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Ultrasonography facilitates arterial catheterization compared to traditional palpation techniques, especially in small arteries. For successful catheterization without complications,
practitioners should be familiar with the anatomic characteristics of the artery and ultrasound-guided techniques. There are two approaches for ultrasound-guided arterial catheterization: the short-axis view out-of-plane approach and the long-axis view in-plane approach.
There are several modified techniques and tips to facilitate ultrasound-guided arterial catheterization. This review deals with the anatomy relevant to arterial catheterization, several
methods to improve success rates, and decrease complications associated with arterial
catheterization.
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INTRODUCTION

well as relaxation of the spasm after treatment [3]. This review deals with the anatomy of arteries, several ultrasound-guided arterial cannulation techniques, as well as
tips to improve success rates and decrease complications
associated with arterial catheterization.

Arterial pressure monitoring is essential for the management of hemodynamically unstable patients. The placement of an arterial catheter is sometimes technically challenging because some arteries have small calibers, anatomic variations, or arterial calcifications, or vasospasms.
Multiple cannulation attempts are associated with a higher
failure rate and complications such as hematoma, hemorrhage, vasospasm, occlusion, and infection. Ultrasonography is a useful tool for peripheral arterial catheterization
[1]. Ultrasound guidance has been shown to facilitate arterial catheterization with fewer attempts. Ultrasound guidance for arterial catheterization improves the first and second attempt success rates and decreases the rate of complications compared to palpation or Doppler auditory assistance [2]. In addition, ultrasonography is a good modality for evaluating the extent of the artery in vasospasm as

ANATOMY
Upper extremity
The radial, ulnar, and brachial arteries can be used for
arterial catheterization of the upper extremity (Fig. 1).
When an arterial catheter is placed at the upper extremity
that is supplied with blood by the aberrant subclavian artery, it should be considered that arterial pressure may be
underestimated by compression in its retroesophageal
course. If the patient has an interrupted aortic arch, coarctation of the aorta, or Blalock-Tausig shunt, it should be

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, 2021
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Fig. 1. Upper extremity visualized with schematic and sonographic images. The brachial artery is located in the middle of the upper extremity,
while the median nerve is located on the medial side of the brachial artery. The radial artery and nerve run on the proximal side of the wrist
but run separately in the distal part, while the median nerve is located near the radial artery at the distal wrist. The ulnar artery and nerve run
together in the distal wrist. a.: artery, n.: nerve.

noted that the pressure measured from the upper extremity
may not accurately represent the systemic arterial pressures at other sites.

1. Radial artery
The radial artery is the most commonly preferred site for
arterial catheterization [4,5] because of adequate collateral
blood supply, low complication rates, and easy accessibility. The average diameter of the radial artery in adults and
children is 2.2–2.3 ± 0.4 mm [6,7] and 1.2–1.3 ± 0.2 mm
[8,9], respectively. The average depth of the radial artery
from the skin in adults and children is 2.5 ± 0.3 mm [10]
and 2.3 ± 0.7 mm [8], respectively. The radial artery originates from the brachial artery and reaches the lateral side
of the wrist [11]. After the radial artery divides into the superficial and deep branches at the styloid process level of
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the radial head, the radial and ulnar arteries are connected
with the superficial palmar and deep palmar arches. As
some cases reported absent or dual radial arteries [11],
prescanning with ultrasound before radial arterial catheterization or real-time ultrasound-guided procedure is recommended [12]. Since the modified Allen’s test has been
debated as having low sensitivity to detect patency of collateral circulation [13], a recent guideline by the European
Society of Anaesthesiology recommends performing the
modified Allen’s test using ultrasound and color Doppler
before radial artery catheterization [12].

2. Ulnar artery
The ulnar artery is relatively smaller than the radial artery in the palpable region of the wrist, although it is larger
than the radial artery at the division site just below the elwww.anesth-pain-med.org
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bow. The average diameter of the ulnar artery in adults is
2.3–2.5 ± 0.5 mm [6,7,14], which is smaller than the radial
artery at the wrist level. The ulnar artery is a branch of the
brachial artery and runs along the medial side of the wrist.
The artery is located lateral to the ulnar nerve and flexor
carpi ulnaris tendon in the palpable region of the wrist. Because the ulnar artery is also connected to the radial artery
through the palmar arch, the modified Allen’s test with ultrasound would be helpful in preventing vascular complications [12].

3. Brachial artery
Brachial arteries are usually not recommended for cannulation because of the absence of collateral flow. However, the brachial artery could be considered for cannulation
in neonates and small children [15], The average diameter

of the brachial artery above the antecubital fossa is 3.9 ±
0.5 mm in adults [16] and 3.4 ± 0.2 mm in children [17].
The palpable site of the brachial artery is on the medial side
of the biceps tendon on the anterior part of the elbow. Usually, the median nerve runs together medially with the brachial artery on the elbow. It is vulnerable to damage when
the blind technique is used for brachial artery cannulation.

Lower extremity
The dorsalis pedis, posterior tibial, and femoral arteries
can be used for arterial catheterization of the lower extremities (Fig. 2).

1. Dorsalis pedis artery
The dorsalis pedis artery is representative of the arterial

KSCVA

Fig. 2. Lower extremity visualized with schematic and sonographic images. The common femoral artery runs with the vein in the medial and
the nerve in the lateral. In the slightly distal part, it divides into superficial femoral artery and deep femoral artery. The dorsalis pedis artery is
located with the deep peroneal nerve on the medial side (anatomical variation), while the posterior tibial artery runs with the tibial nerve and
veins. CFA: common femoral artery, DFA: deep femoral artery, FN: femoral nerve, FV: femoral vein, n.: nerve, PTV: posterior tibial vein, SFA:
superficial femoral artery.

www.anesth-pain-med.org
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cannulation site on the anterior side of the foot and originates from the anterior tibial artery. The diameter of the
dorsalis pedis artery in adults and children is 3.0–3.6 ± 1.2
mm [18] and 1.0–1.3 ± 0.2 mm [8,19], respectively. Its
depth from the skin surface in children is 2.5 ± 0.9 mm [8].
The landmark for its palpation is the most prominent part
of the navicular bone and extensor hallucis longus tendon.
The deep peroneal nerve is usually located lateral to the
dorsalis pedis artery, with anatomical variations.

2. Posterior tibial artery
The posterior tibial artery is a reasonable alternative to
the radial artery for ultrasound-guided arterial cannulation
in small children [8]. The diameter of the posterior tibial
artery is 3.1 ± 0.4 mm [20] in adults and 1.4 ± 0.3 mm in
children [8]. Its depth from the skin surface is 3.4 ± 1.2 mm
in children [8], which is located deeper than other peripheral arteries. It originates from the popliteal artery and runs
along the medial border of the fibula, along with the posterior tibial vein and tibial nerve. The most palpable site of
the posterior tibial artery, called Pimenta’s point, is found
between the medial malleolus and the Achilles tendon.
This artery is connected to the anterior tibial and peroneal
arteries. Its depth from the skin surface decreases as the
position of the ankle changes (e.g., dorsiflexion or eversion) [8]. Dorsiflexion of the ankle is helpful in posterior
tibial arterial cannulation.

3. Femoral artery
The femoral artery is the largest accessible artery for arterial catheterization and continues from the external iliac
and common iliac arteries. Because femoral arterial pressure represents the central arterial pressure, femoral arterial catheterization is useful in cardiopulmonary bypass
[21,22] or liver transplantation [23], when peripheral arterial pressure monitoring does not reflect central blood pressure. The average diameter of the common-, superficial-,
and deep-femoral artery in adults is 6.6 ± 1.2 mm, 5.2 ± 1.2
mm, 4.9 ± 0.9 mm [24], respectively. The average diameter
of the pediatric femoral artery is 2.8 ± 0.8 mm in those
aged 0–1 months, and increases to 5.6 ± 1.1 mm in those
aged 5–7 years at 1 cm distal to the inguinal ligament [25].
The most palpable site of the femoral artery is under the
inguinal ligament, between the anterior superior iliac crest
and the pubic bone. Since the femoral artery is located between the femoral nerve (laterally) and femoral vein (medially) [26], femoral arterial catheterization with a blind
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technique is risky and increases complication rates. Therefore, ultrasound-guided femoral arterial catheterization is
recommended in adults and children for safe and easier
catheterization [12]. Moreover, as the overlap of the femoral vein increases by approximately 55% when it runs distal
to the inguinal ligament, ultrasound-guided catheterization has been increasingly used [25]. External rotation of
the hip joint can decrease femoral artery and vein overlapping. Femoral arterial catheterization should be performed
carefully because serious complications, such as retroperitoneal hemorrhage or intra-abdominal organ injury, can
occur.

ULTRASOUND-GUIDED TECHNIQUES
Ultrasound-guided arterial cannulation improves success rates and reduces procedural time and procedure-related complications compared with the direct pulse palpation method [1,12,27–29]. Ultrasound guidance is particularly useful when it is difficult to feel the arterial pulse, the
arteries have small diameters (pediatric patients) or deep
locations (obese patient), as well as in dehydration, hypotension, low cardiac output, non-pulsatile blood flow, vascular disease, and previously unsuccessful arterial cannulation [12,27].
A successful first cannulation attempt is important [9,30].
Failed cannulation attempts can cause arterial vasospasm,
intra-arterial or extra-arterial hematoma, and further decrease the overall success rate. Multiple cannulation attempts can cause serious complications such as nerve injury, pseudoaneurysm, total arterial occlusion, and permanent distal ischemia [12]. Therefore, pre-procedural sonographic evaluation should be performed to identify the artery with the largest diameter, optimal depth, and straight
course to increase the first-attempt success rate.
A high-frequency linear transducer or a hockey stickshaped transducer is used to visualize the artery. A small
hockey stick-shaped transducer helps to adjust the alignment of the needle and artery in pediatric patients. Duplex
ultrasonography and color Doppler can be used to identify
arterial pulses and to perform a modified Allen’s test before
radial artery cannulation [31,32].
After choosing the target artery, it is important to adjust
the height of the table and the location of the ultrasound
machine so that the operator can perform arterial cannulation in a comfortable position. The operator then optimizes
the patient’s wrist or ankle posture and fixes the joint so
www.anesth-pain-med.org
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that cannulation can be performed without movement in
the target artery. The depth and diameter of the target artery should be considered when selecting the size of the
arterial catheter. Hand hygiene should be performed before gloving. An alcohol-based chlorhexidine antiseptic is
recommended for skin preparation. When a sterile sheath
is used, the transducer should be placed inside the sterile
sheath carefully to prevent air from entering between the
transducer and sheath.
There are two basic ultrasound-guided approaches: the
short-axis view (SAX) out-of-plane approach and the
long-axis view (LAX) in-plane approach. Moreover, some
studies have proposed an oblique approach [20,33]. For radial artery cannulation, the currently available literature
suggests similar success rates with either the SAX out-ofplane approach or the LAX in-plane approach in adults
[34–36] and pediatric patients [37].

Short axis view out-of-plane approach

www.anesth-pain-med.org

1. The ultrasound-guided dynamic needle tip positioning
technique
The ultrasound-guided dynamic needle tip positioning
technique has been proposed to overcome the shortcomings of the SAX out-of-plane approach while maintaining
its advantages. The needle tip of the shaft is displayed as a
hyperechoic dot on the screen, and this dot can be more
easily identified by adjusting the angle of needle insertion
into the skin. The needle tip can be identified in the SAX by
moving and tracing the probe. After puncturing the anterior wall of the artery and confirming the hyperechoic dot in
the vessel lumen, the probe is moved proximally until the
needle tip disappears and then the needle is slightly advanced until the hyperechoic dot reappears. This procedure is repeated until the needle with the catheter is fully
inserted into the artery. In this procedure, the angle of needle advancement should be lower than the insertion angle
concerning the course of the artery so as not to puncture
the posterior wall of the artery (Fig. 3C–E). This technique
increased the first and overall success rates compared to
palpation in both adults and children [38–40].

2. Line on the probe for the midpoint
This method is advantageous for aligning the center of
the transducer with the needle insertion point and the center of the artery. A developing line tied to the midpoint of
the ultrasound probe and perpendicular to the long axis
may improve the success rate of cannula insertion into the
radial artery on the first attempt [35]. Acoustic shadowing
via the use of double developing lines significantly improved the success rate of radial artery puncture in young
children compared with that achieved using traditional ultrasound guidance [41].

Long axis view in-plane approach
In the LAX in-plane approach, the transducer is placed
parallel to the course of the target artery. First, the target
artery is scanned in SAX to capture the artery at the center
of the screen. Then, the transducer is rotated by 90° while
keeping the artery at the center of the screen. In a good
LAX, the target artery should appear as a pulsatile tubular
anechoic structure across the screen. The needle is inserted approximately 30° to 45° to the skin and perpendicular
to the center of the longitudinally applied transducer. The
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In the SAX out-of-plane approach, the transducer is
placed perpendicular to the course of the target artery. The
course and condition of the target artery can be checked by
moving the transducer proximally and distally. In a good
SAX, the target artery should appear as a pulsatile anechoic
circle at the center of the screen. The needle is inserted approximately 30° to 45° to the skin and perpendicular to the
center of the transducer. The middle mark on the ultrasound probe corresponding to the middle mark in the ultrasound image is helpful for inserting the catheter needle
into the center of the target artery. The needle appeared as
a hyperechoic dot and advanced until the anterior wall of
the target artery collapses. If the needle tip is not visualized
well, slight tiling or movement of the transducer will be
helpful. When the needle enters the lumen of the artery,
the collapsed anterior wall re-expands and flashback of the
blood occurs (Fig. 3A, B).
The advantages of the SAX out-of-plane approach include: 1) easy scanning of the target artery, 2) easy maintenance of the transducer during the procedure, and 3) easy
directing of the needle toward the target artery. The disadvantages of the SAX out-of-plane approach include 1)
non-visualization of the entire course of the artery, 2) possibly not being able to visualize the needle tip on the ultrasound screen, and therefore, 3) cause possible puncture of
the arterial posterior wall or misplacement of the needle
tip behind the scene.

Modified short axis view out-of-plane approach

Anesth Pain Med

A

B

C

D

E

Fig. 3. Short axis view of the sonographic images in the vessel using the phantom model. (A) is the point at which the needle enters through the
skin before entering the vessel. (B) is the point at which the needle first enters the vessel. When it is confirmed that the needle is in the vessel,
like in (C), the ultrasound probe is dynamically moved to check the location of the needle tip as the catheter is advanced (D, E).

needle appears as a hyperechoic double line above the artery and is advanced until the anterior wall of the target artery is punctured. If the needle tip is not visualized well,
slight tilting of the needle to the left or right would be helpful. When the needle tip enters the lumen of the artery, the
collapsed anterior wall re-expands and flashbacks of the
blood will occur (Fig. 4).
The major advantage of the LAX in-plane approach is
that the course of the artery and needle tip can be observed
throughout the procedure. Therefore, puncture of the posterior arterial wall or misplacement of the needle tip is less
likely to occur. The disadvantages of the LAX in-plane approach include 1) difficulty in identifying whether the needle is on the right or left side of the artery and 2) difficulty
in maintaining transducer position as well as alignment of
the needle shaft, tip, and artery during the procedure. Although we assume that the image plane of the ultrasound
machine is paper-thin, the ultrasound beam has a measurable thickness. This is called a slice-thickness artifact.
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Therefore, the needle and target artery can appear on the
screen in the LAX even though they are not exactly on the
same plane [42]. Sometimes, the needle can be seen in the
lumen of the target artery without a puncture. Therefore, it
is important to confirm that the anterior wall of the target
artery collapses during needle advancement. The LAX inplane approach requires a longer imaging time, but the total time to cannulation is not different from that of the SAX
approach. The posterior wall puncture rate is lower in the
LAX in-plane approach than in the conventional SAX outof-plane approach in children younger than 5 years of age
[37].

Oblique approach
In the oblique approach, the transducer is placed parallel to the course of the target artery to obtain the image in
the LAX. Then, the transducer is rotated from 10° to 15°
while keeping the artery at the center of the screen [20,33].
www.anesth-pain-med.org
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In a good oblique view, the target artery should appear as a
pulsatile elliptical anechoic structure across the screen.
The needle is inserted through the skin and the target artery similar to the LAX approach (Fig. 5). In adults, the
oblique approach showed a higher first-attempt success
rate and, shorter procedure time, and less vasospasm and
hematoma than the SAX out-of-plane or LAX in-plane approach [20,33,43]. The advantages of the oblique approach
are as follows: 1) ease of scanning the target artery and 2)
visualization of the needle with fewer section-thickness artifacts.

Other methods to improve success rates
1. Nitroglycerin
Nitroglycerin dilates the radial artery and decreases the
incidence of vasospasm [9,44–47]. In adult patients, nitroglycerin has been used for radial artery dilation by intra-arterial [48,49], topical [50,51], and subcutaneous administration [44,46].
Application of topical nitroglycerin cream 30 min before
www.anesth-pain-med.org

radial artery cannulation has the advantage of being
non-invasive and having significant vasodilatory effects on
the radial artery in healthy adult patients [50,51]. Subcutaneous administration (500 μg) is effective for localized vasodilation without causing systemic side effects [44,46],
and decreases the incidence of early radial artery occlusion
after transradial coronary catheterization [47]. Radial artery cannulation can be difficult in infants and young children because of their small vessel sizes, with multiple attempts leading to vasospasm, hematoma, or a further decrease in the diameter of the artery. Subcutaneous nitroglycerin (5 μg/kg in 0.5 ml) injection before radial artery
cannulation improves the first-attempt success rate and reduces overall complication rates in pediatric patients
younger than 2 years [9].

2. Bevel orientation
The orientation of the needle bevel can affect the ultrasound image of the needle tip when using the LAX in-plane
approach. When the bevel-down approach is used, the
needle tip is at the end of one long line on the image, while
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Fig. 4. Long-axis view of the sonographic images in the vessel using the phantom model. In the long-axis view, real-time visualization is possible
before entering the vessel (A), upon entering the vessel (B), and after entering the vessel (C).
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Fig. 5. Oblique view of the sonographic image in the vessel using the phantom model. In the oblique view, real-time visualization is possible
before entering the vessel, which is oval in shape in the ultrasound image (A), upon entering the vessel (B), and after entering the vessel (C).

in the bevel-up approach, the needle tip is at the end of another short line called the “bevel line”, which is observed in
front and below the main long needle line. Neglecting to
visualize the “bevel line” can result in inadvertent perforation of the posterior wall [52].
The bevel-down during ultrasound-guided SAX out-ofplane approach for radial artery catheterization exhibited a
higher success rate with fewer complications compared to
the bevel-up approach. Compared to the bevel-up approach, the bevel-down approach decreases posterior arterial wall injury in adults [10].

3. Technique after the flashback of the blood
There are two steps of arterial cannulation: puncture of
the vessel with a needle and insertion of the catheter after
the puncture. Even after successful puncture, advancement
of the catheter is difficult in some cases. Possible causes include a non-optimal location of the needle tip or catheter
tip and vasospasm. In such cases, the guidewire technique
is useful (Fig. 6). For radial artery cannulation in neonates
and infants, guidewire-assisted radial artery cannulation
was superior to the direct technique in terms of first-at-

126

tempt success rate and overall success rate without an increase in procedure time [30]. The use of a guidewire also
increases the success rates in critically ill patients [53,54].

4. Wrist, ankle, and leg position for cannulation
For radial artery cannulation, a recent meta-analysis
showed that 45° of wrist extension, compared to the neutral
position, increased the anterior-posterior diameter of the
radial artery and facilitated radial artery cannulation by increasing the success rate and decreasing the procedure
time in adults [55,56]. There are no data regarding the effect of ankle position on the diameter, depth, or success
rate of arterial catheterization in the dorsalis pedis artery
or posterior tibial artery in adults.
In pediatric patients, Kim et al. [8] reported the effect of
wrist and ankle position on the diameter and depth of the
radial, posterior tibial, and dorsalis pedis arteries. Wrist extension up to 45° decreased the depth of the radial artery
without changes in diameter or cross-sectional area. For
the posterior tibial artery, ankle dorsiflexion and eversion
significantly decreased the depth of the posterior tibial artery from 5 mm to 4 mm from the skin, which could influwww.anesth-pain-med.org

Ultrasound-guided arterial catheterization

A

B

C

D

ence the success rate of posterior tibial arterial cannulation. For the dorsalis pedis artery, ankle plantar flexion decreased the cross-sectional area.
Overlapping of the common femoral artery and the femoral vein is observed in 65% of adults and 55% of pediatric
patients [25,57]. Therefore, distinguishing the femoral artery and femoral vein is very important especially during
the LAX approach. Arteriovenous fistula formation can occur after an inadvertent wall puncture between the femoral
artery and femoral vein. In adults, external rotation and
abduction of the leg (frog-leg position) [58] and a frog-leg
position with a combination of back extension decreased
the overlapping portion between the femoral artery and
femoral vein [59]. In pediatric patients, leg abduction with
a range between 48° and 58° and external hip rotation can
minimize the overlap between the femoral artery and vein
[60].

COMPLICATIONS AND PREVENTION

arteries, and other vascular/neurologic findings [4]. However, complications associated with arterial catheterization
are common in critically ill adults [61] and children [62].
Younger children, such as neonates and infants, have a
higher risk of complications [5]. The overall complication
rate was 32.1% in patients aged < 2 years. Among the complications, vasospasm and hematoma were found in 19.6%
and 23.2% of patients, respectively, which could have been
neglected if post-cannulation ultrasound evaluation was
not done.
Furthermore, complications vary depending on the catheterization site. Recently, the overall major complication
rate within 30 days was 0.034–0.2% in adults [4] and children [5], but the complication rate related to the femoral
artery was 0.7–25% in children [5,22]. Site-specific complications are related to the anatomical characteristics of
these arteries. Hence, the anatomy and relationship
around the target artery must be understood well. An ultrasound-guided procedure is recommended to prevent possible complications.

Complications rarely arise from peripheral arterial catheterization (21 complications after 62,626 arterial cannulations [0.03%]), including pulseless extremities, occluded
www.anesth-pain-med.org
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Fig. 6. Possible causes of failure in the advancement of the catheter after flashback of blood and its solutions. (A) The location of the catheter
is not optimal because the needle tip spans the vessel wall and the inside the arterial lumen, but the catheter is outside the arterial lumen.
(B) The catheter cannot be advanced due to vasospasm or intraluminal obstacles. (C) The catheter cannot be advanced because it gets stuck
in the posterior wall of the blood vessel or is bent. (D) Guidewire insertion is helpful when the catheter or needle tip spans the vessel wall and
inside the arterial lumen.
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Arterial occlusion or ischemia

sonography [69].

Arterial occlusion or ischemia following cannulation is a
typical complication [42]. Permanent ischemia is rare
(0.09%), but temporary occlusion or ischemia is reported
in up to 38% of cases depending on risk factors [2,63,64].
Therefore, caution should be exercised when patients have
risk factors. Risk factors for overall vascular complications
associated with catheterization in adults include the use of
vasopressors, previous injury of the artery, longer duration
of cannulation, hematoma, cardiac output reduction, female sex, a smaller diameter of the artery, and disseminated intravascular coagulation [63].

Infection

Vasospasm
Vasospasm can be caused by mechanical stimulation
and damage to the endothelium of the vessel during arterial catheterization. This stimulation releases adenosine diphosphate and thromboxane A2, aggregating platelets and
leading to vasospasm or even complete occlusion [64]. An
old study reported that the incidence of vasospasm is up to
57% [2]. Vasospasm is more common in neonates or very
small children because of low cardiac output, dehydration,
and polycythemia [65]. Vasospasm may cause a discrepancy between peripheral arterial pressure and central arterial
pressure in cardiac surgery with cardiopulmonary bypass
[22], which may affect interpretation. Moreover, cannulation and catheter advancement can be disturbed by vasospasms [9,66,67]. Most vasospasms can be treated conservatively and completely recover. However, clinicians
should always keep in mind that vasospasms can become
progress to cause ischemia and necrosis.

Hematoma/bleeding
The reported incidence rates of major bleeding are 0.05%
and 1.58–2.3% [4,64] for the radial and femoral arteries, respectively. Bleeding that is observed externally can be
treated by applying pressure to the bleeding site directly,
and thus can be easily controlled. The occurrence of hematomas related to arterial catheterization is reported to be
6.1–23.2% [9,60,64,68]. Fatal hematomas, such as retroperitoneal hematomas following femoral arterial cannulation,
is rare (0.15%), but may require surgical intervention.
Therefore, prevention is important. The incidence of such
retroperitoneal hemorrhages can be reduced using ultra-
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The incidence rates of arterial catheter-associated infections and sepsis are reported to be 0.024–0.38% in adults
[4,64] and 1.4% in children [5]. One meta-analysis revealed
that the incidence of arterial catheter-related bloodstream
infections was 0.7% [70]. However, the femoral artery
(0.44%) was more associated with sepsis and infection than
the radial artery (0.78%) [64]. Arterial catheter-related infections are associated with increased morbidity and mortality, and require immediate treatment [71]. Ten percent
of local infections and colonization of arterial catheters can
cause bacteremia, with the cause of 63% of arterial catheter-related bloodstream infections revealed be due to an
extraluminal factor [72]. The risk factors related to catheter-related infections include patient factors such as chronic cardiac failure, chronic respiratory failure, immune deficiency, and diabetes, as well as procedural factors, including duration of catheter placement, bacteria-compatible
catheter type, and antibiotic bonding [71].
The risk of infection when using ultrasound is controversial. In terms of reducing the attempt number and time
when using ultrasound, the use of ultrasound during arterial cannulation may prevent infection [28]. On the contrary, some argue that the use of the gel for a better view of
ultrasound could increase infection risk [33]. However, a
recent large randomized controlled trial demonstrated that
the infection risk of arterial cannulation using ultrasound
did not increase compared to that without ultrasound [43].

Nerve injury
Neurological problems related to catheterization can
vary depending on the site of arterial cannulation [73]. The
most vulnerable nerves are the ulnar nerve around the ulnar artery, the median nerve around the brachial artery,
the femoral nerve around the femoral artery, the posterior
tibial nerve around the posterior tibial artery, and the deep
peroneal nerve around the dorsalis pedis artery. These
nerves can be easily injured directly by the needle or the
pressure following hematoma, pseudoaneurysm or fluid
extravasation, and chemical injury [74]. The reported incidence of nerve injury varies, but median nerve damage related to brachial arterial cannulation is most common at
9%, followed by femoral nerve injury [73]. With ultrasound
www.anesth-pain-med.org
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guidance, the anatomical relationship between the target
artery and adjacent structures can be evaluated before
cannulation, and the direction of the needle can be adjusted to avoid direct trauma to the nerve during arterial catheterization [73].
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To reduce the risk of residual neuromuscular blockade, neuromuscular monitoring must be
performed. Acceleromyography (AMG)-based neuromuscular monitoring was regarded as
“clinical gold standard” and widely applied. However, issues related to patient’s posture and
overestimation of train-of-four ratio associated with AMG-based neuromuscular monitoring
have increased. Recently, electromyography (EMG)-based neuromuscular monitoring is receiving renewed attention, since it overcomes AMG’s weaknesses. However, both AMGbased and EMG-based systems are useful when certain considerations are followed. Ultimately, to assure the patient’s good outcomes, the choice of monitoring system is not as important as the monitoring itself, which should be always implemented in such patients.
Keywords: Delayed emergence from anesthesia; Electromyography; Neuromuscular blocking agents; Neuromuscular monitoring.

INTRODUCTION

methods for the residual neuromuscular blockade. The
first peripheral nerve stimulator was developed in 1958 [7],
and thereafter, mechanomyography (MMG)- and electromyography (EMG)-based measuring methods were developed. However, these devices were bulky and complicated
to use, so they did not become widely used. In 1988, acceleromyography (AMG) was first introduced [8,9], and this
device based on this principle started to be widely used
clinically, as the equipment became portable and easier to
use. In the following decades, AMG-based neuromuscular
monitoring equipment was regarded as “clinical gold standard” and widely distributed. Recently, however, owing to
developments in surgical techniques such as laparoscopy
and robotic surgery, neuromuscular monitoring has decreased because access to the patient's arm is difficult in
such surgical conditions. In addition, owing to issues such
as overestimation of train-of-four (TOF) ratio in AMGbased equipment, EMG-based neuromuscular monitoring
is back in the spotlight. In this article, we review the trends

A 2015 review [1] selected the two most relevant articles
among 20 anesthesiology fields, and in the field of neuromuscular blockers, the first was a report on the clinical use
of curare from 1942 [2], while the second was a study on
the risk of surgery and anesthesia from 1954 [3], which first
reported the risk of neuromuscular blockers. Considering
these evidences, the use of neuromuscular blockers could
be interpreted as a double-edged sword that facilitates anesthesia and surgery, but is simultaneously associated with
increased postoperative complications and mortality due
to residual neuromuscular blockade. Despite developments such as reduction of the duration of action of neuromuscular blockers and the use of neuromuscular reversal
agents, postoperative complications and mortality due to
residual neuromuscular blockade remain a problem [4–6].
The development of neuromuscular blockers and reversal agents resulted in that of neuromuscular monitoring

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, 2021
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of recent neuromuscular monitoring equipment use
through a comparison between the most widely distributed AMG-based and recently developed EMG-based equipment.

ACCELEROMYOGRAPHY AND
ELECTROMYOGRAPHY
Neuromuscular monitoring equipment measures the
muscle’s contractile “force” following electrical nerve stimulation. Therefore, the classical standard neuromuscular
monitoring equipment was MMG-based, which directly
measured contractile “force,” and different types of neuromuscular monitoring equipment are compared with it to
determine their reliability [10]. However, since MMGbased equipment is bulky and difficult to set up, it is not
used for clinical purposes.
The AMG-based method measures muscle acceleration
based on the fact that, according to Newton's second law of
motion “Force = mass × acceleration,” force and acceleration are proportional [9]. AMG-based measurements were
correlated well with MMG-based measurements, and
showed reliable results [11,12]; thus, it is widely used. Until
the recent EMG-based devices were released around 2018,
most clinical neuromuscular monitoring equipment available was AMG-based. In particular, the TOF-Watch (Organon, Ireland) series is widely used worldwide, amounting
for 91% of all neuromuscular monitoring devices according
to a 2017 Danish survey [13].
The EMG-based method measures the compound muscle action potential (CMAP) and focuses on the fact that
the CMAP is proportional to the muscle’s contractile force.
The EMG-based method was also correlated well with the
MMG-based method [14,15], but some reports found minor dissimilarities [9,16,17]. However, recently neuromuscular monitoring consensus concluded that the EMGbased methods are reliable enough to be exchangeable
with MMG [18]. Until 2018, only one EMG-based equipment, the Datex-Ohmeda NMT module (GE Healthcare,
UK) was clinically available, so it was not commonly used.
Recently, the TwichView (Blink Device Company, USA)
and TetraGraph (Senzime AB, Sweden) have been released
and the use of EMG-based monitoring has been increasing.

