829-38.

659-65.

11. Nunnally ME, O’Connor MF, Kordylewski H, Westlake B, Dut-

21. Dahan A, Aarts L, Smith TW. Incidence, reversal, and preven-

ton RP. The incidence and risk factors for perioperative cardiac

tion of opioid-induced respiratory depression. Anesthesiology

arrest observed in the national anesthesia clinical outcomes
registry. Anesth Analg 2015; 120: 364-70.
12. Ramachandran SK, Mhyre J, Kheterpal S, Christensen RE, Tallman K, Morris M, et al. Predictors of survival from periopera-

2010; 112: 226-38.
22. Littlejohn FC, Syed O, Ornstein E, Connolly ES, Heyer EJ. Takotsubo cardiomyopathy associated with anesthesia: three case
reports. Cases J 2008; 1: 227.

tive cardiopulmonary arrests: a retrospective analysis of 2,524

23. Hessel EA. Takotsubo cardiomyopathy and its relevance to an-

events from the Get With The Guidelines-Resuscitation regis-

esthesiology: a narrative review. Can J Anaesth 2016; 63: 1059-

try. Anesthesiology 2013; 119: 1322-39.

74.

13. Newland MC, Ellis SJ, Lydiatt CA, Peters KR, Tinker JH, Rom-

24. Korean Statistical Information Service. Population census. Sta-

berger DJ, et al. Anesthetic-related cardiac arrest and its mor-

tistics Korea [serial on the Internet]. 2017 [cited 2019 Aug 13].

tality: a report covering 72,959 anesthetics over 10 years from a

Available from http://kosis.kr/statHtml/statHtml.do?orgId

US teaching hospital. Anesthesiology 2002; 97: 108-15.

= 101&tblId = DT_1IN1503&conn_path = I2.

www.anesth-pain-med.org

333

KSCVA

10. Ellis SJ, Newland MC, Simonson JA, Peters KR, Romberger DJ,

Anesth Pain Med 2020;15:334-343
https://doi.org/10.17085/apm.20033
pISSN 1975-5171 • eISSN 2383-7977

Experimental Research

Effect of two-week continuous epidural
administration of 2% lidocaine on mechanical
allodynia induced by spinal nerve ligation in rats

Received May 6, 2020
Revised June 30, 2020
Accepted June 30, 2020

Yuseon Cheong, Minsoo Kim, Namyoong Kim, and
Byeongmun Hwang
Department of Anesthesiology and Pain Medicine, Kangwon National University
Hospital, Kangwon National University School of Medicine, Chuncheon, Korea

Background: Lidocaine is an effective against certain types of neuropathic pain. This study
aimed to investigate whether timing of initiating continuous epidural infusion of lidocaine affected the glial activation and development of neuropathic pain induced by L5/6 spinal
nerve ligation (SNL) in rats.
Methods: Following L5/6 SNL, rats were epidurally infused 2% lidocaine (drug infusion initiated on days 1, and 7 post SNL model establishment) or saline (saline infusion initiated on
day 1 post SNL model establishment) continuously for 14 days. Mechanical allodynia of the
hind paw to von Frey filament stimuli was determined prior to surgery, postoperative day 3,
and once weekly after SNL model establishment. At 7 days after the infusion of saline or lidocaine ended, spinal activation of proinflammatory cytokines and astrocytes was evaluated
immunohistochemically, using antibodies to interleukin-6 (IL-6) and glial fibrillary acidic protein (GFAP).
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Results: Continuous epidural administration of 2% lidocaine for 14 days increased the mechanical withdrawal threshold regardless of the difference in timing of initiating lidocaine
administration. Epidurally infusing 2% lidocaine inhibited nerve ligation-induced IL-6 and
GFAP activation. In the 2% lidocaine infusion group, rats maintained the increased mechanical withdrawal threshold even at 7 days after the discontinuation of 2% lidocaine infusion.
Conclusions: Continuous epidural administration of 2% lidocaine inhibited the development
of SNL-induced mechanical allodynia and suppressed IL-6 and GFAP activation regardless
of the difference in timing of initiating lidocaine administration.
Keywords: Anesthetics; Glial fibrillary acidic protein; Hyperalgesia; Interleukin-6; Lidocaine;
Neuralgia; Spinal nerves.

INTRODUCTION

tions are often empirically applied to counter different
symptoms as they arise. In such situations, one available
option for managing neuropathic pain is continuous infusion of local anesthetics. Continuous neural blockage using
local anesthetics may be promising when initial treatment
is ineffective [2]. Local anesthetics, such as lidocaine, bupi-

Treatments of neuropathic disorders are challenging owing to their varied symptoms and multifaceted pathophysiology [1]. To date, neuropathic pain is difficult to treat and
no sufficient treatment available. Instead, clinical interven-
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neuropathic pain [18]. Expression level of IL-6 is frequently
used as a marker of glial cell activation, which can occur
following nerve injury or inflammation [15,17]. The suppression of microglial and astrocytic activation attenuates
the development of nerve injury-induced neuropathic pain
[13]. Therefore, we measured the levels of GFAP and IL-6 to
determine whether continuous epidural infusion of lidocaine attenuates glial cell activation.
Although conventional animal and human studies support the use of local anesthetics for the treatment of neuropathic pain, the effects of continuous epidural infusion of local anesthetics on the progression of neuropathic pain has
not yet been examined. In general, early initiation of treatment is associated with a better prognosis in neuropathic
disorders [1]. However, the relationship between timing of
treatment initiation and therapeutic effects has not been adequately studied. Moreover, most therapeutic drugs used in
animal models of neuropathic pain were tested for a short
period of 1 week. Hence, its role in the pathophysiology of
neuropathic pain during a 2-week period is unclear.
Thus, we investigated whether the timing of initiating
continuous epidural infusion of lidocaine for 2 weeks affected the glial activation and development of neuropathic
pain induced by L5/6 SNL in rats. Also we investigated
whether therapeutic effect of lidocaine maintained at 7
days after the discontinuation of 2% lidocaine infusion.

MATERIALS AND METHODS
This study was conducted in accordance with the guidelines for the care and use of laboratory animals of the National Research Council and the ethical guidelines for animal research by Kangwon National University. The study
protocol was approved by the Institutional Animal Care
and Use Committee of Kangwon National University,
Chuncheon, South Korea (no. KIACUC-17-113).

Animal preparation
All experiments were performed with male Sprague–
Dawley rats (Central Lab. Animal Inc., Korea), each weighing 200–250 g on the day of surgery. Following their arrival,
rats were acclimated in their assigned cages for 2–3 days
prior to experiment initiation. Rats were housed in plastic
cages with soft bedding in an environment maintained at a
constant temperature of 22–24°C in a 12-h light/dark cycle.
After surgery, rats were housed in individual cages and
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vacaine, and ropivacaine, are widely used for chronic pain
and neuropathic pain [1,3]. However, owing to their relatively short duration of action, blocking must be repeated
frequently to break the pain cycle. An alternative to repeated injections is continuous infusion of local anesthetics for
neural blockage. This continuous infusion can exert a therapeutic effect with potent analgesic effect.
Among the continuous administration methods, intrathecal infusion methods have been extensively studied in animals to evaluate their potential therapeutic efficacies and to
elucidate the underlying mechanism in a rat pain model;
however, only very few studies have been conducted using
continuous epidural infusion [4–6]. However, instead of intrathecal infusion, continuous epidural infusion is preferred
for a variety of reasons, such as consideration of drug infusion period, and side effects, for the management of neuropathic pain in clinical settings. Therefore, the present study
was conducted using continuous epidural infusion.
The L5/6 spinal nerve ligation (SNL) rat model is a classical model of nerve injury-induced neuropathic pain. This
model represents human-like neuropathic pain [6–8]. It
was thus selected for use in this study. Previous studies
have reported that if pathological activity following injury
is blocked by local anesthetics, allodynia may not develop
[9–11]. Using local anesthetics following nerve damage can
be considered a treatment strategy for such pain. Lidocaine
was selected for use as the local anesthetic as it inhibits
voltage-sensitive sodium channels; sodium channel blockers have been shown to be effective in the treatment of
neuropathic pain [12]. Long-term infusion of lidocaine can
result in an antinociceptive effect [3].
Neuron and glial cells contribute to the initiation and
maintenance of neuropathic pain [13,14]. Damage to the
tissue or the nerve causes changes in glial cells [13,14].
Subsequently, these reactive spinal glial cells release cytokines and chemokines associated with hyperalgesia and
mechanical allodynia, contributing to neuroinflammation
and central mechanisms of pathological pain [15]. Activation of spinal glial cells (astrocyte and microglia) has been
demonstrated in a rat model and in patients with neuropathic disorders. Furthermore, Del Valle et al. [16] reported
that spinal astrocyte and microglia were activated in a patient with neuropathic pain. Activation of glial cell because
of nerve injury increased the level of glial fibrillary acidic
protein (GFAP, a reactive astrocyte biomarker) and proinflammatory cytokines, such as interleukin 6 (IL-6) [17–19].
GFAP is known to contribute to central sensitization during
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were provided water and food ad libitum . A total of 32 male
rats were randomly divided into four groups: sham (sham
operation only without SNL; n = 8), control (SNL, saline
infusion started 1 day after SNL model establishment and
administered for 14 days; n = 8), no delay group (SNL, 2%
lidocaine infusion started 1 day after SNL model establishment and administered for 14 days; n = 8), and 1-week delay group (SNL, 2% lidocaine infusion started 14 days after
SNL model establishment and administered for 14 days; n
= 8) (Fig. 1). The primary outcome was the change in mechanical withdrawal thresholds. Measures were taken to
minimize the number of animals used in this study. The
behavioral analyst was blinded to the experimental group
of each animal tested. Animals that showed neurologic
deficits, disability of movement after surgery, and malfunction of catheter were excluded from the study.

L5/6 SNL and epidural catheterization
Rats were anesthetized with a combination of ketamine
(50 mg/ml, Yuhan, Korea) and xylazine (10 mg/ml, Bayer,
Germany), which was intraperitoneally administered at a
dosage of 1 ml/kg. Adequate anesthesia was ascertained by
the lack of ocular reflex and absence of a withdrawal response to a pinch at the hind limb. Neuropathic pain was

induced following the methods of Kim and Chung [7].
Rats were anesthetized and placed under a microsurgical
apparatus in the prone position. A midline incision was
made on the back, and the left paraspinal muscles were
separated from the spinous processes at the L4-S2 levels.
The L5 transverse process was carefully removed, and the
L4-L5 spinal nerves were identified. The nerves were gently
separated, and the L5 nerve was tightly ligated with a 6-0
silk thread. The left L6 spinal nerve was located caudal and
medial to the sacroiliac junction and then tightly ligated
with a silk thread. For epidural administration of drug,
polyethylene catheter (SP-45; sterile saline-filled tube; inner diameter, 0.58 mm; outer diameter, 0.96 mm; Nazme
Corporation, Japan) was inserted into the epidural space
through an incision in the atlanto-occipital membrane
from the cervical to lumbar epidural space. The internal tip
of the polyethylene tube was located close to the L3-4 level.
We confirmed in preliminary experiments, using injection
of a dye through the catheter, that the dye was delivered to
the epidural space around the L3-L5 level in rats. Rats
showing sensory dysfunction after epidurally injecting 2%
lidocaine were considered to have had a successful implantation of the epidural catheter. The doses selected for epidural lidocaine infusion were based on a preliminary study,
in which rats were epidurally injected 2% lidocaine and

Randomized (n = 32)

Sham operation (n = 8)

Paw with drawal
threshold by von Frey
test

Allocation

Postoperative day 3

Spinal nerve ligation (n = 24)
● Control group (n = 8)
● No delay group (n = 8)
● 1-week delay group (n = 8)
Confirm neuropathic pain by von Frey test

1 day after
SNL model
establishment

7 days after
SNL model
establishment

● Control group:
Saline infusion for
14 days

● No delay group:
Lidocaine infusion
for 14 days

● 1-week delay group:
Lidocaine infusion
for 14 days

Euthanized, at 7 days
after discontinuation
of saline infusion

Euthanized, at 7 days
after discontinuation
of lidocaine infusion

Euthanized, at 7 days
after discontinuation
of lidocaine infusion

Fig. 1. CONSORT diagram of the study design. SNL: spinal nerve ligation.
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showed sensory block without blocking motor function,
demonstrating normal walk during the lidocaine infusion
period. After rats were euthanized, we confirmed that the tip
of the catheter was appropriately located in proximity to the
L3-4 level in the epidural space. The external end of the
polyethylene tube was connected to a mini-osmotic pump
(Alzet Model 2ML1, pumping rate 10 µl/h, fill volume 2 ml,
Durect Corporation, USA). The pump was subcutaneously
fixed, and the wound was closed with silk sutures. In the
control group, epidural administration of saline was initiated
1 day after SNL model establishment using the von Frey test.
The previous study reported that the longer length of
epidural infusion of local anesthetics for neuropathic pain
was associated with a higher success rate [2]. Considering
the life cycle of the rat, 2 weeks is considered to be a sufficiently long time as the administration period of lidocaine.
So we chose 2 weeks for infusion period. In previous studies using rats, the duration of continuous infusion was 1–2
weeks [4,6], so the interval of 1 week was selected as the
comparison period of the therapeutic effect. In the lidocaine infusion groups, epidural administration of 2% lidocaine was initiated 1 or 7 days after SNL model was established using the von Frey test. The drug administrated continuously at a rate of 2 ml/7 days (20 mg/ml of lidocaine)
for 14 days. Epidural catheter removed 7 days after the termination of drug infusion. Postoperative analgesia was not
provided owing to the confounding effect of analgesics on
the assessment of neuropathic pain behaviors.

Von Frey test

www.anesth-pain-med.org

Motor function assessment
Motor function was evaluated by testing the animal’s
ability to ambulate in a normal posture and observing the
righting and placing/stepping reflexes before the nociceptive behavioral assessments.

Hematoxylin and eosin staining
Rats were euthanized by decapitation method using a
guillotine by a trained person under intraperitoneal injection of ketamine (50 mg/ml) and xylazine (10 mg/ml),
which was intraperitoneally administered at a dosage of 1
ml/kg, at 7 days after discontinuation of lidocaine or saline
infusion.
Fluorescent immunohistochemistry was prepared to examine the change in rat spinal cord cells at 7 days after discontinuation of lidocaine infusion or at 4 weeks after the
control surgery. After deep anesthesia by intraperitoneal injection of ketamine and xylazine, rats were perfused intracardially with normal saline followed by 4% paraformaldehyde in 0.1 M phosphate buffer (0.08 M K2HPO4, 0.02 M
NaH2PO4, pH 7.4) for 20 min. The lumbar enlargement of the
spinal cord was removed and fixed in 10% formaldehyde.
Transverse sections of this enlargement were embedded in
paraffin, sectioned (6 µm), and stained with hematoxylin
and eosin for examination under a light microscope. The
hematoxylin and eosin staining procedures of Chu et al. [4]
were followed. Histopathological changes were evaluated in
a blinded fashion by the senior pathologist.

Protein expression of GFAP and IL-6 in the ipsilateral
spinal nerve
The ipsilateral L4-5 spinal nerve samples were removed,
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An experimenter who was blinded to the group assignment performed the behavioral test. Motor function was
evaluated by testing the rat’s ability to ambulate in a normal
posture and observing the righting and placing/stepping reflexes before the daily behavior assessments. To quantify
mechanical allodynia, paw withdrawal threshold (PWT) of
rats was determined by the von Frey test during the daylight
(between 9 a.m. and 3 p.m.) [20]. Rats were allowed to acclimatize to a transparent acrylic box installed on a wire net for
30 min before the experiment. The von Frey filament was
applied to the plantar skin of the hind paw. Touch perception thresholds were measured using the up–down method
with von Frey hairs. Minimum stimulus intensity was 0.4 g
and maximum stimulus intensity was 15 g. Each filament
was applied five times. The interval of each stimulus was 3
min, and responses to three out of five stimuli were regarded

as positive. Stimulus began at 2.0 g and a total of six filaments were used via the up–down method according to the
response. During the experiment, a series of von Frey filaments was applied to the plantar surface of rat hind paws. A
positive response was defined as sharp withdrawal of the left
hind paw or immediate flinching on removal of the filament.
To confirm neurologic symptoms, the PWTs were investigated using a von Frey filament (monofilament, Stoelting Co.,
USA) at 7-day intervals (from before experiment to sacrifice).
We assessed the PWTs up to 7 days after the termination of
drug infusion (Fig. 2).
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A

(GFAP, IL-6)
Von Frey test( )

Base

SNL model establishment

1-week

2-weeks

3-weeks

(Saline infusion)

Days after SNL model was established

B

(GFAP, IL-6)
Von Frey test( )

Base

SNL model establishment

1-week

2-weeks

3-weeks

(2% lidocaine infusion)

Days after SNL model was established

C

(GFAP, IL-6)

Von Frey test( )

Base

SNL model establishment

1-week

2-weeks

3-weeks

4-weeks

(2% lidocaine infusion)

Days after SNL model was established

Fig. 2. Timeline of control group (A), no delay group (B), and 1-week delay group (C). Bar below the X-axis represents epidural infusion with lidocaine
or saline for 14 days. SNL: spinal nerve ligation, IL: interleukin, GFAP: glial fibrillary acidic protein.

homogenized and centrifuged at 15,000 rpm for 15 min at
room temperature (23–25°C). Levels of GFAP and IL-6 were
quantified using enzyme-linked immunosorbent assay kits
(Wuhan fine Biological Technology Co., Ltd., China) according to the manufacturer’s instructions. Samples were
measured in duplicate, and content of each experimental
sample was obtained using a standard curve.

Statistical analysis
Data are presented as median and inter-quartile range
(IQR). The Mann–Whitney U test was used to compare the
data of experimental groups. The Wilcoxon signed-rank
test was used to compare the data of intra-group.
The sample size was calculated based on a previous
study [10]. Considering a two-sided significance level of
0.05, 80% power, and an effect size of 0.5, power analysis
estimated a needed sample size of 6 animals per group assuming a relevant effect level of 30% pain related behavior.
Further, with a dropout rate of 20%, 8 animals per group
(total 32 rats) were considered as ideal. For all comparisons; P < 0.05 was considered statistically significant. Statistical analyses were performed using SPSS 24.0 (IBM Co.,
USA).
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RESULTS
Continuous epidural infusion of 2% lidocaine
blocked the development of SNL-induced
mechanical allodynia regardless of differences in
timing of initiation of lidocaine administration
Fig. 3 shows the time course changes in right hind PWT
to von Frey filaments SNL. In rats undergoing nerve ligation with saline infusion, the baseline withdrawal thresholds decreased after nerve ligation. Withdrawal thresholds
did not change in rats undergoing sham operation. During
the infusion period, PWTs of the 2% lidocaine infusion
group significantly differed from control group (P < 0.05).
In contrast, there was no significant change in withdrawal
thresholds among the groups that received 2% lidocaine
infusion after nerve ligation. In addition, we sought to assess neuropathic behavior at 7 days after the termination of
2% lidocaine infusion. In all groups that received 2% lidocaine infusion, rats maintained the increased mechanical
withdrawal threshold even 7 days after discontinuation of
2% lidocaine infusion. No motor weakness was observed in
any groups during the study period, as revealed by the normal righting/stepping reflexes and ambulation.

www.anesth-pain-med.org
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Sham (Saline)
No delayed infusion (2% lidocaine)
1-week delayed infusion (2% lidocaine)
Control (Saline)

18

Paw withdrawal threshold (g)

16

† ‡

14

† ‡

† ‡

‡

† ‡

† ‡

12
10
*
*

8
6

*

4

*
*

2
0

Baseline

1

7

*
14

*
21

28

Days after SNL model was established

Fig. 3. Effect of continuous epidural infusion of 2% lidocaine for 14 days on SNL-induced mechanical allodynia, measured as paw withdrawal
threshold to von Frey filament stimulus. Rats were randomly divided into four groups: sham (sham operation only without SNL), control (SNL, 2 ml/7
days, saline infusion started 1 day after SNL model establishment and administered for 14 days), no delay group (SNL, 2 ml/7 days, started 2%
lidocaine infusion 1 day after SNL model establishment and administered for 14 days), and 1-week delay group (SNL, 2 ml/7 days, 2% lidocaine
infusion started 7 days after SNL model establishment and administered for 14 days). Arrow indicates start point of lidocaine infusion. Values are
presented as median (1Q, 3Q). SNL: spinal nerve ligation. *P < 0.05 vs. sham group. †P < 0.05 vs. control group (Mann-Whitney U test, n = 6-8 per
group). ‡P < 0.05 vs. value just before lidocaine infusion (Wilcoxon signed-rank test, n = 6-8 per group).

Histological assessment
Fig. 4 shows the hematoxylin and eosin-stained lumbar
spinal cord sections from rats receiving saline (sham
group-Fig. 4A and control group-Fig. 4B) or 2% lidocaine
for 14 days (no delay group-Fig. 4C and 1-week delay
group-Fig. 4D). Continuous infusion of 2% lidocaine induced no obvious histopathological change in the spinal
cord.

As shown in Fig. 5, continuous infusion of 2% lidocaine via
an epidural catheter significantly decreased the levels of IL-6
and GFAP relative to those in the control group, regardless of
lidocaine infusion time in the L4-5 spinal nerve (P < 0.05).
There were no significant differences in IL-6 or GFAP among
the groups administered 2% lidocaine infusion at different
time points. Continuous epidural infusion of 2% lidocaine
was found to alleviate the production of proinflammatory
cytokines in the spinal nerve of rats with SNL, indicating that
it exerted an anti-neuroinflammatory effect.
www.anesth-pain-med.org

In the present study, continuous epidural administration
of 2% lidocaine for 14 days prevented nerve-ligation induced pain. To add, this administration for 14 days postSNL ameliorated the development of mechanical allodynia
regardless of infusion start time. Moreover, the increase in
mechanical pain thresholds was maintained, even 7 days
after the discontinuation of lidocaine infusion. Epidural lidocaine inhibited proinflammatory cytokine (IL-6) and astrocyte marker (GFAP) activation induced by nerve ligation. Our findings suggest that this administration could
influence the regulation of SNL-induced pain and may be a
promising therapeutic intervention for managing nerve injury-induced neuropathy regardless of the start time of
treatment.
The pathophysiological mechanisms underlying neuropathic disorders that lead to neuropathic pain are complex
and multifactorial, and certain aspects of its mechanisms
are yet to be elucidated [1,3]. Neuropathic pain is usually
refractory to treatment [1,17,18]. However, an attempt at
local anesthesia during or immediately following injury
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A

B
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D
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0.300

*

*

0.200
0.100
0.000

Control

No delay

One week delay

Relative GFAP protein expression

A

Relative IL-6 protein expression

Fig. 4. Photo-micrographic representation of hematoxylin and eosin-stained lumbar spinal nerve sections from sham (A), control group (B), no delay
group (C), and 1-week delay group (D). Rats received infusion of saline or 2% lidocaine (10 μl/h) for 14 days. Original magnification ×400. Spinal
sections displayed normal histological appearance. Based on microscopic examination, we found no gliosis, demyelination, fibrosis, inflammation,
hemorrhage, or necrosis at the lumbar level in the spinal nerves.
0.200

0.150

0.100

0.050

0.000

*
Control

No delay

*
One week delay

-0.050

Fig. 5. Effect of continuous epidural infusion of 2% lidocaine on the protein expressions of IL-6 (A) and GFAP (B) in a rat model of SNL-induced
neuropathic pain. Rats were randomly divided into three groups: control (SNL, 2 ml/7 days, started saline infusion 1 day after SNL model
establishment and administered for 14 days), no delay group (SNL, 2 ml/7 days, 2% lidocaine infusion started 1 day after SNL model establishment
and administered for 14 days), and 1-week delay group (SNL, 2 ml/7 days, 2% lidocaine infusion started 7 days after SNL model establishment
and administered for 14 days). Data are presented as mean ± SD. SNL: spinal nerve ligation, IL: interleukin, GFAP: glial fibrillary acidic protein. *P <
0.05 vs. control group.

has been postulated as a treatment strategy [9,10]. Clifford
et al. [11] reported that preemptive local anesthetic attenuates the maintenance of mechanical allodynia in a rat SNL
model. Thus suggesting that locally administering anesthetics, such as lidocaine, bupivacaine, and ropivacaine,
close to the time of injury, reduces the development of
neuropathic pain [3,10]. Administration of local anesthet-
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ics, sodium channel blocker, has attenuated ectopic discharges and suppressed the expression of the neuronal
pain marker [10]. Systemic and epidural administration of
local anesthetics produce analgesia and anti-hyperalgesia
at doses below those that block motor nerve [5,21].
The SNL model is a notable and currently used model that
reflects the mechanisms of neuropathic disorders [4–7]. The
www.anesth-pain-med.org
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caine could be effective if they have nerve damage, regardless of when this damage occurs. Furthermore, we believe
that continuous epidural blocking could be proactively
recommended for patients with neuropathy. Long-term infusion of lidocaine is often recommended for treating neuropathic pain [1,3]. The main action of lidocaine is the
blockade of voltage-gated sodium channels [30]. Based on
cumulative evidence, sodium channels play a role in the
pathogenesis of neuropathic pain [13,30]. Perineural administrations of local anesthetics have been used to manage chronic neuropathic pain in in previous studies [2,12].
Hence, continuously administering 2% lidocaine via epidural could be useful for treating the hyperalgesia state,
such as neuropathy and neuropathic pain syndrome.
Our study has several limitations. First, IL-6 and GFAP
were used as proinflammatory cytokines. Further studies
should include additional types of proinflammatory cytokines. Second, the present study used ketamine to induce
anesthesia. However, owing to the low dosage used (once,
equally for all groups), we believe that ketamine may have
not affected PWTs. Nevertheless, this is the first study to investigate the effect of a 2-week continuous epidural infusion of 2% lidocaine with different initiation times of drug
infusion after spinal nerve injury. The findings obtained
herein indicate that continuous infusion of epidural lidocaine not only prolongs analgesic effects but also improves
therapeutic effects.
In conclusion, our results suggest that continuous epidural administration of lidocaine may serve as a promising
therapeutic intervention for preventing neuropathy, not
only immediately after the occurrence of neuropathic pain
but also after a slight time delay.

