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Transtracheal jet ventilation can be used for resuscitation of partial airway obstruction. A
prerequisite for jet ventilation is that at least a minimum airway opening for gas escape
must be secured. Therefore, another option should be considered in cases of complete airway obstruction. The following methods or devices has been used under cricothyrotomy using an intravenous cannula: 1) Ambu (bag valve mask) bagging, 2) Ventrain®, 3) Rapid-O2
oxygen insufflation device (Rapid-O2), and 4) jet ventilation using a dual lumen catheter.
During Ambu bagging, extraordinarily high insufflation pressure is required to force oxygen
through the cannula. When using a 12-G cannula, long and slow positive-pressure ventilations (10–12 breaths/min) are required, which makes it extremely difficult to compress the
bag. Therefore, a 10-G or larger is recommended. Ventrain® is an expiratory assist device capable of forcibly expelling insufflated oxygen through a transtracheal cannula. It is recommended to adjust the inspiratory and expiratory times while observing the chest wall movements. Rapid-O2 is a rescue oxygenation device with adequate ventilation of less importance; therefore, the resulting hypercarbia is inevitable. A 14-G cannula is used. Lastly, jet
ventilation using a dual-lumen catheter with a 16-G inflow lumen and 10-G outflow lumen
was used to obtain both oxygenation and ventilation. However, the addition of the outer diameters of 16-G and 10-G results in an outer diameter of 5.1 mm, which is too large to
puncture the cricothyroid membrane. In conclusion, Ventrain® is considered the most ideal
device for use among the devices developed to date.
Keywords: Airway management; Airway obstruction; Emergencies; Respiration, artificial.

INTRODUCTION
Transtracheal jet ventilation can be used as a resuscitation
method when dyspnea accompanied by hypoxia occurs due
to partial airway obstruction. However, in cases of near-complete or complete upper airway obstruction, egress of the injected oxygen volume can hardly be achieved through the
upper airway. In such cases, continuous application of jet
ventilation may result in barotrauma to the lung, which can
lead to detrimental outcomes. Therefore, a prerequisite for
jet ventilation is that the minimum airway opening for gas
escape must be secured. If partial, but severe, airway ob-

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, 2022
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struction is present, a considerable time is required for egress
of the injected volume, which is associated with a low respiratory rate, resulting in insufficient minute volume and concurrent hypercarbia. Although it has been reported that an
healthy cardiovascular system can tolerate profound respiratory acidosis for prolonged periods of time [1,2], in such cases, anesthesiologists hesitate to continue jet ventilation. In
short, the greater the expiratory obstruction, the lower is the
need for jet ventilation. In conclusion, another option should
be considered for near-complete or complete airway obstructions. Tracheostomy and cricothyrotomy using a scalpel [3] can be attempted, but the following methods under
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cricothyrotomy using an intravenous cannula, familiar to anesthesiologists and more easily accessible, can be attempted.
In the following description, complete airway obstruction
broadly includes near-complete airway obstruction.
1) Ambu (bag valve mask) bagging
2) Use of Ventrain® (expiratory assist device)
3) Use of Rapid-O2 oxygen insufflation device
4) Jet ventilation using dual lumen catheter (inflow lumen
and outflow lumen)

AMBU (BAG VALVE MASK) BAGGING
Ambu bagging can be attempted by placing an intravenous cannula into the trachea through a percutaneous cricothyroid membrane puncture. The intravenous cannula is
connected to the Ambu bag as follows (Fig. 1): after connecting the 8.0-mm endotracheal tube adapter to the rear side of
the 3-ml syringe with the plunger removed, the Ambu bag is
connected to the rear side of the 8.0-mm endotracheal tube
adapter. Finally, the tip of the syringe is connected to the
cannula hub. As the opening of the tip of the 3-ml syringe

Resuscitation bag

3-ml syringe
barrel

Cricothyroid
membrane

Cannula

Fig. 1. Ambu bag and connection of the the syringe. After connecting
the 8.0-mm endotracheal tube adapter to the rear side of the 3-ml
syringe with the plunger removed, the Ambu bag is connected to the
rear side of the 8.0-mm endotracheal tube adapter. Finally, the tip of
the syringe is connected to the cannula hub.
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has an inner diameter (ID) of 2 mm, the opening must be
widened to at least 2.6 mm while using the 10-G cannula
(ID: 2.61 mm).
In cases of complete airway obstruction, tidal volumes of
150, 205, and 480 ml/s can be delivered with Ambu bagging
using the 14-, 12-, and 10-G cannulas, respectively [4]. Regardless of the size of the cannula used, Ambu bagging provided immediate improvement in blood oxygenation. However, if a cannula with an ID smaller than 10-G (ID: 2.61 mm)
is used, inadequate ventilation may occur [5]. In the case of
complete airway obstruction, up to 150 ml/s through a 14-G
(ID: 1.55 mm) is difficult to achieve sufficient tidal volume,
and it is also very difficult to manually compress the Ambu
bag to deliver the insufflating volume through a 14-G cannula, resulting in severe hypercapnia due to hypoventilation.
Therefore, a 14-G cannula is not recommended [6].
Coté et al. [7] induced hypoxia by obstructing the upper
airway completely in 25-kg dogs that had undergone muscle
relaxation after anesthesia. Then, a percutaneous cricothyroid membrane puncture was performed with a 12-G cannula, and Ambu bagging was started with 10–12 breaths per
minute with a 10 L/min oxygen supply. Immediate improvement in blood oxygenation was obtained, but during 30 min
of bagging, blood carbon dioxide increased by two-fold (~60
mmHg) of the control level. During Ambu bagging, an extraordinarily high inflation pressure was required to force
oxygen through the intravenous cannula into the trachea.
Thus, long and slow positive-pressure ventilations (10–12
breaths/min) were required, which were extremely tiresome
for the anesthesiologist and resulted in frequent changes in
personnel to compress the bag. Therefore, Ambu bagging
using a 14-G or 12-G cannula is not recommended, but a
10-G (ID: 2.61 mm) or larger cannula is recommended [8].
To assess the difficulty of Ambu bagging for each cannula
size, we tried Ambu bagging with hands, which demonstrated that compression of the Ambu bag was very difficult with
a 12-G cannula, but relatively easier, but still hard, with a
10-G cannula. Ambu bagging with a 3-mm ID endotracheal
tube was slightly easier than with a 10-G cannula, and notably, there was little difficulty in compressing the bag when a
4-mm ID endotracheal tube was used. Neff et al. [5] conducted an experiment using 50-kg sheep, maintaining spontaneous ventilation after anesthesia, artificially created complete airway obstruction, and administered room air or
100% oxygen at 15 L/min through a 2.0-mm ID cannula (reference comparison: ID of 12-G cannula = 2.16 mm) mounted into the trachea. The results showed that blood oxygenwww.anesth-pain-med.org
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ation and ventilation were unsatisfactory in both the spontaneous ventilation group and the Ambu-assisted group under
100% oxygen supply. However, when a 2.5-mm ID cannula
(reference comparison: ID of 10-G = 2.61 mm) was used,
adequate blood oxygenation and ventilation were maintained in both groups under a 100% oxygen supply. In contrast, when a 3-mm ID cannula (reference comparison: 9-G
= 2.98 mm) was used, normal blood oxygen and carbon dioxide levels were maintained in the spontaneous ventilation
group under a room air supply. These results support the rationale for using a 10-G or a larger cannula to maintain the
adequacy of ventilation during Ambu bagging in complete
airway obstruction.

VENTRAIN®

www.anesth-pain-med.org

B

C

Fig. 2. Ventrain® and its use. (A) Insufflation. (B) Expiration. (C)
Equilibrium. When both apertures are closed (bypass closed and
thumb closed) (A), insufflation is achieved, and when the aperture
at the top (aperture of the exhaust pipe) is opened while the
bottom aperture is closed (bypass closed and thumb open) (B),
expiration occurs. Equilibration can be accomplished by opening
both holes simultaneously (bypass open and thumb open) (C).
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Ventrain® (Fig. 2) is an expiratory assist device capable of
forcibly expelling insufflated oxygen and can be used for
complete airway obstruction [9,10]. It is recommended to
use a 2-mm ID and 75-mm long transtracheal catheter
(Cook Medical, USA). After connecting a wall-mounted
pressure-compensated oxygen flowmeter, 15 L/min of oxygen was supplied through a Ventrain® for 2 s, followed by gas
egression for 2 s.
There are apertures at the top and bottom of the device.
When both apertures are closed (bypass closed and thumb
closed) (Fig. 2A), insufflation is achieved, and when the aperture at the top (aperture of the exhaust pipe) is opened
while the bottom aperture is closed (bypass closed and
thumb open) (Fig. 2B), expiration occurs. When the aperture
at the top was opened (bypass closed and thumb open), the
high-speed oxygen flow created a subatmospheric pressure
and entrained gas from the transtracheal catheter by negative pressure created by the Bernoulli principle, thereby facilitating the egress of gas through the small-bore cannula.
Closing both the bypass and the aperture of the exhaust pipe
(bypass closed and thumb closed) redirects the flow to the
side port (i.e., to the transtracheal cannula), and oxygen is
insufflated. By alternatively occluding and releasing the aperture of the exhaust pipe while keeping the bypass closed,
either oxygen is insufflated or subatmospheric pressure is
created to assist the egress of gas through the small-bore
cannula. Equilibration can be accomplished by opening
both holes simultaneously (bypass open and thumb open)
(Fig. 2C). At equilibrium, the lungs remains stationary. In
this state, the device is claimed to be functionally switched
off, with no clinically relevant flow to and from the patient.

A
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However, in reality, a small amount of exhalation occurs.
Through the transtracheal cannula, approximately 250 ml/s
of oxygen at a flow rate of 15 L/min was injected at a pressure of 113 cmH2O, and the forced exhalation rate from the
lungs was approximately 213 ml/s at a pressure of –97 cmH2O. At equilibrium, a pressure of –6.3 cmH2O was created;
therefore, even in the equilibration state, approximately 30
ml/s of exhalation occurs [11]. Air trapping may occur because of a mismatch between inspiratory and expiratory
times. Conversely, if more gas is suctioned out of the patient
than has been insufflated, negative-pressure pulmonary
edema may develop even after a short period of high subatmospheric intrapulmonary pressure. Therefore, it is recommended to additionally adjust the inspiratory and expiratory
times with observing the rise and fall of the chest wall [9,10].
Hamaekers et al. [12] attempted to ventilate through a
Ventrain® at an oxygen flow rate of 15 L/min with an inspira-

A

tory to expiratory time of 1 s:1 s in pigs with non-obstructed,
completely, or near-completely obstructed airways. Ventrain® immediately improved blood oxygenation and maintained normal carbon dioxide level in cases of complete or
near-complete airway obstruction. However, in the absence
of airway obstruction, restoration of blood oxygenation to
baseline values was delayed, and blood carbon dioxide levels did not return to normal due to insufficient ventilation,
proving Ventrain ® to be an effective device for use in
near-complete or complete airway obstruction. Several cases of the successful use of Ventrain® in near-complete obstruction in adults and children have been reported [13–15].

RAPID-O2 OXYGEN INSUFFLATION
DEVICE (RAPID-O2)
Rapid-O2 [16] (Fig. 3) is a rescue oxygenation device for

B

T-connector

Oxygen

C

Connection to transtracheal
cannula

Fig. 3. Rapid-O2 oxygen insufflation device (A). (B) Inspiration. (C) Expiration. It consists of a T-piece (T-connecter) with an extension tubing
attached to a cannula with a Luer lock connector. (A) The T-piece consists of an oxygen flowmeter connection part and a single large
opening that could be closed and opened with a thumb. (B) Thumb occlusion of the T-piece allows oxygen to flow from the flowmeter to the
cannula, while releasing the thumb (C) allows for both passively expired gas and flowmeter gas to vent into the atmosphere.
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percutaneous oxygen insufflation, although, with an underlying healthy cardiovascular system, profound respiratory
acidosis due to hypercarbia can be tolerated for prolonged
periods of time [1,2].
In an in vitro experiment [9], it has been reported that it
takes approximately 11.2 s (44.64 ml/s) to passively exit 500
ml of oxygen insufflated through a 14-G catheter under normal lung compliance (100 ml/cmH2O). As the inspiration:expiration ratio is 2 s (for insufflation of 500 ml):11.2 s (for
exit of 500 ml), the respiratory rate and minute volume
would be 4.5/min and 2,275 ml/min, respectively. Given
that the minute volume is 5–8 L/min, hypercarbia cannot be
avoidable. However, instead of waiting for SaO2 to drop by
93% in Wexler et al.’s case [19] in which it took 6–8 min to
drop to 93%, if we adjust inspiration and expiration time in a
ratio of 2:10 as described above, hypercarbia may occur in a
less severe form. However, it is difficult to maintain this ratio
in reality. Adjusting inspiration and expiration time by
watching the chest wall can be another option, but this
method is not suitable because the expired volume that passively comes out through the 14-G cannula is too small.
Conversely, it may be preferable to use 12-G (ID: 2.2 mm) or
10-G (ID: 2.6 mm) as a transtracheal cannula, although it
has the disadvantage of a large outer diameter (12-G: 2.8
mm, 10-G: 3.4 mm). When 12-G was used as a transtracheal
cannula, the CO2 level was maintained at twice the control
level (~60 mmHg) [7], which seems to be acceptable. In particular, if 10 G is used, the CO2 level is expected to be even
lower. While it is very difficult to squeeze the Ambu bag
through the 12-G cannula, it may not pose any problems to
insufflate the oxygen volume of 500 ml at an oxygen flow rate
of 15 L/min with Rapid-O2 through the cannula. Due to the
difficulty of bagging with the 12-G cannula, a breathing rate
of 10–12/min was maintained in Coté et al.’s study [7], which
means that it takes approximately 6 s for one breath. Therefore, insufflation of 500 ml of oxygen for 2 s followed by expiration for 4 s would be acceptable for ventilation.

JET VENTILATION USING DUAL LUMEN
CATHETER (INFLOW LUMEN, OUTFLOW
LUMEN)
Complete upper airway obstruction is a contraindication
for percutaneous transtracheal jet ventilation. In this situation, the injection of high-pressure gas into the trachea can
result in barotrauma because expiration is entirely passive
and dependent on the compliance of the lung parenchyma
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use in “cannot intubate, cannot oxygenate” events, or in the
case of complete upper airway obstruction, which consists
of a T-piece with an extension tubing attached to a cannula
with a Luer lock connector. The T-piece consisted of an oxygen flowmeter connection part and a single large opening
that could be closed and opened with a thumb. Thumb occlusion of the T-piece allows oxygen to flow from the flowmeter to the cannula, while releasing the thumb allows for
both passively expired gas and flowmeter gas to vent into the
atmosphere. In contrast to Ventrain®, a non-pressure-compensated flowmeter can be used.
Data from animal wet lab studies by Heard [17] indicated
that, by extrapolation to humans, 1,000 ml of oxygen is needed for the initial rescue of an adult, which, at 15 L/min,
equates to 4 s of oxygenation. An additional 500 ml of oxygen
was adequate once SaO2 began to drop after the initial oxygen supply. The rationale for using the oxygenation strategy
advocated by Heard [17] is to avoid over-insufflation by providing re-insufflation only when oxygen saturation drops. A
14-G cannula was used for this purpose [18].
Wexler et al. [19], in a patient with a large base of tongue
cancer causing near-complete airway occlusion, applied
transtracheal oxygenation using a Rapid-O2 as a bridge to
safe transtracheal jet ventilation. As jet ventilation could not
be performed on an adult male patient with near-complete
airway obstruction due to a large base of tongue cancer,
Wexler et al. [19] attempted to remove the mass to some extent while supplying oxygen through Rapid-O2 before creating enough space for applying jet ventilation. In the awake
state, a 6-Fr ( = ID 2 mm) Cook Transtracheal catheter (Cook
Medical) was inserted through the cricothyroid membrane.
When the patient was anesthetized and SaO2 decreased to
93%, oxygen was injected using Rapid-O2. After 6–8 min,
when SaO2 decreased to 93%, oxygen was injected again
through the Rapid-O2. This process was repeated for 60 min
until the mass was removed to some extent. A single oxygen
injection was performed in the same manner as described
above. Subsequently, jet ventilation was performed, and
EtCO2 measured while changing to jet ventilation was 115
mmHg, showing severe hypercapnia. Although this case
demonstrated the practical utility of Rapid-O2 for rescue oxygenation in near-complete airway obstruction, normal
minute ventilation was barely achievable with this application strategy. For a short period of application, mild to moderate hypercarbia may be tolerable in most cases; however,
for a long-duration application such as in this case, the resulting marked hypercarbia may limit the duration of safe
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and chest wall. Accordingly, transtracheal jet ventilation
should be avoided in cases of complete upper airway obstruction. Dworkin et al. [20] reported that if the effective
tracheal diameter is larger than 4.0 to 4.5 mm, regardless of
all other lung/jet ventilating factors, air trapping would not
occur. The greater the expiratory obstruction, the lower is
the need for jet-type ventilation.
Rone et al. [21] demonstrated that normal blood oxygenation and ventilation can be maintained using a dual-lumen
catheter with 16-G inflow lumen and 10-G outflow lumen
when complete airway obstruction is artificially created in
an anesthetized and paralyzed 27-kg dog. The application of
this dual lumen may enable the use of jet ventilators in complete airway obstruction, however, the addition of outer diameters of 16-G (outer diameter: 1.7 mm) and 10-G (outer
diameter: 3.4 mm) results in a large outer diameter of 5.1
mm. With such a large outer diameter, the puncture of the
cricothyroid membrane is a burden. To the best of our
knowledge, there have been no reports on the application of
the dual lumen in humans.
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Korea has a higher rate of cesarean sections under general anesthesia than in other countries. Neuraxial anesthesia is the gold standard for a cesarean section, but there are some
cases in which general anesthesia is inevitable. Therefore, obstetric anesthesiologists
should be familiar in performing general anesthesia for cesarean section. Rapid-sequence
induction and intubation with cricoid pressure using thiopental-succinylcholine have been
the standard for cesarean section under general anesthesia for a long time. Recently, with
the introduction of new drugs (propofol, rocuronium, and sugammadex) and equipments
(videolaryngoscopy and supraglottic airways), anesthesia methods have also gradually
changed. Pursuing the safety of obstetric patients and anesthesiologists at the same time,
this review will help update the knowledge or training in performing general anesthesia for
cesarean section.
Keywords: Cesarean section; General anesthesia; Obstetrics; Rapid sequence induction.

INTRODUCTION

gold standard rather than general anesthesia for most patients undergoing cesarean section [3,4], since the mortality
rate of cesarean section under general anesthesia is 16.7
times higher than that under regional anesthesia [5].
There is no consensus on the ideal proportion of general
anesthesia for cesarean sections, but approximately 5–6%
are conducted under general anesthesia, which can be further reduced by obstetric anesthesiologist teams or obstetric
specialized anesthesiologists [6,7]. However, in patients with
emergent conditions (e.g., placental abruption, cord prolapse, antenatal placental bleeding, and non-reassuring fetal
tracing), the rate of general anesthesia has been reported to
be up to 20% [8]. Except for emergencies, induction of general anesthesia will continue in situations deemed “unavoidable and necessary,” including patient refusals or contraindications to neuraxial anesthesia [9].
As the overall safety of general anesthesia has significantly

Approximately one-third of all new-borns in Korea are delivered via cesarean section [1]. World Health Organization
(WHO) considers the ideal rate for cesarean sections to be
between 10 to 15% of total childbirths. However, there has
been an explosive rise in the rate of cesarean sections worldwide. In some countries, the current cesarean section rate
exceeds 50% [2].
Anesthesiologists should choose between general or regional anesthesia depending on the individual patient's
condition and clinical situation. The use of appropriate and
effective anesthesia for cesarean section is important not
only to reduce the incidence of maternal and fetal morbidities but also to reduce the incidence of intraoperative maternal awareness.
Neuraxial anesthesia is currently recommended as the

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, 2022
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INDUCTION
Rapid-sequence induction and intubation (RSII) with cricoid pressure using thiopental and succinylcholine has been
the standard of general anesthesia for cesarean sections for
a long time.

Intravenous induction agents
In the past, a single dose of thiopental was recommended
www.anesth-pain-med.org

as the induction agent of choice for general anesthesia in cesarean section; however, many textbooks or guidelines also
recommend propofol. In fact, this would have been affected
more by the current state that thiopental is no longer available in the United States. There is more evidence of a shift in
propofol use [19], which is probably similar worldwide.
However, it is highly likely to be used off-label because it is
not licensed in many countries except the United States
[20,21]. It has also not been approved for obstetric anesthesia in Korea. This needs to be corrected in the future. Except
for propofol, most drugs used in obstetric anesthesia are
permitted to be administered only if the therapeutic benefits
exceed the risk.
The recommended dose of thiopental varies depending
on the textbooks or guidelines, but it is approximately 4–6
mg/kg and has little effect on neonates up to 6 mg/kg
[22,23]. Thiopental 7 mg/kg is superior to 5 mg/kg in creating a deeper hypnotic state in the parturient. However, it
negatively affects Apgar scores and neonatal neurobehavioral tests [24].
Induction agents administered to the parturient are transferred to the fetus through the placenta. When a neonatologist is not present at delivery, it would be prudent to reduce
the doses of induction agents to the lowest possible and to
shorten the duration from the administration of anesthetics
to delivery of a baby. However, initiating surgery without
providing sufficient anesthesia increases the risk of the
mother becoming aware of and developing tachycardia and
hypertension.
During general anesthesia for cesarean section, anesthesiologists should pay attention to intraoperative maternal
awareness, which shows a relatively high incidence of
awareness compared to other surgeries [25]. The use of thiopental is one of the causes of awareness during cesarean
sections under general anesthesia [25]. If intubated using
small doses of thiopental, additional inhalational anesthetics may be required before the baby is delivered.
In terms of anesthetic depth, propofol seems to be better
than thiopental [26]. The recommended dose of propofol is
approximately 2.0–2.8 mg/kg. However, propofol 2.5 mg/kg
is a sufficient dose for induction to prevent maternal awareness; it causes worse baby outcomes and higher reduction
in maternal blood pressure than thiopental does [27,28].
Furthermore, propofol 2 mg/kg compared with thiopental 4
mg/kg tends to have a higher incidence of Apgar scores of 7
or less [29]. Although it depends on the dose of propofol
used, the prevailing opinion is that propofol is associated
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improved over the past two decades with newly developed
drugs, devices, and monitors, general anesthesia no longer
has an impact on anesthesia-related maternal mortality
rates [10,11]. In addition, general anesthesia is valuable in
clinical obstetric conditions that require hemodynamic stability or rapid induction of anesthesia [12]. General anesthesia for cesarean sections was not associated with overall
neurodevelopmental delay at two years of age [13].
The choice of general anesthesia varies across countries or
hospitals. In Korea, unlike previous data from the United
Kingdom or the United States, the rate of general anesthesia
use is steadily decreasing with time, but it is still over 20%
[14]. In some hospitals with a high volume of emergency cases or high-risk parturients, the rate of general anesthesia is
close to 90% [15]. Racial, ethnic, and socioeconomic disparities also contribute to the choice of general anesthesia [11].
Opportunities for training in obstetric airway management have declined over the past four decades. A retrospective audit conducted by a single British institution reported
that the use of general anesthesia for cesarean section decreased from 76% in 1982 to 7.7% in 1998 and 4.9% in 2006
[16,17]. With the worldwide declining trend of general anesthesia for cesarean sections, it is estimated that many residents/trainees will graduate without experience in inducing
general anesthesia on pregnant women [18]. Reduced or biased cases of general anesthesia can deprive them of training experience and eventually affect patient safety. Continuous education and training are essential to ensure safe anesthesia. Unfortunately, most anesthesiologists base their
management to previous experiences and partly outdated
approaches. It is necessary to update our knowledge to provide safe anesthesia for cesarean section, especially in Korea, which has low fertility rates.
For anesthesiologists in varied settings, this review will
help to update the knowledge or training in general anesthesia for cesarean section.

Anesth Pain Med Vol. 17 No. 3

with a worse neonatal profile. Therefore, propofol should be
used with caution in limited cases until the supply of thiopental is terminated, for example, in the presence of a medical staff to take care of the neonate entirely, in case of a hypertensive parturient or reduced dose usage.
In the presence of hemodynamic instability, ketamine (1–
1.5 mg/kg), or etomidate (0.3–0.5 mg/kg) may be used in the
presence of hemodynamic instability. The addition of a low
dose of ketamine to thiopental is associated with better sedation and lower analgesic requirements, without side effects [30,31].

Neuromuscular blocking agents
Until recently, succinylcholine 1–1.5 mg/kg was the standard treatment used for RSII because of its rapid onset. The
only reason succinylcholine has been used since a long time
is probably because it is relatively safe.
In fact, for cesarean section, there is a high risk of complications related to airway management (aspiration pneumonia, hypoxia, etc.) and a high incidence of difficult or failed
intubation [19]. Therefore, succinylcholine remains the first
choice for cesarean section, although its use is being discontinued because of rare but fatal side effects such as malignant hyperthermia and hyperkalemia. In addition, owing to
the short duration of action of succinylcholine, spontaneous
breathing can be quickly resumed if intubation is difficult or
even fails.
Recently, rocuronium has replaced succinylcholine as the
first choice with the introduction of sugammadex, which
can be immediately reversed because the onset time is similar to that of succinylcholine [32]. However, the recommended dose of rocuronium remains controversial. Pühringer et
al. [33] reported that rocuronium 0.6 mg/kg provides clinically acceptable intubating conditions because of the higher
cardiac output in parturients. In contrast, McGuigan et al.
[32] suggested a higher dose of 1 mg/kg of rocuronium to
achieve faster and better intubation conditions without increasing the dose of hypnotics and consequently without
compromising hemodynamic stability.
Due to the short duration of a cesarean section, the duration of action of rocuronium can be prolonged, and sugammadex may eventually be used. If the neuromuscular monitoring is performed and the appropriate dose of sugammadex is given adequately, rocuronium 1.0 mg/kg is considered
as an appropriate dosage for RSII. However, anesthesiologists should pay attention to not administer a large amount
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of rocuronium because its fetal/maternal plasma drug concentration ratio is about 0.16 [23] compared to succinylcholine, which is quickly metabolized and is not detected in the
fetal vein in about 5–10 min [34].

Cricoid pressure
Cricoid pressure, also known as the Sellick maneuver, to
prevent pulmonary aspiration, is widely used in RSII [20].
Some textbooks also recommend a more accurate (10 N
while awake; increased to 30 N after loss of consciousness)
cricoid pressure [35,36]. However, some studies have indicated that cricoid pressure is difficult to apply because it is difficult to compress the cricoid cartilage efficiently and causes
discomfort in conscious patients [37]. In addition, questions
have been raised regarding the effectiveness of cricoid pressure in preventing aspiration [38]. It is necessary to apply cricoid pressure in patients at a high risk of aspiration so that it
can be appropriately provided with sufficient force. Ideally,
pressure should be applied on the cricoid cartilage towards
the body of C6 directed at 90º to the tilted table.

Videolaryngoscopy and supraglottic airways
The most important recent changes in difficult airway
management are the introduction of videolaryngoscopy (VL)
and supraglottic airways (SGA).
The usefulness of VL has already been demonstrated in
adults who require intubation [39] and especially in obese
patients [40]. This supports its increased adoption in obstetrics, where VL, rather than direct laryngoscopy, is recommended as the first attempt at intubation for all obstetric patients [36,41].
SGAs play an important role in the airway management.
Unlike VL, SGAs enable ventilation even in patients with difficult facemask ventilation and simultaneous use as a conduit for tracheal intubation [42]. Therefore, the use of SGAs
is now widely recommended in many guidelines for difficult
airway algorithms [43–45]. Although SGAs are reasonable
alternatives to endotracheal intubation, they are not recommended as the first line for elective cesarean section [36],
but are recommended as a device for rescue ventilation. For
pregnant patients, the use of second-generation SGAs is recommended rather than first-generation SGAs when used for
rescue ventilation after difficult airway management [46].
The risk of regurgitation and pulmonary aspiration may be
reduced by aspirating the gastric tube passing through the
www.anesth-pain-med.org
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SGA and minimizing the fundal pressure at delivery [46].

MAINTENANCE

www.anesth-pain-med.org

RECOVERY
Extubation should be performed with the patient fully
awake while maintaining airway reflexes because anesthesia-related deaths from airway obstruction or hypoventilation
occur during emergence and recovery, and not during the induction of general anesthesia [52]. After surgery, the patient
should still be kept in a closely monitored environment.

CONCLUSIONS
To date, RSII with cricoid pressure is the standard procedure for cesarean section under general anesthesia. It has
been used safely for a long time with thiopental-succinylcholine-inhalational anesthetics and has not undergone
procedural changes. However, induction of general anesthesia for cesarean section is relatively uncommon worldwide;
hence, trainees have lesser experience with general anesthesia now than they had in the past. Therefore, it is essential
that all obstetric anesthesiologists maintain their skills by
regularly practicing drills, including perioperative difficult/
failed airway management, and updating their knowledge of
drugs, instruments, monitors, and even legal permissions.
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The goals for anesthetic maintenance include (1) appropriate depth of anesthesia to prevent awareness and recall,
(2) minimal adverse effects on the neonate, and (3) minimal
effects on uterine contractions after delivery. These goals
can be accomplished using inhalational anesthesia or, less
commonly, total intravenous anesthesia (TIVA).
To minimize neonatal depression and its effect on uterine
tone, an end-tidal minimum alveolar concentration (MAC)
of inhalational anesthetics (0.5) has been traditionally used
for cesarean section under general anesthesia. However, the
use of a higher MAC is not necessarily associated with increased neonatal depression [47]. For an appropriate depth
of anesthesia, the gap between the intravenous induction
agent and inhalational anesthetics should be reduced.
Therefore, to minimize this gap, adequate MAC should be
achieved as soon as possible, for example, by using a high
initial concentration of volatile agent combined with high
fresh gas flows [48] or the additional use of nitrous oxide as a
carrier gas. Nitrous oxide can reduce inhalational anesthetic
requirements and does not decrease uterine tone. Nitrous
oxide is rapidly transferred across the placenta, where fetal
tissue uptake reduces the fetal arterial concentration for the
first 20 min [49]. Theoretically, there is a risk of diffusion hypoxia; therefore, if it takes time from incision to delivery,
lowering the concentration of nitrous oxide used or administering 100% oxygen should also be considered. Inhalational anesthetics produce dose-dependent uterine relaxation
[50], which can result in uterine atony and hemorrhage.
When high concentrations of inhalational anesthetics are
used, uterotonic agents should be used to maintain the uterine tone.
After delivery, once the fetal transfer of medication is no
longer a concern, a short-acting benzodiazepine (e.g., midazolam), a short-acting opioid (e.g., fentanyl, alfentanil, or
remifentanil), and/or nitrous oxide 50–70% can be added to
allow a reduced dose of inhalational anesthetics to 0.5–0.75
MAC. Conversely, TIVA can replace inhalational anesthetics.
Currently, propofol is the only drug that can be used for
TIVA. Propofol can relax the uterus less than inhalational
anesthetics [51].
All opioids, particularly those with high lipid solubility
(e.g., remifentanil, fentanyl, and sufentanil), readily pass
through the placenta to the fetus. Consequently, opioid ad-

ministration is usually avoided until after delivery to reduce
the risk of neonatal depression.
Dexmedetomidine has recently been reported to enhance
oxytocin-induced contractions and is expected to be used as
a sedative after fetal delivery in the future [51].

Anesth Pain Med Vol. 17 No. 3
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Background: The objective of this study was to investigate the effect-site concentration (Ce)
of remimazolam at loss of response (LOR) and recovery of response (ROR) in patients underwent general anesthesia using simulation. In addition, the relationships between patient’s
factors and simulated Ce at LOR and ROR were examined.
Methods: The medical records of 81 patients who underwent elective surgery under general
anesthesia using remimazolam with simulation of Ce between August 4, 2021 and October
12, 2021, were retrospectively reviewed. Remimazolam was administered as an induction
dose of 6 or 12 mg/kg/h until the patient became unresponsive, followed by 0.3–2 mg/kg/
h to maintain BIS values below 60. Simultaneously, simulations of manual infusion mode
were performed using Asan Pump software and the Ce of remimazolam was simulated using the Schüttler model. Whenever infusion rate of remimazolam was manually changed, the
simulated Ce was confirmed almost simultaneously. LOR and ROR, defined as unresponsive
and eye-opening to verbal commands, respectively, were recorded in the Asan Pump program.
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Results: The median (1Q, 3Q) simulated Ce at LOR and ROR were 0.7 (0.5, 0.9) and 0.3
(0.2, 0.4) μg/ml, respectively. LOR was achieved in 1.9 min after remimazolam infusion with
cumulative doses of 0.3 mg/kg. There was a significant relationship between age and simulated Ce at ROR (Ce at ROR = –0.0043 × age + 0.57, r = 0.30, P = 0.014).
Conclusions: For optimal dosage adjustment, simulating Ce while administering remimazolam with a weight-based dose during anesthesia is helpful. Elderly patients may recover from
anesthesia at lower Ce of remimazolam.
Keywords: Anesthesia; Computer simuation; Concentration; Hypnotic; Remimazolam.