134

AMG-BASED EQUIPMENT
Since AMG-based equipment measures muscle acceleration, it is very sensitive to movement. Therefore, the immobilization of all related muscles and structures except
for the muscle to be measured is essential (for example,
immobilizing the arm and 2nd–5th finger during ulnar
nerve stimulation) for accurate measurement [10]. In addition, the muscles to be measured (for example, the adductor pollicis during ulnar nerve stimulation) should be able
to move freely. If the movement of the target muscle is restricted by the surgical cloth or by fixing the arm to the
body, an accurate measurement cannot be obtained [10].
According to a Danish survey, 75% of respondents experienced difficulties > 1 out of four times when using a neuromuscular monitor, and 41% considered that these were
caused by TOF fluctuation [13]. Therefore, for accurate
AMG-based equipment use, removing obstacles that hinder the target muscle movement and avoiding movement
of the surgical participant, which affects the measurement,
are two important points.
Additionally, AMG-based equipment tends to overestimate TOF ratio more than MMG- or EMG-based methods,
with a reported TOF ratio 10–20% higher than with the other methods [19–21]. To avoid this, when using AMG-based
equipment it is recommended to “normalize” the TOF ratio
according to the baseline value. For example, if the baseline TOF ratio is 1.1 on the AMG-based equipment, all
measured TOF ratios should be divided by 1.1. If the TOF
ratio on the monitor is 0.9, the normalized value is 0.9/1.1
= 0.82, which means that recovery has not yet been
achieved. However, in the clinical field, it is difficult to normalize each measurement, so for convenience, when using
AMG-based equipment, TOF is generally considered to be
10% higher, and the criterion for neuromuscular recovery
is not > 0.9, but rather > 1.0 [22,23].
There are some considerations when using TOF-Watch,
the most widespread AMG-based equipment. There are
three versions of TOF-Watch: TOF-Watch, TOF-Watch S,
and TOF-Watch SX. The first two display values up to only
1.0, even when measured TOF ratios are > 1.0, so they are
not recommended for research requiring accurate measurements because normalization is impossible [10].
Since the accelerometer in TOF-Watch recognizes only
unidirectional (front-back) acceleration [24], accurate
measurements can only be performed when the sensor direction matches the muscle movement. TOF-scan (Drager
www.anesth-pain-med.org
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Technologies, Canada), which compensates for this problem by a 3D-accelerometer to measure acceleration in all
directions enables more accurate measurements [24].

RETURN OF THE ELECTROMYOGRAPHY

Table 1. The Study of the Recently Launched Electromyography-based Devices
Study
Comparison groups Comparison target
Result
Conclusion
population (n)
43
Bowdle et al. [27]
MMG
TOF ratio
Mean difference:
EMG most closely resemble MMG
assessment of neuromuscular block4.7 (EMG vs. MMG)
AMG (Stimpod™)
ade
14.9 (AMG vs. EMG)
EMG (TwichView™)
46
TOF count
Substantial agreement with
AMG frequently underestimated TOF
Bowdle et al. [28]
Palpation
palpation (kappa):
count in comparison with EMG
MMG
0.8 (EMG)
AMG (Stimpod™)
0.67 (MMG)
EMG (TwichView™)
0.63 (AMG)
5
Bussey et al. [29]
Palpation
TOF count
E-NMT > TwichView for 59%
The E-NMT may overestimate the traindata.
of-four count
EMG (TwichView™)
70% of TwichView data,
EMG (E-NMT module)
30% of E-NMT data were
identical with palpation data.
Study

Nemes et al. [30]

135

AMG (TOF-Watch™) Pain score (VNRS) Median score (EMG:AMG):
2:2 (20 mA)
EMG (Tetragraph™)
3:3 (30 mA)
5:5 (40 mA)
5:6 (50 mA)

Two devices caused the same level of
discomfort

TOF: train-of-four, EMG: electromyography, MMG: mechanomyography, AMG: acceleromyography, VNRS: verbal numeric rating scale. TwichView™
is the trademark of Blink Device Company (USA). Tetragraph™ is the trademark of Senzime AB (Sweden). Stimpod™ is the trademark of Xavant
Technology (South Africa). TOF-Watch™ is the trademark of Organon (Ireland). E-NMT module is a product of GE Healthcare (USA).
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In recent years, the use of laparoscopic and robotic surgery has increased. Accordingly, to secure free movement
space around the patient, the patient's arms are often attached to their bodies. In such postures, accurate measurements cannot be performed with AMG-based equipment. Although the patient's arm can be accessible for
neuromuscular monitoring during anesthesia induction
or recovery, monitoring cannot be properly performed
during surgery. Sixteen percent of respondents to a survey
reported difficulties due to the patient's arm position
when using AMG-based equipment [13]. Conversely,
EMG-based equipment has been reported to be less affected by the arm’s position [25], and accurate measurement is possible even if the target muscle movement is restricted [18]. Therefore, new EMG-based monitoring
equipment has been developed and its usage gradually increased owing to this recent surgical trend. Another advantage of current models is that, while previous EMG devices required attaching five electrodes and connecting
complex lines, now they only require one integrated elec-

trode. Furthermore, overestimation, a major problem of
AMG, is not an issue in EMG, which can be used without
normalization [26,27].
Recent research has focused on the increasing use of recent EMG-based equipment (Table 1). Bowdle et al. [27,28]
reported that the TOF ratio from TwichView was correlated
more with MMG-based equipment than with AMG-based
equipment, and that TOFs were more sensitive and accurate with MMG-based equipment than with AMG equipment. In a comparative study between TwitchView and the
Datex-Ohmeda NMT module, the only previous EMG device, TwitchView showed more reliable TOF counts [29].
Nemes et al. [30] evaluated whether TetraGraph would reduce pain during nerve stimulation owing to the larger
contact area of the nerve stimulation electrode, but they
showed no difference in pain scores compared to TOFWatch.
In summary, recently released EMG-based devices are
expected to continue to increase in use because of their accurate measurement and the solution to the issues of
AMG-based equipment: the need to normalize overestimated TOF values and the perioperative usage limitation
by the patient's posture.

Anesth Pain Med

ELECTROMYOGRAPHY OR
ACCELEROMYOGRAPHY?
Since 2010, international guidelines require neuromuscular monitoring when using neuromuscular blockers [31].
In Korea, in order to improve the quality of anesthesia, the
National Health Insurance Service initiated the Anesthetic
Quality Evaluation in 2018. Neuromuscular monitoring has
been included in this evaluation, and numerous medical
institutions have started to pay attention to neuromuscular
monitoring. Until now, the Korean Neuromuscular Research Society conducted several surveys on neuromuscular monitoring use, but the rates of neuromuscular monitoring equipment use were low: 16.7% (2008), 24.7% (2013),
and 39.7% (2018) [32,33]. Currently, the use of neuromuscular monitoring is expected to be increased due to the
Anesthetic Quality Evaluation, but the use rate is still expected to be low.
The best neuromuscular monitoring device is that with
high measurement accuracy and that is easy to use. The recently released EMG-based equipment not only provide
more reliable measurements than AMG-based equipment
[27,28], but also increase the usability by means of a disposable integrated electrode. Consequently, we expect that
EMG-based equipment will eventually replace AMG-based
equipment in the neuromuscular monitoring equipment
market. However, AMG-based equipment, which is currently widely used, can be as good a device as EMG-based
equipment if properly used. For proper and accurate AMGbased equipment use, anesthesiologists need to pay attention to immobilization of the related structure and secure
free movement of the target muscle, and keep in mind that
the reported TOF ratio is overestimated. Ultimately, the
choice of monitoring system is not as important as the
monitoring itself, which should be always implemented.
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Systematic reviews and meta-analyses rank the highest in the evidence hierarchy. However,
they still have the risk of spurious results because they include too few studies and participants. The use of trial sequential analysis (TSA) has increased recently, providing more information on the precision and uncertainty of meta-analysis results. This makes it a powerful
tool for clinicians to assess the conclusiveness of meta-analysis. TSA provides monitoring
boundaries or futility boundaries, helping clinicians prevent unnecessary trials. The use and
interpretation of TSA should be based on an understanding of the principles and assumptions behind TSA, which may provide more accurate, precise, and unbiased information to
clinicians, patients, and policymakers. In this article, the history, background, principles, and
assumptions behind TSA are described, which would lead to its better understanding, implementation, and interpretation.
Keywords: Interim analysis; Meta-analysis; Statistics; Trial sequential analysis.

INTRODUCTION

termined number of patients was reached [2].
A systematic review is a research method that attempts
to collect all empirical evidence according to predefined
inclusion and exclusion criteria to answer specific and focused questions [3]. It uses clear, transparent, and explicit
methods to minimize bias, providing more reliable information [4]. Meta-analysis is a statistical analytic method
that integrates and summarizes the results from individual
studies or examines the sources of heterogeneity among
studies [5].
Systematic review and meta-analysis rank highest in evidence hierarchy and provides evidence for clinical practice, healthcare, and policy development. Its use and application in clinical practice have increased [6,7]; however,
they are not free from errors and biases [8]. Many systematic reviews and meta-analyses have included too few
studies and patients to obtain sufficient statistical power,

Sequential analysis is a statistical method in which the final number of patients analyzed is not predetermined, but
sampling or enrollment of patients is decided by a predetermined stopping rule such as satisfying a statistical significance. Accordingly, the investigators may draw a conclusion earlier than that with the traditional statistical
methods, reducing time, cost, effort, and resources.
The concept and method of sequential analysis were introduced and described as expeditious industrial quality
control methods during World War II by Abraham Wald [1].
This concept was used to prove the desired or undesired
intervention effects by analyzing data from ongoing trials.
After World War II, Peter Armitage introduced a sequential
analysis method to medical research and suggested applying a strict significance level to stop a trial before a prede-

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, 2021

138

Trial sequential analysis

leading to spurious positive results [9]. Some positive findings from the meta-analysis may be caused by a random
error (by chance) rather than the true effects of the intervention. Therefore, results from systematic reviews and
meta-analyses may often increase the likelihood of overestimation (Type I errors) or underestimation (Type II errors)
[10,11]. Furthermore, because meta-analysis can be updated when there is a new clinical trial, the inflation of Type I
and II errors from multiple and sequential testing is of major concern [12].
Trial sequential analysis (TSA) has been developed to resolve these problems. Conceptually, TSA adopts sequential
analysis methods for systematic reviews and meta-analyses. However, TSA is different from sequential analysis in a
single trial in that the enrolled unit is not a patient but a
study. Sequential analysis is performed at predetermined,
regular intervals, although the number of enrolled patients
did not reach predetermined number of patients. However,
in TSA, the trials were included in chronological order, and
analysis was performed repetitively and cumulatively after
new trials were conducted. TSA also provided an adjusted
significance level for controlling Type I and II errors.
Therefore, the adaptation of TSA when performing and
presenting a meta-analysis has been increasing recently
[13,14].
This article aims to describe the history, background,
principles, and assumptions behind the use and interpretation of TSA.

BACKGROUND AND PRINCIPLE OF TRIAL
SEQUENTIAL ANALYSIS

The RIS in meta-analysis is defined as the number of
events or patients from the included studies necessary to
accept or reject the statistical hypothesis [15].
The sample size calculation performed in a single RCT is
based on the effect size, significance level, and power [16].
In a single RCT setting, predetermined homogenous patients, intervention, and methodology are used. However,
in a meta-analysis setting, a wide range of patients, regimens of intervention, different experimental environments, and quality of methodology may be applied in each
study. Heterogeneity may arise across the included studies,
which increases the sample size needed to accept or reject
the statistical hypothesis. Therefore, the RIS in meta-analysis should be adjusted considering the heterogeneity between included studies and should be at least as large as
the sample size in a homogenous single RCT [15].
As in a single RCT, assumptions to calculate RIS should
be predefined before the systematic review and meta-analysis. A single RCT with too few patients is thought to have
low precision and power. Similarly, results from meta-analyses with too few studies and patients are assumed to have
an increased likelihood of overestimation or underestimation due to lack of precision and power in the intervention
effect [10,17]. Therefore, the use of appropriate RIS is important to increase the quality of meta-analysis.
The TSA program (Copenhagen Trial Unit, Centre for
Clinical Intervention Research, Denmark) provides a simple and useful way to calculate the RIS. The TSA program
uses the heterogeneity-adjustment factor (AF) to adjust for
heterogeneity among the included trials. AF is calculated
as the total variance in a random-effects model divided by
the total variance in a fixed-effect model as follows:

Required information size

AF =
Meta-analysis is a statistical method used to synthesize a
pooled estimate by combining the estimates of two or more
individual studies. As the number of events or patients increase, the power and precision of the intervention effect
estimate also increases. Thus, a more reliable estimate can
be obtained from meta-analysis than a single randomized
controlled trial (RCT) [4].
A single RCT performs sample size calculation or power
analysis to ensure that the study provides reliable statistical
inference and targeted power. Similar to sample size calculation or power analysis in a single RCT, the required information size (RIS) or optimum information size was proposed and used in the meta-analysis.
www.anesth-pain-med.org

AF: heterogeneity-adjustment factor
VR: total variance in a random-effects model
VF: total variance in a fixed-effect model
Because the total variance in a random-effects model is
greater than or equal to the total variance in a fixed-effect
model (VR ≥ VF), AF is always greater than or equal to 1.
Finally, the RIS adjusted for heterogeneity between trials
(random) is calculated by multiplying the non-adjusted
RIS (fixed) with AF.
Adjusted RIS = AF × nonadjusted RIS
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In the TSA program, RIS is automatically calculated by
defining the statistical hypotheses, namely information
size, Type I error, power, relative risk reduction, incidence
in the intervention and control arms, and heterogeneity
correction in the Alpha-spending boundaries setting window is activated in TSA tab and displayed in the TSA diagram (Fig. 1). This will be discussed later in TSA tab section.

Alpha spending functions and monitoring boundaries
Type I error, or false positive, is the error of rejecting a
null hypothesis when it is true, and Type II error, or false
negative, is the error of accepting a null hypothesis when
the alternative hypothesis is true. Intuitively, Type I error
occurs when a statistical difference is observed, although
there is no statistically significant difference in truth, and
Type II error occurs when a statistical difference is not observed, even when there is a statistical difference in truth
(Table 1).

Multiple comparisons and multiple testing problems occur when data is sampled repeatedly from the same data
set, data is analyzed simultaneously or multiple times, or
data is analyzed sequentially by observing more results.
Multiple comparisons inflate the possibility of a Type I error (α). For example, if statistical analysis is performed at a
significance level of 5% and the null hypothesis for statistical analysis is true, there is a 5% chance for a Type I error.
However, if statistical analyses were performed 100 times
for the same situation, the expected number of Type I errors would be 5, and the probability of occurrence of at
least one Type I error would be 99.45% (Fig. 2). Therefore,
it is very important to adjust the α level so that the overall
Type I error remains within the desired level.
An interim analysis before the completion of data collection may also cause inflation of Type I error in the absence
of appropriate adjustment. During clinical trials, the researchers may stop the trial early via predefined strategies,
such as observation of clearly beneficial or harmful effects
in the test group compared to the control group or if inter-
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Fig. 1. Trial sequential analysis graph. The graph presents monitoring boundaries, futility boundaries, conventional boundaries and required
information size. The graph is divided by monitoring boundary and futility boundary into four zones: area of benefit, area of harm, inner wedge,
and not statistically significant zone.
Table 1. Type of Statistical Errors, Power and Confidence Interval
Decision
Reality

H0 is true
H0 is false

Accept H0
Correct (confidence level, 1–α)
Type II error (β)

Reject H0
Type I error (α)
Correct (power, 1–β)

H0: null hypothesis.
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Probaility
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Overall Type I error
Accept null hypothesis

0.4
0.2
0.0
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40
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Number of statistical testing

100

Fig. 2. Probabilities according to the number of analyses. Dark line
represents probability of overall Type I error and gray line represents
probability of accepting null hypothesis.

im analysis shows futile results. Trials with interim analysis
inevitably have plans for two or more statistical analyses.
Therefore, when planning an interim analysis, a plan for
appropriate adjustment of the α-level considering inflation
of Type I error from multiple comparisons should be considered.
Several statistical methods have been proposed for adjusting the α-level. These methods generally require a significance level for each comparison that is strict and conservative in adjusting the inflation of Type I error.
Of these, the method proposed by Bonferroni is the simplest and is most frequently used to adjust the statistical significance threshold. The Bonferroni correction method is
conducted by dividing the desired overall α-level by the
number of analyses (hypothesis). However, it is based on the
assumption that the data are independent and cannot be
used for a dependent dataset, such as interim analysis or
TSA. It has also been criticized for its conservativeness [18].
Group sequential analysis, proposed by Armitage and
Pocock, is another method to adjust the significant threshold. Similar to the Bonferroni correction method, the overall risk of Type I error is restricted within the desired overall
α-level by dividing the desired overall α-level by the number of analyses performed. However, this method is used
for data- dependent analyses such as interim analysis. In
the method proposed by Richard Peto, the Type I error
from four interim analyses is set at 0.001, and the Type I error in the final analysis at 0.05 [19]. However, these methods have a limitation in that the number of analyzed data
should be predefined, and the analyzing interval should be
equal.
www.anesth-pain-med.org

In a single RCT, an interim analysis is determined and
planned before the start; thus, it is possible to know the
number of analyses, including interim and final analysis
and analysis intervals. However, meta-analyses are generally updated when new clinical trials are performed. Furthermore, the intervals between trials are arbitrary and irregular, and the number of included patients is unpredictable [12]. For these reasons, the methods proposed by
Bonferroni, Armitage and Pocock or Peto are not applicable for meta-analysis. For flexibility in analysis, in terms of
interval and patients included, O’Brien and Fleming [20]
proposed a method for interim analysis in a single RCT,
and it was later developed further by Lan and DeMets [21–
23]. This method does not impose restrictions, such as the
interval between analysis and the number of patients, but
depends on the parameter chosen for the spending function.
The TSA program provided statistical monitoring boundaries that show a sensible threshold for statistical significance (alpha spending functions) based on methods developed by Lan and DeMets [21–23]. In the TSA program,
alpha spending functions are automatically calculated, and
statistical monitoring boundaries are displayed in the TSA
diagram (Fig. 1). The monitoring boundaries presented in
TSA are dependent on the RIS fraction, which was included in the meta-analysis [15]. The lower the number of patients reached compared with RIS, the higher the intervention uncertainty. In contrast, when the closer the number
of patients that reach the RIS, the uncertainty decreases. As
uncertainty increases, the statistical significance level decreases, and the significance interval widens. Thus, when
the fraction of RIS is small, the interval between the monitoring boundaries becomes wider.
Fig. 3A shows that the last point in the z-curve is outside
of the conventional test boundary but within the monitoring boundaries. Therefore, we can conclude that there is a
statistical difference in the conventional meta-analysis, but
we cannot conclude a statistical difference in TSA. When
adding a new trial and updated TSA (with adding 79 patients, number of patients included in the TSA increased
from 244 [Fig. 3A] to 323 [Fig. 3B or C]), the last point in the
z-curve may remain within the monitoring boundaries
(‘Not Statistically Significant Zone’) (Fig. 3B) or outside the
monitoring boundaries to reach ‘Area of Benefit’ (Fig. 3C).
Thus, the pooled estimates in TSA may become statistically
nonsignificant (Fig. 3B) or significant (Fig. 3C) after the addition of the new trial. In that case, we either conclude that
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Fig. 3. Trial sequential analysis graph and monitoring boundary. (A) The last point of Z-curve stays within the monitoring boundaries. (B) The last
point of Z-curve stays within the monitoring boundaries after new study is added. (C) The last point of Z-curve stays outside of the monitoring
boundary.
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intervention has an effect (Fig. 3C) or further studies are
needed as a conclusion could not be derived (Fig. 3B). The
construction of the monitoring boundaries in the TSA program will be discussed in TSA tab section.

the intervention has no effect (Fig. 4B) or cannot conclude
whether the negative effects arise from a lack of power or
whether the intervention is unlikely to have an anticipated
effect.

Beta spending functions and Futility boundary

The cumulative test statistic (Z-curve)

If the result of the meta-analysis was negative and the
appropriate RIS was reached, we can easily conclude no
effect of the intervention. However, if the result of the meta-analysis was negative and appropriate RIS was not
reached, two possibilities exist: no effect of the intervention or lack of power.
If we can assume that the intervention is unlikely to have
an anticipated effect before reaching RIS, we can prevent
spending time, money, effort, and limited resources on unnecessary further trials. Therefore, TSA provides ‘Futility
boundaries’ or ‘inner wedge’, which is the adjusted threshold for non-superiority and non-inferiority tests (Fig. 1). It
was originally developed for sequential analyses. If the
pooled effect of the estimate lies within the futility boundaries, we can conclude that the intervention is unlikely to
have an anticipated effect. If the pooled effect of the estimate lies within the monitoring boundaries (statistical significance), but outside the futility boundaries, we cannot
conclude whether the negative effect arises from a lack of
power or due to the unlikeliness of the intervention to have
an anticipated effect.
The possibility of inflating Type II errors also exists for
multiple and sequential analyses in meta-analysis. Similar
to the alpha spending function, the methods proposed by
Lan and DeMets [21–23] can be extended to control Type II
errors. In the TSA program, futility boundaries are provided using the methodology proposed by Lan and DeMets
and reflect the uncertainty of obtaining a chance negative
finding in relation to the strength of the available evidence
(e.g., the accumulated number of patients).
Fig. 4A shows that the last point in the z-curve stays outside the futility borders but within the conventional test
boundaries. In this case, we cannot conclude whether the
intervention is unlikely to have an anticipated effect. When
adding a new trial and updating the TSA (with adding 101
patients, number of patients included in the TSA increased
from 346 [Fig. 4A] to 447 [Fig. 4B or C]), the last point in the
z-curve is within the futility borders (‘inner wedge’) (Fig. 4B)
or stays out of futility borders and within monitoring
boundaries (Fig. 4C). In these cases, we can conclude that

The TSA program uses the Z-statistic or the Z-value,
which is calculated by dividing the log of the pooled intervention effect by its standard error (Fig. 1). Z-statistics are
assumed to follow a standard normal distribution, with a
mean of 0 and a standard deviation of 1. The larger the absolute value of the Z-value, the larger the probabilities that
the two interventions are different, and these differences
cannot be explained by chance. As P value is the probability of finding the difference between the observed difference or if the null hypothesis is true, P and Z-values are interchangeable and can be inferred from Z-value (for example, a two-sided P value of 5% represents Z-value of 1.96).
Whenever a meta-analysis is updated, the TSA program
calculates the corresponding Z-value and then provides a
Z-curve that plots the series of consecutive cumulative
Z-statistics.

www.anesth-pain-med.org

The law of the iterated logarithm
Another approach to adjust the issues of repeated significance testing is to penalize the Z-values by the strength of
the available evidence and number of statistical tests. The
TSA program uses the law of iterated logarithms for this
purpose. The law of the iterated logarithms states that if data
are normally distributed, data divided by the logarithm of
the logarithm of the number of observations will exist between – 2 and 2. This law is utilized to adjust the inflation
of Type I errors due to repeated significance testing.
The adjusted (penalized) Z-value, Zj*, is calculated as follows:

Zj: the conventional Z-value at the j-th significance test
Ij: the cumulative statistical information at the j-th significance test
λ: constant control for maximum Type I error
λ is constant to control for Type I errors, and various values have been suggested for various situations. For continuous data meta-analysis, λ = 2 is known to control Type I

143

Anesth Pain Med

Cumulative
Z-Score

Favours A

Favours B

A

8
7
6
5
4
3
2
1
–1
–2
–3
–4
–5
–6
–7
–8
Cumulative
Z-Score

Favours A

Favours B

B

Favours B
Favours A

Alpha-spending Boundary = 660

Z-curve
Number of patients
(Linear scaled)

346

Alpha-spending Boundary is a Two-side graph
Alpha-spending Boundary = 660

8
7
6
5
4
3
2
1
–1
–2
–3
–4
–5
–6
–7
–8
Cumulative
Z-Score

C

Alpha-spending Boundary is a Two-side graph

8
7
6
5
4
3
2
1
–1
–2
–3
–4
–5
–6
–7
–8

Z-curve
447

Number of patients
(Linear scaled)

Alpha-spending Boundary is a Two-side graph
Alpha-spending Boundary = 660

Z-curve
447

Number of patients
(Linear scaled)

Fig. 4. Trial sequential analysis graph and futility boundary. (A) The last point of Z-curve stays outside futility borders. (B) The last point of Z-curve
stays gets within the futility borders after adding the study. (C) The last point of Z-curve stays outside of futility borders.
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error at α = 5% for a two-sided test [23]. However, dichotomous data and appropriate λ values are suggested differently according to the type of measure and Type I error [24]
(Table 2).

Effect measure
For dichotomous data, the TSA program uses relative risk
(RR), risk difference (RD), odds ratio (OR), and Peto’s odds
ratio as the effect measure for meta-analysis. When events
are rare, Peto’s odds ratio is the preferred effect measure
for meta-analysis.
Table 3 presents the 2 × 2 contingency tables for dichotomous data.
In Table 3, the risk of an event in the experimental group
(p T) is
, and the risk of an event in the control group (p C)
is
. Therefore, the risk ratio (RR) is defined as

RR =

=

=

.

RD, which is conceptually similar to the relative risk reduction used in TSA, is defined as

RD = p T– p C =

–

.

Odds is defined as the
. As the proportion of events in the experimental group (p T) is
, the
T
odds in the experimental group (odds ) will be
=

=

=

=

. Odds in the control group (pC)

will be . Therefore, the OR was defined as
OR =

=

=

.

Table 2. Recommended λ Values for Penalizing Z-values for the Law of
the Iterated Logarithmn
Effect measure
Risk difference
Risk ratio
Odds ratio

α = 0.01
λ=3
λ = 3.5
λ = 3.5

Type l error
α = 0.025
λ = 1.5
λ=2
λ=2

α = 0.05
λ = 1.5
λ=2
λ=2

The Peto odds ratio is defined as OR Peto = exp((e A-E (e A))/v ,
where e A is the expected number of events in intervention
group A, and ν is the hypergeometric variance of e A.
For continuous data, the TSA program uses mean difference as the effect measure to perform a meta-analysis.
However, the TSA program does not support meta-analysis
using the standardized mean difference.

Model
The TSA program provides four models to integrate effective sizes: 1) fixed effect model, and random effect models using the 2) DerSimonian–Laird (DL) method, 3) Sidik–
Jonkman (SJ) method, and 4) Biggerstaff–Tweedie (BT)
method.
The fixed effect model is applied based on the assumption that the treatment effect is the same, and the variance
between studies is only due to random errors. Thus, the
fixed effect model can be used when the studies are considered homogeneous; namely, the same design, intervention, and methodology are used in the combined studies,
and the number of included studies is very small. In contrast, the random effect model assumes that the combined
studies are heterogeneous, and the variance between studies is due to random error and between-study variability
[5]. The random effect model may be used when the design, intervention, and methodology used in the included
studies are different. TSA program provides three different
methods to integrate the effect estimate. The DL method is
the most commonly used and simplest random effect
model and is the only option for Review Manager software
(Nordic Cochrane Centre, Denmark). However, DL method
tends to underestimate the between-trial variance. This
can be overcome by the SJ method that applies a noniterative estimate of the variance based on re-parametrization
[25]. SJ method reduces the risk of Type I error compared
with DL method. In a meta-analysis with moderate or substantial heterogeneity, the false positive rate based on the
SJ method was estimated to be close to the desired level
(conventionally 5%), but the false positive rate based on
the DL method increased from 8% to 20% [25]. However,

Table 3. 2 × 2 Contingency Table
Experimental group
Control group
Total

www.anesth-pain-med.org

Number of event
a
c
a+c

Number of non-event
b
d
b+d

Total
a+b
c+d
a+b+c+d
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the SJ method has the risk of creating too wide a confidence interval by overestimating the between-trial variance, especially in meta-analyses with mild heterogeneity.
BT method incorporates the uncertainty of estimating the
between-trial variance and minimizes the effect of the bias
via appropriate weighting in large trials, especially when
the size of the trials varied and small trials were biased [26].
The choice of model should be based on a comprehensive understanding of the strength and weaknesses of these
models and should involve a sensitivity analysis for each
model.

sis project by clicking the New Meta-analysis sub-menu
under the File menu bar. Then, a New Meta-analysis window will be created with a drop-box named Data Type,
blanks named Name, Label for Group 1, Label for Group 2,
and Comments, and check-box named Outcome type. By
entering or selecting appropriate information in the New
Meta-analysis window, we can create a new meta-analysis.
Here, we can choose dichotomous or continuous Data
Type drop-box and negative or positive in the Outcome
type check-box.

Meta-analysis tab
Methods for handling zero-event trials
The TSA program provides three methods for handling
zero-event trials. Some studies with dichotomous data
have zero events in the intervention or control groups. In
this case, the estimate measures (RR and OR) of the intervention effect are not meaningful [27]. To address this
problem, continuity correction, where we add some constant to the number of events and nonevents in the compared groups, can be the statistical solution.
In constant continuity correction, a constant is added to
the number of events and nonevents in all groups. This
method is simple and the most commonly used. The continuity correction factor commonly used in Review Manager
software is 0.5. This method yields some problems, such as
inaccurate estimation of intervention when the randomization ratio to groups are not equal or too narrow confidence interval is induced [27].
In reciprocal of opposite intervention group continuity
correction, also known as ‘treatment arm’ continuity correction, the number of events divided by total number of
patients in each intervention group is added to the reciprocal intervention group.
The intervention effect is estimated toward ‘the null effect’ (i.e., towards 1 for RR or OR and 0 for RD) in both correction methods. In contrast, empirical continuity correction is known to estimate the effect measure for meta-analysis results [27].