ACKNOWLEDGEMENTS
This research was supported by grant no. KSA-2020-01
from the Korean Society of Anesthesiologists.

CONFLICTS OF INTEREST
No potential conflict of interest relevant to this article
was reported.

AUTHOR CONTRIBUTIONS
Conceptualizations: Yuseon Cheong, Byeongmun
Hwang. Data curation: Namyoong Kim, Byeongmun

341

KSPS

expressions of proinflammatory cytokine genes is associated
with hyperalgesia and mechanical allodynia [14]. Reportedly, the levels of proinflammatory cytokines are enhanced in
patients with neuropathic pain syndrome, thereby implicating the influence of glia-related neuro-inflammation in its
pathophysiology [16,22]. Astrocytic activity contributes to
the maintenance of pain [13]. GFAP (reactive astrocyte biomarker) plays an important role in Schwann cell proliferation after nerve injury [17,18]. Schwann cells produce several proinflammatory cytokines, which mediate neuropathic
pain [17,18]. These proinflammatory mediators also constitute a cytokine network that results in chronic inflammation
associated with neuropathic pain. It has been suggested that
activated proinflammatory cytokines and astrocytes play an
important role in the initiation phase of nerve injury-induced neuropathic pain [17–19,23]. Increased spinal cytokines and GFAP levels of in SNL rats indicated the occurrence of hyperalgesia and mechanical allodynia in the development of neuropathic pain [24–26]. Hence, in the present study, we opted to use IL-6 and GFAP as biological
markers of hyperalgesia and mechanical allodynia. Our results showed that the levels of IL-6 and GFAP decreased in
the groups continuously administered 2% lidocaine infusion
compared with those in the control group. In addition, we
found that a 2-week infusion period could increase mechanical pain thresholds.
Levels of cytokines are greater in patients with neuropathic pain syndrome, and their increase gradually resolves over a period of 6 years post-injury [27,28]. Such
changes in cytokines are related to the extent of mechanical hyperalgesia [29]. In a human study, a longer treatment
period was associated with a higher success rate, which indicates that treatment should be continued for long
enough period to break the pathological cycle maintained
by the pain [2]. In a clinical situation, duration of continuous administration is greater than 14 days and epidural infusion is a frequently used method. However, in most experimental animal studies with the neuropathic pain model, the duration is 7 days and intrathecal infusion is a frequently used method. Therefore, in the present study, we
opted to continue blocking for 14 days using the epidural
infusion method.
In the present study, continuous epidural blocking
caused good therapeutic effects, regardless of whether
treatment began within week after nerve injury. This finding implies that even if the patient’s visit is delayed, active
treatment using continuous epidural infusion of 2% lido-
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Case Report

Transversus abdominis plane block as a sole
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abdominis muscle hematoma
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Background: Transversus abdominis plane (TAP) blocks have been used for analgesia in
various abdominal surgeries. However, a TAP block as the sole anesthetic method for surgery has rarely been reported.
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Case: A 33-year-old breastfeeding primipara woman was admitted to the hospital due to a
rectus abdominis muscle hematoma. Because the patient refused other anesthetic methods, evacuation of the hematoma was performed under an ultrasound-guided bilateral TAP
block. A 23-gauge needle was inserted in an in-plane method using a linear ultrasound
probe. An injection of 10 ml of 2% lidocaine was made to the right lateral TAP and the left
lateral TAP. After confirming the sensory blockade of the T10 to T12 dermatomes, surgery
was performed successfully. The patient’s condition stabilized during the surgery. Breastfeeding was performed on the day of surgery.
Conclusions: The evacuation of an abdominal wall hematoma in a breastfeeding patient
was successfully performed under a bilateral TAP block.
Keywords: Breastfeeding; Hematoma; Nerve block; Ultrasound.

The transversus abdominis plane (TAP) block was first
introduced by Rafi [1] in 2001 as an abdominal field block.
The TAP block is performed by inserting a needle between
the internal oblique muscle and the transversus abdominis
muscle and injecting a local anesthetic solution. The TAP
block has become multimodal postoperative analgesia for
various abdominal surgeries [2]. However, only a few case
reports have documented the use of a TAP block alone as a
surgical anesthesia, and the anesthetic role of TAP blocks
has not yet been clearly defined [3]. According to such case
reports, TAP blocks have been adopted as the sole anesthetic technique for high-risk patients who are elderly,
have severe systemic diseases, or have contraindications

for other methods of anesthesia [2,4,5]. This case report
differs from the previous case reports in that the TAP block
was performed on a nursing primipara woman who refused other anesthesia techniques. In addition, this is the
first case report in Korea of surgery using a TAP block as
the sole anesthetic technique.

CASE REPORT
The present case report was approved by the Institutional Review Board of our hospital (no. GNAH 2019-10-003). A
33-year old female (82.1 kg, 158.1 cm) was admitted to the
hospital with abdominal pain and a mass developed after a
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Cesarean section. Seventeen days earlier, she received a lower segment transverse Cesarean section under spinal anesthesia at a gestational age of 38 + 2 weeks with polyhydramnios. An epidural catheter for patient-controlled analgesia
(PCA) was placed at L4-5. During the operation, there was
no anesthetic or operative complications. After the surgery,
a lower rectus abdominis muscle hematoma sized 160.3 ×
77.4 × 91.7 mm (Fig. 1) was found by abdominal computed
tomography, and evacuation of the hematoma was planned.
The patient had no history of severe systemic disease or
anticoagulant medication. In the preoperative examination, the complete blood cell count revealed a white blood
cell of 11,600 /mm3 with an elevated C-reactive protein
(7.48 mg/dl) and fever (38.5°C). The results of other laboratory and imaging studies, such as electrolytes, blood coagulation tests, chest X-ray, and electrocardiogram (ECG)
were all unremarkable.
Prior to the surgery, the patient worried about the accumulation of an anesthetic agent in her breast milk and complained about an unpleasant personal experience with previous spinal anesthesia with epidural catheter insertion.
Thus, she refused to receive any neuraxial or general anesthesia. Because of the patient’s concern, the surgical team
was consulted regarding adequate anesthetic methods. The
authors suggested an ultrasound (US)-guided bilateral TAP
block and asked the patient for consent and cooperation.
The patient arrived in the operating room and was identified. She was provided with a blood pressure (BP) cuff to
monitor her BP and was connected to an ECG machine
and pulse oximetry. She was given 2 L/min of O2 via nasal
prongs throughout the operation. Her initial BP was 114/74
mmHg, pulse rate was 85 /min, and O2 saturation was

A

100%.
The patient was in the supine position to perform the bilateral TAP block. Before performing the TAP block, the abdominal skin between the iliac crest and the lower costal
margin at the mid-axillary line was prepared using betadine and was covered with sterile drapes. The ultrasound
probe and cable were covered with a sterile plastic cover.
The linear transducer (STERRAD® UST-5413 [5–10 MHz],
Hitachi Aloka Medical, Japan) of the ultrasound (Prosound
SSD-3500SV, Aloka Co., Japan) was placed on the right
mid-axillary line between the subcostal margin and the iliac crest (Fig. 2). With an in-plane approach, the position of
the external oblique muscle, internal oblique muscle, and
the transverse abdominis muscle were spontaneously
checked. A 23-gauge, 60 mm quincke-type needle
(Kovax-needle®, Korea Vaccine Co., Korea) was inserted in
the fascia layer between the internal oblique muscle and
the transverse abdominis muscle to inject 10 ml of 2% lidocaine (Fig. 3). In the same manner, 10 ml of 2% lidocaine
was injected into the left TAP. The operation proceeded after confirming sensory changes in the T10-T12 dermatomes using the pinprick method 10 min after the TAP
block. A 5cm-sized horizontal incision was made on the
scar of the previous Cesarean section, which was at the T12
dermatome. After opening the rectus abdominis fascia, 700
ml of subfascial hematoma was evacuated. The duration of
operation was 30 min and the patient’s condition stabilized
during the surgery.
After the operation, the patient was moved to the
post-anesthesia care unit and moved to the ward after 30
min without any complaints of surgical pain. The numerical rating scale for pain at the surgical site was assessed for

B
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Fig. 1. Lower rectus abdominis muscle hematoma 160.3 × 77.4 × 91.7 mm in size was detected by abdominal computed tomography. It developed
after a lower transverse Cesarean section which was performed 17 days ago. (A) Transverse plane image. (B) Coronal plane image.
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Fig. 2. The patient was in the supine position for the lateral
transversus abdominis plane block. The black line indicates the
anterolateral part of the iliac crest, right. The black dashed line
indicates the lower costal margin. Ant.: anterior, Post.: posterior.

Fig. 3. Ultrasound view of the transversus abdominis plane block
after needle insertion. The arrowheads indicate the trajectory of the
23-gauge, 60 mm quincke-type needle. EOM: external oblique muscle,
IOM: internal oblique muscle, TAM: transversus abdominis muscle.

two hours (one hour post-operation, 3 points; two hours
post-operation, 5 points) at the ward. The patient showed
normal secretion of breast milk and thus, breastfeeding
was performed successfully using a breast pump.

DISCUSSION
Cesarean section is an essential technique for obstetrics,
but there are various risks ranging from surgical site problems to life-threatening complications. Wound hematoma
is one of the common complications of Cesarean sections.
The incidence of wound hematoma in elective Cesarean
sections was reported to be 1.3% and the odds ratio was 5.1
compared to vaginal delivery [6]. The risk factors of rectus
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muscle hematomas are trauma, surgery, anticoagulation
therapy, pregnancy, intense contraction of the rectus muscle, and underlying diseases (hypertension, vasculitis, hematologic disease, and others) [7]. The patient in the present case had no hematologic disease and had never received anticoagulation therapy. However, it is presumed
that hematoma could occur due to elevated intra-abdominal pressure by pregnancy and direct/indirect injury of the
epigastric vessels during surgery.
Most of the previously published studies introduced TAP
blocks only as postoperative analgesic methods. Over the
years, the TAP block has proven its analgesic effect in various abdominal surgeries [2,8]. TAP blocks can reduce postoperative pain and the need for postoperative opioids for
up to 48 h following abdominal procedures [8,9]. It can be
used in combination with PCA or other pain medications,
and can also be used as a salvage therapy when other pain
medications fail [8]. However, only a few cases of the use of
a TAP block as the sole anesthetic technique have been reported. Recently, TAP blocks have been used as the sole
anesthetic technique in inguinal hernia repair [5,10], open
gastrostomy [3], colectomy [4], ileostomy [4], wedge resection of cecal cancer [4], and abdominal wall abscess incision and drainage [11]. In particular, the last abdominal
surgery mentioned above was similar to the present study
in the type of surgery and location of the lesion.
Although there are some differences in the literature, the
analgesic effect of TAP blocks is generally found in the T6L1 dermatomes of the anterolateral abdominal wall
[1,5,8,12]. However, a cadaveric study by Tran et al. [13]
demonstrated that TAP blocks most effectively blocked the
dermatomes of T11-L1 and only 50% of the T10. In addition, some studies reported that the L1 dermatome was not
sufficiently blocked under a posterior TAP block [10]. One
of the disadvantages of the TAP block is that it cannot relieve visceral pain mediated by the celiac plexus, which
may cause discomfort in surgery stimulating intraperitoneal organs [2]. Although abdominal visceral pain could be
controlled by epidural anesthesia at the proper level, the
insertion of an epidural catheter was not performed due to
the patient’s refusal. Because the surgical field of our patient was confined to the lower rectus abdominis muscle
without opening the peritoneum, the authors believed that
a lateral TAP block could effectively provide sufficient anesthesia for surgery.
Compared to other anesthetic methods, a TAP block has
the following advantages. It can be used as a postoperative
www.anesth-pain-med.org
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no visceral pain in breastfeeding females undergoing abdominal surgery.

CONFLICTS OF INTEREST
No potential conflict of interest relevant to this article
was reported.

AUTHOR CONTRIBUTIONS
Conceptualization: Young-Mu Kim. Data acquisition:
Young-Mu Kim, Dong-Min Hyun, Hyun-Soo Kim. Supervision: Jin Sun Kim. Original draft: Young-Mu Kim. Review &
editing: Young-Mu Kim, Jin Sun Kim.

ORCID
Young-Mu Kim, https://orcid.org/0000-0002-0286-1010
Dong-Min Hyun, https://orcid.org/0000-0002-3735-7383
Hyun-Soo Kim, https://orcid.org/0000-0001-6817-7214
Jin Sun Kim, https://orcid.org/0000-0002-3753-2997

REFERENCES
1. Rafi AN. Abdominal field block: a new approach via the lumbar
triangle. Anaesthesia 2001; 56: 1024-6.
2. Mishra L, Pani N, Mishra D, Patel N. Bilateral transversus abdominis plane block as a sole anesthetic technique in emergency surgery for perforative peritonitis in a high risk patient. J
Anaesthesiol Clin Pharmacol 2013; 29: 540-2.
3. Lee AR, Choe YS. Anesthesia experience for open gastrostomy
with ultrasound-guided unilateral subcostal transversus abdominis plane block in a high risk elderly patient: a case report. Anesth Pain Med 2015; 5: e24890.
4. Vuong JT, McQuillan PM, Messaris E, Adhikary SD. Transversus abdominis plane block as the primary anesthetic for laparotomy. J Anaesthesiol Clin Pharmacol 2014; 30: 419-21.
5. Bihani P, Bhatia P, Chhabra S, Gangwar P. Can ultrasound-guided subcostal transverse abdominis plane block be used as sole
anesthetic technique? Saudi J Anaesth 2017; 11: 111-3.
6. Liu S, Liston RM, Joseph KS, Heaman M, Sauve R, Kramer MS;
Maternal Health Study Group of the Canadian Perinatal Surveillance System. Maternal mortality and severe morbidity associated with low-risk planned cesarean delivery versus planned
vaginal delivery at term. CMAJ 2007; 176: 455-60.
7. Hatjipetrou A, Anyfantakis D, Kastanakis M. Rectus sheath hematoma: a review of the literature. Int J Surg 2015; 13: 267-71.

347

KSRA

analgesic method [5,10]. It reduces hemodynamic fluctuation and the incidence of postoperative nausea and vomiting (PONV) [5] and it contributes to early ambulation after
surgery [5]. Moreover, it can be performed in places other
than the operating room with or without US [11]. Lastly,
even when compared to local anesthesia, TAP blocks provide better and longer pain control with less PONV incidence [3].
However, surgeons should consider the following disadvantages of a TAP block. As mentioned, it is unable to block
visceral stimulation and shows an irregular dermatomal
range of analgesia [10]. It may cause toxicity due to the use
of large amounts of local anesthetics [10] and it takes time
to achieve the full analgesic effect after a TAP block, at least
20 to 25 min [2]. Lastly, TAP blocks may provide insufficient
analgesia for abdominal midline incisions [14]. Because
TAP blocks have many advantages with clear disadvantages, it is necessary to select the appropriate patient and surgical methods carefully before applying a TAP block. Also,
it is important to establish adequate communication with
surgeons and the patient before surgery.
The patient was a breastfeeding primipara woman with a
17 day-old neonate. She was worried about the accumulation and transmission of anesthetics through the breast
milk to her neonate. According to a study that evaluated
the delivery of bupivacaine through breast milk after a TAP
block [9], neonatal toxicity is extremely unlikely to occur.
Local anesthetics, including lidocaine, seem to be safe for
breastfeeding women because of their short half-life, poor
oral bioavailability (less than 30%), and low concentration
in breast milk [15]. Most drugs commonly used in general
anesthesia are considered to be safe for the breastfeeding
of healthy infants when administered in a single dose. But,
in some drugs, there have been no published studies on
transmission through breast milk (inhaled anesthetics,
muscle relaxants, and remifentanil) or only limited data
are available. If multiple administration of drugs is needed
or a nursing patient has an unhealthy neonate, breastfeeding of the neonate may be adversely affected [15]. In brief,
the TAP block is a safe anesthetic method for breastfeeding
women, and the patient in the present case was able to proceed to breastfeed normally from the day of the operation.
In conclusion, a breastfeeding primipara woman who rejected other anesthetic methods underwent the successful
evacuation of an abdominal wall hematoma under a US-guided bilateral TAP block. A TAP block could be an effective
alternative anesthetic method that may cause minimal or
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Background: Previous research has shown a beneficial effect of prewarming for preventing
inadvertent perioperative hypothermia. However, there are few studies of the effects of a
short prewarming period, especially in gynecologic laparoscopic surgery.
Methods: Fifty-four patients were randomly assigned to 2 groups. Patients in the non-prewarming group were only warmed intraoperatively with a forced air warming device, while
those in the prewarming group were warmed for 10 min before anesthetic induction and
during the surgery. The primary outcome was incidence of intraoperative hypothermia.
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Results: Intraoperative hypothermia was observed in 73.1% of the patients in the non-prewarming group and 24% of the patients in the prewarming group (P < 0.001). There were
significant differences in core temperature changes between the groups (P < 0.001). Postoperative shivering occurred in 8 of the 26 (30.8%) patients in the non-prewarming group
and in 1 of the 25 (4.0%) patients in the prewarming group (P = 0.024).
Conclusions: Forced air warming for 10 min before induction on the operating table combined with intraoperative warming was an effective method to prevent hypothermia in patients undergoing gynecologic laparoscopic surgery.
Keywords: Body temperature; Gynecologic anesthesia; Hypothermia; Laparoscopy.

INTRODUCTION

warming with a forced air warming device is not enough to
avoid IPH [7,8]. This suggests that additional methods are
needed to prevent IPH.
The main cause of the rapid drop in body temperature
during the first hour after the initiation of anesthesia is
core-to-peripheral thermal redistribution [9]. In addition,
the amount of heat lost and the rate of the core body temperature drop depend on the temperature gradient between the central and peripheral compartments. Prewarming, that is warming the surface of the body before the induction of anesthesia, can reduce the temperature differ-

Inadvertent perioperative hypothermia (IPH) is defined
as a core body temperature below 36.0℃ [1]. Perioperative
hypothermia is associated with higher incidence of ischemic heart disease [2], surgical wound infection, and prolonged hospitalization [3]. In addition, it increases blood
loss [4] and delays postanesthetic recovery [5].
A forced air warming system is currently the most widely
used perioperative warming method [6]. However, several
previous studies show that conventional intraoperative

349

General

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © the Korean Society of Anesthesiologists, 2020

Anesth Pain Med Vol. 15 No. 3

ence between the core and periphery. Thereby, it decreases
the degree of core-to-peripheral thermal redistribution
[10]. The national institute for health and clinical excellence guidelines recommend 30 min of prewarming to
minimize the incidence of IPH [1]. However, adopting this
idea as a daily clinical practice remains a hardship because
30 min is a significant amount of time in a fully scheduled
operating environment. Therefore, the need for research to
investigate the effectiveness of a short period of prewarming has emerged. Although a few studies show that 10 min
of prewarming reduces the risk of IPH [11,12], a sufficient
amount of research has not been performed yet. Furthermore, there has been no research on the effects of a combination of 10 min prewarming in the operating table and intraoperative active warming during gynecologic laparoscopic surgery. This study was designed to test whether
IPH could be prevented by performing 10 min of prewarming combined with conventional intraoperative active
warming with a forced air warming system in patients undergoing gynecologic laparoscopic surgery.

MATERIALS AND METHODS
This study was approved by the Institutional Review
Board of our hospital (no. CR-18-174) and registered at
ClinicalTrials.gov (no. NCT04027842). We enrolled patients
between the ages of 19 and 75 years with American Society
of Anesthesiologists physical status 1 or 2 who underwent
gynecologic laparoscopic surgery under general anesthesia. Criteria for exclusion from this study were preexisting
hypothermia ( < 36℃) or hyperthermia ( > 37.5℃), anesthesia lasting for < 1 h or > 2 h, and conversion from laparoscopic surgery to laparotomy. We also excluded patients
with a body mass index (BMI) ≥ 31 kg/m2 and known thyroid disease. With written informed consent, eligible patients were randomly assigned to one of two groups using a
computerized random number generator (http://www.
randomization.com). An assistant put the patient’s allocation into a sealed opaque envelope, which was opened immediately after the patient entering the operating theater.
Prewarming was done on the operating table before anesthesia induction. Core body temperature was measured
using an infrared tympanic thermometer (ThermoScan-IRT6520, Braun GmbH, Germany) when the patients
were not intubated. After intubation, an esophageal thermometer (ST probe EST16, S&S Med, Korea) was used for
measuring core body temperature. The core body tempera-
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ture of all the patients was measured using an infrared
tympanic thermometer as soon as the patient arrived at the
operating theater.
In the non-prewarming group, induction was done immediately after measuring the core body temperature using an infrared tympanic thermometer. In the prewarming
group, patients were warmed preoperatively with a forced
air warming device (WarmTouch WT 6000 Warming Unit,
Medtronic, USA) for 10 min in the operating theater. After
10 min of prewarming, the tympanic body temperature
was measured, and anesthesia was induced promptly. In
both groups, forced air warming was performed over the
entire body with a cotton blanket from the time of anesthesia induction.
Total intravenous anesthesia was administered using
propofol and remifentanil with a target effect-site concentration controlled infusion (Orchestra Base Primea, Fresenius Vial, France), which was set by the Schneider model
for propofol and the Minto model for remifentanil. To induce anesthesia, the effect site concentration was targeted
with 4 μg/ml of propofol and 4 ng/ml for remifentanil. Rocuronium (0.8 mg/kg) was administered as neuromuscular
blocking agent at the induction.
Patients were intubated when train-of-four (TOF) count
became 0 and Bispectral index (BIS) below 60. TOF count
was measured every 5 min and BIS was monitored throughout the procedure.
After intubation, we inserted an esophageal thermometer and the patients’ temperatures were recorded at 15 min
intervals until the end of the surgery using the esophageal
thermometer. Also, the warming areas were switched from
the whole body to the upper trunk and extremities to allow
access to the surgical field. Active warming was continued
until the patients left the operating theater, unless the core
body temperature was > 37℃, due to concern for patient
safety.
The ambient temperature of the operating theater was
maintained between 21–22℃ by the hospital central control system. The warming device for intravenous and irrigation fluid was not used, and all the administered fluids
were kept at room temperature.
After the patients were transferred to the post-anesthetic
care unit (PACU), core body temperature was measured by
a tympanic membrane thermometer and postoperative
shivering was graded by an researcher who was blinded to
the procedure in the operating room. Shivering was divided into four grades (0 = none, 1 = mild, 2 = moderate, 3 =
www.anesth-pain-med.org
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severe: The Bedside Shivering Assessment Scale) [13].
The primary outcome was the incidence of intraoperative hypothermia, defined by core body temperature <
36℃. We recorded the body temperature at each time point
and counted the number of patients whose core temperature was < 36℃ while under anesthesia. The secondary
aim was time-prewarming interaction for the initial hour of
anesthesia to analyze the effect on redistribution hypothermia. In addition to body temperature and shivering grade,
demographic and baseline characteristics were recorded.
We also recorded ambient temperature, estimated blood
loss, input of intravenous fluid, and the amount of irrigation fluid.
The number of patients required for this study was based
on a preliminary study. In the preliminary study, 28 patients undergoing gynecologic laparoscopic surgery were
randomly allocated at a ratio of 1:1 to either the non-prewarming or 10 min-prewarming groups. Ten of the 14 patients in the non-prewarming group and 2 in the prewarming group suffered intraoperative hypothermia. Based on
this result, we calculated the sample size to achieve 80%
statistical power with an alpha error rate of 0.05 (twotailed) and 24 patients per group were required. Considering a 10% dropout rate, the total sample size was 27 patients for each group.
All data were statistically analyzed using IBM SPSS statistics for Windows version 25 (IBM corp., USA). Normally
distributed continuous data are shown as mean ± standard
deviation and compared using the student's t -test. Continuous variables that were not normally distributed are described as median (1Q, 3Q) and were compared via the
Mann–Whitney U test. Comparison of categorized variables are presented as number of patients (%) and analyzed with the chi-squared test. To determine the time-prewarming interaction, a repeated-measures ANOVA was
performed with ‘time’ as the repeated measure and ‘prewarming’ as a factor, followed by the Bonferroni correction.