INTRODUCTION

ary 2021) been approved as a general anesthetic by the Ministry of Food and Drug Safety (MFDS) in South Korea. It has
advantages over currently used hypnotic agents including
rapid onset/offset, predictable duration of action, organ-in-

Remimazolam, a novel ultra-short-acting benzodiazepine
invented out of ‘soft drug’ development, has recently (Janu-

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, 2022
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sia with remimazolam. In addition, the relationship between
the simulated Ce of remimazolam at LOR and ROR and the
patient’s factors, such as age and sex, were evaluated.
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dependent metabolism, availability of a reversal drug, and
maintenance of stable hemodynamics, and is increasingly
being used as a hypnotic component of total intravenous
anesthesia (TIVA) [1–5]. Pharmacokinetics and pharmacodynamics of remimazolam were characterized by relatively
high clearance, small steady-state volume of distribution,
short elimination half-life, short context-sensitive half-life,
linear kinetics, and dose-related depth and duration of sedation [6–8]. Due to these pharmacologic properties, remimazolam concentration accurately represents its hypnotic effect; thus, knowing accurate remimazolam concentrations is
beneficial in anesthesia practice. As most drugs act at sites
remote from the bloodstream, hysteresis, a phenomenon
denoting time lag between the measured plasma drug concentration and the observed drug effect may occur [9].
Therefore, the pharmacologic effect can be determined
based on either the plasma concentration (Cp) or effect-site
concentration (Ce); however, Ce rather than the Cp reflects
the clinical effects of intravenous anesthetics better [10,11].
Target-concentration controlled infusion (TCI) systems,
which allow drugs to be administered to achieve and maintain a desired target concentration [12], would be useful in
administering remimazolam during anesthesia for optimal
dosing adjustment. Currently, no commercial TCI device for
remimazolam is available; thus, it has no choice but to be
administered as a variable rate continuous infusion at the
infusion rate approved by the MFDS (i.e., 6 or 12 mg/kg/h
for induction, followed by 1 mg/kg/h [2 mg/kg/h of maximal
infusion rate] for maintenance).
The Schüttler model, a three-compartment model that
can be applied for administering remimazolam via effect-site target-controlled infusion method including body
weight as a covariate, significantly affecting the volume of
distribution in the central compartment [8]. As a result, the
Ce of remimazolam varies from one person to another depending on body weight, even if administered with the same
body weight-based dose. Consequently, considering optimal
dosage titration, it would be helpful to simulate the Ce while
administering remimazolam with the conventional weightbased dosing strategy during the induction and maintenance of anesthesia.
The objective of this retrospective study, therefore, was to
investigate the simulated Ce of remimazolam at the loss of
responsiveness (LOR) to a verbal command during anesthesia induction and at the recovery of responsiveness (ROR)
during emergence using the data obtained in the process of
clinical practice of patients who underwent general anesthe-

MATERIALS AND METHODS
This retrospective study was approved by the Institutional
Review Board (no. 2021-1747). The medical records of patients who underwent elective surgery under general anesthesia with remimazolam at our institution between August
4 and October 12, 2021, were retrospectively reviewed. Inclusion criteria included patients administered with remimazolam as a hypnotic component of TIVA throughout induction and maintenance of anesthesia and patients who administered remimazolam while conducting concentration
simulations and having the complete result files of simulation.
General anesthesia was identically conducted according
to our institution’s standard anesthesia protocol for general
surgery in all patients. The patients in this study fasted from
midnight on the day of surgery and received no premedication. Upon arrival in the operating room, standard monitoring processes, including an electrocardiograph, pulse oximeter, noninvasive blood pressure monitor, train-of-four,
end-tidal carbon dioxide partial pressure, and the bispectral
index (BISTM, Covidien, USA) were applied in all cases. All
data were recorded continuously until the end of anesthesia.
After pre-oxygenation with 100% oxygen via facial mask, the
anesthetic dosing strategies were employed in all patients as
follows. Remimazolam (ByfavoTM Inj, Hana Pharm Co., Ltd,
Korea) was administered as an initial induction dose of 6 or
12 mg/kg/h at the discretion of the attending anesthesiologist using a syringe pump (Perfusor ®, Space, B. Braun
Melsungen AG, Germany). After starting remimazolam infusion, LOR, defined as the patient becoming unresponsive to
loud verbal commands (open your eyes), was assessed frequently to determine the induction of anesthesia. After confirming LOR, the infusion rate of remimazolam was adjusted
to 1 or 2 mg/kg/h and remifentanil was administered via target Ce controlled infusion using the Minto model [13]. Endotracheal intubation was facilitated by administration of
rocuronium at 0.6 mg/kg. Patients were then ventilated with
a mixture of air and oxygen (fraction of inspired oxygen, 0.5);
mechanical ventilation was adjusted to maintain an end-tidal carbon dioxide partial pressure of 35–45 mmHg. Consequently, the remimazolam infusion rate was adjusted within
0.3–2.0 mg/kg/h to maintain BIS values at less than 60
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during the maintenance of anesthesia. Target Ce values of
remifentanil were titrated within a range of 3–20 ng/ml to
maintain stable hemodynamics (blood pressure and heart
rate within 20% above or below baseline values).
In our institutional anesthesia practice for general surgery,
whenever remimazolam is administered during general anesthesia in general surgery patients, simulations of the manual infusion mode of remimazolam is simultaneously performed using the Asan Pump software (version 2.1.3, Bionet,
Korea; http://www.fit4nm.org/download/, last accessed:
August 27, 2012) to evaluate Ce of remimazolam. Accordingly, in all patients of the present study, simulations of the
manual infusion mode of remimazolam were simultaneously performed using the Asan Pump software. Concurrently,
remimazolam Ce was automatically simulated using pharmacokinetic parameters and blood-brain equilibration rate
constant (ke0) proposed by Schüttler et al. [8]. The pharmacokinetic parameters and ke0 used for simulating Ce of remimazolam are presented in Table 1. Whenever the infusion
rate of remimazolam of the syringe pump was manually
changed, similar changes in values were made in the Asan
Pump program simultaneously, and then the simulated Ce
was confirmed. The Asan Pump infusion profiles including
the infusion rate of remimazolam for all patients were automatically recorded in a .csv file format. In addition, during
the simulation, the user can record clinical events (e.g., endotracheal intubation, loss of consciousness, extubation) in
the pop-up window of the Asan pump program. Thus, in our
routine anesthesia practice using remimazolam with concentration simulations, the anesthesiologists recorded LOR

Table 1. Pharmacokinetic Parameters and Blood-brain Equilibration
Rate Constant (ke0) Used to Simulate Effect-site Concentration of
Remimazolam
Parameter
V1 (L)
V2 (L)
V3 (L)
CL (L/min)
Q2 (L/min)
Q3 (L/min)
ke0 (1/min)

Values
0.0627 × body weight
14.5
15.5
1.14
1.04

Data collection
We reviewed the medical records of eligible patients, including electronic medical records and simulation result
files of the Asan pump. The following data were collected
from electronic medical records and simulation result files
of Asan Pump program: patient demographic data, infusion
rate of remimazolam during anesthesia induction, duration
of remimazolam infusion, total dose of remimazolam, and
mean infusion rate of remimazolam. In addition, the time
from the start of remimazolam infusion to LOR confirmation, the cumulative dose to induce LOR, and the simulated
Ce of remimazolam at LOR and ROR were collected from the
simulation result files of the Asan Pump program.

0.19
0.27

V1: central volume of distribution, V2: rapid peripheral volume
of distribution, V3: slow peripheral volume of distribution, CL:
clearance, Q2: inter-compartmental clearance of rapid peripheral
compartment, Q 3: inter-compartmental clearance of slow
peripheral compartment. Pharmacokinetic parameters and ke0
from the Schüttler model [13]. The ke0 was estimated against
Modified Observer’s Assessment of Alertness/Sedation Scale.
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in event recording window of the Asan pump program; the
time points when the patients reached LOR were automatically recorded in simulation result files of the Asan pump
program.
On the closure of the surgical wound, opioids (e.g., fentanyl 50 μg or oxycodone 4 mg) and ramosetron 0.3 mg were
administered for postoperative pain, nausea and vomiting
control. At the end of the procedure, remimazolam and
remifentanil were discontinued. The neuromuscular blockade was antagonized using sugammadex or a combination
of neostigmine and glycopyrrolate according to the attending anesthesiologist’s discretion. During emergence, recovery of anesthesia was assessed by ROR, defined as a patient’s
ability to open their eyes in response to verbal commands.
The anesthesiologists recorded ROR in the event recording
window of the Asan pump program; the time points when
the patients reached ROR were also automatically recorded
in simulation result files. When patients met the extubation
criteria (BIS values ≥ 80 and train-of-four ratio > 0.9 for
more than 1 min), they were extubated and transferred to a
post-anesthesia care unit (PACU). Flumazenil, a specific antagonist of benzodiazepines, was administered based on the
discretion of the attending anesthesiologists when the patients became drowsy again in the operating room or PACU
after recovering consciousness.

Statistical analyses
Statistical analyses were conducted with SigmaStat version 3.5 for Windows (Systat Software, Inc., USA). Data were
expressed as mean ± SD for normally distributed continuous variables, medians (1Q, 3Q) for non-normally distributwww.anesth-pain-med.org
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Investigation of the pharmacodynamic
relationship between the simulated Ce of
remimazolam and ROR using logistic regression

log likelihood of the model with NONMEM. An α level of
0.05, which corresponds to a 3.84 reduction in objective
function value (OFV), was considered to represent a significant improvement of the model (Chi-square distribution,
degree of freedom = 1, P < 0.05) [14]. Non-parametric bootstrap analysis served to validate the models internally (fit4NM 3.3.3, Eun-Kyung Lee and Gyu-Jeong Noh, Korea;
https://cran.r project.org/src/contrib/Archive/fit4NM/, last
accessed: October 29, 2012) [15]. The original data set was
randomly sampled to generate 2000 bootstrap replicates;
95% confidence intervals (CIs) of nonparametric bootstrap
replicates were determined and compared with the final values of the model parameters.

RESULTS
After the association between the simulated Ce at LOR or
ROR and the patient’s factor were analyzed, we performed a
population pharmacodynamic modeling only for the remimazolam Ce (at LOR or ROR), showing a significant relationship with the patient’s factor.
The observed ROR was recorded as 0 and 1 for unresponsiveness state and responsiveness states, respectively. The
pharmacodynamic relationship between the probability of
ROR and remimazolam Ce was analyzed using a sigmoid
Emax model:
Probability of recovery of responsiveness = 1 –

Ceγ
Ce 50+Ceγ
γ

where Ce is the Ce of remimazolam, Ce50 is the value of Ce
concentration associated with a 50% probability of ROR, and
γ is the steepness of the concentration vs. response relationship. The likelihood, L, of the observed response, R, was described by the equation:
Likelihood = R × Prob + (1 – R) × (1 – Prob)
where Prob is the probability of ROR. Model parameters
were estimated using the option “LIKELIHOOD LAPLACE
METHOD = conditional” in the NONMEM (Nonlinear
Mixed Effects Modeling) software (version VII level 5, ICON
Development Solutions, Ireland). The inter-individual random variability (IIV) of Ce50 was modeled using a log-normal distribution, whereas IIV of γ was fixed to zero. A forward inclusion approach was used in consecutive NONMEM runs to determine whether the patient’s factor is a significant covariate for Ce50. The statistical significance of the
patient’s factor inclusion as a covariate was tested using –2
www.anesth-pain-med.org

A total of the 81 eligible patients (40 patients in the remimazolam induction dose 6 mg/kg/h group and 41 patients
in the remimazolam induction dose 12 mg/kg/h group)
were included in data analysis. The demographic and clinical characteristics of the patients are shown in Table 2.
During induction, the median (1Q, 3Q) simulated Ce of
remimazolam at LOR was 0.7 (0.5, 0.9) μg/ml. All patients
lost response to verbal command in a median of 1.9 min after the start of remimazolam infusion with the cumulative
dose of 0.3 mg/kg. In the subgroup analysis (between induction dose 6 mg/kg/h and 12 mg/kg/h groups), there were
significant differences in the simulated Ce of remimazolam
at LOR, the time to reach LOR, and the cumulative dose of
remimazolam to induce LOR. The median (1Q, 3Q) simulated Ce of remimazolam at LOR was higher in 12 mg/kg/h
group than 6 mg/kg/h group (0.8 [0.7, 0.9] vs. 0.5 [0.4, 0.7]
μg/ml, P < 0.001) (Fig. 1). The patients who received remimazolam 12 mg/kg/h reached LOR faster compared with
those who received remimazolam 6 mg/kg/h (1.9 [1.7, 1.9]
vs. 2.2 [1.9, 2.5] min, P < 0.001). The median (1Q, 3Q) cumulative dose of remimazolam required to induce LOR was
larger in 12 mg/kg/h group than 6 mg/kg/h group (0.36
[0.33, 0.40] vs. 0.22 [0.18, 0.25] mg/kg, P < 0.001). There was
no significant relationship between age and simulated Ce at
LOR (P = 0.199 for 6 mg/kg/h group and P = 0.0674 for 12
mg/kg/h group, respectively) (Fig. 2). The simulated Ce of
remimazolam at LOR was not significantly different according to the patient’s sex (P = 0.299 for 6 mg/kg/h group and P
= 0.342 for 12 mg/kg/h group).
During the emergence, when the median (1Q, 3Q) simulated Ce of remimazolam was 0.3 (0.2, 0.4), patients recov-
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ed continuous variables, and numbers for categorical variables. The relationships between the age and simulated Ce
at LOR and ROR were analyzed with linear regression. The
differences in simulated Ce at LOR and ROR according to
patient’s sex were analyzed using the Mann–Whitney Rank
Sum Test, respectively. The time to LOR and wight-based
dose of remimazolam to induce LOR according to the infusion rate of remimazolam were compared using the Mann–
Whitney Rank Sum Test. P values of less than 0.05 were considered statistically significant for all analyses.

Simulated Ce of remimazolam
at the time of LOR (µg/ml)

Anesth Pain Med Vol. 17 No. 3

2.0

0.5 (0.4, 0.7)

0.8 (0.7, 0.9)

6
(n = 40)

12
(n = 41)

1.5
1.0
0.5
0.0

Infusion rate (mg/kg/h)

Fig. 1. Simulated effect-site concentration (Ce) at the time of loss
of responsiveness (LOR). Data are expressed as median (1Q,
3Q). Red horizontal lines indicate median values. *P < 0.001 vs.
infusion rate 6 (Mann-Whitney Rank Sum Test).

Infusion rate 6 mg/kg/h
Infusion rate 12 mg/kg/h

1.5

B
Simulated Ce of remimazolam
at the time of ROR (µg/ml)

Simulated Ce of remimazolam
at the time of LOR (µg/ml)

A

ered response to verbal command (Fig. 3). Age was significantly correlated with the simulated Ce at ROR with a negative slope (Ce at ROR = –0.0043 × age + 0.57, r = 0.30, P =
0.014) (Fig. 2). The simulated Ce of remimazolam at ROR
was not significantly different according to the patient’s sex
(P = 0.818).
When the relation between the simulated Ce of remimazolam at LOR or ROR and the patient’s factor was assessed,
the simulated Ce at ROR correlated only with the patient’s
age. Therefore, we only evaluated the pharmacodynamic relationship between the remimazolam Ce at ROR and the
probability of ROR using a population pharmacodynamic
modeling incorporating age as a covariate. After exploring
the base model, we included age as a covariate in Ce50,ROR
(effect-stie concentration of remimazolam, associated with
50% probability for recovery of responsiveness) to investi-

1.2
0.9
0.6
0.3
0.0
20

40

60

80

0.8
0.6
0.4
0.2
0.0
20

40

60

80

Age (yr)

Age (yr)

Fig. 2. The relationship between age and simulated effect-site concentration (Ce) at the time of loss of responsiveness (LOR, A) and at the
time of recovery of responsiveness (ROR, B). Red solid line represents linear regression of the Ce at ROR vs. Age (Ce at ROR = –0.0043 ×
age + 0.57, r = 0.30, P = 0.014).
Table 2. Demographics and Characteristics of Patients
Clinical variables
Age (yr)
Weight (kg)
Height (cm)
Sex, M/F
ASA class, I/II
Total duration of remimazolam infusion (min)
Total dose of remimazolam (mg)
Mean infusion rate of remimazolam during
anesthesia maintenance (mg/kg/h)

Total (n = 81)
56.6 ± 12.7
58.5 (51.2, 66.5)
159.1 (153.5, 186.0)
30/51
40/41
106.5 ± 54.5
140.1 (80.4, 185.2)
0.7 (0.5, 0.9)

Infusion rate of remimazolam during anesthesia induction
6 mg/kg/h (n = 40)
12 mg/kg/h (n = 41)
53.7 ± 14.3
59.4 ± 10.5
56.7 (51.1, 66.6)
60.6 (51.2, 66.7)
159.1 (153.5, 186.0)
159.1 (153.5, 186.0)
10/30
20/21
23/17
17/24
121.3 ± 79.1
117.0 ± 59.1
92.6 (61.0, 181.1)
155.2 (121.6, 200.4)
0.6 (0.5, 0.9)
0.8 (0.7, 1.0)

Data are expressed as mean ± SD, median (1Q, 3Q), or count as appropriate. ASA: American Society of Anesthesiologists. Mean infusion
rate during anesthesia maintenance was calculated as follows:
Dose administered during anesthesia maintenance (mg)
Mean infusion rate during anesthesia maintenace =
Body weight (kg) × maintenance infusion duration (h)
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Simulated Ce of
remimazolam (µg/ml)

1.5

0.3 (0.2, 0.4)

0.34 and 0.31 μg/ml, respectively.

DISCUSSION
This study is a clinical investigation quantifying the Ce of
remimazolam to induce LOR to verbal commands during
anesthesia induction and ROR during emergence, using the
data obtained in the process of clinical practice of patients
who underwent general anesthesia with remimazolam as a
hypnotic component. The simulated Ce at LOR and ROR
were 0.7 and 0.3 μg/ml, respectively. Moreover, we demonstrated that age was significantly related to the Ce of remim-

Probability for ROR

1.0

Age 80
Age 50
Age 30

0.5

0.0
0.0

1.0

0.2

0.4

0.6

0.8

1.0

Remimazolam effect-site concentration (µg/ml)

0.5

0.0
ROR
(n = 81)

Fig. 3. Simulated effect-site concentration (Ce) at the time of
recovery of responsiveness (ROR). Data are expressed as median
(1Q, 3Q). Red horizontal line indicates median value.

Fig. 4. The relationship between the probability of recovery of
responsiveness (ROR) and effect-site concentration of remimazolam.
The estimates of Ce50,ROR (effect-stie concentration of remimazolam,
associated with 50% probability for recovery of responsiveness) and
γ (steepness of the concetration-response curve) are 0.632–0.205
× (age/56) μg/ml and 32.3, respectively. Ce50,ROR and Ce95,ROR (effectstie concentration of remimazolam, associated with 95% probability
for recovery of responsiveness) are 0.34 μg/ml and 0.31 μg/ml for a
hypothetical patient aged 80 year, 0.45 μg/ml and 0.41 μg/ml for a
hypothetical patient aged 50 year, 0.52 μg/ml and 0.48 μg/ml for a
hypothetical patient aged 30 year, respectively.

Table 3. Population Pharmacokinetic Parameter Estimates, Inter-individual Variability, and Median Parameter Values (95% CI) of the Nonparametric Bootstrap Replicates of the Final Pharmacodynamic Model of Remimazolam
Model
Basic
Final

Parameter
Ce50,ROR (μg/ml)
γ
Ce50,ROR = θ1 – θ2 × (age/56)
(μg/kg)
γ

θ1
θ2

Estimate (% RSE)
0.409 (8.7)
28.4 (32.9)
0.632 (9.7)
0.205 (25.5)
32.3 (33.7)

CV (%)
57.18
55.86
-

Median (95% CI)
0.637 (0.50‒0.841)
0.201 (0.092‒0.321)
32.8 (3.720‒120.0)

OFV
109.1
102.3

Non-parametric bootstrap analysis was repeated 2,000 times. RSE indicates relative standard error = SE/mean × 100 (%); CV: coefficient
of variation; RSE: relative standard error = SE/estimate × 100 (%), CV: coefficient of variation, OFV: objective function value, Ce50,ROR: effectstie concentration of remimazolam, associated with 50% probability for recovery of responsiveness; γ: steepness of the concetrationresponse curve, ROR: loss of responsiveness, CI: confidence interval.
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gate whether age has a significant effect on Ce value at ROR.
This pharmacodynamic modeling including age significantly
improved the performance of the basic model based on the
likelihood ratio test, with a decrease in the OFV (total 6.8, P <
0.01). Table 3 summarizes the estimated pharmacokinetic
parameters of the basic and final model and the non-parametric bootstrap results. The medians of the pharmacokinetic parameters estimated by the bootstrap data set were generally similar to the final pharmacokinetic parameter estimate with the 95% CIs being narrow overall, indicating that
the final parameters were adequately estimated. The pharmacodynamic relationship between the probability of ROR
and remimazolam Ce according to age evaluated using the
final population parameters is shown in Fig. 4. The age values
used for the predictions correspond to the hypothetical patients aged 30-, 50-, and 80-year as distributed within the
studied population. The Ce50,ROR and Ce95,ROR (effect-site concentration of remimazolam, associated with 95% probability
for recovery of responsiveness) in 30-, 50-, and 80-year-old
patients was predicted to be 0.52 and 0.48, 0.45 and 0.41, and
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azolam at ROR. These findings suggest that Ce simulations
would be beneficial while administering remimazolam
during anesthesia for optimal dosage adjustment, and possibly providing clinically important information for the precise dose adjustment of remimazolam to achieve rapid and
safe induction and early recovery. In particular, elderly patients may recover from anesthesia at lower Ce of remimazolam; thus, timely tapering of remimazolam considering
with Ce of remimazolam upon surgery completion would
facilitate fast emergence from anesthesia.
This is the first research that determined the Ce of remimazolam to induce LOR and ROR to verbal commands during
TIVA with remimazolam and remifentanil. Variability in the
onset and offset profile of an anesthetic drug is likely due to
the factors influencing the pharmacokinetics and the relationship between drug concentrations and their effect [16]. Ce
rather than Cp better reflects the clinical effects of intravenous
hypnotics [10,11]; however, administering remimazolam via
effect-site target-controlled infusion method is still unavailable. In terms of optimal dosage adjustment, therefore, it
would be clinically advantageous if the individual remimazolam Ce could be simulated and applied in clinical practice
rather than simply traditional observations of autonomic response along with monitoring of depth of anesthesia. The feasibility of predicting the potential remimazolam effects by estimating the Ce of anesthetics using pharmacokinetic/pharmacodynamic simulation has also been reported [17].
A significant relationship between the simulated remimazolam Ce at ROR and age was observed in this study. We
conducted population pharmacodynamic modeling, incorporating age as a covariate in Ce50 at ROR, and demonstrated
that age plays an important role in determining inter-individual variability of remimazolam Ce50 at ROR. Based on our
prediction of the probability of ROR according to age, elderly
patients may emerge at lower remimazolam Ce than younger patients. Therefore, age has a considerable influence on
the patients’ sensitivity to remimazolam from a pharmacodynamic point of view. These results are consistent with the
findings of the previous studies in which increased sensitivity to the sedative effects of other benzodiazepines was observed in elderly patients [18,19]. The currently reported
case series suggested that adequate titration of infusion rate
of remimazolam based on the patient’s sedation level and
general condition during maintenance of anesthesia
achieved well-tolerated anesthesia with prompt emergence
from anesthesia in two super-elderly patients [5]. Consequently, the ability to predict the individual remimazolam
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Ce for ROR by simulation especially in elderly patients
would be clinically meaningful in terms of allowing the dose
of remimazolam to be adjusted to achieve fast recovery from
anesthesia.
During anesthesia induction in the present study, the patients who received 12 mg/kg/h of remimazolam were unresponsive to verbal commands approximately 18 s faster than
those who received 6 mg/kg/h of remimazolam. These findings are consistent with the results of the previous study,
which revealed that remimazolam’s induction dose had a
statistically significant effect on the time to lose responsiveness to the shaking of patient’s shoulder (a 13-s rapid onset
with 12 mg/kg/h groups when compared with 6 mg/kg/h
groups) [2]. This difference in time to LOR in our study may
be explained by more cumulative doses to induce LOR and
higher simulated Ce at LOR in 12 mg/kg/h group compared
to that of 6 mg/kg/h group (approximately 0.14 mg/kg more
for cumulative doses and 0.3 μg/ml higher for Ce, respectively). Thus, though both induction doses are suitable, 12
mg/kg/h of remimazolam is recommended in certain cases
where rapid induction is needed.
In the current study, patients were unresponsive to verbal
commands in median 132 and 114 s with cumulative doses
of remimazolam 0.22 and 0.36 mg/kg after starting remimazolam at 6 and 12 mg/kg/h, respectively. However, a prior
study reported that faster time and less cumulative doses
until patients lost responsiveness to even stronger stimuli
such as the shaking of their shoulder than those of the present study with equal infusion rates of remimazolam (102 s
and 88.7 s for time to LOR, 0.17 and 0.29 mg/kg for cumulative doses to LOR, respectively) [2]. These different findings
might result from the presence or absence of concomitantly
used opioids. In a previous study, 0.25–0.5 μg/kg/min of
remifentanil was infused just before remimazolam infusion
to completion of tracheal intubation, whereas remifentanil
infusion was commenced after confirming LOR in our study.
The synergic relationship between opioids and benzodiazepine has been well-established [19]; it corresponds with the
results of a recent study conducted to assess pharmacodynamic drug-drug interaction potential of remimazolam with
remifentanil, which showed a high degree of synergism between two anesthetic agents [20]. In addition, the administration of remifentanil 10 min before remimazolam revealed
a 20 s faster time to lose consciousness compared with when
remifentanil was started 2 min before remimazolam [21].
Several limitations of this study should be considered.
First, we have assumed the simulated Ce values of remimawww.anesth-pain-med.org
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strategy during anesthesia for optimal dosage adjustment.
In particular, as there is a possibility that elderly patients
may recover from anesthesia at lower Ce of remimazolam, it
would be essential that remimazolam infusion should be
timely ceased at the end of the surgery based on the simulated Ce of remimazolam for early recovery.

FUNDING
This work was supported by the Korea Medical Device
Development Fund grant funded by the Korean government
(the Ministry of Science and ICT, the Ministry of Trade, Industry and Energy, the Ministry of Health & Welfare, the
Ministry of Food and Drug Safety) (Project Number: KMDF_
PR_20200901_0031, 202011B25-01).

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

DATA AVAILABILITY STATEMENT
The datasets generated or analyzed during the current
study are available from the corresponding author on reasonable request.

AUTHOR CONTRIBUTIONS
Conceptualization: Gyu-Jeong Noh, Byung-Moon Choi.
Data collection: Ji-Yeon Bang, Kyung Mi Kim. Formal analysis: Kyung Mi Kim, Jong Min Lee. Writing - original draft:
Kyung Mi Kim. Writing - review & editing: Hong Seuk Yang,
Byung-Moon Choi.

ORCID
Kyung Mi Kim, https://orcid.org/0000-0001-6893-1539
Ji-Yeon Bang, https://orcid.org/0000-0002-1031-9539
Jong Min Lee, https://orcid.org/0000-0003-2564-1624
Hong Seuk Yang, https://orcid.org/0000-0003-2023-8705
Byung-Moon Choi, https://orcid.org/0000-0002-6561-8851
Gyu-Jeong Noh, https://orcid.org/0000-0002-1964-9294

REFERENCES
1. Doi M, Hirata N, Suzuki T, Morisaki H, Morimatsu H, Sakamoto

269

KSAP

zolam derived from the Schüttler model to be applicable to
the enrolled study population. Although the Schüttler model
has drawbacks that these models have been constructed
only in 20 healthy male volunteers without external validation, these can be considered reliable and unique models as
they include pharmacokinetic parameters and the ke0 of
remimazolam obtained in a single population of adults.
However, the true Ce values at LOR and ROR can be more
variable than presented in this study. There has been a report that the ke0 of remimazolam is different according to
race [20]. In this study, remimazolam Ce was simulated using the ke0 derived from the Schüttler model which has been
developed in the European population. In general, if the
pharmacokinetic parameters are the same, but the ke0 is different, even though the same dose is administered, the time
to peak effect is longer (slow onset) when the ke0 is small,
and the Ce at that time is also low [22,23]. Accordingly,
based on the facts reported in the previous study that the ke0
of remimazolam in the Asian race is approximately 50% low
than that in the non-Asian race [20], there is possible that
the Ce calculated in Koreans is lower. However, solid conclusions could be drawn by population pharmacokinetic/pharmacodynamic analysis in the Korean population. Thus, we
are planning to develop a pharmacokinetic/pharmacodynamic model of remimazolam in the Korean population.
Second, in this study, we investigated the simulated Ce anesthesia at the time when the patients were unresponsive to
verbal commands during anesthesia induction; however,
this referred to Ce only on unresponsiveness to stimuli rather than the absence of consciousness [24]. Therefore, the Ce
of remimazolam to induce loss of consciousness can be different from the simulated Ce value at LOR presented in our
study. Lastly, owing to the retrospective nature of the present
study, LOR and ROR were not assessed in a standardized
time period. Also, we did not evaluate various factors influencing LOR and ROR such as obesity, ethnicity, and co-administered drugs. Therefore, further well-designed prospective trials are warranted to quantify the exact Ce of remimazolam to induce LOR and ROR and establish thoroughly the
clinical variables related to LOR and ROR during anesthesia
with remimazolam.
In conclusion, the present study reports the simulated Ce
of remimazolam for attaining loss and recovery of responsiveness to verbal commands in patients who underwent
general anesthesia with remimazolam. Our study results
suggest that it would be helpful to simulate the Ce while administering remimazolam with the conventional dosing

Anesth Pain Med Vol. 17 No. 3
A. Safety and efficacy of remimazolam in induction and main-

263-8.

tenance of general anesthesia in high-risk surgical patients

12. Absalom AR, Glen JI, Zwart GJ, Schnider TW, Struys MM. Tar-

(ASA Class III): results of a multicenter, randomized, dou-

get-controlled infusion: a mature technology. Anesth Analg

ble-blind, parallel-group comparative trial. J Anesth 2020; 34:
491-501.

2016; 122: 70-8.
13. Minto CF, Schnider TW, Egan TD, Youngs E, Lemmens HJ,

2. Doi M, Morita K, Takeda J, Sakamoto A, Yamakage M, Suzuki T.

Gambus PL, et al. Influence of age and gender on the pharma-

Efficacy and safety of remimazolam versus propofol for general

cokinetics and pharmacodynamics of remifentanil. I. Model

anesthesia: a multicenter, single-blind, randomized, parallel-group, phase IIb/III trial. J Anesth 2020; 34:543-53.
3. Liu T, Lai T, Chen J, Lu Y, He F, Chen Y, et al. Effect of remima-

development. Anesthesiology 1997; 86: 10-23.
14. Beal SL, Sheiner LB. NONMEM users guide. San Francisco
(CA), University of California. 1992.

zolam induction on hemodynamics in patients undergoing

15. Park JH, Choi SM, Park JH, Lee KH, Yun HJ, Lee EK, et al. Popu-

valve replacement surgery: a randomized, double-blind, con-

lation pharmacokinetic analysis of propofol in underweight

trolled trial. Pharmacol Res Perspect 2021; 9: e00851.

patients under general anaesthesia. Br J Anaesth 2018; 121:

4. Nakanishi T, Sento Y, Kamimura Y, Tsuji T, Kako E, Sobue K.

559-66.

Remimazolam for induction of anesthesia in elderly patients

16. Holford NH, Sheiner LB. Understanding the dose-effect rela-

with severe aortic stenosis: a prospective, observational pilot

tionship: clinical application of pharmacokinetic-pharmaco-

study. BMC Anesthesiol 2021; 21: 306.

dynamic models. Clin Pharmacokinet 1981; 6: 429-53.

5. Nakayama J, Ogihara T, Yajima R, Innami Y, Ouchi T. Anesthetic

17. Obara S. Simulation of residual sedation effect of remimazol-

management of super-elderly patients with remimazolam: a

am: pharmacokinetic-pharmacodynamic simulation can be an

report of two cases. JA Clin Rep 2021; 7: 71.

additional standard anesthesia monitoring method. J Anesth

6. Antonik LJ, Goldwater DR, Kilpatrick GJ, Tilbrook GS, Borkett

2022; 36: 167-70.

KM. A placebo- and midazolam-controlled phase I single as-

18. Platten HP, Schweizer E, Dilger K, Mikus G, Klotz U. Pharmaco-

cending-dose study evaluating the safety, pharmacokinetics,

kinetics and the pharmacodynamic action of midazolam in

and pharmacodynamics of remimazolam (CNS 7056): part I.

young and elderly patients undergoing tooth extraction. Clin

Safety, efficacy, and basic pharmacokinetics. Anesth Analg

Pharmacol Ther 1998; 63: 552-60.

2012; 115: 274-83.