USING THE TSA PROGRAM
The TSA shows the menu bars at the start of the program:
File, Batch, and Review Manager. Under these menu bars,
another row, namely Meta-analysis, Trials, TSA, Graphs,
and Diversity, are located. We can start a new meta-analy-
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When a new meta-analysis is created, the Meta-analysis
tab will be activated, and the name of the new meta-analysis will appear in the upper middle part of the window, the
Set Effect Measure and Model, Set Zero Event Handling,
and Set Confidence Intervals area will appear on the left
side of the window, and the Meta-analysis Summary area
will appear in the middle of the window.
Within the Set Effect Measure and Model area, there are
two drop-boxes named the Effect Measure and Model. In
the Effect Measure drop-box, we can choose among Relative Risk, Risk Difference, Odds Ratio, and Peto Odds Ratio
when the data type is dichotomous, and Mean Difference
when the data type is continuous. A detailed description of
the effect measure is provided in Effect measure section.
We can choose Fixed Effect Model or Random Effect Models DL, SJ, and BT in the Model drop-box. A detailed description of the model is provided in Model section.
When the data type is dichotomous, the Set Zero Event
Handling area is activated. Within the Set Zero Event Handling area, there are two drop-boxes named Method and
Value and a check-box named Include trials with no events.
We can choose among Constant, Reciprocal, Empirical options in the Method drop-box, and 1.0, 0.5, 0.1, and 0.01 in
the Value drop-box. We can also choose whether to apply
continuity correction or not using Include trials with no
event check-box. A detailed description of the handling zero-event data is provided in Methods for handling zero-event trials section. Within the Set Confidence Intervals
area, we can choose between Conventional (coverage)
(with confidence intervals of 95%, 99%, and 99.5%) or α–
Spending adjusted CI check-box. For the adjusted significance test boundaries (see detail in TSA tab section), α–
Spending adjusted CIs functions are available. When α–
Spending adjusted CI is checked, the select tab is activated.
www.anesth-pain-med.org
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Simultaneously, the Alpha-spending Boundary window
will be activated, and we can choose from among the available options.

Trials tab
TSA programs provide the option to import meta-analysis data saved in the Review Manager v.5 file (*.rm5)
through RM5 Converter, shown in the menu bar of the TSA
program. We can also add, edit, and delete trials using the
Trials tab. When clicking on the Trials tab, Add Dichotomous Trial or Add Continuous Trial according to the type
of data, Edit/Delete Trial, and Ignore Trials area will appear on the left side of the window.
In both dichotomous and continuous trials, we can input
the study name (Study) and publication year (Year), comment on each trial (Comment) in the blank space, and select whether the study has low risk bias (Low Bias Risk
check box). Further, we can input the number of events
(Event) and total number of patients (Total) for each group
in Add Dichotomous Trial and mean (Mean Response),
standard deviation (Standard Deviation), and total number
of patients (Group Size) for each group in Add Continuous
Trial.
The added trial will appear on the right side of the window, containing the Study, Bias Risk, Ignore, and Data columns. The Study column contains the year (left and within
parenthesis) and name of trial (right). The Bias Risk column contains the bias risk of corresponding trials (low [in
green] or high [in red]), and the Data column contains data
for each trial. We can also ignore the trials using the check
box in the Ignore column. By clicking the “Edit Selected” or
“Delete Selected” button in Edit/Delete Trial, we can edit
or delete the trial, respectively. We can also select or ignore
the low and high bias risk trials using the Low Bias Risk trials, Hish Bias Risk trials, All or Ignore buttons in Ignore Trials area.

TSA tab
When the TSA tab is activated, the Add area appears on
the left upper side of the window. There are three buttons
within the Add area: Conventional Test Boundary, Alpha-spending Boundaries, and Law of the Iterated Logarithm, where we can apply the type of significance test.
Clicking on the Conventional Test Boundary button activates the Add Conventional Test window, in which the
www.anesth-pain-med.org

name of test (Name) and Type I error (Type I error) can be
specified and the Boundary type (one-sided upper,
one-sided lower, and two-sided) can be selected. The TSA
program provides a linear conventional test boundary according to the boundary type and Type I error applied in
the TSA graph.
The alpha-spending Boundaries button activates the
Add Dichotomous Alpha-spending Boundary or Add Dichotomous Alpha-spending Boundary window according
to the data type. In both windows, there are Boundary
Identifier, Hypothesis Testing, and RIS areas. The two windows differ in terms of the RIS area.
In the Boundary Identifier area, we can name the test applied (Name). In the Hypothesis Testing area, there are
Boundary Type and Information Axis check-boxes and α–
spending Function drop-boxes. The Boundary Type enables choosing the type of boundary (One-sided Upper,
Ones-sided Lower, and Two-sided), and Information Axis
allows choosing the type of information as the number of
patients included (Sample Size), number of events (Event
Size), or Statistical Information. We can also set the Type I
error value and choose whether to apply the inner wedge
using the Apply Inner Wedge check-box. The Apply Inner
Wedge enables testing for futility by choosing the level of
Type II error (Power) and β-spending Function. For both
the α- and β-spending Function, only the O’Brien–Fleming
function is available in the TSA program.
In the RIS area for continuous data, we can specify the
Type I error and Power and choose Information Size (User
Defined and Estimate), Mean Difference (User Defined,
Empirical, and Low Bias), Variance (User Defined, Empirical, and Low Bias), and Heterogeneity Correction (User
Defined and Model Variance Based). In the RIS area for dichotomous data, we can specify the Type I error and Power
and choose Information Size (User Defined and Estimate),
Relative Risk Reduction (User Defined and Estimate), Incidence in Intervention arm (User defined), and Heterogeneity Correction (User Defined and Model Variance
Based). The RIS area can be left blank or available options
for the RIS calculation can be selected. To estimate RIS, we
can input any arbitrary number obtained under the User
defined option. Then, the RIS can be automatically generated according to the type of information gathered.
For continuous data, Mean Difference and Variance have
three options: User Defined, Empirical, and Low Bias.
When selecting User Defined, we use an arbitrary number.
However, we can use pooled estimates of intervention from
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all studies (under the option Empirical) and low-risk bias
trials (under the option Low Bias). For dichotomous data,
Relative Risk Reduction and Incidence in Intervention arm
have the option User Defined and Low Bias Based. The
definitions for these options are similar to those for continuous data.
The heterogeneity correction tab adjusts the ratio between the variance in the random effect model and fixed
model (Model Variance Based) and predicts the heterogeneity based on prior studies (User defined) as the ratio of
trial variations to the total variance.
After making Alpha-spending Boundaries, we can add
the timing of interim looks, namely when the meta-analysis was performed, by selecting the trials in the interim
analyses area on the right side of the window.
The Law of the Iterated Logarithm button activates the
Add Law of Iterated Logarithm window to perform the significance test by penalizing the Z-curve. In this window,
there are Boundary Identifier, Boundary Settings, and Penalty areas. In the Boundary Identifier area, we can name
the test applied. Boundary Settings include Boundary Type
(One-sided Upper, Ones-sided Lower, and Two-sided) and
Type I error rate. For λ we can use the numbers in Table 2.
Detailed explanations for λ are described in the law of the
iterated logarithm section. The Edit area, under the Add
area, contains the Edit Selected and Delete Selected buttons to edit or delete the significance test, respectively.
In the lower left corner are the Templates area, with the
options for saving the constructed significance tests using
Add-to-Templates button or loading the saved significance
tests using the Manage templates button. The Information
Axis (sample size, event size, and statistical information)
checkbox is located on the left side of the window.
To perform the analysis using TSA program, we use the
Perform calculations button in the Calculations area.

Graphs tab
When the Graphs tab is checked, the Tests and Boundaries Layout area, Set Graph Layout area, Print Current Graph
button, and Generate TSA report button appear on the left
side of the window.
The Tests and Boundaries Layout allows changing the
color, line type, line width, icon at each trial, icon size, font
size, and font size in the graph. It also provides the option
to show and hide the presented graph.
The Set Graph Layout area has Trial Distance drop-boxes
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and Layout setting buttons. The Trial Distance drop-box
allows setting the distance between boundaries and between the Z-values according to the amount of information
(Scaled), or an equal distance is set between trials on the
information axis (Equal).
The Layout setting button activates the Graph Layout
Settings window to adjust the line width and font size of
the x- and y-axis, font type, and font size.
In the middle of the window and above the TSA graph,
there are two tabs: Adjusted Boundaries and Penalised
Tests representing adjusted significance tests based on
α-spending functions and law of the iterated logarithm
penalties, respectively. The former represents the adjusted
thresholds for the Z-curve, and the latter represents the adjusted test statistics in relation to the single-test significance test threshold.

Diversity tab
The TSA program provides diversity estimates for the
random effect models using the DL method (Random DL),
SJ method (Random SJ), and BT method (Random BT).
When diversity Tab is activated, each trial and its weight
percentage for each model, fixed effect model, random DL,
random SJ, and random BT models are displayed in the
upper part of the window.
In the left lower corner, various diversity types, I2 (estimate of inconsistency) and 1/(1–I2) (heterogeneity correction for estimating inconsistency), D2 (estimating diversity), and 1/(1–D2) (heterogeneity correction for estimating
diversity), and Tau (of between-trial variance) for the three
random effect models are displayed.

Criticism for TSA
The use of TSA has increased recently [4,28] because it
can reduce the probability of false positives and false negatives owing to random errors and provide early detection of
the acceptance or rejection of the intervention effect. However, TSA is criticized owing to some concerns [28,29].
Firstly, TSA is a complex statistical tool that is not easy to
perform and can be misused as clinicians are not familiar
with it. The Cochrane Scientific Committee Expert Panel is
also against the routine use of TSA. Secondly, TSA is retrospective and observational, as in conventional meta-analysis, and it thus has the risk of data-driven hypotheses.
Therefore, to avoid this risk, the protocol for systematic rewww.anesth-pain-med.org
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view and TSA, including hypothesis, anticipated effect of
intervention, proportion of outcome in the control group,
heterogeneity, and meta-analytic model, should undergo
either peer-review or be made publicly available on
open-access platforms. Thirdly, we cannot adopt the results of TSA to finalized studies. In a single RCT, the interim
analysis results, showing the benefits, harm, or no intervention effects, affect the decision to continue or stop the trial.
However, we cannot control those studies that have already
been performed. Finally, TSA provides results that are too
conservative in applying desired interventions in the clinical
field.
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powerful tool to clinicians, patients, and policymakers providing results that are only achieved by large-scale RCTs.
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Background: Cranioplasty for the treatment of cephalhematomas in small infants with limited blood volume is challenging because of massive bleeding. This study aimed to elucidate
the correlation between cephalhematoma size and intraoperative blood loss and identify criteria that can predict large intraoperative blood loss.
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Methods: We reviewed the medical records of 120 pediatric patients aged less than 24
months who underwent cranioplasty for treatment of a cephalhematoma. The cephalhematoma sizes in preoperative brain computed tomography (CT) were measured using ImageJ.
Results: Pearson correlation showed that the cephalhematoma size in the pre-operative
brain CT was weakly correlated with intraoperative blood loss (Pearson coefficient = 0.192,
P = 0.037). In a multivariable logistic regression analysis, a cephalhematoma size greater
than 113.5 cm3 was found to be a risk factor for large blood loss. The area under the curve
in the receiver operating characteristic plot of the multivariable model was 0.714 (0.619–
0.809).
Conclusions: A cephalhematoma size cutoff value of 113.5 cm3, as measured in the preoperative CT imaging, can predict intraoperative blood loss exceeding 30% of the total body
blood volume. The establishment of a transfusion strategy prior to surgery based on cephalhematoma size could be useful in pediatric cranioplasty.
Keywords: Birth injury; Blood component transfusion; Hemorrhage; Neurosurgery.

INTRODUCTION

the cephalhematoma is self-absorbed within 4 weeks;
however, if it is not absorbed within this period, delayed
ossification or calcification occurs [1]. The treatment of ossified cephalhematomas is controversial, and conservative
treatment is recommended because of the possibility of

A cephalhematoma, which is a collection of blood between the skull and the periosteum, usually occurs in the
neonatal period as a result of birth trauma. In most cases,
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natural absorption within 3–6 months. However, surgical
treatment is required to prevent the development of asymmetry and skull deformities due to large cephalhematomas
[2]. Cosmetic reasons are another indication for surgical
treatment [3]. Performing surgery in patients at an early
age, approximately 2 months old, is technically easy, and it
provides the advantage of obtaining good head shape due
to natural molding [4].
However, small infants with limited total blood volume
might become hemodynamically unstable even with a relatively small amount of intraoperative bleeding. Along with
the monitoring of vital signs and hemoglobin levels, visual
estimation of blood loss in the surgical field is essential, but
it is often inaccurate and unreliable [5]. Anesthesiologists
should consider the possibility of massive bleeding and establish a fluid and transfusion strategy prior to the start of
surgery. Total body blood volume should be an important
consideration when deciding to perform transfusion in pediatric patients undergoing craniofacial surgery [6]. Thus,
the prediction of intraoperative large blood loss based on
the total body blood volume prior to surgery could be advantageous in establishing intraoperative transfusion strategies.
In this study, we measured the size of cephalhematomas
in preoperative computed tomography (CT) images to elucidate the correlation between the cephalhematoma size
and intraoperative blood loss. Additionally, we attempted
to identify a cephalhematoma size cutoff value that can
predict intraoperative blood loss exceeding 30% of the total
body blood volume.

MATERIALS AND METHODS
Study population and data collection
The study protocol was approved by the Institutional Review Board of the University Health System, Seoul, South
Korea (no. 4-2018-0701). Since the study involved retrospective review of patient medical records, the need for informed consent was waived. The medical records of pediatric patients aged less than 24 months who underwent
cranioplasty for a cephalhematoma between January 2008
and March 2018 were retrospectively reviewed. During this
period, the surgical procedure was performed by two surgeons. Linear skin incision is made on the longest dimension of the ossified mass. The pericranium is preserved for
postoperative bony healing. Abnormal bony mass is re-
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moved using rongeur and high-speed drill to smoothen the
edge of the bony mass. Bone bleeding is controlled using
bone wax. Drainage catheter is inserted, and skin closure is
done using absorbable monofilament suture in a subcuticular fashion. The exclusion criteria were as follows: age >
24 months, a previously diagnosed bleeding disorder, and
insufficient medical data.
The following preoperative data were assessed: demographic data, laboratory data (hemoglobin, hematocrit,
and platelet levels; prothrombin time; and international
normalized ratio), and any preexisting conditions, including a history of congenital heart disease or neonatal jaundice. The assessed intraoperative data included duration of
surgery, duration of anesthesia, intraoperative fluid amount,
amount of packed red blood cells transfused, blood loss,
urine output, intraoperative hypotension, severe hypotension, and vasopressor use. The following postoperative data
were assessed: laboratory data (hemoglobin and hematocrit
levels), postoperative transfusion of packed red blood cell
or freshly frozen plasma, and duration of the postoperative
hospital stay. Hypotension was defined as a 20% reduction
in systolic blood pressure from baseline [7]; more than 50%
reduction in systolic blood pressure from baseline was
considered severe hypotension.
Patients were divided into two groups: large blood loss
group and small blood loss group. Patients whose intraoperative bleeding exceeded 30% of the total body blood volume were classified as the large blood loss group. All others
were classified into the small blood loss group. The estimated blood volume (ml) was calculated by multiplying
the body weight (kg) by 80 ml.
Each patient in this study underwent a preoperative
brain CT for a cephalhematoma, and the size of the cephalhematoma was measured using ImageJ (version 1.33, U.S.
National Institutes of Health, USA). Brain CT images were
opened in ImageJ and the cephalhematomas were manually outlined on each slice (Fig. 1). The area of each hematoma was multiplied by the slice thickness to calculate the
total volume.

Statistical analysis
Descriptive data are presented as mean values ± SD, or
median (1Q, 3Q). For intergroup comparisons, the chisquare test or Fisher’s exact test was used for categorical
variables and Student’s t -test or the Wilcoxon-Mann-Whitney test was used for continuous variables. Pearson corwww.anesth-pain-med.org
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Fig. 1. Brain computed tomography images opened in ImageJ.

relation was used to determine the relationship between
the two continuous variables. The binary response of the
blood loss groups was analyzed by multivariable logistic
regression in terms of explanatory variables: cephalhematoma size, age (months), weight, and American Society of
Anesthesiologists’ physical status. We determined the cutoff value of the cephalhematoma size that maximized the
area under the curve (AUC) when divided into two categories. Statistical analyses were performed using SPSS Statistics 23 (IBM SPSS Statistics for Windows, IBM Corp., USA),
SAS (version 9.4, SAS Inc., USA), and R version 3.5.1 (The R
Foundation for Statistical Computing, Austria).

RESULTS
A total of 123 pediatric patients underwent cranioplasty
as treatment of a cephalhematoma from January 2008 to
March 2018. Two patients aged > 24 months and one patient with incomplete data were excluded, and the remaining 120 patients were analyzed in this study. Of the final
120 patients analyzed, 32 were classified into the large
blood loss group and 88 patients were classified into the
small blood loss group.

Relationship between cephalhematoma size and
blood loss
Pearson correlation showed that the cephalhematoma
size measured in the preoperative brain CT scan was correlated with intraoperative blood loss (P = 0.037); however,
the correlation between the two variables was weak (Pearson coefficient = 0.192; Fig. 2A). Cephalhematoma size
was also weakly correlated with the amount of packed red
blood cells transfused (Pearson coefficient = 0.273, P =
0.003; Fig. 2B).

Cephalhematoma size as a risk factor for large
blood loss
In the multivariable regression analysis, only age was
found to be a risk factor for large blood loss (Table 2). The
cephalhematoma size was transformed into a binary variable using a cutoff value of 113.5 cm3 obtained by maximizing the AUC (Fig. 3A). In a multivariable logistic regression
analysis with categorized cephalhematoma size as the variable, a cephalhematoma size greater than 113.5 cm3 was
found to be a risk factor for large blood loss (Table 3). The
AUC in the ROC plot of the multivariable model was 0.714
(0.619–0.809) (Fig. 3B).

DISCUSSION
Demographics
Demographic data including age, body weight, and
American Society of Anesthesiologists physical status were
similar between the two groups; however the cephalhematoma size was higher in the large blood loss group than in
the small blood loss group. While the incidence of intraoperative hypotension and atropine use were comparable between the two groups, the duration of surgery, amount of
intraoperative packed red blood cells transfused, and the
occurrence of severe hypotension were higher in the large
www.anesth-pain-med.org

This study showed that cephalhematoma size measured
in the preoperative CT images was linearly correlated with
intraoperative blood loss. Furthermore, multivariable logistic regression analysis revealed that a cephalhematoma
size greater than 113.5 cm3 was an independent risk factor
for large blood loss during cranioplasty.
One of the most common causes of cardiac arrest during
pediatric surgery is hypovolemia due to intraoperative
bleeding, and it often occurs in craniofacial surgery [8].
Therefore, meticulous fluid management is required for
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blood loss group than in the small blood loss group. While
the hemoglobin and hematocrit levels decreased during
surgery in the small blood loss group (both P = 0.002), the
change in the hemoglobin and hematocrit levels in the
large blood loss group was not statistically different (P =
0.067 and P = 0.081, respectively). Postoperative transfusion and the length of hospital stay after surgery were comparable between the two groups (Table 1).

Anesth Pain Med

Table 1. Patient Demographics and Clinical Data
Variable
Cephalhematoma size (cm3)
Age (mo)
Weight (kg)
Duration of surgery (min)
Duration of anesthesia (min)
ASA

Small blood loss group (n = 88)
75.1 (41.8, 119.2)
4 (3, 5)
7.4 (6.7, 8.3)
64.0 (52.0, 82.0)
125.0 (105.0, 138.8)

1
2, 3

Intraoperative intake fluid (ml)
Intraoperative RBC transfusion (ml)
Intraoperative blood loss (ml)
Intraoperative atropine use
Intraoperative epinephrine use
Hypotension
Severe hypotension
Preoperative hemoglobin (g/dl)
Postoperative hemoglobin (g/dl)
Preoperative hematocrit (%)
Postoperative hematocrit (%)
Preoperative platelet count (103/µl)
Preoperative prothrombin time (%)
Preoperative prothrombin time (INR)
Postoperative transfusion in POD 1
Hospital stay after surgery (d)

Large blood loss group (n = 32)
115.1 (49.7, 197.3)
4 (3, 5)
7.1 (6.3, 8.0)
77.5 (71.3, 91.3)
130.0 (110.0, 145.0)

84 (95.5)

30 (93.8)

4 (4.5)

2 (6.3)

170.0 (130.0, 245.0)

280.0 (200.0, 400.0)

65.0 (0.0, 120.0)

200.0 (150.0, 250.0)

100.0 (20.0, 120.0)

205.0 (200.0, 300.0)

11 (12.5)

P value
0.025
0.491
0.155
0.001
0.076
0.657

< 0.001
< 0.001
< 0.001
0.249
> 0.999
> 0.999
0.033
0.396
< 0.001
0.548
< 0.001
0.788
0.945
0.714
0.061
0.276

7 (21.9)

4 (4.5)

1 (3.1)

78 (88.6)

28 (87.5)

8 (9.1)

8 (25.0)

11.7 (11.2, 12.4)

11.8 (11.1, 12.5)

11.3 (9.9, 12.2)

12.5 (11.5, 13.6)

34.5 (32.8, 36.5)

35.1 (33.0, 36.1)

33.1 (29.3, 36.1)

37.4 (33.9, 39.4)

413.5 (361.3, 511.8)

422.0 (354.0, 509.3)

10.7 (10.3, 11.4)

10.8 (10.2, 11.6)

0.9 (0.9, 1.0)

0.9 (0.9, 1.0)

26 (29.5)

4 (12.5)

3.0 (2.0, 3.0)

3.0 (2.0, 3.0)

Values are presented as median (1Q, 3Q) for continuous variables and count (percentage) for categorical variables. ASA: American Society of
Anesthesiologists’ physical status, RBC: red blood cell, INR: international normalized ratio, POD: postoperative day.
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Fig. 2. Scatter plot showing the correlation between the cephalhematoma size and intraoperative blood loss (A) and that between the
cephalhematoma size and the amount of transfusion (B).

hemodynamic stability and maintenance of major organ
perfusion in cranioplasty for children. Thus, clinicians are
recommended to use estimates of total blood volume to
determine transfusion needs during pediatric craniofacial
surgery [6]. In our study, the overall incidence of intraoper-
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ative hypotension was 88.33%, and in terms of the incidence of severe hypotension, the patients in the large
blood loss group were hemodynamically more unstable
than those in the small blood loss group. As most of the patients in our study population were healthy without any
www.anesth-pain-med.org
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Variable
Cephalhematoma size (cm3)
Age (mo)
Weight (kg)
ASA

Odds ratio (95% CI)

P value
0.052
0.048
0.080

1.004 (0.999–1.007)
1.247 (1.002–1.552)
0.661 (0.415–1.051)

Reference
0.700 (0.094–5.212)

1
2, 3

0.728

ASA: American Society of Anesthesiologists’ physical status, CI:
confidence interval.

Table 3. Multivariable Logistic Regression Analysis for Intraoperative
Bleeding Exceeding 30% of the Total Body Blood Volume with Categorized
Cephalhematoma Volume Variables
Variable
Cephalhematoma size (cm3)
< 113.5
> 113.5
Age (mo)
Weight (kg)
ASA
1
2, 3

A

Sensitivity

0.8

0.6

0.4

0.2

0.0
1.0

0.8

0.6

0.4

0.2

1.0

Specificity
1.0

0.8
Sensitivity

P value

Reference

-

3.692 (1.531–8.904)

0.004

1.275 (1.018–1.596)

0.035

0.655 (0.408–1.053)

0.080

Reference

-

0.634 (0.075–5.348)

0.676

ASA: American Society of Anesthesiologists’ physical status, CI:
confidence interval.

1.0

B

Odds ratio (95% CI)

0.6

0.4

0.2

0.0
1.0

0.8

0.6

0.4

0.2

1.0

Specificity

Fig. 3. Receiver operating characteristic plot of the categorized
cephalhematoma size (A), and of the multivariable model (B). Area
under the curve: 0.635 (0.536–0.734) and 0.714 (0.619–0.809),
respectively.

www.anesth-pain-med.org

underlying medical comorbidities and since hypotension
did not occur during the induction of general anesthesia
but occurred during surgery, surgical bleeding was considered the main cause of hypotension in this study. Considering that the mean surgery duration was 71.2 min, a large
amount of bleeding occurred in a short period, making hemoglobin-based transfusion difficult. While bleeding occurs in a short duration, confirming the hemoglobin level
in the arterial blood gas analysis takes time. Therefore, as
regards intraoperative fluid and transfusion management,
identifying risk factors that can predict large blood loss
based on the total body blood volume and implementing a
transfusion strategy prior to surgery would be clinically
useful for anesthesiologists. Cephalhematoma size larger
than 113.5 cm3 was found to be the most important risk
factor for large blood loss which anesthesiologists should
carefully check before surgery. In addition to the cephalhematoma size, age was another independent risk factor for
large blood loss presumably due to the technical difficulty
of surgery at an older age [3,4].
ImageJ, which we used to measure the size of the cephalhematoma, is a Java-based software for image processing
developed at the National Institute of Health [9]. The accuracy of manual volumetry performed by clinicians using
ImageJ on a personal computer was reported in a previous
study based on hepatic CT [10]. Additionally, another previous study performed manual volumetry using ImageJ to
quantify deep gray matter in the brains of infants [11].
Therefore, developing a transfusion strategy prior to pediatric cranioplasty using cephalhematoma size measured by
ImageJ may be helpful in maintaining hemodynamic stability during surgery.
In previous randomized trials based on pediatric postsurgical patients [12,13], a restrictive transfusion strategy
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Table 2. Multivariable Logistic Regression Analysis for Intraoperative
Bleeding Exceeding 30% of the Total Body Blood Volume
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showed no increase in mortality and multiorgan dysfunction when compared with a liberal transfusion strategy.
The mean age of the patients in these randomized trials
varied from 26.4 to 73.7 months. Maintaining hemoglobin
levels ≥ 8 g/dl was recommended as the standard in patients with massive bleeding during surgery [6,14,15].
However, even in adult patients, complicated hemorrhage—defined as hemorrhage exceeding 30% of the total
body blood volume—almost always causes signs of hypoperfusion such as hypotension and tachycardia [16,17].
Transfusion is usually required for this substantial blood
loss [16]. In general, massive blood loss in acute situations
is defined as blood loss of more than 50% of the total body
blood volume within a period of 3 h [18,19]. Considering that
the mean age of the patients in this study was 4.5 months,
blood loss exceeding 30% of the total body blood volume
within a mean surgery duration of 71.2 min almost always requires blood transfusion.
On the contrary, the initial postoperative hemoglobin
level confirmed in the general ward or neurological intensive care unit was higher in the large blood loss group than
in the small blood loss group, which appeared to be related
to the larger transfusion volumes required in the large
blood loss group than in the small blood loss group. The
short duration of massive transfusion is known to be a risk
factor for over-transfusion [20]. However, an initial postoperative hematocrit level > 30% was reported to reduce the
risk of postoperative red blood cell transfusion in pediatric
patients undergoing craniofacial surgery [21]. Moreover, no
patients in our study experienced over-transfusion-related
complications, such as infection, transfusion-related acute
lung injury, or circulatory overload [22].
This study has some limitations. First, as this retrospective study was based on electronic medical records, performing a prospective study would be helpful in confirming a more accurate cutoff value for cephalhematoma size
to facilitate transfusion management. Second, this study
was based on data from a single center that was analyzed
by two surgeons; additionally, intraoperative blood loss
may be surgeon dependent. Thus, this result cannot be
universally applicable to cranioplasty performed by other
surgeons in different institutions. Third, the intraoperative
transfusion in this study was performed without confirmation of the hemoglobin level in the event of massive blood
loss causing hemodynamic instability. Thus, the correlation between the cephalhematoma size and amount of
packed red blood cell transfused cannot be determined
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based on this retrospective study in which transfusion was
performed without laboratory confirmation.
In conclusion, the cephalhematoma size measured in
the preoperative CT images is an independent risk factor
for blood loss exceeding 30% of total body blood volume.
Thus, we recommend implementing a transfusion strategy
prior to pediatric cranioplasty based on cephalhematoma
size measured by ImageJ as a new clinical model for intraoperative transfusion management.
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Background: Joubert syndrome and mitochondrial disease are rare congenital diseases in
which a wide range of symptoms affects multiple organs. Patients with these diseases present characteristic symptoms related to the musculoskeletal, respiratory, and neurological
systems, which make it difficult for anesthesiologists to manage the patient’s airway and
choose appropriate anesthetic drugs.
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Case: A 13-year-old male patient with Joubert syndrome and mitochondrial disease underwent elective surgery to insert a continuous ambulatory peritoneal dialysis catheter. Anesthesia was induced and maintained with propofol, remifentanil, and rocuronium. An I-gel
was inserted to secure the airway; however, the fitting did not work properly, so the patient
was intubated. The operation was completed without any major problems, and the intubated patient was transferred to the intensive care unit.
Conclusions: Anesthesiologists should determine the method of anesthesia and prepare
for unintended complications based on a full understanding of these congenital diseases.
Keywords: Airway management; Anesthesia, intravenous; Cerebellar diseases; Mitochondrial disease.

Joubert syndrome (JS) is a rare autosomal recessive disorder, characterized by hypotonia, ataxia, episodic hyperventilation, abnormal eye movement, and psychomotor
retardation [1]. Some of these clinical features of JS correspond to those of patients with mitochondrial disease
(MD). MD manifests symptoms based on the ratio of normal mitochondrial DNA to mutated mitochondrial DNA
[2]. Mitochondria are an important survival-related component, and the range of diseases that can be manifested
by dysfunction in mitochondrial metabolic pathways is
very wide. Anesthesia management for patients with these

congenital disorders and coping with unexpected complications during surgery is a challenge for anesthesiologists.
It is important to thoroughly identify the patient’s condition and carefully select and prepare the best anesthesia
method. Here, we present the anesthetic care of a patient
who had been diagnosed with JS and MD.