RESULTS
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DISCUSSION
Prewarming for 10 min before induction on the operating table combined with the intraoperative warming was
an effective method to prevent hypothermia in patients
undergoing gynecologic laparoscopic surgery.
In gynecologic laparoscopic surgery, IPH is a common
problem. The minimally invasive procedure was predicted
Assessed for eligibility (n = 56)

Excluded (n = 2)
Not meeting inclusion criteria (n = 1)
Declined to participate (n = 1)
Other reasons (n = 0)

Randomized (n = 54)

Non-prewarming group (n = 27)
□ Received allocated intervention
(n =27)
□ Did not receive allocated
intervention (n = 0)

Prewarming group (n = 27)
Received allocated intervention
(n = 27)
Did not receive allocated
intervention (n = 0)

Discontinued intervention (n = 0)

Discontinued intervention (n = 0)

Analyzed (n = 26)
Excluded from analysis
(duration of anesthesia < 1 h) (n = 1)

Analyzed (n = 25)
Excluded from analysis
(duration of anesthesia < 1 h, and the
change in the surgical approach from
laparoscopic to open surgery) (n = 2)

Fig. 1. CONSORT flow diagram of the study.
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Of the 54 participants, 2 were excluded because the duration of anesthesia was < 1 h. In addition, one patient’s
procedure was changed to a laparotomy during the surgery
and was excluded from the analysis (Fig. 1).
Age, height, weight, BMI, American Society of Anesthesiologists physical status, type of surgery, ambient tempera-

ture, duration of anesthesia, operating time, blood loss,
amount of administered fluid, and irrigation fluid were
similar in the two groups (Table 1).
The incidence of intraoperative hypothermia was higher
in the non-prewarming group (73.1%) than in the prewarming group (24%) (P < 0.001) (Table 2). Core body
temperature on arrival in the operating theater (P = 0.168)
and before induction (P = 0.614) did not differ significantly
between the two groups and the 10 min prewarming did
not significantly increase core body temperature (P =
0.534). However, the core body temperature of the
non-prewarming group was lower at the end of the surgery
(P < 0.001). There were significant differences in core temperature changes between the non-prewarming and prewarming groups (P < 0.001) (Fig. 2). Postoperative shivering occurred less in the prewarming group in the PACU
(Table 2; 30.8% vs. 4.0%; P = 0.024).
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Table 1. Demographic and Clinical Characteristics of the Patients
Variable
Age (yr)
Height (cm)
Weight (kg)
BMI (kg/m2)
ASA classification

Non-prewarming (n = 26)

Prewarming (n = 25)

45.5 ± 9.2

44.4 ± 9.5

0.676

159.0 ± 6.2

159.3 ± 5.0

0.906

60.0 ± 6.6

60.3 ± 8.5

0.888

23.8 ± 3.4

23.7 ± 3.1

0.937
0.091

1

21 (80.8)

24 (96.0)

2

5 (19.2)

1 (4.0)

13 (50.0)

11 (44.0)

Type of surgery
Hysterectomy
Myomectomy
Cystectomy
Ambient temperature (℃)
Duration of Anesthesia (min)
Duration of Surgery (min)
Estimated blood loss (ml)
Fluid input (ml/kg/h)
Irrigation of fluid (ml/kg/h)

P value

0.865
3 (11.5)

4 (16.0)

10 (38.5)

10 (40.0)

22.1 (21.4, 22.9)

22.3 (21.8, 22.8)

90.3 ± 14.4
61.1 ± 16.2

88.3 ± 17.6

0.917
0.659

61.3 ± 16.4

0.971

50.0 (27.5, 85.0)

50 (30.0, 90.0)

0.992

4.7 (3.7, 6.5)

5.5 (4.2, 7.2)

0.371

14.7 ± 5.1

13.5 ± 4.2

0.365

Values are presented as mean ± SD, number (%), or median (1Q, 3Q). BMI: body mass index, ASA classification: American Society of
Anesthesiologists physical status classification system.
Table 2. Incidence of Intraoperative Hypothermia and Shivering in PACU and Shivering Grade
Variable
Intraoperative hypothermia (< 36℃)
Incidence of shivering in PACU
Shivering grade

Non-prewarming (n = 26)

Prewarming (n = 25)

19 (73.1)

6 (24.0)

P value
< 0.001

8 (30.8)

1 (4.0)

0.024

0

18 (69.2)

24 (96.0)

1

8 (30.8)

1 (4.0)

2

0 (0)

0 (0)

3

0 (0)

0 (0)

Values are presented as number (%). Shivering was graded based on the Bedside Shivering Assessment Scale (0 = none, 1 = mild: shivering
localized to the neck and/or thorax only, 2 = moderate: shivering involves gross movement of the upper extremities, 3 = severe: shivering involves
gross movements of the trunk and upper and lower extremities). PACU: post-anesthetic care unit.

to reduce intraoperative heat loss compared with open surgery which exposes the viscera. However, there were no
significant differences in intraoperative body temperatures
between laparoscopic and open surgeries [14,15]. This is
because laparoscopic surgery, unlike open surgery, requires carbon dioxide (CO2) gas for abdominal inflation.
CO2 gas is conventionally used at a temperature of 21℃
with no extra warming [16]. There was also a report that
women had a higher incidence of hypothermia than men
[17]. In addition to this, because gynecologic laparoscopic
surgery necessitates the lithotomy position, very limited
body surface area, including part of the upper trunk and
both upper extremities, can be warmed with the forced air
warming system.
Previous studies showed that intraoperative active
warming alone is not enough to maintain normothermia
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and emphasized the importance of prewarming [18,19].
Accordingly, our study results correspond well with those
findings. Intraoperative warming with a forced air warming
system did not effectively prevent intraoperative hypothermia in patients undergoing gynecologic laparoscopic surgery. Ideally, 30 min of prewarming and a combination of
various methods such as warming intravenous fluid and
humidifying respiratory gases with intraoperative forced
air warming are most helpful to maintain normothermia
during surgery [11,18]. However, it is not always possible to
apply all these methods in clinical practice. A forced air
warming system is now commonly used in most centers
and 10 min was an acceptable amount of prewarming time
[12]. This is reason why we chose 10 min-prewarming as an
additional way to prevent IPH.
To keep the final core temperature in the normal range,
www.anesth-pain-med.org
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Non-prewarming

Mean Core Temperature (°C)
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Prewarming
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Fig. 2. Mean core body temperature during the perioperative period in the non-prewarming (◆) and prewarming groups (■). Temperatures at the
arrival in the operating theater, before induction, and at the arrival in the post-anesthetic care unit (PACU) are tympanic membrane temperatures;
temperatures at other time points are esophageal temperatures. Half error bars represent the SD (*P < 0.05).
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by the short period of prewarming. In contrast, if the prewarming is done in the operating table, the gap between
prewarming and induction disappears, which enables less
net heat loss.
There are limitations in the interpretation of our results.
We used an infrared tympanic thermometer to measure
the core body temperature before patients were intubated,
and esophageal temperature was measured only after tracheal intubation. Controversy exists regarding accuracy of
a tympanic thermometer on assessing core body temperature. There may be a difference between the actual core
body temperature and the temperature we measured with
the tympanic thermometer. However, we tried to minimize
the bias by using the average of the bilateral tympanic temperatures, according to the recommendation of a previous
study [22]. Another limitation is that double blinding was
impossible with our study design. The researchers were
blinded, but patients knew which group they belonged to.
Nevertheless, since data with the patients’ subjective involvement was not collected, it is unlikely that this factor
had an impact on our outcome. One more limitation is that
we did not measure the peripheral temperature and heat
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we consider 10 min prewarming beneficial, especially for
patients undergoing surgery for about 1 hour according to
the present results. During long operations, patients tend
to be normothermic at the end of surgery because core
temperatures start to rise after thermal redistribution is
completed if patients are kept well warmed [19]. However,
in shorter procedures, especially those for about 1 h, it is
more difficult to avoid hypothermia at the end of surgery
compared to longer operations [19].
One of the differences compared to previous short-term
prewarming studies is the location where prewarming was
performed [20,21]. In this study, patients were warmed
preoperatively in the operating table and that may have
had beneficial influence on the results. Although further
studies are needed to compare the actual amount of heat
among patients prewarmed in other locations, it is likely
that the prewarming location affects the quality of warming, particularly in prewarming for a short period. If patients are warmed preoperatively in an environment other
than the operating table, active warming cannot be maintained during the transfer to the operating theater. This results in patients losing part of the thermal energy obtained

Anesth Pain Med Vol. 15 No. 3

content. Core to peripheral redistribution hypothermia depends on the temperature gradient between the core and
peripheral compartments. Although we did not measure
peripheral temperature, prewarming can reduce the normal core to peripheral heat gradient by raising the peripheral temperature. This can reduce the heat redistribution
that occurs after inducing anesthesia.
In conclusion, among patients undergoing gynecologic
laparoscopic surgery, warming patients for 10 min preoperatively on the operating table is associated with better
management of perioperative body temperature and can
prevent intraoperative hypothermia.
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Background: This study aimed to evaluate the efficacy of 10-min pre-warming in preventing
inadvertent perioperative hypothermia, which is defined as a reduction in body temperature
to less than 36.0°C during the perioperative period in intraoperative warming patients.
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Methods: In this prospective randomized study, 60 patients scheduled for elective surgery
under general anesthesia lasting less than 120 min were divided into two groups: the 10min pre-warming group (n = 30) and the control group (n = 30). Patients in the 10-min
pre-warming group were pre-warmed for 10 min in the pre-anesthetic area using a forced-air
warmer set at 47ºC. Intraoperatively, we warmed all patients with a forced-air warmer. Body
temperature was measured using a tympanic membrane thermometer pre- or postoperatively and a nasopharyngeal temperature probe intraoperatively. Patients were evaluated on
the shivering and thermal comfort scale in the pre-anesthetic area and post-anesthesia care
unit.
Results: The incidences of intraoperative hypothermia and postoperative hypothermia were
similar in both groups (10.7% vs. 28.6%, P = 0.177; 10.7% vs. 10.7%, P = 1.000 respectively). Body temperature was higher in the 10-min pre-warming group (P = 0.003). Thermal
comfort during the pre-warming period was higher in the 10-min pre-warming group (P <
0.001). However, postoperative thermal comfort and shivering grades of both groups were
similar.
Conclusions: Ten minutes of pre-warming has no additional effect on the prevention of inadvertent perioperative hypothermia in intraoperative warming patients.
Keywords: Brief; Forced-air warming; Hypothermia; Preoperative period.

INTRODUCTION

Recently, various methods of active intraoperative warming for minimizing perioperative hypothermia have been
implemented, forced-air warming is the most commonly
used, as it is simple, safe, and effective [4]. However, hypothermia occurs in approximately 65% of patients within the
first hour of surgery even with active intraoperative warming, and additional preventive measures are required [5].

Perioperative hypothermia, defined as a core body temperature below 36°C, commonly occurs at a rate of 50–90%
even in simple surgical procedures. It is associated with
multiple perioperative complications and should be prevented [1–3].

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Pre-warming and intraoperative warming

Perioperative hypothermia that occurs within the first
hour of surgery develops immediately after the induction
of anesthesia, leading to a 1.6°C decrease in the core temperature. Of this decrease, 81% is attributed to the core-to-peripheral redistribution of body heat due to anesthetic-induced vasodilation; 46 kcal of heat is redistributed [6]. This
redistribution hypothermia can be prevented by increasing
the peripheral temperature and decreasing the core-periphery temperature gradient through pre-warming [4,7];
several guidelines recommend at least 30 min of
pre-warming [8,9]. However, it is difficult to apply the recommended ≥ 30 min of pre-warming when there is inadequate or no preoperative holding area.
Recently, there have been reports that pre-warming with
a duration shorter than 30 min is effective. Brauer et al. [10]
reported that ≤ 30 min of regular pre-warming effectively
reduced perioperative hypothermia. Horn et al. [11] compared groups that received 10, 20, and 30 min of pre-warming with the control group and reported that 10 min of
pre-warming effectively reduced perioperative hypothermia as well. This is corroborated by previous study conducted by our team that compared 10 and 30 min of
pre-warming and showed that 10 min of pre-warming is effective [12]. However, most studies on short-term pre-warming applied intraoperative warming only in hypothermic
patients, and the effects on patients undergoing continuous intraoperative warming cannot be verified. Furthermore, the effects of pre-warming on patients undergoing
continuous intraoperative warming are still controversial,
given findings from the existing ≥ 30 min pre-warming
cases [13–16].
Thus, the present study aims to investigate whether the
10-min pre-warming, which was recently reported to be effective, provides an additional benefit to patients undergoing continuous intraoperative warming.

MATERIALS AND METHODS
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Patients were included in this study if they were 19 years
or older, had an American Society of Anesthesiologists
physical status (PS) classification of 1–3, and were scheduled to receive ≤ 120 min of elective surgery. Patients were
excluded if they had body mass index (BMI) ≥ 35 kg/m2 or
preoperative core temperature ≥ 38°C or ≤ 36°C, were undergoing regional anesthesia or combined regional and
general anesthesia, or were pregnant.

Randomization and masking
Patients were screened on the day before the surgery and
randomly assigned to two groups using 1:1 block randomization in Excel (Microsoft Excel 2016; block size 4, 6): 10min pre-warming group (n = 30) and control group (n =
30). The investigator in charge of the block randomization
did not participate in the experiment. An anesthesiologist
who had no knowledge of the randomization table conducted the experiment in the operating room and the
post-anesthesia care unit (PACU), and a research nurse
who knew of the assigned groups conducted the pre-warming and experiment.

General procedures
All patients were trained on the wording of the thermal
comfort scale (100-mm visual analog scale [VAS]: 0 mm =
the coldest imaginable, 50 mm = comfortable, 100 mm =
the hottest imaginable) during their visit on the day before
the surgery. On the day of surgery, patients began receiving
fluids stored at room temperature after obtaining intravenous access in the ward approximately 30 min before the
surgery. They arrived at the preoperative holding area
(same space as the PACU, ambient temperature: 26 ± 1°C)
approximately 10 min before the start of surgery. Immediately after arrival, they were covered with a specialized fullbody blanket placed under a cotton blanket, and those in
the 10-min pre-warming group received 10 min of
pre-warming using a forced-air warmer (Warm TouchTM
6000, Covidien, USA) set at 47°C, while those in the control
group received no forced-air warming. All patients were
asked to report to the investigator if they felt discomfort of
≥ 60 on the thermal comfort scale, in which case warming
was discontinued or the warming temperature (45°C, 40°C)
was adjusted depending on the amount of thermal dis-
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This prospective randomized study was approved by the
Institutional Review Board of this institution (no. SCHUH
2017-11-013-001) and registered with the Clinical Research
Information Service in Korea (cris.nih.go.kr, no. KCT
0002803). The study period spanned April 19, 2018 to May
11, 2018. Patients visited the facility on the day before the
surgery, and informed consent was obtained from every
patient.

Subjects
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comfort and the will of the patient. The forced-air warmer
used in this study can maintain a warming temperature of
47°C for up to 45 min, after which the temperature is decreased to 45°C for patient safety as approved by the Ministry of Food and Drug Safety.
After pre-warming, the forced-air warmer and full-body
blanket were removed and patients were transferred to the
operating room. The anesthesiologist who had no knowledge of the assigned group performed standard monitoring
and induction of general anesthesia using 2 mg/kg of 1%
propofol and 0.6 mg/kg of rocuronium, with the patient
covered in a cotton blanket. Inhalational anesthetics (sevoflurane or desflurane) and remifentanil were used for
maintenance of general anesthesia. Immediately after anesthesia induction, the patient was covered with a specialized blanket for the upper or lower limbs depending on the
surgical site, and the surgical site was prepared by the surgeon. After the surgical preparation was completed, continuous intraoperative warming was performed until the
end of the surgery. The temperature of intraoperative
warming was adjusted, based on the nasopharyngeal temperature, to 45°C for < 36.5°C and 40°C for 36.5–37.5°C,
and warming was discontinued for ≥ 37.5°C. For all patients, a breathing circuit that allows for intraoperative
heating/humidification was used, and no warming devices
other than the forced-air warmer for continuous warming
were used. After the surgery, pyridostigmine and glycopyrrolate were used to reverse muscle relaxation, and the patient was transferred to the PACU after consciousness and
spontaneous breathing were recovered. Immediately on
arrival at the PACU, active warming was performed if the
patient’s body temperature was ≤ 36°C, using the forcedair warmer set to 40°C.

Measurements
Patients were screened on the day before surgery by examining the demographic information, including age, sex,
height, weight, BMI, the American Society of Anesthesiologists-PS classification, and the type of surgery.
Upon the patient’s arrival at the preoperative holding
area, a research nurse who knew of the assigned group recorded the body temperature measured using a tympanic
thermometer (Thermoscan®, infrared tympanic thermometer IRT 4020, Braun, USA) before pre-warming [17]. The
tympanic temperature and thermal comfort index were
also recorded after pre-warming.
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Upon arrival at the operating room, the ambient room
temperature was recorded. After securing the airway, a nasopharyngeal probe (ETP1040, Ewha Biomedics, Korea)
was inserted 9–10 cm past the nares for intraoperative core
temperature monitoring [18]. The time of nasopharyngeal
probe insertion was defined as 0 min, and the temperature
was recorded every 15 min until the end of surgery. After
the surgery, the duration of anesthesia, time from arrival at
the operating room to the resumption of continuous intraoperative warming, and operating room temperature at
departure were recorded. Upon arrival at the PACU, the
tympanic temperature, thermal comfort, and postoperative
shivering on a 3-point scale (0 = no shivering; 1 = intermittent, low intensity; 2 = moderate shivering; 3 = continuous intense shivering) were measured and recorded every
10 min.
The primary finding of this study was the incidence of
hypothermia, which was defined as a perioperative body
temperature below 36.0°C. The secondary findings were
the perioperative changes in body temperature, pre-warming-induced thermal comfort, and postoperative shivering
and thermal comfort measured in the PACU.

Statistical analysis
Horn et al. [11] reported that the incidence of intraoperative hypothermia requiring intraoperative warming was
31% in the 10-min pre-warming group and 67% in the control group. Therefore, we hypothesized that the 10-min
pre-warming in this study would reduce hypothermia at a
comparable rate. Given the level of significance of 0.05, the
statistical power of 80%, and a dropout rate of 10%, the
number of participants for each group was calculated as
30. We used SPSS version 25 (IBM Co., USA) for the statistical analysis. We performed a chi-squared analysis or Fisher’s exact test for categorical variables and the Kolmogorov–Smirnov normality test for continuous variables. We
performed the Student’s t-test if the normality assumption
was satisfied and the Mann–Whitney test if not. The changes in temperature before, during, and after surgery were
analyzed using a mixed-effect model based on a first-order
autoregressive covariance structure and graphically represented. If there was a significant temporal difference between the body temperatures of the two groups in the
mixed-effect model, we performed a posthoc analysis using the Bonferroni method. Continuous variables were
presented as mean ± standard deviation or median with
www.anesth-pain-med.org
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1Q, 3Q. Categorical variables were presented as frequency
and percentage. P < 0.05 was considered statistically significant.

RESULTS
Sixty-seven patients were screened, and three patients
who failed to meet the inclusion criteria and four who refused to participate were excluded. Finally, 60 patients
were included, and they were randomly assigned to two
groups: the pre-warming group (n = 30) and the control
group (n = 30). In the 10-min pre-warming group, one patient who refused to receive intraoperative warming due to
the anesthesiologist’s mistake and another patient whose
intraoperative warming was discontinued at the discretion
of the surgeon were withdrawn from the study. In the control group, one patient who requested cancellation right
before the surgery and another who showed a high body
temperature ( > 38°C) before pre-warming were withdrawn. In the end, data were collected from 56 patients (28
in the pre-warming group and 28 in the control group) and
analyzed (Fig. 1).

Enrollment

There were no significant inter-group differences in age,
sex, height, weight, BMI, the American Society of Anesthesiologists-PS classification, type of surgery, duration of anesthesia, time from arrival at the operating room to the resumption of continuous warming (duration of unwarming), body temperature on arrival at the preoperative holding area (initial body temperature), and the ambient temperature of the operating room (Table 1).
There was also no significant inter-group difference between the incidences of intraoperative hypothermia (10.7%
vs. 28.6%; Differences [95% confidence interval, 95% CI] =
–17.9% [–3.4% to 39.6%]; φ [95% CI] = –0.225 [–0.454 to
0.038]; P = 0.177). However, the incidence of hypothermia
within the first hour was significantly lower in the 10-min
pre-warming group than in the control group, and the effect size was large (F = 2, Cramer’s V [95% CI] = 0.378
[0.187 to 0.542]; P = 0.013). There were no significant inter-group differences between the incidences of hypothermia and postoperative shivering measured in the PACU (P
= 1.000 and P = 0.491) (Table 2). For all study participants,
perioperative hypothermia was mild, measuring between
35.0°C and 36.0°C.