19. Bertz RJ, Kroboth PD, Kroboth FJ, Reynolds IJ, Salek F, Wright

7. Eisenried A, Schüttler J, Lerch M, Ihmsen H, Jeleazcov C. Phar-

CE, et al. Alprazolam in young and elderly men: sensitivity and

macokinetics and pharmacodynamics of remimazolam (CNS

tolerance to psychomotor, sedative and memory effects. J

7056) after continuous infusion in healthy male volunteers:

Pharmacol Exp Ther 1997; 281: 1317-29.

part II. Pharmacodynamics of electroencephalogram effects.
Anesthesiology 2020; 132: 652-66.

20. Zhou J, Leonowens C, Ivaturi VD, Lohmer LL, Curd L, Ossig J, et
al. Population pharmacokinetic/pharmacodynamic modeling

8. Schüttler J, Eisenried A, Lerch M, Fechner J, Jeleazcov C, Ihm-

for remimazolam in the induction and maintenance of general

sen H. Pharmacokinetics and pharmacodynamics of remima-

anesthesia in healthy subjects and in surgical subjects. J Clin

zolam (CNS 7056) after continuous infusion in healthy male
volunteers: part I. Pharmacokinetics and clinical pharmacodynamics. Anesthesiology 2020; 132: 636-51.
9. Louizos C, Yáñez JA, Forrest ML, Davies NM. Understanding
the hysteresis loop conundrum in pharmacokinetic/pharmacodynamic relationships. J Pharm Pharm Sci 2014; 17: 34-91.

Anesth 2020; 66: 109899.
21. Lohmer LL, Schippers F, Petersen KU, Stoehr T, Schmith VD.
Time-to-event modeling for remimazolam for the indication of
induction and maintenance of general anesthesia. J Clin Pharmacol 2020; 60: 505-14.
22. Minto CF, Schnider TW, Gregg KM, Henthorn TK, Shafer SL.

10. Iwakiri H, Nishihara N, Nagata O, Matsukawa T, Ozaki M, Ses-

Using the time of maximum effect site concentration to com-

sler DI. Individual effect-site concentrations of propofol are

bine pharmacokinetics and pharmacodynamics. Anesthesiol-

similar at loss of consciousness and at awakening. Anesth An-

ogy 2003; 99: 324-33.

alg 2005; 100: 107-10.
11. Sukumar V, Radhakrishnan A, Keshavan VH. Effect site concentration of propofol at induction and recovery of anaesthesia - a
correlative dose-response study. Indian J Anaesth 2018; 62:

270

23. Han DW. Pharmacokinetic and pharmacodynamic modeling
in anesthetic field. Anesth Pain Med 2014; 9: 77-86.
24. Sanders RD, Tononi G, Laureys S, Sleigh JW. Unresponsiveness
≠ unconsciousness. Anesthesiology 2012; 116: 946-59.

www.anesth-pain-med.org

Anesth Pain Med 2022;17:271-279
https://doi.org/10.17085/apm.21118
pISSN 1975-5171 • eISSN 2383-7977

Clinical Research

Received December 8, 2021
Revised January 1, 2022
Accepted January 20, 2022

Kewal Krishan Gupta, Vandana Kumari, Sarvjeet Kaur, and
Amanjot Singh
Department of Anesthesiology and Intensive Care, Guru Gobind Singh Medical College and
Hospital, Baba Farid University of Health Sciences, Faridkot, India

Background: During functional endoscopic sinus surgery (FESS), intranasal bleeding affects
operative field visibility and increases the frequency of complications. Therefore, hypotensive
anesthesia is a widely used technique to improve surgical outcomes. This study aimed to
compare the efficacy of propofol and dexmedetomidine infusion for hypotensive anesthesia
in patients undergoing FESS.
Methods: This prospective randomized trial was conducted in 80 adult patients who were
scheduled for FESS under general anesthesia. Patients were randomly divided into two
groups: group P (n = 40) received propofol infusion of 100–200 µg/kg/min and group D (n
= 40) received dexmedetomidine infusion with a loading dose of 1 µg/kg over 10 min after
induction, followed by maintenance infusion of 0.4–0.8 µg/kg/h. Intraoperative blood loss,
quality of the surgical field (Fromme- Boezaart scale), hemodynamic control, and patient recovery were recorded. Statistical analysis was performed using Student’s t-test, chi-square
test, and Mann–Whitney U test.
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Results: The mean arterial pressure and heart rate were significantly lower in group D
throughout the surgery than in group P. Blood loss was significantly higher in group P
(100.73 ± 18.12 ml) than in group D (85.70 ± 18.56 ml). The average number of patients
with Fromme’s score 1/2/3 was comparable between the groups. Intraoperatively, only one
incidence of bradycardia and hypotension was observed in group D (2.5%) compared to
group P.
Conclusions: Both dexmedetomidine and propofol are efficacious and safe drugs for facilitating controlled hypotension during FESS; however, dexmedetomidine provides better hemodynamic control and is associated with lesser blood loss without any significant adverse
effects.
Keywords: Dexmedetomidine; Functional endoscopic sinus surgery; Induced hypotension;
Propofol.
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Comparative evaluation of propofol versus
dexmedetomidine infusion for hypotensive
anesthesia during functional endoscopic sinus
surgery: a prospective randomized trial
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INTRODUCTION
Functional endoscopic sinus surgery (FESS) is a highly sophisticated surgery that has reformed the surgical management of chronic sinusitis in the modern era. The term FESS
was first coined by Kennedy [1] and introduced in the mid1980s. Although it has been associated with a higher success
rate in medically refractory chronic rhinosinusitis and
chronic polypus rhinosinusitis for symptomatic improvement, the potential for serious complications, such as nasolacrimal duct damage, intraorbital or intracranial hemorrhage, optic nerve damage, and cerebrospinal fluid leak, has
shadowed the efficiency of this surgical procedure [2]. The
risk of complications associated with FESS mainly depends
on the endoscopic visibility of the anatomical structures of
the paranasal sinuses, extent of sino-nasal disease, and surgeon’s experience. The main hindrance to clear endoscopic
visibility is excessive bleeding during surgery [3]. Hence, it is
essential to keep the surgical field as free of blood as possible, which can be achieved through the reverse Trendelenburg position, preoperative steroid administration, topical
local anesthetics and vasoconstrictors such as phenylephrine, and controlled hypotension through various anesthetic
techniques [4].
Progress in surgery is dependent upon advances in the
field of anesthesia, and hypotensive anesthesia as an adjuvant to surgery is an excellent example of this interdependence. Controlled hypotension or hypotensive anesthesia is
an anesthetic technique in which there is deliberate reduction in systemic blood pressure during anesthesia, which
should be in accordance with the patient’s baseline blood
pressure rather than a specific target pressure. The mean arterial blood pressure (MAP) can be reduced by 30% below
the patient’s baseline MAP, with a minimum MAP of 60–70
mmHg in American Society of Anesthesiologists class 1 patients being clinically acceptable [5]. However, lowering the
blood pressure carries its own risks, including insufficient
blood flow to the brain, hypoxia, delayed awakening, permanent brain damage, and death. Various agents such as inhalational anesthetics, β-blockers, nitroglycerine, sodium nitroprusside, and magnesium sulfate have been routinely
used for controlled hypotension but with limitations due to
its reported disadvantages, including delayed recovery from
inhaled anesthetics, resistance to vasodilators, and cyanide
toxicity for nitroprusside [6]. To achieve controlled hypotension, certain agents must have desirable features, including
ease of administration, faster onset time, quicker offset time
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on termination, rapid elimination without toxic metabolites,
negligible or no effects on vital organs, and predictable
dose-dependent effects [7].
Intravenous α-2 agonists have potentially favorable effects,
such as hypotension, analgesia, and sedation, and also show
better hemodynamic stability due to their central sympatholytic actions. Moreover, due to its analgesic and anesthetic
sparing effects, clonidine and dexmedetomidine have been
used in anesthetic practice to achieve controlled hypotension [8]. The use of propofol for induction and as part of total
intravenous anesthesia (TIVA) has been popularized in the
modern era, and it is one of the most common intravenous
anesthetic agents [9,10]. Due to its rapid onset and offset
time together with one of the useful side effects, that is, hypotension, the use of TIVA, including propofol and remifentanil, has become a common technique to provide hypotensive anesthesia in Western countries [10,11]. However, in India, due to the nonavailability of remifentanil, the use of
propofol alone has been attempted for hypotensive anesthesia. Hence, this study aimed to compare the effectiveness
and safety of propofol and dexmedetomidine infusion for
hypotensive anesthesia in terms of intraoperative blood loss
as the primary outcome and quality of the surgical field, hemodynamic stability, and postoperative recovery as secondary outcomes in patients undergoing FESS. Here, we hypothesized that the use of dexmedetomidine for hypotensive
anesthesia during FESS would be more efficacious than the
use of propofol.

MATERIALS AND METHODS
This prospective, randomized, double-blind, clinical trial
was conducted from July 2018 to September 2019 as per the
Indian Council of Medical Research guidelines for biomedical
research in human subjects and in accordance with the principles of the Declaration of Helsinki (2013). After obtaining
Institutional Ethical Committee (no. ECR/836/Inst/PB/2016)
approval dated 13/02/18 and registering the trial with the
Clinical Trial Registry of India (no. CTRI/2018/07/014746),
this study was conducted on 80 adult patients with American
Society of Anesthesiologists grade I or II, of either sex, and
aged between 18 and 50 years who were scheduled for elective FESS. Written informed consent was obtained from all
patients. Patients with a history of uncontrolled hypertension, autonomic neuropathy, American Society of Anesthesiologists physical status III or IV, hepatorenal dysfunction,
coagulation disorders, recurrent sinus surgery, and hyperwww.anesth-pain-med.org
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Enrollment

0.25 mg alprazolam tablet and 150 mg ranitidine tablet orally at night and in the morning (2 h before) on the day of surgery.
After transporting the patient to the operating room, a
multipara monitor with noninvasive blood pressure, fivelead electrocardiography, and pulse oximetry trackers was
attached, and baseline parameters were recorded. Two intravenous lines with 18- or 20-gauze intravenous cannulas
were secured at two different positions, one of which was
used for infusion of the study drug and another for infusion
of intravenous fluid or other anesthetic drugs. All patients
were administered intravenous morphine 0.1 mg/kg for analgesia and glycopyrrolate 0.004 mg/kg as an antisecretory
agent. After preoxygenation, induction was performed with
intravenous propofol 1.5–2.5 mg/kg until loss of eyelash reflexes, and tracheal intubation was achieved under intravenous vecuronium 0.1 mg/kg. Anesthesia was maintained
with one minimum alveolar concentration of isoflurane with
nitrous oxide and oxygen mixture (60:40), and the top-up

Assessed for eligibility (n = 80)

Excluded (n = 5)
· Not meeting inclusion criteria (n = 0)
· Declined to participate (n = 0)
Randomized (n = 80)

Allocation

Allocated to group P (propofol) intervention (n = 40)
· Received allocated intervention (n = 40)
· Did not receive allocated intervention (n = 0)

Allocated to group D (dexmedetomidine)
intervention (n = 40)
· Received allocated intervention (n = 40)
· Did not receive allocated intervention (n = 0)

Follow-Up
Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Lost to follow-up (give reasons) (n = 0)
Discontinued intervention (n = 0)
Analysis

Analysed (n = 40)
· Excluded from analysis (n = 0)

Analysed (n = 40)
· Excluded from analysis (n = 0)

Fig. 1. CONSORT flow diagram. CONSORT: consolidated standards of reporting trials.
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sensitivity to study drugs and pregnant patients were excluded from the study. A total of 80 patients were randomly allocated into two groups (40 patients each) using a computer-generated randomization program in a simple randomization manner (Fig. 1). Eighty sealed envelopes were prepared comprising two drug codes (40 each), that is, P and D,
for concealment of randomization by a designated consultant (not included in the study protocol), who opened it just
before the start of the study and prepared all the drugs in
identical syringes as per the code in the envelope. Double
blinding was performed in such a manner that the anesthesiologist who recorded the study variables was blinded, and
a different anesthesiologist administered the anesthesia.
The attending anesthesiologists kept a record of the patients
along with the codes of the syringes given to them, which
were divulged on completion of the study in all 80 cases. A
routine preanesthetic checkup was performed a day before
surgery, and all eligible patients were advised preoperative
fasting for a minimum of 6 h and were premedicated with

Anesth Pain Med Vol. 17 No. 3

doses of vecuronium were given as and when required to
maintain muscle relaxation. All patients in group P received
propofol infusion of 100– 200 µg/kg/min after induction of
anesthesia, and those in group D received a loading dose of
dexmedetomidine at 1 µg/kg over 10 min after induction of
anesthesia, which was followed by a maintenance infusion
of 0.4–0.8 µg/kg/h. The infusion rate of the study drugs was
regulated in both groups to maintain a mean arterial blood
pressure between 60 and 70 mmHg. To further reduce the
amount of surgical bleeding, lignocaine (1%) with 1:100,000
adrenaline was infiltrated at the surgical site by the surgeon
in all patients. The surgeon was allowed to start surgery only
after 10 min of starting the infusion in both groups. Intraoperative hemodynamic parameters such as heart rate (HR),
systolic blood pressure, diastolic blood pressure, MAP, and
oxygen saturation (SpO2) were recorded at baseline, during
induction, 5 min after induction, and every 5 min thereafter
until the end of surgery. HR < 50 beats/min was considered
bradycardia and managed with 0.5 mg atropine intravenously. MAP < 60 mmHg (significant hypotension) was initially managed by titrating the dosage of infusion and further
stoppage of infusion if no response was obtained, and then
mephentermine 6 mg intravenously was administered to
treat hypotension. The study drug was discontinued 5 min
before the end of surgery. The residual neuromuscular
blockade was reversed with intravenous neostigmine 0.05
mg/kg and glycopyrrolate 0.008 mg/kg, and extubation was
performed when the patient was fully awake and breathing
regularly with adequate tidal volume. Recovery time, that is,
time taken from cessation of anesthesia until the patient
obeyed verbal commands, was noted at every 2-min interval. The duration of surgery was also recorded. The volume
of intraoperative blood loss was estimated on the basis of the
volume of blood in the suction bottle minus the irrigation
fluid and the volume of the total blood-soaked patties (5 ml
for each soaked patty). In the present study, one otorhinolaryngology surgeon consented to perform FESS in every
patient, and he was informed about the grading of the surgical field preoperatively. The surgeon was blinded to the information on the anesthesia drug being investigated, and he
provided numerical assessments of the operative conditions
with respect to the amount of bleeding and its effect on visibility based on the scale described by Fromme et al. [12] and
Boezaart et al. [13]. The visibility of the surgical field was
scored as follows: 0 = no bleeding; 1 = slight bleeding,
blood evacuation not necessary; 2 = mild bleeding, occasional suctioning without interference of the surgical field; 3
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= moderate bleeding, suctioning usually used (bleeding
threatens the surgical field but improves after suctioning); 4
= heavy bleeding, suctioning is frequently used (bleeding
threatens the surgical field directly after suction is removed);
and 5 = severe bleeding (bleeding appears faster than suctioning and is uncontrollable). Perioperative complications,
such as hypotension, hypertension (MAP > 90), tachycardia
(HR > 100/min), bradycardia, or hypoxemia (SpO2 < 94%),
and sedation were also noted.

Statistical analysis
Prior to the study, a power analysis was performed to calculate the necessary number of patients in each group based
on intraoperative blood loss (primary outcome) where 10
pilot cases were conducted in each group (not included in
the study), and it was found that intraoperative blood loss
was 80 ± 15.25 ml and 103 ± 14.25 ml in groups D and P, respectively. Therefore, for better validity of the results, a maximum of 40 patients per group were enrolled, with a power
of 80%, alpha error of 0.05, and beta error of 0.2. After completion of the study, data were compiled and analyzed using the Statistical Package of Social Sciences (version 17.0,
SPSS Inc., USA). The Kolmogorov–Smirnov test was used to
verify the normal distribution of continuous variables. Continuous variables are expressed as mean ± standard deviation. Normally distributed continuous variables were compared using Student’s unpaired t-test. Categorical data were
analyzed using the chi-square test or Fisher’s exact test, as
appropriate. Statistical significance was set at P < 0.05.

RESULTS
Regarding demographic parameters including age, sex,
weight, American Society of Anesthesiologists I/II status,
and duration of surgery, both groups were comparable without any statistically significant difference (Table 1). Intraoperatively, the estimated mean blood loss during FESS was
85.70 ± 18.56 ml in group D as compared to 100.73 ± 18.12
ml in group P, and this difference was highly significant (P =
0.001) (Fig. 2). The mean HR and MAP in group D were lower than those in group P at almost all-time intervals intraoperatively, and these differences were statistically significant
except preoperatively and during induction (Figs. 3, 4).
Moreover, both HR and MAP were significantly decreased (P
< 0.05) in both groups after administering a loading dose of
the study drugs as compared to baseline. Regarding visibility
www.anesth-pain-med.org
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Table 1. Demographic Data and Duration of Surgery
Group D (n = 40)
36.18 ± 2.54
63.45 ± 8.16
109.50 ± 9.11
19/21
36/4

Group P (n = 40)
38.30 ± 7.42
66.57 ± 8.48
110.45 ± 10.02
20/20
35/5

P value
0.060
0.167
0.179
0.689
0.732

KSAP

Variable
Age (yr)
Weight (kg)
Duration of surgery (min)
Sex (M/F)
ASA physical status (I/II)

Values are presented as mean ± SD or number only. ASA, American Society of Anesthesiologists physical status. P > 0.05, not significant.

140

Blood loss (ml)

120
100
80
60
40
20
0

Group D

Group P

Fig. 2. Intraoperative mean blood loss (ml). Values are presented
as mean ± SD.

of the surgical field, both groups were comparable with
Fromme’s score of 1 in 10% of patients, 2 in 65% of patients,
and 3 in 25% of patients in group D and a score of 1 in 2.5%
of patients, 2 in 70% of patients, and 3 in 27.5% of patients in
group P with a mean Fromme–Boezaart score of 2.10 ± 0.44
and 2.28 ± 0.52 in groups D and P, respectively, and this difference was statistically insignificant (P > 0.05) (Table 2).
The recovery time was comparable in both groups with duration of recovery of 29.90 ± 1.92 min in group D and 29.12
± 2.52 min in group P (P > 0.05). Intraoperatively, only one
incidence of bradycardia and hypotension was observed in
group D (2.5%) compared to that in group P, which was
managed successfully. Postoperatively, no significant adverse effects were observed in either group, except sedation
in group D (2.5%), which was statistically and clinically insignificant.

DISCUSSION
For half a century, controlled hypotension has been used
to provide a satisfactory surgical field and reduce bleeding
with less need for blood transfusions in oromaxillofacial surgery, endoscopic sinus or middle ear microsurgery, spinal
www.anesth-pain-med.org

surgery, neurosurgery (aneurysm), and major orthopedic
surgery (hip or knee replacement, spinal). Newer agents and
techniques have recently been evaluated for their ability to
induce effective hypotension without impairing the perfusion of vital organs. During FESS, bleeding from the sinuses
is an important problem. Therefore, controlled hypotension
has a definitive role in FESS, as it reduces bleeding during
surgery and improves visibility of the surgical field. In the
present study, a target range of MAP of 60–70 mmHg was
used to achieve controlled hypotension in FESS, as performed by Aujla et al. [14] and Bajwa et al. [15], without any
significant perioperative adverse effects.
Several studies have compared dexmedetomidine with
other agents for hypotensive anesthesia, but very few have
directly compared it with propofol, especially in FESS. Moreover, continuous infusion of dexmedetomidine or propofol
was used in a specific dose range, whereas previous studies
mainly used bolus doses or fixed-dose infusions. We have
used a loading dose of dexmedetomidine of 1 µg/kg over 10
min, followed by a maintenance dose of 0.4–0.8 µg/kg/h, as
similar doses were used by Shams et al. [16] for controlled
hypotension in the FESS. In our study, a 100–200 µg/kg/min
dose of propofol infusion was used, as Ankichetty et al. [9]
also used propofol 200 µg/kg/min as loading dose and 133
µg/kg/min as maintenance dose in FESS patients to achieve
controlled hypotension. In another study by Salama [17],
propofol infusion was administered at a loading dose of 200
µg/kg/min followed by 100 µg/kg/min as the maintenance
dose. Therefore, a range of doses was chosen for both drugs,
so that infusion can be titrated according to the target MAP
value and adequate surgical field exposure could be maintained.
In our study, both drugs for hypotensive anesthesia were
compared with respect to blood loss during surgery, quality
of the surgical field (Fromme’s score), hemodynamic control,
recovery time, and any other significant adverse effects. We
found that although controlled hypotension was achieved
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Fig. 4. Intraoperative mean arterial pressure (MAP) (mmHg).
Table 2. Surgical Site Visibility Scoring Using the Fromme–Boezaart Scale
Score

Group D (number of patients)

Group P (number of patients)

0

0

0

1

4

1

2

26

28

3

10

11

4

0

0

5

0

0

P value (Mann–Whitney U test)
0.103

P > 0.05, not significant.

with both drugs, dexmedetomidine produced a more stable
hemodynamic with lower readings of MAP and HR as compared to that of propofol; moreover, the target MAP range,
i.e., 66.85 ± 1.63 mmHg in group D and 69.38 ± 1.69 mmHg
in group P, was achieved after 15 min of infusion onwards.
Similarly, a study conducted by Shah and Kulkarni [18] observing hemodynamic stability and operative field visibility
in 60 patients undergoing FESS using dexmedetomidine and
propofol infusion identified that the dexmedetomidine group
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showed better hemodynamic control with a lower HR and
MAP compared to that in the propofol group. Bajwa et al. [15]
also compared the efficacy of infusion of three different drugs
(nitroglycerine, esmolol, and dexmedetomidine) and found
that the mean HR was significantly lower (P < 0.05) in the
dexmedetomidine group than that in the other two groups.
The present study also found that intraoperative blood
loss was significantly lower in the dexmedetomidine group
than that in the propofol group. Similarly, Vineela et al. [19]
www.anesth-pain-med.org
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group, which was statistically insignificant. This was similarly observed in a study by Shah and Kulkarni [18], in which 2
of 60 patients developed bradycardia in the dexmedetomidine group and managed successfully. No other incidences
of hypotension, hypertension, or hypoxemia occurred in the
present study.
This study has a few limitations. First, invasive monitoring
for the MAP, which was not done in the present study, can
be used as a sensitive marker for monitoring hypotensive
anesthesia; however, a recent study concluded that it does
not aid in achieving lower target blood pressures [25]. Second, the method of blood loss measurement could be improved in the present study by performing calculations
based on hemoglobin values and total volume in the suction
canister, as done by Ahn et al. [21]. Third, the present study
used a target range of MAP (60–70 mmHg) to achieve controlled hypotension. However, it is sometimes recommended that hypotensive anesthesia needs to be adjusted in relation to the patient’s preoperative blood pressure and be limited to the level necessary to reduce bleeding in the surgical
field; however, how best to characterize controlled hypotension still remains unclear.
Both dexmedetomidine and propofol are efficacious and
safe drugs for facilitating controlled hypotension during
FESS in terms of improved surgical field, hemodynamic stability, and reduced blood loss; however, dexmedetomidine
provides better hemodynamic control and is associated with
lesser blood loss without any significant adverse effects.
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and Somayaji and Raveendra [20] also found lesser blood
loss with the use of dexmedetomidine during FESS. In another study, Ahn et al. [21], who used and compared target-controlled infusion of propofol versus sevoflurane (1–
3%) with continuous remifentanil infusion at 0.2 µg/kg/min
in endoscopic sinus surgery, observed significant reduction
in blood loss with propofol compared with sevoflurane.
Consequently, we observed that blood loss was decreased in
both groups (dexmedetomidine and propofol) individually
as well as in combination; therefore, we compared both
drugs for their usefulness in reducing blood loss during
FESS. A recent study by Bharathwaj and Kamath [22] also
compared dexmedetomidine and propofol infusion for controlled hypotensive anesthesia in 80 patients undergoing
FESS and found that blood loss was 83.75 ± 14.80 ml in the
dexmedetomidine group compared to that in the propofol
group where it was 96.25 ± 16.12 ml. These results are in
concordance with the present study but differ in that they
used fixed dosages for infusions (dexmedetomidine, loading
dose 0.5 µg/kg for 20 min, maintenance dose 0.3 µg/kg/h,
and propofol, started at 12 mg/kg/h for 10 min, then at 10
mg/kg/h for the next 10 min, and a maintenance dose of 8
mg/kg/h). Similarly in a study done by Shah and Kulkarni
[18], blood loss was also significantly lower in the dexmedetomidine group (81.67 ± 27.95 ml) than in the propofol
group (100.67 ± 32.47 ml). However, they used dexmedetomidine (0.5 µg/kg/h) and propofol (100 µg/kg/min) infusion
for maintenance only without any loading dose of dexmedetomidine.
In this study, the quality of surgical field exposure was assessed using the Fromme–Boezaart scoring system and was
found to be comparable in both groups. These results are in
agreement with those of the study conducted by Bharathwaj
and Kamath [22]. In another study of dexmedetomidine–
isoflurane and propofol–fentanyl for FESS in 60 patients, a
Fromme’s score of 2 or 3 was found in both groups, with no
statistically significant difference [23]. However, a study
done by Shah and Kulkarni [18] observed a better Fromme’s
score in the dexmedetomidine group with a mean value of
1.7 compared to a mean value of 2.2 in the propofol group,
and this difference in mean Fromme’s score in the dexmedetomidine group from our study may be due to the no fixed
target range of MAP. The recovery time in our study was
comparable in both groups, similar to the study by Moshiri
et al. [24]. Regarding adverse effects, a single episode of intraoperative bradycardia and hypotension was noted in the
dexmedetomidine group (2.5%) than that in the propofol
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Methods: This randomized double-blinded study involved 84 patients candidates for abdominal surgery into two same groups. In the magnesium group, at first 25 mg/kg/1 h
magnesium sulfate; and then, 100 mg/kg/24 h was infused in the intensive care unit.
The pain intensity (the primary outcome), was assessed using the numeric rating scale
(NRS) every 3 h. If the NRS was > 3, morphine (as a secondary outcome) was used and
evaluated. The results were analyzed using SPSS ver. 19 software, and statistical significance was set at P < 0.05.
Results: Demographic parameters were similar between the groups. The pain intensity were
similar at first and then at the third hour in both groups (P = 0.393 and P = 0.172, respectively), but thereafter between 6 and 24 h, the pain severity was significantly lower in the
magnesium group (4.4 ± 1.3 in the control and 3.34 ± 1 in the magnesium group at 6th
hour and P = 0.001). In addition, morphine intake in the first 24 h in the two groups had a
significant difference, with 13.2 ± 5.7 mg in control group and 8 ± 3.5 mg in magnesium
group (P = 0.001).
Conclusions: In this study, intravenous magnesium sulfate after abdominal surgeries for 24
h resolved the pain intensity after six hours and reduced morphine dosage.
Keywords: Magnesium sulfate; Morphine; Opioid; Postoperative pain.

INTRODUCTION

ative pain management improves the patient’s recovery time
and activity, and reduces the risk of thromboembolism. Furthermore, pain control leads to faster discharge in outpatient
surgeries and is one of the most critical parameters in the
enhanced recovery after surgery protocol [3].
According to numerous reports, magnesium sulfate has
analgesic effects and lowers opioid consumption [4–9]. Magnesium inhibits calcium channels and N-methyl-D-aspar-

Postoperative pain can cause many complications such as
restlessness, increased sympathetic activity, high blood
pressure, and tachycardia. Opioids are effective analgesics;
however, they produce unwanted side effects, such as respiratory depression, nausea, and vomiting. Nonopioid drugs
can decrease opioid usage and dependency [1,2]. Postoper-

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, 2022
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MATERIALS AND METHODS
This study is a randomized double-blinded clinical trial
conducted in the surgical intensive care unit (ICU) of the
university’s educational center. The local ethical committee
approved this study (no. IR.MUMS.MEDICAL.REC.980757
on 5/11/2019), and it was registered in the Iranian registration center (no. IRCT20210214050359N1 on 24/8/2021). In
this study, 84 patients who were candidates for major cancer
abdominal surgery with open laparotomy and American Society of Anesthesiologists physical status I–II were evaluated.
After acquiring the patients’ consent forms, they were randomly assigned to two groups (magnesium sulfate and control; allocation ratio 1:1) using an online random number table. In this study, 84 patients were recruited, but two patients
in the magnesium group refused to follow up (n = 2). The
remaining 82 patients fulfilled all the criteria and participated in the study. Each patient was allocated to a group using
a sealed envelope. Patients and nurses who assessed the patients were blinded to the study groups.
Patients with magnesium sulfate allergy, opioid dependency, addiction, neuromuscular disease, low ejection fraction ( < 40%), liver and kidney failure, and dissatisfaction
with participating in the study were excluded.
All the patients were monitored for blood pressure, electrocardiography, oxygen saturation, and capnography. In
both groups, the patients were induced with fentanyl (2 µg/
kg), 1 mg of midazolam, propofol (2–2.5 mg/kg), and atracurium (0.5 mg/kg). Anesthesia was maintained by propofol
infusion (100–150 µg/kg/min) and fentanyl bolus (1 mg/kg)
every half hour. After the surgery, neostigmine (0.04 mg/kg)
and atropine (0.02 mg/kg) were administered, endotracheal
tube was removed, and transfer to the recovery unit was
www.anesth-pain-med.org

done. Muscle relaxation status was carefully evaluated using
a 5-s head lift and grip strength maneuver before injecting
magnesium sulfate when they were awake. In the magnesium group, 25 mg/kg of magnesium sulfate was injected for
1 h. After ICU transfer, magnesium sulfate was infused with
100 mg/kg/d saline solution. In the control group, 15 ml/L
sterile distilled water was added to isotonic saline as placebo, and infused intravenously. The primary outcome was
pain intensity, which was evaluated using the NRS (0–10),
and the secondary outcome was opioid consumption, which
was observed every 3 h in 24 h period at the ICU. If the NRS
was > 3, morphine (0.02 mg/kg) was used to reduce pain.
No other analgesics were prescribed during the study period. In addition, all patients were monitored for magnesium
side effects, such as deep tendon reflex and respiratory rate,
every 3 h. Magnesium injection was stopped if any side effects such as bradypnea and muscle relaxation were observed.

Statistical methods
Using the G*Power V3.1 software and according to Kashefi
et al. [15], with an average NRS of 3.3, a reduction of 30%, an
alpha error 0.01 and 90% power, a sample size of 34 persons
in each group was obtained. Considering a 20% decline, 42
individuals were chosen from each group (a total of 84 participants). SPSS ver. 19 software (IBM Co., USA) was used for
data analysis, and a P value < 0.05 was significant. Chisquare and Fisher exact tests were used to compare
non-parametric data, and t -tests, Mann–Whitney tests, and
repeated measures analysis of variance (ANOVA) were used
to compare parametric data, such as NRS and morphine
dosage.

RESULTS
In total, 84 patients (42 in each group) participated in
this study from June 2021 to May 2021 in the surgical ICU
of the university hospital. Two patients in the magnesium
group were excluded from the study due to follow-up refusal (Fig. 1). Demographic data, such as age, sex, American
Society of Anesthesiologists physical status, BMI, and duration of surgery, were similar in both groups (Table 1).
The pain levels were evaluated using the NRS (0–10) every
3 h. After 6 h, there was a significant difference in pain intensity between the two groups (Table 2). At the beginning of
the study, the NRS levels were 4 ± 0.2 in the control group
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tate (NMDA) receptors for pain relief; however, the mechanism is unknown [10]. Magnesium sulfate is used for local
and regional anesthesia, intravenous injections, and oral
consumption [11–13]. However, magnesium can prolong
muscle relaxation, sedation, slow recovery time, dysrhythmia, and negative inotropic effects [5,14].
In some studies, the side effects of magnesium were higher than the pain-relieving effects; therefore, the analgesic effects require further evaluation [10,13]. In this study, we hypothesized that magnesium sulfate would reduce postsurgical pain and opioid consumption; therefore, we evaluated
the effect of magnesium sulfate on pain relief and opioid usage in abdominal surgery.

Anesth Pain Med Vol. 17 No. 3

Enrollment

Assessed for eligibility (n = 84)

Excluded (n = 0)

Randomized (n = 84)
Control group

Magnesium group
Allocation

Allocated to intervention (n = 42)
• Received allocated intervention (n = 42)
• Did not receive allocated intervention (give
reasons) (n = 0)

Allocated to intervention (n = 42)
• Received allocated intervention (n = 40)
• Did not receive allocated intervention (give
reasons) (n = 2)
Follow-Up

Lost to follow-up (give reasons) (n = 0)
Discontinued intervention (give reasons) (n = 0)

Lost to follow-up (give reasons) (n = 0)
Discontinued intervention (give reasons) (n = 0)
Analysis

Analyzed (n = 42)
• Excluded from analysis (give reasons) (n = 0)

Analyzed (n = 40)
• Excluded from analysis (give reasons) (n = 0)

Fig. 1. Consort flow diagram.

Table 1. Demographic Parameters and Operation Time
Parameters
Age (yr)
BMI (kg/m2)
Sex, F/M
ASA, I/II
Operation time (min)

Control group (n = 42)
57.2 ± 15.6
27.1 ± 3.2
27/15
35/7
215.2 ± 28.1

Magnesium group (n = 40)
54.8 ± 15.9
26.5 ± 3.2
23/17
31/9
228.3 ± 30.2

P value
0.861
0.722
0.648
0.584
0.427

Values are presented as mean ± SD or number only. BMI: body mass index, ASA: American Society of Anesthesiologists physical status.