CASE REPORT
Written informed consent was obtained for publication
of this report.
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es 2 and 3), a video-laryngoscope (McGrath, Aircraft Medical, UK and C-MAC, Karl Storz, Germany), a fiberoptic
bronchoscope (Olympus Optical, Japan), and a supraglottic airway device (SAD; I-gel, Intersurgical Ltd., UK). We selected an endotracheal tube (ETT) according to age based
on height and weight and prepared 5.0- and 5.5-mm tubes
with cuffs.
Blood sugar before leaving for the operating room was
132 mg/dl. In the operating room, routine standard monitors were attached (noninvasive blood pressure [NIBP],
electrocardiography, pulse oximetry); the initial NIBP and
HR were 120/90 mmHg and 105 beats/min, respectively,
with a norepinephrine infusion of 0.07 µg/kg/min. Invasive
blood pressure monitoring was not performed and the surgery time was expected to be short; thus, the operation
proceeded after preparing for left radial artery cannulation,
if necessary. The degree of neuromuscular blockade, assessed using train-of-four (TOF) stimulation, was monitored using an IntelliVue NMT monitor (Philips, the Netherlands), and bispectral index (BIS) monitoring (Covidien,
USA) was performed to assess the depth of anesthesia. The
initial BIS was 71. Anesthesia was started with propofol (1
mg/kg), remifentanil (0.05 µg/kg/min), and rocuronium
(0.4 mg/kg) following preoxygenation. Intravenous propofol and remifentanil infusions were started at 77–102 µg/
kg/min and 0.05–0.1 µg/kg/min, respectively, to maintain
anesthesia (BIS 40–60). The patient’s jaw was small; however, his palate was not malformed, his tongue did not protrude, and mask ventilation was well maintained. A thirdyear anesthesiology resident tried to insert an I-gel of size
2.5, which was selected according to the patient’s weight.
The resident began to insert the I-gel along the hard palate
with one hand pressing down on the patient’s chin. Resistance was felt while inserting the I-gel, thus he gently
pushed the I-gel using the deep rotation method and connected the I-gel to the ventilator. However, air continued to
leak, and a sufficient tidal volume was not attained. The attending anesthesiologist determined that the I-gel did not
fit properly, and removed and inserted it again using the
jaw thrust method with the help of another attending anesthesiologist. Nevertheless, air continued to leak, and the
I-gel was removed, as it had become malpositioned. The
trachea was secured with a 5.0-mm ETT without difficulty
using a McGrath (blade size 2) by the attending anesthesiologist, and the Cormack-Lehane grade was 1. A pilot balloon was inflated with room air to a cuff pressure of 18 cmH2O as measured by a manometer (VBM, Germany). Lung
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A 13-year-old male patient was scheduled for elective insertion of a continuous ambulatory peritoneal dialysis
(CAPD) catheter. The admission height and weight were
135 cm and 31 kg, respectively. The patient was born at 40
weeks by normal vaginal delivery and was admitted to the
neonatal intensive care unit for 10 days because of sepsis.
MD was diagnosed at 12 months of age and then JS was diagnosed during outpatient observation. The patient started
hemodialysis due to end-stage renal disease at the age of 8
years and was hospitalized at age 10 years with intracranial
hemorrhage due to high blood pressure. The patient was
admitted at age 11 years for uncontrolled hypertension and
a change in the permanent catheter, but hyperkalemia-induced cardiac arrest occurred. The patient returned to
spontaneous circulation after 1 h of cardiopulmonary resuscitation (CPR) and was transferred to the intensive care
unit (ICU) to receive post-CPR care for 2 weeks. Subsequently, the patient was hospitalized and discharged repeatedly due to heart, lung, and kidney problems. He underwent regular hemodialysis; however, hemoglobin level
and blood pressure continued to fall and could not be controlled. Therefore, the patient was scheduled to switch to
peritoneal dialysis.
In terms of mental status, the patient was stuporous
during pre-anesthetic assessment (Glasgow coma scale
[GCS] score 11). He was bed-ridden, with a percutaneous
endoscopic gastrostomy tube that was inserted in the surgical ICU (SICU). Hypotension was managed by infusion of
norepinephrine (0.07–0.19 µg/kg/min). His mean blood
pressure (MBP) and his heart rate (HR) were controlled at
90–106 mmHg and 95–107 beats/min, respectively, and
checked every 30 min. His breathing was shallow; however,
100% oxygen saturation was maintained on room air. We
reviewed all of the records, including previous hospital
charts, but the patient had never undergone surgery, and
we found no accurate information about his airway. The
patient’s jaw was small, his mouth was slightly protruding,
and he had a short neck with reduced cervical mobility.
His airway could not be evaluated properly due to the poor
opening of his mouth because of the rigidity of his jaw;
thus, we decided to perform a reassessment at the time of
anesthesia induction on the day of surgery. Three anesthesiologists decided to participate in induction because this
was a rare case that we had not previously experienced in
our hospital. We decided to have the following instruments
in place for airway management: oral airway (size 1 and 2),
stylets, a Macintosh direct laryngoscope (curved blade siz-
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sounds had decreased on the left side and coarse breath
sounds were auscultated over both lower lung fields. The
ETT was fixed at 15 cm from the lower incisor teeth. Mechanical ventilation was performed with a 50:50 air/oxygen
mixture, a tidal volume of 6–8 ml/kg, a respiratory rate of
16–18 breaths/min, a maximum peak airway pressure of
11–14 cmH2O, and an inspiratory/expiratory time ratio of
1:2. End-tidal carbon dioxide and oxygen saturation were
maintained at 35–39 mmHg and 100% during the surgery,
respectively. The operation lasted 45 min, and the patient’s
hemodynamics were stable during the procedure. The
MBP and HR were controlled at 73–103 mmHg and 105–
130 beats/min, respectively, with a norepinephrine (0.03–
0.07 µg/kg/min) infusion. The TOF count was maintained
at 1–2 during surgery, and there was no additional injection of muscle relaxants. No additional opioids were used
other than remifentanil. At the end of the operation, the
patient’s spontaneous breathing returned and the BIS and
TOF ratio were 73 and 76%, respectively; however, the respiration rate was < 10 times/min. The pediatrician wanted
to observe the patient’s breathing pattern more carefully;
thus, after injecting 3 mg midazolam, the patient was transferred to the SICU with the ETT. In the SICU, the patient’s
mental state was stuporous (GCS score 6), and a ventilator
was applied with the following settings: synchronized intermittent mandatory ventilation mode with a FiO2 of 0.25,
tidal volume of 6 ml/kg, respiratory rate of 20 breaths/min,
and pressure support of 13 cmH2O. The MBP and HR were
maintained at 105–111 mmHg and 124–137 beats/min, respectively, with a norepinephrine (0.07 µg/kg/min) infusion. The trachea was extubated at 1 hour after the patient
arrived in the ICU, and no irregular respiratory patterns
were observed. The patient exhibited 100% oxygen saturation with a 2-L oxygen flow applied by nasal cannula. According to the venous blood gas analysis, the venous pH
was 7.30, PCO2 53 mmHg, PO2 47 mmHg, base excess 0.3
mmol/L, SO 2 78%, glucose 130 mg/L, and lactate 0.3
mmol/L.

DISCUSSION
JS is a genetic disorder caused by a malformed cerebella
vermis. The typical manifestations of JS are hypotonia,
ataxia, episodic apnea-hyperpnea, and global developmental delay [1]. JS patients also characteristically have a
large tongue, a cleft or highly arched palate, and micrognathia [3]. This disease can also present as a variety of clin-
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ical features depending on the organs that have been affected; thus, JS increases the risks associated with anesthesia management [1]. Above all, the difficulty with patients
with JS is to secure and control the airway due to an abnormal breathing pattern and the differences in facial shape
and oral structure [1]. Patients with JS are susceptible to almost any anesthetic, making it difficult to titrate an appropriate dose of the anesthetic agent while maintaining an
intact airway for simple procedures.
The focus of the anesthesiologist, in this case, was respiratory management. Inserting a CAPD catheter is a simple
procedure that is generally controlled during monitored
anesthesia care in our hospital. However, management of
the airway was expected to be difficult in this case and general anesthesia was planned. In this case, unfortunately, it
was not helpful to review previous hospital records of
whether there were issues with the patient’s airway. It is
important to thoroughly assess any patient feature suggesting a difficult airway [4]. We focused primarily on observing the patient’s appearance and the passive movement of
the neck due to the poor mouth opening and the inability
to respond to commands during the pre-anesthetic evaluation. In addition, indicators, such as upper incisor length,
thyromental distance, length of the neck, and neck circumference of the patient would have been helpful for the airway evaluation [4].
Mirghassemi et al. [5] suggested that it is difficult to measure these indicators in pediatric patients; thus, they proposed a method for predicting difficult airways based on
measuring and calculating the distances from the lower lip
board to the tip of the chin, from the ear tragus to the corner of the mouth, and from the ear lobe to the corner of the
mouth. While it is important to prepare advanced airway
equipment when a difficult airway is expected, it is also important to have additional anesthesiologists available to
assist during emergency situations [4]. We had one anesthesiology resident and two attending anesthesiologists,
and each had prepared the advanced airway equipment
most familiar to them. As the number of attempts at tracheal intubation increases in patients with a difficult airway, the probability of complications also increases. Thus,
for pediatric patients with a difficult airway scheduled a
simple procedure that is expected to finish in a short time,
as in this case, the use of a SAD may be advantageous [6].
The I-gel is an anatomically shaped SAD that seals the airway without a cuff; thus, it is easy to insert and remains
stable. The patient, in this case, had a small jaw, but no
www.anesth-pain-med.org
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ric patients with MD and found no adverse events, such as
malignant hyperthermia or rhabdomyolysis. The Malignant Hyperthermia Association of the United States stated
that the susceptibility to malignant hyperthermia does not
increase in MD patients; however, they concluded that the
selection of an appropriate anesthetic is important depending on the patient’s symptoms and type of surgery and
that more attention should be paid to the use of succinylcholine [12]. The patient in this case was expected to have
a short operation of less than 30 min, so we used propofol
and remifentanil, which are relatively easy to titrate with a
rapid post-anesthesia recovery [9]. However, a report on
MD patients showed delayed recovery after a short propofol infusion and the need for ICU care [13]. The use of less
than 200 mg of propofol might have affected the recovery
from anesthesia of the patient in our case.
Patients who have been diagnosed with both mitochondrial dysfunction and JS, such as our patient, have been reported, but they are very rare [14]. These diseases are characterized by different ranges of symptoms depending on
the organs that are affected. However, symptoms in the
musculoskeletal, respiratory, and neurological systems can
be similar in both
diseases and are important considerations during anesthesia management [1,10]. Several studies have shown that
JS and MD patients can tolerate most of the commonly use
anesthetics [15].
In summary, it may be difficult to manage anesthesia in
pediatric patients with more than one congenital condition, and the characteristics of each abnormality will need
to be well understood. In this case, we focused more on
MD when selecting the anesthetics and focused on JS for
airway management. In addition, the difficulty and expected time of the scheduled surgery were also considered.
There is generally no clear anesthesia indication for patients with several congenital diseases. It would be ideal for
the anesthesiologist to properly apply the carefully chosen
anesthesia technique under surveillance monitoring, and
preparation for an emergency is also important.
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other major problems were found with the oral structure,
so mask ventilation was carried out smoothly; hence, we
decided to insert the I-gel. However, the I-gel did not fit
properly in two attempts, and eventually, the patient was
intubated. Because an I-gel is inserted without direct visualization of the airway, malpositioning is possible, which
leads to an incomplete seal, resulting in leakage or obstruction of the airway, eventually leading to problems with
ventilation. The anesthesiologist can adjust the depth of
the I-gel or choose a different size [7]. Although there was a
major leak, in this case, the size of the I-gel was considered
appropriate for the patient, so we did not attempt to re-insert a different size. As an alternative, the I-gel was inserted
with the jaw thrust method; however, the leak continued,
so the anesthesiologist decided to intubate the airway. In
addition, post-extubation respiratory problems can occur
after positive pressure ventilation during general anesthesia for surgery. It has been recommended that such patients be transferred to the ICU without extubation for controlled ventilation [8]. The patient in this case also developed spontaneous respiration after the surgery; however,
the breathing pattern was very weak and slow. The patient
was transferred to the ICU while intubated and was extubated after confirming that sufficient tidal volume had
been reached.
MD is categorized into various types of mitochondrial
genetic mutations and is expressed in a wide range of clinical forms. MD patients usually have myopathies and various clinical manifestations in the central nervous system,
heart, gastrointestinal tract, and kidneys [9]. These patients
may be vulnerable to situations that can increase metabolic burden, such as prolonged fasting, hypovolemia, and hypothermia, which require attention during the perioperative period [9]. In general, almost all anesthetic agents suppress mitochondrial function, particularly the inhalation
anesthetics and propofol [9]. In addition, propofol inhibits
mitochondrial metabolism in at least four steps, which is
related to propofol infusion syndrome. For this reason,
prolonged continuous infusion of propofol in patients with
MD should be avoided [8]. Patients with mitochondrial
myopathy are likely to develop respiratory failure, so care
should be taken when using neuromuscular blocking
agents and opioids [9]. Nevertheless, MD patients usually
tolerate various anesthetics without major problems [10].
These patients may also have increased susceptibility to
malignant hyperthermia [2]; however, this is controversial.
Footitt et al. [11] reviewed 58 anesthesia records in pediat-
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Methods: We enrolled 94 patients (age ≥ 18 years) scheduled for thoracic surgery using
double-lumen tube intubation. Before intubation, 0.2 mg/kg of dexamethasone was administered intravenously and 2 ml of normal saline was sprayed into the oropharyngeal cavity
(Group D; n = 45), or 0.04 ml/kg normal saline was administered intravenously and 1 g of
Neo Mucosal Activator® mixed with 1 ml of normal saline was sprayed into the oropharyngeal cavity (Group N; n = 43), in a double blind and prospectively randomized manner. Postoperative sore throat and hoarseness were recorded using a numeral rating scale and a
4-point scale to detect a change in voice quality following tracheal extubation (at 1, 6, and
24 h). The primary outcome was the incidence of sore throat at 24 h following surgery. The
secondary outcomes were incidence and severity of sore throat and hoarseness.
Results: There were no significant differences in the incidence of sore throat at 24 h following surgery (57.8% vs. 46.5%; P = 0.290) or in the incidence and intensity of sore throat and
hoarseness at 1, 6, and 24 h following surgery between the groups.
Conclusions: A. vulgaris in glycerine did not significantly differ from dexamethasone for preventing sore throat and hoarseness owing to intubation.
Keywords: Alchemilla vulgaris; Dexamethasone; Glycerine; Hoarseness; Sore throat.
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Background: Sore throat and hoarseness frequently occur following general anesthesia
with tracheal intubation and are effectively reduced when dexamethasone is used prophylactically. Alchemilla vulgaris in glycerine (Neo Mucosal Activator®) suppresses inflammatory
response, possibly relieving sore throat.
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INTRODUCTION
Sore throat and hoarseness are common complications
of general anesthesia. These complications present in approximately 62% of patients as a result of mucosal damage
that occurs during the insertion of a laryngoscope into the
oropharynx and/or mucosal damage due to upper airway
irritation by the intubated tube. An intubated tube can
cause inflammatory reactions in the airways, mucosal
thickening, and, consequently, sore throat, which lowers
postoperative patient satisfaction. The risk factors for sore
throat and hoarseness include sex (female), age (young),
pre-existing lung disease, prolonged duration of anesthesia, intubation without neuromuscular blockade, use of
double-lumen tubes, and high tracheal tube cuff pressures
[1].
The double-lumen endobronchial tube (DLT) is used in
video-assisted thoracoscopic surgery requiring one-lung
ventilation as it is quicker and more effective than bronchial blockers for lung isolation. However, owing to their large
diameters, DLTs frequently cause sore throat and hoarseness for up to two weeks following treatment of airway injuries such as vocal cord hematoma and bronchial edema,
thereby significantly increasing patient discomfort [2,3].
Intravenous dexamethasone is prophylactically used to
prevent the sore throat and hoarseness that occur after
general anesthesia owing to airway intubation [1,4–7].
However, the potential side effects of dexamethasone limit
its use in patients for whom steroid use is contraindicated.
In a study by Shrivastava and John [8], Alchemilla vulgaris
in glycerine (AVG), also called Lady’s Mantle, which has
traditionally been used for oral hygiene, induced complete
healing in 75% of patients within 2–3 days after topical application of 2–3 drops three times a day to minor oral ulcers. In the present study, for the first one, we aimed to investigate the preemptive effects of spraying AVG into the
oropharynx to prevent sore throat resulting from intubation for general anesthesia.

cluded in this study. Ninety-four patients with American
Society of Anesthesiologists physical status I–III, aged 18
years or older, were enrolled in this study.
The exclusion criteria were as follows: 1) Patients who
were receiving steroid-containing medications; 2) patients
who were allergic to honey (because honey is a component
of Neo Mucosal Activator®) or Neo Mucosal Activator® (a
topical application of AVG); 3) patients with diagnosed or
suspected malignancy; 4) patients scheduled for pneumonectomy; 5) patients who showed signs of infection of the
upper airway or had sore throat or hoarseness; and 6) patients who had uncontrolled diabetes. Reasons for withdrawal were as follows: 1) Duration of tracheal intubation
> 300 min or < 60 min; 2) DLT failure; and 3) extubation
not performed owing to the requirement of continuous
mechanical lung ventilation after surgery.
Before being transferred to the operation room, the patients were randomly assigned to one of two groups according to a computer-generated random number table.
The medications to be used in each procedure were placed
in 5-ml syringes and 2-ml spray bottles (Fig. 1) by a researcher who was not responsible for performing anesthesia or
collecting data, and these medications were handed over to
a blinded anesthetic nurse. In the experimental group
(Group N), normal saline was intravenously administered
at 0.04 ml/kg, and 1 g of AVG (Neo Mucosal Activator®,
DAEUN Medical, Korea) was mixed with 1 ml of normal saline and sprayed into the oropharyngeal cavity around the
vocal cords. In the control group (Group D), dexamethasone was intravenously administered at 0.2 mg/kg, and 2
ml of normal saline was sprayed into the oropharyngeal
cavity around the vocal cords. As the mixed solution and

MATERIALS AND METHODS
This study was approved by the Institutional Review Board
of Dong-A University Hospital (no. DAUHIRB-18-195) and
registered in the CRIS (no. KCT0003842). Of the patients
scheduled for elective surgery using a DLT between October
2018 and May 2020, those who were deemed appropriate for
participation and who had given written consent were in-
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Fig. 1. A 2 ml spray bottle.
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block (no twitches in a TOF). After the TOF ratio reached >
0.9, the patients could breathe on their own; following instructions, oral secretions were suctioned again, and the
patient was extubated [9].
The primary outcome was the incidence of sore throat at
24 h after surgery. The secondary outcomes were the incidence and the severity of sore throat and hoarseness. Following surgery, the patients rated the severity of sore throat
on a numeric rating scale (NRS) and the severity of hoarseness as none, mild, moderate, and severe (based on vocal
changes at 1, 6, and 24 h after surgery). In addition, the incidence of sore throat was determined as NRS ≥ 1. The patients were also asked to record any side effects (e.g., allergic reaction, nausea, vomiting). Postoperative use of analgesics and side effects were checked by reviewing medical
records. The collected data were reviewed with respect to
the enrollment number assigned to each patient.

Statistical analyses
A pilot study was conducted on 30 patients (15 patients
per group) to determine the required sample size. Two patients in Group D and three patients in Group N were excluded from this study. Sore throat was observed in 7/13
(53.8%) patients in Group D and 3/12 (25%) patients in
Group N at 24 h after surgery. The results of the power
analysis indicated a minimum requirement of 42 patients
in each group (β = 0.2 and α = 0.05). To compensate for
potential dropouts (10%), we selected a sample size of 47
patients per group.
Mean ± standard deviation or number (%) are presented
for each variable. The chi-square test with Fisher’s exact
test was used for categorical data. The Student’s t -test was
used to analyze continuous data. Repeated measures analysis of variance (ANOVA) was used for time-group analysis.
Two-tailed P values were calculated, and the level of significance was set at P < 0.05. All analyses were performed using SPSS Statistics 26 software (IBM Corp., USA).

RESULTS
In total, 6 of the 94 patients enrolled in this study were
excluded: 2 patients in Group D and 3 patients in Group N
whose intubation time exceeded 300 min, and 1 patient in
Group N for whom extubation was not performed owing to
postoperative ventilation care (Fig. 2). Table 1 shows the
characteristics of the final patient groups. No significant
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dexamethasone were both transparent and not easily distinguished from normal saline, we did not cover the solutions.
Anesthesia was induced by two senior residents blinded
to the medication used. Patients were intramuscularly injected with glycopyrrolate (0.2 mg) and intravenously injected with famotidine (20 mg) before surgery and placed
under standard monitoring after entering the operating
room. General anesthesia was induced by the intravenous
administration of propofol (2.0 mg/kg) and rocuronium
(0.6–0.9 mg/kg) as a neuromuscular blocking agent while
monitoring the bispectral index (BIS) (Aspect Medical Systems, USA).
The medication in the 5-ml syringe was intravenously
administered immediately following rocuronium administration. After achieving sufficient neuromuscular blockade
following bag mask ventilation (train-of-four [TOF] count
0), the medication in the spray bottle was sprayed into the
oropharyngeal cavity using a video laryngoscope (C-MAC,
KARL STORZ-ENDOSKOPE, Germany). A DLT (Shiley, Covidien, Ireland) was then inserted: 35-Fr tubes were used
for females and 37-Fr tubes for males. If the original tube
could not be inserted, the original tube was substituted for
a smaller tube; 32-Fr and 35-Fr tubes were used for females
and males, respectively. After locating the DLT by auscultation, fiberoptic bronchoscopy (external diameter 3.1 mm,
Olympus Optical, Japan) was used to adjust the insertion
depth, and the depth was reassessed after placing the patient in a lateral position. Anesthesia was maintained with
sevoflurane concentrations of 1.5–2.5 vol% to maintain a
BIS of 40–60. Remifentanil infusion (0.05–2 μg/kg/min)
was administered for pain control. Vecuronium (0.01 mg/
kg) was administered at a TOF count of 1 to maintain deep
neuromuscular blockade. Intracuff pressure was maintained at 15–25 cmH2O using a cuff pressure manometer
(Cuff Pressure Gauge, VBM Medizintechnik, Germany).
At the end of the surgery, fentanyl (30 μg/kg) and ramosetron (0.6 mg) were mixed with normal saline in a total
volume of 100 ml in a patient-controlled analgesia (PCA)
infusion system (GemStarTM Infusion System, Hospira, Inc.,
USA), and the system was connected to the patient. The
continuous infusion rate was set to 1 ml/h, and the bolus
dose to 1 ml (10-min lockout time).
After the surgery was complete, tracheal suctioning was
gently performed, and sugammadex was injected at 2 mg/
kg for inducing a moderate neuromuscular block (at least
one twitch in a TOF) and at 4 mg/kg for inducing a deep
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Assessed for eligibility (n = 94)

Enrollment

Randomized (n = 94)

Group D (n = 47)

Allocation

Group N (n = 47)
Duration tracheal intubation
> 300 min (n = 3)
No extubation (n = 1)

Duration tracheal intubation
> 300 min (n = 2)

Follow-up (n = 45)

Follow-up

Follow-up (n = 43)

Analyzed (n = 45)

Analysis

Analyzed (n = 43)

Fig. 2. CONSORT flow chart for the study patients. Group D: dexamethasone group, Group N: Neo Mucosal Activator group.
Table 1. Patient Characteristics
Variable
Age (yr)
Sex (M/F)
Weight (kg)
Height (cm)
BMI (kg/m2)
Smoking status (0/1/2)*
ASA (1/2/3)
Diabetes mellitus

Group D (n = 45)
38.2 ± 17.5
30/15
64.9 ± 10.3
167.8 ± 10.6
23.2 ± 4.1
33/4/8
23/21/1
1 (2.2)

Group N (n = 43)
39.8 ± 18.1
30/13
67.3 ± 13.9
170.3 ± 8.8
23.3 ± 4.8
28/9/6
25/18/0
3 (7.0)

P value
0.659
0.755
0.364
0.236
0.936
0.276
0.669
0.355

Values are presented as mean ± SD, number only, or number (%). BMI: body mass index, ASA: American Society of Anesthesiologists physical
status classification. *0 = none, 1 = former, 2 = current.

differences were observed in the factors that affect postoperative sore throat and hoarseness, including duration of
tracheal intubation and operation time, number of intubation attempts, and time to achieve intubation (Table 2).
No significant difference in the incidence of sore throat
at 24 h after surgery was observed between the two groups
(57.8% vs. 46.5%; P = 0.290) (Fig. 3). No significant difference in the incidence of sore throat (Fig. 3) and incidence
(Fig. 4) and severity (Table 3) of hoarseness was observed
between the two groups at any time point. No significant
differences in the intensity of sore throat at 1, 6, and 24 h
post-surgery were observed between the groups (Fig. 5). A
repeated measures ANOVA showed a reduction in intensity
over time in each group (both P < 0.001), but no significant
difference between groups (P = 0.273) (Fig. 5).
Additionally, the number of patients receiving non-steroidal anti-inflammatory drugs (NSAIDs) for postoperative
pain control in group D was lower than in group N (42.2%
vs. 65.1%; P = 0.031). No significant differences were ob-
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served in the amounts of morphine required and pain
buster (Pain Relief System, Halyard Health, Inc., USA) used
between the groups (Table 4).

DISCUSSION
Several studies [1,4–7,10–12] have been conducted to test
methods that prevent the sore throat and hoarseness that
occur after intubation for general anesthesia. Dexamethasone, which is commonly prescribed for sore throat caused
by tracheal mechanical irritation, inhibits leukocyte migration, cytokine secretion, and fibroblast proliferation to reduce inflammatory reactions caused by tissue damage
[1,4,7]. Park et al. [5] reported that a prophylactic administration of 0.2 mg/kg dexamethasone effectively reduces the
incidence and severity of sore throat and hoarseness. However, its use in immunosuppressed patients or patients
with uncontrolled diabetes is limited, as the side effects of
dexamethasone include hyperglycemia, peptic ulcer, inwww.anesth-pain-med.org
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Table 2. Anesthetic Data
Variable
Intubation attempts (1/2/3)
Time for tracheal intubation (s)
Repositioning of tube (0/1/2/3)
Tube size (Fr) (37/35/32)
Duration of tracheal intubation (min)
Operation time (min)

Group D (n = 45)
37/7/1
124.0 ± 57.8
4/30/10/1
29/15/1
136.9 ± 58.7
87.5 ± 50.2

Group N (n = 43)
35/8/0
115.8 ± 64.3
5/31/6/1
28/15/0
133.4 ± 77.6
88.4 ± 62.8

P value
0.889
0.531
0.781
1.000
0.807
0.945

Values are presented as number only or mean ± SD. Tracheal intubation time was measured by inserting a video laryngoscope to confirm the
location by fiberoptic bronchoscopy after intubation in the supine position. Repositioning of tube was performed using a fiberoptic bronchoscope
after intubation, and one-lung ventilation was not maintained during surgery.
Incidence of sore throat

P = 0.612

100.0

97.8

P = 0.651

95.3

90.0

Percentage (%)

83.7

80.0

80.0

Group D
Group N
P = 0.290

70.0

57.8

60.0
50.0

46.5

40.0
30.0
20.0
0.0

1h

6h

KSCVA

10.0
24 h

Fig. 3. Incidence of sore throat at follow-up (1, 6, and 24 h). Group D: dexamethasone group, Group N: Neo Mucosal Activator group.
100.0
90.0

Percentage (%)

80.0

Incidence of hoarseness
P = 0.711
80.0

76.7

70.0

P = 0.859
60.0

60.0

Group D
Group N

58.1
P = 0.092

50.0

40.0

40.0
30.0

23.3

20.0
10.0
0.0

1h

6h

24 h

Fig. 4. Incidence of hoarseness at follow-up (1, 6, and 24 h). Group D: dexamethasone, Group N: Neo Mucosal Activator group.
Table 3. Severity Score of Hoarseness
Hours after surgery
1
6
24

Group D (n = 45)
9/21/13/2
18/19/7/1
27/15/3/0

Group N (n = 43)
10/23/6/4
18/22/3/0
33/10/0/0

P value
0.364
0.436
0.102

Values are presented as number only. Scores were expressed as none/mild/moderate/severe.
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Incidence of sore throat

100.0
NRS score (mean)

90.0
80.0
70.0

P = 0.144
4.82
4.07

60.0

Time (*P = 0.000)
Group (*P = 0.273)
Time*Group (P = 0.229)

P = 0.412
3.02

50.0

Group D
Group N

2.65

40.0

P = 0.619
1.40

30.0

1.23

20.0
10.0
0.0

1h

6h

24 h

Fig. 5. Intensity of sore throat at follow-up (1, 6, and 24 h). Values are presented as mean ± SD. Group D: dexamethasone, Group N: Neo
Mucosal Activator group, NRS: numeric rating scale. *P value was obtained by repeated measure ANOVA.
Table 4. Postoperative Analgesia
Pain management
Pain Relief System
Morphine
NSAIDs

Group D (n = 45)
1 (2.2)
6 (13.3)
19 (42.2)

Group N (n = 43)
2 (4.7)
8 (18.6)
28 (65.1)

P value
0.612
0.499
0.031

Values are presented as number (%). NSAIDs: non-steroidal anti-inflammatory drugs. Briefly, 0.5% ropivacaine was infused at 5 ml/h through
a pain buster (Pain Relief System, Halyard Health, Inc.) intercostally before the end of lobectomy. NSAIDs were administered when the patient
complained of moderate pain, i.e., pro re nata (prn) (visual analogue scale [VAS] 4–6). Morphine was administered prn for moderate pain and
underlying kidney disease or liver disease and as a rescue dose for severe pain (VAS 7–10).

creased susceptibility to infection, delayed wound healing,
and adrenal suppression [5].
According to Yang et al. [10], spraying 5% ketorolac tromethamine, an NSAID, into the endotracheal tube reduces
the incidence of sore throat following intubation. Similar
effects have been observed in studies in which benzydamine hydrochloride is sprayed into the oropharyngeal
cavity and an endotracheal tube [11,12]. Benzydamine hydrochloride reduces pain through its anti-inflammatory
and analgesic mechanisms of action. However, benzydamine hydrochloride can also cause side effects such as
local numbness, a burning sensation, nausea or vomiting,
cough, and dry mouth [11].
In an effort to prevent sore throat resulting from intubation (while avoiding the side effects of known treatments),
we have investigated the effects of Lady’s Mantle on the
oropharyngeal cavity. Lady’s Mantle is an anti-inflammatory folk medicine from Europe derived from A. vulgaris . In
our study, AVG did not significantly reduce the incidence
of sore throat compared to dexamethasone. However, there
was no significant difference in the incidence and severity
of sore throat and hoarseness observed over time between
AVG and intravenously administered dexamethasone. A.
vulgaris promotes the proliferation of macrophages and
lymphatic vessels and the migration of keratinocytes, fibro-
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blasts, and endothelial cells, thereby promoting wound
healing. Glycerine, which is hypertonic, causes the exudates in the wound to move toward the mucosal layer by
osmosis and thus removes bacteria [8,13,14]. Therefore,
AVG sprayed into the oropharyngeal cavity may promote
mucosal healing and prevent infection (as do dexamethasone and NSAIDs when sprayed into the oropharyngeal
cavity), consequently reducing the incidence of sore throat
and hoarseness.
To reduce the risk of sore throat, we attempted to reduce
trauma to the glottis using a videoscope instead of a direct
laryngoscope; the laryngoscope applies forward and upward forces to align the visual, oral, pharyngeal, and laryngeal axes and thus can damage arytenoid cartilages and
mucosa [15]. In addition, we maintained the cuff pressure
at 15–25 cmH2O to reduce direct trauma to the tracheal
mucosa [1]. It is possible that these actions might have
contributed to the insignificant statistical difference between the two groups.
The increase in the incidence rate in this study could be
mainly attributed to the fact that the incidence of sore throat
was determined as NRS ≥ 1. In a previous study that examined the NRS pain score of patients and the need for additional opioids after surgery [16], the NRS cut-off point was
set as 1, and the sensitivity and specificity were 98% and
www.anesth-pain-med.org
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hoarseness that occur after intubation for general anesthesia.
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20%, respectively. The positive predictive value was 11%,
and thus it could be assumed that a very low percentage of
patients complained of pain that required rescue analgesia.
In our study, while the incidence rate was high (Fig. 3), the
intensity was not severe (Fig. 5). In addition, among the
factors that may have affected the patients’ perspectives on
rating pain, the patient's desire to confirm his or her pain
from professionals may have caused them to record low
scores [17]. In addition, tracheal intubation was performed
by senior residents who did not have a high level of experience; although a previous study reported no significant difference in performance between consultants and trainees
[1], this may have contributed to the high incidence. All patients were subjected to PCA after surgery and reported the
common side effects of general anesthesia or opioid use
including nausea, vomiting, and dizziness (n = 4, 2, 2, respectively). No allergic reactions, adverse drug reactions,
or hyperglycemia occurred. In addition, side effects associated with NSAID treatment, including numbness, burning
or stinging sensation, cough, dry mouth, thirst, or headache, were not reported [11]. Comparison of pain control
between the groups showed that the patients in Group D
required lesser NSAIDS than those in Group N (42.2% vs.
65.1%; P = 0.031). Although we did not evaluate postoperative surgical site pain and total opioids consumption in
this study, other studies have reported that these may be
related to the systemic effect of intermediate-dose dexamethasone (0.11–0.2 mg/kg) [18,19].
This study has several limitations. First, because we did
not include a control group that did not receive prophylactic medication, we could not determine the extent to which
AVG reduced the incidence of sore throat. Second, as AVG
was prepared as a colloid by mixing normal saline with
Neo Mucosal Activator® to reduce the risk of aspiration because of its viscous property, the effect of spraying normal
saline on the laryngeal area remains unknown. Furthermore, as patients with sore throat or hoarseness were not
examined with a laryngoscope, we could not assess them
for laryngitis or vocal cord injury.
In conclusion, spraying AVG into the oropharynx did not
have a significantly different effect in preventing sore throat
and hoarseness owing to intubation when compared with
that achieved by intravenous injection of low-dose dexamethasone. Further research is warranted on the method
of application and optimal dose of AVG through a comparison with a placebo and other medications, and to verify
the preemptive effect of AVG against the sore throat and
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Case Report

Bilateral tension pneumothorax during
endoscopic submucosal dissection under general
anesthesia diagnosed by point-of-care ultrasound
- A case report -
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Background: Endoscopic submucosal dissection has become popular. However, this can
cause serious complications. In this case, esophageal perforation caused bilateral tension
pneumothorax.