Assessed for eligibility (n = 67)
Excluded (n = 7)
▶ Not meeting inclusion criteria (n = 3)
▶ Declined to participate (n = 4)
Randomized (n = 60)

Allocation
Allocated to 10 min prewarming group (n = 30)
▶ Received allocated intervention (n = 29)
▶ Did not receive allocated intervention
(protocol violation) (n = 1)

Lost to follow-up (n = 0)
Discontinued intervention (rejected by surgeon)
(n = 1)

Follow-up
Lost to follow-up (n = 0)

Analysis

Analysed (n = 28)
▶ Excluded from analysis (n = 0)

General

Analysed (n = 28)
▶ Excluded from analysis (n = 0)

Allocated to control group (n = 30)
▶ Received allocated intervention (n = 28)
▶ Did not receive allocated intervention
(preoperative hyperthermia) (n = 1)
▶ Canceled the surgery (n = 1)

Fig. 1. CONSORT diagram.
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Table 1. Patient Characteristics
Variable
Age (yr)
Sex (M/F)
Weight (kg)
Height (cm)
BMI (kg/m2)
ASA classification (1/2/3)
Surgery type
Laparoscopic surgery
Minor abdominal surgery
Orthopedic surgery
Head and neck surgery
Breast surgery
Duration of anesthesia (min)
Duration of unwarming (min)
Initial body temperature (ºC)
OR temperature (ºC)

10-min pre-warming group (n = 28)
48.04 ± 17.42

Control group (n = 28)

11/27

10/18

P value

49.14 ± 14.31

0.796
1.000

63.51 ± 10.89

61.51 ± 9.09

0.460

163.51 ± 10.26

163.67 ± 9.87

0.953

23.74 ± 3.38

23.00 ± 3.28

0.413

14/11/3

14/12/2

1.000
0.934

14 (50.0)

11 (39.3)

0 (0)

1 (3.6)

10 (35.7)

12 (42.9)

2 (7.1)

2 (7.1)

2 (7.1)

2 (7.1)

103 (86, 147)

90 (75, 143)

0.161

24 (20, 29)

25 (21, 35)

0.248

36.99 ± 0.33

37.06 ± 0.35

0.437

21.63 ± 0.88

21.66 ± 1.21

0.910

Values are presented as mean ± SD, number (%) or median (1Q, 3Q). Minor abdominal surgery was open peritoneal biopsy performed after
conversion from scheduled laparoscopic biopsy. BMI: body mass index, ASA: American Society of Anesthesiologists, OR: operating room.
Table 2. Perioperative Hypothermia
Variable
Intraoperative hypothermia (< 36ºC)
Onset of intraoperative hypothermia
Normothermia
Within 1 h
After 1 h
PACU hypothermia ( < 36ºC)
Shivering grade
Grade 0
Grade 1
Grade 2

10-min
pre-warming group
(n = 28)

Control group
(n = 28)

3 (10.7)

8 (28.6)

25 (89.3)

Effect size
(95% CI)

–17.9% (–3.4% to 39.6%)

P value

–0.225 (–0.454 to 0.038)

0.177

0.378 (0.187 to 0.542)

0.013

0.000 (–0.272 to 0.258)

1.000

0.192 (0.117 to 0.345)

0.491

20 (71.4)

1 (3.6)

8 (28.6)

2 (7.1)

0 (0)

3 (10.7)

3 (10.7)

26 (92.9)

Differences
(95% CI)

0% (–18.5% to 18.5%)

28 (100.0)

1 (3.6)

0 (0)

1 (3.6)

0 (0)

Values are presented as the number (%). All cases of perioperative hypothermia were mild, falling between 35.0ºC and 36.0ºC. CI: confidence
interval, PACU: post-anesthesia care unit. Effect sizes of the chi-squared test are phi or Cramer’s V as appropriate. P value by Fisher’s exact test.

There was a significant inter-group difference between
the temporal pattern of body temperature changes (P =
0.003), as body temperature was shown to be significantly
higher in the pre-warming group from 15 min postoperatively to the end of PACU recovery, excluding the post-induction 120-min time point (P < 0.05) (Table 3, Fig. 2).
During the duration of pre-warming, the thermal comfort scale was significantly higher in the 10-min pre-warming group (P < 0.001). However, most patients in the 10min pre-warming group reported the highest score in the
thermal comfort scale near the end of pre-warming and
did not want pre-warming to discontinue; hence, 10 min of
pre-warming at 47°C was performed in all patients without
adjustment. There was no significant inter-group differ-
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ence between the PACU thermal comfort scores (P > 0.05)
(Table 4).
Patients displayed no forced-air warming-induced adverse side effects such as skin symptoms or burns.

DISCUSSION
Many guidelines on the prevention of perioperative hypothermia recommend at least 30 min of pre-warming
[8,9]. However, research on the appropriate duration of
pre-warming is limited. Sessler et al. [7] reported that a duration of 30 min to 1 h is appropriate, but in this study,
pre-warming was performed after 2 h of exposure to a 21°C
environment, which differs from actual clinical scenarios.
www.anesth-pain-med.org
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Table 3. Mean Perioperative Body Temperature (ºC) and Mean Difference between Groups
10-min pre-warming group
Body temperature Number

Time
Baseline
Pre-induction
0 min
15 min
30 min
45 min
60 min
75 min
90 min
105 min
120 min
PACU arrival
PACU 10 min
PACU 20 min
PACU 30 min

37.0 ± 0.33
37.1 ± 0.31
36.6 ± 0.34

28

36.6 ± 0.37
36.5 ± 0.42
36.6 ± 0.44

28

36.6 ± 0.46
36.6 ± 0.50
36.5 ± 0.41

24

36.6 ± 0.47
36.4 ± 0.61
36.7 ± 0.54
36.8 ± 0.48
36.8 ± 0.42
36.8 ± 0.47

Control group
Body temperature Number

28
28
28
25
18
15
11
7
28
28
28

P value

37.1 ± 0.35
37.1 ± 0.34
36.4 ± 0.39

28

–0.071 (–0.290 to 0.147)

0.519

28

0.007 (–0.147 to 0.290)

0.948

28

0.214 (–0.004 to 0.433)

0.055

36.3 ± 0.38
36.3 ± 0.40

28

0.254 (0.035 to 0.472)

0.023

27

0.233 (0.014 to 0.452)

0.038

36.3 ± 0.41
36.3 ± 0.41

25

0.248 (0.025 to 0.472)

0.029

23

0.286 (0.060 to 0.512)

0.014

36.2 ± 0.37
36.2 ± 0.37
36.3 ± 0.34

15

0.340 (0.096 to 0.584)

0.007

9

0.318 (0.050 to 0.587)

0.020

9

0.324 (0.045 to 0.603)

0.023

36.2 ± 0.33
36.5 ± 0.43
36.5 ± 0.50

6

0.286 (–0.033 to 0.606)

0.079

28

0.229 (0.010 to 0.447)

0.041

28

0.332 (0.114 to 0.551)

0.003

28

0.264 (0.046 to 0.483)

0.018

28

0.289 (0.071 to 0.508)

0.010

36.5 ± 0.41
36.5 ± 0.41

28

Mean difference between groups (95% CI)

Values are presented as mean ± SD. CI: confidence interval, PACU: post-anesthesia care unit. P values in group × time comparison between groups
(10-min pre-warming group–control group) using the mixed-effect model with the post-hoc Bonferroni test.

Body temperature (°C)

37.5

*

37.0

*

*

*

*

*

*

*

*

*

*

10 min prewarming
Control

36.5
36.0

Pr

e-

in

Ba

se
l
du ine
ca
tio
n
0
m
i
15 n
m
i
30 n
m
45 in
m
60 in
m
i
75 n
m
90 in
m
10 in
5
m
i
PA 120 n
C
m
U
PA ar in
r
C
U iva
PA 10 l
C
U m
PA 2 in
C 0m
U
30 in
m
in

35.5

Fig. 2. Perioperative body temperature. Preoperative and postoperative core temperatures of the patients were measured using a tympanic
membrane thermometer. Intraoperative core temperature was recorded every 15 min after anesthetic induction using a nasopharyngeal probe. The
temperature was higher in the 10-min pre-warming group from 15 min after anesthetic induction to the post-anesthesia care unit (PACU) area. Error
bars indicate ± 1 SD of temperature at each time. Baseline: immediately after arrival in the preoperative area, Pre-induction: immediately after the
end of warming, Intraoperative 0 min: immediately after nasopharyngeal probe insertion, PACU arrival: immediately after arrival at the PACU, PACU
10, 20, 30 min: 10, 20, and 30 min after arrival at the PACU. *P < 0.05 based on post-hoc testing using Bonferroni’s method.
Table 4. Thermal Comfort Scale
Thermal comfort scale
Preoperative thermal comfort scale
Before pre-warming
After pre-warming
Postoperative thermal comfort scale
10 min
20 min
30 min

10-min pre-warming group (n = 28)

Control group (n = 28)

P value

50 (40, 50)

50 (50, 50)

0.558

70 (50, 78)

50 (46, 50)

< 0.001

50 (40, 50)

50 (40, 50)

0.493

50 (40, 60)

50 (40, 50)

0.871

50 (40, 60)

50 (45, 50)

0.961
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Values are presented as median (1Q, 3Q).
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Pre-warming lasting less than 30 min may be enough in
clinical scenarios that do not involve 2 h of exposure at
21°C [7].
Using higher temperatures for pre-warming may reduce
the duration of pre-warming more effectively [7,19]. Sessler
et al. [7] also reported that pre-warming at higher temperatures induced greater peripheral vasodilation and heat
transfer to the core, although there was no difference in
peripheral tissue heat content within the first 40 min. Thus,
the temperature of 47°C used in this study had been used
effectively in a previous study without severe thermal discomfort, and it induced greater periphery-to-core heat
transfer [12].
Several recent studies have also reported the effect of ≤
30 min pre-warming. Horn et al. [20] reported that 15 min
of pre-warming effectively increased the core temperature
in patients undergoing epidural anesthesia (37.1 ± 0.4°C
vs. 36.0 ± 0.5°C). In a different study, the team reported
that in patients undergoing combined epidural and general anesthesia, 15-min pre-warming between the epidural
block and general anesthesia effectively reduced perioperative hypothermia (72% vs. 6%) [21]. Shin et al. [22] also reported that in patients undergoing combined brachial
plexus block and general anesthesia, approximately 14 min
of pre-warming during the block effectively reduced
perioperative hypothermia (96.2% vs. 57.7%). However,
since these studies involve regional anesthesia, its induced
effect of additional peripheral vasodilation cannot be excluded.
Horn et al. [11] reported that 10-min pre-warming effectively reduced perioperative hypothermia in patients undergoing ≤ 120 min general anesthesia. Our team’s previous study also showed that a 10-min pre-warming-induced
a reduction in hypothermia comparable to a 30-min
pre-warming [12]. However, in these two studies, intraoperative warming was performed only when there was an
incidence of hypothermia during surgery; hence, the same
effect cannot be expected for patients receiving continuous
intraoperative warming.
The effect of pre-warming in patients receiving continuous intraoperative warming has been reported in numerous studies. However, since the incidence of intraoperative
hypothermia has decreased with the recent changes in the
medical environment, such as the use of laparoscopes and
the increase in outpatient anesthesia, the effect is still controversial [13]. Several studies have reported that effective
pre-warming reduces the incidence of hypothermia in pa-

362

tients receiving continuous warming [14–16], but Akhtar et
al. [13] argued that 60 min of pre-warming at 43°C did not
effectively lower the incidence of hypothermia, which may
be explained by the effective passive insulation in the control patients.
The results of this study, consistent with the previous
study by Akhtar et al. [13], revealed no significant difference in the incidence of perioperative hypothermia between the 10-min 47°C pre-warming group and the control
group. The double use of the full-body and patient blankets
could have induced effective passive insulation in the controls, while the high temperature of the pre-warming area
may have also had an effect as well. In compliance with the
regulations of the present institution, the ambient temperature of the pre-warming area (same as PACU) was
maintained at 26 ± 1°C. This was higher than the temperature used in previous studies, and Giesbrecht et al. [23] reported that heat loss decreases with increasing ambient
temperature.
Unlike the overall incidence of perioperative hypothermia, the incidence of intraoperative hypothermia within
the first hour, revealed by posthoc analysis, was significantly lower in the 10-min pre-warming group than in the controls. This suggests that the effect of pre-warming is marked
within the first hour of surgery [6].
In this study, the inter-group difference between temperatures during and after surgery, from 15 min post-induction to postoperative recovery, was maintained at ≥
0.2°C, which is the clinical temperature difference defined
as the warming effect in hypothermic patients by the National Institute for Health and Clinical Excellence (NICE)
in the UK [24]; the result was statistically significant. However, there was no statistical difference at 120 min post-induction, which may be because the study was conducted
for surgery lasting less than 120 min, and the remaining
sample size at 120 min post-induction was small (Table 3).
The inter-group differences between temperatures that
persisted until recovery may suggest that pre-warming had
an effect in addition to the effect of intraoperative warming. This is consistent with previous reports that the temperature difference persisted when intraoperative warming
and pre-warming were performed together [14–16,22],
while it gradually decreased when intraoperative warming
was not performed [11,12].
Sessler et al. [7] reported that when pre-warming was
performed at 40ºC and 43ºC, patients complained of thermal discomfort and sweating after an hour. Since we used
www.anesth-pain-med.org
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Background: Methods of determining proper endotracheal tube (ETT) cuff pressure to prevent air leakage include the minimal occlusive volume (MOV) technique, which uses auscultation, and the spirometer technique, which directly measures inspiratory and expiratory
breathing volumes. Spirometers may measure even small air leakage, therefore, the spirometer technique requires a higher cuff pressure than the MOV technique to completely seal
the airway. This study aimed to evaluate the difference in cuff pressure between the two
techniques used to seal the airway.
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Methods: Thirty-five female patients were intubated using an ETT with a cuff, and cuff inflation was performed with both techniques at a 10-min interval in random order—the MOV
technique and then the spirometer technique or vice versa. The cuff pressure was measured at each period.
Results: The cuff pressures were 16.7 ± 4.4 cmH2O and 18.7 ± 5.2 cmH2O for the MOV
and spirometer techniques, respectively. The cuff pressure for the spirometer technique was
2.0 cmH2O higher than that for the MOV technique and this difference was statistically significant (95% confidence interval, 0.7–3.3; P = 0.003). Considering the upper end (3.3 cmH2O) of the 95% confidence interval and the size of one scale unit (2.0 cmH2O) of a manometer, the difference in cuff pressure was up to 4 cmH2O in practice.
Conclusions: Even though the air leakage sound disappears on auscultation, unlike the previous recommendation, the airway sealing would be completed only by increasing the cuff
pressure by approximately 4 cmH2O.
Keywords: Airway management; Anesthesia; Endotracheal; Manometry; Minimal occlusive
volume; Spirometer.

INTRODUCTION

pressure can result in complete airway sealing without air
leakage, however, increased cuff pressure can contribute to
tracheal injuries [3–7]. Therefore, it is important to maintain proper cuff pressure that guarantees airway sealing
without overinflating the ETT cuff.
Among various cuff inflation methods to seal the airway,

The endotracheal tube (ETT) with a cuff is generally used
in mechanically ventilated patients. ETT cuff sealing is necessary to ensure mechanical ventilation with adequate tidal volume and to prevent aspiration [1,2]. A higher cuff
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are the minimal occlusive volume (MOV) technique using
auscultation and the spirometer technique that directly
measures inspiratory and expiratory breathing volumes.
The MOV technique has the advantage that it can be easily
applied with a stethoscope after tracheal intubation [8–10],
while the spirometer, which is embedded in an anesthesia
station, has the advantage of being able to monitor the air
leakage in real time, and to be a more accurate method to
confirm the existence and the degree of the air leakage [10].
Previous studies have reported higher cuff pressures for
the MOV technique [10–12] than for the spirometer technique. However, we expected that the cuff pressure determined by the spirometer technique would be higher than
that determined by the MOV technique because a spirometer is able to detect even small air leakage. A difference in
cuff pressure beyond the minimum measurement unit (2
cmH2O) of the manometer between the two techniques
cannot be neglected; therefore, the cuff pressure should be
adjusted for the complete sealing of the airway. Hence, this
study aimed to compare the cuff pressure using the two
techniques with a mean difference of 2 cmH2O.

MATERIALS AND METHODS
This prospective randomized crossover clinical study was
approved by the Institutional Review Board of the Dongguk
University Ilsan Hospital (no. DUIH IRB 2017-10-004) and
was registered on www.clinicaltrials.gov (no. NCT03385044).
Written informed consent was obtained from the patients
who met the eligibility criteria. Thirty-five patients aged between 20 to 60 years who were scheduled for elective laparoscopic gynecologic surgical procedure from March to October 2018 were included. Each patient was intubated and cuff
inflation was performed with both techniques at a 10-min
interval in random order—the MOV technique first and then
spirometer technique (a spirometer built in an anesthesia
machine [Carestation 650TM, Datex–Ohmeda Inc., USA], Sequence MS) or vice versa (Sequence SM). The cuff inflation
and pressure were measured only once in each technique.
Patients with an anticipated difficult intubation, having a
history of difficult intubation, body mass index > 30 kg/m2,
and known anatomical laryngotracheal abnormalities were
excluded.
General anesthesia was induced using an intravenous
bolus of propofol 2 mg/kg, remifentanil infusion of 2.0 ng/
ml using target-controlled infusion, and the neuromuscular blockade was achieved with rocuronium 0.6 mg/kg. Af-
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ter confirming that the patients were been fully relaxed,
they were intubated with a 7.0 mm internal diameter endotracheal tube (TaperGuardTM Oral/Nasal tracheal Tube, Covidien, Mexico). After the endotracheal intubation was
performed, we inflated the cuff balloon with air, using a 10ml syringe until the cuff pressure reached 30 cmH2O. The
cuff was progressively inflated by injecting air in 0.5 ml increments until it reaches 30 cmH2O. The measurement was
taken with a manometer (VBM Medizintechnik, Sulz am
Neckar, Germany) connected to the cuff balloon with a
three-way stopcock. The cuff pressure was measured at the
end of expiration. Anesthesia was maintained with sevoflurane 1.5–2.0% in combination with air and oxygen at the
fraction of inspired oxygen of 0.4. The patients were ventilated using a volume-controlled ventilation with 2.0 L/min
of fresh gas flow. After the patient was positioned and carbon dioxide insufflation for the laparoscopic surgery was
performed, the tidal volume and the respiratory rate were
set to reach a peak inspiratory pressure of 25 cmH2O, which
was maintained till the end of the study. Subsequently, the
initial ratio of expiration to inspiration volume (VE/VI ratio)
was measured. The manometer was connected to a 10-ml
syringe and the pilot balloon of the endotracheal tube via a
three-way stopcock. After stabilization for 5 min, the cuff
was completely deflated. The cuff was considered empty
when no more air could be removed on aspiration with the
syringe.
The 35 patients were randomly allocated via opaque
sealed envelopes to either Sequence MS or Sequence SM
(Fig. 1) using internet-based random numbers (http://
www.randomizer.org). The random number generation
and allocation process was managed by a researcher who
did not perform the techniques and data collection. While
the patients and data analyst were blinded to allocation,
the researcher, who performed the two techniques during
the study period could not be blinded to the allocation.
Patients in Sequence MS received the MOV technique
during the first period and the spirometer technique
during the second period. Patients in Sequence SM were
treated in the reverse order. There was a 10 min interval
with a cuff pressure of 30 cmH2O between the two periods.
The cuff pressure and the volume of air injected into the
cuff were measured and recorded by an anesthetic nurse
who did not participate in this study. The cuff pressure was
measured at the end of expiration when the airway pressure is the lowest in a respiratory cycle. In the MOV technique, after checking that the cuff had been completely dewww.anesth-pain-med.org
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Sequence MS (n = 22)

Patients (n = 35)

Period 1

Period 2

MOV technique

Spirometer
technique

30 cmH2O
for 10 min

Randomization

Sequence SM (n = 13)

Spirometer
technique

MOV technique

Fig. 1. Study protocol. Patients in Sequence MS received the minimal occlusive volume technique during the first period and the spirometer
technique during the second period. Patients in Sequence SM were treated in the reverse order. MOV: minimal occlusive volume.

flated, the cuff was then slowly inflated with 0.2 ml increments at every inspiratory moment until the air leakage
sound disappeared. The air leakage sound was identified
with a stethoscope at the mouth of the patient to ensure
the absence of the air leakage. When the air leakage sound
disappeared, the cuff pressure and the volume of air injected into the cuff were recorded. In the spirometer technique, after the cuff was completely deflated, the cuff was
slowly inflated with 0.2 ml increments using a syringe. The
cuff was inflated in each patient during the inspiratory
phase. When the final VE/VI ratio of the spirometer reached
the initial value, the cuff pressure and the volume of air injected into the cuff were recorded.
After all the measurements in each patient, the cuff pressure was maintained at a value for which no leakage existed throughout the rest of the surgery.

Statistical analysis

www.anesth-pain-med.org

Variable

Patients (n = 35)
39 ± 8
160 ± 5

Age (yr)
Height (cm)

61 ± 6

Weight (kg)
Tilt angle of surgical table (°)

13.0 (11.0, 15.5)

Values are presented as mean ± SD or median (1Q, 3Q).

pected pressure difference of 2 cmH2O, 31 patients were required for a significance level of 0.05 and power of 80% applying a crossover design. Thirty-five patients were recruited considering the dropout rate of 10%.
Data were check for normality with QQ plots. The cuff
pressure and the air volume were analyzed using linear
mixed models that included the two sealing techniques,
sequence MS/SM, and periods, with a random effect for
each patient [15]. The initial VE/VI ratio and the final VE/VI
ratio were compared using paired t-tests.
R software version 3.5.2 (R Core Team, 2018; https://
www.r-project.org/) and additional nlme library (R package version 3.1-137, Pinheiro J, Bates D, DebRoy S, Sarkar
D and R Core Team, 2018; http://CRAN.R-project.org/
package = nlme) were used for data entry and analysis.
Data were presented as mean ± standard deviation or
mean difference (95% confidence interval [CI]). Statistical
significance was defined as P < 0.05.

RESULTS
Table 1 shows the demographic characteristics of the patients enrolled in the study. There were no carryover and
period effects on cuff pressure and cuff volume. The cuff
pressure was 16.7 ± 4.4 cmH2O in the MOV technique,
while a cuff pressure of 18.7 ± 5.2 cmH2O was measured in
the spirometer technique. The cuff pressure difference be-
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The primary outcome was the cuff pressure at the moment when the air leakage disappeared, which was confirmed by the two techniques. The secondary outcome was
the volume of air in the cuff when the air leakage disappeared. Clinical studies that have studied clinical complications due to cuff pressure, generally set a difference
above 5 cmH2O as a significant difference [13]. However,
since this study is looking at the difference in cuff pressure
associated with air leakage prevention, we set 2 cmH2O to
be the minimum unit of measurement and measurement
error, to determine a difference in the cuff pressure. In other words, if it is more than this difference, cuff inflation
should be adjusted for adequate sealing.
According to the prior study [14], it is established that the
standard deviation of pressure of the ETT cuff that was
sealed using MOV technique is 3.8 cmH2O. Given the ex-

Table 1. Patient Characteristics

Anesth Pain Med Vol. 15 No. 3

Table 2. Endotracheal Tube Cuff Pressure and Cuff Volume
Variable
Cuff pressure (cmH2O)
Cuff volume (ml)

MOV technique
16.7 ± 4.4
3.9 ± 1.2

Spirometer technique
18.7 ± 5.2
4.2 ± 1.2

Mean difference (95% confidence interval)

P value

2.0 (0.7–3.3)

0.003

0.3 (0.1–0.5)

0.013

Values are presented as mean ± SD. MOV: minimal occlusive volume.

tween the two sealing techniques was 2.0 cmH2O (95% CI,
0.7–3.3; P = 0.003), which means that the cuff pressure by
the spirometer technique was approximately 3.3 cmH2O
higher than those of the MOV technique (Table 2).
The difference between the volume of the air in the cuffs
was 0.3 ml (95% CI, 0.1–0.5; P = 0.013), which means that
the volume of the air in the cuffs sealed by the spirometer
technique was approximately 0.5 ml larger than those
sealed by the MOV technique (Table 2).
In the spirometer technique, the initial VE/VI ratio measured at the beginning of the study were compared with
the final VE/VI ratio at the time when there was no air leakage. No significant difference was observed between the
initial VE/VI ratio and the final VE/VI ratio (0.976 ± 0.021,
0.975 ± 0.020, respectively, mean difference = 0.001, 95%
CI, –0.002 – 0.004; P = 0.539).