Table 2. Pain Intensity at 24 h on Numeric Rating Scale (NRS)
NRS evaluation time
Initial
3rd hour
6th hour
9th hour
12th hour
15th hour
18th hour
21st hour
24th hour

Control group (n = 42)
4 ± 0.2
3.98 ± 0.2
4.4 ± 1.3
4.21 ± 1.5
4.28 ± 1.5
3.98 ± 1.3
3.67 ± 1.4
3.26 ± 1.2
3.05 ± 1.2

Magnesium group (n = 40)
3.8 ± 0.2
3.45 ± 0.2
3.34 ± 1
3.2 ± 1
2.98 ± 1.2
2.85 ± 0.9
1.37 ± 1
1.19 ± 1
1.16 ± 1

P value
0.393
0.172
0.001
0.009
0.012
0.043
0.021
0.022
0.033

Values are presented as mean ± SD.
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DISCUSSION
This study demonstrated that magnesium sulfate reduced
pain levels after 3 h in a major abdominal surgery, and there
were no unwanted side effects. In the first 3 h, no significant
difference was observed between the two groups, which
may be due to the persistence of the intraoperative analgesic
effect and peak delay effect of magnesium sulfate. In addition, it reduced the need for opioids, 24 h after surgery. In
our previous study, hypomagnesemia prevalence was 46.7%
in hospitalized patients in the ICU after the initial 24 h of
elective surgery [16]. A single dose of magnesium to correct
hypomagnesemia may decrease pain intensity.
Magnesium is a physiological inhibitor of calcium channels; however, its mechanism of pain relief remains unknown. It may also act as an analgesic by adjusting the flow
of calcium into the cell and may also serve as an antagonist
to the NMDA receptor. On the other hand, intraoperative
magnesium injection can lead to dangerous side effects,
such as prolonged muscle relaxant effects, prolonged recovery, and sometimes severe heart disturbances. The effects of
magnesium on the bispectral index (BIS) and sedation were
also studied, and it was shown that magnesium could significantly reduce BIS [12,14].
Magnesium sulfate has been used for analgesia in various
surgeries, such as hysterectomy, abdominal surgery, orthopedics, and the thorax, which reduces pain levels and opioid
usage [17–21]. Magnesium is used as a loading dose or infusion for regional anesthesia, intra-articular injection, and
oral administration after surgery [11–13]. Intra-articular injection of magnesium after arthroscopy helped patients to
www.anesth-pain-med.org
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and 3.8 ± 0.2 in the magnesium group (P = 0.393). After 3 h,
the NRS levels were 3.98 ± 0.2 in the control group and 3.45
± 0.2 in the magnesium group (P = 0.172). In subsequent
evaluations, the pain intensity in the magnesium group was
significantly lower than that in the control group (Fig. 2).
Additionally, the morphine intake after 1 h and 3 h
post-operation did not have a significant difference (P =
0.950, 0.451 respectively). However, morphine intake in the
magnesium group was lower than that in the control group
after 6 h. Subsequently, morphine dosage was lower in the
magnesium group in the first 24 h (13.2 ± 5.7 mg in the control group and 8 ± 3.5 mg in the magnesium group (P =
0.001). No considerable changes were observed in the hemodynamic condition, respiratory rate (P = 0.759), muscle
relaxation, and deep tendon reflex (P = 0.322).

NRS

Postoperative pain control
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Fig. 2. Pain intensity on 24 h with numeric rating scale (NRS).

move faster and reduce their pain [22]. Oral consumption of
magnesium results in reduced pain and trismus of the jaw
muscles after tooth removal [11]. In a meta-analysis study,
no significant difference was observed in the various methods of prescribing magnesium and its effectiveness in pain
relief. In addition, no difference was observed between total
magnesium consumption and reduced morphine intake
during the initial 24 h [23].
In a study conducted by Mehraeen et al., pre-anesthesia
injection of 25 and 50 mg/kg of magnesium sulfate did not
reduce pain levels during inguinal hernia surgery [24]. Subsequently, in another study conducted by Wilder-Smith et
al. [25], magnesium injection before hysterectomy did not
affect postoperative pain levels. In a study on knee arthroscopy, the bolus and infusion of magnesium sulfate were not
adequate for pain relief [26]. In a study on children, magnesium injection did not affect pain levels and sedation [27].
The difference between these findings and those of our
study may be due to the type of surgery, time, method, and
magnesium dosage.
In this study, we evaluated the effects of magnesium on
hemodynamic and muscle relaxation. No significant side effects, such as muscle relaxation or cardiovascular complications, were observed during the initial 24 h of the surgery.
No significant differences were observed between studies on
magnesium side effects such as muscle relaxation and hypotension [23]. However, in some studies, bradycardia was
more common in the magnesium group but without hemodynamic instability [28,29]. In a research conducted on
10,000 pregnant women with preeclampsia, no side effects
from high doses of magnesium (28 g) were observed in the
first 24 h [30].
One of the limitations of this study was the small sample
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size. Also, the pain control methods were applied only in
painful and complicated abdominal surgeries. Consequently, the study included ICU patients who required more sedatives.
In conclusion, prescribing magnesium in the form of bolus and infusion in the ICU can reduce pain levels and morphine dosage, during the first 24 h after abdominal surgery,
which does not result to any significant complications. However, owing to these limitations, further evaluation is necessary to determine the effectiveness of magnesium sulfate in
pain control.
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Background: Magnetic resonance imaging (MRI) is a useful tool, but it can be difficult to
perform in those with claustrophobia as it requires being enclosed in a noisy cylindrical
space. Being in the prone position is essential to spread breast tissue. However, sedation in
a prone position is challenging because of the possibility of respiratory depression and the
difficulty in manipulating the airway.
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Case: Four patients with claustrophobia were sedated using dexmedetomidine, has minimal
effect on respiration. Dexmedetomidine also enables the patient’s cooperation in assuming
the prone position while infusing loading time. But dexmedetomidine requires a longer time
to reach moderate sedation, an intermittent bolus of midazolam was required for rapid induction of moderate sedation. All exams were conducted successfully without any complications.
Conclusions: Administering dexmedetomidine and a midazolam bolus at the appropriate
dose and timing will render MRI examinations in the prone position safe and satisfactory,
without respiratory complications.
Keywords: Case report; Conscious sedation; Magnetic resonance imaging; Patient safety;
Prone position.

Magnetic resonance imaging (MRI) is a useful diagnostic
imaging tool, but premature termination of MRI examinations due to claustrophobia is quite common. Sedation is essential to complete the examination for them [1,2]. Breast
MRI takes more than 30 min to complete and requires the
patient to be in a prone position, essential for identifying the
exact location of a lesion by spreading the breast tissue. Sedation in the prone position can increase the risk of respiratory complications [3], and simple manipulations such as
jaw-thrust maneuver or insertion into the oral or nasal airway are not possible; thus, more attention is required to

maintain patient safety. In addition to the risk of cardiorespiratory complications due to sedation, sedation in an MRI
suite has several risks, such as impaired immediate access to
the patient for intervention and inability to use the standard
airway equipment, such as standard laryngoscopes, videoscopes, or other devices assisting airway access, due to the
magnetic field.
Dexmedetomidine acts on the alpha-2 receptor to produce a natural sleep-like condition [4], and is thus used for
MRI sedation in patients with claustrophobia [5,6]. Moreover, because dexmedetomdine has little effect on respira-

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
Publication of this case reports was approved by the Institutional Review Board (no. 2020-04-027) and the requirement for informed consent was waived because all data
were obtained by retrospective chart review.

Case 1
The patient was a 59-year-old female with hypertension
and very severe claustrophobia (height, 153 cm; weight, 66
kg; body mass index [BMI], 28.2 kg/m2). After baseline vital
signs were measured, dexmedetomidine (Dextomine®, Hanlim Parmaceuticals Inc., Korea) infusion was started at a
loading dose of 1 μg/kg over 10 min using a syringe pump.
Oxygen was supplied via a nasal cannula at a rate of 5 L/min.
She complained of anxiety when in the prone position but
managed to place her breast within the recesses of an
8-channel breast coil® (GE Healthcare, USA) (Fig. 1). However, she could not tolerate placing her face on the head rest of
the coil; thus, 1 mg midazolam (Vascam®, Hana Pharmaceuticals, Korea) was administered to induce rapid sedation effect. After injection of midazolam, her Modified Observer’s
Assessment of Alertness/Sedation (MOAA/S) scale became
3. The total preparation time was 13 min. After the loading
dose, continuous infusion of dexmedetomidine was maintained at 0.6 μg/kg/h. Initially the noise of the machine
caused the patient to move, so an additional 1 mg midazolam was administered. There were no bradycardia or hypotension events during MRI, and regular self-respiration was
confirmed by end-tidal CO2 monitoring using capnography
(Expression MR200®, Philips Heathcare, USA). The total exwww.anesth-pain-med.org

amination time was 40 min, and total anesthesia time was
55 min. At the end of the MRI examination, her MOAA/S
scale was 3, and self-respiration was well maintained; therefore, she was transported to the post-anesthesia care unit
(PACU) and discharged without any complications after recovering for 55 min in the PACU.

Case 2
The patient was a 54-year-old female without underlying
disease (height, 163 cm; weight, 47 kg; BMI, 17.7 kg/m2). She
complained of anxiety and fear about the MRI examination
but was more cooperative than the previous patient. Similar
to the previous sedation, the same dose of dexmedetomidine was infused while in the prone position. Because the
posture was completed within 5 min and her MOAA/S scale
was 5, 2 mg midazolam was administered for rapid induction of sedation. Even though her MOAA/S scale became 2,
she showed movement due to noise of the MRI, so an additional 1 mg of midazolam was administered. After that,
self-respiration was well maintained without any complications until the examination was completed. The total examination time was 45 min, and total anesthesia time was 55
min. She was transported to the PACU, but after 30 min, she
experienced asymptomatic hypotension (systolic blood
pressure < 80 mmHg) despite having a MOAA/S scale of 5.
Ephedrine (5 mg) was administered twice, and she was discharged after recovering for 70 min in the PACU.

Case 3
The patient was a 41-year-old female without underlying
disease (height, 165 cm; weight, 59 kg; BMI, 21.7 kg/m2). Se-

Fig. 1. Patient position assist device for breast MRI, including
an 8-channel breast coil® (GE Healthcare, USA). MRI: magnetic
resonance imaging.
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tion [3,4,6,7], it can be used in pediatric patients [8,9] or patients with respiratory problems [10,11], even in the prone
position [3].
However, the onset of sedation is slow [5,9], so the use of
dexmedetomidine for ambulatory sedation is limited [12].
Also, dexmedetomidine can achieve moderate and arousable sedation, careful attention is required during examination because loud noises in the MRI machine can be an irritating and awakening stimulus. For these reasons, we administered rescue midazolam instead of increasing the infusion rate of dexmedetomidine. We report our experience
with four cases of MRI-associated claustrophobia during examination of the breast under monitored anesthesia care
using dexmedetomidine and midazolam.

Anesth Pain Med Vol. 17 No. 3

dation was considered due to anxiety and fear during her previous breast MRI examination. As in the previous cases, the
same dose of dexmedetomidine was administered, with a total
preparation time of 13 min. At 10 min of loading dose, her
MOAA/S scale was 4, so 1 mg midazolam was administered.
However, an additional 1 mg midazolam was required because
her MOAA/S scale did not decrease. Once an MOAA/S scale of
2 was confirmed, the MRI examination was started. Self-respiration was well maintained without complications. The total
examination time was 47 min, and total anesthesia time was
60 min. Immediately after completing the examination, her
MOAA/S scale was 4, but she did not complain of any discomfort. The patient was discharged without complications after
recovering for 32 min in the PACU.

Case 4
The patient was a 52-year-old female with hypertension
and ulcerative colitis (height, 158 cm; weight, 59 kg; BMI,
23.6 kg/m2). She requested sedation due to claustrophobia,
so a loading dose of dexmedetomidine (1 µg/kg) was infused
while in the prone position. The total preparation time was
10 min, but 10 min after the loading dose, her MOAA/S scale
was 5, so an additional 2 mg midazolam was administered
for rapid sedation. An additional 1 mg of midazolam was administered before the start of examination to prevent movement from noise despite a MOAA/S scale of 3. Self-respiration was well maintained without any complications, but the
continuous dose of dexmedetomidine was increased from

0.6 µg/kg/h to 0.7 µg/kg/h due to slight movement at the
end of the examination. The total examination time was 50
min and the total anesthesia time 65 min. After completing
the examination, the MOAA/S scale was 3, and she was discharged without complications after recovering for 25 min
in the PACU.

DISCUSSION
In our center, a moderate level of sedation is considered
appropriate for successful breast MRI examination, and this
was measured using MOAA/S scale, with a target scale of 2
or 3 according to our center’s sedation guideline. The use of
dexmedetomidine is increasing as it has minimal effect on
respiration. In our four cases (Table 1), it took an average
10.25 min (5–13 min) for completion of the posture (Table 2),
longer than the dexmedetomidine loading time of 10 min.
After assessing the level of sedation using MOAA/S scale,
rescue midazolam was required in all patient, because their
MOAA/S scales were 4 to 5 (corresponding to minimal sedation) immediately after the completion of posture. All patient were quickly sedated to an MOAA/S scale of 2 to 3 after
1–2 mg midazolam administration, with no respiratory complications. Continuous capnography monitoring could make
it possible to identify potential respiratory complications
such as apnea.
Several studies reported that it takes longer to reach the
target level of sedation with dexmedetomidine compared
with propofol [5,9]. However, dexmedetomidine is a more

Table 1. Demographic Data
Case no.
Case 1
Case 2
Case 3
Case 4

Sex
Female
Female
Female
Female

Age (yr)

Weight (kg)

Height (cm)

59

66

153

54

47

163

41

59

165

52

59

158

BMI (kg/m2)
28.2
17.7
21.7
23.6

Mallampati score ASA classification
Grade 2
ASA 2
Grade 2
ASA 1
Grade 1
ASA 1
Grade 1
ASA 2

ASA: American Society of Anesthesiologists, BMI: body mass index.
Table 2. Case Summary
Dexmedetomidine
Postural
Additional
examination Total anesthesia PACU stay
Case no. Loading dose Infusion dose preparation MOAA/S
midazolam for MOAA/S MRItime
scale
(min)
time (min)
time (min)
time (min)
induction (mg)
(µg/kg)
(µg/kg/h)
1
13
5
1
3
40
55
55
0.6
Case 1
1
5
5
2
2
45
55
70
2
0
6
Case
.
1
13
4
2
47
60
32
0.6
1+1
Case 3
1
10
5
2
3
50
65
20
0.6
Case 4
MOAA/S: modified observer’s assessment of alertness/sedation, MRI: magnetic resonance image, PACU: post-anesthesia care unit.

288

www.anesth-pain-med.org

Hyperekplexia with congenital heart disease: anesthetic concerns and management

www.anesth-pain-med.org

KSAP

appropriate drug than propofol for breast MRI, as it enables
the patient’s cooperation in assuming the prone position,
which is essential to allow the breast to fit into the coil recesses. Considering that the onset of sedation of dexmedetomidine was 10.71 min, reported by Loh et al. study [5], it
takes shorter time for completing the position than the onset
of sedation of dexmedetomidine in our cases. In patients
with claustrophobia, a slow induction of sedation may be a
drawback. These patients may find it difficult to place their
faces on the head rest. If the posture is completed faster than
expected, midazolam can be administered to induce a rapid
onset of sedation, as a rescue drug [6]. Bang et al. [13] reported that administering 0.025 mg/kg midazolam with 0.5 µg/
kg of dexmedetomidine was superior than 1 µg/kg of dexmedetomidine only. Bol et al. [14] found that the use of dexmedetomidine and midazolam together caused a synergistic
sedation effect with minor respiratory side effects in an animal study.
Dexmedetomidine is a highly selective alpha-2 receptor
agonist with sedative, anxiolytic, and sympatholytic effects.
Rapid administration of a loading dose of dexmedetomidine
alone may cause bradycardia and hypotension due to sympatholytic effect [6,15], whereas cardiovascular side effects
are reduced when using midazolam and dexmedetomidine
together [13,14]. Because the loading dose of dexmedetomidine was administered over 10 min by a syringe pump, no
bradycardia or hypotension events occurred during MRI examination in our cases. However, the asymptomatic hypotension in PACU in case 2 seemed to be caused by vasodilation at vascular endothelial cell, increased vagal activity, and
inhibition of sympathetic release with a low plasma level of
dexmedetomidine [4]. Therefore, routine monitoring of
blood pressure is needed after cessation of dexmedetomidine administration. If necessary, administration of a vasoconstrictor or sympathomimetics should also be considered.
There are several limitations in our case report. First, because MRI limits access to the patient, we were not able to
assess the patient’s level of sedation during the MRI examination. We could only evaluate the patient’s status according to movement, vital signs, and capnography from outside
of the MRI room (Fig. 2). Second, claustrophobia was assessed only according to subjective self-reported anxiety
and fear, rather than using objective diagnostic criteria for
claustrophobia. As the mental and psychological states of
the patient may have some effect on the success of sedation
and the drug doses, it is necessary to evaluate the patient using objective diagnostic criteria. Finally, evaluating the level

Fig. 2. Monitoring of patient and vital signs from outside the MRI
room. MRI: magnetic resonance imaging.

of sedation is somewhat subjective, so it was difficult to
quantify the amount of rescue midazolam because that was
left to the discretion of the anesthesiologists.
In conclusion, with careful assessment of the patient’s level of sedation, administration of the appropriate dose of dexmedetomidine, which has minimal effect on respiration,
and timing of rescue midazolam for rapid induction will
render MRI examination in the prone position safe and satisfactory, without respiratory complications. We administered dexmedetomidine at a loading dose of 1 µg/kg over 10
min, followed by a continuous dose of 0.6 µg/kg/h to sedate
patients with claustrophobia in the prone position. In order
to overcome a slow induction of sedation, 1–2 mg midazolam was administered, which resulted that all exams were
conducted successfully without respiratory complications.
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Case Report

Anesthetic management of cesarean delivery of
parturient with systemic lupus erythematosus
associated with pulmonary arterial hypertension
- A case report Saranya Lertkovit and Patchareya Nivatpumin
Department of Anesthesiology, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok,
Thailand

Background: Pulmonary hypertension in pregnancy is rare and leads to high maternal morbidity and mortality.
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Case: A 27-year-old parturient woman with a 31-week gestational age underwent cesarean
delivery under combined spinal-epidural anesthesia. She had systemic lupus erythematosus associated with severe pulmonary arterial hypertension. The operation was done in the
cardiac theatre along with meticulous invasive monitoring. Insertion of femoral artery and
femoral vein catheters for veno-arterial extracorporeal membrane oxygenation was done
before delivery as preparation for the potential emergency of a life-threatening form of decompensated cardiac failure. During the delivery, the patient suddenly developed increased
pulmonary arterial pressure. This was controlled by the continuous infusion of intravenous
milrinone.
Conclusions: We report the successful management of this patient in the perioperative period. For cases such as that reported here, we recommend multidisciplinary team collaboration coupled with invasive cardiovascular monitoring and scrupulous anesthetic management.
Keywords: Anesthesia; Cesarean section; Extracorporeal membrane oxygenation; Milrinone; Pulmonary arterial hypertension; Systemic lupus erythematosus.

Pulmonary hypertension (PH) is the condition of pulmonary vasoconstriction. It is diagnosed by right heart catheterization with a demonstrated mean pulmonary arterial
pressure (mPAP) of 20 mmHg or greater when measured at
rest by the Sixth World Symposium on Pulmonary Hypertension in 2018 [1] or greater than 25 mmHg at rest as per
the guidelines issued by the European Society of Cardiology
(ESC)/European Respiratory Society (ERS) in 2015 [2]. The
World Health Organization classifies PH into 5 groups. They
are: (1) pulmonary arterial hypertension (PAH); (2) PH due

to left heart disease; (3) PH due to chronic lung disease, hypoxia, or both; (4) PH due to chronic and pulmonary vascular thromboembolic disease; and (5) PH due to unclear or
multifactorial causes [3]. PH caused by systemic lupus erythematosus (SLE) is classified as Group 1. The effects of SLE
cause imbalances between vasodilators (prostacyclin, prostaglandin I2) and vasoconstrictors mediators (endothelin-1
and, thromboxane A2). This generates more vasoconstrictors, leading to vasoconstriction and hypoxia in the lungs
and overexpression of the hypoxia-inducible factor and
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erythropoietin. These effects subsequently produce an accumulation of inflammatory cells in the pulmonary arteries.
The cells aggravate the vascular remodeling process and
contribute to increases in pulmonary vascular resistance
(PVR) and PAH [4]. Although the incidence of PH during
pregnancy was found to be only 1.1:100,000, the maternal
mortality rate is very high (25–56%) [5,6]. This is due to
right-sided heart failure, pulmonary hypertensive crisis, pulmonary thromboembolism, or arrhythmias [7]. The physiological changes to the cardiovascular system during pregnancy, especially during the second and third trimesters, are
an increased blood volume, increased cardiac output, and
decreased PVR and systemic vascular resistance. These
changes affect patients with PH during pregnancy. An increasing volume overload of the right ventricle (RV) leads to
decompensation and heart failure. In early pregnancy, the
guidelines recommend giving early advice to terminate the
pregnancy [6]. Should the pregnancy be continued, a multidisciplinary team approach at a tertiary center ensures the
best clinical outcomes. The authors present a report of success in providing anesthesia for the cesarean delivery of a
parturient woman with SLE-associated PAH. The patient
provided written consent for the publication of this report.

CASE REPORT
A 27-year-old pregnant woman was referred to our hospital. She was G2P1A0, with a 31-week gestational age (at
March 2021). She weighed 60 kg and was 165 cm tall. Her
underlying disease, SLE, was diagnosed at the age of 11
years (15 years before this admission). The diagnostic criteria related to SLE included autoimmune hemolytic anemia,
lymphopenia, neutropenia, malar rash, oral ulcer, positive
anti-double-stranded DNA, positive antinuclear antibody,
and lupus nephritis with proteinuria. The woman was initially treated with prednisolone and hydroxychloroquine for
6 years until she achieved clinical remission with successful
tapering off of steroids. Until the age of 18 years (9 years
ago), the sole symptom of SLE was her becoming easily fatigued. In 2012, a transthoracic echocardiograph and a right
heart catheterization with a pulmonary vasodilatation test
confirmed the diagnosis of PAH. The condition did not respond to nitric oxide (mPAP, 42.5 mmHg; pulmonary arterial
pressure [PAP], 50/38 mmHg; left ventricular ejection fraction, 68%; D-shaped left ventricle, right ventricular dilatation). Based on the woman’s clinical presentation, etiology,
and disease severity, the patient received only supportive
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therapies with aspirin (81 mg) to prevent a thrombotic event.
In 2019 (2 years before being referred to the hospital), she
became pregnant. No abnormality was apparent during the
pregnancy, and she gave vaginal delivery at the 38th gestational week. Subsequently, the progression of SLE and PAH
remained consistently stable, with a New York Heart Association classification of I. Six months before being referred to
the hospital, an SLE flare was detected by aggravated symptoms of progressive dyspnea, precipitated by 12 weeks of
gestation. For 3 weeks, the patient had dyspnea even on ordinary exertion, and her New York Heart Association classification rose to III. The patient was admitted to the respiratory intensive care unit due to severe shortness of breath at
the gestational age of 29 weeks.
On admission, the woman’s current medications were
prednisolone, azathioprine, hydroxychloroquine, aspirin,
methyldopa, folic acid, iron combined with iodine, and calcium carbonate. Cardiovascular and respiratory assessments by a cardiologist and pulmonologist revealed that the
patient’s symptoms had worsened from severe PAH and required targeted therapies. A transthoracic echocardiograph
showed normal systolic function; a left ventricular ejection
fraction of 58%; concentric left ventricular hypertrophy; abnormal septal motion due to volume and pressure loading
in the RV; dilation of the right atrium and RV with RV hypertrophy; a normal RV systolic function (assessed by a tricuspid annular plane systolic excursion of 19 mm); marked pulmonary artery dilatation; moderate tricuspid and pulmonic
regurgitation with PAH; a PAP of 59/20 mmHg; an mPAP of
45 mmHg; and no intracardiac shunt. A pulmonary artery
(PA) catheter was placed on hospital day 4 to guide treatment. The parameter values detected by the catheter were
as follows: PAP, 68/17 mmHg; mPAP, 37 mmHg; pulmonary
capillary wedge pressure, 13 mmHg; cardiac output, 5.9 L/
min; cardiac index, 3.68 L/min/m2; and stroke volume, 76
ml/beat (Table 1). Meanwhile, hemodynamic stability was
achieved: her blood pressure was 138/85 mmHg; the pulse
rate was 80 beats/min; and her respiratory rate was 18
times/min. A complete blood count showed hemodilutional
anemia with hematocrit of 26.4%; other blood-chemistry
and coagulation values were within normal limits. In addition, a chest X-ray revealed a marked increase in the size of
her heart, a prominent pulmonary trunk with pulmonary
edema, proper positioning of the tip of the PA catheter, and
moderate pleural effusion (Fig. 1).
The patient was informed that it was considered necessary
to control her PAP by administering pulmonary vasodilators.
www.anesth-pain-med.org
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Table 1. Patient’s Cardiac Monitoring Parameters during the Pre- and Intraoperative Periods
Parameters

Initial in operating
room

138

160

85
80

Intraoperative period*
After anesthesia (CSE)
Time 1
Time 2

After delivery
Time3

Time 4

140

160

160

166

90

80

70

80

78

74

84

80

90

90

13

22

22

26

11

12

68/17

66/25

60/22

88/37

67/22

76/26

13

9

3.68

5.0

NA
5.5

NA
5.4

NA
5.1

4.9

1031

1078

997

900

884

718

KSOA

SBP
DBP
HR
CVP
PAP
PCWP
CI
SVR

Preoperative
period

NA

2

CI: cardiac index (L/min/m ), CSE: combined spinal-epidural, CVP: central venous pressure (mmHg), DBP: diastolic blood pressure (mmHg),
HR: heart rate (beats/min), PAP: pulmonary arterial pressure (mmHg), PCWP: pulmonary capillary wedge pressure (mmHg), SBP: systolic
blood pressure (mmHg), SVR: systemic vascular resistance (dynes/s/cm–5), NA: not available. Time 1 = 5 min after combined spinalepidural anesthesia administration. Time 2 = 20 min after combined spinal-epidural anesthesia administration. Time 3 = immediately after
delivery. Time 4 = 15 min after delivery. *Parameter measurement by EV1000.

Fig. 1. Preoperative chest radiograph.

She was also warned that their use might have a negative
impact on the fetus. After giving consideration, the patient
consented to the treatment. Subsequently, 40 mg of sildenafil was taken every 8 h and iloprost (Ventavis®, Bayer, Germany) was inhaled every 3 h using a standard delivery technique. Adjuvant therapies were oxygen administration and
restricted fluid intake by balancing input and output. The
intravenous steroid dexamethasone was given to accelerate
fetal lung maturation. The patient developed premature
www.anesth-pain-med.org

uterine contractions on hospital day 9; these were suppressed through the administration of tocolytic oral nifedipine (5 mg) every 6 h.
Given that the case involved a high-risk pregnancy, a multidisciplinary team (obstetricians, cardiologists, pulmonologists, cardiac surgeons, and obstetric anesthesiologists) was
established on hospital day 10 to optimize the timing and location of the delivery. All members agreed with the scheduling of an elective cesarean delivery in the cardiac operating
theatre during the 31st gestational week with preparing for
the veno-arterial extracorporeal membrane oxygenation
(ECMO) circuit by insertion the introducer sheath before cesarean delivery. The authors and the multidisciplinary team
prepared the blood components for intraoperative bleeding
(4 units of packed red cells, 6 units of platelet concentrate,
and 1,000 ml of fresh frozen plasma). Iloprost inhaler, sildenafil, and hydrocortisone were used as preoperative medications on the day of surgery.
In the cardiac operating theatre, standard monitors were
used (5-lead electrocardiogram, urine output, temperature,
and pulse oximetry). The patient’s vital signs were as follows:
heart rate, 75 beats/min; blood pressure, 153/93 mmHg; respiratory rate, 20 breaths/min; body temperature, 36.8°C;
and oxygen saturation, 96%. Oxygen was given at 3 L/min
via nasal cannula. Before starting the anesthesia, a left-radial
artery catheter was performed under local anesthesia for
continuous arterial blood pressure monitoring. One largebore volume line (18-gauge) was placed. Continuous PAP,
central venous monitoring, and a central venous line for vasopressors/inotropes were employed via the previously in-
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serted PA catheter. The cardiac output monitoring was done
via a FloTrac Sensor EV1000 Clinical Platform (Edwards
Lifesciences Corp., USA), which provided valuable data on
continuous cardiac output, cardiac index, systemic vascular
resistance, and stroke volume (Table 1). As to cardiovascular
support, an inotropic drug (dobutamine) and vasopressors
(norepinephrine and phenylephrine) were on hand in the
operating room. Vigilance for pulmonary hypertensive crisis
was crucial, and iloprost and milrinone were selected as
pulmonary vasodilators to deal with this event. Combined
spinal-epidural anesthesia was performed at the L3–4 intervertebral space, with the patient in the lateral position. The
patient received 0.5% heavy bupivacaine (4 mg; 0.8 ml), fentanyl (20 μg), and morphine (200 μg). To avoid the use of an
intravascular injection, 2% xylocaine with 1:200,000 adrenaline (3 ml) was given as a test dose. The patient was then
placed in the supine position with a left tilt. After performing
the combined spinal-epidural anesthesia, the patient’s
blood pressure was 140/80 mmHg, PAP was 60/22 mmHg,
and heart rate was 84 beats/min. Anesthetic level was
achieved to the 10th thoracic dermatome (T10). Before the
cesarean delivery and tubal sterilization were performed,
the cardiac surgeon opened the right groin to place an introducer sheath. It facilitated the insertion of a veno-arterial
ECMO cannula, which would be used in the event of decompensated cardiac failure (Fig. 2). Meanwhile, epidural
agents were administered incrementally over a 30-min period. It consisted of a local anesthetic agent (up to 15 ml of 2%
xylocaine), 1:200,000 adrenaline, and fentanyl (30 μg). The

patient then achieved an adequate anesthetic level to the
4th thoracic dermatome (T4). During surgery but before the
fetal delivery, the PAP suddenly increased from 60/22 to
88/37 mmHg but with a stable systolic blood pressure. To reduce the PVR, milrinone (Primacor®, Sanofi-Synthelabo Inc,
USA) was initially given at 0.3 μg/kg/min, with incremental
adjustments of 0.5 μg/kg/min to reduce PVR. The PAP subsequently dropped slightly to between 67–76/22–26 mmHg.
The patient’s cardiac monitoring parameters are listed in Table 1.
After performing anesthesia, the entire operation duration
was 1 h and 5 min. The estimated blood loss was 300 ml. The
central venous pressure dropped from 26 to 12 mmHg, the
cardiac index decreased from 5.5 to 4.9 L/min/m2, and the
systemic vascular resistance changed from 1,078 to 718
dynes/s/cm-5. This set of values indicates that the hypovolemic state occurred from acute blood loss and preoperative
anemia. However, the patient’s blood pressure remained
stable at around 140–170/70–90 mmHg, with her heart rate
at 70–90 beats/min. One unit of packed red cells (287 ml)
and 700 ml of Ringer’s lactate solution were administered.
After delivery of a baby girl (birthweight, 1,540 grams; Apgar
scores of 8 and 9), no oxytocin bolus was given. The patient
received oxytocin (40 units) in Ringer’s lactate (1,000 ml) at a
continuous intravenous infusion rate of 100 ml/h. After surgery, the patient was transferred to the respiratory intensive
care unit. To manage postoperative pain, patient-controlled
epidural analgesia was used, together with bupivacaine
(0.05%) and morphine (0.02 mg/ml). Eight hours after surgery, diuresis was enhanced with furosemide due to increased pulmonary infiltration (Fig. 3). Sildenafil was resumed. Milrinone was discontinued on postoperative day 3.
Prophylactic anticoagulation was achieved with enoxaparin
after the epidural catheter was removed on postoperative
day 3. The patient was discharged from the hospital on postoperative day 11.