Conclusions: Pneumothorax due to esophageal perforation can lead to life-threatening tension pneumothorax. Anesthesiologists should be aware of the risks and emergency treatment. Ultrasound can be useful for immediate bedside patient-care decisions.
Keywords: Diagnostic ultrasound; Endoscopic gastrointestinal surgical procedures; Endoscopic mucosal resection; General anesthesia; Tension pneumothorax.

Endoscopic submucosal dissection (ESD) is a popular
esophageal-sparing and minimally invasive treatment for
superficial esophageal carcinoma [1]. Successful ESDs require minimizing patient movement for good visualization
as well as for managing the patients’ general condition [2].
In Korea and Japan, this procedure is usually performed
under conscious sedation in endoscopy rooms [2]. However, in cases with lesions in locations that are difficult to approach and patient noncompliance leading to patient
movement, ESD can be performed under general anesthe-

sia in an operating room [2,3].
ESD was developed to overcome the limitations of conventional endoscopic mucosal resection (EMR) caused by
incomplete resection [4]. Meta-analyses reported higher en
bloc and curative resection rates along with a higher risk of
perforation and longer operation times due to large wound
incidence and difficulties with ESD compared to that with
EMR [5,6]. In addition, compared to endoscopic gastric
procedures, endoscopic esophageal procedures have a
higher risk of perforation because of the thin esophageal
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Case: A 60-year-old man with esophageal adenoma underwent endoscopic submucosal
dissection under general anesthesia. The peak airway pressure was 25 cmH2O after induction but abruptly increased to 40 cmH2O after 30 min. Respiratory sounds were barely
heard. The lack of lung sliding in either (right-dominant) lung on ultrasound. Within minutes,
oxygen saturation and systolic blood pressure decreased to 52% and 70 mmHg. Emergent
needle thoracostomy, followed by chest tube insertion, was performed on right chest and
his vital signs stabilized. Upon transfer to intensive care unit, oxygen saturation and blood
pressure decreased again; therefore, a left chest tube was inserted.
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wall and motion due to respiration and heartbeat in a narrow space [7]. Therefore, precise expertise and skills are required to perform ESD.
Esophageal perforation is a complication that an anesthesiologist may encounter during the procedure. The reported esophageal perforation rate during ESD is approximately 4.5% [3,4,6]. This complication is managed intraoperatively by clip closure [8]. However, if the perforation is
not managed properly, it can progress to subcutaneous or
mediastinal emphysema or pneumothorax.
In our case, esophageal perforation led to bilateral tension pneumothorax and subcutaneous emphysema, resulting in hemodynamic instability during the procedure. As
ESD is increasingly being performed under general anesthesia, this study is essential as it describes the potentially
life-threatening complications.
In an emergency situation, it is important to promptly
detect life-threatening complications to minimize the delay between symptom onset and initiation of definitive
therapy. These goals can be achieved using point-of-care
ultrasound. Point-of-care ultrasound is helpful in the diagnosis of pneumothorax [9]. We report a case of bilateral
tension pneumothorax during endoscopic submucosal
dissection under general anesthesia, which was diagnosed
using point-of-care ultrasound. This report highlights a
clinical case of acute care in which bedside ultrasound can
be used as a crucial diagnostic tool.

CASE REPORT
The patient provided written informed consent for the
publication of his information.
A 60-year-old man diagnosed with esophageal adenoma
(high-grade dysplasia) was scheduled for ESD under general anesthesia. He was 169.9 cm tall and weighed 69.2 kg.
He had underlying hypertension, with normal preoperative
laboratory and chest radiography findings. He had no history of pulmonary disease.
As premedication, 0.2 mg mobinul and 2 mg midazolam
were administered intramuscularly. His initial vital signs
before anesthesia were as follows: blood pressure (BP),
170/100 mmHg; heart rate, 100 beats/min; and peripheral
oxygen saturation (SpO2), 99%. As induction agents, 150
mg propofol, 50 mg rocuronium bromide, and 50 µg fentanyl were administered. Mask ventilation was provided for
3 min with 8 L/min oxygen for preoxygenation, and intubation was performed with an 8.0-mm endotracheal tube.
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Anesthesia was maintained with 6 vol% desflurane, 1.5 L/
min N2O, and 1.5 L/min O2. Mechanical ventilation was set
at pressure control and volume guarantee mode with a tidal volume of 600 ml and a respiratory rate of 12 beats per
min. During the procedure, the patient was placed in the
left lateral decubitus position, and his peak inspiratory airway pressure (PIP) was maintained at 25 cmH2O.
The patient’s PIP suddenly increased to 35 cmH2O 30
min after the operation. His vital signs were as follows: BP,
160/110 mmHg; heart rate, 80 beats/min; SpO2, 100%; and
end-tidal carbon dioxide, 27 mmHg. To decrease the PIP,
the tidal volume setting was reduced to 500 ml from 600
ml; however, the PIP increased to 40 cmH2O within seconds. The endotracheal tube was confirmed to be intact
but extensive subcutaneous emphysema was observed
around the neck and chest areas. N2O was stopped and 8
L/min O2 was supplied using a fraction of inspired oxygen
(FiO2) of 1.0. The operator suspected a mid-esophageal
perforation. Within a few minutes, the patient’s actual tidal
volume had decreased to < 100 ml.
The surgeon stopped the procedure and repositioned the
patient in the supine position from the lateral decubitus
position. Breathing sounds were barely heard in both lungs
during manual ventilation. Portable chest X-ray (CXR) and
arterial blood gas analysis showed the following: pH, 7.22;
PaCO2, 61 mmHg; PaO2, 86 mmHg; HCO3-, 25.0 mmol/L;
and SaO2, 94% for a FiO2 of 1.0. While waiting for the CXR
to be uploaded (approximately 10–20 min in our center),
the patient’s lung was scanned using ultrasound (Sonosite
Edge, FUJIFILM Sonosite Inc., USA) with a multi-frequency
linear array transducer probe (HFL38x, 13–6 MHz, 6 cm,
FUJIFILM Sonosite Inc.). The lung sliding sign (to-and-fro
movement of the pleural line) was not observed in the
B-mode and parallel lines, termed barcode or stratosphere
sign, were identified in the M-mode at the right third intercostal space and mid-clavicular line, indicating a suspected pneumothorax (Fig. 1). Additionally, lung pulse and
B-lines were absent and real images, such as consolidation
or effusion, were not present in the sonographic evaluation. Despite the presence of broad subcutaneous emphysema, the emphysema depth did not significantly hinder
identification on the sonographic image. However, the lung
point was not clearly identified with the probe sliding laterally and inferiorly.
Even with a FiO2 of 1.0 before ultrasound scanning, the
patient’s SpO2 decreased and facial cyanosis was apparent.
Within minutes, his SpO2 decreased to 52%, and his systolic
www.anesth-pain-med.org
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BP decreased to 70 mmHg. Immediately after this vital sign
instability, an 18-gauge needle was inserted into the right
second intercostal space at the mid-clavicular line for needle thoracostomy, and an emergency doctor was called for
chest tube insertion. Immediately after needle thoracosto-

A

DISCUSSION
While previous reports have described tension pneumo-

B

Fig. 2. Chest radiographs. (A) Intraoperative chest radiograph showing bilateral (right-dominant) tension pneumothorax. (B) Chest radiograph on
postoperative day 3 showing the resolved pneumothorax with an inserted chest tube.
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Fig. 1. Lung ultrasound. Upper: B-mode. Lower: M-mode. The normal
homogenous granular pattern generated by the lung sliding (lung
sliding sign) is not visible, representing the static chest wall (barcode
or stratosphere sign).

my, the patient’s SpO2 and systolic BP increased to 96% and
100 mmHg, respectively. The CXR was uploaded after needle thoracostomy and the diagnosis of bilateral (right-dominant) tension pneumothorax was confirmed (Fig. 2). After
chest tube insertion on the right side by the emergency
doctor, the patient’s vital signs stabilized within minutes.
As the patient was stabilized, the medical providers decided to transfer the patient promptly to the intensive care
unit for further evaluation and management. Using the endotracheal tube, the patient was ventilated with an Ambu
bag with oxygen supply during transfer. However, while being transported to the intensive care unit, his SpO2 and systolic BP decreased to 89% and 80 mmHg, respectively. A
left chest tube was inserted while the patient was in the intensive care unit, and his vital signs recovered soon after.
Three days later, video-assisted thoracoscopic esophagectomy and esophagogastrostomy were performed. After a
successful operation, the patient was discharged without
further complications.
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thorax during ESD, reports on tension pneumothorax
during general anesthesia are scarce. In addition, although
the usefulness of point-of-care ultrasound in emergency
situations due to complications such as tension pneumothorax is well known, its application to anesthetized patients in an operating room has not been sufficiently reported. This case was an unfamiliar and unexpected situation encountered by an anesthesiologist. Although ESD has
been widely accepted for the treatment of esophageal cancer, applying general anesthesia for ESD is not a common
practice yet. Studies have shown that general anesthesia
during ESD yields better clinical outcomes than those with
conscious sedation [1,3]. The reported perforation rate
during ESD is lower in patients receiving general anesthesia than that in patients receiving conscious sedation with
propofol (1.2% vs. 14.0%) [3]. Thus, ESD under general anesthesia has the potential to become more popular.
Perforation during endoscopy can be managed using endoscopic closure with endoclips [10]. However, in this case,
esophageal perforation led to bilateral tension pneumothorax, resulting in a devastating situation. General anesthesia was used in this case due to the difficulty of approaching the lesion, which is associated with a high risk
for esophageal perforation due to the cumbersome procedure. A consideration of the high perforation risk is essential in patients with such lesions. Patients should always be
informed of the risk of perforation and subsequent pneumothorax before ESD, and physicians should be aware of
its signs and be prepared for emergency treatment. Positive
pressure ventilation during general anesthesia is associated with rapid pneumothorax progression. In addition to
positive pressure ventilation, the use of N2O in this case,
which can cause a rapid increase in the size of a preexisting
pneumothorax, might have been a factor in the rapid
pneumothorax progression, although N2O administration
was stopped after confirming extensive subcutaneous emphysema.
In the present case, pneumothorax as a subsequent complication following perforation was diagnosed and managed appropriately. In the diagnosis of tension pneumothorax, physical examination alone has shown poor sensitivity (4.7–17.9%) [11]; thus, its combination with radiographic findings is essential. Although radiographic findings showed a positive likelihood ratio of 83.7, with a sensitivity of 50.2% and specificity of 99.4%, the sensitivity of ultrasound is considerably higher (90.9%) with comparable
specificity (98.2%) [12]. Furthermore, an advantage of ul-
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trasound is its real-time accessibility. In this case, bedside
detection using ultrasonography was performed immediately after the event [13]. However, it would have been
more appropriate to use needle thoracotomy immediately
after ultrasound as the first diagnostic tool of choice before
CXR or arterial blood gas analysis. Prompt chest evaluation
by point-of-care ultrasound may be helpful in the diagnosis of pneumothorax, especially when time is critical.
For appropriate ultrasound-aided pneumothorax diagnosis and management, medical providers need to be
trained and prepared to perform lung ultrasound. The
identification of pneumothorax by lung ultrasound with a
high level of confidence requires the following four sonographic signs: (i) the presence of lung point, (ii) absence of
lung sliding, (iii) absence of B-lines, and (iv) absence of
lung pulse [14]. The latter three signs were identified, but
the first sign, the lung point, was not observed in our case.
In the diagnosis of pneumothorax, the lung point is considered a pathognomonic sign, and only in cases with absence
of lung sliding without the lung point, other diagnostic modalities are required [9,13]. In patients who are unstable or
in cardiac arrest, the conventional methodology with a
step-by-step procedure for the detection of the four ultrasound signs varies slightly. In emergency situations with
unstable patients, as in our case, the absence of the latter
three signs (sliding, pulse, and B-lines) is enough to confirm the diagnosis and move to immediate implementation
of life-saving invasive treatment [15]. The lung point is
where the visceral and parietal pleural surfaces are divided; that is, the point at which the pneumothorax ends. In
the case of massive tension pneumothorax, since pneumothorax has occurred over the entire area, lung sliding is not
visible in all areas in lung sonography; thus, the lung point
will not be observed. In a life-threatening emergency, there
is no need to waste time to check for the presence of a lung
point as its visualization would not change the choice of
treatment. Even in the absence of the lung point, tension
pneumothorax can be diagnosed and should be treated
immediately; however, pneumothorax still requires treatment even when the lung point is seen [15].
Pneumothorax defects involving < 20% of the hemithorax in patients who are clinically asymptomatic and hemodynamically stable can be managed by supplemental oxygen and observation. However, pneumothorax in patients
with defects involving > 20% of the hemithorax or symptoms should be decompressed with a chest tube [16]. Patients with bilateral tension pneumothorax show severe
www.anesth-pain-med.org
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In conclusion, pneumothorax due to esophageal perforation can lead to life-threatening tension pneumothorax.
Anesthesiologists should be aware of the risks associated
with emergency treatment. In addition, point-of-care ultrasound is a crucial tool for early bedside diagnosis in an
acute setting. The findings of this report suggest that it is
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prompt treatment of all life-threatening emergencies related to minimally invasive procedures.
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Background: Lumbar spinal stenosis is a condition of progressive neurogenic claudication
that can be managed with lumbar decompression surgery or less invasive interspinous process devices after failed conservative therapy. Popular interspinous process spacers include
X-Stop, Vertiflex and Coflex, with X-Stop being taken off market due to its adverse events
profile.
Methods: A disproportionality analysis was conducted to determine whether a statistically
significant signal exists in the three interspinous spacers and the reported adverse events
using the Manufacturer and User Facility Device Experience (MAUDE) database maintained
by the US Food and Drug Administration.
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Results: Statistically significant signals were found with each of the three interspinous spacer devices (Coflex, Vertiflex, and X-Stop) and each of the following adverse events: fracture,
migration, and pain/worsening symptoms.
Conclusions: Further studies such as randomized controlled trials are needed to validate
the findings.
Keywords: Coflex; Compression fracture; Disproportionality analysis; Interspinous spacer;
Interventional; MAUDE database; Veriflex; X-Stop.

recovery after the procedure. Some complications include
screw misplacement, unintended durotomy (cerebrospinal
fluid [CSF] leak), infection, deep venous thrombosis and
postoperative anemia [1]. These concerns led to development of minimally invasive lumbar decompression and interspinous process devices. The potential advantages of
these minimally invasive procedures over spine surgery include shorter procedure time, ability to perform the procedure under local anesthesia, minimal blood loss, and less
risk of CSF leak [2]. Three of the most common interspinous devices include Coflex (Paradigm Spine LLC, USA),
Vertiflex (Boston Scientific, USA) and X-Stop (Medtronic
Inc., USA).

Lumbar spinal stenosis is a condition of progressive neurogenic claudication that is usually worsened by lumbar
extension and relieved by lumbar flexion. Initial management of lumbar spinal stenosis consists of decreasing stress
on lower back and physical therapy. However, the conservative treatments are often ineffective and surgical treatment is then considered.
The underlying issue with surgical management is that
many of the patients with lumbar spinal stenosis are elderly with multiple comorbidities. This increases the risk complications associated with general anesthesia and delayed
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unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Because these devices are relatively new and widespread
adoption in clinical practice has only recently started to
occur, serious adverse events can arise that were not discovered previously in the early trials of the device. As such,
the purpose of this study is to use disproportionality analysis to determine whether statistically significant signals exist with each of the three interspinous spacers/plates and
each of the following serious adverse events: allergic reaction, cerebrospinal fluid leak, spinous process or transverse
process fracture, infection, malfunction of the device, migration of the device, and pain/worsening symptoms.

MATERIALS AND METHODS
MAUDE database
The Manufacturer and User Facility Device Experience
(MAUDE) is a database that houses medical device reports
for suspected device-associated deaths, serious injuries
and malfunctions that are submitted to the Food and Drug
Administration (FDA), the USA. These medical device reports can be submitted by mandatory reporters (manufacturers, importers, and device user facilities) or by voluntary
reporters such as health care professionals, patients and
consumers [3].
A pharmacovigilance analysis was performed on this database for three interspinous spacers/plates (Coflex, Vertiflex, and X-Stop) and the following adverse events: allergic
reaction, CSF leak, fracture, infection, malfunction, migration and pain/ worsening symptoms. Approval by an institutional review board or human subjects' committee was
not required for this analysis as it was performed on retrospective public domain safety data.

Data processing

from the analysis to prevent double counting. A graphical
depiction of data acquisition and processing is provided in
Fig. 1.

Disproportionality analysis
A disproportionality analysis allows for quantification of
the relationship by examining the expected count of device-adverse event reports to the actual count. Some measurements in a disproportionality analysis using a frequentist approach include proportional reporting ratio (PRR),
relative reporting ratio, reporting odds ratio (ROR), and
chi-squared with Yates’ correction. A Bayesian approach
for disproportionality analysis includes the measurement
information component (IC) [4].
Three criterion can be used independently to determine
if a device-adverse event combination is a statistically significant signal:
1. Lower limit of the 95% confidence interval for ROR
greater than one [5]
2. PRR is greater than or equal to 2, chi-squared is greater than or equal to 4, and the number of device/drug
to adverse event reports greater than or equal to 3, a
statistically significant signal is found [6]
3. Lower limit of the 95% confidence interval for IC
(IC025) greater than [7]
ROR, PRR, chi-squared with Yates’ correction and IC025

Manufacturer and User Facility.
Device Experience Database

All reports
downloaded

Reports stratified by product
class = “Prosthesis, Spinouns
Process Spacer/Plate”

n = 8.1 million

Reports were downloaded ranging from January 1, 2010
to July 31, 2020 and stratified by the product class “Prosthesis, Spinous Process Spacer/Plate.” In total, over 8 million
medical device reports were analyzed and over 500 reports
were found in the above product class during the specified
time range. Based on the event description for each report,
duplicates were identified and removed. In addition, some
medical device reports contained event descriptions from
abstracts/papers. Since it could not be verified whether
these adverse event reports were also included as a separate medical device reports, these reports were excluded
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n = 501

Reports from
abstracts/papers
removed

Duplicate reports
removed
n = 109

Disproportionality
analysis performed

Fig. 1. Graphical depiction of data acquisition and processing.
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are calculated in this analysis for each combination of the
spinous process spacers/plates and adverse events. Formulas to calculate PRR and ROR are shown in Fig. 2 and
formulas for chi-square with Yates’ correction and IC 025
have previously been described [8–10].

RESULTS
The total number of adverse event reports for each of the
devices were: Coflex = 39; Vertiflex = 108; X-Stop = 245.
Measures from the disproportionality analysis for each of
the device-adverse event combinations are shown in Table 1.
Using the criterion of ROR Lower 95% CI greater than 1, a
statistically significant signal is found for Coflex and (CSF
leak, fracture, infection, migration, and pain/worsening
symptoms); for Vertiflex and (allergic, fracture, migration,
and pain/worsening symptoms); for X-Stop and (allergic,
CSF leak, fracture, migration, and pain/worsening symptoms) (Table 2). Using the criteria consisting of PRR greater
than or equal to 2 and chi-squared greater than or equal to 4
and the number of device/ drug to adverse event reports
greater than or equal to 3, a significant signal is found for
Coflex and (fracture, infection, migration, and pain/worsening symptoms); for Vertiflex and (allergic, fracture, migration, and pain/worsening symptoms); for X-Stop and (fracture, migration, and pain/worsening symptoms] (Table 2).
A heat map is displayed in Fig. 3 that contains the IC025
values for each device and adverse event combination. The

DISCUSSION
Using all three disproportionality criteria, a statistically
significant signal was found for each of the interspinous
spacer devices (Coflex, Vertiflex, and X-Stop) and the adverse events of fracture, migration, and pain/worsening
symptoms. Reviewing the literature on Coflex, five studies
mentioned spinous process fractures in total of 35 patients
[11]. In addition, several studies mentioned malposition of

All other devices
B
D
B+D

Proportional Reporting Ratio (PRR) =

PRR Standard Deviation (SD) =

All devices
A+B
C+D
A+B+C+D

KSPS

Device of interest
A
C
A+C

Adverse event of interest
All other adverse events
All adverse events

color of each of the boxes is based on the IC025 value with
values greater than 0 being green and values less than 0 being yellow/red. In addition, each box is sized relative to
each of the other boxes based upon N (the number of medical device reports for that specific device and adverse
event combination). This heat map can be used as a quick
reference for which a device and adverse event combination contained a significant signal. The IC025 can only be
used to determine whether a statistically significant signal
is found or not. A higher or lower IC025 does not signify a
more or less statistically significant signal. As such, the heat
map cannot be used to compare IC025 of one device and its
adverse events with IC025 of other devices and their adverse
events. Using the criterion of a IC025 greater than zero, a significant signal is found for Coflex and (fracture, migration,
and pain/worsening symptoms); for Vertiflex and (fracture,
migration, and pain/worsening symptoms); for X-Stop and
(fracture, migration, and pain/worsening symptoms).

A
A+C
B
B+D

C
D
+
A*(A + C) B*(B + D)

PRR Confidence Interval = eln(PRR±1.96*SD)
Reporting Odds Ratio (ROR) = (A/C)/(B/D)
ROR Standard Deviation (SD) =

1 1 1 1
+
+
+
A B C D

ROR Confidence Interval = eln(ROR±1.96*SD)

Fig. 2. Formulas for calculating PRR and ROR.
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Table 1. The Count and Disproportionality Measures for Each of the Spinous Process Spacers/plates and Adverse Event Combinations in the
MAUDE Database from January 1, 2010 to July 31, 2020
Adverse events
Allergic
Coflex
Vertiflex
X-Stop
CSF leak
Coflex
Vertiflex
X-Stop
Fracture
Coflex
Vertiflex
X-Stop
Infection
Coflex
Vertiflex
X-Stop
Malfunction
Coflex
Vertiflex
X-Stop
Migration
Coflex
Vertiflex
X-Stop
Pain/worsening symptoms
Coflex
Vertiflex
X-Stop

Count (n)

ROR (95% CI)

PRR (95% CI)

Chi-squared with Yates correction

0

-

-

-

3

9.15 (2.90–28.82)*

8.92 (2.92–27.23)†

13.96

3

3.97 (1.27–12.39)*

3.93 (1.28–12.11)

3.97

1

60.09 (8.25–437.77)*

58.57 (8.46–405.56)

13.66

0

-

-

-

2

18.80 (4.67–75.62)*

18.65 (4.69–74.19)

18.09

8

10.18 (4.68–22.16)*

8.30 (4.47–15.40)†

45.45

*

†

15

6.37 (3.69–10.98)

5.62 (3.51–8.99)

53.77

46

9.12 (6.62–12.57)*

7.60 (5.86–9.86)†

263.49

5

3.61 (1.41–9.22)*

3.27 (1.44–7.42)†

6.01

7

1.70 (0.79–3.66)

1.65 (0.81–3.39)

1.26

14

1.49 (0.87–2.55)

1.46 (0.88–2.43)

1.65

3

0.05 (0.01–0.15)

0.12 (0.04–0.35)

53.62

11

0.06 (0.03–0.11)

0.16 (0.09–0.27)

139.74

17

0.04 (0.02–0.07)

0.11 (0.07–0.17)

359.26

8

20.83 (9.57–45.32)*

16.76 (9.04–31.09)†

*

†

104.61

23

21.84 (13.78–34.63)

17.40 (12.11–25.01)

343.54

36

13.91 (9.76–19.81)*

12.01 (8.88–16.24)†

356.67

13

4.78 (2.46–9.30)*

3.52 (2.26–5.49)†

23.19

27

*

2.64 (1.90–3.66)†

28.59

*

†

235.27

3.19 (2.06–4.93)

5.95 (4.60–7.70)

94

4.05 (3.46–4.75)

MAUDE: Manufacturer and User Facility Device Experience, CSF: cerebrospinal fluid, CI: confidence interval, ROR: reporting odds ratio, PRR:
proportional reporting ratio. Coflex (Paradigm Spine LLC, USA). Vertiflex (Boston Scientific, USA). X-Stop (Medtronic Inc., USA). *Statistically
significant signals as determined by ROR Lower 95% CI greater than 1. †Statistically significant signals as determined by PRR greater than or
equal to 2 and chi-squared greater than or equal to 4 and the number of device/drug to adverse event reports greater than or equal to 3. The †is
only placed next to the PRR value.
Table 2. Statistically Significant Adverse Events for Three Spinous Process Spacers/plates from the MAUDE Database (January 1, 2010 to July 31,
2020) Using Three Disproportionality Analysis
Device
Coflex

Vertiflex

X-Stop

Significant signal criteria
Criterion 1
Criterion 2
Criterion 3
Criterion 1
Criterion 2
Criterion 3
Criterion 1
Criterion 2
Criterion 3

Allergic

CSF leak
x

x
x
x

x

Fracture
x
x
x
x
x
x
x
x
x

Adverse event
Infection Migration
x
x
x
x
x
x
x
x
x
x
x

Pain/worsening symptoms
x
x
x
x
x
x
x
x
x

MAUDE: Manufacturer and User Facility Device Experience, CSF: cerebrospinal fluid, CI: confidence interval, ROR: reporting odds ratio, PRR:
proportional reporting ratio, IC: information component. Coflex (Paradigm Spine LLC, USA). Vertiflex (Boston Scientific, USA). X-Stop (Medtronic
Inc., USA). Criterion 1: ROR Lower 95% CI greater than 1. Criterion 2: PRR greater than or equal to 2 and chi-squared greater than or equal to 4
and the number of device/drug to adverse event reports greater than or equal to 3. Criterion 3: IC025 greater than zero.
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Coflex [Paradigm Spine, LLC,
USA]
Allergic
*
CSF Leak

–2.25

Fracture

1.33

Infection

–0.12

Vertiflex [Boston Scientific,
USA]
Allergic

0.00

CSF Leak

*

Fracture

1.42

–0.64
–3.64

Malfunction

–4.95

Infection

Migration

1.91

Malfunction

Pain/Worsening
Symptoms

0.75
Migration

X-Stop [Medtronic, Inc, USA]
Allergic

–0.60

CSF Leak

–0.55

Fracture

2.34

Infection

–0.38

Malfunction

–4.00

Migration

2.83

Pain/Worsening
Symptoms

1.65

2.99

Pain/Worsening
Symptoms

0.71

KSPS

Fig. 3. Heat Map for each of the spinous process spacers/plates and adverse event combinations. IC025 for each device by adverse event is
displayed in the center of the box. Color is coded by IC025 with values greater than 0 being green and those less than 0 being yellow/red. The
size of each box is representative of the relative number of adverse events for that device and adverse event combination. CSF: cerebrospinal
fluid, IC: information component. *These device and adverse event combinations had 0 reports and are shown with the smallest box size.

the Coflex device, including the screws. Of note, there were
several cases of intervertebral disk herniation, which could
cause worsening symptoms [11]. Studies have shown that
the Vertiflex implant was effective in the short and longterm in relieving neurogenic claudication for lumbar spinal
stenosis [12]. However, after the Vertiflex procedure, there
were several patients with claudication who ended up undergoing decompressive laminectomy. In a study on Vertiflex, there were no postoperative wound infections or hewww.anesth-pain-med.org

matoma noted [2], although another study identified a case
of infection that occurred in an out of procedure-related
adverse event from the Vertiflex implant [13]. Reviewing a
randomized controlled trial, the incidence of non-healed
spinous process fracture was 11.1% with Vertiflex, while
healed spinous process fracture incidence was 5.3% [14]. In
the literature on X-Stop, the incidence of non-healed spinous process fracture was 5.0%, while the healed spinous
process fracture incidence was 3.5% [14]. Another study
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found the overall complication rate of X-Stop to be 38%, including spinous process fractures and worsening symptoms [15]. In a randomized controlled trial, there was a significantly greater number of device migrations for X-Stop
when compared to Vertiflex [14]. There was not much difference in the infection rate in literature between X-Stop
and Vertiflex, despite the former requiring greater surgical
exposure. In yet another study, no significant differences in
the adverse events were found between Vertiflex and
X-Stop [16].
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Case Report

Epidural hematoma treated by aspiration after
transforaminal epidural steroid injection
- A case report -
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Background: Spinal epidural hematoma is rare condition that can rapidly develop into severe neurologic deficits. The pathophysiology of this development remains unclear. There are
several case reports of emergency hematoma evacuations after epidural steroid injection.
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Case: We report on two patients who developed acute, large amounts of epidural hematoma without neurological deficits after transforaminal epidural steroid injection. After fluoroscopy guided aspiration for epidural hematoma was performed, neurological defects did not
progress and the hematoma was shown to be absorbed on magnetic resonance imaging.
Conclusions: These reports are believed to be the first of treating epidural hematoma occurring after transforaminal epidural steroid injection through non-surgical hematoma aspiration. If large amounts of epidural hematoma are not causing neurological issues, it can be
aspirated until it is absorbed.
Keywords: Epidural injection; Low back pain; Magnetic resonance imaging; Spinal epidural
hematoma; Spinal stenosis.

ma. Fluoroscopy-guided aspiration for epidural hematoma
was performed on these two patients, resulting in their
back pain changing from severe to mild. Neurological defects did not progress and absorption of the hematoma was
shown on magnetic resonance imaging (MRI) within two
or three weeks. Physicians often decide to treat epidural
hematoma through emergency surgery because patients
suffer motor deficits and cauda equina syndrome. However, if large amounts of epidural hematoma are not causing
neurological deficits, it can be aspirated until it is absorbed.