DISCUSSION
As expected, the cuff pressure in the spirometer technique was higher than the cuff pressure in the MOV technique, which was as high as 2.0 cmH2O (95% CI, 0.7–3.3).
In other words, even though the sealing was determined by
auscultation, a higher cuff pressure was required to seal the
airway completely. Considering the 95% CI, the difference
is up to 3.3 cmH2O, which also exceeds the manometer's
margin of error. Therefore, after the air leakage sound disappears during the MOV technique, the cuff pressure
should be increased by two scale units (approximately 4
cmH2O) of a manometer to prevent air leakage. This cuff
pressure difference is less than 5 cmH2O, which is meaningful in clinical studies of airway complications associated
with high cuff pressure [13]. Furthermore, the increased
cuff pressure would not reach the recommended cuff pressure of 30 cmH2O from the guidelines [16,17]. Hence, increasing the cuff pressure about 4 cmH2O would not add to
the risk of clinical complications. If the cuff pressure cannot be measured, consider adding 0.5 ml air which is the
upper limit of the 95% CI.
Unlike previous studies [10–12], this study showed that
the cuff pressure was low when measured by the MOV
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technique. We slowly inflated the cuff with air with 0.2 ml
increment at every inspiratory moment until the air leakage sound heard by the stethoscope disappeared. This precise and stepwise inflation of the cuff may have resulted in
the lower cuff pressure without air leakage sounds from the
MOV technique.
Many anesthesiologists check the appropriateness of the
sealing by referring to the cuff pressure through manually
palpating the ETT pilot balloon. They stop inflating the pilot balloon when they feel it is tight enough. However, digital balloon palpation corresponds poorly with the measured ETT cuff pressure [18–20]. Furthermore, when the
anesthesiologists manually palpate the pilot balloon to
measure the pressure, they usually underestimate them
causing over-inflation of the cuffs [8,9]. Hence, it is important to seal the airway using proper methods for the patients’ safety. Humans’ sensitivity for hearing sound is different individually. In other words, one can hear a leakage
sound to some extent, while the other one cannot hear the
fine or detail sounds caused by the air leakage. The operating room noise will also interfere significantly. For these
reasons, some researchers regard that the MOV technique
could result in an inadequate airway sealing, with either
very high or very low cuff pressures [21,22].
Using the spirometer technique which we have dealt
with, physicians now can continuously monitor the air
leakage. It can be achieved using a spirometer already built
in the anesthesia machine by checking inspiratory and expiratory volumes just like the spirometer technique performed in this study. Sealing ETT cuff properly and monitoring the air leakage continuously would contribute to patients’ safety.
Cuff pressure difference of 2.0 cmH2O (95% CI, 0.7–3.3)
may look insignificant, and may be regarded as a measurement error or as the minimum measurement unit of the
manometer that can be ignored. However, in this study, we
found out the fact that a small amount of the air leakage
still exists when the ETT cuff is sealed using the MOV technique. This indicates that when using the MOV technique,
an additional pressure of approximately 4 cmH 2O is required to completely seal the airway without leaking air.
www.anesth-pain-med.org
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This study has some limitations. This study included
only female patients undergoing gynecological surgery.
Therefore, the study results may not be applicable for
males or other sizes of ETT, but we tried to reduce other
variables by using the same ETT (7.0 mm) size in patients
with similar characteristics. In addition, it would be helpful
if there was VE/VI ratio at the time the air leakage sound
disappeared in the MOV technique. However, since many
studies on air leakage used cuff pressure, this study also
determined the presence of air leakage based on cuff pressure. Therefore, it was expected that even if the VE/VI ratios
were measured directly in the MOV technique, it would not
be significantly different from the results of this study. Nevertheless, further research on direct measurement would
be helpful.
In conclusion, even if the air leakage sound disappears
on a stethoscope in the MOV technique, air leakage may
still occur. Therefore, unlike the previous recommendation, the airway sealing would be completed only by increasing the cuff pressure by approximately 4 cmH2O. Further, if the cuff pressure cannot be measured, adding 0.5 ml
of air into the cuff would be helpful.
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Background: The performance of the pulse oximeter was evaluated based on the ISO
80601-2-61:2011 (E) guidelines. This study aimed to determine whether the various finger
probes of the MP570T pulse oximeter (MEK-ICS Co., Ltd., Korea) would provide clinically reliable peripheral oxygen saturation (SpO2) readings over a range of 70-100% arterial oxygen
saturation (SaO2) during non-motion conditions.
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Methods: Each volunteer (n = 12) was connected to a breathing circuit for the administration of a hypoxic gas mixture. For frequent blood sampling, an arterial cannula was placed in
a radial artery. The following seven pulse oximeter probes were simultaneously attached to
each volunteer’s fingers: (1) WA-100 reusable finger probe (MEDNIS Co., Ltd., Korea), (2)
MDNA disposable finger probe (MEDNIS Co., Ltd.), (3) IS-1011 disposable finger probe
(Insung Medical Co., Ltd., Korea), (4) CJ340NA disposable finger probe (CHUN JI IN Medical
Co., Ltd., Korea), (5) NellcorTM OxiMax DS-100A reusable finger probe (Medtronic, USA), (6)
NellcorTM OxiMax MAX-N disposable finger probe (Medtronic), and (7) OXI-PRO DA disposable
finger probe (Bio-Protech Inc., Korea).
Results: A total of 275 SpO2-SaO2 pairs were included in the analysis. The accuracy of the
root mean square (Arms ) of each probe was 2.83%, 3.98%, 3.75%, 6.84%, 3.43%, 5.17%,
and 3.84%, respectively.
Conclusions: The MP570T pulse oximeter with WA-100 reusable, MDNA disposable, IS1011 disposable, NellcorTM OxiMax DS-100A reusable, and OXI-PRO DA disposable finger
probes meets an acceptable standard of SpO2 accuracy under non-motion conditions.
Keywords: Equipment and supplies; Hypoxia; Oximetry; Performance.

INTRODUCTION

mate of the oxygen saturation in the artery (SaO2). In general, a pulse oximeter uses dual-wavelength absorption
spectrophotometry to measure SpO2 [1]. The wavelengths
are selected to provide the best separation of absorbance
values of oxyhemoglobin and deoxyhemoglobin [1]. The

A pulse oximeter is a non-invasive medical device used
to monitor patients’ oxygen saturation. The peripheral oxygen saturation (SpO2) measured by this device is an esti-
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ratio of the two absorbance values is used to calculate SpO2
values.
Since a pulse oximeter is used for continuous monitoring of oxygenation and plays an important role in the early detection of hypoxia, the SpO2 accuracy of a pulse oximeter should be validated for patient safety. The performance of a pulse oximeter is evaluated based on clause
201.12.1 of the ISO 80601-2-61:2011 (E) guidelines [2],
and a controlled desaturation study is conducted within
the range of 70–100% of SaO2 by administering air-nitrogen-CO2 mixtures to a patient or volunteer. Pulse oximetry equipment consists of a monitor (electronics, display,
and operator-equipment interface), probe, and cable extender, and its performance needs to be evaluated according to international standards. The use of different
sensors with the same pulse oximeter monitor is considered to be a difference warranting re-evaluation of its reliability. In particular, the United States of America Food
and Drug Administration (USFDA) requires a controlled
desaturation study to evaluate the performance of pulse
oximeter equipment before it can be sold in the United
States [3].
The aim of this study was to determine whether the
MP570T pulse oximeter (MEK-ICS Co., Ltd., Korea) with
various finger probes would provide clinically reliable SpO2
readings over a range of 70–100% SaO2 during non-motion
conditions.

MATERIALS AND METHODS
Volunteer population
The study had a single-center, non-randomized design.
This study was conducted in a normal environment at the
Intensive Clinical Research Room of the author’s hospital
according to ISO 14155: 2011 guidelines and the clinical
trial guidelines of the pulse oximeter (Ministry of Food and
Drug Safety, Korea), which complied with ISO 80601-261:2011 (E) guidelines [2]. This study was approved by our
Institutional Review Board (no. 2016-0069) and was registered in an international clinical trials registry platform
(http://cris.nih.go.kr, no. KCT0004854). Written informed
consent was obtained from all volunteers. The inclusion
criteria for the participants were: aged 20–50 years, carboxyhemoglobin < 3%, methemoglobin < 2%, and total
hemoglobin concentration > 10 g/dl. The exclusion criteria were: a known history of respiratory or cardiovascular
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disease, smoking habits, evidence of pregnancy, history of
syncope, diabetes mellitus, skin diseases that can affect
SpO2 values, such as onychomycosis [4], and body mass index ≥ 35 kg/m2. The volunteers were fully informed of the
study protocols and completed health assessment questionnaires before enrollment.

Procedure for controlled desaturation study
Volunteers were monitored using end-tidal carbon dioxide partial pressure and fraction of inspired oxygen by using
Carescape® B850 (GE Healthcare, USA). Each volunteer was
placed in a semi-Fowler’s position and connected to a
breathing circuit to administer the nitrogen-air-carbon dioxide mixtures. A nose clip was applied to prevent breathing of
room air. For frequent blood sampling, an arterial cannula
was placed in the radial artery of each volunteer. Seven pulse
oximeter probes were simultaneously attached to each volunteer’s fingers. The following models were used in this
study: (1) WA-100 reusable finger probe (MEDNIS Co., Ltd.,
Korea), (2) MDNA disposable finger probe (MEDNIS Co.,
Ltd.), (3) IS-1011 disposable finger probe (Insung Medical
Co., Ltd., Korea), (4) CJ340NA disposable finger probe
(CHUN JI IN Medical Co., Ltd., Korea), (5) NellcorTM OxiMax
DS-100A reusable finger probe (Medtronic, USA), (6) NellcorTM OxiMax MAX-N disposable finger probe (Medtronic),
and (7) OXI-PRO DA disposable finger probe (Bio-Protech
Inc., Korea). The same reusable probes were used for all volunteers, and a new disposable probe was used for each volunteer. To minimize light interference from outside, both
hands were covered with a blanket. An air warmer (Bair
HuggerTM, 3MTM, USA) was applied to the hands to prevent
hypoperfusion. To obtain the SpO2 value to be referenced
when determining the target plateau, a reusable pulse oximeter finger probe (OxiMax® N-600x, Medtronic) was also
used. The probes were placed on the fingers of the hand
with the arterial catheter as follows: CJ340NA disposable finger probe (thumb), MDNA disposable finger probe (index
finger), OXI-PRO DA disposable finger probe (middle finger), NellcorTM OxiMax MAX-N disposable finger probe (ring
finger). The probes were placed on the fingers of the other
hand as follows: IS-1011 disposable finger probe (thumb),
OxiMax® N-600x (index finger), WA-100 reusable finger
probe (middle finger), NellcorTM OxiMax DS-100A reusable
finger probe (ring finger). Each volunteer was exposed to
various levels of induced hypoxia from 70–100% of SaO2.
Each plateau of oxygen saturation was maintained for at
www.anesth-pain-med.org
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Fig. 1. Target plateaus of oxygen saturation and sampling points. The red dots represent the SaO2 value at each sampling point. According to the
SaO2 stability standard of the pulse oximeter probe placement site, the first sample at each plateau was acquired 30 s after reaching a target
plateau, and the successive sample was acquired at least 20 s after the first sample.

least 30 s until stabilization, after which 1 ml of arterial blood
was drawn into a heparinized syringe (Fig. 1). The study period consisted of two rounds of hypoxia, and the volunteers
were maintained on room air between each round. SaO2
measurements using a CO-oximeter (ABL90 FLEX, Radiometer Medical A/S, Denmark) were used as a reference for the
SpO2 accuracy.

Methods of performance evaluation
The measured SaO2 values were matched with the corresponding SpO2 values. Reference SaO2 data outside the
range of 73–97% were excluded from the analysis [2]. The
SpO2-SaO2 pair data were analyzed according to the following statistics.

Arms (accuracy root mean square)
SpO2 accuracy was evaluated by the A rms for the overall
range.

mean bias was calculated for the overall range.

(2)

Precision
Precision is a measure of the scatter to be expected in
multiple measurements taken with the same pulse oximeter equipment at a given oxygen saturation, considering
both the variation among patients and the repeatability of
the device. Precision was calculated for the overall range.

(3)
where SpO 2fit,i is the value of the curve fitted to the test
data at the ith reference oxygen saturation value (S Ri).
Of these parameters, the pass/fail criteria of pulse oximeter equipment are determined by A rms. Over a range of 70–
100% of SaO2, A rms was less than or equal 4% in non-motion
conditions.

(1)

Statistics
where SpO 2ij is the i measured SpO2 value and SRi is the
i measured standard reference value.
th

th

The average difference was calculated to show the bias of
the device being tested compared to the reference. The
www.anesth-pain-med.org
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Bias

Data are expressed as mean ± standard deviation (SD)
for normally distributed continuous variables, median (25–
75%) for non-normally distributed continuous variables, or
as counts for categorical variables.
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RESULTS
A total of 12 volunteers were enrolled in the study, and
all volunteers were included in the analysis. The characteristics of these volunteers are presented in Table 1. The
mean ± SD time for volunteers to participate in the current
study from the first blood sampling to the last blood sampling was 25.8 ± 3.1 min. Of the 293 SpO2-SaO2 pairs obtained from these volunteers, 18 pairs were excluded from
the analysis because they were outside the defined SaO2
range. Therefore, 275 pairs were included in the analysis (73
≤ SaO2 [%] < 80: n = 91; 80 ≤ SaO2 < 90: n = 99, 90 ≤ SaO2
≤ 97: n = 85). Performance comparison of each probe within the range of 73–97% of SaO2 is summarized in Table 2.
Two of the seven probes (CJ340NA disposable finger probe
and NellcorTM OxiMax MAX-N disposable finger probe) did
not meet the performance evaluation criteria. Observed
SpO2 versus measured SaO2 in two pieces of pulse oximeter
equipment with the lowest (WA-100 reusable finger probe)
and the highest (CJ340NA disposable finger probe) A rms are
shown in Fig. 2. In the case of the CJ340NA probe, it was

confirmed that overall SpO 2i values corresponding to S Ri
values were high, which means that it is overestimated. For
the two cables connected by the MP570T pulse oximeter,
Bland-Altman plots and the relationship between S Ri and
bias are presented in Figs. 3 and 4, respectively. There were
no adverse events observed throughout the study period.

DISCUSSION
The pulse oximeter is a piece of medical equipment that
is commonly used in clinical settings [1], but few medical
practitioners understand the accuracy evaluation criteria.
Accuracy data obtained from controlled desaturation studies are not required for pulse oximeter equipment in Korea.
However, the USFDA requires these data from companies
desiring to sell pulse oximeter equipment in the United
States [3]. The common manufacturing literature claim for
A rms for pulse oximeters is ± 2–3% over the range of 70–
100% SpO2 [5]. The total number of acceptable SpO2-SaO2
pair data obtained from controlled desaturation studies
should be sufficient to statistically validate the specified

Table 1. Volunteer Characteristics
ID
1
2
3
4
5
6
7
8
9
10
11
12

Sex
M
M
M
F
F
M
F
F
F
M
M
F

Height (cm)

Weight (kg)

Age (yr)

172.1

56.5

19

173

64.6

19

172

79.6

22

162.6

54

27

161.6

47.8

27

182.3

76.35

23

157

49.4

29

166.6

50.4

22

162.4

57.7

29

174.1

74.35

41

171.7

61.8

37

172.8

62.7

28

Complexion
Medium
Medium
Medium
Medium
Medium
Medium
Light
Light
Dark
Dark
Dark
Dark

Ethnicity
Asian
Asian
Asian
Asian
Asian
Asian
Asian
Asian
African
African
African
African

Mean ± SD height, weight, and age were 169.0 ± 7.1 cm, 61.3 ± 10.8 kg, and 26.9 ± 6.7 yr, respectively.
Table 2. Performance Comparison of Each Probe within a Range of 73–97% of Arterial Oxygen Saturation (SaO2)
Probes
Arms (%)
Mean bias (%)
Precision (%)

1

2

3

4

5

6

7

2.83

3.98

3.75

6.84

3.43

5.17

3.84

–1.10

3.29

3.04

6.01

2.63

4.69

2.70

2.22

2.25

2.19

2.56

2.16

2.07

2.74

1: WA-100 reusable finger probe, 2: MDNA disposable finger probe, 3: IS-1011 disposable finger probe, 4: CJ340NA disposable finger probe, 5:
NellcorTM OxiMax DS-100A reusable finger probe, 6: NellcorTM OxiMax MAX-N disposable finger probe, 7: OXI-PRO DA disposable finger probe. Arms,
bias, and precision were calculated by the following equations:
		

B
,		

, 			

,where SpO2ij is the ith measured peripheral oxygen saturation

(SpO2) value, SRi is the ith measured standard reference value, and SpO2fit,i is the value of the curve fitted to the test data at SRi.
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70
70

100

80

90
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SaO2 (SRi, %)
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Fig. 2. Measured SpO2 (SpO2i) versus reference SaO2 (SRi) plots. (A) WA-100 reusable finger probe, (B) CJ340NA disposable finger probe. The linear
regression line (red solid line) and the equation with R2 are shown on the plot. The line of identity (blue dotted line) represents when SpO2i = SRi.
SpO2: pulse oxygen saturation, SaO2: oxygen saturation of arterial blood, SpO2i: SpO2 measured by the device being tested, SRi: SaO2 measured by
the reference CO-oximeter.

A

B
15
Bias (SpO2i - SRi, %)

Bias (SpO2i - SRi, %)

15
10
5
0
-5
-10

10
5
0
-5
-10

70

80
90
Average of SRi and SpO2i (%)

100

70

80
90
Average of SRi and SpO2i (%)

100

Fig. 3. Bland-Altman plots, with mean bias and 95% limits of agreement. (A) WA-100 reusable finger probe, (B) CJ340NA disposable finger probe.
Mean error and y = 0 are shown as red solid and black dashed lines, respectively. The upper limit (mean bias + 1.96 × SD) and lower limit (mean
bias 1.96 × SD) of the agreement are shown as a gold dotted line. SpO2i: peripheral oxygen saturation measured by the device being tested, SRi:
oxygen saturation of arterial blood measured by the reference CO-oximeter.
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Fig. 4. Bias (SpO2i - SRi) versus reference SaO2 (SRi) plots, with mean bias and 95% limits of agreement. (A) WA-100 reusable finger probe, (B)
CJ340NA disposable finger probe. Mean error and y = 0 are shown as red solid and black dashed lines, respectively. The upper limit (mean bias +
1.96 × SD) and lower limit (mean bias 1.96 × SD) of the agreement are shown as a gold dotted line. SpO2i: peripheral oxygen saturation measured
by the device being tested, SRi: oxygen saturation of arterial blood measured by the reference CO-oximeter.

Anesth Pain Med Vol. 15 No. 3

SpO2 accuracy. Typically, at least 10 volunteers are recruited, and at least 20 arterial blood samples per volunteer are
obtained and analyzed with at least 200 data pairs. Moreover, the distribution of the S Ri values should have a similar
density over the entire required range; for example, the
ranges of 70–79%, 80–89%, and 90–100% SaO2 should each
have approximately 1/3 of the total data. In general, the
lower the SaO2, the higher the value of A rms. In the case of
WA-100 reusable finger probe, the values of A rms were 4.06
for 70–79% SaO2, 2.32 for 80–89%, and 1.40 for 90–100%, respectively.
Particularly, the skin complexion of the study participants should be specified because this affects the accuracy
of SpO2, with dark skin pigmentation resulting in an overestimation of arterial oxygen saturation especially at a low
saturation in some pulse oximeters [6]. For some pulse oximeters, at 60–70% SaO2, SpO2 overestimated SaO2 (bias ±
SD) by 3.56 ± 2.45% in darkly pigmented subjects, compared with 0.37 ± 3.20% in lightly pigmented subjects (P <
0.0001) [6]. Additionally, another previous study revealed
the effect of skin pigmentation on bias [7]. For this reason,
the USFDA recommended that controlled desaturation
studies should include subjects with a range of skin pigmentation, including at least 2 darkly pigmented subjects
or 15% of the subject pool, whichever is larger [3]. For this
reason, some Africans participated in the current clinical
trial.
On pulse oximeter accuracy evaluation, sex can be a factor affecting bias. In an earlier study, sex was found to be a
significant univariate predictor for bias [7]. This may be because female has a smaller pulsatile signal detected by the
probe due to the relatively smaller finger size. However, in
general, female volunteers have lower hemoglobin levels
than male volunteers. Female’s hemoglobin levels were
also significantly lower in this study (female [n = 6]: 13.1 g/
dl; male [n = 6]: 14.9 g/dl; Student’s t-test, P = 0.001). Because low hemoglobin levels were prevalent in female, it
was not possible to statistically separate the contributions
of sex and low hemoglobin to oximeter bias [7]. In the case
of the WA-100 reusable finger probe, the A rms did not show
much difference between sexes within the range of 73–97%
SaO2 (male: 2.55%; female: 3.07%).
Through this study, it was confirmed that not only the
pulse oximeter but also the connected probes are important for evaluating accuracy. Sensor type was a predictor of
bias in SpO2 estimates at low SaO2 levels [7]. A prior study
also revealed that some of the sensors on the market may
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be inaccurate [5]. Therefore, it is necessary to check the
performance of the pulse oximeter equipment (pulse oximeter and probe) in the clinical field.
In conclusion, these results provide supporting evidence
that the SpO2 accuracy of the MP570T pulse oximeter with
WA-100 reusable, MDNA disposable, IS-1011 disposable,
NellcorTM OxiMax DS-100A reusable, and OXI-PRO DA disposable finger probes pass an A rms specification of ≤ 4%
over the range of 70–100% SaO2, under non-motion conditions.
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Case Report

A fiberoptic orotracheal intubation successfully
performed using a modified Guedel airway in a
sedated emergency patient
- A case report -
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Background: Fiberoptic intubation is a powerful and safe technique to deal with airway difficulty, but it requires a lot of training to be able to perform correctly. There are various specialized oral airways for fiberoptic intubation, but none of them have perfect functionality.
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Case: A 75-year-old male (body weight 71.6 kg, height 159.3 cm, body mass index 28.22
kg/m2) was diagnosed with acute appendicitis, and it was decided to do a laparoscopic appendectomy. After the induction of general anesthesia, it was impossible to insert the direct
laryngoscope deep enough for vocal cord visualization without damaging the teeth because
of limited mouth opening. We successfully performed fiberoptic intubation with a newly
modified Guedel airway via a longitudinal channel on the convex side and a distal opened
lingual end.
Conclusions: Our modified Guedel airway can be useful in assisting fiberoptic intubation in
unexpectedly difficult airway situations.
Keywords: Airway management; Aneshthesi general; Deep sedation; Intratracheal; Intubation.

Airway assessment is undoubtedly one of the most important tasks in anesthesia. It is impossible to evaluate the
airway with just one method. Airway assessments consist
of multiple components. Careful history taking and airway
examination are essential to find potential airway difficulties. Supplementary methods, such as a plain radiograph
or magnetic resonance imaging, can be helpful in accurately assessing the airway.
It is usually best to assess the airway before doing an
elective operation, but with emergency operations, proper
airway assessment is often difficult. The LEMON (Look externally, Evaluate, Mallampati scoring, Obstruction, Neck

mobility) method has been suggested for predicting airway
difficulties for trauma patients who undergo emergency
surgery [1]. In emergency operations, airway experts who
have received specialized training in difficult airway management should be available nearby.
Awake fiberoptic intubation is a powerful and safe technique in managing airway difficulty, but it requires a lot of
training to be able to perform it correctly. It has been reported that the success rate on the first attempt of fiberoptic intubation is only 58%, because of the difficulty in the
proper positioning of the scope or in advancing the endotracheal tube into the trachea [2]. There are various spe-
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cialized oral airways for doing fiberoptic intubation, but
none of them have perfect functionality.
In this case, we report encountering an unexpectedly difficult airway with a limited mouth opening in an emergency operation, but we successfully performed a fiberoptic
intubation in this sedated patient by using our newly modified Guedel airway. It had a longitudinal channel on the
convex side, with a distal opening in the lingual end, made
by using a conventional Guedel airway that is commonly
available in many hospitals.

CASE REPORT
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Fig. 1. Photos of modified Guedel airway.