DISCUSSION

Fig. 2. A cardiac surgeon inserted an introducer sheath for ECMO
to the right groin after spinal-epidural anesthesia was performed;
before starting cesarean delivery. ECMO: extracorporeal membrane
oxygenation.
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Pregnant women with PAH who are undergoing cesarean
deliveries are very high-risk cases. The anesthetic goal is to
balance the systemic arterial pressure and PAP, as a lower
systemic arterial pressure will compromise RV perfusion, resulting in RV failure. Hypoxia, hypercarbia, metabolic acidosis, sympathetic stimulation, and pain contribute to an increase in PAP, which leads to a PAH crisis and RV failure [8].
RV failure is characterized by an elevated RV filling preswww.anesth-pain-med.org
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sure ( > 8 mmHg) and a low cardiac index ( < 2.5 L/min/m2)
[6]. The probability of cardiovascular collapse during surgery is based on the preoperative determination of a poor
functional class [6]. Immediately after delivery, autotransfusion leads to increased venous return, cardiac output, and
PAP. These contribute to a heightening of the risk of ventricular overload, heart failure, and death in the operating room
[8]. Thus, the surgery for these patients should be performed
in a cardiac operating theatre. This will ensure that immediate support is available for the patient’s cardiovascular system, for example, extracorporeal membrane oxygenation,
which is generally reserved for decompensated heart failure.
The decision to use general anesthesia or regional anesthesia depends on a patient’s preoperative status. Both can have
a detrimental impact on RV dysfunction. Anesthesiologists
should therefore give careful consideration to the selection
of the anesthetic technique to be employed, ensuring to balance the respective risks and benefits, and always be prepared for the possibility of precarious situations [8]. In the
case of a cesarean delivery, the use of either an epidural anesthesia with slow incremental titration or a low-dosage of
combined spinal-epidural anesthesia is recommended [6,9].
Regional anesthesia reduces sympathetic nerve activity and
ensure adequate pain control by sensory blockage, thereby
attenuating the negative effects on the cardiovascular system. However, a single-shot spinal anesthesia is contraindiwww.anesth-pain-med.org
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Fig. 3. Postoperative chest radiograph.

cated as it may result in vasodilatation, producing severe hypotension. As a result, there is a significant reduction in systemic vascular resistance [3,10]. Because it is imperative to
promptly manage vasodilatation after the administration of
regional anesthesia, vasopressor agents such as phenylephrine or norepinephrine should be prepared.
General anesthesia is preferred in patients who are critically ill and need airway control, and when it is deemed possible to use intraoperative transesophageal echocardiography monitoring. This is because the sudden hemodynamic
change that can occur immediately after delivery can lead to
rapid decompensation. Furthermore, the obvious advantages of general anesthesia are firstly, the ability to control ventilation (which avoids the hypoxia or hypercarbia that may
precipitate an increase in PVR) and secondly, no effect on
perioperative anticoagulant management. However, the disadvantages of endotracheal tube insertion and positive pressure ventilation are an increasing intrathoracic pressure and
a rising PAP. These chiefly occur during intubation and extubation, which are when sympathetic nerve stimulation is the
greatest.
McMillan et al. [11] reported the case of a maternal death
within 24 h of a cesarean delivery under general anesthesia
in a woman with PH secondary to SLE.
Our patient had functional status III–IV with preserved RV
function. We therefore opted for combined spinal-epidural
anesthesia, meticulous hemodynamic monitoring, and titration of the epidural local anesthetic until an adequate anesthetic level was achieved. We were aware of the impact of
spinal anesthesia alone on the cardiovascular system, as decreased systemic vascular resistance can lead to vasodilation
and severe hypotension. Lin and Lu [12] reported 3 cases of
pregnant patients with severe idiopathic PAH who underwent cesarean delivery and received epidural anesthesia
with full monitoring. The researchers concluded that continuous epidural anesthesia is preferable to general anesthesia, and should be titrated to the 6th thoracic dermatome
(T6) to provide adequate analgesia with hemodynamic stability.
The greatest concern in the operating room is a pulmonary hypertensive crisis. The mechanism involves an abrupt
pulmonary vasoconstriction that causes the mPAP to exceed
the mean systemic arterial pressure, resulting in RV failure
and systemic hypotension [13]. Severe hypotension should
be aggressively treated by optimizing the cardiac preload
and the vasopressor infusion, while an inotropic drug
should be administered to deal with severe heart failure as-
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sociated with autotransfusion after delivery. We canulated
the veno-arterial ECMO at the femoral vessels to support the
cardiovascular system in the event of an RV failure. We also
prepared PAH-specific vasodilators (inhaled iloprost and intravenous milrinone).
Inhaled iloprost is classified as a prostacyclin analogue.
When coupled to prostanoid receptors, it causes vasodilation, decreases the mPAP and systemic vascular resistance,
and suppresses platelet aggregation. Inhaled iloprost is easily administered by an ultrasonic nebulizer and is generally
well tolerated. It is classified as a category C drug by the US
Food and Drug Administration (animal studies have demonstrated fetal adverse effects; no human studies; and potential benefits may warrant use of the drug) [14]. As to milrinone, it is a phosphodiesterase-3 inhibitor. It increases the
cyclic adenosine monophosphate levels of smooth muscle
cells, thereby reducing their contractile tone. Moreover, it
has positive inotropic properties which increase the cardiac
index and decrease the PVR [15]. Since it is classified as category C, it is not recommended for usage with pregnant or
lactating women. However, we decided to administer milrinone by intravenous infusion due to the high PAP during
surgery. For this patient, we deemed that the advantages of
using milrinone outweighed the possible side effects.
The cardiovascular effects of the uterotonic agents used
with this patient were a major concern. We avoided using a
bolus or a high concentration of oxytocin as the resulting decrease in systemic vascular resistance would result in a
marked fall in blood pressure. Other uterotonic agents (such
as methylergonovine and carboprost) are contraindicated as
they would result in pulmonary vasoconstriction, which
would be followed by an increase in the PAP and cardiovascular collapse [6].
This patient required intensive monitoring during the
postoperative period. She received furosemide due to an increase in her venous return on postoperative day 1. Given
that pain affects PAP, we managed her postoperative pain via
a patient-controlled epidural analgesia. The choice of regional anesthesia with an epidural catheter is superior to
general anesthesia for the control of pain after a cesarean
delivery.
In conclusion, a pregnancy with severe PAH increases the
risk of maternal morbidity and mortality. Thus, patients
need to be closely monitored, and delivery should be carried
out at a tertiary-care center by a multidisciplinary team. Clinicians must be fully cognizant of the physiological changes
during the peripartum period, and be prepared for the pos-
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sible complications. Invasive cardiovascular monitoring and
scrupulous anesthetic management are essential. We recommend the intravenous infusion of milrinone perioperatively, which provides the dual benefits of lowered PVR and
increased cardiac contractility.
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Background: Reexpansion pulmonary edema is a rare but potentially lethal complication.
We report a case of suspected reexpansion pulmonary edema that led to cardiac arrest.
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Case: A 16-year-old male patient underwent wedge resection due to right pneumothorax.
The patient showed pink frothy sputum three hours following surgery, and a chest x-ray
showed right unilateral pulmonary edema. Thirteen hours following surgery, the patient continuously showed pink frothy sputum and presented with severe hypoxemia, tachypnea, and
tachycardia. After transferring to the intensive care unit (ICU), he developed ventricular
tachycardia. Cardiopulmonary resuscitation was performed for 32 min. Chest X-ray showed
diffuse bilateral pulmonary edema. Extracorporeal membrane oxygenation was performed.
During the 65 days of ICU care, the patient became mentally alert. However, follow-up echocardiography revealed severe heart failure.
Conclusions: Rexpansion pulmonary edema can rapidly progress to diffuse bilateral pulmonary edema. Therefore, careful observation is required for the patients who show signs of
pulmonary edema after reexpansion.
Keywords: Extracorporeal membrane oxygenation; Heart arrest; Pneumothorax; Pulmonary
edema.

Patients may develop pulmonary edema following thoracostomy tube insertion and elective wedge resection for
spontaneous pneumothorax that ultimately progresses to
diffuse bilateral pulmonary edema and cardiac arrest.
Among various differential diagnoses, reexpansion pulmonary edema is the most suspected diagnosis. Reexpansion
pulmonary edema is a rare but fatal complication of thoracostomy tube insertion. It can also occur after one-lung
ventilation [1]. Clinically, it can be suspected when the patient shows pink, frothy sputum with tachypnea, tachycar-

dia, and hypoxia. In general, patients show unilateral pulmonary edema on the ipsilateral side, and supportive care is
provided for management. However, severe cases can progress to bilateral pulmonary edema, which requires endotracheal intubation and mechanical ventilation.
However, our patient required extracorporeal membrane
oxygenation (ECMO) because supportive care was ineffective, and the patient was successfully resuscitated. Thus, we
report the case with a relevant literature review to contribute
to managing severe reexpansion pulmonary edema. Our In-
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stitutional Review Board (no. EMC 2021-05-007) approved
this case report and waived the requirement for written informed consent.

CASE REPORT

Fig. 1. Image shows 50% pneumothorax of right lung.
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A 16-year-old male patient (height 179 cm, weight 60.8 kg)
was admitted to the thoracic surgery department with a
complaint of sudden chest pain that occurred two days ago.
The patient had no medical history and was a never-smoker.
The patient was diagnosed with 50% right pneumothorax
(Fig. 1); hence, a 24 French thoracostomy tube was inserted
along with the application of 20 cmH2O negative pressure.
The patient was subsequently admitted for elective thoracoscopic wedge resection. Laboratory test and electrocardiogram (ECG) findings did not reveal any abnormalities, and
the patient’s American Society of Anesthesiologists physical
status classification was 1.
Vital signs measured immediately after arriving at the operating room were as follows: blood pressure (BP), 148/85
mmHg; heart rate (HR), 85 beats/min; SpO2, 100%; and temperature, 36.6°C. Total intravenous anesthesia was induced
using propofol and remifentanil for induction and maintenance. After the loss of consciousness, succinylcholine 100

mg was administered, and endotracheal intubation was performed using a 37 French left-sided double-lumen tube
(HumanBroncho®, Insung Medical, Korea) using a laryngoscope. While maintaining the fraction of inspired oxygen
(FiO2) at 0.5, mechanical ventilation was performed to maintain the end-tidal carbon dioxide (EtCO2) at 30–33 mmHg.
The peak airway pressure was maintained under 25 cmH2O.
Vecuronium (4 mg) was administered to maintain a neuromuscular blockade. During surgery, multiple bullae were
discovered in the apex and the posterior segments of the
right upper lobe. Therefore, wedge resection was performed.
When the surgical procedure was completed, a 10-s recruitment maneuver was performed twice with a peak airway
pressure of 30 cmH2O to reexpand the collapsed lung; the
surgery lasted 55 min and was completed without any complications. The total fluid infusion volume was 400 ml, including 300 ml of hydroxyethyl starch (Volulyte®, Fresenius
Kabi Deutschland GmbH, Germany) and 100 ml of Hartmann solution.
Immediately after the arrival at the post-anesthesia care
unit, the patient’s vital signs were as follows: BP, 161/112
mmHg; HR, 109 beats/min; SpO2, 95%; temperature, 36.5°C;
and respiration rate, 25 breaths/min. The patient complained of nausea immediately after arrival at the post-anesthesia care unit, which did not resolve after administration
of 0.075 mg of palonosetron hydrochloride (Aloxi®, Helsinn
Birex Pharmaceuticals Ltd., Ireland), and 5 mg of dexamethasone.
Approximately 10 min later, the patient vomited pink
frothy sputum several times (Fig. 2). After observing the patient for 60 min, the patient showed improvement in nausea,
and the vital signs with O2 5 L/min using an oxygen reserve
bag mask were as follows: BP, 145/88 mmHg; HR, 98 beats/
min; SpO2, 99%; temperature, 36.5°C; and respiration rate, 19
breaths/min. The patient’s Postanesthetic Alderte recovery
score was 9; hence, he was sent to the ward with continued
oxygen supplementation.
Chest radiography performed 3 h following surgery
showed right pulmonary edema (Fig. 3A), and the vital
signs were: BP, 154/90 mmHg; HR, 115 beats/min; SpO2,
95%; and temperature, 37.5°C. The patient was alert; however, he showed continuous agitation. In addition, a postoperative laboratory test revealed that the hemoglobin concentration had increased to 19.9 g/dl compared to 17.3 g/dl
before the surgery. Thirteen hours following surgery, the
patient continuously began to cough pink frothy sputum,
developed dyspnea, and presented with mental disorienta-
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Fig. 2. Pink frothy sputum.

A

tion. His vital signs were as follows: BP, 185/129 mmHg; HR,
191 beats/min; SpO2, 78%; and temperature, 39.2°C. The
patient’s extremities were pale, and although arterial blood
gas analysis was attempted, the radial artery pulse could
not be detected. Blood vessel puncture was successful;
however, only a trace amount of darkened blood was aspirated; hence, we thought that venous blood was sampled,
and the test was not performed. Endotracheal intubation
was performed immediately, and the patient was transferred to the intensive care unit. Thirty minutes later, SpO2
dropped to 45% at FiO2 of 0.6, with ECG showing ventricular
tachycardia; therefore, cardiopulmonary resuscitation
(CPR) was performed. While performing chest compressions, 1 mg of epinephrine was injected every three minutes
(total 10 mg), and recovery of spontaneous circulation
(ROSC) was achieved after five consecutive direct-current
cardioversion at 200 J. CPR was performed for 32 min. Chest
radiography performed after achieving ROSC showed diffuse bilateral pulmonary edema (Fig. 3B), and echocardiography revealed moderate left ventricular systolic dysfunction with global hypokinesia and a left ventricle ejection
fraction (LVEF) of 35%. Vital signs were BP, 61/48 mmHg;

B

Fig. 3. (A) Chest X-ray taken three hours following surgery showing right side limited unilateral pulmonary edema. (B) Thirteen hours
following surgery showing diffuse bilateral pulmonary edema.
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and HR, 152 beats/min. Thus, veno-veno-arterial ECMO
was performed via a femoral approach. For inotropic support, dopamine (20 μg/kg/min), dobutamine (20 μg/kg/
min), and epinephrine (0.4 μg/kg/min) were used in addition to norepinephrine (1.6 μg/kg/min) as a vasopressor. In
addition, there was no urine output even after 2 h of inserting a 14 French Foley catheter; thus, continuous renal replacement therapy (CRRT) was initiated, and continuous
veno-venous hemodiafiltration mode was used to enable
simultaneous hemodialysis and hemofiltration.
From post-operative day (POD) 3 to POD 11, the infusion
drugs were tapered with continuous supportive care and
blood transfusion (Fig. 4). ECMO was maintained at 4.4–4.6
L/min and terminated on POD 9. On POD 11, the patient’s
mental status improved from stupor to drowsy, and he regained orientation; motor grade improved to II, with the patient being able to obey commands. On POD 15, all the infu-

sion drugs were terminated, and the vital signs were BP,
130/62 mmHg; HR, 114 beats/min; SpO2, 100%; and temperature, 37.5°C (Fig. 4).
On POD 27, follow-up echocardiography revealed severe
left ventricular dysfunction with global hypokinesia, with a
further decrease in LVEF to 22%. On POD 44, urine output recovered to 1,645 ml/day, based on which CRRT was weaned.
His vital signs were stable. On POD 50, the patient became
alert, and extubation was performed on POD 55. On POD 66,
follow-up echocardiography revealed an LVEF of 20%.

DISCUSSION
When a patient shows clinical signs and chest radiography
of pulmonary edema, clinicians must differentiate the cause.
We suspected the following: Excessive fluid replacement,
negative pressure pulmonary edema, pulmonary thrombo-
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Fig. 4. Vital signs, extracorporeal membrane oxygenation (ECMO) flow, inotropic agent, vasopressor trends during ECMO institution.
(A-a) Heart rate (HR) (beats/min), (A-b) blood pressure (BP) (mm/Hg), (A-c) ECMO flow (L/min), (B-a) norepinephrine (μg/kg/min), (Bb) epinephrine (μg/kg/min), (B-c) dopamine (μg/kg/min), (B-d) dobutamine (μg/kg/min). Note that on postoperative day 9, not only
epinephrine, and norepinephrine, but also ECMO was terminated. ECMO was maintained for 7 days. After that, dopamine and dobutamine
were tapered while maintaining stable vital signs.
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embolism, reexpansion pulmonary edema.
There is a possibility that 400 ml of fluid over 55 min of
surgery may have caused pulmonary edema because a routine fluid replacement for nil-per os time is not required [2].
Negative pulmonary edema may also have occurred by upper airway obstruction. However, during extubation, we did
not observe the patient biting the endotracheal tube or increased peak airway pressure [3]. Also, pulmonary ischemia
caused by pulmonary thromboembolism could not be ruled
out; however, the patient did not complain of chest pain [4].
We assumed that the reexpansion pulmonary edema was
the most probable diagnosis. The patient had not only several risk factors of reexpansion pulmonary edema (16 years of
age, more than 50% of pneumothorax, 20 cmH2O of negative
pressure, one-lung ventilation), but also typical symptoms of
reexpansion pulmonary edema.
Reexpansion pulmonary edema is a rare condition with
an incidence of < 1%. It usually occurs in patients with
pneumothorax, pleural effusion, or severe atelectasis following the insertion of a thoracostomy tube [5]. Also, similar to
this case, there are several reports of reexpansion pulmonary
edema occurring after one-lung ventilation during thoracic
surgery [1,6]. More than half of the patients develop symptoms within an hour, while others develop symptoms within
24 h [5]. Patients present with tachypnea, tachycardia, and
hypoxia, and do not respond to oxygen therapy owing to the
shunt caused by fluid-filled alveoli. A large third space in the
lungs may also cause hypotension [7]. Most patients show
progressive unilateral pulmonary edema, and bilateral contralateral edema is uncommon. However, without proper
treatment, the contralateral lung may be involved. Risk factors for reexpansion pulmonary edema include persistent
pneumothorax for 7 days or longer, younger age (aged 20–39
years), pneumothorax > 30% of the lung field, and method
of reexpansion [8].
The pathophysiology of reexpansion pulmonary edema
remains unknown; however, it is believed that multiple factors act on the capillary bed and increase its permeability [9].
A recent study reported that inflammatory mediators, such
as interleukin-8 and monocyte chemoattractant protein-1,
are involved in pathogenesis [10].
Management of reexpansion pulmonary edema is generally supportive. Prompt recognition is important, and oxygen supplementation can help treat mild symptoms. In addition, most cases show unilateral pulmonary edema;
hence, the lateral decubitus position with the affected side
up could be beneficial [11]. There was also a report of symp-
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tomatic improvement in patients with severe reexpansion
pulmonary edema using methylprednisolone pulse therapy
(1,000 mg/day for 3 days) [12].
In the present case, the patient showed typical clinical features of reexpansion pulmonary edema after being transferred to the post-anesthesia care unit and was thus placed
under observation for an hour. He did not show any further
exacerbation of symptoms; hence, he was sent to the ward
with continued oxygen supplementation. A chest radiograph
taken 2 h after returning to the ward only showed right unilateral pulmonary edema; however, considering the worsening of tachycardia, tachypnea, and hypoxemia over a few
hours, rapid contralateral lung involvement should have
been considered.
The authors thought that his low alveolar PO2 caused by
fluid-filled alveoli might trigger hypoxic pulmonary vasoconstriction (HPV). HPV can aggravate pulmonary hypertension, resulting in rupture of the basement membrane
[13]. Furthermore, younger patients have higher cardiac autonomic function, represented by heart rate variability [14].
This can cause extravasation of fluid from capillaries and
worsen pulmonary edema. The patient’s hemoglobin concentration increased after surgery compared to the preoperative level (17.3 → 19.9 g/dl), confirming the extravasation.
Judging from these signs, we can assume the high possibility
of worsened reexpansion pulmonary edema, especially in
younger patients ( < 40 years). Therefore, even with mild reexpansion pulmonary edema, close monitoring and oxygen
supplementation are crucial.
Regarding his LVEF of 35% on POD 2, because the patient
had a metabolic equivalent of task score of 6 or higher before
the surgery, it is difficult to conclude that there was an unknown cardiopulmonary disease. According to one study, a
higher resting HR and temporal increase in HR increase the
risk of adverse outcomes [15]. Therefore, there is a possibility that the patient’s persistent tachycardia had caused stress
cardiomyopathy. Furthermore, CPR itself may have caused
irreversible myocardial damage.
The limitation of this case report is that although reexpansion pulmonary edema was suspected early on, it could have
been a better if there had been further evaluation such as
chest computed tomography or pulmonary perfusion scan
to rule out pulmonary thromboembolism. Furthermore, we
cannot confirm whether a respiratory failure led to cardiac
arrest because the patient did not receive preoperative cardiac evaluation due to his young age and no underlying diseases.
www.anesth-pain-med.org
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In conclusion, we discovered that reexpansion pulmonary
edema could quickly progress to diffuse bilateral pulmonary
edema even with mild symptoms. Thus, even patients with
mild reexpansion pulmonary edema must be closely monitored to ensure immediate treatment, and if necessary, appropriate treatment to lower autonomic function such as sedation should be provided. Furthermore, it should be noted
that prompt ECMO could be an option for improving the patient’s survival.
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Background: Post-reperfusion syndrome (PRS) results in sudden hemodynamic instability
following graft reperfusion. Although PRS is known to influence outcomes following liver
transplantation, little is known regarding the effects of anesthetics on PRS. This study investigated the association between the type of anesthetic agent and PRS in liver transplantation.
Methods: This single-center retrospective cohort study included patients who underwent liver transplantation between June 2016 and December 2019. Patients were divided into
sevoflurane and propofol groups according to the anesthetic agent used. Stabilized inverse
probability of treatment weighting (IPTW) analysis was performed to investigate the association between PRS identified based on blood pressure recordings and the type of anesthesia.
Associations between the anesthetic agent and the duration of hypotension as well as early
postoperative outcomes were also investigated.
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Results: Data were analyzed for 398 patients, 304 (76.4%) and 94 (23.6%) of whom were
anesthetized with propofol and sevoflurane, respectively. PRS developed in 40.7% of the
398 patients. Following stabilized IPTW analysis, the association with PRS was lower in the
sevoflurane group than in the propofol group (odds ratio, 0.47; P = 0.018). However, there
was no association between the type of anesthetic used and early postoperative outcomes.
Conclusions: The association of PRS was lower in the sevoflurane group than in the propofol group. However, there was no association between the type of anesthetic and the early
postoperative outcomes. Further studies are required to determine the optimal anesthetic
for liver transplantation.
Keywords: Liver transplantation; Propofol; Reperfusion; Sevoflurane.

INTRODUCTION

post-reperfusion syndrome (PRS), which results in sudden
cardiovascular depression following de-clamping of the portal vein, ranges from 12–77% [2]. PRS is known to increase intraoperative transfusion requirements as well as the length of
stay in the intensive care unit and overall hospital stay, and

Hemodynamic instability, which occurs frequently during
liver transplantation, is most severe, especially following
graft reperfusion [1]. The reported incidence of the
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several studies have demonstrated the major clinical impact
of PRS on morbidity and mortality in the recipient [3,4].
Known recipient-, donor-, and organ-related risk factors
for PRS include donor age, degree of macrovesicular steatosis, organ size mismatch, prolonged cold ischemic time, recipient age, Model for End-Stage Liver Disease (MELD)
score, and high potassium levels [1]. Anesthetic agents may
also influence the risk of PRS given their cardiovascular effects [5]. Previous studies have reported the effects of anesthetic agents on intraoperative hemodynamics and postoperative outcomes in patients undergoing liver transplantation [6–9]; however, these reports mainly focused on deceased donor liver transplantation (DDLT) [8] and compared desflurane [6,7] or isoflurane [9] with other agents. In
contrast, the effects of sevoflurane and propofol on PRS following liver transplantation remain unclear. Therefore, the
present study aimed to investigate the association between
the most widely used anesthetic agents (sevoflurane and
propofol) [10,11] and the occurrence of PRS.

MATERIALS AND METHODS

www.anesth-pain-med.org

Data collection
We reviewed electronic medical records, demographic
characteristics, laboratory values, surgical data, anesthetic
data, and postoperative outcomes for each patient. Demographic data analyzed for recipients included age, sex,
weight, height, body mass index (BMI), and etiology of the
liver disease (chronic hepatitis, non-viral related liver cirrhosis, hepatocellular carcinoma, cholestatic disease, fulminant
liver failure, metabolic disease). Clinical and laboratory data
analyzed for recipients included ABO incompatibility and
baseline medical status (preoperative hemodialysis, preoperative beta blocker use, preoperative insulin use, preoperative diuretic use, MELD score). Clinical factors analyzed for
donors included age, graft weight to recipient body weight
ratio (GRWR, %), and the degree of macrovesicular steatosis.
The following surgical and anesthetic data were also obtained: type of general anesthetic agent (propofol-based
TIVA vs. sevoflurane), anesthesia time (min), operation time
(min), estimated blood loss (ml/kg), cold ischemic time
(min), warm ischemic time (min), anhepatic time (min), potassium (mM/L) level at the time of portal vein anastomosis,
calcium (mM/L) level at the time of portal vein anastomosis,
and transfusion amount (red blood cell count, fresh frozen
plasma [FFP], platelet concentration). Cold ischemic time
was defined as the interval from initiation of donor in vivo
cold organ preservation to removal of the graft from 4°C cold
storage. Warm ischemic time was defined as the interval
from removal from cold storage to reperfusion of the liver
graft. Anhepatic time was defined as the interval from the
recipient’s hepatectomy to reperfusion of the liver graft.
Laboratory values for total bilirubin, PT-INR, aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
and serum creatinine (sCr) levels until postoperative day
(POD) 7 were also collected.
The primary outcome of our study was the occurrence of
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This retrospective observational study was approved by
the Institutional Review Board of our hospital (no. 2107-1821236), which waived the requirement for informed consent
due to its retrospective design. We reviewed the electronic
medical records, laboratory results, and anesthetic records
of all recipients who underwent living donor liver transplantation (LDLT) or DDLT at our hospital from June 2016 to December 2019. Patients aged < 18 years, those with missing
data for vital recordings, those anesthetized with agents other than sevoflurane and propofol, those who had undergone
simultaneous transplantation, and those who had died before reperfusion during liver transplantation were excluded.
Anesthesia was administered in accordance with our hospital’s anesthesia protocol for liver transplantation: The anesthetic agent was selected according to the preference of
the attending anesthesiologist. In the sevoflurane group, anesthesia was induced with 1–2 mg/kg of propofol and maintained using sevoflurane and continuous infusion of
remifentanil. In the propofol group, propofol and remifentanil were infused for both the induction and maintenance of
anesthesia using a target-controlled infusion device (Injectomat™ total intravenous anesthesia [TIVA] Agilia, Fresenius
Kabi, Germany). In both groups, the anesthetic depth was
controlled to maintain a bispectral index (BIS) under 60. Rocuronium was used for neuromuscular blockade. Fluid re-

suscitation; transfusion targeting a hemoglobin level of 8 g/
dl, platelet count of 50 k/μl and a prothrombin time international normalized ratio (PT-INR) of 2.0; and vasopressor
(ephedrine, epinephrine, norepinephrine) treatment were
performed at the discretion of the anesthesiologist to ensure
hemodynamic stability during the surgery.
The vital data automatically recorded from various anesthesia instruments from all patients, which included blood pressure recorded at 2-s intervals by the Vital Recorder [12] during
the operation, were obtained and analyzed to define PRS.

Anesth Pain Med Vol. 17 No. 3

PRS. PRS was defined as a decrease in the mean arterial
pressure greater than 30% below the anhepatic level at the
time of reperfusion, lasting for at least 1 min during the first
5 min following graft reperfusion [2]. The analysis was performed based on the femoral artery pressure, which is expected to better reflect the central pressure owing to the extreme vasodilation that occurs after reperfusion in the distal
vessels [1]. Secondary outcomes included the occurrence of
acute kidney injury (AKI), the occurrence of primary graft
dysfunction (PGD), length of stay in the intensive care unit
(ICU), and length of hospital stay. AKI was defined as an sCr
increase ≥ 0.3 mg/dl within 48 h postoperatively or a percentage increase in sCr ≥ 50% from baseline, which is
known or presumed to have occurred within the previous 7
days [13]. PGD was defined as (1) bilirubin ≥ 10 mg/dl on
POD 7, (2) PT-INR ≥ 1.6 on POD 7, or (3) AST or ALT >
2,000 IU/L within the first 7 days postoperatively [14].

Statistical analysis
Stabilized inverse probability of treatment weighting
(IPTW) analysis was performed using a propensity score [15]
using logistic regression with logit link to determine the association between PRS and the type of anesthesia in the R
package “survey” [16]. The following covariates were used
for propensity score matching: whether LDLT or DDLT was
performed, ABO compatibility, the recipient factors, such as
age, sex, BMI, etiology of liver disease, MELD score, baseline
medical status, and donor and graft factors, such as donor
age, GRWR, steatosis, cold ischemic time, and warm ischemic time and intraoperative factors, such as anhepatic
time, inferior vena cava (IVC) clamping time, estimated
blood loss, packed red blood cell units transfused, FFP units
transfused, and potassium and calcium levels before reperfusion. Before and after stabilized IPTW analysis, the balance of the two groups was compared using the standardized mean difference (SMD), and an SMD greater than 0.1
was considered as an imbalance. Primary and secondary
outcomes were compared before and after stabilized IPTW
analysis. The Shapiro–Wilk test was used to evaluate data
normality. Univariate logistic regression and the Mann–
Whitney U test were used to analyze categorical and continuous variables, respectively.
Categorical variables are reported as numbers (%), while
continuous variables are reported as medians (1Q, 3Q). R
software (version 4.1.1 with R packages, R development Core
Team, Austria) was used for all the statistical analyses, and a
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two-sided P value of less than 0.05 was considered statistically significant.

RESULTS
During the study period, 471 patients underwent liver
transplantation. Among them, we analyzed 398 eligible patients after excluding patients aged < 18 years (n = 23),
those with missing data for vital recordings (n = 38), simultaneous transplantation of another organ (n = 4), patients
anesthetized with desflurane (n = 7), and those who died
before reperfusion (n = 1). Among the 398 patients, 304
(76.4%) were anesthetized with propofol, while 94 (23.6%)
patients were anesthetized with sevoflurane during the operation (Fig. 1); PRS developed in 40.7% of the 398 patients.
Table 1 shows the baseline characteristics and perioperative parameters of the two groups before and after stabilized
IPTW analysis. Prior to stabilized IPTW analysis, the groups
exhibited differences in living donors, recipient age, MELD
score, preoperative hemodialysis, preoperative diuretic use,
donor age, GRWR, cold ischemic time, IVC clamping time,
level of potassium before reperfusion, level of calcium be-

Patients undergoing liver transplantation in
2016.06.10–2019.12.31 (n = 471)

Excluded (n = 73)
· Age < 18 (n = 23)
· Missing data for vital recordings (n = 38)
· Use of desflurane (n = 7)
· Simultaneous transplantation (n = 4)
· Died before reperfusion (n = 1)

398 Eligible patients

Group propofol
(n = 304)

Group sevoflurane
(n = 94)

Stabilized inverse probability
of treatment weighting (IPTW)

Group propofol
(n = 298)

Group sevoflurane
(n = 91)

Fig. 1. Flow diagram of this study.
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Table 1. Baseline Characteristics and Perioperative Parameters in the Sevoflurane and Propofol Groups Before and After Stabilized IPTW
Characteristics

57.0 (50.0, 62.0)
209 (68.8)

54.0 (46.3, 60.0)
67 (71.3)

After stabilized IPTW
Propofol (n = 298) Sevoflurane (n = 91) SMD
252 (84.3)
74 (81.1)
0.085
243 (81.3)
75 (82.9)
0.042

0.233

57.0 (50.0, 62.0)

0.055

205 (68.7)

56.0 (49.1, 62.0)
60 (66.1)

0.041
0.056

23.6 (21.3, 26.2)

23.4 (21.1, 25.9)

0.073

23.6 (21.3, 26.1)

23.7 (21.4, 26.0)

0.012

12.6 (8.4, 19.3)

18.8 (10.9, 30.1)

0.604

13.6 (8.7, 21.0)

13.4 (9.2, 20.5)

0.054

0.089

0.063

179 (58.9)

56 (59.6)

174.3 (58.4)

51 (56.1)

55 (18.1)

19 (20.2)

54.9 (18.4)

18.2 (20.0)

29 (9.5)

7 (7.4)

29.0 (9.7)

8.4 (9.2)

24 (7.9)

7 (7.4)

23.1 (7.7)

7.5 (8.2)

17 (5.6)

5 (5.3)

17.1 (5.7)

5.9 (6.5)

21 (6.9)

15 (16.0)

0.287

26.6 (8.9)

8.7 (9.6)

0.023

50 (19.7)

17 (18.1)

0.042

57.2 (19.2)

18.4 (20.2)

0.026

39 (12.8)

10 (10.6)

0.068

35.7 (12.0)

11.0 (12.1)

0.004

103 (33.9)

27 (28.7)

0.111

97.1 (32.6)

27.7 (30.4)

0.046

34.0 (25.0, 44.0)

41.0 (28.0, 51.0)

0.369

34.0 (25.9, 45.0)

37.6 (24.7, 45.0)

0.029

1.10 (0.95, 1.32)

1.26 (0.99, 1.73)

0.477

1.11 (0.95, 1.36)

1.09 (0.91, 1.35)

0.019

96.0 (76.0, 129.3)

129.0 (88.5, 243.8)

0.575

99.0 (78.0, 143.8)

99.9 (81.2, 146.6)

0.033

28.0 (23.0, 37.0)

31.0 (22.0, 37.0)

0.002

28.0 (23.0, 37.0)

28.2 (22.0, 36.4)

0.056

29.0 (23.0, 39.0)

31.0 (24.3, 37.8)

0.038

28.8 (23.0, 39.0)

28.5 (23.9, 37.0)

0.078

31.0 (25.0, 40.0)

32.5 (25.0, 45.0)

0.151

31.0 (25.0, 40.7)

30.0 (25.0, 44.1)

0.043

3.9 (3.6, 4.4)

4.1 (3.8, 4.6)

0.317

3.9 (3.4, 4.4)

4.0 (3.5, 4.4)

0.030

1.09 (1.00, 1.18)

1.06 (0.93, 1.14)

0.259

1.08 (0.99, 1.18)

1.08 (0.97, 1.17)

0.035

2,500 (1,300, 5,013) 2,825 (1,563, 5,475)

0.039

2,505 (1,350, 5,237) 2,000 (1,500, 4,075)

0.065

4.0 (0, 10.0)

5.5 (2.0, 11.8)

0.083

5.0 (0, 10.0)

4.0 (0, 9.0)

0.044

1.0 (0, 8.0)

4 (0, 10.8)

0.188

2.0 (0, 8.0)

1.0 (0, 7.0)

0.025

Data are presented as number (%) or median (1Q, 3Q). IPTW: inverse probability of treatment weighting, SMD: standardized mean
difference, MELD: model for end-stage liver disease, GRWR: graft weight to recipient body weight ratio, IVC: inferior vena cava, pRBC:
packed red blood cells, FFP: fresh frozen plasma.

fore reperfusion, packed red blood cell units transfused, and
FFP units transfused (SMD > 0.1). However, these differences disappeared following stabilized IPTW analysis.
Table 2 and Fig. 2 present a comparison of the primary
and secondary outcomes. Before and after stabilized IPTW
analysis, the association with PRS was lower in the sevoflurane group than in the propofol group (before: odds ratio
[OR]: 0.57, 95% confidence interval [CI]: 0.35–0.93; P =
0.035; after: OR: 0.47, 95% CI: 0.28–0.80, P = 0.018). The duration of hypotension was also higher in the propofol group
than in the sevoflurane group. However, there were no differences in the association with PGD, AKI, ICU stay, or hoswww.anesth-pain-med.org

pital stay between the groups either before or after stabilized
IPTW analysis.