Low back pain (LBP), which is the most common health
problem resulting in pain and disability, is present in up to
70% of adults aged 60 years old or older and its incidence
increases with age [1]. Many studies have shown that epidural steroid injection can be helpful for relief of radicular
pain. Known serious complications after epidural anesthesia, such as epidural hematoma, abscesses, and arachnoiditis, are uncommon with a reported incidence of approximately 1/150,000. However, the prevalence after transforaminal epidural steroid injection (TFESI) has not been
studied [2]. We report on two patients who developed
acute, severe back pain without neurological deficits after
receiving TFESI due to large amounts of epidural hemato-

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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CASE REPORT
Written informed consent was obtained from all patients.

Case 1
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An 89-year-old female was diagnosed with lumbar spinal
stenosis with bulging of the L2-L5 intervertebral discs. She
had a history of chronic LBP for over 10 years which she
took medicine for but had never had operative procedures
or interventions. Her medical history included hypertension and hyperlipidemia, for which she was taking aspirin.
She was diagnosed with a T12-L3 level compression fracture for which she received L2 level vertebroplasty. She had
recently complained of LBP with left sided lumbar radicular pain. She was pharmacologically treated with nonsteroidal antiinflammatory drugs. Her blood tests, such as activated partial thromboplastin time, prothrombin time, and
platelet count were all in normal ranges.
After her aspirin was withheld for 5 days, the TFESI was
performed under fluoroscopic guidance, with a 22-G Tuohy epidural needle at the left intervertebral foramen between the L4 and L5 levels in the prone position. After penetrating the skin, we checked for the absence of blood in
the syringe before advancing the needle. We injected 4 ml
of contrast media before drug injection. The contrast was
injected and the patient had no particular abnormality and
the lateral view image showed that the contrast spread well
in the anterior epidural space (Fig. 1). After correctly positioning the needle, lidocaine with 1 mg of dexamethasone
in 8 ml total volume was injected. The patient returned
home on foot without any particular problem.
The next morning, 24 h after the procedure, the patient
underwent an emergency MRI due to severe lower back
pain and complaints of subjective weakness in the left leg.
A lumbar spine MRI showed a 14 centimeter epidural hematoma extending from the T11 to the L5 level with cord
compression at T11-12-L1-4 (Fig. 2). Physical examination
showed that the lower extremity motor function grade was
5/5 and anal sphincter tone was normal. Although large
amounts of hematoma were observed, neurological symptoms were believed to not be progressing because epidural
bleeding was already clotted and no longer active. However, it is decided that epidural blood aspiration would be
performed to relieve the patient’s pain by reducing pressure on the nerves. Under fluoroscopy-guided, the epidural
space was localized at the L1-2 level with an 18-G Tuohy

needle, with the bevel of needle facing cephalad, and using
loss of resistance to normal saline in the prone position.
After a multi-orifice epidural catheter was inserted 1 cm
into the epidural space, approximately 2.5 ml of blackish-red sticky hematoma was aspirated from the epidural
space. High sound pressure aspiration carries risks of causing other conditions, the focus was on reducing pressure in
the epidural space by a small amount rather than a large
amount. After the aspiration, the patient’s back pain decreased significantly. Through consultation with a neurosurgeon, emergency surgery was planned in the event that
neurological symptoms occurred. With the patient’s consent, she was observed for several days.
The follow-up MRI taken 14 days later showed a decrease in the amount of hematoma and the degree of nerve
compression (Fig. 3). The patient was discharged without
surgical evacuation and any other symptoms.

Fig. 1. (A, B) The contrast was injected and spread well in the
anterior epidural space (white arrows).
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Fig. 2. (A–D) T1- and T2-weighted sagittal and axial MRI images showing the 14-centimeter epidural hematoma (white arrows) at the T11-L4
level. MRI: magnetic resonance imaging.

A

B

Fig. 3. (A, B) T2-weighted sagittal and axial MRI images showing
a decrease in the epidural hematoma (white arrows) and nerve
compression. MRI: magnetic resonance imaging.

Case 2
An 86-year-old female was diagnosed with moderate spinal stenosis in the L2-L5 lumbar spine region. She had a
history of chronic LBP and lumbar radicular pain on both
sides since 2015. Over the last year, she had been pharmacologically treated with nonsteroidal antiinflammatory
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drugs and acetaminophen. Her medical history included
hypertension and an old cerebrovascular accident, for
which she was taking ginko.
She had recently complained of severe back pain and radicular symptoms around the distribution of the L5 nerve
root. Neurological examination results were normal with a
bilateral motor strength of 5/5 in the lower extremities. Her
blood tests were all in normal ranges. She agreed to stop
taking ginko during her visit for treatment. She laid prone
and a pillow was placed under her lower abdomen. The
TFESI was performed under fluoroscopic guidance, with a
22-G Tuohy epidural needle at both intervertebral foramen
between the L5 and S1 levels. After penetrating the skin,
there was no evidence of intravascular uptake or intrathecal distribution. We injected 3 ml of contrast on both sides,
but the anterior spreading did not work well, so we decided
to inject another contrast to check anterior spreading. As
soon as the contrast was injected to the left, she complained of extreme pain and the fluoroscopy image showed
the contrast spreading well. The lateral view showed the
contrast to be anterior spreading (Fig. 4).
During recovery, she continuously complained of pain
and an inability to move. For pain relief, 25 mg of intravenous pethidine was administered, but the pain did not improve. An MRI scan was performed within three hours
which revealed a large amount of epidural and subdural
hematoma at the lower T-L spines and sacrum with cord
compression at the T spine (Fig. 5).
Physical examination showed that lower extremity motor
function was a grade 5/5 and anal sphincter tone was normal. Under fluoroscopy-guided, the procedure was performed with the patient in a prone position with an 18-G Tuohy needle inserted at the T12-L1 and L3-L4 levels (Fig. 6).
After a 20-G multi-orifice epidural catheter was inserted 1
cm upward into the epidural space, approximately 5 ml of
www.anesth-pain-med.org
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diluted watery blood was aspirated from the epidural
space. This aspiration occurred three hours after the procedure was performed, so the aspirated blood was significantly more diluted than that of the patient in the first case,
and the resistance was not severe. During the procedure,
the patient did not complain of any discomfort and her
pain decreased significantly after the procedure.

Emergency surgery was planned in the event that neurological symptoms occurred, but within three days, the patient was able to start walking with reduced pain. A follow-up MRI taken nine days later, the hematoma was
shown to be significantly reduced and the patient no longer complained of back pain (Fig. 7). She was discharged
from the hospital without any particular complications.

A

A

B

B

A

B

Fig. 6. (A, B) A total of 5 ml of diluted blood aspirated through an
epidural catheter.

C

Fig. 5. (A, B) T2-weighted sagittal MRI image showing a large amount of epidural hematoma (white arrows) at the lower T-L spine and clumping
of cauda equina at the L1-2 level. (C) T2-weighted axial MRI image at the L1 level showing epidural hematoma and nerve compression (white
arrow). MRI: magnetic resonance imaging.
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Fig. 4. (A, B) AP/lat. fluoroscopy image showing the anterior epidural
space spreading (white arrows).
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B

Fig. 7. (A, B) T2-weighted sagittal and axial MRI images showing
decreased epidural hematoma (white arrow) and nerve compression.
MRI: magnetic resonance imaging.

DISCUSSION
LBP, which is the most common health problem, causes
pain and radiculopathy as a result of nerve irritation and
inflammation. Many studies have shown that injecting the
appropriate drugs through the epidural space can help relieve radiculopathy pain [2]. This procedure has very rarely
caused life-threatening complications, including increased
neurological deterioration, intravascular injections, cerebrospinal fluid fistulas, persistent positional headaches,
arachnoiditis, hydrocephalus, air embolisms, urinary retention, allergic reactions, stroke, blindness, hematomas,
and seizures [3].
The three main techniques for epidural steroid injection
in the lumbar spine include transforaminal, interlaminar,
and caudal approaches [4]. TFESI is considered to be the
most target-specific modality requiring the smallest volume to reach the primary site of pathology. It has been
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evaluated in an observational study to be a reasonable
treatment of lumbar spinal stenosis and can be an alternative to surgery [5,6]. The traditional needle target for transforaminal injection is caudad to the inferior margin of the
pedicle, which is superior, lateral, and anterior to the targeted exiting nerve. This approach, usually referred to as
the safe triangle approach, can be performed with minimal
risk of nerve injury, intrathecal puncture, or vascular injection. However, recently, there have been reported cases of
paraplegia as a result of the safe triangle approach due to
the location of the radicular or radiculomedullary artery in
the anterosuperior portion of the foramen [4]. Therefore,
significant care needs to be taken even when using the safe
triangle approach.
Spinal epidural hematoma (SEH) is a rare condition in
which blood accumulates in the epidural space and mechanically compresses the spinal cord. If it improperly
managed, it can cause permanent neurologic deficits [7].
Although it is unknown how frequently epidural hematoma occurs as a result of epidural steroid injections, there
are surprisingly few case reports of SEH after epidural steroid injections. The incidence may be comparable to the
risk of epidural hematoma after epidural anesthesia, which
is 1 in 150,000–190,000 [7,8]. The pathogenesis of SEH remains unknown. Most hematomas occur spontaneously,
with no known cause. However, some spontaneous lesions
are related to vascular anomalies, epidural procedures, hypertension, and physical exertion [7]. Some researchers
have suggested that SEH may have developed due to bleeding from the sudden stretching and rupturing of the spinal
epidural artery. Patients who suffer arterial rupture also often suffer radicular pain and bleeding originating in the
root zone. Others researchers have suggested that it is
caused by epidural venous plexus which are composed of
thin, valve-less vessels. Spinal epidural venous plexus is
usually located at the posterior of the dural sac, so progressive motor and sensory damage often appear delayed [9].
Kim et al. [2] reported on a spinal epidural hematoma occurring at a distance from the transforaminal epidural injection site. They suggested the increasing pressure in the
epidural space caused the hematoma rather than direct
needle injury. Even simple actions, such as coughing and
defecations, increases pressure in the epidural space, so
epidural steroid injections can cause large increases in the
epidural space pressure, especially in elderly patients with
spinal stenosis.
A meta-analysis showed that anticoagulation is the secwww.anesth-pain-med.org
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Background: Spinal cord stimulation (SCS) can be successfully performed using highly developed implantation techniques. However, anatomical barriers, such as epidural adhesion,
may impede placing the electrode for SCS in an adequate position.
Case: A 60-year-old female who had SCS with an electrode at the T9-10 level removed because she had a wound infection at the back incision site. After the wound infection was
completely resolved, we tried to re-insert the SCS electrode. However, it was difficult to advance it up to the T11 level due to epidural adhesion. We performed a combined epidural
adhesiolysis using balloon decompression with an inflatable balloon catheter. After that, the
SCS lead was successfully placed up to the T11 level, and implantation of SCS was performed.
Conclusions: When a patient has epidural adhesion, an epidural adhesiolysis with an inflatable balloon catheter may help the insertion of the SCS electrode in the epidural space.
Keywords: Balloon; Infection; Percutaneous epidural adhesiolysis; Spinal cord stimulation.

KSPS

Neuromodulation approaches targeting the spinal cord,
dorsal root ganglia, and peripheral nerves have been used
in the treatment of chronic pain syndromes with traditionally neuropathic pathologies [1]. However, more recently,
neuromodulation has been used even in mixed pathologies with nociceptive pain, including failed back surgery
syndrome and complex regional pain syndrome (CRPS)
[2,3]. Among these, CRPS is characterized by pain, in combination with sensory, autonomic, trophic and motor abnormalities [4]. Patients often develop severe functional

disability, depression, and social isolation as a consequence of CRPS [5]. Although there are many treatment
modalities for CRPS, patient satisfaction remains poor.
Hence, patients with CRPS are often candidates for spinal
cord stimulation (SCS).
The SCS system could be easily implanted due to highly
developed implantation techniques, and the rate of procedure failure is only 2.3% of the total failed SCS rate [6].
There are only few descriptions of anatomical barriers that
prevent the adequate placement of spinal cord stimulation
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[7]. Sometimes, patients suspected of spinal stenosis or anatomical anomalies such as epidural adhesion or fibrosis
face difficulties in the correct placement of the SCS electrode, such that it is often requires magnetic resonance imaging (MRI) evaluation. There are many possible causes of
epidural adhesion, including surgical trauma, annular tear,
infection, hematoma, or intrathecal contrast material [8].
In addition, previous studies showed that the combined
epidural balloon decompression and adhesiolysis with an
inflatable balloon catheter could expand the epidural
space by mechanical adhesiolysis [9,10] with the rare complications including dura matter puncture (3.3%), subdural
injection (1.8%), vascular injection (1.5%), disc injection
(2.2%), and hypotension during balloon adhesiolysis
(1.5%). Therefore, percutaneous epidural balloon adhesiolysis without surgical laminectomy may overcome the difficulty of SCS electrode implantation caused by epidural
adhesion.
We herein present a case report of a successful re-implantation of an SCS electrode in a female who had epidural adhesion after the removal of a previous SCS electrode.
After using an inflatable balloon catheter for decompression and adhesiolysis of the epidural space, we could successfully reinsert the SCS lead into the target site.

CASE REPORT
We obtained written informed consent from the patient
after surgery to publish this report.
A 60-year-old female presented with chronic pain in the
right ankle and foot. She had right foot ligament tear, which
included anterior talofibular ligament, calcaneoufibular
ligament and posterior talofibular ligament, followed by a
modified Brostrom surgery on the right foot in March 2017.
However, the patient still felt a painful sensation, the numerical rating scale (NRS) was 10 of 10, at the right foot.
She also complained of allodynia, burning and tingling
sensation, leg edema, and change of skin color with a dystonic posture of the right foot. The result of electromyography and nerve conduction velocity was no abnormal findings. However, bone scan showed diffusely decreased perfusion, blood pool and bone uptake of right foot and quantitative sudomotor axon reflex test suggest sympathetic
postganglionic sudomotor dysfunction or sweat gland abnormality in right distal leg. Department of orthopedic surgery in our institution gave an opinion that there were no
joint pathology, bony abnormality and nothing to cause
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the pain with orthopedic opinions. Following a clinical assessment, she was diagnosed with CRPS type 1 according to
the International Association for the Study of Pain clinical
diagnostic criteria [11]. Although she was treated with several medications, physical therapy, lumbar epidural blocks,
and lumbar sympathetic ganglion blocks, her symptoms remained intractable.
In August 2018, she was considered for SCS trial. During
the SCS trial, strict aseptic techniques and prophylactic antibiotics (cefazolin) were used. A guide needle for an electrode was inserted through the right L1-2 paramedian epidural space, and the tip of the electrode was placed at the
T9–10 level. After the induced paresthesia was confirmed
at her painful sites, the lead was fixed. During a test period,
her pain and allodynia decreased from 9 to 0 on NRS. We
implanted a permanent implantable pulse generator (IPG)
in a subcutaneous pocket of her left lower abdomen.
On the fifth postoperative day, the patient had back
wound dehiscence and pus discharge back incision site.
The neurological examination was normal. Computed tomography (CT) and thoracic MRI showed no abnormality
except a back skin wound. The culture report of the specimen of the back wound discharge revealed extended-spectrum β-lactamase (ESBL) producing Escherichia coli . Following a discussion with the Department of Infectious Disease in our institution, ertapenem was immediately started
and the patient underwent surgical wound exploration under general anesthesia. The wound problem was resolved;
hence, she was discharged on ciprofloxacin and followed-up at the out-patient clinic. However, wound dehiscence at the back incision site was observed again after 2
months. Although a plastic surgeon performed wound revision with local flap twice, the wound problem did not resolve, so we decided to remove the SCS system.
In March 2019, we consulted the Department of Infectious Disease in our institution and found that there was no
evidence of residual infection. The patient was treated
through oral medication, but complained the same symptom as before. Therefore, we decided to re-insert the SCS
electrode. The electrode insertion was planned through the
contralateral T12-L1 epidural space to evade the previous
infection site. However, during the lead insertion, it was
impossible to advance up to the T11 level of the epidural
space. Moreover, the contrast dye did not spread above the
T11 level of the epidural space. Consequently, we concluded that the epidural adhesion was interrupting the electrode advance. We supposed that epidural adhesiolysis to
www.anesth-pain-med.org
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resolve the epidural adhesion would be helpful for the insertion of the SCS. After epidural adhesiolysis with a Racz
catheter, however, the electrode was still not placed up to
the T11 level (Fig. 1). Therefore, we additionally tried to
perform the combined epidural balloon decompression
and adhesiolysis with an inflatable balloon catheter
(Zineu®, JUVENUI, Korea) (Fig. 2A, B). After combined balloon decompression and adhesiolysis, the lead moved well,

and we successfully implanted the SCS electrode at the T910 level. After the induced paresthesia was confirmed at
her painful sites, the new IPG device was then repositioned
in a subcutaneous pocket, on the left lower abdominal region (Fig. 3). Tingling sense decreased from 10 to 2 on NRS,
and burning sensation decreased from 10 to 5 on NRS. The
intravenous administration of ertapenem to cover ESBL
producing E. Coli was continued for a 2 week period, following which the blood culture result was negative. There
were no postoperative complications, and the patient was
discharged in a good physical state. The symptom of patient has been well controlled with the SCS to date.

DISCUSSION

Fig. 1. Contrast dye was not spread above the T11–12 epidural
space under fluoroscopic view.

B

KSPS

A

CRPS is a complex biopsychosocial condition which responds most often to integrated multidisciplinary treatment which includes psychological, medical, and physical
and occupational therapies [12]. A 2013 Cochrane review
reported low quality evidence for the pharmacologic treatment of CRPS with bisphosphonates, calcitonin, and subanesthetic intravenous ketamine, physical and occupational therapy, sympathetic ganglion blockade [13]. After failure of the above approaches, many clinicians suggested a
trial of SCS. Permanent implantation is usually pursued
following a successful trial, with an emphasis on functional
improvement and normalization of activities of daily living.
In the present case, treatments with several medications,

Fig. 2. Fluoroscopic view showing the position of inflatable balloon catheter in the T11 epidural space. The balloon filled with contrast medium
are shown at T10–11 level. (A) Fluoroscopic anteroposterior view, (B) Fluoroscopic lateral view.
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Fig. 3. Postoperative X-ray (anteroposterior view) of a round type lead
placed at the T9–10 level, connected to a rechargeable implantable
pulse generator. The electrode was placed through the contralateral
L1-2 epidural space to evade the previous infection site.

repeated physical therapy, epidural steroid injections, lumbar sympathetic ganglion blocks or other spinal interventional procedures did not yield effective pain control or
functional improvements. However, SCS implantation led
to effective pain relief and improvements in the patient’s
functional status. Therefore, despite the initial removal of
the SCS system due to wound infection, we re-inserted the
SCS lead after resolution of the infection. According to a
multicenter retrospective study, SCS infection rate was
2.45% [14]. Localized incisional pain and wound erythema
were the most common presenting signs. The most common causative organism was Staphylococcus aureus and
the IPG pocket was the most common site of the SCS-related infection [14]. In the present case, only wound infection,
but not epidural space infection was found on CT and MRI
images. Therefore, we determined that patient’s epidural
adhesions due to previous SCS lead placement prevented
the electrode from moving up to the T11 level epidural
space. In this situation, surgical laminectomy and adhesiolysis can be considered for the correct placement of the
SCS electrode. Given that these adhesion can be effectively
treated with percutaneous epidural adhesiolysis [15] and
serious complications may be more frequent in surgical
laminectomy (hematoma, 5.20%; renal, 2.80%; pulmonary,
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1.60%; cardiac, 1.0%) [16] than in percutaneous epidural
adhesiolysis (epidural abscess 1.0%; respiratory depression, 0.5%) [17], we tried the percutaneous epidural adhesiolysis on our patient. However, we failed to place the SCS
electrode up to the target site after percutaneous adhesiolysis with the RACZ catheter. Inflatable balloon catheters
could be more effective in adhesiolysis than balloon-less
catheters, because inflatable balloon catheters provide mechanical adhesiolysis as well as chemical adhesiolysis,
while balloon-less catheters provide chemical adhesiolysis
only [18]. In addition, the inflatable balloon catheter can
more effectively remove or relieve severe degrees of adhesion [19]. Therefore, we decided to perform epidural adhesiolysis and decompression using an inflatable balloon
catheter. As shown in Fig. 1, there is an inflatable balloon at
the tip of the catheter to remove adhesions or relieve stenosis. Ballooning with a contrast agent helps in visually
verifying the degree of adhesion or stenosis by the extent of
distortion of the balloon. Conventionally, when SCS insertion using percutaneous technique fails, the only choice is
SCS insertion using a surgical technique. However, this
could increase the rate for complications of SCS [20]. Percutaneous SCS electrode positioning was successfully performed after percutaneous epidural adhesiolysis with the
inflatable balloon catheter avoiding surgical laminectomy
in the present patient.
In conclusion, we report the first case describing the use
of an inflatable balloon catheter for epidural adhesiolysis
in a patient with CRPS via epidural adhesion requiring SCS
electrode implantation. Our case suggests that the inflatable balloon catheter should be considered for performing
epidural adhesiolysis when SCS leads fail to be inserted
due to epidural adhesion before determining surgical laminectomy for electrode placement.
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Background: The direct entry of the camera under the epiglottis may provide a better view
of the glottis than the indirect lifting of the epiglottis by placing the Macintosh blade tip on
the vallecula when using the video laryngoscope. This study aimed to compare the efficiency
of two different methods of lifting the epiglottis during the visualization of glottis using video
laryngoscopy in the same patient.
Methods: This prospective study enrolled 60 patients who underwent general anesthesia
with tracheal intubation. In each patient, glottic views were obtained by directly (group DE)
and indirectly lifting the epiglottis (group IE). These two methods were compared using the
modified Cormack and Lehane grade and the percentage of glottis opening (POGO) score as
assessment parameters.
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Results: Modified Cormack and Lehane grade showed a significant difference between the
groups DE and IE (P = 0.004). The difference in the POGO score between the groups DE and
IE was also statistically significant (87.5% and 64.4%, respectively; P < 0.001).
Conclusions: Our results, therefore, revealed that the method of directly lifting epiglottis was
better at exposing glottis than the method of indirectly lifting epiglottis using a video laryngoscope.
Keywords: Endotracheal intubation; Epiglottis; Glottis; Laryngoscopes; Lifting; Visualization.

INTRODUCTION

laryngoscopes (DLs) are commonly used for the alignment
of the oral, pharyngeal, and laryngeal axes, and for the elevation of the epiglottis. Among the methods that employ
DLs, despite the enormous progress in anesthetic practice,
exposing the glottis by indirect elevation of epiglottis using
a Macintosh blade (Macintosh method) developed by RR
Macintosh in 1943 [1] is still the most used method worldwide.
Recently, the method of intubation has changed from

Tracheal intubation, in which an appropriate endotracheal tube is inserted into the trachea through the oral or
nasal cavity to secure the airway, is the most important
routine practice for anesthesiologists. During the process
of tracheal intubation, it is imperative to overcome the anatomical characteristics presented by the angled airway to
ensure a line of sight to the glottis. To achieve this, direct
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that involving a direct glottic view to an indirect glottic view
because video laryngoscopes (VL) have several advantages
such as improvement of glottis visualization, a higher intubation success rate, reduction in intubation attempts and
complications compared to direct laryngoscopes [2–10].
The VL that uses an indirect glottis view can confirm the
location of the glottis on an external monitor via a camera
located in the middle or tip of the blade. Even when the direct laryngoscopy cannot directly identify the laryngeal
structures such as epiglottis through the oral cavity, the
video laryngoscopy can observe the laryngeal structures
because of the camera position in the pharynx. Most of the
manufacturers of VLs recommend the Macintosh method
to lift epiglottis indirectly. However, considering that VL
uses the indirect glottic view of the camera close to the
glottis, the method of exposing the glottis by lifting the epiglottis directly may be more appropriate.
Thus, we hypothesized that the direct entry of the camera under the epiglottis may provide a better glottic view
than the indirect lifting of the epiglottis by placing the
blade tip in the vallecula in the VL. We compared the indirect and direct methods of lifting the epiglottis for visualization of glottis using VL in the same patient.

MATERIALS AND METHODS
This study was conducted as a prospective study after
approval from the Institutional Review Board (IRB no.
2020-04-015) and included 60 patients. This study was registered at ClinicalTrials.gov (no. KCT0005170). All patients
were recruited from a single medical center. All the patients
enrolled were over 18 years of age and had American Society of Anesthesiologists physical status 1–2. These patients
were scheduled for general anesthesia with tracheal intubation. All the patients provided written informed consent
to the study. The patients with cardiovascular or respiratory diseases, risk of aspiration, history of difficult intubation,
and poor dental conditions were excluded from this study.

Non-invasive blood pressure, electrocardiogram, pulse
oximetry, bispectral index, and monitoring of neuromuscular blocking with train of four (TOF ratio) were performed as standard monitoring in all patients. Glycopyrrolate (0.2 mg) was administered intravenously before induction of anesthesia. General anesthesia was induced with
www.anesth-pain-med.org

Measurement
Patient’s demographic data was collected, and airway assessment including Mallampati class, mouth opening, thyromental distance, and neck mobility was performed. The
primary outcome of video laryngoscopy was the modified
Cormack and Lehane (CL) grade of the glottic view (grade
1; full view of the glottis, grade 2a; partial view of the glottis,
grade 2b; arytenoids or posterior part of the vocal cords
only just visible, grade 3; only epiglottis visible, grade 4;
neither glottis nor epiglottis visible) [11]. Laryngoscopy
grading was performed by an anesthesiologist who did not
perform video laryngoscopy. The secondary outcome was
the percentage of glottis opening (POGO) score [12] and
adverse events such as severe bradycardia or asystole, and
laryngospasm were recorded. The landmark of POGO was
the anterior commissure (anterior) and interarytenoid
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1–2 mg/kg propofol, 0.8 mg/kg rocuronium, and remifentanil (target-controlled infusion). When “zero” TOF count
was recorded twice continuously after the administration
of a neuromuscular blocking agent, the glottic view was
obtained by two methods of lifting the epiglottis directly
and indirectly using VL (AceScope, Acemedical Co., Korea)
with a curved blade (single use). The blade of the VL was
inserted along the midline of the tongue, and the shape
and location of the epiglottis was confirmed. First, for the
direct method, the blade was placed under the epiglottis
and lifted to expose the glottis. Second, for the indirect
method, the blade was pulled back and the tip of the blade
was placed on the tongue base (vallecula) and lifted epiglottis indirectly to expose the glottis. In order to minimize
the harm to the patient, both methods were performed in a
sequential process. No external laryngeal manipulation
was performed. The best glottic view was taken for each
method, and intubation was performed using a stylet
during the indirect method. In the direct method, attempts
to enter the blade under the epiglottis were limited to
three. The video laryngoscopy was performed by an experienced anesthesiologist (more than 5 years of experience
as an anesthesiologist). The results of the video laryngoscopy were divided into two groups based on the method
used for the exposure of glottis; the group in which the epiglottis was lifted directly (group DE) and the group in
which the epiglottis was lifted indirectly (group IE). The
glottic view was compared in the two groups using the captured images.

Anesth Pain Med

notch (posterior). POGO score was based on the subjectivity of the estimator, and measured on a scale of 0–100% in
steps of 10%. The scoring was performed by three anesthesiologists, and the mean of the assigned scores were used.