Fig. 2. The fiberoptic intubation procedure with a modified Guedel
airway (inset photo: laryngeal view of bronchoscope during the
procedure).
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A 75-year-old male (body weight 71.6 kg, height 159.3 cm,
body mass index [BMI] 28.22 kg/m2) came to emergency
room with right lower quadrant pain that had started 2 days
previously. We diagnosed him with acute appendicitis and
decided to do a laparoscopic appendectomy. He had undergone a radical prostatectomy five years previously for prostate
cancer. The patient took oral medications for hypertension
and Parkinson’s disease. His neck was a little bit rigid. The
thyromental distance was 7 cm. His mouth opening was 2.5
fingerbreadths. The Mallampati score was a class III. There
were no loose, chipped, or damaged teeth. Although there
was a concern about airway difficulties on physical examination, we decided to proceed with general anesthesia because
there had been no airway issues in previous surgeries.
After giving consent for general anesthesia, the patient entered the operating room. The patient’s vital signs were stable
prior to general anesthesia. We applied standard monitoring,
including electrocardiogram, pulse oximetry, and noninvasive blood measurement. The patient was preoxygenated with
4 L/min oxygen via facial mask. General anesthesia was induced with propofol 120 mg and rocuronium 50 mg. We inserted the oral airway into the oral cavity. There was no difficulty in mask ventilation. We attempted direct laryngoscopy
to visualize the patient’s larynx. But after several attempts, it
turned out that it was impossible to insert the direct laryngoscope deep enough for vocal cord visualization without damaging his teeth because of a limited mouth opening.
We decided to do a fiberoptic intubation. We expected
the laryngeal view on fiberoptic intubation to be bad because the patient had a high BMI (28 kg/m2) and was fully
relaxed. We decided to use the modified Guedel airway
that we had made earlier for difficult fiberoptic intubations.
We modified the regular Guedel airway by making a longitudinal channel at the convex side to facilitate airway re-

moval after intubation and opened the distal lingual end
for a better laryngeal view (Fig. 1).
We inserted the sterilized modified Guedel airway into
the mouth. We inserted a fiberoptic bronchoscope (5.2 mm
diameter, Olympus LF-TP, Japan) into the lubricated 7.5mm endotracheal tube. An assistant lifted the jaw for a better laryngeal view. We advanced the fiberoptic cable
through the modified Guedel airway until the glottis was
visualized. The fiberoptic cable advanced through the vocal cord until the carina was seen (Fig. 2). The airway was
removed gently from the oral cavity. The endotracheal tube
was inserted into the trachea along the fiberoptic cable.
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We completed the laparoscopic appendectomy under
general anesthesia without any problems. Following surgery, we infused 200 mg of sugammadex via the intravenous route after we had confirmed four twitches in a trainof-four stimulation. We performed extubation when the
patient was fully awake. No specific event was reported after extubation.
After the operation, the patient provided written informed consent to have his case details and the accompanying images published.

DISCUSSION
A careful airway assessment is the most important thing
in managing airway difficulties. The failure to identify a potential difficulty in the airway or poor judgement in management planning can lead a poor outcome.
Even if the airway is assessed to be normal following a
modified Mallampati score, it is often later found that a patient has a difficult airway. It has been reported that there is
a low correlation between a clinical airway assessment and
a laryngoscopic grade [3]. Anesthesiologists should always
be prepared for unexpected airway difficulties. Various techniques have been developed for difficult airway management, such as supraglottic airway devices, video laryngoscope, lighted stylet, and awake fiberoptic intubation [4].
Supraglottic airway devices, such as a laryngeal mask
airway, could be tried in such a situation. Even though
there have been many reports that the use of a supraglottic
airway device is safe in laparoscopic surgery, it is still controversial among many anesthesiologists. Supraglottic airway devices may not offer perfect airway protection from
regurgitated gastric contents in surgeries involving pneumoperitoneum [5].
In a meta-analysis comparison between video laryngoscopy and fiberoptic bronchoscopy, there was no significant
difference between the failure rate, the first-attempt success rate, and adverse events. Video laryngoscopy was only
associated with a shorter intubation time [6]. But video laryngoscopy has a potential limitation with inserting the
blade into the airway of those patients with a limited
mouth opening [7].
Awake fiberoptic intubation is considered to be the technique of choice for difficult intubation [4].
There are two major obstacles in performing fiberoptic
intubation: It can be difficult to get a clear laryngeal view
and to advance the tracheal tube. To achieve a clear laryn-
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geal view, several tips are recommended, such as jaw
thrust, oral airway placement, and neck extension [8]. If the
endotracheal tube becomes stuck in the glottis, and advancement become difficult, turning the endotracheal tube
90 degrees counterclockwise can be useful in advancing it
smoothly [9].
It is more difficult to perform fiberoptic intubation in a
sedated patient than in an awake patient, because with the
loss of pharyngeal muscle tone in a sedated patient, it is
not easy to achieve a clear laryngeal view [10].
Several types of specialized airways for fiberoptic intubation have been developed so far, Ovassapian, Berman, and
Williams airways are the most widely used. An Ovassapian
airway is almost just like a flat plastic blade with a short
channel at the back of the airway for the bronchoscope. It
is notorious for its bad laryngeal view.
The Berman airway has a longitudinal split to use for removing it from the bronchoscope. It has a channel for
bronchoscopic passage, but there have been complaints
about a bad laryngeal view because of its protruding blade
tip end, and it easily becomes stuck at the tongue or esophagus [11].
The Williams airway is shorter and has an open distal
lingual end. This Williams airway characteristic can provide a better laryngeal view for fiberoptic intubation. But
the endotracheal tube can only pass through the inside of
the airway, which can limit the size of available endotracheal tubes. It is impossible to remove the airway until the
bronchoscope has been extracted [8].
Greenland et al. [8] insisted that the Williams airway is
the best among the three of them, because of its best laryngeal view. But there is no perfect airway for fiberoptic intubation so far.
Most of all, these airways are not easy to get in South Korea. There were several efforts to modify the conventional
Guedel airway to help with fiberoptic intubation. Lee made
an anterior longitudinal channel at the lingual concave
side of Guedel airway. It looks like a Patil-Syracuse airway
[12]. The anterior longitudinal channel of the Guedel airway was useful in maintaining the fiberoptic cable in the
midline of the oral cavity and in removing the airway before endotracheal tube insertion [13]. Choi et al. [14] reported that they performed successful awake fiberoptic
orotracheal intubation by using a modified Guedel airway
divided in the midline and fixed with silicone tape.
We tried the Lee fiberoptic intubation airway for awake
fiberoptic intubation. It had to be removed to the hard palwww.anesth-pain-med.org
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ate side because it had a longitudinal channel on the concave side of Guedel airway. There was a risk that the fiberoptic cable would be touched and fall out of the trachea
when removing the airway for tracheal intubation because
of the limited space (Fig. 3A).
We decided to modify the conventional Guedel airway to
allow for better fiberoptic intubation. To overcome the
shortcomings of the Lee fiberoptic intubation airway, we
made a longitudinal channel at the convex side of Guedel
airway (Sewoon Medical Co., Korea), so that it can be removed to the tongue side. (Figs. 3B, 4E) The longitudinal
channel was made with a boxcutter and smoothened with
fine sandpaper. This feature allows for the airway to be removed more safely. This kind of modification was reported
by Rastogi et al. [15]. In addition to that, a distally opened
lingual end, adapted from the Williams airway, was added
to our new design. This can allow us to get a better laryngeal view and more space for manipulating the tip of fiberoptic cable (Fig. 4D). We performed a 3D scan of the modified
Guedel airway to show the modification dimensions in detail (Drake 3D Scanner, THOR3D, Russia) (Fig. 4).
Nasotracheal intubation could be a possible option in
cases of difficulty with mouth opening, but we did not try
that, because it needs a special nasal tube, and epistaxis,
which is a common complication of nasotracheal intubation, can cause a difficult laryngeal view on intubation.
No matter how diligently an airway assessment is done,
unexpected airway difficulties can occur at any time, especially in emergency surgery situations. If we can prepare a
good airway for fiberoptic intubation, it should be useful
for safer anesthesia. Our modified Guedel airway can be
the good alternative to other airways in terms of accessibil-

A

B

8 mm

ity and performance for doing difficult endotracheal intubations. The only product needed to make it is a conventional Guedel airway. Our new airway has all the necessary
fiberoptic intubation features, such as a guiding channel
for the fiberoptic cable and a distal opened end to allow for

A

B

Fig. 3. The scheme of how the modified Guedel airway can be
removed from the oral cavity (A: the modified Guedel airway with
Lee style, B: our new design). (1): Fiberoptic bronchoscope. Each
arrow: direction of oral airway removal. Thick line: opening of the
airway for removal.

D

C

E

Tongue side

Tongue side

25 mm
Fiberoptic
cable

Fig. 4. The 3D scanned images of modified Guedel airway: (A) Front view, (B) Bottom view, (C) The simulation of fiberoptic cable passage
along the posterior channel, (D) The distal lingual opening for the flexion of fiberoptic tip, (E) The simulation of the removal of the modified
Guedel airway from the fiberoptic cable through the posterior longitudinal channel.
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manipulation of fiberoptic tip.
In conclusion, we report using a modified Guedel airway
on a patient with a limited mouth opening capability. This
airway has its longitudinal channel on the convex side and
a distal opened lingual end. Although further study is necessary to evaluate the utility of our new airway, it could be
useful in doing a fiberoptic intubation in an unexpectedly
difficult airway situation.
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Case Report

Invisible perforation during an endoscopic
procedure of the esophagus under general
anesthesia
- A case report Received May 8, 2020
Revised July 3, 2020
Accepted July 6, 2020

Hyun Joo Heo, Ji Hye Lee, Yu Yil Kim, Seung Min Baek,
Ki Man Kim, and Da Wa Jung
Department of Anesthesiology and Pain Medicine, Presbyterian Medical Center, Jeonju,
Korea

Background: Endoscopic procedures of the esophagus are more complicated than those of
other regions of the gastrointestinal tract. They have a relatively long procedure time and
high risk of complications, such as perforation and bleeding. Perforations that occur during
the procedure can accompany pneumoperitoneum and pneumomediastinum through leakage of insufflation air and cause severe ventilatory impairment.
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Case: A 58-year-old male patient underwent enucleation of leiomyoma in the esophagus using endoscopy under general anesthesia. Ventilatory impairment occurred 15 min after
commencement of the procedure. Subsequently, subcutaneous emphysema and severe abdominal distension were observed. We suggested the possibility of microperforation during
the procedure to the endoscopist, and he performed endoscopic clipping around the excision site of leiomyoma.
Conclusions: Providing anesthetic care by anesthesiologists during endoscopic procedures
is considered necessary for patient safety. Complications of endoscopic procedures can be
detected and managed early without sequelae during anesthetic care.
Keywords: Endoscopy; Esophagus; General anesthesia; Perforation; Pneumomediastinum;
Pneumoperitoneum.

Endoscopic procedures (EPs), such as endoscopic mucosal resection, endoscopic submucosal dissection (ESD),
peroral endoscopic myotomy, endoscopic submucosal
tunnel resection, and endoscopic enucleation, are widely
used instead of surgical treatment in early cancerous or
other benign lesions in the gastrointestinal tract. As precise
and complex manipulations are possible with these EPs,
this treatment can be applied to lesions of various sizes
and regions of the gastrointestinal tract, including the

esophagus [1–3].
EPs are mostly performed under sedation to reduce the
anxiety and discomfort of the patient during the procedure
and to minimize patient movement for a safe and effective
procedure. In gastric ESD, sedation is considered safe and
effective [4,5]. However, esophageal EPs require moderate
to deep sedation or general anesthesia since they are technically difficult compared to gastric or colonic EPs. This is
because of the anatomical features of the esophagus, lon-
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ger procedural time, and higher risk of complications, such
as perforation and bleeding [6]. Recently, studies on the
safety and efficacy of general anesthesia during ESD reported that general anesthesia can reduce EP-related complications [7]. Deep sedation has a risk of respiratory complications, such as respiratory depression and regurgitation
with/without aspiration [5,8]. Abdominal distention
caused by insufflation air, which is continuously used to
maintain the field of view, can exacerbate these respiratory
problems in EP. In addition, a perforation that is unrecognized, particularly by the endoscopist, can cause pneumoperitoneum and/or pneumomediastinum and can further
aggravate respiratory problems. When these problems occur, early detection and management are important. However, if a procedure is performed without the anesthesiologist who induced sedation, monitoring the condition of the
patient, detection of perforation and its management may
be delayed, leading to serious complications.
Here, we report a case of severe ventilatory impairment
caused by pneumoperitoneum and pneumomediastinum
that occurred during enucleation of esophageal leiomyoma
under general anesthesia.

CASE REPORT
This case was approved by the Institutional Review
Board of the present hospital (no. E2020-027).
A 58-year-old male patient (165 cm/71.4 kg) was admitted for further evaluation and management of a submucosal lesion in the distal esophagus. In esophagogastroduodenoscopy, approximately 2-cm-sized ovoid smooth elevation was observed in the cardia of the distal esophagus.
The lesion was diagnosed as a leiomyoma (29 × 13.6 mm)
on endoscopic ultrasound. The endoscopist planned enucleation of the leiomyoma by endoscopic submucosal tunnel resection (ESTR) and requested for general anesthesia
for the procedure.
The patient had no specific past history, and physical examination was unremarkable. In addition, no abnormal findings
were observed in the chest radiograph, electrocardiogram, or
laboratory tests. ESTR was performed in the operation room
under general anesthesia by an anesthesiologist. Noninvasive
blood pressure, electrocardiography, oxygen saturation
(SpO2), and bispectral index were monitored. Vital signs before anesthesia were as follows: blood pressure (BP), 169/97
mmHg; heart rate (HR), 58 beats/min; and SpO2, 98%. General anesthesia was induced with propofol, remifentanil, and
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rocuronium, and maintained with desflurane and O2-air mixture (FiO2 0.5). Mechanical ventilation was provided with a
tidal volume of 500 ml and respiratory rate of 10 breaths/min.
End-tidal CO2 (EtCO2) and peak inspiratory pressure (PIP)
were 31 mmHg and 20 cmH2O, respectively.
After 15 min from the beginning of the procedure, PIP
suddenly increased to 35 cmH2O, tidal volume decreased to
80–100 ml, and SpO2 reduced to 96–94%. Immediately, we
explained the condition of the patient to the endoscopist
and stopped the procedure. We performed manual ventilation and auscultation. On auscultation, the right lung sound
was weak, and the left lung sound was inaudible. We
checked the position of the endotracheal tube using fiberoptic bronchoscopy to confirm the possibility of one-lung ventilation. The endotracheal tube tip was located 2 cm above
the carina, and no secretion was found in the bronchus. Abdominal distension of the patient was observed; however,
obvious perforation was not found during endoscopic evaluation. Therefore, we considered that abdominal distension
was because of the expansion of the gastrointestinal tract
caused by insufflation air used during the procedure. BP
(110–130/70–90 mmHg) and HR (50–60 beats/min) were
stable, and PIP (30 cmH2O), tidal volume (300–350 ml), and
SpO2 (96%) recovered and were maintained while recruitment was conducted through manual ventilation. Subsequently, ventilation was adjusted to PIP of 29–32 cmH2O and
respiratory rate of 13–14 breaths/min in the pressure control
mode. Further, EtCO2 was maintained at 35–41 mmHg. We
decided to resume the EP. After approximately 10 min, subcutaneous emphysema was palpated in the upper chest and
neck, and abdominal distension had aggravated. Therefore,
we notified the possibility of air leakage due to perforation in
the field of procedure to the endoscopist; however, the identified perforation was not located. We suggested the possibility of microperforation, and the endoscopist used six endoscopic clippings to repair the suspected perforation after
removing the leiomyoma and terminated the procedure
(Fig. 1). Neuromuscular blocks were reversed, and extubation was performed after consciousness fully recovered. Vital signs upon arrival at the postanesthetic care unit were as
follows: BP, 174/84 mmHg; HR, 88 beats/min; SpO2, 92%;
and O2, 5 L/min via a facial mask. The patient complained of
discomfort and abdominal pain during respiration. Severe
abdominal distension was observed, and subcutaneous emphysema spread throughout the eyelid, neck, chest, and abdomen. Pneumoperitoneum, pneumomediastinum, and
subcutaneous emphysema were verified on portable chest
www.anesth-pain-med.org
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X-ray (Fig. 2). The endoscopist performed paracentesis using a 14-gauge angio-needle to remove air from the peritoneal cavity, but it failed. We decided to transfer the patient to
the intensive care unit until the patient was stable. No signs
of leakage were detected on esophagography 2 days after the
procedure. The patient underwent conservative treatment
and was discharged without complications.

DISCUSSION
EPs are economical, noninvasive, and less fatal compared to surgical procedures; therefore, they are commonly

A

B

C

D

Fig. 1. Endoscopic submucosal tunnel resection. (A) Submucosal
esophageal leiomyoma. (B) Submucosal space after removal of
leiomyoma. (C and D) Clipping of the esophageal mucosa.

A

used for the management of early cancerous lesions of the
gastrointestinal tract. In addition, precise and complex manipulation is possible with the development of various
techniques related to EP. Moreover, en-bloc resection is
possible using EPs for cancerous and large benign lesions.
Therefore, indications of EPs are extensive.
The precise and complex manipulation of EP involves a
lengthy procedural time and requires minimum patient
movement for a safe and efficient procedure [7]. Therefore,
sedation is usually required during the procedure. In particular, the esophagus is anatomically narrow, curves, and
has no serous membrane. It is affected by cardiac and respiratory movements because of its location [9]. Therefore,
esophageal EPs are technically more complicated, require
a longer time, and have more complications, such as perforation and bleeding, compared to other regions of the gastrointestinal tract. As a result, patients particularly require
moderate or deep sedation or general anesthesia during
the procedure [6]. For safety and effectiveness of the procedure in this patient, we selected general anesthesia for the
following reasons: first, the patient’s lesion was a leiomyoma, which is a submucosal tumor, and was relatively large
in size (29 × 13.6 mm). Second, enucleation of the leiomyoma by ESTR is more complicated and elaborate, and involves a longer procedural time than ESD.
Gastric perforation caused by an injured muscle in EPs is
confirmed by a fistula. Perforation in the abdominal cavity
or greater omentum in the endoscopic view and is confirmed by free air in the abdominal cavity with a simple abdominal X-ray or subcutaneous emphysema. However, it is
difficult to confirm esophageal perforation and muscle lay-

B
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Fig. 2. Chest radiographs. (A) Endoscopic submucosal tunnel leiomyoma resection shows pneumoperitoneum (arrows), pneumomediastinum
(arrowheads), and generalized subcutaneous emphysema. (B) On postprocedural day 1, pneumoperitoneum has disappeared, but
pneumomediastinum (arrowheads) and subcutaneous emphysema have persisted.
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er laceration because the esophagus is located in the mediastinum. Undetected microperforation or unrecognized
perforation by an endoscopist in esophageal EPs may
cause severe pneumoperitoneum and/or pneumomediastinum by continuous leakage of insufflation air used during
the procedure. Furthermore, increased abdominal pressure causes elevation of the diaphragm, limited tidal volume, decreased venous return, and decreased cardiac output. Conscious patients may complain of discomfort, but
the detection of symptoms and signs, and further management may be delayed for sedated or anesthetized patients.
In this case, while excising the submucosal leiomyoma of
the lower esophagus during the EP, SpO2 suddenly decreased with an abrupt increase in PIP and decrease in tidal volume. On fiberoptic bronchoscopy, it was observed
that the position of the endotracheal tube was normal, and
there was no airway obstruction by secretion. In addition,
the endoscopist confirmed that esophageal perforation
was not visible with the endoscope. However, prominent
pneumoperitoneum, pneumomediastinum, and subcutaneous emphysema that presented on chest X-ray after the
procedure were evidences of perforation during the procedure. This indicated that a microperforation may have occurred that was not recognized by the endoscopist. As the
patient’s respiration and vital signs were continuously
monitored by the anesthesiologist, ventilatory impairment
with subcutaneous emphysema was immediately detected.
Subsequently, the anesthesiologist stopped the procedure
and notified the endoscopist regarding the possibility of
esophageal perforation. Therefore, the endoscopist could
perform clipping in the area of suspected perforation immediately. If there was no anesthetic care during procedure in the endoscopy unit, microperforation would have
been detected after severe hemodynamic dysfunction or
termination of the procedure. Consequently, additional
treatment, including surgical management, could be required because of delayed detection [10].
An endoscopist who is performing the EP may be unaware
of complications, such as microperforation, without bleeding or massive injury in the field of the procedure. Additionally, early management of complications may be insufficient
without a trained person, such as an anesthesiologist, for sedated patients. Patient management by an anesthesiologist
can reduce the mortality and surgical treatment rate via rapid detection and treatment during the intraprocedural period when complications occur in EPs [7,10].
In conclusion, EPs are broadly applicable complex pro-
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cedures, and therefore, require deep sedation or general
anesthesia. Anesthetic care by the anesthesiologist is considered necessary for patient safety, and complications related to the EP can be quickly detected and treated without
undesirable sequelae during anesthetic care. In addition,
the anesthesiologist should understand the process of the
EP and its complications.
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Background: Coronavirus disease 2019 (COVID-19) has been an epidemic in the Republic
of Korea since the first patient who came in China was confirmed as having the disease on
January 19, 2020. Therefore, surgery for COVID-19-related patients is expected to increase.
Case: We experienced two cases of COVID-19-related patients who underwent surgery for
femur fracture under general anesthesia. In one case, infection control to prevent transmission was achieved, while in the second case, healthcare workers were exposed to severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2).
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Conclusions: In areas where there is COVID-19 epidemic, SARS-CoV-2 real-time polymerase
chain reaction should be performed before surgery in patients with symptoms of respiratory
infection such as fever, cough, and sputum, or for those in whom the possibility of COVID-19
cannot be completely excluded. Efforts should be made to prevent healthcare worker’s exposure and the contamination of the operating room.
Keywords: COVID-19; Epidemics; General anesthesia; Infection control; Personal protective
equipment; SARS-CoV-2.

Coronavirus disease 2019 (COVID-19) is a disease
caused by the severe acute respiratory syndrome coronavirus 2 (SARS-Cov-2) infection. In the Republic of Korea,
10,936 patients had been diagnosed and 258 patients had
died of COVID-19 as of May 12 of 2020, since the first case
was diagnosed on January 19, 2020 [1].
If a COVID-19-related patient undergoes surgery in areas
where COVID-19 is prevalent, healthcare workers should
perform infection control during aerosol-generating procedures to minimize the transmission by airborne viral
spread and contact transmission by respiratory droplets.
Therefore, when performing surgery for COVID-19-related

patients at our hospital, healthcare workers wore an appropriate personal protective equipment (PPE) to prevent exposure to SARS-Cov-2. Anesthesia was also performed in a
negative pressure operating room designed to prevent infection with minimal healthcare workers.
We performed general anesthesia for femoral fracture
surgery in two COVID-19-related patients. Herein, we report a case in which infection control was performed and
another case in which healthcare workers were exposed to
SARS-CoV-2.
The study was approved by the Institutional Review
Board of the Daegu Fatima Hospita (no. DFE20ORIO064).
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We obtained informed consent from the patients after surgery to publish this report.