DISCUSSION
In this study, we investigated the association between the
type of anesthesia and PRS in patients undergoing liver
transplantation, as well as early postoperative outcomes following liver transplantation. Our findings indicated that, following graft reperfusion, propofol exhibited a greater association with PRS than sevoflurane; however, the type of anesthesia was not associated with early postoperative outcomes.
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Living donor liver transplantation
ABO-incompatible transplantation
Demographic data
Age (yr)
Male
Body mass index (kg/m²)
MELD score
Etiology of liver disease
Chronic hepatitis
Liver cirrhosis
Hepatocellular carcinoma
Cholestatic disease
Other
Baseline medical status
Preoperative hemodialysis
Preoperative beta blocker use
Preoperative insulin use
Preoperative diuretics use
Donor/graft factors
Age (yr)
GRWR (%)
Cold ischemic time (min)
Warm ischemic time (min)
Intraoperative data
Anhepatic time (min)
IVC clamping time (min)
Potassium (mmol/L)
Calcium (mmol/L)
Estimated blood loss (ml)
Total pRBC (units)
Total FFP (units)

Before stabilized IPTW
Propofol (n = 304) Sevoflurane (n = 94) SMD
274 (90.1)
56 (59.6)
0.753
247 (81.2)
77 (81.9)
0.017

Anesth Pain Med Vol. 17 No. 3
Table 2. Between-group Comparison of Primary and Secondary Outcomes Before and After Stabilized IPTW
Outcomes
PRS
Duration of
hypotension after
reperfusion (s)
PGD
AKI
ICU stay (d)
Hospital stay (d)
Postoperative day
discharge (d)
Major complications
Infection
Bile leakage
Bleeding
N/V, DGE
Cardiopulmonary
Neurogenic
Pancreatitis

Before stabilized IPTW
Propofol
Sevoflurane P value
Odds ratio*
(n = 304)
(n = 94)
(95% CI)
133 (43.8)
29 (30.9)
0.035 0.57 (0.35–0.93)
50.0 (0.0, 102.0) 7.0 (0.0, 81.5) 0.013
23 (7.6)

Propofol
(n = 303)
127.6 (42.8)
48.0 (0.0, 102.0)

After stabilized IPTW
Sevoflurane P value
Odds ratio*
(n = 92)
(95% CI)
24.7 (27.2)
0.018 0.47 (0.28–0.80)
1.8 (0.0, 76.6) 0.007
-

9 (9.6)

0.068

1.29 (0.55–2.81)

22.5 (7.5)

5.3 (5.9)

0.565

0.73 (0.26–2.02)

30 (31.9)

0.813

1.10 (0.66–1.79)

85.7 (28.7)

29.8 (32.7)

0.533

1.26 (0.75–2.13)

7.2 (14.4)

6.1 (4.8)

0.469

8.0 (16.1)

6.0 (5.4)

0.138

22 (16, 35)

25 (19, 41.5)

0.008

-

-

17 (13, 26)

18 (14, 26.8)

0.088

91 (29.9)

7 (2.3)

2 (2.1)

23 (16.0, 37.0)

22 (17.0, 31.0) 0.924

17 (13.0, 27.0) 17.7 (14.0, 24.0) 0.656

1

0.93 (1.14–3.89)

6.2 (2.1)

1.2 (1.3)

0.576

0.79 (0.10–6.14)

125 (41.1)

20 (21.3)

0.001

0.41 (0.23–0.69)

121.6 (40.8)

27.2 (29.9)

0.123

0.59 (0.35–1.00)

47 (15.5)

20 (21.3)

0.246

1.42 (0.77–2.54)

48.2 (16.2)

19.0 (20.9)

0.369

1.74 (0.92–3.29)

5 (1.6)

2 (2.1)

1

1.63 (0.22–8.49)

6.0 (2.0)

0.6 (0.7)

0.167

0.24 (0.02–3.72)

31 (10.2)

6 (6.4)

0.363

0.67 (0.24–1.57)

34.0 (11.4)

5.4 (6.0)

0.206

0.49 (0.18–1.28)

3 (1.0)

1 (1.1)

1

1.07 (0.05–8.53)

2.9 (1.0)

0.3 (0.3)

0.354

0.31 (0.01–12.55)

2 (0.7)

1 (1.1)

1

1.62 (0.75–17.13)

2.8 (0.9)

0.9 (0.9)

0.986

1.11 (0.09–14.14)

Data are presented as number (%) or median (1Q, 3Q). IPTW: inverse probability of treatment weighting, CI: confidence interval, PRS:
postreperfusion syndrome, PGD: primary graft dysfunction, AKI: acute kidney injury, ICU: intensive care unit, N/V: nausea/vomiting, DGE:
delayed gastric emptying. *The Propofol group used as the reference.

Outcomes

Odds ratios (95% CI)

Bleeding

1.74 (0.92–3.29)

Acute kidney injury

1.26 (0.75–2.13)

Pancreatitis

1.11 (0.09–14.14)

Infection

0.79 (0.1–6.14)

Primary graft dysfuction

0.73 (0.26–2.02)

Bile leakage

0.59 (0.35–1)

Cardiopulmonary
complications

0.49 (0.18–1.28)

Postreperfusion syndrome

0.47* (0.28–0.8)

Neurogenic complications

0.31 (0.01–12.55)

Nausea and vomiting

0.24 (0.02–3.72)
Favors sevoflurane

1

Favors propofol

Fig. 2. Odds ratios between the groups for primary and secondary outcomes. CI: confidence interval. *P value of less than 0.05.
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flurane maintains cardiac function in the early reperfusion
phase [26]. In previous animal studies, recovery of cardiovascular function was faster in the sevoflurane group than in
the propofol group [27]. In addition, tumor necrosis factor
alpha (TNF-α) is the main cytokine associated with the hemodynamic instability following reperfusion [2]. In one
study comparing the use of sevoflurane and propofol in pediatric patients undergoing liver transplantation [18], the
concentration of TNF-α was higher in the propofol than in
the sevoflurane group following reperfusion. These findings
may explain the stronger association between propofol and
PRS than between sevoflurane and PRS.
Several studies have demonstrated that PRS is associated
with poor postoperative outcomes [3,4,17]. However, we observed no significant differences in postoperative outcomes
between the two groups in our study. There are several possible explanations for this result. (1) It is possible that the
transplantation procedure itself [28] affects early postoperative outcomes to a greater extent than PRS. Further, (2) as
the median MELD score in both groups following stabilized
IPTW analysis was 13.8 owing to the large proportion of
LDLT, ischemic reperfusion injury may not have been severe
in our patients. (3) Despite the development of PRS, recovery from hypotension occurred within 5 min in all patients
because the attending anesthesiologist was a liver transplantation specialist with substantial experience. Previous reports have demonstrated that the poor outcomes associated
with PRS are concomitant with severe PRS lasting for more
than 5 min [29]. In our study, the degree of hypotension following reperfusion may not have been severe enough to induce clinical damage. In a previous study comparing sevoflurane and propofol use among patients undergoing DDLT
[8], the authors observed no difference in early liver function
between the groups. Together, these results suggest that
there is no association between PRS and early postoperative
outcomes.
This study had several limitations. First, owing to the retrospective design of the study, unmeasured covariates may
have impacted our results; however, stabilized IPTW analysis was used to balance the differences between the groups
while preserving sample size [30]. Second, this analysis was
performed in a single center in Korea; thus, our results cannot be generalized to patients in different centers and of different races. Third, no information regarding cytokines,
which are known to affect PRS, was available for this analysis. Fourth, although the depth of anesthesia may have influenced vital signs, we did not analyze BIS data in this study.

309

KSTA

To our knowledge, this study is the first to evaluate the association between PRS and the use of sevoflurane and propofol based on high-resolution data.
Previous studies have analyzed changes in blood pressure
following reperfusion according to the anesthetic agent used
during liver transplantation, especially for inhaled agents
versus propofol. While some studies reported a greater degree of hypotension in the propofol group than in the isoflurane or sevoflurane group [17,18], they only compared blood
pressure at two timepoints (i.e., 5- and 10-min following
reperfusion). In our study, we evaluated blood pressure recorded at 2-second intervals, allowing us to examine both
individual measurements and trends in blood pressure following reperfusion. Shin et al. [19] reported no difference in
the incidence of PRS between the propofol and desflurane
groups (desflurane, 15.6%; propofol 20.0%, P = 0.452) in
their study; however, patients in the propofol group were
anesthetized with desflurane at the dissection phase. In another retrospective study, the rate of norepinephrine administration at reperfusion was lower in the propofol-based
TIVA group than in the desflurane group (desflurane, 42.2%;
propofol, 21.2%; P = 0.020); however, the study included a
small number of patients (TIVA, 66; desflurane, 45), and the
authors did not evaluate donor or graft characteristics that
may have affected PRS [20]. In contrast, we evaluated several
factors that may have influenced PRS in a relatively large
number of patients while correcting for baseline differences
using stabilized IPTW analysis.
Our study demonstrated that propofol-based TIVA was
more strongly associated with PRS than sevoflurane anesthesia. This may be explained by the hemodynamic differences between sevoflurane and propofol anesthesia. Propofol inhibits sympathetic vasoconstrictor activity and chronotropy in a dose-dependent manner [21,22]. Sevoflurane inhibits sympathetic nervous activity but has little effect on
parasympathetic nervous activity [23]; as such, its use has
been associated with relatively low heart rate variability as
well as cardioprotective effects [8]. During the anhepatic
phase, the rate of propofol clearance decreases to approximately 42% [24], resulting in increased accumulation of
propofol in the body, which in turn leads to an increase in
the depth of anesthesia. Subsequently, this overdose of
propofol causes a decrease in heart rate and vasodilation-induced systemic vascular resistance following sympathetic
inhibition [22]. Conversely, sevoflurane has been shown to
exert a pre-conditioning effect on skeletal muscles during
reperfusion [25], with one previous report stating that sevo-
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However, the anesthetic level was controlled by the attending anesthesiologist to maintain a BIS level of 40–60.
In conclusion, our findings indicated that propofol use
was more strongly associated with PRS than sevoflurane use
in patients undergoing LDLT, although there was no association between the type of anesthetic used and early postoperative outcomes. Further prospective trials are warranted to
determine the association between the anesthetic agent and
intraoperative PRS/postoperative outcomes to identify the
optimal anesthetic for liver transplantation.
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Background: The Portland intensive insulin therapy effectively controls acute hyperglycemic
change after graft reperfusion during liver transplantation. However, the time-consuming sophistication acts as a barrier leading to misinterpretation and decreasing compliance to the
protocol; thus, we newly introduced an application software “Insulin protocol calculator”
which automatically calculates therapeutic bolus/continuous insulin doses based on the
Portland protocol.
Methods: Of 144 patients who underwent liver transplantation, 74 patients were treated before the introduction of “Insulin protocol calculator” by using a paper manual, and 70 patients were treated by using the application. Compliance was defined as the proportion of
patients treated with exact bolus/continuous insulin dose according to the Portland protocol.
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Results: Compliance was significantly greater in app group than in paper group regarding
bolus dose (94.5% and 86.9%, P < 0.001), continuous dose (88.9% and 77.3%, P = 0.001),
and both doses (86.6% and 73.8%, P < 0.001). Blood glucose concentration was significantly lower in app group at 3 h (125 ± 17 mg/dl vs. 136 ± 19 mg/dl, P = 0.014) and 4 h
(135 ± 22 mg/dl vs. 115 ± 15 mg/dl, P = 0.029) after graft reperfusion. Acute hyperglycemic change during 30 min was more prominent in app group while hyperglycemia incidence
was 71.4% vs. 54.1% (P = 0.031). However, hyperglycemia risk was comparable at 2 h
(31.4% vs. 31.1%, P = 0.964), and even insignificantly lower in app group at 3 h (7.1% vs.
19.5%, P = 0.184).
Conclusions: Compliance to the Portland protocol was significantly improved after introducing the application software; post-reperfusion hyperglycemia was better controlled. “Insulin
protocol calculator” is cost-effective and time-saving with potential clinical benefits.
Keywords: Computer applications software; Glucose; Hyperglycemia; Hyperkalemia; Hypoglycemia; Hypokalemia; Ischemia-reperfusion injury.
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Subjects and data collection
We reviewed the medical records of 144 patients who underwent liver transplantation between January 2017 and October 2020 and were treated with the same Portland protocol
to manage acute hyperglycemic response after graft reperfusion: 74 patients were treated before the introduction of “Insulin protocol calculator” in November 2018 by using a paper manual (paper group), and 70 patients were treated by
using the application software “Insulin protocol calculator”
(app group). All data were collected from the computerized
medical records or liver transplant database (prospectively
collected), and were anonymized and de-identified prior to
analysis. The Institutional Review Board of Korea cancer
center hospital approved this retrospective study (no. KCC
2021-12-004) and waived the requirement for written informed consent. All procedures were performed in accordance with the relevant guidelines and regulations.

Perioperative glycemic management
The recipients fasted starting the evening before surgery,
and 5% dextrose solution was infused at a rate of 80 ml/h
during the fasting period. Preoperative oral carbohydrate
supplements were not provided. During the surgery, arterial
BGCs were measured in combination with other arterial
blood-derived parameters using a blood gas/chemistry
analysis device (RAPIDLAB1265, Siemens Healthcare Diagnostics Inc., Germany) on an hourly basis, as well as at the
following additional time points: start of the anhepatic
phase and 5 min/30 min after graft reperfusion, as described
previously [14]. The blood gas/chemistry analysis device
was near each patient and clinicians were able to reach the
device within 1 min after blood sampling. In general, insulin
therapy was not indicated for controlling BGC before graft
reperfusion because BGC decreases during the anhepatic
phase due to the lack of hepatic glucose production [15]. In
contrast, hyperkalemia was corrected using the conventional large-bolus insulin method (10 units of regular insulin) if
the blood potassium concentration (BPC) was > 4.5 mEq/L
[16]. After graft reperfusion, the Portland protocol was applied until intensive care unit arrival: the doses for bolus injection and continuous infusion were automatically calculated after inputting the previous BGC, current BGC, last in-
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Liver transplantation is attended with various metabolic
disturbances. A rapid increase in blood glucose concentration (BGC) after graft reperfusion is one of them [1,2]. Intraoperative hyperglycemia is associated with decreased immunity, increased ischemia-reperfusion injury, infectious
complications, and mortality [3–10]. Accordingly, liver transplant anesthesiologists give efforts to maintain glycemic homeostasis after graft reperfusion [9].
We introduced the Portland protocol (Supplementary Table 1) in January 2015 to better control the post-reperfusion
hyperglycemic change in the patients whose insulin sensitivity was impaired due to underlying chronic liver disease,
surgical stress, vasoactive drugs, and steroid immunosuppression [9,10]. The Portland protocol was initially designed
for patients treated in surgical cardiac intensive care unit
and validated in various surgical settings [11,12]. The success is attributable to a dynamic algorithm modifying insulin
doses by accounting for patient insulin sensitivity which is
evaluated based on the rate of BGC change. That is, calculated insulin doses differ by the rate of BGC change even if the
current BGC is same [13]. Our research team recently
demonstrated that the dynamic algorithm was also very effective to control the acute hyperglycemic change after graft
reperfusion of liver transplantation [9].
However, the protocol designed for intensive care unit environment is not intuitive and the algorism is somewhat
complicated to use during the post-reperfusion phase when
the anesthesiologists are busy handling various acute hemodynamic/metabolic changes particularly when patients’
course is unstable. We considered that the time-consuming
sophistication acted as a barrier to decreasing compliance
with the protocol [13]. Accordingly, in November 2018, we
newly introduced an application software for smart devices
named “Insulin protocol calculator” distributed by Apple incorporation to automatically calculate the therapeutic insulin doses (Supplementary Fig. 1). We hypothesized that the
use of the application software decreases misinterpretation
and increases compliance to the Portland protocol. Thus, we
aimed to compare compliance to the Portland protocol before vs. after the use of “Insulin protocol calculator”.

MATERIALS AND METHODS
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sulin infusion rate, the presence of diabetes, and target BGC
(Supplementary Fig. 1) [17].

Anesthetic management
Anesthesia and hemodynamic monitoring were performed based on the standardized institutional protocol, as
described previously [14,18]. In short, mechanical ventilation was delivered at a tidal volume of 8 ml per ideal body
weight (kg) using a mixture of medical air and oxygen with
positive end-expiratory pressure being set at 6 mmHg. The
respiratory rate was adjusted as needed to maintain normocapnia. Vasoactive drugs were used to maintain mean arterial pressure > 70 mmHg. Metabolic acidosis was corrected
with sodium bicarbonate when the base deficit was > 10
mEq/L. Body core temperature was maintained using a circulating water mattress, forced-air blanket, airway warming
circuit, or fluid warmers. Transfusion of allogeneic blood
products was strictly controlled based on a restrictive and
prophylactic policy, with each blood component being
transfused separately according to its respective indication
[14,19]. Blood salvage was routinely used for intraoperative
autotransfusion irrespective of the presence of a hepatic tumor [20,21].

Perioperative surgical procedures
Acceptance criteria for liver donation were age ≤ 65 years,
body mass index < 35 kg/m2, macrosteatosis ≤ 30%, and residual liver volume ≥ 30%. Individuals with any type of hepatitis or fibrosis were excluded from donation. Graft implantation was primarily performed using the piggyback technique. After the portal vein anastomosis was completed, the
graft was reperfused by consecutively unclamping the hepatic vein and portal vein. The hepatic artery was subsequently anastomosed, followed by biliary anastomosis. Immunosuppression was performed based on a quadruple
regimen consisting of methylprednisolone, basiliximab, mycophenolate mofetil, and tacrolimus as described previously
[20,22]. In particular, recipients received methylprednisolone 500 mg intravenously before graft reperfusion for the
induction of immunosuppression.

Variables and statistical analysis
The primary outcome was compliance to the Portland
protocol. Compliance was defined as the proportion of pa-
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tients who were treated with the exact bolus or continuous
insulin dose based on the Portland protocol. Secondary outcomes were BGC and BPC. For dichotomous analysis, hyperglycemia was defined when BGC was > 150 mg/dl based
on previous studies of liver transplant recipients [7,23]. Coefficient of variation, which is defined as the ratio of the
standard deviation to the mean, of BGCs within a subject
was calculated to analyze glycemic variability because BGC
fluctuation is known to be clinically important in addition to
BGC itself [24–26]. Continuous variables are expressed as
mean ± standard deviation or median (1Q, 3Q) and were
analyzed by t-test or the Mann–Whitney test, as appropriate.
Categorical variables are expressed as frequency (%) and
were analyzed by chi-square test. P < 0.05 was considered
statistically significant. Analyses were performed using SPSS
version 23.0 (IBM, USA).

RESULTS
Compliance to the Portland protocol
Preoperative characteristics of patients in paper group and
those in app group are shown in Table 1. The Portland protocol was applied 343 times in paper group, and 307 times in
app group. As shown in Fig. 1, in terms of bolus insulin dose,
compliance was significantly greater in app group than in
paper group (290/307 [94.5%] and 298/343 [86.9%], P <
0.001). In terms of continuous insulin dose, compliance was
significantly greater in app group (273/307 [88.9%] and
265/343 [77.3%], P = 0.001). The proportion of patients who
were treated with exact bolus and continuous insulin doses
was significantly greater in app group (266/307 [86.6%] and
250/343 [73.8%], P < 0.001).

Blood glucose concentration after the start of
the Portland protocol
BGC just before the graft reperfusion was not significantly
different between the two groups (116 ± 32 mg/dl in paper
group, and 114 ± 32 mg/dl in app group, P = 0.734). BGC at
the start of the Portland protocol (5 min after graft reperfusion) was not significantly different between the two groups
(137 ± 30 mg/dl and 134 ± 28 mg/dl, P = 0.712). As shown
in Fig. 2, BGC at 30 min, 1 h, 2 h, 3 h, and 4 h after graft
reperfusion were 153 ± 25 mg/dl, 149 ± 22 mg/dl, 142 ± 21
mg/dl, 136 ± 19 mg/dl, and 135 ± 22 mg/dl, respectively, in
paper group, and 155 ± 26 mg/dl, 153 ± 23 mg/dl, 140 ± 22
www.anesth-pain-med.org
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Table 1. Patient Baseline Characteristics
Variable
Graft factors
Donor age (yr)
Male sex
Graft-to-recipient weight ratio (%)
Living donor liver transplantation
Deceased donor liver transplantation
Recipient factors
Age (yr)
Male sex
Body mass index (kg/m2)
MELD score
Diabetes
Hypertension
Primary etiology
Hepatitis B virus
Hepatitis C virus
Alcoholic
Others
Preoperative laboratory findings
Albumin (g/dl)
Creatinine (mg/dl)
Prothrombin time (INR)
Total bilirubin (mg/dl)

Paper group (n = 74)

App group (n = 70)

P value

33 (29, 40)

36 (32, 42)

0.026

47 (67.1)

0.902

49 (66.2)
1.01 (0.98, 1.04)

1.00 (0.97, 1.03)

60 (81.1)

60 (85.7)

14 (18.9)

10 (14.3)

0.326
0.456

54 (49, 60)

60 (54, 64)

0.012

52 (70.3)

50 (71.4)

0.883

24.3 (21.6, 25.8)

24.2 (22.4, 26.4)

0.406

15 (8, 26)

13.5 (9, 20)

0.770

20 (27.0)

15 (21.4)

0.376

9 (12.2)

10 (14.3)

0.707

42 (56.8)

39 (55.7)

0.998
2 (2.7)

2 (2.9)

17 (23.0)

17 (24.3)

13 (17.6)

12 (17.1)

3.3 (2.9, 3.9)

3.2 (2.8, 3.6)

0.211

0.9 (0.7, 1.2)

0.8 (0.6, 1.0)

0.162

1.4 (1.1, 2.2)

1.4 (1.2, 1.8)

0.859

2.4 (1.0, 11.1)

1.9 (1.0, 4.6)

0.378

Data are presented as median (1Q, 3Q) or frequency (%). MELD: model for end-stage liver disease, INR: international normalized ratio.
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P < 0.001
266/307
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Fig. 1. Compliance to the Portland protocol when using a paper
manual or the application software "Insulin protocol calculator".

mg/dl, 125 ± 17 mg/dl, and 115 ± 15 mg/dl, respectively, in
app group. BGC was significantly lower in app group than
paper group at 3 h (P = 0.014) and 4 h (P = 0.029). The maximum BGC was 161 ± 20 mg/dl in paper group, and 162 ±
21 mg/dl in app group (P = 0.856). The minimum BGC was
www.anesth-pain-med.org
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Fig. 2. Blood glucose concentrations after graft reperfusion when
using the Portland protocol based on a paper manual or the
application software "Insulin protocol calculator". *Means P <
0.05.

130 ± 19 mg/dl in paper group, and 130 ± 23 mg/dl in app
group (P = 0.986). The coefficient of variation was 0.10 ±
0.06 in paper group, and 0.11 ± 0.06 in app group (P =
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P = 0.031
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Fig. 3. Hyperglycemia incidence after graft reperfusion when using
the Portland protocol based on a paper manual or the application
software "Insulin protocol calculator".

0.593). As shown in Fig. 3, post-reperfusion hyperglycemic
response was more prominent in app group than in paper
group. Although hyperglycemia risk was significantly greater
in app group at 30 min (71.4% vs. 54.1%) and 1 h (57.1% vs.
39.2%) after graft reperfusion (P = 0.031 for each), it became
comparable at 2 h (31.1% vs. 31.4%, P = 0.964). Even hyperglycemia risk was insignificantly lower in app group at 3 h
(7.1% vs. 19.5%, P = 0.184), suggesting the superiority of the
app-based intervention to the paper-based intervention.

Blood potassium concentration after the start of
the Portland protocol
BPC just before graft reperfusion was not significantly different between the two groups (3.84 ± 0.38 mEq/L in paper
group and 3.86 ± 0.41 mEq/L in app group, P = 0.800). BPC at
the start of the Portland protocol was not significantly different between the two groups (3.73 ± 0.44 mEq/L and 3.74 ±
0.43 mEq/L, P = 0.928). As shown in Fig. 4, BPC at 30 min, 1
h, 2 h, 3 h, and 4 h after graft reperfusion were 3.71 ± 0.43
mEq/L, 3.78 ± 0.45 mEq/L, 3.64 ± 0.50 mEq/L, 3.68 ± 0.59
mEq/L, and 3.74 ± 0.64 mEq/L, respectively, in paper group,
and 3.74 ± 0.44 mEq/L, 3.81 ± 0.47 mEq/L, 3.63 ± 0.47
mEq/L, 3.72 ± 0.44 mEq/L, and 3.51 ± 0.21 mEq/L, respectively, in app group. BPC was not significantly different between the two groups in all measured time points (P > 0.05).
The maximum BPC was 3.96 ± 0.51 mEq/L in paper group,
and 3.99 ± 0.51 mEq/L in app group (P = 0.754). The minimum BPC was 3.47 ± 0.42 mEq/L in paper group, and 3.49
± 0.39 mEq/L in app group (P = 0.826).
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Fig. 4. Blood potassium concentration after graft reperfusion
when using the Portland protocol based on a paper manual or the
application software "Insulin protocol calculator". P > 0.05 in all
time points.

DISCUSSION
Continuing from our previous work, demonstrating the
superiority of the Portland protocol compared to the conventional bolus insulin therapy to control hyperglycemic
change after liver graft reperfusion, this study aimed to test a
strategy to increase compliance to the protocol using an automatic insulin dose calculating application software based
on the Portland protocol named “Insulin protocol calculator”. Since it takes some time to read, translate, and interpret
the sophisticated Portland protocol, liver transplant anesthesiologists, who are busy after graft reperfusion, could
have difficulty in calculating the exact bolus/continuous insulin doses. By removing the step of reading, translating, and
interpreting, we could decrease misinterpretation risk and
increase compliance to the delicate protocol. Consequently,
acute hyperglycemic response during the intraoperative
post-reperfusion phase was better controlled without the increase in the risk of hypoglycemia or hypokalemia. Contemporary medicine is becoming more computerized to minimize the error of medical actions [27], and the use of “Insulin protocol calculator” is in line with that.
The application software is intuitive and user-friendly;
thus, physicians can use it following the short and simple
in-device introduction (https://www.houseofficer.com/ezinsulin) without professional education or precaution. Inputting 5 items (the previous BGC, current BGC, last insulin
infusion rate, the presence of diabetes, and target BGC) automatically calculates the required bolus/continuous insulin
www.anesth-pain-med.org

An application software for the Portland intensive insulin therapy

www.anesth-pain-med.org

on how efficiently the heterogeneity between groups is controlled. As this study used the so-called before-and-after
analysis, the use of the paper manual or the application software was not determined by clinical situations or at the discretion of liver transplant physicians. That is, there was no
phase-out period of conventional method or implantation
period of new method during which significant selection
bias could occur and special concern was required while
“Insulin protocol calculator” was universally implicated for
all liver transplant recipients at a time point by mutual
agreement of liver transplant anesthesiologists in our hospital. Our study model presented additional advantages for
the robustness of data. First, this study included a relatively
homogenous liver transplant population. Only 26 patients
were with the model for end-stage liver disease score > 30.
Second, the amount of injected/infused insulin was routinely recorded in a dedicated glycemic control chart; thus, the
data regarding insulin doses were highly reliable. As the glycemic chart was routinely applied in all liver transplant recipients, we could exclude the possibility of anesthesiologists not knowing the use of the Portland protocol after graft
reperfusion. Instead, we could consider that misread of the
long and complex paper manual or mismanagement of the
application software was the reason of the decrease in compliance. Third, the study period was 4 years and there were
not likely unmeasured or unmeasurable practice changes,
which could significantly affect compliance to the Portland
protocol or the degree of post-reperfusion glycemic change,
during the relatively short time period.
This study had several limitations. First, since we used the
retrospective study design, we could not exclude the possibility of bias from unobserved or unmeasurable variables.
Second, this study focused on compliance to the Portland
protocol and the potential clinical benefits from the improvement of compliance, and better controlled hyperglycemic response needs to be evaluated in further research.
During liver transplantation, compliance to the Portland
protocol was significantly improved by using an application
software “Insulin protocol calculator” which automatically
calculats therapeutic bolus/continuous insulin doses, and
post-reperfusion hyperglycemic response was better controlled compared to when using a paper manual. In addition, using “Insulin protocol calculator” can save time to interpret the manual and help busy anesthesiologists focus on
other hemodynamic/metabolic issues following graft reperfusion. This might be more beneficial for decompensated
patients with unstable hemodynamic/metabolic courses.
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doses (Supplementary Fig. 1). Sparing time and efforts by
using the application can allow anesthesiologists to spend
more time to the other parts of anesthesia, and may help improve patients’ clinical courses. Moreover, the application is
open to public and can be easily downloaded in smart devices, being cost-effective.
Post-reperfusion hyperglycemic response was better controlled with the “Insulin protocol calculator” by increasing
the compliance to the Portland protocol and giving exact insulin doses. This is important because hyperglycemia even
during a short period is known to affect clinical courses.
First, acute transient hyperglycemia even during a short period disturbs the innate immune system by inhibiting neutrophil migration, phagocytosis, and complement function,
and by stimulating inflammatory cytokines and decreasing
microvascular reactivity [3,4]. Deterioration of innate immune response can promote infection progress [6,7,9]. Second, previous research demonstrated that only a transient
period of acute hyperglycemia is necessary to aggravate
ischemia-reperfusion injury via oxidative stress and impaired tissue microcirculation [1,5]. A previous study of critically ill patients demonstrated that hepatocyte mitochondrial ultrastructure and function can be protected by preventing acute hyperglycemia with tight glycemic control [28].
Third, decreased hepatic ischemia-reperfusion injury could
also benefit the bile duct [29]. Ischemia-reperfusion injury
to the microvasculature of the bile duct arteriolar plexus
causes biliary epithelial cell damage; consequently, inflammatory cells penetrate between epithelial cells and basement membranes, and result in biliary stricture [30]. Fourth,
acute hyperglycemia-induced oxidative stress is systemic
and can affect various tissues and organs in remote areas including the diaphragm [9]. Some studies of patients undergoing liver surgeries have also highlighted the necessity of
developing better intraoperative glycemic managements, by
reporting the difficulties in controlling BGC and negative
clinical impacts of intraoperative hyperglycemia [6–9]. In a
previous study comparing 60 liver transplant recipients with
mean intraoperative BGC of < 150 mg/dl, and 124 recipients
with mean intraoperative BGC of ≥ 150 mg/dl, higher intraoperative BGC was associated with post-transplant infections and mortality [7]. Another study demonstrated that
mean BGC during the day of surgery > 150 mg/dl was associated with increased risk of post-transplant acute kidney injury [23].
Selection bias is the most significant barrier in retrospective analysis, and the success of the study mainly depends
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Background: The development of back pain following epidural analgesia is one reason for
patient refusal of neuraxial analgesia. The primary endpoint of this study was to compare
the incidence and severity of back pain following midline and paramedian epidural technique. The secondary endpoint was to identify the risk factors associated with the occurrence of back pain.
Methods: This prospective randomized study included 114 patients receiving thoracic epidural catheterization for pain management following upper abdominal or thoracic surgery.
Patients were allocated to either the midline or the paramedian group by computer-generated randomization. An investigator who was blinded to the patient group interviewed patients
at 24, and 48 h, and 3–5 days after surgery about the existence of back pain and its severity.
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Results: The total incidence of back pain following epidural anesthesia was 23.8% in the
midline group and 7.8% in the paramedian group. The numerical rating scale of back pain
was not different between the two groups at 24 h and 4 days after surgery. The paramdian
technique was associated with a lower incidence of back pain than the midline technique
(95% confidence interval 0.05–0.74, odds ratio 0.2, P < 0.01). However, the number of attempts, surgical position, body mass index, and duration of surgery were not associated
with back pain.
Conclusions: This study showed that the midline group of thoracic epidural analgesia
demonstrated higher incidence of back pain than the paramedian group. However, the pain
was mild in intensity and decreased with time in both groups.
Keywords: Back pain; Epidural anesthesia; Midline; Paramedian.