Study sample size and statistical analysis
When the pilot study (n = 26) was conducted, the difference in incidence of modified CL grade 1 in the two groups
(direct elevation group: 96.2%, indirect elevation group:
69.2%) was 27%. When the sample size was calculated at an
α level of 0.05 and a power of 0.8 based on this result of the
pilot study, each group was estimated to have 54 cases. It
was decided to include 60 cases in each group (total 120
cases) by adding 10% of cases to compensate for dropout
rates. Since each procedure was performed serially on the
same patient, the study was conducted in a total of 60 patients. Statistical analysis was performed using SPSS ver. 23
(IBM Co., USA) Patient demographic and airway assessment data are expressed as mean (95% confidence interval). The two methods were performed sequentially in
same patient, but because each method was independent,
modified CL grade was analyzed using the chi-squared test
and POGO score was analyzed using the t -test. A P value <
0.05 was considered to be statistically significant.

DE and group IE was also statistically significant (87.5%
and 64.4, %respectively; P < 0.001). The superiority of glottic view (Fig. 1) by POGO score in the same patient was 43
(71.7%) and 8 (13.3%) in group DE and group IE, respectively (Table 2). There were no cases where the blade failed
to enter under the epiglottis in the group DE. In addition,
there were no cases of laryngospasm or cardiac arrhythmias related to laryngoscopy.

DISCUSSION
In this study, we assessed the efficacy of two different
methods of lifting the epiglottis (direct and indirect) for visualization of the glottis in the same patient using VL. Our
results revealed that the method of directly lifting the epiglottis was better at exposing the glottis than the method of
indirectly lifting epiglottis using a VL. In addition, upon

A

a

B

b

C

c

RESULTS
The demographic and airway assessment data of the patients are as shown in Table 1. Modified CL grade showed
significant difference between group DE and group IE (P =
0.004). The difference in the POGO scores between group
Table 1. Patients Demographic and Airway Assessment Data
Variable
Sex (M/F)
Age (yr)
Height (cm)
Weight (kg)
Body mass index (kg/m2)
Mallampati class (I/II/III/IV)
Mouth opening (cm)
< 3 cm
Thyromental distance (cm)
< 6 cm
Neck extension (degrees)
< 35 degrees

Value (n = 60)
13/47
45.6 (42.1–48.7)
160.6 (158.5–162.9)
64.6 (61.7–68.1)
25.0 (24.1–26.1)
45/14/1/0 (75/23.3/1.7/0)
4.4 (4.2–4.6)
0
8.3 (8.0–8.7)
2
44.1 (42.7–45.7)
2

Values are presented as mean (95% confidence interval) or number
(%).
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Fig. 1. Paired glottic view in the same patient (A-a, B-b, C-c). The
capital letter is a method of lifting the epiglottis directly, and the
small letter is a method of lifting the epiglottis indirectly in the same
patient. The glottic view obtained by lifting the epiglottis directly
shows superiority.
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Table 2. Glottis Visualization
Variable
Modified CL grade (1/2a/2b/3/4)
POGO score
Superiority of the glottic view

Group DE

Group IE

48/9/3/0/0 (80/15/5/0/0)

29/22/8/1/0 (48.3/36.7/13.3/1.7/0)

85.7 (80.2–90.6)

64.4 (56.3–72.4)

43 (71.7)

8 (13.3)

P value
0.004
< 0.001
< 0.001

Values are presented as mean (95% confidence interval) or number (%). The superiority of glottic view was evaluated by comparing the
POGO scores of patients. Group DE: directly elevation of epiglottis, Group IE: indirectly elevation of epiglottis, CL: Cormack and Lehane, POGO:
percentage of glottis opening.
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Macintosh laryngoscope. In many studies, VL has been reported to improve glottis visualization, increase intubation
success rate, reduce intubation attempts, reduce pressure
on laryngeal structures, and reduce complications compared to those observed on using the Macintosh laryngoscope [3–9,16]. Since the VL is evolving rapidly and has
various advantages over Macintosh laryngoscope, it is considered that VL will become a routine practice in airway
management during anesthesia in place of the Macintosh
laryngoscope in the near future. It is important to conduct
further investigations to determine the most appropriate
method for using VL. Similar to this study, these investigations should address the followings: glottis visualization
using VL, whether to use the stylet when entering the endotracheal tube or how to properly form the stylet, and the
usefulness of the channel on the blade.
The limitation of this study is that the study related to intubation according to each method could not be conducted as both methods were performed simultaneously in the
same patient. In addition, because the superiority of glottis
visualization does not indicate the superiority in intubation, further investigations related to intubation that involve the intubation success rate, time to intubation, and
complications in each method will be needed.
In conclusion, our results demonstrated that when exposing the glottis using a VL, the method of directly lifting
the epiglottis provided a superior glottic view than the indirect method.
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evaluation of the glottic view using each of the two methods on the same patient, we observed that most cases using the direct method showed superior glottic view.
The VL developed for difficult airway management in the
early 2000s combines the advantages of DLs and fiberoptic
bronchoscopes [2–4]. VL uses a blade as in a direct laryngoscope. However, VL uses an indirect glottic view that
helps to identify the glottis on an external monitor through
a camera located on the blade. In direct laryngoscopy using direct glottis view, the two steps including the alignment of the three airway axes and the elevation of the epiglottis by direct or indirect method, should be performed
simultaneously to expose the glottis. For epiglottis elevation, the Macintosh laryngoscope is most commonly used
as an indirect method of applying force on the vallecula
(tongue base). This method is significantly affected by the
anatomical variety of the epiglottis such as size, shape, rigidity, and the relationship with connected structures such
as hyoid bone and hyoepiglottic ligament [13]. In contrast,
because the camera in the VL is located in the pharynx, the
alignment of the airway axes is not important. Therefore, it
is most important to raise the epiglottis, which is the final
barrier concealing the glottis from the camera’s view. Even
though the VL and Macintosh laryngoscope are fundamentally different in the methods used to approach the glottis,
the Macintosh method is recommended mainly for most of
the VLs. When the Macintosh method is also used in video
laryngoscope for epiglottis elevation, the hindrance offered
by laryngeal anatomy cannot be avoided. However, the
camera of VL can easily enter the posterior aspect of the
epiglottis, and this method is, therefore, considered to be
less affected by the anatomy of the larynx.
Macintosh method, developed in 1943, has been used as
a standard method for tracheal intubation for decades, and
although VLs are popularly used, this is still used as the
gold standard in evaluating other devices [14,15]. Most of
the VL studies compared glottis visualization, intubation
success rate at overall and/or the first attempt, time to intubation, and complication, with those observed using the
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Background: Peripheral nerve injury is a complication that can occur after general anesthesia. It significantly impairs the patient’s quality of life and may lead to permanent disability.
Nerves in several areas can be damaged during the perioperative period, but it is very rare
that numbness of the lower lip is caused after general anesthesia.
Case: A 73-year-old man with diabetes mellitus underwent urological surgery under general
anesthesia. The day after surgery, he complained of numbness on the right lower lip caused
by a mental nerve injury. Diabetic mononeuropathy or neurapraxia related to mechanical
compression was considered a possible cause. The symptoms resolved spontaneously after
six weeks.
Conclusions: Mental nerve injury is a rare perioperative complication in surgical patients
under general anesthesia. In this case, patients should be reassured and advised to avoid
injuries to the mouth and lips. However, specific treatment is not required.
Keywords: Anesthesia, general; Mononeuropathies; Peripheral nerve injury; Postoperative
complications.

Peripheral nerve damage as an anesthetic complication
is caused by compression or stretching of the local nerve
and usually improves within 6–8 weeks. However, in some
cases, it can be a permanent damage. According to the ASA
closed-claims project review, nerve damage accounts for
approximately 22% of the serious complications that occur
after general anesthesia [1]; therefore, it is important to
prevent peripheral nerve damage during anesthesia.
Perioperative peripheral nerve damage mainly occurs in
the brachial plexus, ulnar nerve, and common peroneal
nerve. Other nerves, such as the facial nerve or lingual
nerve, can also be damaged [2].
Mental nerve injury may also occur perioperatively, but
it is mainly associated with dental surgery [3]. However, it
rarely occurs after general anesthesia, and there are few

case reports on this.
The authors experienced a case of mental nerve injury
with loss of sensation in the lower lip after general anesthesia. Here, we report the case with a review of related literature.

CASE REPORT
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Written informed consent was obtained from the patient
for the publication of this case.
A 73-year-old patient with a height of 162.1 cm and weight
of 71.4 kg was admitted to the hospital for scheduled transurethral resection of bladder tumor and the prostate (TURBT and TURP) for the treatment of bladder cancer and benign prostate hyperplasia. The patient had been taking met-
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formin and rosuvastatin for type 2 diabetes mellitus and
hyperlipidemia, respectively. In preoperative testing, blood
glucose levels measured at fasting and 2 h postprandial
were 142 mg/dl and 257 mg/dl, respectively. HbA1c was
8.3%. The patient did not have any complications. Other
preoperative screening test results were within normal limits. He underwent TUR-BT and TURP under general anesthesia.
General anesthesia was induced by intravenous administration of propofol (90 mg). The patient was ventilated
with a bag and mask using oxygen and desflurane. Rocuronium 50 mg was injected intravenously to block the neuromuscular junction. Manual ventilation using a bag and
mask was easy, and there was no excessive compression on
the patient’s face. Four minutes after the rocuronium injection, the patient was intubated using a video laryngoscope
and 7.5 mm cuffed endotracheal tube. After confirming
that the breath sounds could be auscultated symmetrically
in both lung fields, the endotracheal tube was fixed at a
depth of 23 cm at the right corner of the patient's mouth.
Anesthesia was maintained with desflurane and remifentanil. Entropy was maintained within the range of 40–60
during the surgery. The surgery lasted for 75 min uneventfully. Intraoperative blood glucose level was 110 mg/dl. At
the end of the surgery, the train-of-four (TOF) count was
measured as 0. Neuromuscular blockade was reversed with
the intravenous administration of 200 mg of sugammadex.
The patient was extubated after the anesthesia provider
confirmed that the TOF ratio was 100%. The patient was
transferred to the postanesthetic care unit and was shifted
to the general ward after full recovery from anesthesia.
On the following day, the patient complained of numbness of the lower lip, and a consultation was requested to
the anesthesia department on postoperative day 2. When
we visited the patient, the sensation of touch, temperature,
and pain in the left lower lip were intact, but he complained of mild hypoesthesia of touch on the right lower
lip. There was no abnormality in the motor function of the
lip. In the results of a neurological consultation on postoperative day 4, it was mentioned that the symptom could be
related to mononeuropathy due to underlying diabetes
mellitus. Since there were no other neurologic symptoms
and because mental nerve injury is difficult to diagnose
with general neuromuscular tests, the neurologist suggested close observation. The patient was discharged on postoperative day 7 after confirming that he had no difficulties
in daily life, such as eating or speaking. The symptoms re-
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solved spontaneously after 6 weeks.

DISCUSSION
In this case, the patient experienced numbness of the
right lower lip without drooling or paralysis of the tongue.
These symptoms indicate a mental nerve injury. The mental nerve is the mandibular division of the trigeminal nerve
(cranial nerve V), which innervates the anterior part of the
jaw, lower lip, labial gingivae, and premolars. This nerve
starts from the mental foramen of the mandible and is divided into a branch leading to the jaw and two further
branches distributed in the skin and mucous membrane of
the lower lip. Among symptoms of mental nerve paresthesia, paralysis of the tongue and numbness of the lips are
the most common, and can be accompanied by loss of
taste, dysphasia, or drooling [4].
Although it is not clear why mental nerve injury occurred
after general anesthesia, compression of the mental nerve
during mask ventilation could be a cause. Compression
can lead to mechanical deformity or ischemic injury of the
nerve. Cases of mental nerve injury followed by extended
face mask time of more than 30 min [5], a tight seal of mask
due to difficult airway [6], or compression of adjuvant tissue by oropharyngeal airway [7] support this hypothesis.
However, in our case, the patient was easily ventilated, and
there was no excessive pressure on the face during mask
ventilation.
The mental nerve could be compressed by the tape used
to fix the endotracheal tube around the patient’s lips. We
used a tape to fix an endotracheal tube in the right corner
of the patient’s mouth, and the tape could have been tightly
fixed (Fig. 1).
In prior cases reported, patients did not have any underlying disease [5–7]; however, in this case, the patient was
diabetic. Diabetes mellitus is known to be a risk factor for
peripheral nerve injury, along with hypertension and
smoking history [8]. It can cause chronic neuropathy and is
reported to be a potential cause of peripheral nerve injury
[9]. Although there is no significant association between
underlying diabetes mellitus and peripheral nerve injury
after total knee arthroplasty [10], it is a risk factor for ulnar
neuropathy after surgery [11]. Therefore, the patient in this
case may also be considered vulnerable to peripheral nerve
injury.
Neuropathy caused by diabetes mellitus can occur in
various lesions. In particular, mononeuropathy is often
www.anesth-pain-med.org

Lip numbness after general anesthesia

Fig. 1. Fixed tape course and mental nerve pathway. This illustration
presents the course of tapes for the fixation of the endotracheal
tube. Mental nerve pathway is shown as a yellow line.
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known to affect the median, radial, or lateral popliteal
nerves, but it may occur in other nerves, such as the cranial
nerves [12]. Neuropathy is a relatively common complication of diabetes mellitus, with an approximate incidence of
30% [13]. The causes of perioperative peripheral nerve injury must be differentiated from the intraoperative positioning of a patient and underlying diseases, such as diabetes mellitus, hypothyroidism, and muscle disease [2], leaving the possibility of neuropathy caused by underlying diabetes mellitus in our case. Moreover, our patient’s HbA1c
level was quite high at 8.3%. Hyperglycemia, alcohol consumption, cigarette smoking, and hypertension are known
to be risk factors for diabetic neuropathy [12], while Booya
et al. [14] reported that hyperglycemia is the only risk factor
that can be modified for diabetic neuropathy. This explains
the possibility that the patient in our case was more susceptible to diabetic neuropathy. Moreover, focal diabetic
neuropathy tends to occur in elderly patients [15], similar
to the patient in our case.
Most patients with mental nerve injury after general anesthesia usually experience numbness of their lower lip on
the day after the surgery. Half of the patients had complaints of inconvenience in daily life, such as drooling from
the mouth. However, no specific treatment was required in
these cases and they completely recovered within 2 to 6
weeks [5–7]. In our case, the numbness of the lower lip resolved spontaneously after 6 weeks.

If diabetic neuropathy is suspected, although mononeuropathy is usually self-limiting [15], drugs such as anticonvulsants or antidepressants can be used to reduce symptoms [13]. Hyperglycemia is a risk factor for diabetic neuropathy, and strict glucose control is an effective treatment
and prevention strategy, leading to a 60% reduction in the
risk of diabetic neuropathy [12]. Anesthesiologists should
discuss with surgeons about controlling glucose levels in
diabetic patients in the preoperative period. It is desirable
to minimize preoperative glycemic variability in order to
reduce the possibility of diabetic neuropathy as well as
other complications [15].
Most of the mechanical damage to the nerves is caused
by external pressure or stretching. To prevent mental nerve
injury, anesthesiologists should be cautious not to excessively compress the patient’s face. However, mental nerve
injury can occur without special events, as in the case reported by the authors. Therefore, informed consent may be
needed regarding the risk of neuropathy. In addition, tight
glycemic control and reduction of glycemic variability may
be needed in diabetic patients. As patients with mental
nerve injury spontaneously recover in most cases, they
should be reassured and advised to be careful and avoid
additional injuries to the mouth and lips.
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Background: The number of aging physicians is increasing as the global population ages.
With aging, anesthesiologists would be expected to experience changes in their professional
position. Therefore, we aimed to investigate the current professional status of Korean anesthesiologists aged over 60 years.
Methods: Registered anesthesiologists aged over 60 years in Korea were invited for a survey. The questionnaire addressed 10 subjects with 40 questions that focused on demographics, practical activities, work conditions, difficulties experienced due to physical changes caused by aging, and economic status.
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Results: In total, 122 anesthesiologists responded to the survey (response rate: 15.7%). Of
them, 30.3% were working in honorary and advisory positions at tertiary hospitals, while
19.7% were working as pain physicians. Majority of the respondents were working for 5 days
a week (41.8%) and 6–8 hours/day (48.4%). Majority of them (79.5%) were generally satisfied with their present life.
Conclusions: Majority of the senior anesthesiologists were working at general hospitals and
they reported being “satisfied” with the current status of their life. However, the clinical practice and retirement strategies of senior anesthesiologists need to be evaluated systematically to prepare for the continuing gradual increase in the number of senior anesthesiologists.
Keywords: Aging; Anesthesiologists; Republic of Korea; Surveys and questionnaires.

INTRODUCTION

also prolongs the response time during physical and cognitive activities [2]. These physiological and cognitive functional changes in senior anesthesiologists may cause them
to feel fatigued easily, and they may consider changing
their professional activities or position [3].
Anesthesia is a demanding field and it requires highly
concentrated vigilance on the vital signs of patients, the
application of skillful techniques, and sufficient physical
fitness to engage in anesthetic practice. In addition, it re-

Aging is a fact of nature and it is an irreversible process.
Similar to the general population, anesthesiologists are aging [1]. Aging does not necessarily imply the presence of
any abnormalities in mental or physical status. It could,
however, sometimes cause problems for senior anesthesiologists while performing their occupational activities. Aging gradually decreases physical and cognitive function. It
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quires the ability to make prompt decisions to deal with
unexpected changes in the patient’s condition [1]. Several
reports have mentioned that aged practitioners, including
anesthesiologists, are more likely to experience legal issues
related to their practice [1,4,5]. In contrast, some studies
have reported that aged surgeons did not experience increased rates of adverse events in their patients [6–8]. Nevertheless, numerous societies of physicians, as well as anesthesiologists, have started preparing for their aging, and
providing a preparative program for retirement [5,9,10].
The Korean Society of Anesthesiologists has also started
considering the issue of aging. There are individual variabilities in age-related physiological changes. Generally,
anesthesiologists in Korea would expect to experience
changes in their professional position after their 60s, such
as stepping back from working full-time, moving to another institution, working outside the operating room, starting
their own practice, or simply retiring. The Korean Society
of Anesthesiologists, however, does not have confirmative
data about the professional status of senior anesthesiologists. Therefore, it is necessary to study senior Korean anesthesiologists’ professional status and conditions to help
them plan for their retirement. Accordingly, we surveyed
the current professional status and quality of life of Korean
anesthesiologists older than 60 years using a postal mail
and an emailed Google survey.

MATERIALS AND METHODS
The Korean Society of Anesthesiologists has a registry
system to manage the licenses of anesthesiologists, which
is controlled by the government. After receiving approval
from the Korean Society of Anesthesiologists, we checked
the registry and confirmed that 5,269 anesthesiologists
were currently practicing in Korea. Among them, 844 anesthesiologists were older than 60 years (based on their
birthday, i.e., those born before December 31, 1959). We
validated that 776 of these anesthesiologists were living in
Korea during 2018. Subsequently, we sent a postal questionnaire to them and received their responses from March
1, 2019 to April 30, 2019. Then, between July 1, 2019 and
August 31, 2019, we sent an email questionnaire to non-respondents, in case we had their incorrect postal address.
The questionnaire addressed 10 subjects with 40 questions that focused on demographics, satisfaction with their
life, practical activities, scale of the workplace, work conditions, difficulties caused by physical changes related to ag-
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ing, economic status, and retirement plans. All respondents answered each question based on their own judgment. Depending on the type of the question, respondents
either ranked the response in the order of “1, 2, and 3,” or
they chose the most preferred example (Supplementary
Data 1). Responses were collected and analyzed using the
Google survey program (Supplementary Data 2). A univariate logistic regression analysis was performed to identify
the factors affecting the respondents’ satisfaction with their
life, including age, sex, scale of the workplace, having duties, experiencing physical difficulty, salary, and satisfaction with their income. Variables with a P value < 0.05 in
the univariate analysis were included in the multivariate
logistic regression analysis to determine the impact of the
independent factors on the respondents’ satisfaction with
their life. A P value < 0.05 was considered statistically significant. A linear regression with the Durbin–Watson test
was performed to determine the absence of autocorrelation in the final multivariate logistic regression model. Linear and logistic regression analyses were performed using
IBM SPSS Statistics 21.0 software (IBM Co., USA).

RESULTS
We received 105 responses from postal mails and 17
email responses. The total response rate was 15.7%. Respondents were primarily male (83.6%). Fig. 1 shows the
age distribution of the survey respondents. Majority of the
respondents (n = 88) were in their 60s and 4 were older
than 80 years. Table 1 shows the location of their residence
and workplace. Most respondents’ residence and workplace were concentrated in the Seoul metropolitan area,
which included Seoul (49, 40.2%) and Gyeonggi-do Province (17, 13.9%). Most respondents continued to work as
practitioners (113 respondents) at the time of the survey,
Over 80 years 3.3%
76–80 years
71–75 years
66–70 years
60–65 years

7.4%
14.8%
34.4%
37.7%

Fig. 1. Age distribution of survey respondents. Majority (n = 88) were
in their 60s.
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Table 1. Respondents’ Work and Residence Locations
Location
Seoul
Busan
Daegu
Incheon
Gwangju
Daejeon
Ulsan
Gyeonggi-do
Gangwon-do
Chungcheongnam-do
Chungcheongbuk-do
Jeollabuk-do
Jeollanam-do
Gyeongsangbuk-do
Gyeongsangnam-do
Jeju-do
Overseas

Residence
Number of respondents (persons)
49
9
5
5

Work
Number of respondents (persons)
38
9
4
7

11

9

7

6

5

8

1

0.8

1

17

13.9

24

1

0.8

1

1

0.8

1

1

0.8

2

6

4.9

7

1

0.8

2

1

0.8

3

6

4.9

6

1

0.8

1

1

0.8

1

Rate (%)
30.9
7.3
3.3
5.7
5.7
6.5
0.8
19.5
0.8
0.8
1.6
5.7
1.6
2.4
4.9
0.8
0.8

surely time (31.8%), income (27.3%), and eager to learn
about other fields (22.7%). The main source of income for
the respondents was their earned income as a physician
(77.9%). Only 14% of the respondents earned their living
from pensions. Approximately 70% of the respondents
were satisfied with their income derived from their work.
Thirty-one percent of the respondents reported difficulties in performing their clinical practice duties due to physical changes caused by aging (Table 2). The most stressful
aspect of their practice was night and weekend duties
(21.3%). Other common difficulties included decreased
fine motor movement (9.0%) and presbyopia (18.9%). The
mean age of retirement among the retired respondents was
72 years. Majority of the respondents hoped to work into
their 70s (44.2%).
Majority of the respondents (97, 79.5%) answered that
they were generally satisfied with their present life (Fig. 4).
The univariate logistic regression analysis revealed that
age, sex, scale of the workplace, and salary were not associated with the respondents’ satisfaction with their life (Table 3).
However, experiencing physical difficulty and satisfaction
with income were associated with satisfaction with life.
Specifically, those who experienced physical difficulties
were 0.4 times less likely to be satisfied with their life than
were those who did not. Further, those who were satisfied
with their income were 11.8 time more likely to be satisfied
their life than their counterparts. The multivariate logistic
regression analysis indicated that satisfaction with income
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while 9 respondents had retired. Almost all of the respondents had been working for more than 15 years at the same
workplace.
Thirty percent of the respondents worked at tertiary referral hospitals, another 30% worked at secondary hospitals, and 20% had their own primary clinic (Fig. 2A). Fig. 2B
shows that majority of the respondents worked only during
the day, while some had night duty (16.4%) or on-call duty
(18.9%). Majority of the respondents worked for 6–8 hours/
day (51.6%), while 34.4% worked for more than 8 h a day
(Fig. 2C). Majority of the respondents (41.8%) worked for 5
days per week, while 30% of them worked for more than 6
days per week (Fig. 2D). Fig. 3 presents the age distribution
of respondents who had night duty or on-call duty depending on the scale of their workplace. Majority of the respondents who had night duty or on-call duty were in their 60s.
Further, those in their early 60s who had night duty or oncall duty worked at tertiary or secondary hospitals. As compared to the other types of workplaces, nursing hospitals
had a higher proportion of older respondents.
The primary role of the respondents in their workplace
was that of an anesthesiologist (47.8%), pain physician
(19.5%), both of these (14.2%), or a general physician
(12.4%). The majority of respondents had 5–10 cases of anesthesia (20.5%) per day and 20–50 patients being treated
at a pain clinic (18.9%). The respondents reported the following reasons why they had different roles to anesthesiologists or pain physician at their workplace: enjoying leiwww.anesth-pain-med.org

Rate (%)
40.2
7.4
4.1
4.1
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A

B

11.5%
8.2%

21.6%

Working Places

30.3%

39.3%

■ Tertiary hospital

4.9%

■ Secondary hospital

19.7%

C

■ On call duty

■ Nursing care hospital

■ Extended day time

18.9%

■ ect

D

Working days per week
Irregular

6.6%

More than 8 hours

■ ect

16.4%

Working hours per day
Irregular

■ Only day time
■ Night duty

■ Primary clinic
30.3%

Working time

4.9%
30.3%

6 days or more

34.4%

6–8 hours

51.6%

5 days

4–6 hours

4.1%

4 days

Less than 4 hours

3.3%

3 days or less

41.8%
9.8%
3.3%

Fig. 2. Working conditions of the respondents. (A) Workplace. Thirty percent of the respondents worked at tertiary referral hospitals, another
30% worked at secondary hospitals, and 20% worked at their own primary clinic. (B) Working time. Majority of the respondents worked only
during the day. Some reported having night duty (16.4%) or on-call duty (18.9%). (C) Working hours. Majority of the respondents worked for 6–8
hours/day (51.6%), followed by 34.4% who worked for more than 8 h a day. (D) Working days. Majority of the respondents worked for 5 days per
week (41.8%), followed by 30.3% who worked for more than 6 days per week.

Older than 80 years

1

■ Tertiary hospital
■ Secondary hospital

76–80 years

71–75 years

66–70 years

60–65 years

1

■ Nursing care hospital

4

2

2

2

4

4

7

4

8

2

Number of respondents

Fig. 3. Age distribution of respondents who had night duty or on-call duty depending on the scale of the workplace. Majority of the respondents
who had night duty or on-call duty were in their 60s. Those in their early 60s who had night duty or on-call duty worked at tertiary or secondary
hospitals. As compared to other types of workplaces, nursing hospitals had a higher proportion of older respondents.

was an independent factor that was significantly associated
with satisfaction with life (Table 3, Adjusted R2 = 0.242,
Durbin–Watson = 1.875).
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DISCUSSION
Our data revealed the current professional status of senior anesthesiologists in Korea. A total of 122 anesthesiolowww.anesth-pain-med.org
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gists older than 60 years answered our questionnaire (response rate: 15.7%). Although some of the respondents felt
Table 2. Difficulties Pertaining to Physical Activity During Clinical
Practice (n = 35, multiple responses were allowed)
Difficulties due to aging
Night duty
Weekend duty
Presbyopia
Decreased fine motor
movement

50

Ratio (%)

40

43.4%
36.1%

Number of respondents
(persons)

Rate (%)

15

42.9

8

22.9

13

37.1

5

14.3

■ Very satisfied
■ Somewhat satisfied
■ Neither satisfied nor dissatisfied
■ Somewhat dissatisfied
■ Very dissatisfied

30
20

14.8%

10

4.1%

0

1.6%

Satisfaction

Fig. 4. Respondents’ satisfaction with life. Majority of the respondents
(97, 79.5%) answered that they were generally satisfied with their
present life.

that they were aging and they experienced discomfort from
the related physical changes, most of them (92.6% of respondents) continued with their occupation. The common
physical difficulties reported were decline in physical
strength, presbyopia, and decreased fine motor movement.
Majority of the respondents (79.5%) were generally satisfied with their present life.
The age distribution of physicians has changed substantially over the past three decades [1]. In 2010 in the United
States and in 2012 in Canada, 39.5% and 41.7% of physicians, respectively, were aged over 55 years [3]. In France,
52.5% of the anesthesiologists were older than 50 years in
2005 [1]. However, especially in the field of anesthesiology,
it is impossible to keep producing young physicians to
meet the demand. Schubert et al. [11] reported that the
trend of an estimated shortage of anesthesiologists would
only grow in the next decade, with an expected shortage of
12,500 anesthesiologists by 2020. According to the research
and development (RAND) corporation study, a shortage of
anesthesiologists has existed since 2017 due to the combined effects of retirement and graduation rates. The gradual decline in the number of practicing anesthesiologists
will persist at least for the next decade [12]. Anesthesiologists are highly trained specialists who are responsible for
ensuring patients’ safety during the perioperative period.