CASE REPORT
Case 1
An 88-year-old male patient without any underlying disease, who had been taking drugs due to symptoms of
cough, sputum and myalgia a week prior to the visit to the
hospital, came to our emergency room because fell from
his height. At the time of the visit, his mental status was
drowsy, and a fever of 37.7°C was observed. Based on brain
magnetic resonance imaging, an acute cerebral infarction
was suspected. A left femur intertrochanteric fracture was
observed on the radiography of the lower limbs. There
were no specific findings on the chest X-ray and blood
tests, but SARS-CoV-2 quantitative real-time polymerase
chain reaction (RT-PCR) and chest computed tomography
(CT) were performed due to symptoms of respiratory infection such as cough, sputum and fever. Chest CT showed
consolidation in both lower lungs which was suspected to
be pneumonia (Fig. 1), and a positive result of the SARSCoV-2 RT-PCR was confirmed. The patient was admitted to
an isolation ward and treated for acute cerebral infarction.
The patient was confirmed to be infected with SARSCoV-2, but a bacterial pneumonia was not excluded; therefore, antibiotics and hydroxychloroquine were adminis-
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Fig. 1. Chest CT showed consolidations in both lower lung which were
suspected as pneumonia. CT: computed tomography.

tered. Two RT-PCR tests performed on the 6th and 10th
days of admission showed negative results. After 2 weeks of
admission, there was no evidence of active infection on
chest CT; therefore, it was decided to perform a closed reduction with internal fixation of the left femur intertrochanteric fracture on the 19th days of admission. Since the
patient was taking an antiplatelet agent (clopidogrel) due
to the cerebral infarction, we decided to administer a general anesthesia to the patient. According to our hospital’s
COVID-19 response guidelines (Fig. 2) based on previous
results of SARS-CoV-2 positive patient reports, we decided
to wear enhanced PPEs.
A separate negative pressure zone was set to prevent
aerosol spread. We covered the anesthesia machine, an operating bed, and equipment in the operating room with vinyl. To prevent contamination of the anesthesia machine,
high-efficiency particulate air (HEPA) filters (GVS Filter
Technology UK Ltd., UK) were applied to the inspiratory
and expiratory limbs of the breathing circuit and the patient’s side was connected to the endotracheal tube.
Healthcare workers wore enhanced PPEs including N95
respirator, surgical cap, double gown, double glove, shoe
covers, and powered air-purifying respirators (PAPR),
which was separately set in the negative pressure zone. The
patient was moved to the operating room with healthcare
workers wearing the enhanced PPE. After entering the operating room, we continuously monitored the electrocardiogram (EKG), pulse oximetry, and blood pressure. After
preoxygenation, propofol 1.5 mg/kg was administered for
anesthesia induction. Rocuronium bromide 0.8 mg/kg was
administered to induce a neuromuscular blockade sufficient to prevent the spread of airborne droplets. Tracheal
intubation was performed using a McGrath MAC (McGRATH, Aircraft Medical Ltd., UK) videolaryngoscopy. After intubation, we closed the operating room for 30 min to
prevent aerosol transmission. Anesthesia was maintained
with 1.5–2.0 vol% sevoflurane and remifentanil infusions.
After 45 min, the surgery was completed and sugammadex 2 mg/kg was administered to reverse the neuromuscular blockade. Five minutes after Sugammadex administration, the neuromuscular blockade was sufficiently reversed
such that tracheal tube extubation was performed. After
extubation, the operating room was closed for another 30
min to prevent aerosol transmission. Then, to prevent the
post-anesthesia care unit (PACU) from being contaminated, the patient had to recover in the operating room. After
recovering for 30 min, healthcare workers wearing en-
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Elective Surgery Protocol
Chest PA
Patient without
symptom

Patient with symptom or
risk factor
Fever above 37.5°C

Unremarkable
chest X-ray

or Respiratory symptom

Checked chest
abnormality

or epidemiological contact
history with confirmed
infection patient

Chest CT & SARS-COV-2 RT-PCR

Standard PPE

Unremarkable
chest CT

No PCR result

Enhanced PPE

PCR 1 time negative

Standard PPE

Checked chest CT
abnormality

No PCR result

Enhanced PPE

PCR 1 time negative

Enhanced PPE

PCR 2 time negative
(24 hour internval)

Standard PPE

RT-PCR positive

B

Enhanced PPE

Emergency Surgery Protocol
Chest PA & Chest CT
(enhanced or non-enhance)
Patient without
symptom

Patient with symptom or
risk factor
Fever above 37.5°C
or Respiratory symptom

Unremarkable chest
radiography

Standard PPE

Checked chest
abnormality

or epidemiological contact
history with confirmed
infection patient

SARS-COV-2 RT-PCR
Unremarkable
chest radiograph

No PCR result

Enhanced PPE

PCR 1 time negative

Standard PPE

Checked chest
abnormality

No PCR result

Enhanced PPE

PCR 1 time negative

Enhanced PPE

PCR 2 time negative
(24 hour internval)

Standard PPE

RT-PCR positive

Enhanced PPE

Fig. 2. (A) When planning elective surgery, Chest X-ray was performed first. If the possibility of SARS-CoV-2 infection could not be completely ruled
out, chest CT and RT-PCR were also performed. (B) In the case of emergency surgery, chest CT was checked as well as chest X-ray in all patients.
SARS-CoV-2 PCR was performed when abnormality in Chest CT was detected, patients had risk factors, or respiratory symptoms such as cough
and sputum. RT-PCR: real-time polymerase chain reaction, PPE: personal protective equipment, SARS-CoV-2: severe acute respiratory syndrome
coronavirus-2, COVID-19: coronavirus disease 2019, CT: computed tomography, PA: posteroanterior.
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hanced PPEs moved the patient back to the isolation ward
through a separate elevator. After the surgery was completed, healthcare workers who participated in the surgery removed the enhanced PPE in the anteroom of the negative
pressure zone, and the operating room’s surface was disinfected and the operating room was ventilated for 30 min.
A week after the surgery, the chest CT result of the patient did not show any specific findings and the SARSCoV-2 RT-PCR was also confirmed to be negative. Therefore, eight days after the surgery, the patient was discharged with no other complications.

Case 2
A 73-year-old female patient was admitted for further
evaluation due to a suspected right lesser trochanter
pathologic fracture on the hip X-ray and bone metastasis
on the whole body bone scan. The patient was on medication for hypertension and hypothyroidism. She was also diagnosed with pulmonary tuberculosis 10 years ago and
was cured after treatment. The patient had been taking antiplatelet agents for 9 years after intra-arterial stent insertion due to right internal carotid artery stenosis. SARSCoV-2 RT-PCR was performed because the patient had a
fever of 37.8°C one week before admission. A negative result was reported. On the second day of admission, a fever
of 38°C or higher was observed; thus, SARS-CoV-2 RT-PCR
was performed but negative results were confirmed. Chest
radiography showed no specific findings other than the old
pulmonary tuberculosis lesion in the right upper lung. Later, the fever subsided.

A

B

On the 4th day of admission, chest CT showed no specific findings except for the multifocal post-infectious old lesions in the right lung, and there was no change compared
to the previous chest CT (Fig. 3A). Therefore, on the 5th day
of admission, an excisional biopsy of the right femur was
performed. Considering that the possibility of COVID-19
infection was excluded, the patient was transferred to a
room different from the previous one after the excisional
biopsy was performed. After the biopsy, a fever of 37.5°C or
higher was noted and the C-reactive protein was elevated.
As a result of the biopsy, a lymphoma was suspected.
On the 9th day of admission, a right femoral shaft pathologic fracture occurred, and it was decided to perform a
closed reduction of the fracture with internal fixation at the
emergency on that same day. We considered that the patient had been confirmed to be negative for SARS-CoV-2 by
RT-PCR 6 days before admission and on the 2nd day of admission, and there was no evidence of active infection on
chest CT on the 4th day of admission. For the persistent fever, we consulted with the division of infectious disease
and infection control department. The division of infectious disease and infection control department suggested
that the patient's fever seemed to be a neoplastic fever
caused by lymphoma. Therefore, we excluded the possibility of a SARS-CoV-2 infection in the patient and decided to
perform the surgery with standard PPEs including surgical
gloves, gown, eye shields, and N95 respirators. Since the
patient was taking an antiplatelet agent (clopidogrel) due
to internal carotid artery stenosis, we decided to administer a general anesthesia to the patient. After preoxygenation, propofol 2 mg/kg was administered for anesthesia

C
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Fig. 3. (A) Chest CT showed no evidence of active infection and no change in the interval of old tuberculosis. (B) Chest CT showed increased
bilateral pleural effusion and no interval change of GGA in the right lower lung. (C) Chest CT showed a multifocal patchy GGA lesion with interlobular
septal thickening that appears to be a new suspected viral pneumonia. CT: computed tomography, GGA: ground-glass appearance.
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induction, and rocuronium bromide 0.6mg/kg was administered. Tracheal intubation was performed using McGrath
MAC (McGRATH, Aircraft Medical Ltd.) and anesthesia
was maintained with 1.5–2.0 vol% sevoflurane and remifentanil infusion. Oxygen saturation was maintained at 100%
during anesthesia, and blood pressure, heart rate, and mechanical ventilation were maintained stable.
The surgery lasted 85 min. Then, sugammadex 2 mg/kg
was administered to reverse the neuromuscular blockade.
Five minutes after administration of sugammadex, the
neuromuscular blockade was completlely confirmed;
therefore, tracheal tube extubation was performed. After
that, the patient was transferred to the PACU for recovery.
After an hour, the PAR score was checked at 9 points; therefore, the patient was moved to the hospital room.
One day after the surgery, the patient developed a fever
of 38.4°C again, and another patient in the same hospital
room was confirmed to be COVID-19 positive. Therefore,
the chest CT and SARS-CoV-2 RT-PCR test were redone on
the patient. On chest CT, bilateral pleural effusion was observed (Fig. 3B), and the SARS-CoV-2 RT-PCR results were
positive. As a result, the patient was confirmed to be
COVID-19 positive and moved to the isolated room. After
that, Lopinavir, ritonavir, and hydroxychloroquine were administered for COVID-19 treatment and antibiotics were
administered in consideration of possible bacterial pneumonia.
We investigated healthcare workers who participated in
the surgery. In the PACU, all healthcare workers were wearing standard PPEs, so there were no exposed healthcare
workers, but confirmed that the anesthesiologist and nurse
who participated in the surgery were exposed because they
did not wear eye shields when they performed the anesthesia. Therefore, we ran SARS-CoV-2 RT-PCR on these two
healthcare workers, and made them stay at home for two
weeks. For the two tests, both showed negative results on
SARS-CoV-2 RT-PCR. Fever and cough symptoms were not
observed for two weeks. After two weeks, on the SARSCoV-2 RT-PCR, both healthcare workers’ results were reported as negative.
By the way, the operating room was also exposed to the
possibility of infection. Therefore, we performed surface
disinfection, emptied the operating room for 24 h, and performed room air ventilation. A carbon dioxide absorber of
the anesthesia machine was also replaced as we performed
disinfection. 5 days after the surgery, a multifocal patchy
ground-glass appearance (GGA) lesion in both lungs which
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were suspected to be viral pneumonia was reported on the
chest CT scan (Fig. 3C); therefore, antibiotics and hydroxychloroquine were administered. However, pneumonia had
not improved, and the patient was given a ventilator care in
the intensive care unit. Twenty-three days after surgery,
pneumonia was aggravated and the patient was died.

DISCUSSION
COVID-19 is a disease caused by a new virus, SARSCoV-2, which occurred in December 2019 in Wuhan, Hubei
Province, China [2]. On March 11, 2020, the World Health
Organization (WHO) declared a global pandemic of SARSCoV-2 spreading across the world. Like SARS-CoV, SARSCoV-2 can cause person-to-person transmission by airborne viral spread, physical contact, and respiratory droplets [3,4].
In aerosol-generating procedures such as tracheal intubation, noninvasive ventilation and cardiopulmonary resuscitation, the risk of coronavirus transmission can be increased [5,6]. In particular, when performing general anesthesia in the operating room, aerosol occurs in a limited
space so there is a higher risk of healthcare workers being
exposed to infection. Due to the increased risk of SARSCoV-2 transmission during general anesthesia, in order to
prevent transmission of SARS-CoV-2 during the surgery of
COVID-19-related patients, we planned to prepare a negative pressure operating room, healthcare workers wearing
appropriate PPE, and minimize in-hospital exposure.
During the aerosol-generating procedure in a negative
pressure room, WHO recommends both performing air
changes at least 12 times per hour and controlling the direction of air flow during mechanical ventilation at the
same time [6]. Our hospital performs air changes at least 12
to 15 times per hour in the operating room, but it does not
have any permanent negative pressure operating rooms.
Thus, we converted two operating rooms into temporary
negative pressure operating rooms for COVID-19 related
patients by referring to the setting of a negative pressure
operating room during the Middle East respiratory syndrome epidemic [7]. To do this, the operating room was divided into two rosettes and the hospital clean unit setting
was changed. The fresh air inflow of operating rooms was
maximized in rosette A, and minimized (50% of maximum)
in rosette B (Fig. 4) The outflow of both rosettes remained
constant.
With this setting, Rosette A was set as a positive pressure
www.anesth-pain-med.org
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A rosette
Positive pressure zone

PACU

positive
air flow

Enterance

Negative pressure zone
Main
operating room

Anteroom
B rosette

Fig. 4. This picture is a schematic diagram of our operating hall. We
set up rosette A and rosette B. The rosette close to the entrance was
set as a negative pressure zone. PACU: post-anesthesia care unit.
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zone, and rosette B was set as a relatively negative pressure
zone. This caused the air to flow only in one direction between the two zones. Whenever a patient is about to move
to the operating room, a smoke test was performed to ensure that negative pressure was established (Supplementary Video 1). According to the operating room response
guidelines, we consulted with the division of infectious
disease and infection control department and allowed
healthcare workers to wear standard PPE or enhanced PPE
when participating in surgery (Fig. 2).
We checked whether there was an abnormality on chest
radiography, which is basically performed as a preoperative evaluation. This is because, at the time, many SARSCoV-2 infections occurred epidemically in Daegu, Republic
of Korea, making it difficult to perform SARS-CoV-2 RTPCR in all patients undergoing surgery. Although chest
X-ray was less sensitive in detecting COVID-19 than chest
CT, since it was performed by preoperative evaluation in all
patients, the possibility of COVID-19 could be evaluated
first through chest X-ray [8].
Xie et al. [9] reported that chest CT can also help detect
COVID-19 in patient s with negative results in SARS-CoV-2
RT-PCR. Therefore, we also performed chest CT in patients
with risk factors, or with symptoms of respiratory infection
such as fever, cough, and sputum.
SARS-CoV-2 RT-PCR is considered a standard for the detection of SARS-CoV-2 infection, but false-negative results
in sampling should also be considered. When collecting a
sample of RT-PCR, errors may occur depending on the examiner, and a sufficient amount of sample may not be collected from the upper respiratory tract, resulting in weakly

positive results. In this case, RT-PCR should be performed
by sampling from the lower respiratory tract, but since it
was not easy to perform this, chest CT was performed to
check the possibility of SARS-CoV-2 infection more closely
[10].
When performing urgent surgery without performing
SARS-CoV-2 RT-PCR or chest CT, the possibility of COVID-19
could not be completely excluded. Therefore, all healthcare workers wore enhanced PPE. The surgery was performed in a negative pressure zone. When performing surgery other than urgent surgery, we immediately received a
radiologist's report on chest radiography or chest CT scans
of patients who underwent surgery because of the consultation with the radiology department in advance. Since it
was difficult to completely exclude the possibility of
COVID-19 as a result of one negative RT-PCR [10], all
healthcare workers wore standard PPE to performed anesthesia even when not wearing enhanced PPE.
The standard PPE includes surgical gloves, gown, eye
shields, and N95 respirators (Fig. 5) while enhanced PPE
includes overall clothes with head cover, shoe covers, goggles, two pairs of surgical gloves, a PAPR (Fig. 6). Healthcare workers wore enhanced PPEs in separate anterooms.
Even after the surgery, healthcare workers discarded the
PPEs in the anteroom, performed basic disinfection, and
then left. To minimize virus transmission in the hospital,
surgery was planned after completion of the elective surgery. The patient was moved to the operating room
through separate elevators and pathways. The pathway
around the negative pressure operating room was also controlled. After the aerosol-generating procedure of endotracheal intubation and extubation, the operating room was
closed and room ventilation was performed for 30 min. It
has been reported that the stability of SARS-CoV-2 is maintained for 3 h in aerosol and 72 h in materials such as plastic or stainless steel [11]. Therefore, the anesthesia machine
and operating bed in the operating room are covered with
vinyl for protection. After the surgery, the operating room
was ventilated for more than 3 h, and had not been used
for at least another 24 h. The operating room and anesthetic machine were disinfected and extra surface disinfection
was performed.
Anesthesia was performed by a well-trained anesthesiologist, and intubation was performed using videolaryngoscopy to minimize the possibility of intubation failure.
In case 1, it was a surgery of COVID-19 confirmed patient; therefore, the protocol was well performed and anes-

Anesth Pain Med Vol. 15 No. 3

A

B

Fig. 5. Standard personal protective equipment in frontal view (A) and
back view (B).

A

B

Fig. 6. Enhanced personal protective equipment in frontal view (A)
and back view (B).

thesia was successfully performed without healthcare
workers being exposed to the risk of infection.
In case 2, healthcare workers did not wear the PPEs
properly, resulting in a situation in which they were exposed to risks of infection to COVID-19-related patients.
We prevented further exposure to infection by immediate
isolation and continuous monitoring of the exposed
healthcare workers. Furthermore, staff training sessions
about wearing PPEs for healthcare workers were intensified and increased.
After excisional biopsy, the patient was transferred to a
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different hospital room Another COVID-19 confirmed patient was using a nebulizer in the room. It is thought that
this nebulizer use caused airborne viral spread and transmission to other patients in that hospital room. SARSCoV-2 RT-PCR tests were performed on patients, their
caregivers, and all staff in this ward as COVID-19 confirmed cases occurred. Those who showed positive results
of SARS-CoV-2 RT-PCR were moved to isolation rooms and
those who came into contact with COVID-19 patients were
isolated immediately for 14 days.
Since then, out hospital has restricted the transfer of patients between hospital rooms to prevent in-hospital transmission.
With COVID-19 infected patients, fever is the first symptom mainly observed, and mild symptoms such as cough
and fatigue may occur as well as severe complications such
as pneumonia, acute respiratory distress syndrome, cardiac injury, and multi-organ failure [12,13]. If only fever occurs, it might be difficult to differentiate the cause of the fever from the other diseases of the patient. In addition,
symptoms may occur 5 to 6 days after infection and up to
14 days after transmission. Transmission has been reported even in this subclinical period [4,14]. With patients in
this subclinical period, it is difficult to clearly determine
COVID-19 infection with symptoms or chest images only.
Therefore, in areas where COVID-19 is an epidemic, efforts
to identify COVID-19 should be made.
In case 2, the patient also had a fever. However, there
were no symptoms other than those leading to the surgery.
Nothing had changed from the chest radiography 3 days
prior to the surgery, and negative results were confirmed
on the previously tested SARS-CoV-2 RT-PCR. Therefore,
after consulting with the division of infectious disease and
infection control department, we excluded the possibility
of COVID-19 and performed surgery. However, since the
patient was confirmed to have COVID-19 later, the fever at
that time might have been caused by SARS-CoV-2 infection
or underlying pathology during the subclinical period. It
would be better if the surgery was performed with additional SARS-CoV-2 RT-PCR to ensure the patient was excluded from the possibility of having COVID-19. Since
then, our hospital has been testing SARS-CoV-2 RT-PCR
within 24 hours before surgery for all patients undergoing
surgery.
As COVID-19 had become a pandemic throughout the
world, it is thought that the surgery of COVID-19-related
patients will also increase. Due to the limited space in the
www.anesth-pain-med.org
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operating room, there is as risk of airborne viral spread and
higher chance of transmission through contact, which increases the risk of healthcare workers being exposed and of
contaminating the operating room.
Therefore, in areas where COVID-19 occurs as epidemics, SARS-CoV-2 RT-PCR should be performed before surgery in patients with symptoms of respiratory infections
such as fever, cough, and sputum, or those who cannot
completely exclude the possibility of COVID-19. In addition, SARS-CoV-2 RT-PCR testing may be necessary to rule
out subclinical infection of SARS-CoV-2 to prevent the possibility of transmission in the hospital.
In addition, efforts are needed to minimize the exposure
of healthcare workers. Healthcare workers should wear appropriate PPEs. To minimize aerosol generation during intubation, the tidal volume should be kept as small as possible during manual ventilation using a face mask and videolaryngoscopy should be used. Rapid sequence intubation
or intubation after sufficient muscle relaxation should be
considered to minimize coughing by the laryngeal reflex.
In addition, to limit transmissions, efforts should be
made to prepare trainings about wearing PPE, ways to set
up a negative pressure room to prevent contamination of
the operating room, and a protocol to prevent in-hospital
transmission.
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care-and-use-oflaboratory-animals). The authors should pre-

viewer selection, evaluation, or decision process of this arti-

serve raw experimental study data for at least 1 year after the

cle. No other potential conflicts of interest relevant to this ar-

publication of the paper and should present this data if required

ticle were reported.

by the Editorial Board.

2. Statement of informed consent

5. Registration of the clinical research

Copies of written informed consents and Institutional Review

It is recommended that all clinical trials be registered in the

Board (IRB) approval for clinical research are recommended

primary registry before submission. APM accepts registration in

kept. The editor or reviewers may request copies of these docu-

any of the primary registries that participate in the World Health

ments to make potential ethical issues clear.

Organization (WHO) International Clinical Trials Portal (http://
www.who.int/ictrp/en), NIH ClinicalTrials.gov (http://www.

3. Protection of privacy, confidentiality, and
written informed consent
Identifying details should not be published in written descrip-

clinicaltrials.gov), or Korea Clinical Research Information Service (CRiS, http://cris.nih.go.kr).

6. Reporting guidelines

tions, photographs, or pedigrees unless it is essential for scientific
purposes and the patient (or his/her parents or guardian) pro-

The APM recommends a submitted manuscript to follow re-

vides written informed consent for publication. Additionally, in-

porting guidelines appropriate for various study types. Good

formed consent should be obtained in the event that anonymity

sources for reporting guidelines are the EQUATOR Network

of the patient is not assured. For example, masking the eye region

(www.equatornetwork.org) and the NLM’s Research Reporting

of patients in photographs is not adequate to ensure anonymity.

Guidelines and Initiatives (www.nlm.nih.gov/services/re-

If identifying characteristics are changed to protect anonymity,

search_report_guide.html).

authors should provide assurance that alterations do not distort
scientific meaning. When informed consent has been obtained,

7. Author and authorship

this should be indicated in the published article.
An author is considered as an individual who has made

4. Protection of human and animal rights

substantive intellectual contributions to a published study and
whose authorship continues to have important academic, so-

In the reporting of experiments that involve human subjects, it

cial, and financial implications.

should be stated that the study was performed according to the

Authorship credit should be based on: (1) substantial contri-

Helsinki Declaration of 1975 (revised 2013) (Available from https://

butions to the conception or design of the work, or to the acqui-

www.wma.net/policies-post/wma-declaration-of-helsinki-ethi-

sition, analysis, or interpretation of data for the work; (2) the

cal-principles-for-medical-research-involving-human-subjects/)

drafting of the article or revising it critically for important intel-

and approved by the Institutional Review Board (IRB) of the insti-

lectual content; (3) final approval of the version to be published;
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and (4) agreement on taking accountability for the accuracy or

ties will be imposed on the authors. It is possible to republish

integrity of the work. Authors should meet these four criteria.

manuscripts if the manuscripts satisfy the condition of second-

These criteria distinguish the authors from other contributors.

ary publication of the Uniform Requirements for Manuscripts

When a large, multicenter group has conducted the work,

Submitted to Biomedical Journals, available at: www.icmje.org.

the group should identify the individuals who accept direct re-

If the author or authors wish to obtain a duplicate or secondary

sponsibility for the manuscript. When submitting a manu-

publication for reasons such as publication for readers of a dif-

script authored by a group, the corresponding author should

ferent language, the author(s) should obtain approval from the

clearly indicate the preferred citation and identify all individu-

Editors-in-Chief of both the first and second journal.

al authors as well as the group name. Acquisition of funding,

IV. Manuscript Preparation

collection of data, or general supervision of the research group
alone does not constitute authorship. Journals generally list
other members of the group in the Acknowledgments section.

APM recommends compliance with some or all of the following guidelines (www.equatornetwork.org/library).

8. Plagiarism and duplicate publication

CONSORT for reporting of randomized controlled trials
(http://www.consort-statement.org)

Plagiarism is the use of previously published material without
attribution. Prior to peer review, all manuscripts are screened
for plagiarism by the Editor-in-Chief using iThenticate. When
plagiarism is detected at any time before publication, the APM
editorial office will take appropriate action as directed by the
standards set forth by the Committee on Publication Ethics

STARD for reporting of diagnostic accuracy studies (http://

www.stard-statement.org)
STROBE for reporting of observational studies in epidemiology (http://www.strobe-statement.org)
PRISMA for reporting of systematic reviews (http://www.prisma-statement.org)

(COPE). For additional information, please visit http://www.