INTRODUCTION

their dissatisfaction [1]. The reported incidence of back pain
following epidural anesthesia ranges from 2% to 27%. Localized tissue trauma during needle entry and excessive
stretching of the supraspinous and interspinous ligaments
are possible mechanisms for the development of back pain
following neuraxial anesthesia [1,2].
Thoracic epidural analgesia (TEA) is a favored method for

One reason for patient refusal of spinal or epidural anesthesia is the fear of back pain following neuraxial anesthesia
[1]. Previous study demonstrated that 4% (54/1,191) of patients were not satisfied with spinal anesthesia, and 29% of
dissatisfied patients stated that back pain was the reason for

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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MATERIALS AND METHODS
Patients
This prospective and randomized study was conducted
under the approval of the Institutional Review Board (no.
2021-03-061). After fully explaining the potential benefits
and risks of this study, all patients provided informed consent. This study was registered before patient enrollment at
ClinicalTrials.gov (NCT05082220).
Data were collected from March 2021 to November 2021.
One hundred and fourteen patients with an American Sociwww.anesth-pain-med.org

ety of Anesthesiologists physical status classification of I–II,
who were aged between 30 and 75 years, were included. The
types of surgery included gastrectomy, lung lobectomy, liver
lobectomy, and esophagectomy. Patients with preexisting
back pain and those who cannot have a conversation or with
reduced ability to assess their back pain due to dementia
were excluded. Patients with a thoracic spine deformity or
congenital anomalies, and a contraindication for epidural
analgesia such as allergy to local anesthetics, bleeding tendency and pregnancy were also excluded.

Group allocation
Patients were allocated to either the midline or the paramedian group by computer-generated randomization. All
patients in both groups received thoracic epidural catheterization one day before surgery.

Thoracic epidural access
For TEA in this study, all thoracic epidural entries were
performed via fluoroscopic guidance in the outpatient pain
management clinic one day before surgery. A pain physician
with more than 15 years of experience in fluoroscopic guided injections performed all TEAs.
For a paramedian or midline approach of TEA, the interlaminar space of the 9th to the 10th thoracic vertebra was
used for epidural entry. In the midline group, the Touhy
needle was inserted just below the spinous process of the
9th thoracic vertebra (Fig. 1A). Caudal tilt of 10–15 degree
was obtained to enhance the image of interlaminar space.
The Touhy needle was advanced slowly until it approached
an area near the spinolaminar line in a lateral fluoroscopic
view. After determining that the Touhy needle was near the
spinolaminar line, the loss of resistance with air was used to
confirm the epidural space.
In the paramedian group, the Touhy needle was advanced 1
cm lateral and 1 cm caudal to the caudal edge of the spinous
process of the 9th thoracic vertebra (Fig. 1B). Special care was
taken that the needle should be inserted away from the midline. It was inserted until it approached an area near the
spinolaminar line in a lateral fluoroscopic view. Final confirmation of the thoracic epidural space was determined under
fluoroscopic views of anteroposterior and lateral views using
2 ml of contrast medium (Bonorex, 300 mg I/ml).
If the needle was withdrawn completely after encountering the laminae or spinous process with subsequent failure
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the analgesia after upper abdominal and thoracic surgery
[3,4]. The thoracic epidural space can be approached via
midline and paramedian methods in either the prone or decubitus position [2–4]. In the midline technique, the needle
is advanced under the lower margin of the spinous process
of the targeted upper vertebrae and passes in the order of
the supraspinous ligament, interspinous ligament, ligamentum flavum, and the epidural space. In the paramedian
technique, the needle is not advanced between the spinous
processes, but is inserted 1 cm lateral and 1 cm caudal to the
caudal edge of the spinous process in the sagittal plane. If
the paramedian technique is used, the needle encounters
the ligamentum flavum without puncturing the supraspinous and interspinous ligaments.
According to a previous study, a large-bore spinal needle
during spinal anesthesia resulted in more patients suffering
from post-dural puncture back pain due to the increased degree of tissue injury [5]. Suggested risk factors for the development of back pain following epidural anesthesia include
preexisting back pain, a higher body mass index (BMI), the
size of the Touhy needle, the injection technique, the duration of surgery, the patient’s position during surgery, and the
number of needle attempts [1]. Among these risk factors, the
effect of the epidural technique on the occurrence of back
pain was not specifically investigated. The midline technique always penetrates the spinal ligaments during epidural entry, resulting in the potential occurrence of back pain.
Our hypothesis is that not penetrating the supraspinous and
interspinous ligaments can reduce the incidence of back
pain following epidural analgesia. The primary endpoint of
this study is to compare the incidence and severity of back
pain following midline and paramedian epidural technique.
The secondary endpoint of this study is to identify risk factors associated with the occurrence of back pain.
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A

B

Fig. 1. Anteroposterior fluoroscopic images of midline (A) and paramedian (B) thoracic epidural approach.

of needle advance, it was considered as first attempt failure.
After the completion of final entry into the targeted epidural space, an epidural catheter was inserted slowly and
advanced until the 7th–8th thoracic spine. All patients were
equipped with epidural patient-controlled analgesia (PCA)
device for 48 h for postoperative pain control. The total volume of epidural PCA was 270 ml, with 300 μg fentanyl (Hana
Pharm Co., Korea) and 225 mg ropivacaine (Hanlim Pharm
Co., Korea). The epidural PCA was infused at 5 ml/h, and the
bolus dose was 5 ml (30 min lock-out times) in all patients.

Patient interview
The patient’s clinical data were recorded, including sex,
age, BMI, medical history, method of epidural approach,
number of puncture attempts, surgical position, and intravenous rescue analgesics.
The questionnaire to evaluate back pain following epidural analgesia was designed. It did not include transient neurological symptoms such as radicular pain in the buttock,
thigh, and calf. An investigator who was blinded to the patient group interviewed patients at 24, 48 h, and 4 days after
surgery. At each visit, the same investigator performed the
patient interview. An interview one month after surgery was
done by telephone. During the interview, we evaluated if the
patients had back pain that never experienced before epidural analgesia. If patients showed back pain following epidural analgesia, we asked the severity of pain using a numerical rating scale (NRS). Total incidence of back pain
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means the sum of patients who showed back pain at 24, 48 h,
and 4 days after surgery. The incidence of back at 48 h and 4
days after surgery is a cumulative number of patients.
Patient satisfaction or dissatisfaction was evaluated at the
end of this investigation by asking if the patient would
choose to receive epidural analgesia again for postoperative
pain control.

Statistical analysis
According to the preliminary study, the incidence of low
back pain was 10% and 35% in the paramedian and midline
groups, respectively. To detect a difference of 0.25 between
the two groups, 53 patients in each group were required using a two-sided t-test, with a significance level of 5%, a power
of 80%, and a dropout rate of 15%. Continuous variables are
presented as mean ± SD or median (interquartile range).
Categorical variables are presented as number (percentile).
Demographic data and thoracic epidural analgesia with operative data were compared using the chi-square test, unpaired t-test, or Fisher’s exact test. Odds ratios (ORs) were
calculated using cross tabulation analysis to identify risk factors associated with the occurrence of back pain (SPSS version 20, IBM Co., USA). A P value of < 0.05 was considered
statistically significant.

RESULTS
For possible inclusion in this study, 117 patients were
www.anesth-pain-med.org
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anesthesia (Table 4). Patients who presented dissatisfaction
stated that back pain, inadequate pain control after epidural
analgesia, and nausea were reasons for dissatisfaction.
Regarding the association of occurrence of back pain, the
paramdian technique was associated with a lower incidence
of back pain than the midline technique (95% confidence in-

■ Midline group
■ Paramedian group

30

25

*
*

Incidence of back pain (%)

evaluated. Among them, 3 patients refused to participate in
this study. Finally, 114 patients completed this study without
any dropouts (Fig. 2).
The total incidence of back pain following epidural analgesia was 23.8% (15/63) in the midline group and 7.8%
(4/51) in the paramedian group. This incidence of back pain
showed a statistically significant difference (P < 0.01). The
midline group showed a higher incidence of back pain than
the paramedian group and during the time point of 24
(22.3% vs. 6.2%, P < 0.01), 48 h (12.5% vs. 2.3%, P < 0.01),
and 4 days (11% vs. 0%, P < 0.01) after surgery. In the time
point of 4 days, 12% of the midline group showed back pain,
whereas none of the paramedian group showed back pain
(Fig. 3). One month after surgery, only 2 patients in the midline group complained of back pain, whereas none of the
paramedian group showed back pain.
Age and BMI were similar between the two groups. However, in gender distribution, more male patients were included
in the midline group than in the paramedian group (Table 1).
The number of attempts for TEA, anesthesia and operation
times, operative type, and surgical position were similar between the two groups. Among operative types, gastrectomy
was most common in both groups (Table 2). In total, 67% of
patients in both groups received additional analgesics, including non-steroidal anti-inflammatory drugs and opioids
(Table 3). The NRS of back pain was not different between
the two groups at 24 h and 4 days after surgery. More than
80% of patients in both groups were satisfied with epidural

20

15

*
*

10

5

0

24 hours

48 hours

4 days

Total incidence

Fig. 3. Comparison of incidence of back pain between midline
and paramedian groups. The total incidence of back pain following
epidural anesthesia was significantly higher in the midline group
than the paramedian group. *Statistically significant with P < 0.01.
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Assessed for eligibility (n = 177)
Excluded (n = 3)
· Declined to participate (n = 3)
Patients randomized (n = 114)

Median group (n = 63)

Paramedian group (n = 51)

Lost to follow-up (n = 0)
Discountinued intervention (n = 0)

Lost to follow-up (n = 0)
Discountinued intervention (n = 0)

Analysed (n = 63)

Analysed (n = 51)

Fig. 2. CONSORT flow diagram. CONSORT: consolidated standards of reporting trials.
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Table 1. Demographic Data
Variable
Age (yr)
Sex (male)
Height (cm)
Weight (kg)
BMI (kg/m2)

Midline group (n = 63)
60.5 ± 10.3
44 (69.8)
165.7 ± 7.8
65.2 ± 10.7
23.8 ± 3.7

Paramedian group (n = 51)
59.5 ± 10.5
29 (56.9)
162.5 ± 8.8
62.2 ± 8.3
23.7 ± 3.2

P value
0.600
0.051
0.041
0.106
0.861

Values are presented as mean ± SD or number of patients (%). BMI: body mass index.
Table 2. Thoracic Epidural Analgesia (TEA) and Operative Data
Operative data
Number of attempt for TEA
Anesthesia time (min)
Operative type
Gastrectomy
Lung lobectomy
Liver lobectomy
Esophagectomy
Operation time (min)
Surgical position
Supine
Decubitus

Midline group (n = 63)
1.1 ± 0.3
292.2 ± 103.0

Paramedian group (n = 51)
1.2 ± 0.5
280.0 ± 83.4

32 (50.8)

34 (66.7)

17 (66.7)

8 (15.7)

12 (19)

9 (17.6)

2 (3.2)
236.0 ± 99.4

P value
0.061
0.491
0.225

0 (0)
230.6 ± 80.5

45 (71.4)

43 (84.3)

18 (28.6)

8 (15.7)

0.755
0.103

Values are presented as mean ± SD or number of patients (%).
Table 3. Additional Use of Analgesics
Types of analgesics
NSAIDs
Diclofenac
Ketorolac
Opioids
Tramadol
Meperidine
Fentanyl

Midline group (n = 63)

Paramedian group (n = 51)

P value

16 (25.4)

11 (21.6)

0.633

42 (66.7)

34 (66.7)

0.999

27 (42.9)

25 (49)

0.573

43 (68.3)

34 (66.7)

0.857

8 (12.7)

6 (11.8)

0.880

Values are presented as number of patients (%). NSAID: non-steroidal anti-inflammatory drugs.
Table 4. Numerical Rating Scale (NRS) of Patients Who Presented Back Pain and Patient Satisfaction
Pain scale and patient satisfaction
Midline group (n = 63)
Paramedian group (n = 51)
3.5 ± 0.6
3.7 ± 0.6
NRS at 24 hour
2.3 ± 0.7
2.3 ± 0.6
NRS at 3–5 days
Patient satisfaction
56 (88.9)
44 (86.3)
Satisfied with TEA
7 (11.1)
7 (13.7)
Dissatisfied with TEA
Values are presented as mean ± SD or number of patients (%). TEA: thoracic epidural analgesia.

terval 0.05–0.74, OR 0.2, P < 0.01). However, the number of attempts, surgical position, BMI, and duration of surgery were
not associated with the occurrence of back pain (Table 5).

324

P value
0.743
0.880
0.672

DISCUSSION
The total incidence of back pain following epidural anesthesia was 23.8% and 7.8% in the midline and the paramediwww.anesth-pain-med.org
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Table 5. Odds Ratio (OR) for the Association of Occurrence of Back
Pain
Back pain occurrence
Approach method
Paramedian
Midline
Number of attempt
Once
Multiple
Surgical position
Supine
Decubitus
Body mass index (kg/m2)
≤ 25
> 25
Duration of surgery (min)
≤ 200
> 200

OR

95% CI

P value

0.20

0.05–0.74

0.010

0.58

0.22–1.93

0.429

1.04

0.31–3.49

0.999

0.66

0.24–1.82

0.241

1.03

0.37–2.83

0.957

CI: confidence interval.
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an group, respectively in the present study. According to a
previous study, the overall incidence of back pain following
epidural anesthesia was distributed between 2% and 27%
[1]. A higher incidence of back pain in the midline group was
observed at 24, 48 h, and 4 days after surgery.
This study excluded patients with preexisting low back
pain to prevent any confusion in identifying newly developed back pain following epidural analgesia. Although we
did not include patients with preexisting back pain, the risk
factors for back pain development after neuraxial anesthesia
include preexisting back pain, duration of surgery, lithotomy
position, and BMI higher than 32 kg/m2 for proper needle
placement [1]. However, this study showed that only the approach method of paramedian technique was associated
with a lower incidence of back pain.
Our hypothesis was that the paramedian technique of TEA
would demonstrate a lower incidence of back pain because
this method does not penetrate the supraspinous and interspinous ligaments. The potential mechanism that initiates
back pain following neuraxial anesthesia includes stretching
or traumatic injury of ligaments, fascia, or bone with localized bleeding or injury to the adjacent nerve root. Musculoskeletal mechanisms are relaxation of the paraspinal muscles under anesthesia, flattening of the normal lumbar lordosis, immobility of the spine, and stretching of the joint
capsules and paraspinal ligaments [1,2,6,7]. Especially, the
lithotomy position can cause pelvic rotation, which aggravates the reduction in normal lumbar lordosis [6].

When we perform the midline technique, the large bore
needle (17 G) penetrates the midline ligaments, which causes injury or cuttings of supraspinous and interspinous ligaments during needle advancement toward the epidural
space. However, the paramedian technique can avoid such
injury of midline ligaments by inserting the needle slightly
away from the midline. Previous study also showed that spinal anesthesia with the paramedian technique could reduce
the incidence of back pain compared to the midline technique [2,8,9]. A recent randomized study demonstrated that
the incidence of back pain was 2% and 10% in the paramedian group and the midline group, respectively. However, their
study failed in detailed exclusion such as preexisting back
pain, immobilization time, and patient position [9].
There are few studies investigating the characteristics or
nature of back pain following epidural analgesia. Although
this study did not evaluate if the back pain has any radiation
to the buttock or lower extremity, most studies report that
pain is confined to the back area [1,10,11].
The midline group demonstrated a higher incidence of
back pain than the paramedian group, however, the pain was
mild in intensity and decreased with time in both groups. One
month after surgery, when patients were interviewed about
the persistence of back pain, only 3.2% of patients (2/63 patients) in the midline group complained of back pain. A recent
study also reported that the incidence of persistent back pain
after epidural anesthesia up to 3 months after surgery was
only 2% (10/483 patients). Among them, 15% of patients complained of clinically significant back pain 2 days after epidural
analgesia, but the pain subsided with time [1,6].
We assessed the level of patient satisfaction of TEA. The
midline group demonstrated a higher incidence of back
pain, however, patient satisfaction showed a similar distribution between the midline and paramedian groups. Moreover, the level of patient satisfaction was over 80% in both
groups. Although back pain developed following epidural
analgesia, the intensity was mild, and did not persist for a
long time. Therefore, we assume that such a benign nature
of back pain affected little on the level of patient satisfaction.
In this study, we compared additional use of analgesics to
observe any influence of the approach technique on postoperative pain control. The additional use of analgesics did not
show any difference between the two groups, therefore, the approach method did not influence postoperative pain control.
This study includes several limitations. First, the incidence
of back pain was evaluated during the immediate postoperative period. Patients in this period were using epidural PCA
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with intermittent bolus intravenous injection. Therefore, the
incidence of back pain in this study could be estimated lower
since patients were using epidural and intravenous analgesics during the study period. Second, we focused on identifying the overall incidence of back pain with intensity. Therefore, we cannot suggest the characteristics or nature of back
pain. Further study is required to evaluate the characteristics
of back pain. Third, a telephone interview, not direct contact,
was conducted to evaluate the incidence of back pain 1
month after surgery. Although the evaluation was performed
via telephone interview, we think that the existence or absence of back pain was clearly delivered to an interviewer.
Fourth, the lithotomy position is known as a possible risk factor of back pain occurrence [1,6]. However, this study did not
include the patients with the lithotomy position.
In conclusion, this study showed that the midline group of
TEA demonstrated a higher incidence of back pain than the
paramedian group. However, the pain was mild in intensity
and decreased with time in both groups.
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Case Report

Two-level bilateral ultrasound-guided erector
spinae plane block for kyphosis corrective
surgery
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Background: Ultrasound-guided erector spinae plane (ESP) block has been used to provide
lumbar analgesia. The craniocaudal spread of local anesthetic in this block can be unpredictable in patients with kyphosis due to backward curvature of the spine, which might prevent longitudinal spread.
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Case: This is a case of a 33-year-old male (60 kg) diagnosed with type 3b kyphosis of the
thoracolumbar region at the level of L1 who underwent extended pedicle subtraction osteotomy. ESP block was administered at two different levels, one at T12 (above the angle of the
kyphosis L1) and another at L3 (below the angle of kyphosis L1), as the curvature of kyphosis can hinder the longitudinal spread of local anesthetic.
Conclusions: Two-level ESP block results in better craniocaudal spread of local anesthetic in
a patient undergoing kyphosis correction surgery.
Keywords: Anesthesia; Nerve block; Spine; Ultrasonography.

two-level US-guided bilateral ESP block, one at the twelfth
thoracic vertebra (T12) and another at the third lumbar vertebra (L3), for perioperative analgesia is reported in a patient
with congenital kyphosis. Written informed consent for publication was obtained from the patient.

CASE REPORT
A 33-year-old male (60 kg) diagnosed with type 3b kyphosis [3] of the thoracic region at the L1 level underwent extended pedicle subtraction osteotomy. After shifting from
the preoperative holding area to the operating room, standard American Society of Anesthesiologists monitors were
connected, and baseline parameters were noted. An intrave-

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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The goals of spine correction surgery include hemodynamic stability with no interference in neuromonitoring and
optimal pain control [1]. More common techniques such as
patient-controlled intravenous analgesia and epidural analgesia have been shown to provide successful analgesia following spine surgery; however, side effects and hemodynamic complications (hypotension) may be a disadvantage
in these patients. Ultrasound (US)-guided erector spinae
plane (ESP) block has been used successfully to avoid opioids in patients undergoing corrective surgery for scoliosis
[1,2]. The craniocaudal segmental spread of local anesthetic
(LA) in ESP block can be unpredictable in patients with kyphosis due to backward curvature of the spine, which might
prevent longitudinal spread. Here, the successful use of a
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nous line was secured, and infusion of normal saline was
started as maintenance fluid. Anesthesia was induced with
fentanyl (2 mg/kg), propofol (2 mg/kg), and vecuronium
(0.08 mg/kg), and the airway was secured with an armored
endotracheal tube with an internal diameter of 8 mm. Anesthesia was maintained with oxygen, air, and sevoflurane. After placing the patient in a prone position, US-guided (US
machine M-Turbo, Fujifilm Sonosite Edge II, Inc., USA) ESP
block was administered. The probe was kept transversally in
a midline position at approximately the level of the target
lumbar vertebra [4]. The corresponding spinous and transverse processes were identified, and the probe was placed
on the ipsilateral side to insert the needle in-plane to target
the area below the erector spinae muscle, above the lateral
edge of the transverse process (target point). LA (20 ml of
0.125% bupivacaine) was injected deep into the erector spinae muscle complex (Fig. 1). The ESP block was administered bilaterally at two different levels, one at T12 (above the
angle of kyphosis L1) and another at L3 (below the angle of
kyphosis L1). A total volume of 80 ml (bupivacaine 0.125%)
was administered, which is well below the toxic dose of a 60
kg patient. On visualization of the longitudinal spread, the
LA had spread caudally to approximately T7 cephalad and
L5 caudad. Neuromonitoring was performed in this patient,
including somatosensory evoked potential and motor
evoked potential (Medtronics Inc., USA). There was no significant change in waveform amplitude (less than 50%) and

A

B

latency (less than 10%) after the ESP block. The bispectral
index was monitored and maintained in the range of 40–60.
Any increase in the 20% heart rate/mean arterial pressure
was treated with 1 µg/kg fentanyl. The surgery lasted for five
hours and was uneventful. The patient’s trachea was extubated and the patient was transferred to the postoperative
ward. Total intraoperative fentanyl consumption was 180 µg.
Postoperative analgesia was provided by 1 g of intravenous
paracetamol injection at eight-hour intervals. The patient
was successfully extubated after the surgery, and was assessed at various time points: immediate postoperative period and at 1 h; 3 h; 6 h; 12 h; 24 h; and 48 h postoperatively
using a numerical rating scale (NRS). The patient reported
an NRS of 3/10, 2/10, 2/10, 2/10, 3/10, 2/10, and 2/10 at
these respective time points.

DISCUSSION
The analgesic regimen for complex spine surgery should
include perioperative paracetamol and cyclooxygenase-2
specific inhibitors or non-steroidal anti-inflammatory drugs
(NSAIDs). Opioids are used as rescue analgesics during the
postoperative period, and other recommendations include
intraoperative ketamine and epidural analgesia using local
anesthetics with or without opioids. In the authors’ institute,
fentanyl, dexmedetomidine infusion, paracetamol, and
NSAIDs are routinely used perioperatively. Various studies

C

Fig. 1. (A) MRI spine with kyphosis (type 3b angle > 60 degree) at thoracolumbar region (arrows), (B) transverse approach to ESP block by
In-plane technique, (C) sonoanatomy of transverse approach of ESP block. MRI: magnetic resonance imaging, ESP: erector spinae plane,
US: ultrasound, LA: local anesthetic.

328

www.anesth-pain-med.org

ESP block for kyphosis corrective surgery

DATA AVAILABILITY STATEMENT
Data sharing not applicable to this article as no datasets
were generated or analyzed during the current study.

AUTHOR CONTRIBUTIONS
Conceptualization: Chandni Sinha. Data curation: Poonam Kumari, Prabhat Agrawal, Arun SK. Writing - original
draft: Chandni Sinha. Writing - review & editing: Amarjeet
Kumar, Ajeet Kumar, Poonam Kumari, Arun SK. Supervision: Ajeet Kumar, Prabhat Agrawal.

ORCID
Chandni Sinha, https://orcid.org/0000-0002-4107-2671
Amarjeet Kumar, https://orcid.org/0000-0002-4272-5750
Ajeet Kumar, https://orcid.org/0000-0002-1464-6684
Poonam Kumari, https://orcid.org/0000-0003-0118-2187
Prabhat Agrawal, https://orcid.org/0000-0001-6511-9932
Arun SK, https://orcid.org/0000-0002-9788-3350

REFERENCES
1. Diwan SM, Yamak Altinpulluk E, Khurjekar K, Nair A, Dongre
H, Turan A. Bilateral erector spinae plane block for scoliosis
surgery: case series. Rev Esp Anestesiol Reanim (Engl Ed) 2020;
67: 153-8.
2. Chin KJ, Dinsmore MJ, Lewis S, Chan V. Opioid-sparing multimodal analgesia with bilateral bi-level erector spinae plane
blocks in scoliosis surgery: a case report of two patients. Eur
Spine J 2020; 29(Suppl 2): 138-44.
3. Rajasekaran S, Rajoli SR, Aiyer SN, Kanna R, Shetty AP. A classification for kyphosis based on column deficiency, curve magnitude, and osteotomy requirement. J Bone Joint Surg Am
2018; 100: 1147-56.
4. Narayanan M, Venkataraju A. Transverse approach to the erector spinae block: is there more? Reg Anesth Pain Med 2019; 44:

FUNDING

529-30.
5. Garg N, Panda NB, Gandhi KA, Bhagat H, Batra YK, Grover VK,

None.

et al. Comparison of small dose ketamine and dexmedetomidine infusion for postoperative analgesia in spine surgery--a

CONFLICTS OF INTEREST

prospective randomized double-blind placebo controlled
study. J Neurosurg Anesthesiol 2016; 28: 27-31.

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

6. Saito T, Steinke H, Miyaki T, Nawa S, Umemoto K, Miyakawa K,
et al. Analysis of the posterior ramus of the lumbar spinal
nerve: the structure of the posterior ramus of the spinal nerve.

www.anesth-pain-med.org

329

KSRA

have established the role of dexmedetomidine as an analgesic in major spine surgeries [5].
In this case of kyphosis corrective surgery, an ESP block
was administered at two different levels (above and below
the angle of kyphosis), as the curvature of kyphosis can hinder the longitudinal spread of LA. ESP block anesthetizes
the dorsal rami of the spinal nerves that innervate the
paraspinal muscles and bony vertebrae [6]. Chin et al. [2]
described bilateral bi-level ESP blocks as a method of opioid-sparing regime in corrective surgery for scoliosis, and
described bilateral bi-level ESP blocks as a simple method of
providing pre-emptive regional analgesia in extensive
multi-level spine surgery. Diwan et al. [1] showed bilateral
ESP block in a case series of six patients undergoing scoliosis
surgery. The ESP block was an easy and safe technique forin
patients with anatomical malformations in the case series
[1]. It does not lead to complications such as hemodynamic
instability, spinal nerve damage, and interference with
evoked potential after scoliosis surgery, which can be seen
with epidural analgesia. It can also be used in patients on
anticoagulants. In a retrospective study, Ueshima et al. [7]
concluded that ESP block provides effective postoperative
analgesia for 24 h in patients undergoing lumbar spinal surgery. Almeida et al. [8] successfully used a continuous bilateral ESP block at T8 in a patient who underwent spinal fusion surgery from L2 to S1. A continuous catheter was placed
remotely from the surgical site, and this method provided
significant analgesia. The effect of the block is primarily on
the posterior rami of the spinal nerves. Even if there is compression due to hematoma formation or infection, it will not
directly impinge on the spinal cord. In this case, the obstacle
of longitudinal spread of LA in severe kyphosis was reduced
by providing a two-level bilateral ESP block in kyphosis corrective surgery. The range of dermatomal spread of the local
anesthetic was not measured in this patient, and could be
considered a limitation of this study. More work in this area
may be required to confirm the findings.
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Background: Submental intubation has been the recommended airway management procedure for maxillofacial surgery since proposed by Altemir in 1986. We adopted various submental intubation modifications based on modified intubation protocols and report on the
effectiveness and problems of each modified method.
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Case: Among a total of 13 submental intubation cases during the last five years, five representative methods are described. The proximal end of the endotracheal tube was protected
by a nelaton catheter in case 1, by a suction connector in case 2, and by a dental needle
cap in case 3. In case 4, a nasal speculum was used to expand a single route, and in case
5, a laparoscopic trocar was used to secure a single route.
Conclusions: Use of a laparoscopic trocar might be the most effective way to obtain a single
submental route. However, considering cost, use of a nasal speculum is also an effective
suboptimal solution.
Keywords: Maxillofacial surgery; Nasal speculum; Submental intubation; Trocar.

Anesthesiologists must make careful decisions about airway management in maxillofacial surgery. Although nasal
intubation is preferred, it is not recommended in cases of
midface injury or nasoethmoidal complex fracture where intracranial intubation is expected [1]. In these cases, tracheotomy is often performed, which is far from the surgical site
and enables a stable and safe airway; however, tracheotomy
is invasive and has a risk of multiple complications [2,3]. In
1986, Altemir [4] proposed submental intubation as an alternative to nasal intubation and tracheotomy. Submental intubation is much simpler, more convenient, and presents with
a lower incidence of complications than tracheotomy [5].
Since Altemir first proposed the submental intubation method, several modified methods have been reported [6–10].

Here, we undertook a total of 13 submental intubation cases
over the last five years during anesthesia in maxillofacial
surgery (Table 1) and report five representative methods. We
describe the problems associated with each modified method and present the most effective modification along with a
literature review.

CASE REPORT

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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The current report was approved by Institutional Review
Board (no. CR321147). Written informed consent to publish
these cases was obtained from all patients. The patients underwent open reduction and internal fixation surgery for facial fractures, and a wire reinforced endotracheal tube (Co-
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Table 1. Thirteen Submental Intubation Cases during the Last Five Years
Patient
number

Sex

Age (yr)

1

M

24

2

F

39

3

30

5

M
M
M

6

M

26

7

67

9

F
M
M

26

10

M

37

11

M

19

12

M

54

13

M

23

4

8

19
39

31

Diagnosis

Method

Le-fort II fracture
Nelaton catheter
Naso-ethmoidal fracture
Orbital wall fracture, Lt.
Mandible fracture, Lt.
Zygomaticomaxillary fracture, Lt.
Mandible fracture, Lt.
Pan-facial fracture
Suction connector
Pan-facial fracture
Pan-facial fracture
Dental needle cap
with 1.0 black silk
Le-fort II fracture
Frontal bone fracture
Orbital wall fracture, Lt.
Pan-facial fracture
Pan-facial fracture
Nasal speculum
Nasal bone fracture
Mandible fracture, Lt.
Orbital wall fracture, Lt.
Le-fort I fracture
Le-fort II fracture
Frontal bone fracture
Maxillary bone fracture, both
Le-fort I fracture
Frontal bone fracture
Zygomaticomaxillary fracture, Lt.
Le-fort I fracture
Laparoscopic trocar
Frontal bone fracture
Zygomaticomaxillary fracture, Lt.
Orbital wall fracture, Rt.
Le-fort I fracture
Nasal bone fracture
Zygomaticomaxillary fracture, Lt.
Orbital wall fracture, Lt.

Problem
Separation of nelaton tube and endotracheal tube

Broken suction connector, dual submental routes
Damaged soft tissue due to pressure applied to
narrow submental route

Possibility of tube obstruction due to foreign body

Expensive cost

M: male, F: female, Rt.: right, Lt.: left.

vidien, Ireland) was used for intubation. Since this tube is
glued so that the connector part is not separated from tube,
the proximal end of the tube and the connector part were
separated in advance before performing the procedure.
When the patient was admitted to the operating room, pulse
oximetry, electrocardiogram, and non-invasive blood pressure monitoring were initiated, and preoxygenation was
performed on the patient through a facial mask for about 5
min. After induction with propofol, remifentanil, and rocuronium, oral intubation was performed using a video laryngoscope, and anesthesia was maintained with sevoflurane
or desflurane. To create the submental route, a parallel inci-
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sion was applied to the submental skin about 2 cm posterior
to the inferior border of the mandible symphysis. The platysma muscle and mylohyoid muscle were bluntly dissected
using a curved hemostat to prepare for passage into the oral
cavity. After mouth opening with a retractor, the mouth floor
was exposed by retracting the tongue laterally using an Army-Navy retractor. After applying a stab incision to the corresponding sublingual mucosa by palpating the hemostat
tip with a finger and taking care not to damage the Warton’s
duct on both sides, the hemostat was advanced to expose
the tip into the oral cavity to secure a route for the tube to
pass. Since ventilation was not available during the passage
www.anesth-pain-med.org
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of the endotracheal tube through the submental route, sufficient preoxygenation was performed with 100% O2 before
separation from the ventilator.

Case 1 (Patient 1)
A 24-year-old male patient with a Le Fort II fracture, nasoethmoidal fracture, orbital wall fracture, mandible fracture,

and basal skull fracture.
After submental tunnel formation and preoxygenation, the
pilot balloon was passed through the submental route. After
the endotracheal tube connector was disconnected, a nelaton
catheter (Sewoon Medical Vina Co., Vietnam) was placed on
the proximal end of the endotracheal tube (Fig. 1A). The distal end of the nelaton catheter was passed through the submental tunnel and the endotracheal tube was manually

A

B

C

D

E

F

KSAM

Fig. 1. Various submental intubation modifications and instruments. The proximal end of the endotracheal tube was protected by a nelaton
catheter in Case 1 (A), and by a suction connector in Case 2 (B). To secure single route, black silk was passed through a submental route in
Case 3 (C). The proximal end of the endotracheal tube was protected by a dental needle cap in Case 3 (D). To secure a single route a nasal
speculumt was used in Case 4 (E), and a laparoscopic trocar was used in Case 5 (F).
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pushed through the secured route. Next, the nelaton catheter was removed from the endotracheal tube, and ventilation
was resumed by connecting the connector and the endotracheal tube. After confirming that ventilation was normal, the
skin of the submental region was sutured using black silk to
fix the position of the tube.