Table 3. Logistic Regression Analysis on Factors Independently Related to Life Satisfaction
Variable

Multivariate analysis
Odds ratio (95% CI)
P value

1
0.632 (0.195–2.049)
3.632 (0.480–27.504)
2.383 (0.783–7.249)

0.126
0.071

1
2.593 (0.633–10.626)
0.618 (0.114–3.348)
4.667 (0.811–26.866)
3.889 (0.762–19.858)
0.627 (0.256–1.535)

0.306

0.400 (0.163–0.984)

0.046

0.369 (0.129–1.058)

0.063

0.739
1
0.450 (0.081–2.488)
0.682 (0.173–2.694)

General

Age group
Sixties
Seventies
Older than seventies
Sex, male
Scale of the workplace
Primary clinic
Secondary hospital
Tertiary hospital
Nursing care hospital
Others
Having duties
Experiencing physical difficulty
Salary (KRW)
~5,000,000
~7,500,000
~10,000,000
> 10,000,000
Satisfaction with income

Univariate analysis
Odds ratio (95% CI)
P value
0.304

0.500 (0.123–2.038)
11.839 (4.220–33.214)

< 0.001

11.342 (3.951–32.559)

< 0.001

CI: confidence interval, KRW: Korean won. Adjusted R2 = 0.242, Durbin-Watson = 1.875.
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As medical practitioners, they have to develop medical
knowledge, hold appropriate qualifications to apply this
information to clinical practice, and be responsible for
maintaining adequate anesthesia while ensuring patient
safety [13]. Moreover, anesthesiologists are required to fulfill leadership roles by organizing surgeons, nurses, and
paramedics in an operating room. Thus, anesthesiologists
are required to provide total perioperative care services to
their patients and to cooperate with all members of the operating room staff.
Indeed, anesthesiologists’ role is highly stressful. Such
stressful and complex tasks are associated with exhausted
physicians. Thus anesthesiologists are prone to be fatigued
due to the need to maintain constant vigilance during
working hours [14]. Aging generally decreases physical
abilities and cognitive function, and causes fatigue. Patients’ safety is not guaranteed when they are placed under
the care of an aged, fatigued anesthesiologist whose cognitive, sensory, and motor responses are impaired [15].
Therefore, aging is the most sensitive factor among anesthesiologists who intend to maintain their profession.
Several American societies of physicians are starting to
prepare for their aging and longevity. For instance, the
American College of Surgeons recommended surgeons to
undergo voluntary physical examination and visual testing
at regular intervals from the age of 65 to 70 years [6]. The
American Academy of Orthopaedic Surgeons emphasized
the importance of timely identification of decreased clinical and cognitive skills of physicians. Accordingly, they
suggested that assessment tools and measures need to be
developed to detect these impairments [16]. To ensure patient safety and the occupational health of anesthesiologists, several societies of anesthesiologists have also recommended a “winding down practice” guideline, although
the aging process is diverse and depends on the individual.
For instance, a Canadian anesthesiologists’ society suggested that physicians refrain from accepting “overnight
on-call” duties from the age of 60 years and they avoid intense cases after the age of 65 years. Instead, it recommends that they transfer to mentoring or non-operating
room activities [3]. Moreover, they suggested the use of a
simulation program annually by anesthesiologists after the
age of 60 years to evaluate their abilities to cope with a crisis in the operating room. The Australian and New Zealand
College of Anaesthetists recommended that every anesthesiologist should receive advice from a general practitioner
on their health [10]. Furthermore, the Association of An-
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aesthetists of Great Britain and Ireland suggested that anesthesiologists aged over 55 years should require clinical
directors to review their on-call responsibilities [17].
Our data were consistent with the findings of a previous
study [18,19], where numerous senior physicians thought
that their physical limitations were the main problem impairing the longevity of their professional life. During aging, muscle mass decreases along with muscle strength.
Therefore, senior anesthesiologists are vulnerable to long
working hours and night duties. Orkin et al. [20] reported
that the most important factors for the retirement of anesthesiologists were requirements for night calls and extended work hours. Presbyopia and age-related visual impairments, such as cataracts and glaucoma, were also mentioned as difficulties that prevented senior anesthesiologists from continuing to work.
Most of the respondents in our study answered that their
main source of income was earned from their work as a
physician. Therefore, senior anesthesiologists intended to
continue to work. Aging anesthesiologists developed their
own financial solutions to fund their retirement. A few societies of anesthesiologists have recommended establishing a fund or a pension to prepare for financial problems
after retirement [1].
This study had some limitations. It is just a survey, not a
task force report. Results obtained through a survey have
natural biases since all responses are self-reported by the
respondents, and they may not be completely true. Besides, it is possible that only those respondents who were
already satisfied with their life tended to respond to the
survey. This limitation could have affected the results of
the survey. Although this study had a 15% response rate,
some reports have advised that high response rates are not
necessary for a valid survey [21,22]. Moreover, we only
checked the current professional status of senior anesthesiologists in Korea; therefore, we could not suggest any
guidelines or recommendations.
While a few societies of anesthesiologists have suggested
the use of simulation education programs to provide practitioners an opportunity to refresh their knowledge and
adapt to new information, and to check the psychophysical
capabilities of senior anesthesiologists, it is important to
acknowledge that aging leads to not only the decline of
psychophysical capacities but also the expansion of experience and wisdom [1,3,5]. Senior physicians could help juniors or trainees by sharing their knowledge and wisdom
based on their own experiences. A communication prowww.anesth-pain-med.org
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gram between junior and senior anesthesiologists would
help both groups build on their strengths. In addition, sur
results have revealed the need for developing a programmed scheme to prepare for career longevity as have
other anesthesiologists’ societies. There is a need to prepare physicians for aging, and to continue simulation education to encourage the clinical and practical activity of senior anesthesiologists. A systematic evaluation of a clinical
practice strategy for senior anesthesiologists is needed to
prepare for the gradually increasing numbers of senior anesthesiologists in Korea.
In conclusion, although several respondents felt that
they were aging and they experienced discomfort from the
related physical changes, majority of them were satisfied
with their current life. It is necessary to provide clinical
practice strategies to support senior anesthesiologists and
to help them prepare for career longevity.
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Opioid-free anesthesia works like a charm in
cardiac surgery

Letter to the Editor

non-opioid analgesic drug combinations were applied over
the long time interval between the preoperative period and
discharge. The night before the operation, the patient is
administered a pregabalin 150 mg oral tablet. In addition,
0.25 µg/kg i.v. dexmedetomidine is administered for 10
min during the preoperative period. A 50 ml solution containing 50 µg dexmedetomidine, 50 mg ketamine, and 500
mg lidocaine is prepared. Immediately before anesthesia
induction, 1 ml/10 kg/10 min infusion of the solutions administered. Anesthesia is then induced with propofol and
rocuronium. Fifty milligrams of ketamine is added before
surgery. For anesthesia maintenance, the solution is continued throughout the operation by reducing the dose to 1
ml/10 kg/h, and a volatile agent is administered according
to the bispectral index (BIS) value. Additionally, 1.5 mg of
magnesium is administered before cardiopulmonary bypass (CPB) and 1 g of paracetamol is administered during
sternum closing. Infiltration anesthesia is administered
with 10 ml of 0.25% bupivacaine in the chest drain regions.
At the end of the operation, the solution dose is reduced to
0.5 ml/10 kg/h and continued until extubation in the postoperative period. Paracetamol (1 g) is administered every
6–8 h for the first 24 h. If the visual analog score is over 4
points, tramadol hydrochloride 1 mg/kg is administered as
a rescuer therapy. The patients are extubated within 2–3 h.
Non-steroidal anti-inflammatory analgesic drugs are not
suitable for cardiac surgery because of their prothrombotic
effects [5]. Therefore, they are not included in the OFA protocol. The erector spina-plane block is also added preoperatively to this defined protocol according to the patient's
request. We would like to present three cases in which our
OFA protocol was used. The necessary patient and publication consent has been obtained.
The first case involved a 43-year-old woman scheduled
for beating heart coronary surgery. The second case involved a 49-year-old man who underwent coronary artery
bypass graft surgery with CPB. The third case involved a
49-year-old woman who was scheduled for mitral valve replacement (MVR) with CPB. The patients had an average
adult weight and no history of any disease. However, the
patient scheduled for MVR had atrial fibrillation. Accord-

TO THE EDITOR: The progress of contemporary perioperative medicine is accompanied by increasing questioning in current clinical practice. One of these questions is
regarding the use of routine perioperative opioids. For
many years, opioid-based anesthesia has been the cornerstone of analgesia management in both intraoperative and
postoperative periods. High-dose opioid induction and
maintenance, a technique that dates as far back as the
1980s, has been deemed the gold standard for cardiac surgery patients. However, over time, it became clear that
high-dose opioid regimens were associated with side effects such as prolonged mechanical ventilation, increased
length of stay in the intensive care unit (ICU) or hospital,
impaired gastrointestinal function, postoperative nausea
and vomiting, pruritus, urinary retention, delirium, and
the potential development of opioid addiction [1]. Before
the 2000s, a recommendation to 'fast track' after cardiac
surgery was proposed [2]. Accordingly, there have been
changes in the technique, and balanced anesthesia has become more preferred. Smaller doses of short-acting opioids, non-opioid analgesics, adjuvant drugs, regional
blocks, and inhalational anesthetic agents were used in patients. With the fast track method, it was shown that the
durations of mechanical ventilation, intensive care, and
hospital stay were shortened, and cost was reduced. Therefore, the technique has become an obvious advantage [3].
Acute tolerance and hyperalgesia caused by opioids serve
as an incentive for opioid use in the perioperative period.
This is followed by an increased risk of addiction. All of
these disadvantages became apparent over time, and doctors turned to less-opioid or opioid-free anesthesia techniques to overcome these problems. Opioid-free anesthesia (OFA) is a technique in which non-opioid multimodal
analgesics are used to provide adequate pain control
during the perioperative period [4]. There are many alternative non-opioid analgesic drugs with lower dependency
potentials and better side effect profiles for the application
of OFA. In the OFA protocol used in our clinic, many

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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ing to the OFA protocol, 0.25 µg/kg intravenous dexmedetomidine was administered for 10 min in the preoperative
period. A 50 ml solution containing 50 µg dexmedetomidine, 50 mg ketamine, and 500 mg lidocaine was prepared.
Just before induction, a 1 ml/10 kg/10 min infusion was
administered with this solution. Anesthesia was induced
with propofol and rocuronium. For maintenance, this solution was continued throughout the operation by reducing
the dose to 1 ml/10 kg/h. The sevoflurane concentration
was set as the target BIS (40–50). Just before the surgery, 50
mg ketamine was added. Additionally, 1.5 g magnesium
was administered before CPB. Paracetamol (1 g) was administered during sternal closure. Infiltration anesthesia
was performed with 10 ml of 0.25% bupivacaine in the
chest drain regions. At the end of the operation, the solution dose was reduced to 0.5 ml/10 kg/h and continued
until extubation. Paracetamol (1 g) was administered every
6–8 h for the first 24 h. Only the 2nd patient needed additional tramadol once. The patients were extubated after 2–3
h and did not have any significant side effects. The patients
were successfully discharged from the ICU the next day
and from the hospital on postoperative day 6. Intubation
time, ICU stay, and hospital stay were shorter with the
non-opioid regimen than in routine cases, in which patients are extubated after 6–8 h, stay in the ICU for 1–2 days,
and stay in the hospital for 7–10 days.
Cardiac surgery patients experience pain in many places,
including vascular access sites and saphenous graft harvest
sites, and due to sternotomy and drainage tubes. If effective pain control is not achieved in cardiac surgery patients,
sympathetic activation may result in unstable hemodynamics and an increased demand for oxygen. This is undesirable in cardiac patients with limited reserves. Therefore,
opioid analgesia has been used for many years. However,
there is no evidence that quality and effective analgesia can
be achieved without opioids [6]. In routine cases at our institution, intraoperative fentanyl consumption per patient
in an operation lasting an average of 5 h is approximately 3
mg. An additional 0.5–1 mg of fentanyl may be used during
the ICU and hospital stay. In a case where no opioids are
used compared to a case where 4 mg of fentanyl is used, 8
ampoules of fentanyl (10 ml) are saved.
To the best of our knowledge, there are no reports regarding the application of OFA in Turkey, and this report of
our experience implementing this protocol is the first. Our
cases show that the OFA technique can adequately control
pain, reduce opioid requirement, and provide effective he-
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modynamic stability during cardiac surgery.
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Instructions for Authors
Enacted: May 15, 2006
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Anesthesia and Pain Medicine (APM) is the official scientific

and various introductions.

journal of Korean Society of Neuroscience in Anesthesiology
and Critical Care (KSNACC), The Korean Society for Anesthetic

2. Language

Pharmacology (KSAP), The Korean Society of Obstetric Anesthesiologists (KSOA), The Korean Society of Pediatric Anesthe-

APM publishes articles in English. Manuscript submitted in

siologists (KSPA), Korean Neuromuscular Research Society

Korean will be translated into English by the society after accep-

(KNRS), Korean Society of Cardiothoracic and Vascular Anes-

tance, Korean version will be published only on the website

thesiologists (KSCVA), Korean Society of Transplantation Anes-

(www.anesth-pain-med.org).

thesiologists (KSTA), and The Korean Spinal Pain Society (KSPS)

Spellings should abide by American spellings. Medical termi-

and Korean Society of Regional Anesthesia (KSRA), and Korean

nology should be written based on the most recent edition of

Society for Airway Management (KSAM). The abbreviated title

Dorland’s Illustrated Medical Dictionary. Accepted manuscripts

is “Anesth Pain Med”. It is published four times a year on the last

are requested to be proofread by professional English editors.

day of January, April, July, and October in English.

3. Submission of manuscripts

I. Editorial Policy
In addition to members of the Korean Society of AnesthesiolThe Editor assumes that all authors listed in a manuscript

ogists, any researcher throughout the world can submit a man-

have agreed with the following policy of the APM on submis-

uscript if the scope of the manuscript is appropriate. Authors

sion of manuscript. Except for the negotiated secondary pub-

are requested to submit their papers electronically by using the

lication, manuscript submitted to the APM must be previously

online manuscript submission system, available at: http://sub-

unpublished and not be under consideration for publication

mit.anesth-pain-med.org. Authors, reviewers, and editors send

elsewhere. Under any circumstances, the identities of the ref-

and receive all correspondences through this system. Final revi-

erees will not be revealed. Minimum publication charges and

sions by authors should be submitted within 1 week of the re-

additional fee for reprints will due on every manuscript. All

quest.

published manuscripts become the permanent property of the
Korean Society of Anesthesiologists (KSA) and may not be

4. Data Availability Statement

published elsewhere without written permission. APM adheres completely to guidelines and best practices published

Data sharing is encouraged by the APM, but a Data Availabili-

by professional organizations, including Recommendations

ty Statement will be required and published with the manu-

for the Conduct, Reporting, Editing, and Publication of Schol-

script. Authors will be provided the following options during

arly Work in Medical Journals (http://www.icmje.org/icm-

submission or may use draft their own.

je-recommendations.pdf ) from ICMJE and Principles of
Transparency and Best Practice in Scholarly Publishing (joint

• The datasets generated during and/or analyzed during the

statement by COPE, DOAJ, WAME, and OASPA; http://doaj.

current study are available in the [NAME] repository, [PER-

org/bestpractice) if otherwise not described below.

SISTENT WEB LINK TO DATASETS]
• The datasets generated during and/or analyzed during the

II. General Information

current study are not publicly available due [REASON WHY
DATA ARE NOT PUBLIC] but are available from the corre-

1. Publication types

sponding author on reasonable request.
• The datasets generated during and/or analyzed during the

APM focuses on clinical research, experimental research,
case reports, reviews, and letters to the editor, online images

current study are available from the corresponding author
on reasonable request.
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• Data sharing not applicable to this article as no datasets
were generated or analyzed during the current study.
• All data generated or analyzed during this study are included in this published article [and its supplementary infor-

(APC) of KRW 300,000 (USD 250) per article will be issued to the
corresponding author. APC is waived if the affiliations of the first
and corresponding authors are outside Korea. APC for invited
articles is also waived.

mation files].
• The data that support the findings of this study are available

7. Copyrights and secondary publication

from [third party name] but restrictions apply to the availability of these data, which were used under license for the

Copyrights of all published materials are owned by the APM.

current study, and so are not publicly available. Data are

On behalf of co-author(s), corresponding author must complete

however available from the authors upon reasonable re-

and submit the journal’s copyright transfer agreement, which in-

quest and with permission of [third party name].

cludes a section on the disclosure of potential conflicts of interest
based on the recommendations of the International Committee

5. Peer review process

of Medical Journal Editors, “Uniform Requirements for Manuscripts Submitted to Biomedical Journals”. A copy of the form is

APM uses double-blind review, which means that both the

made available to the submitting author within the online manu-

reviewer and author identities are concealed from the review-

script submission process. It is possible to republish manuscripts

ers, and vice versa, throughout the review process. To facilitate

if ONLY the manuscripts satisfy the condition of secondary publi-

this, authors need to ensure that their manuscripts are pre-

cation of the Uniform Requirements for Manuscripts Submitted

pared in a way that does not give away their identity. If one or

to Biomedical Journals, available at: http://www.icmje.org

more of edtors are involved as authors, the editor(s) should
not be involved in the peer reviewer selection, evaluation, or

8. Open access

decision process. Submitted manuscripts will be reviewed by
2 or more experts in the corresponding field. The Editorial

APM is an Open Access journal accessible for free on the In-

Board may request authors to revise the manuscripts accord-

ternet. Accepted peer-reviewed articles are freely available on

ing to the reviewer’s opinion. After revising the manuscript,

the journal website for any user, worldwide, immediately upon

the author should upload the revised files with a reply to each

publication without additional charge.

item of the reviewer’s opinion. Additions and amendments to
the revised manuscript should be highlighted in red. The author’s revisions should be completed within 60 days after the

III. Research and Publication Ethics
Guidelines

request. If it is not received by the due date, the Editorial
Board will not consider it for publication. To extend the revi-

For the policies on research and publication ethics, the “Good

sion period to more than 60 days, the author should negotiate

Publication Practice Guidelines for Medical Journals” (https://

with the Editorial Board. The manuscript review process

www.kamje.or.kr/board/view?b_name = bo_publication&bo_

should be finished the second review. If the reviewers wish

id = 13) or the “Ethical Guidelines on Good Publication” (http://

further review, the Editorial Board may consider it. The Edito-

publicationethics.org/resources/guidelines) or “Ethical Consid-

rial Board will make a final decision on the approval for publi-

erations in the International Committee of Medical Journal Edi-

cation of the submitted manuscripts and can request any fur-

tors” (http://www.icmje.org/recommendations) are applied.

ther corrections, revisions, and deletions of the article text if
necessary. Statistical editing is also performed if the data need

1. Conflict-of-interest statement

professional statistical review by a statistician. The review and
publication processes that are not described in the Instruc-

The corresponding author is required to summarize all au-

tions for Authors will be incorporated into the Editorial Policy

thors’ conflict of interest disclosures. Disclosure form shall be

Statements approved by the Council of Science Editors Board

same with ICMJE Uniform Disclosure Form for Potential Con-

of Directors, available at: www.councilscienceeditors.org/.

flicts of Interest (www.icmje.org/conflicts-of-interest). A conflict
of interest may exist when an author (or the author’s institution

6. Article processing charge and publication fee

or employer) has financial or personal relationships or affiliations that could influence (or bias) the author’s decisions, work,

There is no submission-related fee. Article processing charge

or manuscript. All authors should disclose their conflicts of in-
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terest, i.e., (1) financial relationships (such as employment,

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

consultancies, stock ownership, honoraria, paid expert testimo-

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

ny), (2) personal relationships, (3) academic competition, and

tution where the experiment was performed. Clinical studies that

(4) intellectual passion. These conflicts of interest must be in-

do not meet the Helsinki Declaration will not be considered for

cluded as a footnote on the title page or in the Acknowledge-

publication. Identifying details should not be published (such as

ments section.

name, initial of name, ID numbers, or date of birth).

All sources of funding should be declared on the title page or in

In the case of an animal study, a statement should be provid-

the Acknowledgements section at the end of the text. If an au-

ed indicating that the experimental processes, such as the

thor’s disclosure of potential conflicts of interest is determined to

breeding and the use of laboratory animals, were approved by

be inaccurate or incomplete after publication, a correction will be

the Research Ethics Committee (REC) of the institution where

published to rectify the original published disclosure statement,

the experiment was performed or that they did not violate the

and additional action may be taken as necessary.

rules of the REC of the institution or the NIH Guide for the Care

If one or more of editors are involved as authors, the authors

and Use of Laboratory Animals (Institute of Laboratory Animal
Resources, Commission on Life Sciences, National Research

should declare conflict of interests.
Ex) AAA has been an editor of the Anesthesia and Pain Medi-

Council, https://www.nap.edu/catalog/5140/guide-for-the-

cine since 2017; however, he was not involved in the peer re-

care-and-use-oflaboratory-animals). The authors should pre-

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

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

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

publication of the paper and should present this data if required

ticle were reported.

by the Editorial Board.

2. Statement of informed consent

5. Registration of the clinical research

Copies of written informed consents and Institutional Review

It is recommended that all clinical trials be registered in the

Board (IRB) approval for clinical research are recommended

primary registry before submission. APM accepts registration in

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

any of the primary registries that participate in the World Health

ments to make potential ethical issues clear.

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

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

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

6. Reporting guidelines

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

The APM recommends a submitted manuscript to follow re-

vides written informed consent for publication. Additionally, in-

porting guidelines appropriate for various study types. Good

formed consent should be obtained in the event that anonymity

sources for reporting guidelines are the EQUATOR Network

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

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

of patients in photographs is not adequate to ensure anonymity.

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

If identifying characteristics are changed to protect anonymity,

search_report_guide.html).

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

7. Author and authorship

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

4. Protection of human and animal rights

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

In the reporting of experiments that involve human subjects, it

cial, and financial implications.

should be stated that the study was performed according to the

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

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

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

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

sition, analysis, or interpretation of data for the work; (2) the
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drafting of the article or revising it critically for important intel-

fice will notify the counterpart journal on this violation. Addi-

lectual content; (3) final approval of the version to be published;

tionally, it will be notified to the authors’ affiliation and penal-

and (4) agreement on taking accountability for the accuracy or

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

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

manuscripts if the manuscripts satisfy the condition of second-

These criteria distinguish the authors from other contributors.

ary publication of the Uniform Requirements for Manuscripts

When a large, multicenter group has conducted the work,

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

the group should identify the individuals who accept direct re-

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

sponsibility for the manuscript. When submitting a manu-

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

script authored by a group, the corresponding author should

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

clearly indicate the preferred citation and identify all individu-

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

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

IV. Manuscript Preparation

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

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

8. Plagiarism and duplicate publication

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

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

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

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

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

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

publicationethics.org. Text copied from previously published

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

work is interpreted using the following taxonomy:

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

1. Word processors and format of manuscripts

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

A manuscript must be written in proper and clear English or

technique, without clear attribution

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

3) Plagiarism for scientific English

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

Copying of verbatim text, often from multiple sources

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

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

2. Abbreviation of terminology

tion but citing the source

Abbreviations should be avoided as much as possible. When

5) Self-“plagiarism”

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

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

journal should not be submitted for publication elsewhere. Du-

Ex) target controlled infusion (TCI)

plicate submissions identified during peer review will be imme-

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

diately rejected. Duplicate submissions that are discovered after

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

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

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

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

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

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

Title should be concise and precise. The first word
should be capitalized. Drug names in the title should be

1) Leave 1 space on each side when using arithmetic marks

written with generic names, not brand names. For the

such as +,–, × , etc.
Ex) 24 ± 2.5

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

Leave no space when using hyphen between words.

Ex) Effect of smoking on bronchial mucus transport

Ex) intra-operative

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

talized.

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

[○]

glish, and leave no space in the Korean manuscript.

Ex) Effect of Smoking on Bronchial Mucus Transport

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

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

Ex) ([ ])

Provide drug names as generic names, not product

4) Manuscripts in Korean should obey the rules of Korean

names.

spelling (www.korean.go.kr).

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

4. Citations

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

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

② Running title

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

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

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

the first author’s surname.

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

Ex) Kim et al. [1]

the Editorial Board may revise it.

2) Citations should be applied after the last word.

Ex) Kim et al. [1]

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

③ Author information

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

Ex) Choi and Kim [1] reported…

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

3) Apply citations before a comma or period.

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

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

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

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

Page and entered in the system match exactly.

④ Previous presentation in conferences

Title of the conference, date of presentation, and the

5. Arrangement of manuscript

location of the conference may be described.

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

⑤ Funding statement

Disclosure of all financial support for the work, in-

stract, introduction, materials and methods, results, discussion,
acknowledgments, references, tables, figures, and figure legends. Figures should be uploaded as separate files. The title of
each new section should begin on a new page. The conclusion

cluding departmental or institutional funding/support.

⑥ Conflicts of interest

Any conflicts of interest for any or all authors within

should be included in the discussion section. Number pages

the 36 months of submission. If no competing inter-

consecutively, beginning with the first page of the manuscript.

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

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

thors declare no competing interests.” If any of these

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

elements are not applicable to your submission,

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

write “not applicable” after thenumber and topic; for

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

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

6. Organization of manuscript

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

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

② Abstract

All manuscripts should contain a structured abstract

① Title

that is written only in English. Authors should pro-
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vide an abstract of no more than 250 words. It should

using the International System of Units [SI], available

contain 4 subsections: Background, Methods, Re-

at: https://www.nist.gov/pml/special-publica-

sults, and Conclusions. Citation of references is not

tion-811

permitted in the abstract. A list of key words at least 4,

< Exceptions >

with a maximum of 10 items, should be included at

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

the end of the abstract. Key words should be selected

written as “dl, ml, μl”.

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

Ex) 1 L, 5 ml

and these should be written in small letters with the

B. The units for pressure are mmHg or cmH2O.

first letter capitalized. Separate each word with a

instead of Pascal.

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

C. Use Celsius for temperature. °C

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

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

bral vessels; Oxygen; Spinal analgesia.

Ex) μmol/L; [ × ]

③ Introduction

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

The introduction should address the purpose of the

nal slashes are acceptable for simple units.

article concisely and include background informa-

Negative exponents should not be used.

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

tion that is relevant to the purpose of the paper.

④ Materials and Methods

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

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

Ex) 5 mmHg

methods of the research in order, as well as methods

Ex) 5%, 36oC

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

G. Units of time

Sufficient details must be provided in the methodol-

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

ogy section of an experimental study so that it can be

= 86,400 s

further replicated by others.

●

Institute and author names should be avoided.

Provide model name and manufacturer’s name, and

When reporting experiments with human or animal

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

subjects, the authors should indicate whether they

the names of countries.

received approval from the Institutional Review

Ex) U.S.A. [ × ], USA [O]

Board for the study. When reporting experiments

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

with animal subjects, the authors should indicate

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

whether the handling of the animals was supervised

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

by the Institutional Board for the Care and Use of

manufacturer’s name and country.

Laboratory Animals. Demographic data should be

●

included in the materials and methods section if ap-

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

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

Ex) Premedicated magnesium [O]

mended. If several study designs were used, then

Ex) Premedicated Mg2+ [O]

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

Machines and equipment

Ions

⑤ Results

Results should be presented in a logical sequence in

ological factors) and gender (identity, psychosocial or

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

cultural factors), and, unless inappropriate, report the

important findings first. Do not repeat all of the data

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

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

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

size or summarize only the most important observa-

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

tions. Results can be sectioned by subsection titles

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

but should not be numbered. Citation of tables and

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

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

prostate cancer). Authors should define how they deter-

Type or print each table on a separate page. Figures

mined race or ethnicity and justify their relevance.

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

●

Units Laboratory information should be reported
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files.

⑥ Statistics

than 0.1, the values can be rounded off to one

Precisely describe the methods of statistical analysis

decimal place, for example, P = 0.1, P = 0.9.

and computer programs used. Mean and standard
deviation should be described as mean ± SD, and

G. A priori sample size calculation should be de-

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

scribed in detail. Sample size calculation must
ing to the primary, instead of secondary, end-

the same results if the original data are available.

acceptable.

The name and version of the statistical package

H. When reporting a randomized clinical study, a

should be provided.

CONSORT type flow diagram, as well as all the

B. Authors should describe the objective of the study

items in the CONSORT checklist, should be in-

and hypothesis appropriately. The primary/sec-

cluded. If limited in terms of the space of the

ondary endpoints are predetermined sensibly ac-

manuscript, this information should be submitted

cording to the objective of the study.

as a separate file along with the manuscript.

C. The characteristics of measured variables should

I. Results must be written in significant figures. The

determine the use of a parametric or nonpara-

measured and derived numbers should be round-

metric statistical method. When a parametric

ed off to reflect the original degree of precision.

method is used, the authors should describe

Calculated or estimated numbers (such as mean

whether the basic statistical assumptions are met.

and SD) should be expressed in no more than one

For an analysis of a continuous variable, the nor-

significant digit beyond the measured accuracy.

mality of data should be examined. Describe the

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

name and result of the particular method to test

tients measured on a scale that is accurate to 0.1

normality.

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

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

J. Except when otherwise stated herein, authors

ymptotic method with appropriate adjustments

should conform to the most recent edition of the

should be used. The standard chi-squared test or

American Medical Association Manual of Style.

difference-in-proportions test may be performed
only when the sample size and number of events

⑦ Discussion

The discussion should be described to emphasize

are sufficiently large.

the new and important aspects of the study, includ-

E. The APM strongly encourages authors to show

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

confidence intervals. It is not recommended to

sults or other information that is provided in the in-

present the P value without showing the confi-

troduction or the results section. Describe the con-

dence interval. In addition, the uncertainty of esti-
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mated values, such as the confidence interval,
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tables.
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●

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:
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●
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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
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are to be presented even for repeated abbreviations

that will be available online. Authors should submit vid-
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Significance marks are to conform to the Vancouver
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① Each video clip should clearly illustrate the primary
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and should be discussed in the text. Authors should
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and written as superscripts.
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⑪ Legends for figures and photographs
●

●
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●
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Define all abbreviations every time they are repeated.

cessible to the general reader. The adequacy of the
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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-
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column). Contrast of photos or graphs should be at
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④ Photographs should be submitted individually. If Fig.
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made with the editorial board prior to submission.
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Approval of files of > 2 GB will be made at the end of

should submit line drawings in black and white.

the review process.

⑤ In horizontal and vertical legends, the letter of the

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

into an integrated presentation of our current understand-

required to be, accompanied by legends. The video

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

clip file name(s) should refer to the corresponding

topic in which scientific consensus exists, as well as aspects

figure number(s).

that remain controversial and are the subject of ongoing

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

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

2) Case Reports

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

A case report is almost never a suitable means to describe

conclusion and references. Figures and tables should be

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

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

powered and well-controlled clinical trial should be per-

sized pages, and the number of figures and tables should

formed to demonstrate such efficacy. The only context in

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

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

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

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

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

state in the text that informed consent to publication was

Letters to the Editor should include brief constructive com-

obtained from the patient or guardian. Copies of written

ments that concern previously published articles and inter-

informed consents should be kept. If necessary, the editor

esting cases. Letters to the Editor should be submitted no

or reviewers may request copies of these documents. If

more than 3 months after the paper has been published.

these steps are impossible, Institutional Review Board ap-

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

proval should be obtained prior to submission. Rarity of a

those of clinical research papers. The corresponding au-

disease condition is itself not an acceptable justification for

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

a case report.

thors is allowable.

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

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

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

ble may be used.

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

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

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

essary, responses by the author of the subject paper may

subsections: Background, Case, and Conclusions. A list

be provided.

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

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

is directly related to the diagnosis and anesthetic management.

6) Images and Videos in APM

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

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

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

covery and variety that anesthesiologists experience.

clusion section separately.

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

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

than 2 authors should be listed.

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

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

can be added in accordance with the decision of the

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

editorial committee.

A, Panel B, etc.

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

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

3) Reviews

and laboratory findings, clinical course, response to

Review articles synthesize previously published material

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