MOOSE for reporting of observational studies (http://www.

publicationethics.org. Text copied from previously published

emgo.nl/kc/reporting-your-study-results-in-a-scientific-article)
GLOBAL ADVANCES in Health and Medicine for reporting of

work is interpreted using the following taxonomy:

clinical cases (http://www.gahmj.com)
1) Intellectual theft
Deliberate copying of large blocks of text without attribution

1. Word processors and format of manuscripts

2) Intellectual sloth
Copying of “generic” text, e.g., a description of a standard

A manuscript must be written in proper and clear English or

technique, without clear attribution

Korean. Our preferred file format is DOCX or DOC. Manuscripts

3) Plagiarism for scientific English

should be typed double-spaced on A4-sized paper, using 12

Copying of verbatim text, often from multiple sources

point font in English, using 10 point font in Korean.

4) Technical plagiarism
Use of verbatim text without identifying it as a direct quota-

2. Abbreviation of terminology

tion but citing the source

Abbreviations should be avoided as much as possible. When

5) Self-“plagiarism”

they are used, full expression of the abbreviated words should
Manuscripts are only accepted for publication if they have
not been published elsewhere. Manuscripts published in this

be provided at the first use, with the abbreviation following in
parentheses.

journal should not be submitted for publication elsewhere. Du-

Ex) target controlled infusion (TCI)

plicate submissions identified during peer review will be imme-

After that, “TCI” can be used instead of “target controlled infu-

diately rejected. Duplicate submissions that are discovered after

sion.” Common abbreviations may be used, however, such as

publication will be retracted. It is mandatory for all authors to

DNA. Abbreviations can be used if they are listed as a MeSH

resolve any copyright issues when citing a figure or table from a

subject heading (https://www.ncbi.nlm.nih.gov/mesh).

different journal that is not open access.
When duplicate publication is detected, the APM editorial of-

3. Word spacing

fice will notify the counterpart journal on this violation. Additionally, it will be notified to the authors’ affiliation and penal-

1) Leave 1 space on each side when using arithmetic marks
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such as +,–, × , etc.
Ex) 24 ± 2.5

title, only the first letter of the first word should be capi-

Leave no space when using hyphen between words.

Ex) Effect of smoking on bronchial mucus transport

Ex) intra-operative

velocity under total intravenous anesthesia ··········

talized.

2) When using parentheses, leave 1 space on each side in En-

[○]

glish, and leave no space in the Korean manuscript.

Ex) Effect of Smoking on Bronchial Mucus Transport

3) When using brackets in parentheses, apply square brackets.

Velocity under Total Intravenous Anesthesia ········ [ × ]

Ex) ([ ])

Provide drug names as generic names, not product

4) Manuscripts in Korean should obey the rules of Korean

names.

spelling (www.korean.go.kr).

Ex) In CPR, Isosorbide Dinitrate is, ·········· [○]
Ex) In CPR, Isosorbide Dinitrate (Isoket®) is, ········ [ × ]

4. Citations

Ex) In CPR, Isoket® is, ·········· [ × ]

1) If a citation has 2 authors, write as “Hirota and Lambert”. If

② Running title

A running title of no more than 40 characters, includ-

there are more than 3 authors, apply “et al.” at the end of

ing letters and spaces in Korean, or 10 words in En-

the first author’s surname.

glish, should be provided. If this title is inappropriate,

Ex) Kim et al. [1]

the Editorial Board may revise it.

2) Citations should be applied after the last word.

Ex) Kim et al. [1]

Ex) It is said that hypertension can be induced [1] and the
way to injure the brain [2] is…

③ Author information

First name, middle initial, and last name of each author,

Ex) Choi and Kim [1] reported…

with their highest academic degree(s) (M.D., Ph.D.,

3) Apply citations before a comma or period.

etc.), and institutional affiliations; make sure the names

Ex) ....is reported [1],

of and the order of authors as they appear on the Title

4) Several or coupled superscripts can be written as [1–5] or
[1,3,5].

Page and entered in the system match exactly.

④ Previous presentation in conferences

Title of the conference, date of presentation, and the

5. Arrangement of manuscript

location of the conference may be described.

The manuscript should be organized in the order of title, ab-

⑤ Funding statement

Disclosure of all financial support for the work, in-

stract, introduction, materials and methods, results, discussion,

cluding departmental or institutional funding/sup-

acknowledgments, references, tables, figures, and figure leg-

port.

ends. Figures should be uploaded as separate files. The title of
each new section should begin on a new page. The conclusion

⑥ Conflicts of interest

Any conflicts of interest for any or all authors within

should be included in the discussion section. Number pages

the 36 months of submission. If no competing inter-

consecutively, beginning with the first page of the manuscript.

ests, please add the following statement: “The au-

Page numbers should be placed at the middle of the bottom of

thors declare no competing interests.” If any of these

the page. For survey-based clinical studies, the original survey

elements are not applicable to your submission,

document does not need to be included in the body of the man-

write “not applicable” after thenumber and topic; for

uscript but may be included as a supplement in an appendix.

example, “Prior Presentations: Not applicable.”
(2) Manuscript

① Title and Running title (without author information)

6. Organization of manuscript

It should be the same as the Cover page.

② Abstract

1) Clinical or experimental research
(1) Cover page (upload separately)

All manuscripts should contain a structured abstract

① Title

that is written only in English. Authors should pro-

Title should be concise and precise. The first word

vide an abstract of no more than 250 words. It should

should be capitalized. Drug names in the title should be

contain 4 subsections: Background, Methods, Re-

written with generic names, not brand names. For the

sults, and Conclusions. Citation of references is not
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permitted in the abstract. A list of key words at least 4,

< Exceptions >

with a maximum of 10 items, should be included at

A. The unit for volume is “L”, while others should be

the end of the abstract. Key words should be selected

written as “dl, ml, μl”.

from MeSH (https://www.ncbi.nlm.nih.gov/mesh),

Ex) 1 L, 5 ml

and these should be written in small letters with the

B. The units for pressure are mmHg or cmH2O.

first letter capitalized. Separate each word with a

instead of Pascal.

semicolon (;), and include a period (.) at the end of

C. Use Celsius for temperature. °C

the last word. Ex) Keywords: Carbon dioxide; Cere-

D. Units for concentration are M, mM, μM.

bral vessels; Oxygen; Spinal analgesia.

Ex) μmol/L; [ × ]

③ Introduction

E. When more than 2 items are presented, diago-

The introduction should address the purpose of the

nal slashes are acceptable for simple units.

article concisely and include background informa-

Negative exponents should not be used.

Ex) mg/kg/min [O], mgㆍkg-1ㆍmin-1 [ × ]

tion that is relevant to the purpose of the paper.

④ Materials and Methods

F. Leave 1 space between number and units, except
%, oC.

The materials and methods section should include
sufficient details regarding the design, subjects, and

Ex) 5 mmHg

methods of the research in order, as well as methods

Ex) 5%, 36oC

used for data analysis and control of bias in the study.

G. Units of time

Sufficient details must be provided in the methodol-

Ex) hour: 1 h = 60 min = 3,600 s, day: 1 d = 24 h

ogy section of an experimental study so that it can be

= 86,400 s

further replicated by others.

●

Institute and author names should be avoided.

Provide model name and manufacturer’s name, and

When reporting experiments with human or animal

country. Do not put “.” between words when writing

subjects, the authors should indicate whether they

the names of countries.

received approval from the Institutional Review

Ex) U.S.A. [ × ], USA [O]

Board for the study. When reporting experiments

For drug names, use generic names. If a brand name

with animal subjects, the authors should indicate

should be used, insert it in parentheses after the ge-

whether the handling of the animals was supervised

neric name. Provide® or TM as a superscript and the

by the Institutional Board for the Care and Use of

manufacturer’s name and country.

Laboratory Animals. Demographic data should be

●

included in the materials and methods section if ap-

Ex) Na+[○], Mg2+[O], Mg++[ × ], Mg+2[ × ]

plicable. As a rule, subsection titles are not recom-

Ex) Premedicated magnesium [O]

mended. If several study designs were used, then

Ex) Premedicated Mg2+ [O]

subtitles can be used without assigning numbers.
Ensure correct use of the terms sex (when reporting bi-

Machines and equipment

Ions

⑤ Results

Results should be presented in a logical sequence in

ological factors) and gender (identity, psychosocial or

the text, tables, and figures, giving the main or most

cultural factors), and, unless inappropriate, report the

important findings first. Do not repeat all of the data

sex and/or gender of study participants, the sex of ani-

provided in the tables or figures in the text; empha-

mals or cells, and describe the methods used to deter-

size or summarize only the most important observa-

mine sex and gender. If the study was done involving an

tions. Results can be sectioned by subsection titles

exclusive population, for example in only one sex, au-

but should not be numbered. Citation of tables and

thors should justify why, except in obvious cases (e.g.,

figures should be provided as Table 1 and Fig. 1.

prostate cancer). Authors should define how they deter-

Type or print each table on a separate page. Figures

mined race or ethnicity and justify their relevance.

should be uploaded as separate tif, jpg, pdf, gif, ppt

●

Units Laboratory information should be reported
using the International System of Units [SI], available
at: https://www.nist.gov/pml/special-publica-

files.

⑥ Statistics

tion-811

Precisely describe the methods of statistical analysis
and computer programs used. Mean and standard
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deviation should be described as mean ± SD, and

scribed in detail. Sample size calculation must

mean and standard error should be written as mean
± SEM. Median and interquartile should be de-

aim at preventing false negative results pertain-

scribed as median (1Q, 3Q). When displaying P val-

point. Usually, the mean difference and standard

ues, use a capital P and do not put a “-” between “P”

deviation (SD) are typical parameters in estimat-

and “value”.

ing the effect size. The power must be equal to or

A. Describe the statistical tests employed in the study

greater than 80 percent. In the case of multiple

with enough detail so that readers can reproduce

comparisons, an adjusted level of significance is

the same results if the original data are available.

acceptable.

ing to the primary, instead of secondary, end-

The name and version of the statistical package

H. When reporting a randomized clinical study, a

should be provided.

CONSORT type flow diagram, as well as all the

B. Authors should describe the objective of the study

items in the CONSORT checklist, should be in-

and hypothesis appropriately. The primary/sec-

cluded. If limited in terms of the space of the

ondary endpoints are predetermined sensibly ac-

manuscript, this information should be submitted

cording to the objective of the study.

as a separate file along with the manuscript.

C. The characteristics of measured variables should

I. Results must be written in significant figures. The

determine the use of a parametric or nonpara-

measured and derived numbers should be round-

metric statistical method. When a parametric

ed off to reflect the original degree of precision.

method is used, the authors should describe

Calculated or estimated numbers (such as mean

whether the basic statistical assumptions are met.

and SD) should be expressed in no more than one

For an analysis of a continuous variable, the nor-

significant digit beyond the measured accuracy.

mality of data should be examined. Describe the

Therefore, the mean (SD) of cardiac indices in pa-

name and result of the particular method to test

tients measured on a scale that is accurate to 0.1

normality.

L/min/m2 should be expressed as 2.42 (0.31) L/
min/m2.

D. When analyzing a categorical variable, if the number of events and sample is small, exact test or as-

J. Except when otherwise stated herein, authors

ymptotic method with appropriate adjustments

should conform to the most recent edition of the

should be used. The standard chi-squared test or
difference-in-proportions test may be performed
only when the sample size and number of events

American Medical Association Manual of Style.

⑦ Discussion

The discussion should be described to emphasize

are sufficiently large.

the new and important aspects of the study, includ-

E. The APM strongly encourages authors to show

ing the conclusions. Do not repeat in detail the re-

confidence intervals. It is not recommended to

sults or other information that is provided in the in-

present the P value without showing the confi-

troduction or the results section. Describe the con-

dence interval. In addition, the uncertainty of esti-

clusions according to the purpose of the study but

mated values, such as the confidence interval,

avoid unqualified statements that are not adequately

should be described consistently in figures and

supported by the data. Conclusions may be stated

tables.

briefly in the last paragraph of the discussion section.

F. Except for study designs that require a one-tailed
test, for example, non-inferiority trials, the P val-

⑧ Acknowledgments

Persons or institutes that contributed to the manu-

ues should be two-tailed. A P value should be ex-

script but not sufficiently to be coauthors may be rec-

pressed up to three decimal places (ex. P = 0.160

ognized. Financial support, including foundations,

not as P = 0.16 or P < 0.05). If the value is less

institutions, pharmaceutical and device manufactur-

than 0.001, it should be described as “P < 0.001”

ers, private companies, or intramural departmental

but never as “P = 0.000.” For large P value greater

sources, or any other support, should be described.

than 0.1, the values can be rounded off to one
decimal place, for example, P = 0.1, P = 0.9.

⑨ References

G. A priori sample size calculation should be de-
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●

References should be obviously related to documents and should not exceed 30. References should

be numbered consecutively in the order in which

●

B. Monographs

they are first mentioned in the text. Provide cita-

- Author. Book name. Edition. Place, press. Pub-

tions in the body text. All references should be list-

lished year, pp (start page)-(End page).

ed in English, including author, title, name of jour-

- If reference page is only 1 page, mark ‘p’.

nal, etc.

- Note if it is beyond the 2nd edition.

The format for references follows the descriptions

Ex) Nuwer MR. Evoked potential monitoring in the

below. Otherwise, it follows the NLM Style Guide

operating room. 2nd ed. New York, Raven

for Authors, Editors, and Publishers (Patrias, K. Cit-

Press. 1986, pp 136- 71.

ing medicine: the NLM style guide for authors, edi-

- Translated documents cannot be used as refer-

tors, and publishers [Internet]. 2nd ed. Wendling,

ences. The original documents should be provided

DL, technical editor. Bethesda (MD): National Li-

as references.

brary of Medicine (US); 2007 [updated 2015 Oct 2;

C. Chapter

cited Year Month Day]. Available at: www.ncbi.nlm.

Any separate author of a chapter should be provid-

nih.gov/books/NBK7256/).

ed.

●

If necessary, the Editorial Board may request origi-

Ex) Blitt C. Monitoring the anesthetized patient. In:

nal documents for the references.

Clinical Anesthesia. 3rd ed. Edited by Barash

●

The journal title should be listed according to the

PG, Cullen BF, Stoelting RK: Philadelphia, Lip-

List of Journals Indexed for MEDLINE, available at:

pincott -Raven Publishers. 1997, pp 563-85.

https://www.nlm.nih.gov/archive/20130415/tsd/

D. Electronic documents

serials/lji.html, or the List of KoreaMed Journals

Ex) Grainge MJ, Seth R, Guo L, Neal KR, Coupland

(journal browser of KoreaMed Services), available

C, Vryenhoef P, et al. Cervical human papillo-

at: http://koreamed.org/JournalBrowserNew.php.

mavirus screening among older women.

●

Six authors can be listed. If there are more than 6

Emerg Infect Dis [serial on the Internet]. 2005

authors, only list 6 names with “et al.”.

Nov [2005 Nov 25]. Available from www.cdc.gov/

●

Provide the start and final page numbers of the cit-

ncidod/EID/vol11no11/05-0575.htm.

●

Abstracts of conferences may not be included in the

Ex) Sampson AL, Singer RF, Walters GD. Uric acid

references. The American Society of Anesthesiolo-

lowering therapies for preventing or delaying

gists (ASA) refresher course lecture is not accept-

the progression of chronic kidney disease. Co-

ed reference.

E. Online journal article

able as a reference.
●

chrane Database Syst Rev 2017; 10: CD009460.

Description format

F. Advance access article

A. Regular journal

Ex) Baumbach P, Gotz T, Gunther A, Weiss T, Meis-

Author name. Title of article. Name of journal pub-

sner W. Chronic intensive care-related pain:

lished year; volume: start page-final page. Ex) Ros-

Exploratory analysis on predictors and influ-

enfeld BA, Faraday N, Campbell D, Dorman T,

ence on health-related quality of life. Eur J Pain

Clarkson K, Siedler A, et al. Perioperative platelet

2017. Advance Access published on Nov 5,

activity of the effects of clonidine. Anesthesiology

2017. doi:10.1002/ejp.1129.

1992; 79: 256-61.
Ex) Hirota K, Lambert DG. Ketamine: its mecha-

⑩ Tables
●

Only one table is to be drawn per page in the order

●

The title of the table is to be in English and written

●

Words in the table excluding the title should use

nism(s) of action and unusual clinical uses. Br
J Anaesth 1996; 77: 741-4.

cited in the text.

Ex) Kang JG, Lee SM, Lim SW, Chung IS, Hahm TS,
Kim JK, et al. Correlation of AEP, BIS, and OAA/

at the top of the table in the form of a phrase.

S scores under stepwise sedation using propo-

capital letters for the first word, and the following

fol TCI in orthopedic patients undergoing total
knee replacement arthroplasty under spinal anesthesia. Korean J Anesthesiol 2004; 46: 284-92.
Ex) ‘2006; 7(Suppl 1): 64-96’ ‘2007; 76: H 232-8’
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words are to be written in small letters.
●

For demographic data, gender is recorded as M/F,
age as yr, (if necessary, use days or months in children) without decimal point. The “ ± ” sign within

the table is to be aligned with the rows above and
below.
●

Footnotes are to be written in the following order:
“Values are mean ± SD (or SEM) or median (1Q,
3Q)”, the explanations for the groups and the abbre-

⑥ Connections between numbers should be denoted
by “–”, not “~”. Do not space the numbers (ex. 2–4).

⑦ An individual should not be recognizable in photo-

graphs or X-ray films unless written consent has been

viations in order of appearance, and statistics. Ab-

obtained from the subject and is provided at the time

breviations apart from internationally recognized

of submission.

abbreviations are to be explained with their full
spellings at the bottom of the table. Full spellings
are to be presented even for repeated abbreviations
●

first English word should be capitalized.

⑧ Pathological samples should be pictured with a measuring stick.

(4) Video (movie) clip(s)

for each table in order of appearance.

The APM publishes supplemental video (movie) clip(s)

Significance marks are to conform to the Vancouver

that will be available online. Authors should submit vid-

style (Uniform Requirements for Manuscripts Sub-

eos according to our video submission guidelines.

mitted to Biomedical Journals. JAMA 1997; 227:
927-34). In other words, these must be in the order
of

*, †, ‡, §, ∥, ¶, **, ††, ‡‡

① Each video clip should clearly illustrate the primary

findings within an adequate amount of viewing time

and written as superscripts.

and should be discussed in the text. Authors should

⑪ Legends for figures and photographs
●

●

provide appropriate labeling (e.g., arrows, abbrevia-

All of the figures and photographs should be de-

tions of anatomic structures, etc.) in the video clips.

scribed in the text separately.

However, all identifying information, including pa-

The description order is the same as in the foot-

tient names and/or ID numbers, hospital names, and

notes in tables and should be in recognizable sen-

dates of the procedures, should be removed.

tences.
●

Define all abbreviations every time they are repeat-

② Video clips should contain succinct teaching points

that must be supported by the current literature or

ed.

standard reference texts, preferably those most ac-

(3) Figures and Photographs

cessible to the general reader. The adequacy of the

① APM encourages authors to use color to increase the

teaching points will be evaluated during the review

clarity of figures. Please note that color figures are
used without charge.

② Standard colors should be used (black, red, green,

blue, cyan, magenta, orange, and gray). Avoid colors
that are difficult to see on the printed page (e.g., yellow) or are visually distracting (e.g., pink). Figure
backgrounds and plot areas should be white, not
gray. Axis lines and ticks should be black and thick
enough to clearly frame the image. Axis labels should
be large enough to be easily readable, and printed in
black.

process and finally confirmed by the Editorial Board
at the end of the review process.

③ Video clips are uploaded as the last file(s) at the time

of manuscript submission and should be marked as
supplementary video files.

④ The video clip(s) should have simple file names (e.g.,

Video 1, Video 2) and should include the appropriate
extension (e.g., .mov, .mpg, .avi).

⑤ The maximum number of video clips is 20.

⑥ The video clip(s) should be playable on Microsoft

Windows OS. The video clip(s) should be tested for

③ Figures should be uploaded as separate tif, jpg, pdf,

playback before submission, preferably on comput-

gif, or ppt files. Width of figure should be 84 mm (one
column). Contrast of photos or graphs should be at
least 600 dpi. Contrast of line drawings should be at
least 1,200 dpi. Number figures as “Fig. (Arabic nu-

ers not used for their creation, to check for any compatibility issues.

⑦ Individual video files should be a minimum of 480 ×

320 pixels (smaller clips will not be accepted) and a

meral)” in the order of their citation (ex. Fig. 1).

maximum of 2 GB. Files of < 15 MB will be rejected

④ Photographs should be submitted individually. If Fig.

outright unless special arrangements have been

1 is divided into A, B, C, and D, do not combine it

made with the editorial board prior to submission.

into 1, but submit each of them separately. Authors

Approval of files of > 2 GB will be made at the end of

should submit line drawings in black and white.

the review process.

⑤ In horizontal and vertical legends, the letter of the

⑧ Supplemental still images that correspond to the re-
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spective video clip(s) should be, but are not always

into an integrated presentation of our current understand-

required to be, accompanied by legends. The video

ing of a topic. Review articles should describe aspects of a

clip file name(s) should refer to the corresponding

topic in which scientific consensus exists, as well as aspects

figure number(s).

that remain controversial and are the subject of ongoing

⑨ The author will be able to find additional information
in the Figures and photographs section.

scientific disagreement and research. Review articles
should include unstructured abstracts written in English
equal to or less than 250 words. The organization should be

2) Case Reports

in order of abstract, introduction, text following each title,

A case report is almost never a suitable means to describe

conclusion and references. Figures and tables should be

the efficacy of a treatment or a drug; instead, an adequately

provided in English. Body text should not exceed 30 A4-

powered and well-controlled clinical trial should be per-

sized pages, and the number of figures and tables should

formed to demonstrate such efficacy. The only context in

each be less than 6. However, if necessary, the number of

which a case report can be used to describe efficacy is in a

pages, number of figures and tables can be added in accor-

clinical scenario, or population, that is so unusual that a
clinical trial is not feasible. Case reports of humans must

dance with the decision of the editorial committee.
4) Letters to the Editor

state in the text that informed consent to publication was

Letters to the Editor should include brief constructive com-

obtained from the patient or guardian. Copies of written

ments that concern previously published articles and inter-

informed consents should be kept. If necessary, the editor

esting cases. Letters to the Editor should be submitted no

or reviewers may request copies of these documents. If

more than 3 months after the paper has been published.

these steps are impossible, Institutional Review Board ap-

(1) Cover pages should be formatted in the same way as

proval should be obtained prior to submission. Rarity of a

those of clinical research papers. The corresponding au-

disease condition is itself not an acceptable justification for

thor should be the first author. A maximum of five au-

a case report.

thors is allowable.

(1) Cover page: Same as that for clinical and experimental
studies.

(2) The body text should not exceed 1,000 words and
should have no more than 5 references. A figure or a ta-

(2) Abstract: All case reports should contain a structured

ble may be used.

abstract that is written only in English. Provide an ab-

(3) Letters may be edited by the Editorial Board, and if nec-

stract of no more than 150 words. It should contain 3

essary, responses by the author of the subject paper may

subsections: Background, Case, and Conclusions. A list

be provided.

of keywords, with a minimum of 3 and maximum of 10
items, should be included at the end of the abstract.
(3) Introduction: Should not be separately divided. Briefly
describe the case and background without a title.
(4) Case report: Describe only the clinical information that

5) Book reviews and announcements
Book reviews as well as news of scientific societies and scientific meeting dates in Korea or abroad can be included.
Their formats will be same as those of Letters to the Editor.

is directly related to the diagnosis and anesthetic management.

6) Images and Videos in APM

(5) Discussion: Briefly discuss the case, and state conclu-

This feature is intended to capture the sense of visual dis-

sions at the end of the case. Do not structure the con-

covery and variety that anesthesiologists experience.

clusion section separately.

(1) The title should contain no more than 8 words. No more

(6) References: The number of references should be less

than 2 authors should be listed.

than 15. However, if necessary, the number of reference

(2) The legend should contain no more than 250 words.

can be added in accordance with the decision of the

(3) If there is more than one panel, please label them Panel

editorial committee.

A, Panel B, etc.

(7) Tables and figures: Proportional to those for clinical and
experimental studies.

(4) The legends to the images and videos should briefly
present relevant clinical information, including a short
description of the patient’s history, relevant physical

3) Reviews

and laboratory findings, clinical course, response to

Review articles synthesize previously published material

treatment (if any), and condition at the last follow-up.
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