Case 2 (Patient 4)
A 19-year-old male patient with a pan-facial fracture.
After submental tunnel formation and preoxygenation,
the pilot balloon was passed through the submental route.
After the endotracheal tube connector was disconnected, a
suction connector (Sewoon Medical Vina Co.) was connected to the proximal end of the endotracheal tube (Fig. 1B).
After passing the hemostat through the submental route
from the outside, the suction connector was caught in the
oral cavity and passed outside. However, multiple routes
were formed during the submental tunnel dissection process, and as a result, it was confirmed that the pilot balloon
and endotracheal tube passed through different routes. After
returning the endotracheal tube back to the intraoral space,
the route through which the pilot balloon passed was secured, passed through the hemostat, and then the suction
connector was held and passed. Next, the suction connector
was removed from the endotracheal tube, and ventilation
was resumed by connecting the connector and the endotracheal tube. After confirming that ventilation was normal, the
skin of the submental region was sutured using black silk to
fix the position of the tube.

Case 3 (Patient 5)
A 39-year-old male patient with a pan-facial fracture.
In Case 2, the pilot balloon and endotracheal tube were
passed through different submental routes, so the method
proposed by Oshima et al. [10] was referenced to secure a single route. After the submental tunnel was made, black silk (Covidien) was passed through a secured single route (Fig. 1C).
The black silk was pulled from the oral area after grabbing it
with a hemostat from the submental area. Then, the hemostat was passed through the submental tunnel and the pilot
balloon was held using the hemostat to pass it through the
submental area. Next, the endotracheal tube connector was
disconnected, and a dental needle cap (CK Dental Industries, Korea) was inserted into the proximal end of the endotracheal tube and then wrapped with Ioban (3M, USA) to
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prevent disconnection (Fig. 1D). After the hemostat was
placed as in Case 2, the proximal end of the dental needle
cap was grabbed and pulled out to the submental region.
Next, the Ioban was removed, the dental needle cap was disconnected from the endotracheal tube, and ventilation was
resumed by connecting the connector and the endotracheal
tube. After confirming that ventilation was normal, the skin
of the submental region was sutured using black silk to fix
the position of the tube.

Case 4 (Patient 8)
A 31-year-old male patient with pan-facial fracture accompanied by a frontal base traumatic subarachnoid hemorrhage.
Before passing the pilot balloon through the submental
route, a nasal speculum was inserted into the submental
tunnel from the outside to secure a single route and expand
the tunnel (Fig. 1E). The pilot balloon was passed through
the secured route. Next, the endotracheal tube connector
was disconnected, and the hemostat was passed through the
secured single route holding the proximal end of the endotracheal tube and passing it through. Ventilation was resumed by connecting the properly placed endotracheal
tube, connector, and ventilator. After confirming that ventilation was normal, the skin of the submental region was sutured using black silk to fix the position of the tube.

Case 5 (Patient 13)
A 23-year-old male patient with pan-facial fracture accompanied by a traumatic subdural hemorrhage.
To secure a single submental route and a separated tunnel, a laparoscopic trocar (Ethicon, USA) was used referring
to the method proposed by Jung et al. [6]. After passing the
laparoscopic trocar from the outside through the skin incision and mucosal incision, the puncture needle was separated to secure the route (Fig. 1F). After first passing the pilot
balloon through the trocar route, the endotracheal tube connector was disconnected, and the proximal end of the endotracheal tube was pushed through the trocar route. Next, the
trocar was removed, and ventilation was resumed by connecting the endotracheal tube, connector, and ventilator. After confirming that ventilation was normal, the skin of the
submental region was sutured using black silk to fix the position of the tube.
In all cases, after open reduction and internal fixation
www.anesth-pain-med.org
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were completed, the black silk suture fixing the endotracheal tube was removed to reposition the endotracheal tube to
the intraoral position. The connector was separated, and the
endotracheal tube was pulled from inside of the mouth so
that the tube passed through the submental route to be repositioned intraorally. Then, the pilot balloon was repositioned into the oral cavity in the same way. Ventilation was
resumed by reconnecting the connector and ventilator and
the submental incision was sutured. In Case 3, the wire-reinforced endotracheal tube was exchanged for a conventional endotracheal tube for ventilator care in the intensive
care unit (ICU). All other cases were extubated in the operating room, and all patients were transferred to the trauma
ICU.

DISCUSSION
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In maxillofacial surgery, nasal intubation, tracheotomy,
and submental intubation are the suggested methods for securing an airway. Nasal intubation is relatively less invasive
than other airway management procedures and has the advantage of being easy to perform; however, there is a risk of
complications such as epistaxis, bacteremia, intranasal submucosal laceration, and intracranial intubation [11,12]. Tracheotomy does not invade the surgical site, but it is the most
invasive technique. In addition, tracheotomy leaves visible
scars and can lead to several complications such as esophageal injury, damage to major vessels and nerves of the neck,
pneumothorax, and tracheal stricture [2,3].
Submental intubation avoids the fatal complications of
nasal intubation and is less invasive and is easier to secure
the airway than in tracheotomy [5]. In the method suggested
by Altemir [4], normal oral intubation is first performed, and
then the endotracheal tube is passed through a 2-cm paramedian incision tunnel that passes through the skin of the
submental region and the mucosa of the lingual aspect
mandible. After surgery, the endotracheal tube is repositioned to the oral position and the incision is completed
with a suture. However, submental intubation can also cause
various complications. There are complications resulting
from the incision site, such as bleeding, infection, orocutaneous fistula, mucocele, and/or tube obstruction due to endotracheal tube damage, blood clots, or soft tissue [13,14].
In the several reported endotracheal intubation methods
[6–10], a wire-reinforced endotracheal tube was used to prevent obstruction due to bending or damage of the endotracheal tube, which we used in all trials. Also, to prevent ob-

struction caused by the entry of foreign substances into the
tube and complications due to route incision, we utilized
various methods of submental intubation.
The method used in Case 1 (Patient 1) included covering
the proximal end of the endotracheal tube with a nelaton
catheter and then first passing the nelaton catheter through
the submental route to pass the endotracheal tube through
the submental route without damaging the surrounding tissue with minimal incision. An advantage of this method is
that the endotracheal tube covered by the nelaton catheter
prevents tube obstruction caused by blood clots or soft tissue. However, in the process of pulling the nelaton catheter
from the outside of the mouth to pass the endotracheal tube
through the submental route, the situation where the nelaton catheter was separated from the endotracheal tube was
repeated several times. To prevent this, the nelaton catheter
was pulled with enough force to not separate it from the endotracheal tube from the outside of the mouth, and the endotracheal tube was pushed in the mouth at the same time.
During this process, it was difficult for the tube to easily pass
through the submental incision site, and excessive pressure
was required, which may accompany damage to the surrounding soft tissue. Due to concerns about the continuation of apnea due to frequent separation and excessive damage to the soft tissue during the passage of the submental
route, we attempted a different method in Case 2.
In Case 2 (Patient 4), a suction connector was connected
to the proximal end of the endotracheal tube. Compared to
the nelaton catheter, it can be firmly inserted into the proximal end and has a smaller diameter than the tube such that
it was possible to prevent entry of blood clots or soft tissue.
Since the material of the suction connector is plastic, it was
easy to hold using a hemostat when pulling the tube out of
the mouth. However, there was a situation in which the suction connector was broken due to the pressure applied by
the hemostat. If this fragment enters the tube, there is a risk
that the tube obstruction or foreign body may enter the lung.
In this case, two different routes were formed by the remnant soft tissue created by blunt dissection with the hemostat in the process of making the submental tunnel. There
was a situation in which the pilot balloon and the endotracheal tube passed through the different routes formed by the
remnant tissue. Therefore, it was necessary to attempt a different method to secure a single submental route and address the need for a material that does not break with hemostat use, as in Case 3.
In Case 3 (Patient 5), a dental needle cap was connected
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to the proximal end of the endotracheal tube. Unlike the
suction connector, the dental needle cap is a material that
does not break when held with a hemostat, and can completely block the tube without a lumen, so there is no risk of
blood clots or soft tissue entering the tube. In addition, as a
result of using the method of securing a single submental
route using black silk proposed by Oshima et al. [10], the
problem of forming two different routes by remnant soft tissue was solved. However, even with this method, when the
endotracheal tube was pulled out of the submental incision
site, it did not pass through smoothly, and excessive pressure was applied to the surrounding soft tissue.
In Case 4 (Patient 8), we focused on securing and expanding the submental route. After making the submental tunnel,
the single expanded route was secured using a nasal speculum. By allowing the endotracheal tube to pass through the
nasal speculum, unnecessary pressure was not transferred
to the surrounding soft tissue when the tube was removed,
and blood clot and remnant soft tissue issues that could
cause tube obstruction did not occur.
In Case 5 (Patient 13), the submental route was secured
using a laparoscopic trocar as presented by Jung et al. [6].
This method has the disadvantage of high cost, but the risk
of obstruction of the endotracheal tube was significantly reduced because it was possible to secure a tunnel separated
from the surrounding soft tissue more reliably than the nasal
speculum. In addition, the trocar was relatively easy to use
and was reliable.
We recognize that this case series has limitations as it is a
retrospective review. In addition, the size of the case series is
small. In particular, we could not measure the time needed
to perform submental intubation in each case. Further comparative studies of trocar and nasal speculum are necessary.
In summary, the important points in submental intubation are securing a single submental route, preventing tube
obstruction, preventing unnecessary soft tissue damage
during tube passage, and minimizing apnea time. Judging
from our experience, the laparoscopic trocar method is recommended as an easy and reliable way to secure a single
submental route. However, since laparoscopic trocar use is
costly, the nasal speculum method is also recommended
based on cost-effectiveness.
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Hyperekplexia with congenital heart disease:
anesthetic concerns and management

Letter to the Editor

were normal. Echocardiography showed mild pulmonary
stenosis and ballooning of the pulmonary valve (pulmonary
valve area 2.06 square meter and pulmonary artery systolic
pressure, 17 mmHg) with a small atrial septal defect. All other
investigations were normal except hemoglobin, which was 8.6
g/dl. The child was on tablet diazepam (2.5 mg) twice daily
and syrup baclofen (5 mg/5 ml) 1.5 ml twice daily. These
medications were continued in the perioperative period.
The child was premedicated with midazolam (0.05 mg/
kg), ketamine (0.5 mg/kg), and glycopyrrolate (0.005 mg/
kg). Induction was performed with fentanyl (2 μg/kg) and
propofol (2 mg/kg) at titrated doses. I-gel no. 1.5 was inserted. Muscle relaxants were avoided. Anesthesia was maintained with oxygen in air (50:50), and isoflurane at a minimum alveolar concentration (MAC) of 1.0–1.2. A caudal
block was administered with 9 ml of 0.2% ropivacaine to
provide intraoperative and postoperative analgesia. The patient’s intraoperative course was uneventful.
In our case, we preferred propofol over etomidate as an
induction agent because propofol possesses antiepileptic
properties and rarely causes myoclonic jerk. This contrasts
with etomidate, which frequently produces myoclonic jerk.
Thus, propofol is a better choice for treating children with
hyperekplexia. Although propofol decreased systemic vascular resistance compared to etomidate, pulmonary stenosis
in our case was mild. If severe pulmonary stenosis is present,
etomidate (a stable cardiovascular drug) may be a better
choice. In our case, we used ketamine to provide sedation
and analgesia, thus preventing separation anxiety. It also
prevents a decrease in the systemic vascular resistance.
We preferred a supraglottic airway device (I-gel, Inter-surgical Ltd., UK) for tracheal intubation. The patient had dysmorphic facial features, indicating difficult tracheal intubation, thereby, avoiding multiple intubation attempts and hemodynamic responses to laryngoscopy. Anesthesia was
maintained with isoflurane traces by achieving and maintaining a MAC value of 1.0–1.2 without a muscle relaxant,
thus avoiding untoward muscle relaxant effects in the patient. There is no definite anesthetic plan for conducting a
case of hyperekplexia. To date, little is known about the correlation between GLRA1 and muscle relaxants. There is a

TO THE EDITOR: Hyperekplexia, also known as startle
disease, is a rare genetic neurological disorder that primarily
affects infants and is characterized by excessive blinking of
eyes or body spasms in response to sudden unexpected auditory or tactile stimulation. Symptoms include extreme
muscle tension (stiffness or hypertonia) [1]. Hyperekplexia is
usually inherited as an autosomal dominant trait, but autosomal recessive or, rarely, X-linked inheritance may also occur [2]. Mutations in GLRA1, SLC6A5, GLRB, GPHN, and
ARHGEF9 (X-linked) have been associated with these conditions.
Hyperekplexia 1 is caused by a mutation in GLRA 1 gene
[3]. Delayed developmental milestones or learning difficulties can be observed in some children. Congenital disabilities leading to dysfunction of glycinergic inhibitory transmission are seen in hereditary hyperekplexia [4,5]. They are
frequently associated with inguinal, umbilical, or epigastric
hernias. As a rare disease, limited literature is available regarding anesthetic management in such cases, primarily
when associated with congenital heart disease (CHD). Here,
we discuss the successful management of a hyperekplexic
child with CHD.
Written informed consent to publish this case was obtained from the patient’s legal guardian.
A 1-year-old child weighing 9 kg was scheduled for a right
inguinal hernia repair surgery. At presentation, the patient
had dysmorphic facial features (short nose, retrognathia,
anteverted nares, and long philtrum) (Fig. 1). His medical
history suggested that he was born by caesarean section (because of thick meconium-stained liquor). The patient’s birth
history was uneventful. However, a few hours after birth, he
presented with a flexed posture, brisk reflexes, and an exaggerated startle response and was diagnosed with hyperekplexia. At one month of age, he developed global hypertonia,
and had delayed development. Electroencephalography revealed interictal epileptiform discharges originating from
the left posterior head region. Electromyography revealed a
myopathic potential. Magnetic resonance imaging results
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Fig. 1. The dysmorphic facial features (short nose, retrognathia,
anteverted nares, long philtrum) of the child.

vast scope for research on this disease. We conducted this
case by maintaining an adequate depth of anesthesia with
analgesia, and without a muscle relaxant.
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Sugammadex in pediatric patients
TO THE EDITOR: In South Korea, sugammadex has begun
to be clinically used as an antagonist of nondepolarizing
neuromuscular blockers since 2013 and is approved for use
in pediatric patients above 2 years of age. There are many reports on the usefulness of sugammadex in pediatric patients.
We read with great interest the paper titled “The use of
sugammadex in an infant with prolonged neuromuscular
blockade - A case report -” [1]. However, we have some concerns that we would like to discuss.
First, the authors administered neostigmine twice without
anticholinergics. We assume that this was probably due to
the atropine administered during the pre-induction period.
However, concomitant administration of anticholinesterase
and anticholinergics is not solely due to increases in the
heart rate [2]. Second, the body temperature of the neuromuscular monitoring site should be well-maintained because hypothermia at the measurement site can interfere
with mechanomyographic and acceleromyographic recordings. As an example, one study reported that the twitch tension of the adductor pollicis decreased by 16% per degree
when the muscle temperature fell below 35.2°C [3].
Third, when the two post-tetanic counts were measured,
sugammadex 25 mg (more than 4.6 mg/kg) was administered. Sugammadex is not approved for children under 2
years of age in South Korea or in other countries, and adverse events of sugammadex such as hypersensitivity tend to
be dose-proportional [4]. Although the waiting time for recovery may be longer, careful administration of small doses
may be more well-tolerated [5]. Lastly, during the 90-min
period of emergence, it is likely that the patient would have
struggled even if he was not able to move. There would have
been various symptoms and signs that the patient had regained consciousness and experienced pain. Medications
for pain relief and sedation had to be administered.
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Corrigendum

Corrigendum: Advantages and pitfalls of clinical
application of sugammadex
Hyung Young Lee and Ki Tae Jung
Department of Anesthesiology and Pain Medicine, School of Medicine, Chosun University,
Gwangju, Korea

Anesth Pain Med 2020;15:259-268
https://doi.org/10.17085/apm.19099
In the article by Lee and Jung in the July 2020 issue of Anesthesia & Pain Medicine (Advantages and pitfalls of clinical application of sugammadex [pages 259-268]), the article
contained an error in the main text (the corrected contents are displayed in underline).
1. In the first paragraph of ‘Optimal dose of sugammadex for an obese patient’ section (p.
260)
Before: 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).
After: Badaoui et al. [23] reported that the dose of sugammadex for the reversal of deep
NMB in the obese patient was weight based dosage (4 mg/ calculated IBW) plus 35–50%.
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2. In the first paragraph of ‘Failure of reversal, recurarization, and resensitization?’ section (p. 261)
Before: 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.
After: Recently, a report indicated that rescue administration of sugammadex (200 mg)
after administration of neostigmine (50–70 μg/kg) for NMB reversal can result in a paradoxical reduction in the TOF ratio [52].
The authors apologize for any inconvenience that it may have caused.
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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;

tution where the experiment was performed. Clinical studies that

and (4) agreement on taking accountability for the accuracy or
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integrity of the work. Authors should meet these four criteria.

lish manuscripts if the manuscripts satisfy the condition of

These criteria distinguish the authors from other contributors.

secondary publication of the Uniform Requirements for Man-

When a large, multicenter group has conducted the work,

uscripts Submitted to Biomedical Journals, available at: www.

the group should identify the individuals who accept direct re-

icmje.org. If the author or authors wish to obtain a duplicate

sponsibility for the manuscript. When submitting a manu-

or secondary publication for reasons such as publication for

script authored by a group, the corresponding author should

readers of a different language, the author(s) should obtain

clearly indicate the preferred citation and identify all individu-

approval from the Editors-in-Chief of both the first and second

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

journal.

collection of data, or general supervision of the research group

IV. Manuscript Preparation

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 follow-

8. Plagiarism and duplicate publication

ing guidelines (www.equatornetwork.org/library).
CONSORT for reporting of randomized controlled trials

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
(COPE). For additional information, please visit http://www.
publicationethics.org. Text copied from previously published

(http://www.consort-statement.org)
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)
MOOSE for reporting of observational studies (http://www.
emgo.nl/kc/reporting-your-study-results-in-a-scientific-article)

work is interpreted using the following taxonomy:

GLOBAL ADVANCES in Health and Medicine for reporting of
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
3) Plagiarism for scientific English

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

Copying of verbatim text, often from multiple sources

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

4) Technical plagiarism

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

Use of verbatim text without identifying it as a direct quota-

2. Abbreviation of terminology

tion but citing the source
5) Self-“plagiarism”

Abbreviations should be avoided as much as possible. When
Manuscripts are only accepted for publication if they have

they are used, full expression of the abbreviated words should

not been published elsewhere. Manuscripts published in this

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

journal should not be submitted for publication elsewhere. Du-

parentheses.

plicate submissions identified during peer review will be imme-

Ex) target controlled infusion (TCI)

diately rejected. Duplicate submissions that are discovered after

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

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

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

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

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

different journal that is not open access.

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

When duplicate publication is detected, the APM editorial
office will notify the counterpart journal on this violation. Ad-

3. Word spacing

ditionally, it will be notified to the authors’ affiliation and penalties will be imposed on the authors. It is possible to repub-

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) It is said that hypertension can be induced [1] and the

③ Author information

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

way to injure the brain [2] is…

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

Ex) Choi and Kim [1] reported…

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

3) Apply citations before a comma or period.

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

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

Page and entered in the system match exactly.

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

④ Previous presentation in conferences

Title of the conference, date of presentation, and the
location of the conference may be described.

⑤ Funding statement

5. Arrangement of manuscript

Disclosure of all financial support for the work, in-

The manuscript should be organized in the order of title, abstract, introduction, materials and methods, results, discussion,
acknowledgments, references, tables, figures, and figure legends. Figures should be uploaded as separate files. The title of

cluding departmental or institutional funding/support.

⑥ Conflicts of interest

Any conflicts of interest for any or all authors within

each new section should begin on a new page. The conclusion

the 36 months of submission. If no competing inter-

should be included in the discussion section. Number pages

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

consecutively, beginning with the first page of the manuscript.

thors declare no competing interests.” If any of these

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

elements are not applicable to your submission,

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

write “not applicable” after thenumber and topic; for

document does not need to be included in the body of the manuscript but may be included as a supplement in an appendix.

6. Organization of manuscript

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

① Title and Running title (without author information)
It should be the same as the Cover page.

② Abstract

1) Clinical or experimental research

All manuscripts should contain a structured abstract

(1) Cover page (upload separately)

that is written only in English. Authors should pro-

① Title

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

Title should be concise and precise. The first word

contain 4 subsections: Background, Methods, Re-

should be capitalized. Drug names in the title should be

sults, and Conclusions. Citation of references is not

written with generic names, not brand names. For the

permitted in the abstract. A list of key words at least 4,
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with a maximum of 10 items, should be included at

< Exceptions >

the end of the abstract. Key words should be selected

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

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

written as “dl, ml, μl”.

and these should be written in small letters with the

Ex) 1 L, 5 ml

first letter capitalized. Separate each word with a

B. The units for pressure are mmHg or cmH2O.

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

instead of Pascal.

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

C. Use Celsius for temperature. °C

bral vessels; Oxygen; Spinal analgesia.

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

③ Introduction

Ex) μmol/L; [ × ]

The introduction should address the purpose of the

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

article concisely and include background informa-

nal slashes are acceptable for simple units.

tion that is relevant to the purpose of the paper.

Negative exponents should not be used.

④ Materials and Methods

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

The materials and methods section should include

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

sufficient details regarding the design, subjects, and
methods of the research in order, as well as methods

Ex) 5 mmHg

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

Ex) 5%, 36oC

Sufficient details must be provided in the methodol-

G. Units of time

ogy section of an experimental study so that it can be

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

further replicated by others.

= 86,400 s

Institute and author names should be avoided.

●

When reporting experiments with human or animal

Provide model name and manufacturer’s name, and

subjects, the authors should indicate whether they

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

received approval from the Institutional Review

the names of countries.

Board for the study. When reporting experiments

Ex) U.S.A. [ × ], USA [O]

with animal subjects, the authors should indicate

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

whether the handling of the animals was supervised

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

by the Institutional Board for the Care and Use of

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

Laboratory Animals. Demographic data should be

manufacturer’s name and country.

included in the materials and methods section if ap-

●

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

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

mended. If several study designs were used, then

Ex) Premedicated magnesium [O]

subtitles can be used without assigning numbers.

Ex) Premedicated Mg2+ [O]

Ensure correct use of the terms sex (when reporting biological factors) and gender (identity, psychosocial or

Machines and equipment

Ions

⑤ Results

Results should be presented in a logical sequence in

cultural factors), and, unless inappropriate, report the

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

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

important findings first. Do not repeat all of the data

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

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

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

size or summarize only the most important observa-

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

tions. Results can be sectioned by subsection titles

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

but should not be numbered. Citation of tables and

prostate cancer). Authors should define how they deter-

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

mined race or ethnicity and justify their relevance.

Type or print each table on a separate page. Figures

●

Units Laboratory information should be reported

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

using the International System of Units [SI], available

files.

at: https://www.nist.gov/pml/special-publication-811

⑥ Statistics

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 rounded

metric statistical method. When a parametric

off to reflect the original degree of precision. Calcu-

method is used, the authors should describe

lated or estimated numbers (such as mean and SD)

whether the basic statistical assumptions are met.

should be expressed in no more than one signifi-

For an analysis of a continuous variable, the nor-

cant digit beyond the measured accuracy. There-

mality of data should be examined. Describe the

fore, the mean (SD) of cardiac indices in patients

name and result of the particular method to test

measured on a scale that is accurate to 0.1 L/min/

normality.

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

D. When analyzing a categorical variable, if the num-

J. Except when otherwise stated herein, authors

ber of events and sample is small, exact test or as-

should conform to the most recent edition of the

ymptotic method with appropriate adjustments

American Medical Association Manual of Style.

should be used. The standard chi-squared test or
difference-in-proportions test may be performed

⑦ Discussion

The discussion should be described to emphasize

only when the sample size and number of events

the new and important aspects of the study, includ-

are sufficiently large.

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

E. The APM strongly encourages authors to show

sults or other information that is provided in the in-

confidence intervals. It is not recommended to

troduction or the results section. Describe the con-

present the P value without showing the confi-

clusions according to the purpose of the study but

dence interval. In addition, the uncertainty of esti-

avoid unqualified statements that are not adequately

mated values, such as the confidence interval,

supported by the data. Conclusions may be stated

should be described consistently in figures and

briefly in the last paragraph of the discussion section.

tables.
F. Except for study designs that require a one-tailed

⑧ Funding

Financial support, including foundations, institu-

test, for example, non-inferiority trials, the P val-

tions, pharmaceutical and device manufacturers,

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

private companies, or intramural departmental

pressed up to three decimal places (ex. P = 0.160
not as P = 0.16 or P < 0.05). If the value is less
than 0.001, it should be described as “P < 0.001”

sources, or any other support, should be described.

⑧ Acknowledgments

Persons or institutes that contributed to the manu-

but never as “P = 0.000.” For large P value greater
than 0.1, the values can be rounded off to one
decimal place, for example, P = 0.1, P = 0.9.
G. A priori sample size calculation should be de-

script but not sufficiently to be coauthors may be recognized.

⑩ References
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●

References should be obviously related to docu-

●

ments and should not exceed 30. References should

Ex) Doherty JS, Froom SR, Gildersleve CD. Pediatric la-

be numbered consecutively in the order in which

ryngoscopes and intubation aids old and new.

they are first mentioned in the text. Provide citations

Paediatr Anaesth 2009; 19 Suppl 1: 30-7.

in the body text. All references should be listed in

Journal article issue with supplement

English, including author, title, name of journal, etc.

Ex) Lee S, Han JW, Kim ES. Butyrylcholinesterase defi-

The format for references follows the descriptions

ciency identified by preoperative patient interview.

below. Otherwise, it follows the NLM Style Guide

Korean J Anesthesiol 2013; 65(6 Suppl): S1-3.

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

B. Monographs

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

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

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

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

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

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

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

- Note if it is beyond the 2nd edition.

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

Ex) Nuwer MR. Evoked potential monitoring in the

nih.gov/books/NBK7256/).

operating room. 2nd ed. New York, Raven

●

If necessary, the Editorial Board may request origi-

Press. 1986, pp 136- 71.

nal documents for the references.

- Translated documents cannot be used as refer-

●

The journal title should be listed according to the

ences. The original documents should be provided

List of Journals Indexed for MEDLINE, available at:

as references.

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

C. Chapter

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

Any separate author of a chapter should be provid-

(journal browser of KoreaMed Services), available

ed.

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

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

●

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

Clinical Anesthesia. 3rd ed. Edited by Barash

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

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

●

Provide the start and final page numbers of the cit-

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

●

Abstracts of conferences may not be included in the

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

references. The American Society of Anesthesiolo-

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

gists (ASA) refresher course lecture is not accept-

mavirus screening among older women.

able as a reference.

Emerg Infect Dis [serial on the Internet]. 2005

Description format

Nov [2005 Nov 25]. Available from wwwnc.cdc.

ed reference.

●

D. Electronic documents

A. Regular journal

gov/eid/article/11/11/05-0575_article.

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

E. Online journal article

lished year; volume: start page-final page.

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

Ex) Rosenfeld BA, Faraday N, Campbell D, Dor-

lowering therapies for preventing or delaying

man T, Clarkson K, Siedler A, et al. Periopera-

the progression of chronic kidney disease. Co-

tive platelet activity of the effects of clonidine.

chrane Database Syst Rev 2017; 10: CD009460.

Anesthesiology 1992; 79: 256-61.

F. Advance access article

Ex) Hirota K, Lambert DG. Ketamine: its mecha-

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

nism(s) of action and unusual clinical uses. Br

sner W. Chronic intensive care-related pain:

J Anaesth 1996; 77: 741-4.

Exploratory analysis on predictors and influ-

Ex) Kang JG, Lee SM, Lim SW, Chung IS, Hahm TS,

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

Kim JK, et al. Correlation of AEP, BIS, and OAA/

2017. Advance Access published on Nov 5,

S scores under stepwise sedation using propofol TCI in orthopedic patients undergoing total
knee replacement arthroplasty under spinal an-

2017. doi:10.1002/ejp.1129.

⑪ Tables
●

esthesia. Korean J Anesthesiol 2004; 46: 284-92.
Journal article volume with supplement

cited in the text.
●
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Only one table is to be drawn per page in the order
The title of the table is to be in English and written

●

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

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

Words in the table excluding the title should use

into 1, but submit each of them separately. Authors

capital letters for the first word, and the following

should submit line drawings in black and white.

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 abbreviations in order of appearance, and statistics. Abbreviations apart from internationally recognized
abbreviations are to be explained with their full

●

⑤ In horizontal and vertical legends, the letter of the
first English word should be capitalized.

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
obtained from the subject and is provided at the time
of submission.

⑧ Pathological samples should be pictured with a measuring stick.

(4) Video (movie) clip(s)

spellings at the bottom of the table. Full spellings

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

are to be presented even for repeated abbreviations

that will be available online. Authors should submit vid-

for each table in order of appearance.

eos according to our video submission guidelines.

Significance marks are to conform to the Vancouver
style (Uniform Requirements for Manuscripts Sub-

① Each video clip should clearly illustrate the primary

findings within an adequate amount of viewing time

mitted to Biomedical Journals. JAMA 1997; 227:

and should be discussed in the text. Authors should

927-34). In other words, these must be in the order

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

of

*, †, ‡, §, ∥, ¶, **, ††, ‡‡

and written as superscripts.

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

⑫ Legends for figures and photographs
●

●

However, all identifying information, including pa-

All of the figures and photographs should be de-

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

scribed in the text separately.

dates of the procedures, should be removed.

The description order is the same as in the footnotes in tables and should be in recognizable sen-

●

② Video clips should contain succinct teaching points

that must be supported by the current literature or

tences.

standard reference texts, preferably those most ac-

Define all abbreviations every time they are repeated.

cessible to the general reader. The adequacy of the

(3) Figures and Photographs

teaching points will be evaluated during the review

① APM encourages authors to use color to increase the

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 ×

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

④ Photographs should be submitted individually. If Fig.
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320 pixels (smaller clips will not be accepted) and a
maximum of 2 GB. Files of < 15 MB will be rejected
outright unless special arrangements have been

made with the editorial board prior to submission.

3) Reviews

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

Review articles synthesize previously published material

the review process.

into an integrated presentation of our current understand-

⑧ Supplemental still images that correspond to the re-

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

spective video clip(s) should be, but are not always

topic in which scientific consensus exists, as well as aspects

required to be, accompanied by legends. The video

that remain controversial and are the subject of ongoing

clip file name(s) should refer to the corresponding

scientific disagreement and research. Review articles

figure number(s).

should include unstructured abstracts written in English

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

2) Case Reports

equal to or less than 250 words. The organization should be
in order of abstract, introduction, text following each title,
conclusion and references. Figures and tables should be

A case report is almost never a suitable means to describe

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

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

sized pages, and the number of figures and tables should

powered and well-controlled clinical trial should be per-

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

formed to demonstrate such efficacy. The only context in

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

which a case report can be used to describe efficacy is in a
clinical scenario, or population, that is so unusual that a

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

clinical trial is not feasible. Case reports of humans must

Letters to the Editor should include brief constructive com-

state in the text that informed consent to publication was

ments that concern previously published articles and inter-

obtained from the patient or guardian. Copies of written

esting cases. Letters to the Editor should be submitted no

informed consents should be kept. If necessary, the editor

more than 3 months after the paper has been published.

or reviewers may request copies of these documents. If

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

these steps are impossible, Institutional Review Board ap-

those of clinical research papers. The corresponding au-

proval should be obtained prior to submission. Rarity of a

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

disease condition is itself not an acceptable justification for

thors is allowable.

a case report.

(2) The body text should not exceed 1,000 words and

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

should have no more than 5 references. A figure or a table may be used.

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

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

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

essary, responses by the author of the subject paper may

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

be provided.

subsections: Background, Case, and Conclusions. A list

5) Book reviews and announcements

of keywords, with a minimum of 3 and maximum of 10

Book reviews as well as news of scientific societies and sci-

items, should be included at the end of the abstract.

entific meeting dates in Korea or abroad can be included.

(3) Introduction: Should not be separately divided. Briefly

Their formats will be same as those of Letters to the Editor.

describe the case and background without a title.
(4) Case report: Describe only the clinical information that

6) Images and Videos in APM
This feature is intended to capture the sense of visual dis-

is directly related to the diagnosis and anesthetic man-

covery and variety that anesthesiologists experience.

agement.

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

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

than 2 authors should be listed.

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

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

clusion section separately.

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

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

A, Panel B, etc.

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

(4) The legends to the images and videos should briefly

can be added in accordance with the decision of the

present relevant clinical information, including a short

editorial committee.

description of the patient’s history, relevant physical

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

and laboratory findings, clinical course, response to
treatment (if any), and condition at the last follow-up.
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